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A Review of Bonding Performance at the Interface between New and Old Concrete



Abstract：The bonding interface between existing and new concrete is critical in construction and renovation projects, as its strength directly determines the structural performance. This paper provides a critical review of factors affecting this interfacial bond, focusing on four key aspects: substrate roughness, interface agents, concrete strength, and the use of dowel bars. The analysis indicates that surface roughening significantly enhances bond strength, with an optimal critical roughness beyond which the improvement plateaus. Furthermore, epoxy-based interface agents are more effective than cement paste in improving the tensile strength of the interface. While the strength of both concretes is important, increasing the strength of the new concrete has a more pronounced effect on the overall bond performance. Finally, the incorporation of dowel bars alters the failure mode from brittle to ductile through a composite action, thereby enhancing the safety and reliability of the bonded interface.
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[bookmark: _GoBack] Introduction
The bonding performance at the interface between new and old concrete is a critical concern in segmental construction, structural rehabilitation, and the safety of connections in prefabricated buildings. This interface often constitutes a weak plane within the structure[1], typically exhibiting lower strength than monolithic cast-in-place concrete, which directly impacts the structural safety, durability, and overall performance during service. In China, decades of large-scale infrastructure development have created a vast stock of existing concrete structures requiring reinforcement and repair due to material degradation, construction defects, and environmental erosion[2]-[3]..Concurrently, as a key form of green building, prefabricated construction has been actively promoted nationwide[4], where the performance of interfaces between precast elements and cast-in-place concrete is paramount to structural integrity. Therefore, effectively enhancing the bond performance of new-to-old concrete interfaces has become a central issue in both engineering practice and scientific research[5]. Given the complexity of influencing factors[6], this paper reviews and discusses four key aspects based on existing studies: interface roughness, bonding agents, concrete strength, and dowel bars.
1. Interface roughness
1.1The Influence of Roughness on Interface Bonding Performance
Studies have demonstrated that increased roughness generally enhances the bonding strength by providing a greater area for mechanical interlock[7]. Common techniques for surface roughening include the chiseling, high-pressure water jet, sandblasting, and grooving methods, with chiseling and high-pressure water jet being the most prevalent[8]. However, it is noteworthy that an excessively rough surface can detrimentally affect the bond performance. Consequently, a definitive conclusion regarding the optimal surface treatment method has yet to be established.
Bai Haiyan et al.[9] conducted shear tests on specimen groups of new-to-old concrete with interface roughness levels of 0 mm, 0-1 mm, 1-2 mm, and 2-3 mm. Their results demonstrated that, within the investigated range, both the interfacial failure load and the slip value increased significantly with greater surface roughness.
Rao Xinfeng et al. [10]designed seven groups of UHPC-NC composite specimens with different interface treatments, including smooth, chiseling, exposed reinforcement, grooving, drilling, and rebar planting, and conducted direct shear tests. Their investigation into the influence of NC substrate roughness and treatment methods on interfacial shear performance and failure modes revealed that the UHPC-NC interface generally exhibits excellent shear bond performance, with its shear strength showing a positive correlation with the NC substrate roughness.
Zhang Yang et al.[11] carried out a study utilizing a combination of direct shear and inclined shear tests. They designed UHPC-NC composite specimens with various interface treatment methods (smooth, chiseling, exposed reinforcement, grooving, drilling, and planting) under different conditions, including UHPC age, NC substrate moisture content, NC surface roughness, and UHPC curing environment. The research systematically investigated the influence of multiple factors—such as the interface treatment process, material state, and curing conditions—on the interfacial shear performance and failure modes. The results identified the surface roughness of the NC substrate as the key factor affecting interfacial shear strength, which increased with greater roughness. Furthermore, the chiseling and grooving treatments were found to yield the highest ultimate shear capacity.
Xie Zengkui et al.[12] employed an integrated approach of experimental testing and finite element simulation to investigate the interfacial behavior of UHPC-NC composite specimens with shear stirrups. They designed ten specimen sets to analyze the effects of several factors, including the number of shear stirrups, interface roughness, NC strength grade, and steel fiber shape, on the interfacial bond performance and slip resistance. The results demonstrated that configuring a sufficient number of shear stirrups, roughening the bonding surface, and increasing the NC strength grade collectively contributed to a significant enhancement of the interface's ultimate shear capacity.
The macro-mechanical properties of the interface between new and old concrete are governed by their microstructural characteristics. Consequently, micro-level roughness directly influences the macroscopic bond performance. During casting, the cement paste from the new concrete penetrates the voids on the roughened substrate. Upon hardening, this paste forms a mechanical interlock with the old concrete surface, which constitutes the primary source of the interfacial bonding strength.
1.2 Evaluation of Surface Roughness
FThe quantitative evaluation of surface roughness is pivotal for assessing and predicting the bond performance of treated interfaces between new and old concrete. Commonly employed evaluation methods include the sand filling method, profilometry, and the fractal dimension method, with the sand filling method being the most prevalent [19,20]. This technique involves enclosing the interface with a plastic or wooden frame, which is then filled with standard sand until level with the highest surface point. The volume of sand used is measured, and the average filling depth (∆H) is calculated to quantitatively characterize the interface roughness. The formula for calculating ∆H is as follows:

Among them: ∆H represents the average sand filling depth, with the unit being mm; a and b represent the length and width of the concrete bonding surface, with the unit being mm; V represents the volume of standard sand filled, with the unit being mm³.
2 Bonding Agent
The treatment process for the old concrete interface involves roughening followed by the application of a bonding agent to improve bond performance. The degree of improvement varies significantly with the agent type. Commonly used materials constitute several categories, including cement-based agents (cement slurry, cement mortar, and cement foaming agents), epoxy-based agents, and polymer-modified agents.
Huang Lu et al. [13]employed a Z-shaped specimen direct shear test to investigate the influence of bonding agents on the interface between new and old concrete. They fabricated bonding specimens using four different bonding agents: masonry cement paste, cement paste with 10% fly ash, cement paste with 10% U-shaped expansion agent, and cement paste with 10% styrene-butadiene emulsion. The results indicated that a suitable bonding agent optimizes the pore structure, enhances the interfacial density, and improves the mechanical interlock at the micro-level. Among the four agents tested, the masonry cement paste and the cement paste with 10% U-shaped expansion agent demonstrated relatively higher cost-effectiveness.
Zhou Shangmeng et al. [14] investigated the effect of interface treatment methods on the mechanical performance of UHPC-NC interfaces, including failure mode, ultimate shear capacity, and initial shear stiffness, using a double-sided shear test. They designed three groups (totaling six specimens) with different treatments: as-cast, chiseled, and coated with a retarder. The results demonstrated that the treatment method significantly influenced both the failure mode and shear capacity. The as-cast specimens failed in bilateral shear, whereas those with chiseled or retarder-treated interfaces exhibited unilateral shear failure. The latter two groups showed a notable increase in ultimate shear capacity, which approached the splitting tensile strength of normal concrete, indicating a substantial improvement in interfacial bond performance.
Wu Xiangguo et al. [15]employed both direct and inclined shear tests to evaluate the interfacial performance of precast UHPC-composite specimens bonded with different materials: structural adhesives and grouting materials. Their study focused on the effects of the bonding material type on the interfacial bond strength and bond-slip behavior. The results demonstrated that the specimens utilizing structural adhesives achieved a significantly higher interface bond strength than those with grouting materials. Furthermore, the values of bond strength and stiffness obtained from the inclined shear tests were substantially greater than those derived from the direct shear tests.
Cui Han [16]investigated the effect of bonding agents on the bond between new and old concrete through splitting tensile and inclined shear tests. Under strictly controlled identical conditions, composite specimens were prepared with different bonding materials: no agent, cement paste, and a novel epoxy agent. The results indicated that the specimens with the novel epoxy bonding agent achieved the highest values in both splitting tensile strength and inclined shear strength, outperforming the other groups. While the cement paste bonding agent also improved both strength parameters compared to the untreated control group, the enhancement was relatively limited.
The application of a bonding agent is a well-established and effective technique for enhancing the bond between new and old concrete. Different types of bonding agents exhibit distinct effects on the improvement of bond strength. The underlying mechanisms include improving chemical adhesion, achieving saturated wetting of the old concrete substrate, reducing interfacial porosity, increasing the effective bonding area, and thereby enhancing mechanical interlock. However, it is crucial to consider the potential adverse effects on bond performance caused by internal stresses, which arise from discrepancies in the physical and chemical properties between the bonding agent and the concrete. Consequently, an optimal bonding agent should possess the following characteristics: an elastic modulus comparable to that of concrete, a matched coefficient of thermal expansion, the ability to cure properly under the conditions provided by the new concrete, and a lower drying shrinkage rate than ordinary concrete or mortar.
3. Concrete strength
The strength of the concrete substrate is a critical factor influencing the bonding performance at the interface between successive concrete lifts. When the first-placed concrete possesses high strength and lacks a weakened surface layer, it generally provides a sound substrate, resulting in superior interfacial bond performance. Conversely, if the strength of the first-placed concrete is low, failure is more likely to occur within this pre-existing layer. In such cases, the weaker initial concrete becomes a critical weak plane in the composite specimen, governing the overall structural behavior.
Xie Zengkui et al. [8]employed a comprehensive approach combining experimental testing and finite element simulation to investigate the influence of normal concrete (NC) strength grade on the interfacial bond strength and slip resistance of UHPC-NC composite specimens. The results demonstrated that increasing the NC strength grade significantly enhances the ultimate shear capacity of the interface. Furthermore, the finite element analysis performed using ABAQUS showed good agreement with the experimental data, thereby validating the reliability of the numerical model.
Zhu Zhangfeng et al. [17] employed a double-shear test to evaluate the shear performance of precast concrete specimens with an interface formed using a bubble film, comparing them against monolithically cast specimens. Their study focused on the influence of concrete strength grades on the interfacial shear capacity and ductility. The results demonstrated that increasing the concrete strength grade effectively enhanced the shear capacity of the bubble-film-formed specimens. Specifically, the shear capacity of these specimens reached 91% to 93% of that of the monolithically cast specimens, while exhibiting comparable ductility. This indicates that the proposed interface method can meet the "equivalent to cast-in-place" shear performance requirement.
Wang Mengwei [18] employed a direct shear test to evaluate ECC-concrete composite specimens, varying parameters such as interface roughness, bonding agent type, substrate concrete strength, and ECC strength. The study systematically investigated the influence of these factors on interfacial bond strength, bond-slip behavior, and failure mechanisms. The results revealed that increasing the strength of the existing concrete substrate had a relatively limited effect on improving the interfacial tensile bond strength. In contrast, under identical roughness conditions, an increase in the ECC material strength contributed to a pronounced enhancement of the interfacial tensile bond strength.
Wang Dehong et al. [19] conducted double-shear tests on 12 groups of UHPC-NC bonded specimens, with precast UHPC slot density and the strength grade of the post-poured normal concrete (NC) as variables, alongside 4 groups of reference specimens. Their study systematically examined the influence of the post-poured NC strength grade on the interfacial shear performance and failure mode. The results demonstrated a significant positive correlation between the post-poured NC strength grade and the interfacial bond shear strength.
Numerous experimental studies have demonstrated that increasing the strength of post-cast or substrate concrete significantly improves interfacial performance. Push-out tests and finite element analysis have confirmed that higher normal concrete (NC) strength grades substantially enhance the ultimate shear capacity of the UHPC-NC interface. Double-sided shear tests also indicate a marked positive correlation between post-cast NC strength grade and bond shear strength. In precast joint applications, increased concrete strength effectively improves the shear capacity of bubble-film-formed interfaces, achieving 91%–93% of the performance of monolithically cast specimens and meeting the "equivalent to cast-in-place" requirement. However, direct shear tests reveal that increasing the strength of existing concrete offers limited improvement to the tensile bond strength, which is considerably less effective than the notable enhancement achieved by increasing the strength of strengthening materials such as ECC.
4 Dowel bars
Experimental research has demonstrated the critical importance of shear transfer capacity at the interface between new and old concrete. Embedding steel bars across the interface can significantly enhance this shear strength. The improvement is primarily achieved through the dowel action of the bars, which facilitates efficient shear transfer, resulting in a composite system with markedly improved structural performance.
Zhang Leishun et al. [20]conducted a shear test study on cube specimens of new and old concrete, using reinforcement ratio and bonding agent type as variables. Their investigation focused on the influence of these factors on interfacial shear strength and failure mode. The results demonstrated that, for a given reinforcement method, the interfacial shear strength exhibited a proportional relationship with the reinforcement ratio. Furthermore, under identical reinforcement ratios, the specimens with embedded dowel bars achieved higher bond shear strength than those using expansive cement as the bonding agent.
Lin Xinpeng et al. [21] employed a Z-shaped specimen direct shear test to investigate the effects of dowel bar diameter, embedment depth, and reinforcement ratio on the shear strength of the interface between new and old concrete. Their results indicated that to ensure adequate bond performance, a minimum embedment depth of 10 times the bar diameter is required. Furthermore, the interfacial shear strength was found to increase with the reinforcement ratio.
Cheng Mailei et al. [22]utilized a combined approach of one-way cyclic loading tests and ABAQUS finite element simulations, constructing a 1:1 solid model of a grouted reinforcement concrete interface element. Their study examined the influence of grouted dowel bars on the load-transfer mechanism, failure mode, bearing capacity, and stress distribution at the concrete interface. The results demonstrated that the grouted structure significantly improves the shear load transfer efficiency across the interface. The grouted interface itself was identified as a critical weak plane, with failure primarily manifesting as splitting-shear failure. Initially, the applied load was shared by the concrete bond and the grout; after the concrete bond deteriorated, the load was predominantly carried by the grout and the resulting interfacial friction.
In most shear tests on dowel-reinforced interfaces, the failure process typically follows a distinct pattern. Initially, under low load, a fine penetrating crack appears on the bonding surface, with the shear load carried jointly by the concrete bond and the dowel bars. As loading increases, the crack widens and the concrete bond deteriorates, leading to a load transfer primarily to the dowel bars. Ultimately, these bars yield and fracture. This mechanism of embedding reinforcement transforms the inherent brittle failure of the concrete interface into a ductile failure mode, thereby ensuring the effectiveness and reliability of the strengthening measure.
5 Conclusions
1）Applying appropriate surface roughening is a proven strategy to enhance the bond performance between new and old concrete. Manual chiseling and high-pressure water jetting are currently the most prevalent techniques. It has been observed that bond performance generally improves with increased roughness; however, this enhancement exhibits a critical threshold. Beyond this optimal value, further roughening yields diminishing returns and does not significantly improve performance. Consequently, a key focus for future research is to determine the optimal roughness parameters tailored to specific service conditions and load characteristics at the interface.
2) The method of interface treatment and the type of bonding agent employed play a critical role in determining the performance of the new-old concrete interface. Techniques such as surface texturing or the application of a retarder can alter the failure mode and substantially increase the shear capacity. Among various bonding agents, novel epoxy resins demonstrate superior performance, whereas cement paste offers only a limited improvement despite its some reinforcing effect.
3) Increasing the strength grade of normal concrete (NC) can lead to a marked enhancement in the shear resistance of its interface with ultra-high performance concrete (UHPC). However, research indicates that improving the strength of the existing concrete substrate has a relatively limited effect on the overall interfacial bond performance. The bond performance is more significantly dependent on, and shows a pronounced improvement with, the strength of the newly placed or repair material.
4) The load-transfer mechanism at a dowel-reinforced interface evolves through two distinct stages. Initially, the applied shear is resisted by a combination of concrete adhesion and dowel action. As the load increases, the concrete bond deteriorates, and the shear force is predominantly carried by the dowel bars until they yield. This mechanism effectively transforms the inherent brittle failure of the interface into a ductile one, thereby significantly improving the reliability and safety of the structural strengthening.
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