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Abstract. Using the slotting method to process the interface of ordinary mortar, based on ordinary mortar
specimens, new and old mortar bonding specimens were prepared, and the bond strength test was carried out.
The effect of interface roughness on the bonding strength of VAE rubber powder modified mortar and styrene-
acrylic emulsion modified mortar was tested, and then the interfacial bonding properties of polymer modified
mortar were studied. The test results show that the bonding strength of polymer-modified mortar increases

with the increase of interface roughness; in engineering applications, the interface can be properly chiseled to
increase the interface roughness, which is beneficial to the bonding of polymer-modified mortar firm. At the
same time, the application prospects of VAE rubber powder modified mortar in the field of concrete anti-
corrosion, and the application prospect of styrene-acrylic emulsion modified mortar in the repair and freeze-
thaw damage of concrete structure and anti-seepage treatment are prospected.

1 Introduction

Ordinary mortar is widely used in construction projects,
and the amount is huge. A large amount of mortar is used
for repairing, waterproofing and impermeability of
underground projects, hydraulic structures, tunnels and
other projects. There are many types of mortar, and its
performance is continuously improved with the
development of modern engineering. However, ordinary
mortar is a typical brittle material. The lower tensile
strength and flexural strength lead to poor toughness, and
the lower bond strength causes easy cracking; the
compressive strength and elastic modulus are high, the
fold compression is relatively small, and the deformability
is insufficient. If it is used as a repair material, it is easy to
cause the interface to bond poorly and crack, resulting in
limited use. For projects with high construction efficiency
and durability requirements, the repair effect is poor and
it is difficult to meet the requirements. Therefore,
improving and stabilizing the quality of mortar is a real
problem to be solved urgently in practical engineering.
Polymer-modified mortar is to add a small amount of
polymer in the molding process of cement mortar, thereby
improving the performance of mortar, improving the
quality of use, and meeting the special needs of actual
projects [1-3]. Compared with ordinary mortar, polymer-
modified mortar has high flexural strength, strong
toughness, large deformability, and good durability such
as wear resistance and corrosion resistance [4-6]. At the
same time, the construction process is simple, easy to use,
and firmly bonded to the base concrete. In recent years, a
lot of research has been carried out on polymer modified
mortars. Pan Wei et al. studied the bonding performance

between mortar and cement-based composite materials
mixed with different rubber powder. When the content of
rubber powder is low, the tensile bonding strength of the
mortar can be significantly improved [7]. Shaker et al.
used SEM to study the durability of styrene-butadiene
emulsion (SBR) modified concrete. It is believed that
styrene-butadiene emulsion can not only improve the
sulfate resistance of concrete, but also improve the water
resistance and durability of concrete [8]. Pan Zhengkai
studied the modification effect of styrene-butadiene
emulsion, styrene-acrylic emulsion and VAE emulsion on
waterproof mortar, and concluded that styrene-butadiene
emulsion is not suitable for preparing waterproof mortar
[9]. A large number of studies have focused on the
mechanical properties and durability of polymer-modified
mortars [10], while there are few studies on the interfacial
adhesion properties of polymer-modified mortars.

Based on this, this article uses the slotting method to
treat the interface of ordinary mortar, to study the effect of
interface roughness on the bonding strength of two
polymers (VAE powder, styrene-acrylic emulsion)
modified mortar, and to explore the polymer modified
mortar Interface bonding properties. At the same time, the
application of VAE rubber powder modified mortar in the
field of concrete anti-corrosion and the application of
styrene-acrylic emulsion modified mortar in the repair and
freeze-thaw damage of concrete structure and anti-
seepage treatment were introduced.

2 Experiment

2.1 Experiment material
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Cement: P.O 42.5 ordinary Portland cement produced by
Lantian Yaobai Special Cement Group Co., Ltd., its
physical properties and chemical composition are shown
in Table 1 and Table 2. Sand: Bahe sand, bulk density
2630 kg/m3, bulk density 1450 kg/m3, and mud content

emulsion, the technical specifications of the two are
shown in Table 3 and Table 4. Water: ordinary tap water.
Water reducer: Shaanxi Zhongyi Chemical's 40% solids
polycarboxylate high performance water reducer mother
liquor.

1.1%. Polymer: VAE rubber powder, styrene-acrylic

Table 1. Physical properties of P.O 42.5 ordinary Portland cement.

L. . Flexural Compressive . .
0.08 mm Sieve Setting time /min strength /MPa strength /MPa Standard consistency S];a‘tq!lty
residue/% Initial Final Water consumption (Boiling
. . 3d 28d 3d 28d /mL method)

setting setting
4.2 163 264 54 6.9 23.5 46.2 190 qualified
Table 2. P.O 42.5 ordinary Portland cement chemical composition.
ingredient SiO2 CaO AhLOs FexO3 fCaO MgO Ne&
percentage /% 23.16 64.85 5.64 4.63 0.28 1.68 -

Table 3. Technical index of VAE rubber powder.

. The average Minimum film
Ash
Exterior Solid content S o Bulk density particle size pH value forming
(1000°C) /g/L .
/um temperature /°C
White >08% 1042% 400~600 >80 6~8 5
powder
Table 4. Technical specifications of styrene-acrylic emulsion.
Glass
. Solid Monomer Viscosity / transition
Exterior . pH value
content residue mPa-a temperature
/°C
Milky white liquid with |~ 4e.5 o5 | <1.0% 500~1500 7.5~9.0 14~23
blue light
22E i t method N ; :
. Xperiment metno
P ié VAE powder é 8 ;3(5)
Based on ordinary mortar test pieces, new and old mortar 3 3 0: 205
bonding test pieces were prepared. Mix the mortar, BO 0 0
prepare a common mortar test piece (half "8" characters), B1 Styrene- 1 0.135
standard curing for 28 d, and then process the interface of B2 acr%/].lc ) 0.270
the ordinary mortar. In this test, the slotting method B3 emulsion 3 0.405

(schematic diagram shown in Figure 1) is used to process
the ordinary mortar interface. The bonding interface is cut
at a certain depth and a fixed interval. This method is easy a
to control the construction quality and ensure the
uniformity of the roughness. This article uses the — N
roughness index to assess the interface roughness:

vertical view

nAab nla <
= =— (D /I/ 4
ab a
In the formula: B is the roughness index; a is the ‘ Aa d ‘ di2

length of the bonding surface; b is the width of the
bonding surface; Aa is the average width of each groove;
n is the number of cutting grooves in the a direction of the
bonding surface. Figure 2 shows the cutout of the test
piece. Table 5 is the roughness of each group of test pieces.

Front elevation

Figure .1. Schematic diagram of slotting method.

Table 5. Roughness of each group of test pieces.

Specimen

number Roughness

Polymer type n
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1‘Figure. 2. Groove'drawing of the test piecé.

After weighing according to the mixing ratio in Table
6 (Table 7), pour sand and cement into the mixer and mix
for 120s, then mix and stir water, water reducer and VAE
powder (styrene-acrylic emulsion) evenly, then pour in In
the mixer, stir for 120s to prepare VAE rubber powder
(styrene-acrylic emulsion) modified cement mortar. Load
the prepared modified cement mortar into the remaining
half of the "8" shaped mold (as shown in Figure 3),
prepare new and old mortar bonding test pieces, vibrate
and compact, remove the mold after 24 hours of curing,
and then remove the test piece Wet curing in the curing
tank for 5 d, and then put the test piece into the curing box
for 23 d to obtain the "8" shaped test piece used in the
adhesion test.

Figure. 4. Fixture.

The HS-3001B-S electronic precision servo tensile
testing machine was selected to measure the bond strength,
the test piece was placed on the fixture (as shown in Figure
4), and the test piece was evenly loaded at a speed of 5
mm/min, and the failure load was recorded. The

calculation formula of bond strength is as follows:

T
= — 2
f= 2)

Where: f is the bond strength, T is the load at failure,
s=ab. The test results of the bonding strength of each
group of test pieces are shown in Table 8.

Table 8. Bonding strength of each group of test pieces.

Table 6. VAE rubber powder modified mortar mix ratio.

Water
cement | sand/ Polymer- ) Water
/g g cement ceme reducer
ratio nt
ratio
900 2400 10% 0.38 1%
Table 7. Mix ratio of styrene-acrylic emulsion modified
mortar.
Polymer- | Water- Water
cement/g | sand/g | cement | cement
. . reducer
ratio ratio
1100 2400 10% 0.40 1%

Figure. 3. Mold.

Specimen Bond Specimen Bond
number strength number strength
/MPa /MPa
A0 3.01 B0 2.45
Al 3.16 Bl 2.56
A2 3.23 B2 2.60
A3 3.35 B3 2.72

3 Test results and analysis

The relationship between the bond strength of the polymer
modified mortar and the interface roughness is shown in
Figure 5, As can be seen from the figure, the bonding
strength of the polymer modified mortar increases with
the increase of the interface roughness. The bonding
strength of VAE rubber powder modified mortar is greater
than that of styrene-acrylic emulsion modified mortar. In
terms of interface bonding performance, VAE rubber
powder has a stronger modification effect on mortar.
When the roughness is 0.405, the bonding strength of
VAE rubber powder modified mortar is 3.35 MPa,
compared with the untreated interface, the bonding
strength is increased by 11.3%. The bonding strength of
styrene-acrylic emulsion modified mortar is 2.72 MPa,
increased by 11%. Therefore, in engineering repair, when
spraying or painting polymer modified mortar on the old
mortar, the interface can be properly chiseled to increase
the interface roughness, which is conducive to the firm
adhesion of the mortar and guarantees the construction
quality.
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Fig. 5. Relationship between bond strength of polymer-
modified mortar and interface roughness.

4 Engineering application of polymer
modified mortar

Polymer-modified mortar is a composite material
composed of cement, sand and organic polymers that can
be dispersed in water. There is a network structure formed
by polymer films. This polymer film structure can not
only improve the mortar Flexural strength, toughness and
other mechanical properties, and endowed with good
durability of mortar. The polymer modified mortar mix
ratio and preparation process are similar to ordinary
mortar, the shrinkage difference is small, the construction
performance is good, and it can adapt to various natural
environments. One of the uses of polymer modified
mortar is to repair concrete structures. The structures that
can be used for repairing include general industrial and
civil buildings, marine and port buildings, roads and
bridges, underground buildings, etc. Using polymer
modified mortar for structural repair can speed up the
construction speed, improve the durability of the structure,
and also save a lot of money. Therefore, polymer modified
mortar has broad application prospects.

VAE rubber powder modified mortar has excellent
anti-carbonization, anti-chloride ion corrosion and
other properties, can be widely used in the field of
concrete anti-corrosion. Adding VAE rubber powder to
the mortar can improve the workability of the mortar,
reduce the water consumption of the mortar, and
improve the compactness and anti-carbonization
performance of the mortar. At the same time, VAE
rubber powder particles are small and can be filled in
the cement hydration product, forming a multi-layer
membrane network inside the hardened cement slurry,
which can prevent the invasion of oxygen, carbon
dioxide, chloride ions, and water. VAE rubber powder
modified mortar has excellent anti-carbonization
performance, and it has a significant effect on the
carbonization of reinforced concrete in reservoirs,
hydropower stations, instrument factories and other
reinforced concrete. VAE rubber powder modified
mortar has excellent anti-corrosion and anti-chloride

ion corrosion properties. It is not only suitable for the
anti-corrosion and anti-seepage treatment of civil and
military buildings, but also suitable for the protection
and repair works of highways, bridges, ports and water
conservancy projects.

Styrene-acrylic emulsion modified mortar has
excellent anti-freezing and anti-seepage properties, and
can be used for repairing and anti-seepage treatment of
freeze-thaw damage of concrete structures. Adding
styrene-acrylic emulsion to the mortar can optimize the
internal pore structure of the mortar, reduce the porosity,
and improve its frost resistance and impermeability. In
northern and high-altitude areas, freeze-thaw damage
will accelerate the aging of concrete, reduce the
effective bearing area of piles, columns, and slabs,
thereby reducing the stability and bearing capacity of
structures. Use styrene-acrylic emulsion modified
mortar to repair the structure, which can reduce freeze-
thaw damage and prolong its service life. For the water
seepage problem of underground caverns, tunnels and
other structures, styrene-acrylic emulsion modified
mortar with good impermeability can be used for the
wall and top to prevent leakage and plugging treatment.

5 Conclusion

Polymer modified mortar has a wide range of application
fields and prospects. It is an important material for the
repair and reinforcement of concrete structures. The
structures that can be used for repair and reinforcement
include underground engineering, general industrial and
civil buildings, hydraulic structures, marine port
structures, and underground buildings, structures, roads
and bridges. VAE rubber powder modified mortar can be
widely used in the field of concrete anticorrosion, and
styrene-acrylic emulsion modified mortar can be used for
repairing and anti-seepage treatment of concrete structure
freeze-thaw damage. In practical engineering applications,
the interface can be properly chiseled to increase the
interface roughness, which is conducive to the strong
adhesion of the polymer modified mortar.
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