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This study investigated the interfacial bond strength between a calcium sulfoaluminate cement (CSA) mortar as a repair 
material and an old substrate. The surface of the old substrate was treated to have a different roughness (smooth, slightly 
rough and seriously rough) and moisture. In addition, the effect of a polycarboxylate superplasticiser on the bond properties 
of the CSA mortar was also studied. The results show that the interface between the CSA mortar and the old substrate is 
a weak area, and all the test specimens break at the interface. As the interface roughness increases, the bond strength at 
4h increases from 1.0 MPa to 3.1 MPa, indicating that the higher interface roughness is beneficial in improving the bond 
strength. The wet interface has a lower bond strength than the dry interface. Adding an appropriate amount of polycarboxylate 
superplasticiser is beneficial to improving the bond strength of the mortar. When the polycarboxylate superplasticiser dosage 
is 0.9 %, the bond strength is the highest.

INTRODUCTION

 Concrete is one of the most widely used structural 
materials in the world, due to its characteristics of 
high strength, longevity and good stability. Nowadays, 
cement concrete has been widely used in pavements and 
airport runaways [1]. However, concrete pavements have 
premature deterioration or damage due to the combined 
effects of environmental and mechanical loadings. 
Therefore, the rapid repair of the deteriorated pavement 
is essential to eliminate the traffic congestion, traffic 
accidents, and environmental pollution caused by the poor 
road conditions. In recent years, people have developed 
many materials for concrete pavement repair, which can 
be divided into three categories: cement-based materials, 
polymer-modified cement-based materials, and polymer 
or resin materials [2-5]. In this study, a sulfoaluminate 
cement mortar was used as a repair material, due to its 
characteristics of rapid hardening, high early strength, 
high corrosion resistance, high impermeability and 
low dry shrinkage. There is also its good compatibility 
between a CSA mortar and an old substrate.
 As we all know, the effectiveness of a repair is rela-
ted to the bond properties between the repair material and 
the old substrate [6]. Many factors including interface the 
roughness [7-10], the adhesive agents [11-14], the me- 
chanical properties of the two cementitious materials 
and the evaluation method of the bond strength [15-17] 
can influence the bond strength. These factors must 
be considered in order to increase the bond property. 
Among these factors, the interface roughness is an im-

portant factor affecting the mechanical behaviour of the 
interface, which affects the bond strength by affecting 
the cohesion of the interface [18-19].
 In addition, one parameter that is recognised to 
affect the bond performance between two cementitious 
materials is the availability of moisture at the old substra-
te surface before the casting of the new material [20]. 
The current research on the moisture that influences the 
bond strength requires that the old substrate is pre-wetted 
to a saturated surface dry (SSD) condition before the 
repair material can be applied. It has been reported that 
when casting a fresh material over a dry substrate, the 
substrate may absorb part of the mixing water from the 
former, thus, forcing the water to migrate from the new 
material to the substrate [21]. The water migration would 
lead to an internal stress at the interface, thus, making it 
a weak area. It is, therefore, believed that by providing 
extra moisture at the interface before the casting of the 
new material, it can reduce the water migration, so it is 
possible to improve bond strength. However, the extra 
water on the surface of the old substrate has the potential 
to increase the water to cement ratio (w/c ratio) of the 
overlay mortar and, hence, lower the strength of the 
thin layer of the mortar just above the interface [20]. 
Although a pre-wetted old substrate surface has been 
incorporated into concrete repair practice, little research 
has been supported that the substrates pre-wetted to an 
SSD state can be advantageous for a better bond [22-23]. 
On the contrary, the research undertaken by Silfwerbrabd 
[24] and Beushausen [25] suggests that pre-wetting the 
surface to an SSD state has no beneficial impact on the 
bond strength.
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 In this study, we used an ordinary Portland cement 
(OPC) mortar block as the old substrate and a CSA 
mortar as the repair material. The effect of the different 
roughness and moisture of the old substrate surface on 
the bond properties were studied to find an optimal in-
terface treatment method. Moreover, the effect of adding 
a polycarboxylate superplasticiser on the bond properties 
of the CSA mortar was also studied.

EXPERIMENTAL

Materials

 We used the OPC and the CSA cement to prepare 
the old substrate and the repair mortar. The PO 32.5 
Portland cement and 42.5R CSA are from Shandong 
Shanshui Cement Group Limited (Sunny), China. The 
particle size distribution of the OPC and CSA by laser 
granulometry are given in Figure 1. The polycarboxylate 
superplasticiser is a solid powder.

Interface preparation of
the old substrate

 The bond strength was tested referring to JC/T2381-
2016 Repairing mortar. Three extruded polystyrene foam 
blocks of 40 × 40 × 80 mm were fabricated, and the foam 
block was placed into a 40 × 40 × 160 mm mould to 
fill one side, and then the other side was cast with the 
OPC mortar (cement: standard sand: water = 1:3:0.5). 
It was cured for more than 28 days under the standard 

curing conditions as the old substrate. Subsequently, to 
study the effect of the interface roughness on the bond 
properties, the combined specimens were divided into 
three groups according to the different substrate surface 
treatment (Figure 2):
● a smooth surface (S1);
● a slightly rough surface, which is a one-way scratch 

with a scratch depth of about 1 mm;
● a seriously rough surface, which is a two-way scratch 

with a scratch depth of about 1 mm. These substrate 
surfaces are dry.

 The seriously rough interface was used to study the 
effect of the interface moisture on the bond properties. 
The treated specimen was rinsed underwater for 10 min, 
and the substrate surface moisture was dried with paper 
to perform a bond strength test (S4).

Bond strength test

 We placed the old substrate into a 40 × 40 × 160 mm 
mould to fill one side, and cast the CSA mortar on the other 
side to make the combined specimen of the old substrate 
and the repair mortar (as shown in Figure 3). Sub- 
sequently, it was demoulded and stored until testing 
under the standard curing conditions. The flexural bond 
strength of the specimens was tested at the age of 4 hours, 
1 day and 3 days.

Preparation of the specimen with the 
polycarboxylate superplasticiser

 The polycarboxylate superplasticiser dosage of the 
repair mortar was 0 wt. %, 0.1 wt. %, 0.3 wt. %, 0.5 wt. %, 
0.7 wt. %, 0.9 wt. %, and 1.1 wt. %, respectively. The 
surface of the old substrate was smooth and dry. The 
specimens were prepared according to the method of 
Section 2.2 to test the bond strength.
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Figure 1.  The particle size distribution of the OPC and CSA.

Figure 3.  The specimen used for the bond strength.

Figure 2.  The interface roughness treatment.
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RESULTS AND DISCUSSIONS

The effect of the interface roughness 
on the bond strength

 All the test specimens broke at the interface when 
performing the flexural bond strength test, which indi-
cated that the interface is a weak area (Figure 4). The bond 
strength of the different interface roughness is shown 
in Figure 5. The results indicated that the bond strength 
of the combined specimens increased with an increase 
in the interface roughness. The S3 specimen has a high 
bond strength at 4 h of about 3.1 MPa. And this is 
higher than the bond strength of S1 at 4 h. This shows 
that the interface roughness affects the bond strength 
significantly. The enhancement of the bond strength of 
the serious interface roughness specimens is because of 
the increase in the available bond contact area, which 

Figure 4.  The fracture interface after the bond strength test at 4 h (two pictures for each surface, the left picture is the CSA mortar 
surface and the right one is the old substrate surface).

Figure 6.  The SEM image of specimens: a) – c) are the SEM images of S1, S2, and S3 hydration for 4 hours, respectively, and d) 
are the SEM images of S1, S2, and S3 hydration for 3 days, respectively.
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Figure 5.  The bond strength of the specimens with the different 
interface roughness.
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can absorb more cement mortar. Besides, the mecha- 
nical interlocking between the old substrate and the 
repair material was improved as the interface roughness 
increased, and improved the interfacial bond perfor-
mance.
 As can be seen from Figure 6, S1, S2, and S3 for-
med a large amount of ettringite at 4 h. And S1 and S2 
was distributed with more ettringite crystals. Due to the 
faster growth rate of these crystals, the formed network 
structure is not dense, resulting in a decrease in the bond 
strength. On the contrary, S3 contains more gels, which 
makes the hydration product distribution more uniform, 
reduces the porosity and improves the bond strength. 
The bond strength increased with an increase in the gel 
content with the extension of the hydration age.
 To research the effect of the surface roughness on 
the hydration products of the CSA mortar, the XRD 
patterns of S1, S2 and S3 are shown in Figure 7.  

In Figure 7, the ettringite is observed as the main 
hydrate. At the hydration of the first several hours, the 
peak density of the anhydrite and ye’elimite decreases 
with the roughness, meanwhile the peak density of the 
ettringite increases. The peak density of the unhydrated 
minerals, such as ye’elimite, calcite, anhydrite, and 
belite, decreases with time. However, the peak density 
of the ettringite in S3 is lower than that in S1 and S2, at 
the age of 3 d. This indicated that the surface roughness 
affects the formation of the hydration products.

The effect of the interface moisture
on the bond strength

 Figure 8 shows the bond strength of the different 
interface moistures, the bond strength of S4 remains 
unchanged with an increase in the hydration age. The 
bond strength of S3 was 3.1 MPa and 4.5 MPa at 4 h and 
3 d, respectively. This indicated that the wet substrate 
surface does not result in a higher bond strength than 
the dry substrate surface. Because the wet substrate 
surface provides extra water, resulting in a w/c ratio of 
the mortar near the combined interface and the porosity 
at the interface increased. This results in the reduced 
bond strength of the old substrate and the new materials. 
It can be seen from Figure 9 that the hydration product 
of S3 more densely distributed than S4. The presence 
of cracks was observed in S4 (Figure 9b), which resulted 
in a decrease in the bond strength. The positive effect of 
the reduction in the porosity caused by the drying condi-
tions of the substrate surface may partially counteract the 
internal stress caused by the migration of the interface 
moisture so that the dry substrate surface has a higher 
bond strength.
 In Figure 10, it can be seen that ettringite is the 
main hydration product. At the age of 4 h, the peak of 
the ettringite in S4 is higher than that in S3, which de-
monstrated that the wet surface is beneficial to the for-
mation of the hydration products. However, the ettringite 
peak does not obviously strengthen from 4 h to 3 d. 
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Figure 7.  The XRD patterns of the specimens at 4 hours (a) 
and 3 days (b).
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Figure 8.  The bond strength of the specimens with the different 
moistures.
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The effect of the polycarboxylate 
superplasticiser on the bond strength

 The results of the bond strength test of the polycar-
boxylate superplasticiser dosage from 0 % to 1.1 wt. % 
is shown in Figure 11. The results show that adding 
an appropriate amount of the polycarboxylate super-
plasticiser into the CSA mortar is beneficial in improving 
the bond strength, and if its dosage is too high or too 
low, it would decrease the bond strength. When the po-
lycarboxylate superplasticiser dosage is 0.9 wt. %, the 
bond strength is the highest, and the bond strength of 
4 h, 1 d, and 3 d are 3.5 MPa, 4.8 MPa, and 5.0 MPa, 
respectively.
 The polycarboxylate superplasticiser has different 
effects on the hydration reaction rate of the cement 
according to the different hydration age of the cement. 
After the addition of the polycarboxylate superplasticiser, 
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Figure 10.  The XRD patterns of the specimens.
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Figure 9.  The SEM images of the specimens: a) and b) are the SEM images of the S3 and S4 hydration for 4 h, and c) and d) are 
the SEM images of the S3 and S4 hydration for 3 d.
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the crystallisation process becomes slow, which is 
favourable for crystal growth. This results in the crystal 
network structure becoming denser, which can improve 
the strength and compactness of the cement. In addition, 
superplasticisers generally improve the flowability of the 
fresh mortar. This ability can help the fresh mortar to 
easily fill the scratched surface and enter the open pores 
of old substrate. Once the substrate is covered by the 
fresh mortar, the adhesion can be improved. Therefore, an 
appropriate amount of polycarboxylate superplasticiser 
is beneficial in improving the bond strength. It can 
be seen from Figure 12 that the specimen having a 
polycarboxylate superplasticiser dosage of 0.9 wt. % has 
a higher gel content and a uniform distribution of the 
hydration products, so it is bond strength is the highest.

CONCLUSIONS

 Based on the experimental results obtained in this 
study, the following conclusions are drawn: 
● The treatment of the substrate surface can affect the 

bond properties. Compared with the smooth substrate 
surface, the rough substrate surface is beneficial in 
improving the bond strength. As the interface rough-

ness increases, the bond strength at 4 h increases from 
1.0 MPa to 3.1 MPa. The results indicate that the bond 
strength of the specimens increases with the increasing 
interface roughness.

● The bond strength of the dry substrate is 3.1 MPa 
and 4.5 MPa at 4 h and 3 d, respectively. In contrast, 
the bond strength of the wet substrate is 2.6 MPa and 
2.9 MPa at 4 h and 3 d, respectively. Because the extra 
water present on the substrate surface would lead to 
the increased porosity and decreased bond strength, 
thus, the dry substrate surface has the highest bond 
strength.

● Adding an appropriate amount of a polycarboxylate 
superplasticiser into the CSA mortar is beneficial in 
improving the bond strength, and if its dosage is too 
high or too low, it would decrease the bond strength. 
When the polycarboxylate superplasticiser dosage is 
0.9 wt. %, the bond strength is the highest, and the 
bond strength of 4 h, 1 d, and 3 d are 3.5 MPa, 4.8 MPa, 
and 5.0 MPa, respectively.
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