


A Review on the Bonding Properties of the Old-New Concrete Interface


Abstract: The bond performance at the interface between new and old concrete is critical for the repair and strengthening of concrete structures. This review systematically examines the core influencing factors and the resulting mechanical performance. The findings indicate that interface treatment through roughening methods is fundamental to ensuring bond quality, as it enhances mechanical interlock, often proving more effective than the sole use of bonding agents. Material modification, particularly the incorporation of ultra-high performance concrete (UHPC), significantly improves the interfacial performance. The dense microstructure and high fiber content in UHPC effectively bridge micro-cracks, thereby substantially enhancing crack resistance, mitigating shrinkage, and increasing overall mechanical strength. Furthermore, the review underscores that optimal bond performance is achieved through the synergistic design of multiple factors, including surface roughness, bonding agents, fiber reinforcement, and curing regimes. Current research gaps are identified, particularly concerning the long-term durability under coupled environmental and mechanical loads, as well as the development of comprehensive theoretical models. Future research directions are briefly noted to address these challenges.
Keywords: Interface between new and old concrete; Bond performance; Interface treatment; Material modification
Introduction
The overall structural performance and safety of buildings and infrastructure are influenced by a multitude of factors, including the original design conception, material degradation over time, environmental stressors, and the efficacy of maintenance and strengthening interventions. Among these, the integrity of repairs and retrofits is paramount. Specifically, the bond quality at the interface between new and old concrete emerges as a prevalent and critical concern in the repair, strengthening, and expansion of structures. Significant differences in material age, hydration degree, and physical properties between the two concretes render the interface an inherent weak zone. This area is typically characterized by insufficient roughness, development of micro-cracks, and uneven internal stress distribution. These deficiencies directly lead to a reduction in interfacial bond strength and shear capacity, making the interface prone to becoming the structural weak link under load, potentially triggering failure modes such as debonding and delamination. Consequently, a thorough investigation into the mechanisms influencing this bond performance has become a crucial research priority. This paper aims to systematically review the core factors affecting interfacial bond performance, key findings regarding mechanical behavior, and prospective research directions.
1. Key Factors Affecting the Bond Strength of New-to-Old Concrete
1.1Bonding Agents
Existing research has primarily focused on the effects and mechanisms of various bonding agents in enhancing the interfacial bond performance between new and old concrete. Among these, epoxy resin adhesives are the most widely used and have gained broad recognition due to their excellent corrosion resistance, mechanical properties, and bond strength. Qiao Jiangang et al.[1] conducted tensile, flexural, and shear tests and found that epoxy resin provided the best treatment effect, followed by cement paste modified with 8% silica fume, while ordinary cement paste offered limited improvement, and the absence of any bonding agent resulted in the poorest performance. Notably, temperature significantly influences the bond strength of epoxy resin. Aziz et al. [2] reported that epoxy-based mortar cured at 40 °C achieved full curing and formed a dense structure with optimal early strength, whereas at 60 °C, incomplete curing led to a loose microstructure and degraded performance. CZADERSKI et al. [3] confirmed that elevated temperatures can shorten the curing time required for epoxy resin to reach its maximum tensile strength. However, ÇOLAK et al.[4] pointed out that although high temperatures accelerate curing, they may cause uneven distribution of hydration products in concrete, resulting in a porous structure and a consequent decline in bond strength with increasing temperature. Further research by DANESHVAR et al.[5] verified that when the temperature increased from 5 °C to 55 °C, the interfacial bond strength decreased by approximately 65%.
In addition to epoxy resin, other alternative interfacial materials have been actively investigated. Through oblique shear and splitting tests combined with SEM analysis, Yang Caiqian et al. found that a mortar bonding agent incorporating 3.75% nano-SiO₂ promoted the formation of a dense C–S–H gel network, achieving 28-day oblique shear and splitting tensile strengths of 27.3 MPa and 6.3 MPa, respectively, outperforming specimens with only optimal roughness treatment. Huang Lu et al. [6] demonstrated that cement paste and cement paste modified with a U-type expansive agent exhibited excellent cost-effectiveness, increasing shear strength by 33% and 39%, respectively, compared to untreated specimens, and raising the microhardness of the interfacial transition zone by 52% and 55%. Zhao Tongfeng [7] proposed a Portland–sulphoaluminate–gypsum ternary system that balanced early and late-age strength; with 15% silica fume content, the 28-day splitting tensile strength reached 3.45 MPa, representing a 30% increase. Jiang Yao et al.[8]compared Jiagushi and epoxy emulsion bonding agents, finding that specimens bonded with Jiagushi exhibited failure modes closer to those of monolithically cast concrete, with splitting tensile and shear strengths increasing by 17.06% and 38.15%, respectively. M. Diab et al.[9] indicated that in the bond between self-compacting concrete (SCC) and existing concrete, bond performance could be significantly improved by increasing the flow diameter and compressive strength of SCC, enhancing the surface roughness of the existing concrete, or incorporating latex/polypropylene fibers.
In summary, epoxy resin bonding agents exhibit superior comprehensive performance, although their effectiveness is significantly influenced by temperature. Modified cement-based bonding agents—such as nano-SiO₂-modified mortar, ternary systems, and expansive cement paste—can serve as viable alternatives to epoxy resin in certain applications while maintaining favorable cost-effectiveness. Although ordinary cement paste offers limited improvement in bond performance, it retains advantages in terms of construction convenience and economy. It should be emphasized that interfacial bond performance depends not only on the type of bonding agent but also on appropriate surface roughness treatment to achieve synergistic optimization of mechanical interlocking and a dense interfacial microstructure.
1.2Roughness
Surface roughness of the concrete interface is a critical factor influencing the bond performance between new and old concrete. To eliminate micro-cracks and loose materials within the weak interfacial layer, physical treatment methods—such as chipping, sandblasting, wire brushing, drilling, and grooving—are commonly employed. Chen Zhixiang et al. [10] systematically evaluated chipping parameters using 3D laser scanning and sand-filling methods, establishing a clear mathematical relationship between chipping depth, sand-filling depth, and surface fractal dimension. They indicated that the optimal chipping depth corresponds approximately to the first peak of the fractal dimension, at which the interfacial connection performance is maximized. ALIREZA et al. [11] demonstrated through double-sided shear tests that sandblasting treatment, even without a bonding agent, could increase the bond strength between ordinary concrete and ultra-high performance concrete by 125%, with the failure mode shifting from interfacial debonding to substrate failure. B.A. TAYEH et al.[12] compared four treatment methods—sandblasting, wire brushing, drilling, and grooving—and observed that the sandblasted specimens exhibited the most comprehensive improvement, with splitting tensile and oblique shear strengths increasing by over 100% compared to the untreated group.
The effectiveness of surface roughness treatment must be synergistically combined with other factors to achieve optimal bond performance. Zhao Xinghua et al.[13] conducted splitting, flexural, and double-sided shear tests and found that when chipping was combined with dry–wet surface treatment and a 10% expansive agent, the splitting tensile, flexural, and shear strengths of the UHPC–NC interface increased by 65.2%, 93.9%, and 200.0%, respectively. Based on push-off shear tests, Chen Feng et al. [14] revealed that the bond stress distribution follows a three-stage curve, indicating that roughness significantly influences the bond–slip behavior, while the bonding agent plays a relatively minor role. They also observed that applying the bonding agent at the loading end accelerated the development of bond stress. Through regression analysis, they established a bond–slip constitutive relationship, providing a theoretical basis for evaluating interfacial performance.
In summary, surface roughness treatment enhances the bond performance between new and old concrete primarily by removing the weak interfacial layer and improving mechanical interlocking. Methods such as chipping and sandblasting allow for quantitative parameter evaluation and optimization, with sandblasting showing excellent performance even in the absence of a bonding agent. Roughness treatment should be applied synergistically with additional measures—such as dry–wet cycling and expansive agents—and form coupling effects with the type of bonding agent used. Establishing a reasonable bond–slip constitutive relationship aids in the practical design of interfaces, enabling the scientific selection of roughness treatment methods and bonding agents, and ultimately ensuring the mechanical performance and long-term durability of the bonded interface.
1.3Fibers
The use of fiber-reinforced concrete overlays for strengthening existing concrete substrates has proven effective in enhancing interfacial bond performance, crack resistance, shrinkage resistance, and reducing porosity. Incorporating fibers—particularly high-modulus carbon fibers—into fresh concrete improves bond strength at the interface between new and old concrete and significantly increases the tensile-compressive ratio of the composite system, representing a viable approach for enhancing the overall performance of concrete structures.
Tong Weiguang et al.[15]conducted splitting tensile tests and found that steel fiber-reinforced concrete alone performed better than hybrid steel–synthetic fiber systems, with a more pronounced improvement in splitting tensile strength. Niu Chaoqian et al.[16] reported that when the polyvinyl alcohol (PVA) fiber content was 1.2 kg/m³ (within the test range of 0.9–1.2 kg/m³), the shear strength reached its optimum, while fiber type had no significant effect on ultimate displacement. Hu Xinguo et al.[17] indicated that increasing the length of basalt fibers led to a corresponding increase in the flexural strength of concrete, with long fibers providing better reinforcement than short fibers. Cheng Hongqiang et al. [18] proposed that at a steel fiber volume fraction of 2%, the bond strength increased by 22.3%, reaching 75.9% of the original concrete strength, and effectively improved shear deformation capacity. Xie Huicai et al. demonstrated that carbon fiber-reinforced cement mortar at 28 days achieved increases in shear, splitting tensile, and pull-out strength of 85.6%, 80%, and 120%, respectively, with its splitting tensile strength reaching 91% of that of the old concrete. Araújo et al.[19], using double-notched shear and Z-type push-off tests, observed that coarse aggregate size had a greater effect on improving shear strength than steel fibers, with the latter mainly contributing during the initial stage of crack development. Their study innovatively proposed a three-component shear model, validated by 62 test sets with errors within ±22%, providing a theoretical basis for the design of steel fiber-reinforced concrete structures.
The synergistic use of fibers with other materials enables complementary performance benefits. BANTHIA et al.[20] showed that slender fibers are more effective than short, thick fibers in restraining plastic shrinkage cracking: steel fibers improve strength and stiffness, carbon fibers enhance ductility, and polypropylene fibers provide toughening effects at large crack widths. In practical applications, the combined use of hybrid fibers (e.g., steel and carbon fibers) and cementitious materials (e.g., epoxy resin binders) can simultaneously optimize bond performance, crack resistance, shrinkage resistance, and porosity. For instance, combining fibers with bonding agents leverages both mechanical interlock and chemical adhesion, while appropriate fiber content and length help avoid excessive performance variability.
In summary, fiber-reinforced concrete overlays incorporating steel, carbon, PVA, or basalt fibers significantly enhance the bond, crack resistance, and shrinkage resistance of the interface between new and old concrete, while effectively reducing porosity. Fiber type, content, and length considerably influence the reinforcing effect; for example, a 2% steel fiber volume fraction increased bond strength by 22.3%, and carbon fiber mortar achieved a splitting tensile strength equivalent to 91% of the original concrete. The synergistic application of hybrid fibers with adhesive materials can further optimize performance. In practical engineering, fiber type and content should be rationally selected according to specific requirements, and their coupling effects with factors such as interface roughness treatment and curing temperature should be comprehensively considered to maximize strengthening effectiveness and long-term durability.
1.4Rebars Planting
Rebar planting technology significantly enhances the shear strength of the interface between new and old concrete through the mechanical anchorage provided by the implanted steel bars, offering performance superior to that achieved by interface roughness treatment or bonding agents alone. Li Fenglin et al.[21], using Z-shaped specimen shear tests, observed that failure in specimens with planted rebars exhibited brittle characteristics, with the shear capacity primarily carried by the rebars. Increasing the rebar planting ratio and embedment depth improved crack resistance and shear strength; however, monolithically cast specimens still demonstrated optimal performance in both respects. Based on direct shear tests and finite element simulations, Xian Xuelei et al. [22] confirmed that the shear strength of specimens with planted rebars could reach 40%–80% of that of monolithically cast specimens, with the failure mode shifting from brittle to ductile, accompanied by increased slip and more extensive interfacial crack development. He Huanan et al. [23] further indicated that an optimal rebar planting ratio exists under varying substrate concrete strengths, and that on the UHPC side, the embedment depth must exceed 8 times the rebar diameter (8d) to ensure shear performance. Based on these findings, they proposed a shear capacity calculation formula suitable for UHPC–NC interfaces with planted rebars.
Performance optimization of rebar planting technology requires integrated consideration of synergistic factors such as interface roughness, bonding agents, and stirrup reinforcement ratio. Zhang Li et al. [24] demonstrated that the use of bonding agents in planted rebar connections led to a more significant stress concentration in the rebars at the interface, resulting in a notable improvement in shear capacity. Moreover, increasing the stirrup reinforcement ratio in the new concrete beam further enhanced the interfacial shear performance. Peng Shihong et al.[25], in a case study on anti-floating design of a subway station, highlighted that interface moments and structural size effects may significantly influence shear transfer in planted rebar interfaces—a critical consideration in engineering design. A comparison of relevant Chinese and international design codes reveals differences in the treatment of force transfer mechanisms, interface roughness, and interface moments. Therefore, in practical applications, appropriate design parameters and methods should be selected based on specific project conditions.
In summary, rebar planting treatment enhances the shear performance of new-to-old concrete interfaces effectively through mechanical anchorage, outperforming roughness treatment or bonding agents used alone. Its effectiveness is influenced by multiple factors, including rebar planting ratio, embedment depth, substrate concrete strength, interface moments, and size effects. In practical engineering, optimal design should be pursued by integrating synergistic measures such as interface roughness treatment, bonding agent selection, and stirrup reinforcement ratio. Attention should also be paid to discrepancies between Chinese and international design codes, with the aim of establishing scientifically sound calculation methods for shear capacity, ultimately maximizing interfacial shear performance and improving structural durability in a comprehensive manner.
2. Bond Behavior of the Interface between New and Old Concrete
2.1Bond Shear Performance
Research indicates that the interfacial bond-shear behavior of concrete exhibits significant size effects. Fang Zhi et al. [26] experimentally observed that when the interface height exceeds 1000 mm, the decreasing trends in critical strength, ultimate strength, and elastic stiffness tend to stabilize. Regarding failure modes, Li Fenglin et al. [21] reported that specimens with planted rebars predominantly exhibited brittle failure, whereas studies by Xian Xuelei and Wu Fangwen et al. [22],[27] demonstrated that rebar planting can transition the failure mode from brittle to ductile, significantly improving interfacial performance.
Wang Dehong et al. [28] found that the shear strength of the interface between precast ultra-high-performance concrete (UHPC) and normal concrete (NC) could be increased by 19.63%–48.15% compared to conventional C40 concrete interfaces, with grooving density exerting a much greater influence on shear performance than the strength grade of the cast-in-situ NC. Tian et al. [29] (2022) further confirmed that grooved configurations significantly enhance bond performance at UHPC–NC interfaces, increasing oblique shear strength by 82.71% and double-sided shear strength by 388.12%–1158.6% compared to naturally bonded interfaces. Wu Fangwen et al. [27] improved interfacial behavior through the incorporation of steel fibers. In terms of structural measures, Ayinde et al. [30] (2022) indicated that quantitatively roughened treatment offers limited improvement in tensile bond strength (approximately 1.05–1.52 MPa) but markedly enhances shear strength. Increasing the indentation depth effectively improved interfacial performance; in their oblique shear tests, the average shear strength of quantitatively roughened interfaces increased by 45.2% compared to smooth interfaces, reaching up to 2.89 MPa.
Xian Xuelei et al. [22] reported that without rebar planting, the shear strength of the UHPC–NC interface was only 20% of that of monolithically cast specimens, whereas planting rebars increased it to 40%–80%. He Huanan et al. [23] proposed recommended rebar planting ratios based on substrate concrete strength: 1.22% for C30 and C40 concrete, and 1.59% for C50 concrete. Zhang Yang et al. [31] and Sun Yanning et al. [32] noted that chiseling grooves and increasing the diameter of shear reinforcement could enhance the bearing capacity by approximately 5% and 10%, respectively. Regarding bonding materials, Rashid et al. [33] (2020) compared different agents and found that under combined tensile-shear stress, SBR latex achieved a splitting tensile strength of 0.5 MPa, outperforming cement paste (0.38 MPa) and epoxy resin (0.46 MPa), while carbon fiber-reinforced polymer (CFRP) exhibited the best performance under pure tension or pure shear.
Zanotti and Randl [34] showed that incorporating 0.5% steel fibers increased the cohesion c of ordinary concrete from 6.93 MPa to 8.77 MPa. Tayeh et al. [12] found that the oblique shear bond strength between sandblasted ultra-high-performance fiber-reinforced concrete and existing concrete reached 17.17 MPa, more than double that of untreated specimens.
Peng Shihong et al. [25] concluded that the shear resistance at planted rebar interfaces is jointly provided by mechanical interlock, friction, and the dowel action of the rebars. Li Fenglin et al. [21] emphasized that the post-cracking shear capacity is primarily supplied by the planted rebars. In interfacial parameter studies, Costa et al. [30] (2022) derived an interfacial cohesion of 0.5 MPa and a friction coefficient of 1.42 based on the Mohr–Coulomb theory. Tian et al. [29] (2022) developed a cohesion calculation model that accounts for grooving density and NC strength, with verification errors generally below 15%.
Hu et al. [35] reported that the peak bond stress (shear strength) of C50 concrete at 28 days could reach 22.21 MPa. Zanotti et al. [36] observed that thermal curing (45°C) significantly increased the cohesion c of plain geopolymer mortar from 0.49 MPa at room temperature to 1.95 MPa, and after incorporating 0.5% PVA fibers, the cohesion under thermal curing further rose to 3.27 MPa. Luo et al. [37] (2022) fabricated C/SiC pins using needled C/SiC fiber composites, achieving strengths of 76.5 MPa, 99.7 MPa, and 79.6 MPa in double-sided shear tests—a fiber reinforcement approach with referential value for concrete interface research.
In code comparisons, Zhang Wangxi et al. [38] analyzed that the GB 50010-2010 code yields reasonable results for interface widths of 300–400 mm but provides a low safety margin. Consequently, researchers have proposed various improved models: Huang Lu, Wang Yao, and Wang Dehong et al. [28],[39],[40] introduced modified formulas considering roughness, grooving density, and cast-in-place concrete strength; He Huanan and Wu Fangwen et al. [23],[27] developed specific bearing capacity formulas for UHPC–NC planted rebar interfaces and MPC–NC interfaces, respectively; and the cohesion model for grooved interfaces proposed by Tian et al. [29] (2022) offers a useful basis for refining computational methods.
The primary strategies for enhancing the shear performance of concrete interfaces include: optimizing interface geometry and roughness (e.g., quantitative roughening increasing shear strength by over 45%, and grooving configurations improving strength by 82.71%–1158.6%); rational structural design (e.g., rebar planting ratios of 1.22%–1.59%, and grooving or sandblasting increasing strength by over 100%); judicious selection of bonding materials (e.g., SBR latex and CFRP exhibiting advantages under different stress states); use of high-performance concrete (e.g., UHPC enhancing strength by 19.63%–48.15%); fiber incorporation (e.g., 0.5% steel fibers increasing cohesion by about 26%); and optimized curing regimes (e.g., thermal curing raising geopolymer mortar cohesion by nearly 300%). Collectively, these studies underscore the importance of geometric design, roughness control, and appropriate bonding materials in improving shear performance. Future research should focus on developing more accurate theoretical models and incorporating key parameters such as size effects and interface moments into design codes.
2.2Bond Tensile Performance
In studies on the tensile bond performance of concrete, the selection of test methods and repair material systems decisively influences the results. In recent years, researchers worldwide have conducted extensive investigations on this subject. Zanotti and Randl [34] emphasized that bond performance outcomes are highly dependent on the testing methodology employed; their oblique shear tests revealed that the cohesion of normal-strength concrete was 6.93 MPa, which increased to 8.77 MPa with the incorporation of 0.5% steel fibers, demonstrating the significant role of fibers in enhancing interfacial cohesion. Hu et al. [35] investigated the bond behavior between steel reinforcement and early-age concrete, reporting that the maximum bond stress of C50 concrete at 28 days reached 22.21 MPa—42 times that at 8 hours (0.528 MPa). Based on these results, they developed a bond stress–slip constitutive model that accounts for the effects of concrete age and strength. Jafarinejad et al.[41] systematically evaluated the bond performance between ultra-high-performance fiber-reinforced cement mortar and ordinary concrete using pull-out, oblique shear, and direct shear tests. Their results indicated that sandblasting was the most effective interface treatment, achieving a pull-off strength of 3.67 MPa and an oblique shear strength of 29.4 MPa, satisfying ACI code requirements as early as 3 days.
Surface treatment is another key factor influencing bond performance. Tayeh et al.[12] found that in repair systems using ultra-high-performance fiber-reinforced concrete, sandblasting the existing concrete substrate yielded the best results, with oblique shear bond strength and splitting tensile strength reaching 17.17 MPa and 3.53 MPa, respectively—2.0 and 1.9 times those of untreated specimens. Valikhani et al. [11] employed double-sided shear tests combined with laser scanning to quantify the relationship between surface roughness and bond strength. Their findings showed that sandblasting increased bond strength from 2.80 MPa to 6.30 MPa; however, applying epoxy adhesive on the roughened surface resulted in an approximate 50% reduction in strength. Elbakry and Tarabia[42] further confirmed that manual chipping increased bond strength by an average of 3.19 times compared to mechanical grinding, and that fully wrapped stirrups provided better enhancement than conventional rebar planting. Based on inverse analysis, Semendary and Svecova [43] proposed key mechanical parameters for interfacial bonding: cohesion not less than 2.78 MPa and a friction coefficient of approximately 1.33, both of which exceed typical values in current design codes.
Innovation and optimization of repair material systems are also critical to bond performance. Zanotti et al. [36] demonstrated that the bond performance between geopolymer mortar and ordinary concrete substrates could be significantly improved through thermal curing and the incorporation of PVA fibers: thermal curing increased the cohesion of plain mortar from 0.49 MPa to 1.95 MPa, and with the addition of 0.5% PVA fibers, the cohesion under thermal and room-temperature curing reached 3.27 MPa and 1.49 MPa, respectively. Gadri and Guettala[44] found that sand concrete used as a repair material exhibited excellent bond performance on highly roughened ordinary concrete substrates, achieving a splitting strength of 3.17 MPa, with failure predominantly occurring within the concrete substrate. Zhang et al. [45] reported outstanding interfacial bond performance between UHPC and ordinary concrete, with direct tensile strength and oblique shear strength reaching 2.92 MPa and 21.34 MPa, respectively—far exceeding the limits specified in design codes. Farzad et al. [46] introduced an innovative "contact layer" numerical simulation method, which reduced the bond strength prediction error from over 150% in conventional models to within 18%, significantly improving computational accuracy.
2.3Restrained Shrinkage Performance
In the study of shrinkage behavior in concrete bonding, various researchers have identified key influencing factors and effective mitigation strategies through experimental and numerical investigations. Peng Keke [47] (2022), based on shrinkage and creep tests coupled with finite element analysis, indicated that differential shrinkage and creep between new and old concrete constitute the primary source of stress in widening structures, with this effect gradually stabilizing after one year. The study demonstrated that concrete incorporating steel fibers and polyester fibers significantly reduced shrinkage strain, lowering the 7-day shrinkage strain ratio to 60.84%. The finite element model developed from test data effectively predicted structural stress evolution, showing a relative error within 30% when compared to field monitoring data from an existing bridge.
Zhao Xinghua et al. [13] (2024) focused on the interfacial behavior between ultra-high performance concrete and normal concrete (UHPC–NC). They reported that a combination of manual chipping, dry–wet surface treatment, and the incorporation of a 10% expansive agent substantially improved interfacial bond performance, increasing splitting tensile strength, flexural strength, and shear strength by 65.2%, 93.9%, and 200.0%, respectively. At this dosage, the shrinkage rate of UHPC was reduced by 65.7%.
Chen Di[48] (2023) applied orthogonal experimental design to systematically analyze factors influencing shrinkage at conventional concrete bonded interfaces. The primary factors, in descending order of influence, were basalt fiber content, shrinkage-reducing agent content, and interface roughness. An optimal mix proportion was identified, which reduced the 30-day shrinkage rate markedly from 440×10⁻⁶ to 215×10⁻⁶.
Chen Feng et al. [49] (2008) utilized ABAQUS finite element software to investigate stress distribution under restrained shrinkage. Their results revealed that the new concrete exhibited maximum tensile stress in the mid-span region of the bonded surface, whereas significant shear stress concentration occurred at both ends of the interface, peaking at 0.663 MPa. These regions were identified as critical zones prone to shear-type interface failure.
In summary, through material modifications—such as the incorporation of fibers, expansive agents, and shrinkage-reducing agents—along with appropriate interface treatments (e.g., chipping and wetting) and accurate numerical simulation, the shrinkage behavior of concrete bonds can be effectively controlled, thereby enhancing the long-term durability of the interface.
3.Research Deficiencies and Prospects
3.1Deficiencies
Current research predominantly focuses on the influence of individual factors, whereas systematic investigations into complex mechanisms—such as the coupled effects of temperature, humidity, and load; the synergy between bonding agents and fibers; and the interaction of roughness and shrinkage restraint—remain insufficient. Moreover, most existing studies concentrate on short-term mechanical performance, with limited attention paid to the long-term evolution of behavior and the durability of bonded interfaces under harsh environmental conditions such as wet–dry cycles and freeze–thaw action.
At the theoretical level, existing constitutive models and design methods lack general applicability and are often unable to accurately account for the influence of key parameters such as size effects and interface moments. Furthermore, the long-term compatibility and construction controllability of emerging repair materials—including nanomaterials, geopolymers, and others—when used with conventional concrete still require validation through extensive practical application.
3.2Prospects
Future research efforts should prioritize the study of interface behavior under multi-factor coupling actions, combined with microstructural testing techniques to reveal the formation and damage mechanisms of the interfacial transition zone. It is essential to systematically develop comprehensive databases encompassing long-term durability indicators and to establish performance degradation models and life prediction methodologies that account for time-varying environmental characteristics. Concurrently, advancements should be made in developing high-precision numerical models and promoting the application of artificial intelligence in predicting bond performance and optimizing structural design.
Based on robust experimental data and thorough engineering validation, it is recommended to update current design codes by incorporating provisions for high-performance materials and innovative interface treatment techniques. Finally, applied research on emerging materials should be strengthened, with practical experience accumulated through demonstration projects to facilitate the standardization and large-scale implementation of innovative technologies.
4Conclusions
Interface treatment serves as the fundamental prerequisite for ensuring bond performance. The application of suitable roughening techniques—such as chipping and sandblasting—effectively removes the surface weak layer and enhances mechanical interlocking between new and existing concrete, often yielding superior outcomes compared to the use of bonding agents alone.
Material modification constitutes the core strategy for enhancing interfacial performance. Incorporating fibers or expansive agents into repair materials, or utilizing advanced materials such as ultra-high performance concrete (UHPC), significantly improves crack resistance, shrinkage resistance, and overall mechanical strength of the interface. These modifications provide the material basis for achieving durable and reliable structural strengthening and repair.
Multi-factor synergistic design is crucial for attaining optimal bond performance. Interface behavior is governed by the coupling of various parameters, including surface roughness, type of bonding agent, fiber reinforcement, curing conditions, and structural detailing. Therefore, a systematic and integrated design approach is essential to maximize interfacial performance.
Development of accurate theoretical models represents a key direction for future research. The establishment of refined constitutive models and numerical methods that comprehensively account for size effects, interfacial slip, and multi-field coupling effects will substantially enhance the predictive accuracy of bond behavior. Such advancements will provide a reliable basis for engineering design and ultimately ensure long-term durability of bonded interfaces.
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