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Abstract

The brittle nature of cementitious materials leads to the formation of cracks and damage in
concrete structures, highlighting the necessity of using materials that can prevent the initiation
and propagation of shrinkage-induced cracks while enhancing the mechanical properties of
cement mortars. This study examines the shrinkage and mechanical properties of cement mortars
modified with polyvinyl alcohol (PVA) and styrene-acrylic latex (LSA). To this end, a standard
cement-based mortar was prepared using 400 kilograms of cement with a sand-to-cement weight
ratio of 3. The cement-based mortar was modified by incorporating LSA at dosages of 5%, 10%,
15%, and 20%, in two groups: one with and one without the addition of 2% PVA. Following this,
tests for compressive strength, flexural strength, abrasion resistance, and shrinkage were
conducted on the samples. To assess the surface adhesion of the mortars, a surface tensile test
was performed. The results indicated that the addition of 10% LSA resulted in a 25% increase in
the compressive strength of the mortars without PVA compared to the base mortar. The inclusion
of PVA in all mortars containing LSA led to a reduction in compressive strength. The flexural
strength of the mortars with 2% PVA and 10% LSA increased by 29% compared to the base
mortar. Abrasion resistance decreased by 11% with the addition of 10% LSA to the base mortar,
and by 5% in the samples containing 10% LSA when 2% PVA was added. In summary, the
addition of LSA reduced shrinkage, while the inclusion of PVA increased it. Adding LSA up to
10% improved surface tensile strength, whereas the addition of PVA resulted in a decrease in this
property.
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Chemical compound Physical propeties
L H,C—HC—CHy —CH— SiO, 21.36% specific weight 3150 kg/m?
‘ = AlLO; 4.64% Blaine fineness 3350 cm?/g
=0 0 compressive strength 2
| Fe,03 3.4% (7 days) 370 kg/cm
OH n o, Compressive strength 2
Ca0 63.61% (28 days) 480 kg/cm
MgO 2.09%
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Fig. 3. Appearance and schematic chemical formula of Latex SO;3 2.24%
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Fig. 1. Fine aggregate distribution cureve
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Table. 2. Properties of latex styrene acrylic and polyvinyl alcohol

Latex Styrene-acrylic ~ Polyvinyl
Polymer name EyLSA) g alcoth(P\y/A)

Chemical formula C11H1202 C2H40
Melting point 210 200 °C
Boiling point 220 228 °C

Density 1.2 1.19g/cm?
Flash point - 79/44°C
Water Solubility Soluble soluble
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Fig. 2. Appearance and schematic chemical formula of Polyvinyl Alcohol
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Table. 3. Mortar mix proportions

PVA (Weight LSA (Weight
Cement
No. Percentage Percentage (kg /m3)
of Cement) of Cement)
MO 0 0
M-L5 0 5
M-L10 0 10
M-L15 0 15
M-L20 0 20
M-V2 2 0 400

M-L5-V2 2 5
M-L10-V2 2 10
M-L15-V2 2 15
M-L20-V2 2 20
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Fig. 4. Shrinkage measuring device
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Fig. 5. Pull off test set-up
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Table 4. Mechanical characteristics of cement mortar and modified polymer mortars

7-Day _ 28-Day_ Surche Flexural )
No. Compressive  Compressive  Tensile strength abrasion
Strength Strength Strength
MO 47.6 58.4 3.82 7.12 18.07
M-L5 54 58.8 4.55 7.38 17.1
M-L10 59.4* 62* 4.89* 8.95 16.1
M-L15 56.8 61.2 4.24 7.58 16.18
M-L20 55.6 50.8 4.09 7.19 17.54
M-V2 43 46.4 3.49 8.23 15.64
M-L5-V2 48.4 52.4 3.38 8.61 15.05*
M-L10-V2 43 60.8 3.98 9.17* 15.24
M-L15-V2 35 49 3.27 8.43 15.78
M-L20-V2 29.4 37.2 2.93 8.12 17.89
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Fig. 6. Changes in compressive strength in two- and three-
component mortars containing acrylic styrene latex and polyvinyl
alcohol
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Fig. 9. Abrasion test results of two- and three-component mortars
containing acrylic styrene latex and polyvinyl alcohol
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Fig. 10. Shrinkage results in two- and three-component mortars
containing acrylic styrene latex and polyvinyl alcohol
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