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MECHANICAL PROPERTIESOF SBR LATEX MODIFIED MORTAR
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Abstract

Among the various latex modified mortars applicatirepair mortar is one of them.
The purpose of this research is to investigate nieehanical properties of repair mortar
modified with polymeric latex. The influence of 8tpe-Butadiene-Rubber (SBR) latex (solid
content 47 %) on commercial calcium aluminate cdedlCAC) properties was observed.
Mortar specimens with constant W/C ratio (0.4) anth different latex content (0 - 20 %)
were prepared. Workability and air content entrapmi@ the mortar fresh state were
investigated. In the hardened mortar state compeessd flexural strength, open porosity,
density, and dynamic modulus at different curing & 7 days and transformed specimens)
were investigated. The test results showed thalusian of SBR latex increased the
workability and air entrapment of fresh state moetad reduction in dynamic modulus and
open porosity of hardened state mortar. Specimatfishigher latex percentage at curing age
of 7 days showed increment in bending strength tdweagulation process of polymer.

Keywords: calcium aluminate cement, SBR latex, latex medifimortar, mechanical
properties.
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Introduction

Cement based materials usage is widely. Therefooperties of those materials need
to be improved. One way of cement-based materiadpgnties improvement is a polymer
inclusion. Polymer which is used in properties nfiodtion can be a polymer latex,
redispersible polymer powder, water-soluble polywreliquid polymer. Among the different
presentations of polymer admixtures, polymer laseixn most widespread use. The inclusion
of polymer latex improve workability of fresh statéue to the “ball bearing” action of
polymer particles, the entrained air and the disipgreffect of surfactants? Therefore, an
important W/C reduction can be achieved, whichaf@n porosity and strength of hardened
state mortar.

The improvement of bending strength while keepitgy compressive strength,
ductility, bonding strength to concrete substride, permeability of hardened latex modified
mortars (LMM) is achieved as wéll>

Calcium aluminate cement (CAC) is very versatilecal cement advantageously used in
numerous specific applicatiochDue to their fast hardening with high early sts even at
low temperatures CAC is advantageousked for repair work of highways and airport’s
runways.

Those LMMs properties allow floor and bridge ovggarepair mortars, bonding ceramic tile
agents and precast elements joining material Usdg@lymer latex modification of cement
mortar is governed by both cement hydration angmet film formation processes in their
binder phase. A co-matrix is formed by both proees$

Two different ways of adding polymers to cementeriats are possiblekeeping constant
the water-to-cement ratio (W/C); and fitting thensstency of the composite, by adjusting the
W/C or the inclusion of plasticizers (polymer latex

This paper summarizes the results of an experaheast program on LMM with
constant W/C and different latex content in thelirand hardened states.

Materials

Cement used in the research was Calcium alumin8&RA 40" (Istra Cement d.d.).
Styrene-Butadiene-Rubber (SBR) (LGM d.o.o. Zagialpatex form with a solid content of
47%, nonionic surfactant and antifoaming agenthim ¢commercial composition; and quartz
sand with size of 0.5-1.0 mm are used.

Specimen prepar ation

The sand-to-cement ratio (S/C) and water-to-cematit (W/C) of mortar were 3 and 0.4,
respectively. Latex-cement ratios (P/C) were 0%, 39846, 15%, and 20%. The amount of
water of the latex was taken into account in th€Wi mixing method, water and latex were
mixed together, then cement was added and evegythas mixed in a standard laboratory
mixer for 30 sec at speed of 140 rpm. Later, saad added into mix and whole was mixed
for 30 sec at speed of 140 rpm and at 285 rpm riotheer 30 sec. After that, mixing was
stopped for 60 sec, and then continued for 60 sspeed of 285 rpm.
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The fluidity of the fresh mix was tested using fltable. The amount of entrapped air in fresh
mortar was reduced by vibrating the prismatic mod@ix 40 x 160 mm prisms were cast and
cured for 1 day at the temperature of 22°C and 80%lative humidity. Then, the specimens
were demoulded and cured in different conditiortsictv are summarized in Table 1.

Table 1. Curing age of specimens

Series Curing age in the mould Curing age out of the ldou
I 24 h,T = 22°C, 90 %RH 20 h,9=23°C, 35 %RH
I 24 h, T = 22°C, 90 %RH 6d, 7 =23°C, 35%RH
1] 24 h, T = 22°C,90 %RH 6df = 23°C, 35%RH.+ 24h: 70°C+19d:

= 23°C, 35%RH

Experimental methods

Consistency of fresh state SBR LMM was measureidgushe flow table test
according to EN 1015-3. The content of entrappedvas measured by a pressure method
according to EN 1015-7. Latex percentages of 0%, 5086, 15% and 20%, regarding to
cement weight, were used.

In hardened state, bending and compression ted¥bf were done according to EN
1015-11. The bending tests were performed with 40 x 160 mm specimens and
compression test were carried out on two piecesiginal 160 mm prisms for each mix.

Open porosity of transformed specimens was detemnby measuring the weights of
dry, saturated and submerged samples (broken hafvegecimens) for each composition,
and was calculated according to the following eiguat

p o Weu "Way [100, [%] (1)
open W —W

sat sub
whereW,,,
24 h) andW,, is the submerged weight (saturated specimen sgauein water and
measured its weight with a hydrostatic scale).

Dynamic ultrasonic modulugk( GPa) for each composition was computed using the
following equations:

is the dry weightW,_,, is the saturated weight (specimen submerged ienfat

fo [cPd )

E =

=G ©
+v)-2v)

where p (g/cnt) is the density,v (km/s) the velocity of ultrasonic pulse propagatio

through the specimen (160 mm long) ands Poisson’s coefficient taken to lve= 0,2 for

all dosages of laté€x The velocity of ultrasonic pulse propagation tigb the specimen was
measured by TICO Proceq Testing Instruments withe tiresolution of 0.lus, voltage
impulse of 1 kV, pulse repetition of 3 and frequency of 54 kHz.
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Results and discussion

The consistency gained with constant W/C and wffelatex percentage is shown in
Fig. 1. The increase of latex percentage in LMMvehancrease of workability, due to the
plasticizer effect of the latex. The content ofrapped air increases with the lower percentage
of polymer addition reaching maximal values at b8 20 % of latex addition (Fig. 2). By
introducing the latex at the beginning of mixinggedure and the utilization of high speed
mixing (see paragraph on specimen preparatiomjvatichigh entrapment of air.

25 <> <>
c 20 < 20 S
é 15 o % 15
g S 1
O
0 5 Ileo‘teX, % 15 20 25 0 5 10|atex’ %15 20 25
Fig. 1. Consistency of LMM with different Fig. 2. Air content of fresh state LMM with
latex percentage different latex percentage
Table 2. Results of LMM at different curing ages
Latex,% I Il 1l
Ultrasonic velocity, Ultrasonic velocity,  Ultrasonic velocity,
km/s km/s km/s
0 4,14 3,56 4,05
5 3,87 3,77 3,70
10 3,51 3,57 3,51
15 3,34 3,39 3,27
20 3,32 3,42 3,21

Flexural and compressive strength at 1, 7 dayszaéhdays with transformation are
shown in Figs. 3 and 4. The addition of latex redubending strength. Specimens at 7 days
show increase at higher percentage of latex, dieteésa coagulation process. Specimens at 1
day show a reduction, due to time deficiency féexacoagulation process. The inclusion of
SBR latex in cement mortar produces a decreaseowipiessive strength, due to lower
mechanical capacity of latex with regard to cenranttar, for a constant W/C ratio and due
to higher entrapped air content (Fig. 2). Transtampecimens show the lowest compressive
strength at every latex percentage, due to poregiigh is formed by transformation process.
Compressive strength of dried specimens (Fig. Syedses with latex inclusion, due to
polymer properties. Compressive strength valuedrietl specimens are lower than non-dried
ones, due to transformation process of metastatleation products at higher temperatures.
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Fig. 3. Bending strength of LMM with different &t percentage at different curing ages
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Fig. 4. Compressive strength of LMM with differdatex percentage at different curing ages

Dried transformed specimens show higher compressivength values regarding
other two dried series and transformed specimeus, td higher hydration and polymer
coagulation dosage, and earlier transformationge®m wet conditions.

Open porosity of transformed specimens decreasds Vatex percentage increases

(Fig. 6).
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Fig. 6 Open porosity of transformed LMM with difémt latex percentage

Fig. 7 illustrates density of specimens at 1 deansformed specimens and calculated
density. The increase of latex percentage proddessease of density, due to polymer
structure. Experimental densities are in good ages with the calculated ones.
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Fig. 7. Density of LMM with different latex percege at different curing ages and
calculated density
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Fig. 8. Dynamic modulus of LMM with different latgpercentage at different curing ages

LMM stiffness decreases with latex increase,shewn in Fig. 8, due to lower
polymer stiffness regarding mortar stiffness.

Conclusion

The inclusion of SBR latex increases workabilifyfresh state mortar, which provides
mortar preparation with lower water-to-cement (Wi@jio. Lower content of free water
would reduce hardened state mortar porosity and teamortar strength improvement.
Advanced mechanical properties of latex modifiedtaracan be obtained by longer treatment
in dry conditions, which means higher degree ofp@r coagulation process.

By introducing the latex at the beginning of mixipgocedure and the utilization of high
speed mixing allowed high entrapment of air. ThteXaaddition increases the content of air
entrapment. The higher air entrapment is expeateenthance other properties of material
such as the lower permeability due to more cloggdgity and the higher resistance to frost.
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To create a material with the best properties fdesired specific application an optimization
of mechanical and durability properties is required
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