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This paper investigated the mechanism and durability of repair systems made of ordinary cement-based repair mortar and three
kinds of polymer-modified repair mortars with old concrete, SBR dispersion, SAE dispersion, and SAE powder. By comparing
the bonding properties of mortars before and after erosion, it was found that polymers could effectively improve the durability of
the repair system and SAE powder had the best improvement. Micromorphology study of the repair mortar and the interface of
repair mortar with old concrete through SEM showed that the polymer film formed from SAE powder whatever in the mortar
or at the interface was dense and tough, the film formed from SAE dispersion was loose and weak, while the film formed from
SBR dispersion was in between them, which explained the difference in the tensile bond strength and the durability of the repair
systems.

1. Introduction

Concrete is themost common and versatile buildingmaterial
in the world. With the growth of operational life, the con-
struction damage caused by improper design, management
and poor durability of material, and so forth, often occurs.
It not only affected the normal usage of construction but
also caused huge economic losses. Therefore, the repair and
reinforcement of the damaged structures are the important
issues for the construction industry today.

Polymer-modified cement mortar has been widely used
as repair mortar due to its high strength, good durability,
and good bonding properties to old concrete construc-
tions. Researchers had studied the mechanical properties of
polymer-modified mortar used for repairing and the results
showed that polymer could greatly improve themortar repair
performance [1–3]. Additionally, the polymer was reported to
be able to improve the durability of repair mortar which was
an important aspect to be considered in construction [4–6].

For the construction repair, only improvement of the
repair material properties is not enough; we need to consider
the whole system consisting of repair materials and the

old concrete. Morgan [7] believed that the performance of
system determined the quality of repair in which the interface
between repair mortar and old concrete exerted the most
important impact. Many bonding mechanisms of the system
interface were reported by now.Morgan thought the interface
of repair mortar and old concrete could be seen as cement-
aggregate interface, in which the old concrete was like a
big aggregate. Bijen and Salet [8] made a point that mortar
and old concrete were bonded though Van der Waals force,
mechanical bite force, and surface tension. While Emmons
and Vaysburd [9] adopted three-zone bonding model that
included new material zone, interface zone, and old material
zone to study the interface, there were some other studies
about the interface mechanisms [10, 11], but little study was
based on the modification mechanism of polymer on the
interface.

In this paper, three kinds of polymer-modified cement-
based mortars were used as repair mortars. By placing the
bonded repair mortar and old concrete into erosion environ-
ment the effect of polymer on the durability of the repair
system was studied. The morphology of the repair mortar
and the interface between repair mortar and old concrete
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Table 1: Chemical composition of P⋅II 52.5R Portland cement (% by weight).

CaO SiO2 Al2O3 Fe2O3 SO3 MgO K2O Na2O f-CaO Loss on ignition Insoluble residue
62.72 20.24 5.29 3.4 1.97 1.18 0.57 0.11 0.23 2.47 0.94

Table 2: The parameters of polymers.

Solid content
(%)

Viscosity
(mPa⋅s)

Bulk density
(g⋅cm−3) pH value Min film formation

temp. (∘C)
Glass transition

temp. (∘C)
Ash content
(% by weight)

SBR dispersion 51 35–100 — 7.8∼10 15∼21 −3 —
SAE dispersion 57 50–150 — 7.0∼8.5 1 −6 —
SAE powder — — 0.5 8.0 0 15 9.5

Table 3: Mix proportions of mortar in weight ratio.

Cement SBR dispersion (solid part) SAE dispersion (solid part) SAE powder Sand 𝑚

𝑤

/𝑚

𝑐

R 100 0 0 0 300 0.44
A 100 10 0 0 300 0.35
B 100 0 10 0 300 0.50
C 100 0 0 10 300 0.39

was studied using SEM and the modification mechanism by
polymer was analyzed.

2. Experiment Program

2.1. Raw Material. The cement used in this investigation was
P⋅II 52.5R Portland cement and the chemical composition
was shown in Table 1. Tap water and standard sand were used
in this experiment. Three kinds of polymers, SBR (styrene-
butadiene rubber) dispersion (SD 623), SAE (styrene acrylic
ester) dispersion (S 400 F), and SAE powder (FX 7000), were
used tomodify the ordinary repair mortar.The parameters of
these three polymers were shown in Table 2.

2.2. Mix Proportion. The mix proportions of the repair
mortars used in the investigation were listed in Table 3.

2.3. Test Methods

2.3.1. Flow. The flow table values of fresh mortars were
measured according to GB/T 2419-2005. A cone-shaped
metal ring was filled with freshmortar on a shaking table, and
after the ring lifted, the mortar mix was subjected to 25 table
vibrationswithin 25 seconds.Thefinal diameter of themortar
mix spread on the table was the so-called flow table value.The
water to cement ratio (𝑚

𝑤

/𝑚

𝑐

) of the mortar was determined
by fixing the flow table value at a constant of (170±5)mm, as
listed in Table 3.

2.3.2. Tensile Bond Strength and Treating Methods for Dura-
bility Tests. The mixing of the mortar was done according
to GB/T 17671-1999 (ISO679: 1989). The measurement of
tensile bond strength was based on the German standard
DIN 18555-5.Themixed mortar was filled into a cubic model
with size of 50mm × 50mm × 5mm that was placed on the
old concrete. The samples were unmolded after being cured

at 23∘C/RH50% for 24 hours and then cured at the same
environment to designed ages.

Strong bonding affinity to the old concrete is the most
important property required for repair system, so the erosion
resistance of repair system was measured by the reduction of
the tensile bond strength after erosion. The treating methods
for the durability tests were listed in the following:

(1) Acid-Base Erosion Treatment. After being cured for 14
days at 23∘C/RH50%, the samples were soaked in the
erosion solution for 28 days. Erosion solution: 5%HCl
(by weight), 5% H

2

SO
4

(by weight), and saturated
NaOH solution.

(2) Freeze-Thaw Cycle Treatment. After being cured for
28 days at 23∘C/RH50%, the samples were soaked in
water (15∘C∼20∘C) for 4 hours and then transferred
into frozen environment (−15∘C∼ −20∘C) for 6 hours.
This freeze-thawprocedurewas repeated for 25 cycles.

(3) Wet-Dry Cycle Treatment. After being cured for 28
days, the samples were treated for 15 cycles following
the procedure of soaking in (20 ± 5)∘C water for 2
hours, (20 ± 5)∘C air for 0.5 hours, (60 ± 5)∘C drying
for 7 hours, and then (20 ± 5)∘C air for 14.5 hours.

2.3.3. Microstructure Observation. The microstructure was
observed by using Quanta 200 FEG SEM. In order to observe
the polymer morphology clearly all samples were soaked in
5%HCl solution for 5 minutes and cleaned with alcohol, and
then the measurement was conducted after drying at 40∘C.

3. Results and Discussion

3.1. Durability of Repair System

3.1.1. Tensile Bond Strength. Figure 1 presents the relationship
of the tensile bond strength of repair mortar with age. It
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Figure 1: Relationship of tensile bond strength of repair mortars
with age.

could be seen that the polymer-modified repair mortars had
better tensile bond property than ordinary cement mortar
did.The SAE powder-modified repair mortar had the highest
tensile bond strength that reached 1.54MPa, 2.60MPa, and
3.12MPa after 3-, 7-, and 28-day cure, respectivelywhereas the
SAE dispersion-modified repairmortar had the lowest tensile
bond strength among the three kinds of polymer-modified
repair mortars. The tensile bond strength of SBR dispersion-
and SAE powder-modified mortars showed similar growth
trend with age; that is, the strength grew rapidly from 3 to
7 days and then slowly between 7 and 28 days. The tensile
bond strength of SAE dispersion-modified repair mortar and
ordinary repair mortar had similar growth trend; that is, it
increased slowly all the time.

3.1.2. Resistance to HCl Erosion. Figure 2 presents the tensile
bond strength of repair mortars before and after erosion by
5%HCl solution. It showed that the tensile bond strength
of all the repair mortars decreased after erosion. The tensile
bond strength decreased by 25.4%, 13.0%, 14.7%, and 8.0%,
from 1.30 to 0.97MPa, 2.31 to 2.01MPa, 1.50 to 1.28MPa, and
3.12 to 2.87MPa, for ordinary repair mortar, SBR dispersion-,
SAE dispersion-, and SAE powder-modified repair mortars,
respectively.The tensile bond strength reduction of polymer-
modified repair mortars was much smaller than ordinary
repair mortar, and thus it could be drawn that polymer could
improve the HCl erosion resistance of the repair system. The
function of SAE powder was the greatest.

3.1.3. Resistance to H
2

SO
4

Erosion. Figure 3 shows the tensile
bond strength of repair mortars before and after erosion by
5% H

2

SO
4

solution. After erosion, the tensile bond strength
of all the repair mortars decreased but in different levels. The
tensile bond strength of ordinary repair mortar decreased by
27.7%. However, the reduction of the tensile bond strength
of SAE powder-modified repair mortar was only 6.0%. The
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Figure 2: Tensile bond strength of repair mortars before and after
erosion by 5%HCl solution.
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Figure 3: Tensile bond strength of repair mortars before and after
erosion by 5% H

2

SO
4

solution.

reduction of the tensile bond strength of SBR dispersion-
and SAE dispersion-modified repair mortar was 16.4% and
14.0%, respectively. It could be drawn that the polymers could
improve the H

2

SO
4

erosion resistance of the repair system.
Among the three kinds of polymers, SAE powder had the best
improvement, while the improvement by SBR dispersion was
the poorest.

3.1.4. Resistance to NaOH Erosion. Figure 4 shows the tensile
bond strength of repair mortars before and after erosion by
saturatedNaOH solution. AfterNaOH erosion, the reduction
of the tensile bond strength was much smaller than that
during acid erosion mentioned above. The tensile bond
strength of ordinary repair mortar was decreased by 7.7%.
The reduction of the tensile bond strength of SBRdispersion-,
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Figure 4: Tensile bond strength of repair mortars before and after
erosion by saturated NaOH solution.
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Figure 5: Tensile bond strength of repair mortars before and after
freeze-thaw cycles.

SAE dispersion-, and SAE powder-modified repair mortar
was 4.7%, 8.0%, and 3.2%, respectively. It can be found that
the SAE powder and SBR dispersion had slight improvement
on the NaOH erosion resistance of the repair system.

3.1.5. Resistance to Freeze-Thaw Cycle. Figure 5 illustrates the
tensile bond strength of repair mortars before and after free-
thaw cycles. It revealed that after 25 freeze-thaw cycles the
tensile bond strength of all the repair mortars decreased.The
tensile bond strength of ordinary repair mortar was reduced
by 15.4%, while that of SBR dispersion-, SAE dispersion-,
and SAE powder-modified repair mortars reduced by 12.1%,
13.0%, and 11.0%, respectively. So it could be seen that the
polymers could improve the resistance to freeze-thaw cycles
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Figure 6: Tensile bond strength of repair mortars before and after
wet-dry cycles.

of the repair system, whereas the difference in effect among
the three kinds of polymers was not significant.

3.1.6. Resistance to Wet-Dry Cycle. Figure 6 illustrates the
tensile bond strength of repair mortars before and after wet-
dry cycles. After wet-dry cycles the tensile bond strengths
of all the repair mortars were decreased. The tensile bond
strength of ordinary repair mortar was reduced by 25.4%,
whereas that of SBR dispersion-, SAE dispersion-, and SAE
powder-modified repair mortars was reduced by 13.0%,
21.0%, and 12.8%, respectively. It could be seen that polymers
could improve the resistance of the repair system to wet-dry
cycles, especially for SBR dispersion and SAE powder.

3.2. Microstructure Observation and Analysis. Above results
showed that polymer-modified repair mortars had better
bonding property and erosion resistance, but different poly-
mers took effect in different levels. This part would be
explained through micromorphology analysis.

3.2.1. Internal Morphology of Repair Mortar. Figure 7 lays
out the microstructure of repair mortars observed by SEM.
It showed that the ordinary repair mortar had many holes
and cracks after being processed by 5%HCl solution, while
polymer film could be seen clearly in polymer-modified
repair mortars. There were four ways of polymer existing
in the repair mortars by which the polymer could improve
efficiently the properties of the mortar. (1) Polymer formed
film in the mortar that could improve the compactness and
durability, such as (A1), (B1), and (C1). (2) Polymer film
attached on the hydration products and bonded hydration
products together that increased the performance of repair
mortar, such as (A2). (3) Polymer film attached on the
surface of aggregate or bonded to the aggregate and hydration
products that increased the strength of repair mortar, such as
(A3), (B2). (4) Polymer film formed in the holes or cracks
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Figure 7:Microstructure of repairmortars observed by scanning electronmicroscope (SEM). (R) ordinary repairmortar; (A1) SBRdispersion
formed film in mortar; (A2) SBR film attached on the hydration products; (A3) SBR film attached on the surface of aggregate; (B1) SAE
dispersion formed film in mortar; (B2) SAE dispersion film attached on the surface of aggregate; (C1) SAE powder formed film in mortar;
(C2) SAE powder film in the hole of mortar; (C3) SAE powder film in the crack of mortar.
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Figure 8:Microstructure of interface between repairmortars andold concrete observed by scanning electronmicroscope (SEM). (R) Interface
of ordinary repair mortar and concrete; (A1) SBR formed film at the surface; (A2) SBR formed filament at the interface; (B1) SAE dispersion
formed film at the interface; (B2) SAE dispersion formed mesh-like products at the interface; (C1), (C2) SAE powder formed film at the
interface.
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of mortar that prevented their further expansion, such as
(C2), (C3). The four ways of polymer existing listed above
improved the internal structure of repair mortar and thus its
performance.

Comparing the internal morphology of three kinds of
polymer-modified repair mortars, the polymer film formed
from SAE powder looked dense and tough, while the film
formed from SAE dispersion looked loose. The film formed
from SBR dispersion was in the middle. During SEM obser-
vation it was found that the most common way of polymer
existing in the repair mortars was like (A1), (B1), and (C1). So
this morphology had much more influence on the property
of the repair mortar than others. In terms of compactness
and completeness, (C1) was the best, (B1) was the worst, and
(A1) was in the middle. So it could explain that SAE powder-
modified repair mortar had the best bonding property and
erosion resistance while the performance of SAE dispersion-
modified repair mortar was the worst.

3.2.2. Morphology of Interface between Repair Mortar and Old
Concrete. Figure 8 lays out the microstructure at interface
of repair mortars with old concrete. It showed that there
were only some erosive cement hydration products at the
interface of ordinary repair mortar with old concrete after
being treated by 5%HCl solution whereas at the interface
of polymer-modified repair mortars not only erosive cement
hydration products but also polymer film could be seen
clearly. However, themorphologies of the films were different
for various polymers. There were three ways of polymer
existing at the interface which could improve the bonding
property of repair mortar with old concrete. (1) Polymer
formed film at the surface and connected the repair mortar
and old concrete together, such as (A1), (B1), (C1), and
(C2). (2) Polymer formed filament at the interface that
connected repair mortar and concrete together, such as (A2).
(3) Polymer formed mesh-like products that connected the
repair mortar with old concrete, such as (B2). The three ways
of polymer existing at the interface enhanced the bonding
strength of repairmortarwith old concrete and also improved
the durability of the repair system.

Comparing the morphology of the three kinds of poly-
mers existing at the interface of repair mortar with old
concrete through SEM observation, (A1), (B2), and (C1) were
the most common ways of SBR dispersion, SAE dispersion,
and SAEpowder existence at the interface, respectively, which
determined the performance of the repair systems. It was
obvious that film formed from SAE powder looked strong,
while that formed from SAE dispersion looked loose and that
formed from SBR dispersion was in the middle, which gave
the explanations that the bonding property and durability of
SAE powder-modified repair system were the best.

4. Conclusions

Through studying the durability of repair systems of ordinary
cement-based repair mortar and three kinds of polymer-
modified repair mortars with old concrete, the following
conclusions were drawn: addition of polymer could increase

the tensile bond strength of the repair system and enhance
the resistance to erosion by HCl solution, H

2

SO
4

solution,
saturated NaOH solution, freeze-thaw cycles, and wet-dry
cycles. SAE powder showed the best improvement on the
repair system performance among the three polymers; SAE
dispersion had the weakest function, while SBR dispersion
was in between. Observation on the micromorphology of the
repair mortar and the interface of repair mortar with old
concrete through SEM gave the reasons. It was found that the
polymer film formed from SAE powder was dense and tough;
the film formed from SAE dispersion was loose and weak,
while the film formed from SBR dispersion was in between,
which explained the difference of the tensile bond strength
and the durability of the repair systems.
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