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Abstract.  This article summarizes the results of an experimental program developed on 
latex-modified mortars. Fluidity tests, compressive strength tests, flexural strength tests, 
water absorption tests, adhesion tests on clay bricks and cementitious substrates were 
carried out. The test bodies were prepared by the pre-wetting method with different latex 
contents while partially substituting Portland cement by two types of latex: Styrene-
Butadiene (SBR) and Styrene Acrylic (SA). In addition, samples of ordinary mortars are made 
in parallel as references. 
The experimental results showed that the substitution of cement in mortars produced a 
notable improvement on fluidity and adhesion. In the case of clay substrates, a cohesive 
failure in the support above 10% substitution has been reported; whereas the rupture is 
always at the interface for all the mixtures tested on cementitious substrates. An 
improvement was also noted on the flexural tensile strength beyond 60 days. On the other 
hand, the compressive strength of the polymer mortars decreased with the substitution rate 
of cement for all the maturities studied. As for the absorption of water, the results show a 
clear reduction in the percentage of water absorption by increasing the substitution rate. 

Key words: Latex modified mortars, fluidity, absorption, strength, adhesion. 

1. Introduction 

Synthetic polymeric additives such as latexes, redispersible polymer powders, water-soluble 
polymers, and liquid resins have been introduced into cement mortar to obtain the polymer-
modified mortars.  The use of these materials for repair work, restoration, facade coatings, tile 
adhesives, sealing coatings, decorative coating and external thermal insulation are increasing 
more and more since the 1960 s (Said, 2016). 

The latex polymers, which are usually manufactured by emulsion polymerization technique 
(very successful process from the technical and environmental point of view, because water is 
used as a solvent and also the amount of volatile organic compounds (VOCs) released during 
their preparation and application is negligible, etc.) Erdmenger et al. (2010), Amaral (2004), 
Thickett and Gilbert (2007), prove to be the most commonly used polymers (Benali and 
Ghomari, 2017; Diab, 2014; Xu, 2016). They are marketed as very small (0.05–5 pm in diameter) 
polymer particles dispersed in water, often milky white (Al-Zahrani, 2003).  

The literature shows that there is a variety of types of latex, depending on the kind of monomers 
or polymers used to manufacture them. The choice of a type of latex depends on the specific 
properties required for the application (Benali and Ghomari, 2017; Balayssac, 2011). Styrene-
butadiene rubber (SBR) and styrene-acrylic (SA) are most widely used latex (Eren, 2017; Benali 
and Ghomari, 2017).    

From the beginning, the mix proportions of modified systems has always been based on a simple 
combination of cement, water, sand and latex, associated with a polymer/cement ratio, generally 
ranging from 5 to 20% of dry latex extracts, depending on the weight of cement in the mixture. 
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(Benali and Ghomari, 2017; ACI Committee 548, 2003). The various formulations are used not 
only to improve the properties of conventional mortars by the formation of latex network and 
membranes, but also as an admixture to reduce the water content into the mixture (Al-Zahrani, 
2003; Diab, 2013), due to the presence of high range super plasticizer agent on latex 
constituents  (Diab, 2013).  

During the curing time, the evaporation of the mixing water from the cement paste-latex 
emulsion system along with the cement hydration leads to film and co-matrice formation (Benali 
and Ghomari, 2017; Eren, 2017). These two elements fill the open and capillary pores of the 
matrix, thus improving the cohesion between the aggregates and the cement paste at the 
interface, and increasing the compactness of the hardened material. This will therefore 
ameliorate its flexural and tensile strengths, its adhesion to different substrates as well as its 
durability, while slowing down its permeability to water and also the diffusion of aggressive 
species, such as carbon dioxide, chlorides, and sulfates. Moreover, latex-modified cementitious 
materials have better water retention, sufficient entrainment of air, and also a better fluidity 
(Benali and Ghomari, 2017; Parghi and Alam, 2016; Diab, 2013; Ramli and Tabassi, 2012b). 

This investigation aims to study the effect of using two types of synthetic latex: styrene 
butadiene (SBR) and styrene acrylic (SA), as materials replacing Portland cement at the 
proportions of 0, 2.5, 5, 10, 15 and 20 % (by weight). The main objective is to highlight the 
influence of these materials on the mechanical properties, adhesion, and durability of 
conventional mortars, though the properties of cement mortars can be improved by the addition 
of latex as a water reducer plasticizer. The modification mechanism, through the replacement of 
Portland cement by latex (because its production is energy-hungry and it is responsible for 
several environmental damages), is not clear yet; and a lot of research work needs to be 
performed. Our hope is to use them for repair works and to manufacture protective mortars and 
coatings as well. 

2. Experimental program 

2.1. Materials used 

A Portland cement compound of type CPJ CEM II / A 42.5, meeting the Algerian standard NA 44, 
from the cement plant of Beni-Saf, in the Wilaya of Ain Temouchent, was used. Its main 
constituents are clinker, natural pozzolan of volcanic origin from the deposit of Bouhamidi 
(Beni-Saf, Algeria), and gypsum. The chemical composition of this cement is given in Table 1, and 
its physical characteristics are summarized in Table 2.  

Table 1. Chemical composition of cement. 

Compounds (%) 

SiO2 22.17 
Al2O3 6.18 
Fe2O3 3.62 
CaO 59.45 
MgO 1.05 
SO3 2.63 
K2O 0.49 

Na2O 0.19 
Cl 0.004 

P2O5 0.18 
TiO2 0.43 
Loi 2.62 
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Table 2. Physical characteristics of cement. 

Test Result 

Bulk density (T/m3) 1.01 

Specific gravity (Densitometer Le Chatelier) (T/m3) 3.02 

Blaine’s specific area (cm2/g) 3597 

The sand used is crushed limestone sand 0/3 mm, from the quarry of Djebel Abiod of (ENG ), 
Sidi Abdelli, in Tlemcen (Algeria). This choice was made because it is the main quarry that 
supplies the entire region. The characteristics of this sand are summarized in Table 3 and Fig 1. 

The quarry of Jebel Abiod produces clean sand 0/4 mm. This sand was passed through a 3.15 
mm mesh sieve. The choice of sieving is dictated by the fact that sand 0/3 is the most frequently 
type used in the literature for the preparation of mortars. No washing or size correction has 
been performed for the formulation of various mortars. 

Table 3. Identification of physical properties of sand. 

Test Result 

Bulk density (T/m3) 1.43 

Absolute density 
(T/m3) 

2.50 

Sand equivalent (%) 84.5 

Percentage of fines 
(%) 

15.7 

Fineness Modulus 3.01 

 
Fig 1. Granulometry of sand used. 

Clay bricks, with horizontal perforations and grooves in the coating, of dimensions (100 × 200 × 
300 mm3), were used as substrates for the adhesion tests (see Fig. 2.). These substrates have a 
bulk density equal to (1.41 T /m3), and water absorption equal to (13.55%). This test was 
performed according to the standard ASTM C373-88 (2006). 

Concrete substrates of dimensions (300 x 300 x100 mm3), with grooved in surfaces were made 
(Fig. 3.) in order to see the influence of a different substrate that the brick on the adhesion by 
pull off. These concrete have the same composition as the reference concrete that we use in the 
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research team "Granular materials" of the laboratory EOLE (Boukli, 2009). It is characterized by 
W/C ratio of 0.5, a bulk density equal to 2471 kg/m3, slump (Abrams cone) equal to 6 cm, and 
water absorption of 6.3%. 

Two latex polymers, i.e. styrene-butadiene (SBR) and styrene acrylic (SA) manufactured 
respectively by SIKA El DJAZAIRE and TECHNALab, were used. Their physical characteristics are 
reported in Table 4. 

 

Fig 2. Clay bricks used. 

 

Fig 3. Concrete substrate used. 

Table 4. Physical characteristics of latex used. 

Name of product SikaLatex D-70 

Nature Styrene-Butadiene Rubber 

(SBR) 

Styrene-Acrylics 

(SA) 

Color and form Viscous milky white Viscous milky white 

Odour Low Low 

Properties of the film Not clear, flexible Clear, hard 

Density 

(T/m3) 

According to the manufacturer at 

(20°C) 

1.02  

Measured in the laboratory at 

(19°C) 

1.01 1.07 

Viscosity (cps, 30°C)  

(Brookfield RVT 20 rpm) 

 1.5 – 1.6 

total bulk solids 

(%) 

According to the manufacturer 50 (50±1) 

Measured in the laboratory 45 50 

 

pH 

According to the manufacturer 7.5  

Measured in the laboratory at 

(19°C) 

9.65 7.90 

Particle size (µm)  0.1-0.3 

Minimum temperature of film forming (MFFT), ° C  17 

Glass transition temperature (Tg), ° C  +16 

Type of surfactant  nonionic 

2.2. Method of preparation of samples and tests performed 

2.2.1. Mixes and cures 

Our experimental program consisted in replacing amounts of cement by latex proportions 
ranging from 2.5 to 20% of dry extract. The results obtained were compared with reference 
mortars with similar composition, where cement is the only binder. 
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The cement to sand ratio (C/S) used was 1/3. This choice was prescribed by the fact that these 
are the most frequent compositions encountered in the literature. The (W/C) ratio used for the 
manufacture of control mortars was 1/2. This ratio was validated after the mechanical strength 
test of two mortars with two different ratios (W/C) equal to 0.5 and 0.55. 

The results of the mechanical behavior, at 60 days, are summarized in Table 5. The values shown 
are the average of three flexural tensile tests on specimens of dimensions (40x40x160 mm3), 
and also the average of 6 compression tests performed on fragments recovered from the flexural 
tensile test. The test samples were immersed in water at (20 ± 3) °C, after unmolding at 24 
hours, until the age of 60 days. The mixture of the reference mortar components was done 
according to standard BS EN 196-1 (2005). 

From the analysis of the results in Table 5, a slight difference was noted between the mechanical 
performances of the two formulations, mainly in the compressive strength. 

The polymer-modified mortars were prepared with partial substitution of cement at different 
weight ratios, i.e. 2.5, 5, 10, 15 and 20%. The substitution ratios were calculated using the total 
solid content in the latex (see Table 6). As for the (W/C) ratio, two ways to manufacture a latex-
modified mortar were found in the related literature (Balayssac, 2011; Barluenga and 
Hernandez-Olivares, 2004).  

 The first is to maintain the (W/C) ratio constant in order to have a hydration level close 
to that of the cement paste (typical laboratory procedure). 

 The second one, more common (the mortar strength increases), is to adjust the 
workability of the modified mixture to that of ordinary mortar, usually by adjusting the 
(W/C) ratio. 

The second method was used in the present study. The fluidity of the SBR-modified mortars was 
adjusted so as to have a fluidity between 125 and 165 mm (fluidity of usual mortars, see Table 
6), whereas the (W/C) ratio was adjusted so as to have the fluidity of the SA-modified mortar 
similar to that of the reference mortar (125 ± 5) mm. This was done using the flow table test, 
according to the standard ASTM C 1437-07 (2007), while using a frustoconical mold, where the 
spreading is the average of two perpendicular diameters. 

The components of these polymer-modified mortars were mixed according to the pre-wet 
method. Regarding the literature, the speed, time and procedure of mixing the latex-modified 
mortars must be carefully chosen in order to prevent the needless air from being trapped. The 
entrained airs that form when cement and aggregates are mixed with an aqueous polymer 
solution are not easily removed as they tend to be stabilized by polymers (Kim and Robertson, 
1997). As a result, the properties of the mix in the hardened state will deteriorate (Ohama, 
1995). To reduce these unnecessary amounts of air, some researchers (Kim and Robertson, 
1997; Barluenga and Hernandez-Olivares, 2004) proposed an alternative approach, which is to 
pre-wet cement and sand with water, then add the latex last (the pre-wetting method). 

In order to determine the mechanical parameters and the porosity accessible to water, the 
molds containing the polymer mortar samples were covered with plastic film, and stored in the 
laboratory environment. The samples were unmolded after 24 hours, and kept in water for 6 
days at (20 ± 3) °C and then in the open air at (20 ± 3) °C with a relative humidity (RH) equal to 
55 ± 10%, until the test at 7, 14, 28, 60, 90, 180 and 360 days, because curing in humid 
conditions, such as immersion into water,  or the moist cure, which is applicable to cement 
mortar and ordinary concrete, is detrimental to latex-modified concrete and mortar.  

Ohama (1995) stated that the optimal properties of modified systems can be achieved by a 
combination of wet and dry processing. In their work, Wang (2005), Ramli and Tabassi (2012a; 
2012b) showed that a 6-day combined processing is more beneficial than wet processing. 
Moreover, Folic and Radonjanin (1998) indicated that the 6-day combined processing is more 
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beneficial than the 2-day combined processing, with a wet processing throughout the entire 
period.   

Humid period is used to hydrate cement and to avoid cracking due to plastic shrinkage (ACI 
Committee 548, 2003), while the dry period is used to evaporate the excess water to allow for 
the development of the polymer film (Ohama, 1995). 

Reference mortars were immersed into water at (20 ± 3) °C until the day of the test, whereas the 
samples used to determine adherence on two different surfaces, i.e. brick and concrete 
substrate, were kept in the laboratory environment at (20 ± 3) ° C with a RH = 55 ± 10%,  up to 
the day of the test. This was done to simulate the application in a real environment. 

Table 5. Fresh and mechanical performance of mortars prepared with W/C = 0.5 and 0.55 

Type Test W/C=0.5 W/C=0.55 

Compressive strength (MPa). 50.1 45.8 

Flexural tensile strength (MPa) 11.47 11.39 

Fluidity (mm). 125 165 

Table 6. Details of mixing proportions modified mortars 

Designation mixtures Sand(g) Cement 
(g) 

P (g) W/C fluidity 
(mm) 

M. Ref 1350 450 0 0.5 125 

Styrene Butadiene Rubber (SBR) 
M. 2,5 %  SBR  

 

1350 

438.75 25 0.498 125 

M. 5 % SBR 427.5 50 0.48 130 

M. 10 %  SBR 405 100 0.425 145 

M. 15 %  SBR 382 150 0.35 160 

M. 20 %  SBR 360 200 0.25 165 

Styrene Acrylic (SA) 
M. 2,5 %  SA  

 

1350 

438.75 22.5 0.498 125 

M. 5 %  SA 427.5 45 0.48 125 

M. 10 %  SA 405 90 0.425 125 

M. 15 %  SA  382 135 0.35 125 

M. 20 %  SA 360 180 0.25 125 

 

2.2.2. Test procedure 

The evaluation of the compressive strength and bending tensile strength was performed at 7, 14, 
28, 60, 90, 180 and 360 days, according to standard EN 196-1 (2005),  on specimens of 
dimensions (40x40x160 mm3). It is known from literature that these properties are the most 
important, if sustainability indicators are excluded. 

The measurement of water absorption was done according to the method suggested by Ramli 
(2013). The test is usually measured on dried samples then partially immersed in water and the 
increase in mass as a percentage of the dry mass is measured. For the representativeness of the 
samples, a set of three cylindrical samples of size 70 × 70 mm are placed in an oven for 72 h at a 
temperature of 105 ° C. After drying to constant mass, the samples are removed and left in a 
sealed container for a period of 24 ± 0.5 h. Each sample was then weighed and immediately 
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immersed in water for a period of 30 ± 0.5 min (see Fig. 4.). The sample is then taken out of the 
water, the surface wiped and weighed again. Water absorption was calculated from the mass 
increase of the sample and expressed as a percentage of dry specimens multiplied by a 
correction factor as follows: 

                  
           

              
   (1) 

As for adherence, several researchers have stated that the fundamental purpose of using 
polymers in the cementitious mixture is to improve the adherence and the durability of 
adhesion, because the quality of repair and protection of structures depends mainly on the 
adherence of mortars to the substrate to be repaired or protected (Courard, 1998). Previous 
works in this area have shown that the adhesion measurement tests are usually tests of rupture 
between two materials. They can be achieved either by pulling (traction) or flexural tensile 
and/or by direct or indirect shear (Ngassam, 2013; Momayez, 2005; Courard and Bissonnette, 
2004). 

In this work, the adhesion measurement was carried out using the method shown in Fig. 5. 
According to the literature, this test is easy to perform and can produce good results (Ngassam, 
2013; Momayez, 2005). 

The peel test by direct pulling, often called "pull-off", was performed on mortars used on hollow 
clay bricks and concrete substrate. The same formulations of mortars, previously defined, were 
applied on one of the larger faces of the brick 300 x 200 mm2  and concrete 300 x 300 mm2 (see 
fig. 6). These faces was wetted before applying mortar, to avoid the absorption of water of 
mortars in the fresh state, and maintaining a saturation level of the substrate higher than 50% 
and lower than 90% for a good adherence (Mirza, 2014; Courard, 2011). 

The thickness of the applied layer was 20 mm. Such a choice was made because generally the 
thickness of repair or protection mortars exceeds 10 mm, depending on the degree of damage. 
These mortars were tested after 28 days of curing. The samples were prepared by drilling three 
circular holes of diameter 50 mm on the mortars applied to the bricks and concrete, 24 hours 
before the test. Then, cylindrical metal disks of the same diameter (50 mm) were stuck on the 
removed parts with an epoxy adhesive. After 24 hours, a male ball, fixed on the metallic disks, 
was received in the ball socket which is located at the base of the central axis of the adhesion 
tester. The peel tests consist of applying a traction force on the male ball, perpendicularly to the 
surface of the disk, until rupture (see Fig. 6.). 

The value of adhesion (in MPa) of the coating to the brick and concrete is obtained by dividing 
the maximum force of the fracture (in N) by the surface of the bonded surface (mm2). This value 
was recorded, and the fracture interface was analyzed in each case. 

                
     

       
       (2) 

 

Fig 4. Water absorption test. 
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Fig 5. Schematic of the method used for measuring adhesion “Pull off”. 

 

Fig 6. Adhesion test on clay brick and concrete substrates. 

3. Results and discussion  

3.1.  Flow 

According to the results shown in Fig 7 and 8, it is easy to see that both types of latex, i.e. SA and 
SBR, are water reducers. Similar observations on the effect of latex on a fresh cementitious 
matrix were made by Barluenga and Hernandez-Olivares (2004), Ohama (1995), Wang and 
Wang (2010) and Ngassam (2013). 
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Fig 7. Fluidity and W/C as a function of polymer  SBR content mortars. 

 

Fig 8. . Fluidity and W/C as a function of polymer  SA content mortars. 

Indeed, when the substitution rates went from 0 to 20%, the fluidity of fresh mixture increased 
significantly, from 125 mm to 165 mm for SBR, but remained constant at 125 mm for SA, while 
the (W/C) ratio dropped from 0.5 to 0.25. 

This may be interpreted as an improved coherence, due to the ball-bearing action of the polymer 
particles, their dispersion, the entrapped air, and the plasticizing effect of latex. 

Therefore, the obtained results show that the two types of latex are water reducers, but SBR is a 
higher range water reducer than SA latex. This may be due to the large amount of water existing 
in SBR (≈55%). 

3.2. Compressive strength 

The results of the compressive strength of control mortars as well as those modified by SBR and 
SA as a function of polymer content and age are shown on the semi-logarithmic chart in figures 9 
and 10, respectively. These results are the average of six tests on fragments recovered from the 
flexural tensile strength test. 

A preliminary analysis of the results allows making the following observations. The evolution 
curves of the compressive strength versus time (7 to 360 days) show the same trend. Overall, 
the strength of all mortars increases steadily with the conservation period (from7 to 60 days) of 
specimens. Beyond that age, the strength of all mortars remains constant, taking into account the 
experimental uncertainties. This may be attributed to the time required for cement hydration 
and its curing. Moreover, when examining more closely the values obtained at specific ages, it is 
found that reference mortars develop greater compressive strengths, at all ages (7 to 360 days). 
It is obvious that the compressive strength of mortars decreases (loss) while the cement 
substitution rate increases, for all examined maturities. This loss is 21, 33, 32, 34 and 35%, when 
the strength of reference mortars is compared to that of mortars modified by SBR at the age of 
360 days. It is 23, 28, 32, 33 and 34% when the strength of reference mortars is compared to 
that of mortars modified by SA at the same age. Note that beyond 10% of polymer additions, the 
values of strength are generally similar. 
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Fig 9. . Influence of age on the compressive strength as a function of polymer SBR content mortars. 

 

Fig 10. . Influence of age on the compressive strength as a function of polymer SA content mortars. 

Several research studies have shown that the presence of polymers has a low impact on the 
compressive strength, and it may even have a negative impact (ACI Committee 548, 2003; 
Ngassam, 2013). Most of these authors justified these observations by the fact that a polymer 
has a larger capacity of water retention, a high closed porosity due to air entrainment by the 
polymer (Wang, 2005; Wang and Wang, 2010; Ngassam, 2013) and also to the delay in hydration 
of cement, caused by the presence of surfactants in the mixture (Sikora, 2015). However, other 
researchers (Barluenga and Hernandez-Olivares, 2004; Ramli and Tabassi, 2012b) justified 
these same observations by the low mechanical capacity of the latex and also by the change 
observed in the microstructure of the mixture. In the co-matrix network of modified mortars, 
there are two types of bonds, i.e. cement-cement and cement-polymer. The cement-polymer 
bonds are weaker than the cement-cement bonds. When the polymer content increases, the 
polymer film covers the hydrated cement and aggregates, thus forming several polymer-cement 
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bonds. This results in a decrease in the compressive strength of the modified samples. 

3.3. Flexural tensile strength 

The flexural tensile strength of reference and modified mortars as a function of age and polymer 
content is represented on the semi-logarithmic chart, in figures 11 and 12, respectively. These 
results represent the average of three tests on prismatic specimens of dimensions (40x40x160 
mm3).  

 

 Fig 11. . Influence of age on the flexural tensile strength as a function of polymer SBR content mortars. 

 

Fig 12. . Influence of age on the flexural tensile strength as a function of polymer SA content mortars. 

Based on these experimental results, it can be stated that the flexural tensile strength of all 
polymer-modified and reference mortars increases steadily. Similarly, the compressive strength 
also rises with the conservation period of specimens, from 7 to 60 days. Beyond that age, the 
strength of mortars follows a constant trend, provided that the experimental uncertainties are 
taken into consideration. This is due, as previously said for the compressive strength, to the 
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hydration of cement, its hardening and also to the formation of the polymer film over time. 
These results corroborate those found in the literature (Barluenga and Hernandez-Olivares, 
2004; Wang, 2005; Wang and Wang, 2010). 

Figures 11 and 12 also show that the flexural tensile strength of mortars decreases when the 
substitution rate of polymer increases, for all maturities (7 to 28 days). The reduction in 
strength may be attributed to the amount of substituted cement, delayed cement hydration 
under dry conditions, the fixing of polymer particles on cement particles, and also to the co-
matrix and the undeveloped polymer film. However, the loss in strength is recovered at 60 days. 
This strength increases by 5% and 34%, respectively, when mortars modified with 20% of SBR 
and 20 % SA, are compared to control mortars. This can be explained by the improved cohesion 
between the aggregates and cement paste. This cohesion is enhanced by the formation of the 
polymeric film and the co-matrix which is a network structure in which the hydrated cement 
phase and the polymer phase interpenetrate. 

Comparing the two figures 11 and 12 enables to note that the flexural tensile strength of mortars 
modified with SA shows better improvement than that of mortars modified with SBR. This is due 
to the nature and functioning of the polymer as well as to the amount of water that exists in 
mortar; the quantity of water in mortars modified by SBR is larger than that encountered in 
those modified by SA, for identical polymer contents. 

Our results confirm the conclusions of Gemert (2005) and Ngassam (2013). The beneficial effect 
of polymers is generally more noticeable in the flexural tensile strength than in the compressive 
strength because polymers enhance the strength of the binder-aggregate interface, which is 
particularly needed during the flexural tensile tests. 

3.4. Adhesion to bricks and cementitious substrates  

The results of the adhesion of control and modified mortars to bricks and concrete substrates as 
a function of the substitution rates are illustrated in fig 13 and 14. These results are the average 
of the values obtained from three tests on mortars applied to clay bricks and cementitious 
substrates. 

 

 

Fig 13. . Adhesion of mortars to clay bricks. 
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Fig 14. . Adhesion of mortars to concrete substrates 

The adhesion to bricks was reported to be significantly influenced by the cement substitution 
rate. This influence is more noticeable beyond 5% cement replacement by the two types of latex. 
Mortars modified by styrene butadiene (SBR) and styrene acrylic (SA) showed an adhesion 
increase to bricks of 84% and 82%, respectively, for a 20% replacement rate for both latex 
compared to ordinary control mortars. Moreover, the adhesion increase to concrete substrates 
as those of bricks; however, the influence on this support is greater. The incorporation of 20% of 
styrene-butadiene (SBR) and acrylic styrene (SA) respectively resulted in a respective increase 
of 58% and 36%, compared with reference mortars. 

The improvement in adhesion is mainly attributed to the formation of a polymer film and 
hydrated cement compounds at the interface between the modified mortar and substrate 
(Mansur, 2009; Ngassam, 2013; Pierre, 2008). Latex films interweave cement hydrates, forming 
the monolithic polymer– cement co-matrix structure at the interface (modified mortar – 
substrate), and come bridging the pores and cracks in this interface (Mansur, 2009) 

Furthermore, the substrates used in this study are known to be very porous materials; according 
to Mansur (2009), the adhesion of modified mortars to substrates, which have a high water 
absorption (>6 wt.%) (very porous), exhibits a mechanical anchoring and a general 
improvement in mortars  properties in addition to the formation of a continuous polymer film at 
the interface. It can be said that the latex and cement hydrates can seep into the porous network 
of substrates (clay bricks and concrete substrates), and thus adhere strongly to these substrates. 
Our results are in good agreement with the results found by Mansur (2009). The model 
developed by these authors, which explain the mechanisms of adhesion at the interfaces 
between the mortars and porous substrates, can summarize our results. 

A closer examination of the results allows noting that better adhesion properties were obtained 
with SBR-modified mortars, especially for significant substitution rates, compared with mortars 
modified by SA. An explanation was suggested by Ngassam (2013) on the adhesion of mortars 
modified with the ethylene-vinyl acetate (EVA) and the styrene acrylic (SA). The best adhesion 
performance obtained for mortars modified with SBR is due to their rheological behavior. 
Indeed, these mortars have a higher fluidity than that encountered in mortars containing SA (see 
Table 6). 
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Several researchers (Ngassam, 2013; Courard, 1998) defined fluidity in terms of the wettability 
of the material; they stated that the material should have good wettability and a good flow in 
order to increase the effective contact surface area between mortar and the substrate. This will 
certainly improve the adhesion strength of mortars to the different substrates. 

Figs 15 and 16 show the failure mode of the samples, after the peel test. 

In the case of bricks, it is noted that beyond 10% cement replacement by latex, the failure is 
purely cohesive within the substrate layer, unlike the case of low replacement levels where the 
failure is nearly at the interface. At the rate of 10 % substitution by SA, the failure is cohesive 
both within the substrate and at the interface.  

By cons, for concrete substrates, the failure is reported at the interface, for all the mortars 
modified by the SA, which means that the failure is not cohesive, whereas the SBR develops a 
cohesive failure in the substrates of mortars modified with latex levels greater than 10%. This is 
probably due to the nature of the surface of the concrete substrates (harder than the surface of 
the bricks), and also to the high fluidity of the mortars modified by the SBR. 

  

Fig 15. Failure mode of the samples clay bricks – mortars. 

  

Fig 16. Failure mode of the samples concrete substrates – mortars. 



124 Benali and Ghomari, J. Build. Mater. Struct. (2018) 5: 110-126 

 

 

3.5. Water absorption  

The polymeric film fills the pores and voids that generally occur in Portland cement mortars. 
This filling of the cracks increases with the increasing polymer content introduced into the 
cementitious matrix. As a result, a significant decrease in water absorption is reported as shown 
in Fig. 17. 

 

Fig 17. water absorption of modified mortars 

There is a marked reduction in the percentage of water absorption with the increase in the 
substitution rate. Indeed, the increase of this latter from 0 to 20% resulted in a reduction near to 
90.5% of the water absorption for the two polymers. At this stage it can be said that the water 
absorption of the mortars modified by the SBR and the SA is proportional to the substitution 
dosage and follows a linear trend with satisfactory correlation coefficients of 0.90 and 0.73. 

4. Conclusions 

Based on the results and discussion presented in this paper, the following conclusions can be 
drawn: 

- Increasing the substitution levels of cement by the latex (SBR and SA), in the 
cementitious mix, leads to a significant influence on the fluidity and a reduction in the 
quantity of mixing water. Therefore, the latex can be successfully used as water reducers. 

- The flexural tensile strength increases with the increase in latex content in the mix 
beyond 60 days. However, the compressive strength increases with the increase in 
cement content and with age. 

- A significant decrease in water absorption is reported in the mortars modified in 
comparison with the reference mortars. 

- SBR- and SA-modified mortars also cause an increase in the bond strength of mortars to 
clay bricks and to concrete substrates as well. Beyond 10% cement replacement, failure 
in modified mortars is purely cohesive within clay substrates, unlike the case of low 
substitution levels where the failure occurs at the interface. However, for concrete 
substrates, the failure is reported at the interface, for all the mortars modified by the SA, 
whereas the SBR develops a cohesive failure in the substrates of mortars modified with 
latex levels greater than 10% of substitution. 
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