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Conventional polyvinyl alcohol (PVA) cementitious composites are susceptible to macroscopic cracking when subjected to reduced compressive strength, diminished toughness, tensile impact and other external loads. In order to address these issues, this study investigates the mechanism of the modifier's influence by modifying PVA fibers with a silane coupling agent (KH560) through experimental studies and molecular dynamics simulations for multiscale computational analyses. Macro test results showed that the mechanical properties of PVA fiber concrete were significantly improved after silane coupling agent modified PVA fiber. The microscopic test results showed that the SCA-modified polymer film acted as a bridging ligament in the interfacial transition zone, effectively prevented crack extension, and enhanced the interfacial adhesion between the organic components of the PVA fibers and the cement matrix. Nanoscale molecular dynamics simulations showed that the hydrated calcium silicate exhibited a stable skeletal structure, while the introduction of SCA expanded the hydrogen bonding interactions at the interface, thus enhancing its stability.
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1 INTRODUCTION
Concrete is a crucial construction material in modern engineering, offering a range of advantages including high mechanical strength, good durability, low raw material cost, and easy availability. Cement-based composite materials have emerged as an advancement over traditional cement-based materials. They find extensive application in foundational engineering projects such as buildings, roads, and bridges. However, as material science and construction technology progress, there is a growing demand for improved performance from building materials and structures. Cement-based composites, despite their strengths, suffer from drawbacks like low tensile strength and poor toughness. They tend to develop macroscopic cracks under loads such as tension, impact, and bending. These cracks continue to propagate, eventually leading to brittle fracture and significantly reducing the service life of the composite (Sagar and PrasadKumar, 2012; Mayercsik et al., 2015). Extensive research has demonstrated that the incorporation of fibers in cement-based composites can address these issues by bridging cracks and enhancing load transmission. This, in turn, significantly improves the mechanical properties, durability, and toughness of the composites (Dong and HuangShu, 2013; Yong and DajingChen, 2023). Currently, commonly used fibers in cement-based composites include polyvinyl alcohol fibers, polypropylene fibers, and steel fibers (Zhou et al., 2018; Zhuang et al., 2020; Mei-Ling et al., 2022; LamenJohn, 2023). Polyvinyl alcohol fiber (Said et al., 2021), also known as PVA (Wang and YangYin, 2021), is a novel synthetic fiber with a molecular formula of -[CH2CH(OH)]n- (Guoliang et al., 2023). PVA possesses a unique molecular structure, rendering it a high-elasticity, high-modulus fiber and an environmentally friendly reinforcement material for cement. Its molecular structure facilitates better affinity and interfacial bonding with the cement matrix, thereby expanding the bond-forming surface (Yong and DajingChen, 2023). Moreover, PVA exhibits strong resistance to acids and alkalis, offers a wide range of applications, demonstrates good dispersion performance, and can establish a stable spatial network structure within the concrete system. Several studies have contributed to our understanding of PVA fiber reinforced concrete. Wang et al. (2018) conducted compression tests on PVA fiber rubber concrete and observed a significant reduction in the modulus of elasticity compared to conventional concrete due to the absence of coarse aggregates. Qiu and LimYang (2016) investigated the degradation of the PVA microfiber and the interface with the cement matrix under fatigue loads through single fiber fatigue pulling tests. The study shed light on the mechanisms involved in the degradation of the fiber-matrix interface microstructure. BaominYunqing (2021) examined the effects of partially hydrolyzed and fully hydrolyzed PVA on the physical and bonding properties of fresh and hardened cement mortar. The findings indicated that both partially hydrolyzed and fully hydrolyzed PVA can considerably enhance the bonding properties of cement mortar. In summary, research on polyvinyl alcohol fiber reinforced concrete has yielded significant advancements in building materials and structures (Lisheng and YaxingShunlei, 2022; Wenping et al., 2022).
However, it is important to note that the addition of PVA to concrete can lead to a slight reduction in compressive strength. Therefore, an alternative approach to address this issue is the utilization of modifiers. The modification of concrete through the use of silane coupling agents has gained significant development. Due to the impact of their unique molecular structure on the performance of cement-based materials, researchers have explored the application of silane coupling agents in cement-based materials. In cement paste, the hydroxyl group (-OH) present on the surface of cement particles and their hydration products can undergo condensation with the silicon hydroxyl group (≡Si-OH) in the hydrolyzate of the silane coupling agent, resulting in the formation of a covalent bond (Liu et al., 2020). Franceschini et al. (2007) conducted an analysis that confirmed the chemical bonding between the silane hydroxyl groups in the hydrolyzed product of the silane coupling agent and the surface of the C-S-H gel. This indicates that the silane coupling agent can serve as a connector between the organic polymer and the hydration product. Similarly, Minet et al. (2006) utilized this technique to demonstrate that the silane coupling agent can establish a connection with the C-S-H crystal without damaging the inorganic framework of the C-S-H gel. In another study by Dong and HuangShu (2013) a silane coupling agent was applied to the surface of rubber particles, which were then incorporated into concrete. Through the bridging effect of the silane coupling agent between the rubber particles and the cement matrix, the interface bond strength between the cement matrix and rubber was enhanced. As a result, the mechanical properties of the composite concrete, including improvements of 10%–20%, were observed. These findings highlight the potential of using silane coupling agents as a means to improve the performance of cement-based materials. By establishing stronger interface bonds, these agents offer a promising approach to enhance the mechanical properties of composite concrete while minimizing the reduction in compressive strength. Further research in this area is warranted to explore the full potential and optimize the application of silane coupling agents in cement-based materials.
2 METHODOLOGY
2.1 Main materials
The raw materials used in this experiment are PVA fiber, stone, sand, cement, and KH-560 coupling agent, whose main materials are shown in Figure 1.
[image: Figure 1]FIGURE 1 | Main materials for the experiment. (A) Sand (B) Stones (C) PVA fiber (D) KH560.
The sand and stone used in this experiment are mainly provided by the laboratory of Henan University of Technology, in which the fineness modulus of sand is 2.5 and the particle grading of stone is 5–25 mm; the cement is provided by Zoomlion Cement Xingtai Co., Ltd. and P-O42.5 ordinary silicate cement is selected, and the main chemical compositions are shown in Table 1; the PVA fibers are provided by Changzhou Tianyi Engineering Fibers Co., Ltd. and the physical properties are shown in Table 2; KH-560 coupling agent is provided by Jinan Xingfeilong Chemical Co., Ltd., the physical properties are shown in Table 3; fine aggregate is made of river sand with fineness modulus of 2.5, apparent density of 2,650 kg/m³, bulk density of 1,850 kg/m³; coarse aggregate is continuously graded (5–25 mm) gravel with bulk density of 1,550 kg/m³, apparent density of 2,703 kg/m³.
TABLE 1 | Physical and mechanical properties of cement.
[image: Table 1]TABLE 2 | Physical and mechanical properties of PVA fiber.
[image: Table 2]TABLE 3 | Technical indexes of silane coupling agent-KH560.
[image: Table 3]2.2 Treatment method and mechanism
As shown in Figure 2, the PVA fibers were soaked in anhydrous ethanol for 12 h to remove residues, washed, and dried to constant weight. The deionized water and ethanol solution was stirred well in a volume ratio of 95:5, and acetic acid was added slowly to bring the pH of the solution to about 4.0, and a certain mass of SCA was added after this. The coupling agent prepared as described above was then slowly poured into a container containing the PVA fibers and stirred for 5 min in order to make a homogeneous mixture. It was left at 20°C for 6 h, filtered and then cooled to room temperature, then dried at 40°C to constant weight and set aside.
[image: Figure 2]FIGURE 2 | PVA fiber treatment process.
In this paper, the coupling agent KH560 is used as a modifier for PVA fibers. KH560 (C9H20O5Si) has a reactive epoxy group in its molecular structure, which allows it to react with various compounds containing reactive epoxy groups by addition or hydrogen bonding, and to bond firmly with organic polymers (Li et al., 2016a). Notably, KH560 is hydrolyzable in a mixture of ethanol and water. The hydrolysis process is mainly due to the fact that the methoxy (-OCH3) in SCA is a hydrolyzable group, which hydrolyzes in water to form Si-OH hydroxyl groups and -OH bonds. In addition, if the dosage is high, a -OH bond self-condensation reaction may occur, and the Si-O-Si bond formed can react with inorganic materials containing hydroxyl groups (Bingxiang et al., 2022a). Many -OH bonds are present on the surface of PVA fibers treated with coupling agent KH560, and -OH bonds and Ca(OH)2 products are present in the cement hydration products. This makes it easy to form chemical bond connections at the interface between organic materials and cement hydration products. In other words, the Si-OH groups in the coupling agent KH560 and the -OH groups in the hydration products can be condensed and merged to form Si-O-Ca bonds, which can increase the van der Waals interaction force at the interface, and the hydrogen bonding between the hydroxyl groups can further improve the interfacial adhesion.
2.3 Test method
2.3.1 Mechanical properties
In order to understand the effect of SCA on the mechanical properties of PVA fibre concrete, mechanical tests were carried out on composite concrete samples that reached the curing target period (7–28 days). In this study, the relevant mechanical property tests were conducted in accordance with the standard “Test Methods for Physical and Mechanical Properties of Concrete” (GB/T50008-2019). As shown in Figures 3A, B, the size of the specimen block used for the cube compressive strength test was 100 mm × 100 mm × 100 mm, and the size of the bending strength specimen was 40 mm × 40 mm × 160 mm. In addition, the Y250 digital electric stress type straight shear and DKZ-5000 electric bending tester were used for the compressive strength and bending strength tests, respectively.
[image: Figure 3]FIGURE 3 | The schematic illustration of (A) pressure and (B) flexural test of samples.
2.3.2 SEM microscopic experiments
Firstly, the specimens cured to the specified age were cut into 10 mm × 10 mm × 10 mm cubes, polished with 2000 grit sandpaper and the hydration reaction was terminated by immersion in anhydrous ethanol. Then, they were placed in a vacuum drying oven at 40°C for 24 h and the samples were filtered by blowing air, and finally the composite interfaces were fixed on a sample stage for vacuum gold plating. Then, Quanta FEG series scanning electron microscope equipment was used to observe the microscopic morphology of the interface with the cement matrix before and after SCA-modified PVA fibers. The schematic diagrams of the compressive (a) and flexural (b) tests of the samples are shown in Figure 3.
3 MOLECULAR DYNAMICS SIMULATION
3.1 Model building
In order to further investigate the mechanism of synergistic enhancement of PVA fibre composite cementitious by SCA coupling agent on molecular scale, molecular dynamics simulation of composite cementitious is required. In this paper, molecular dynamics simulations of the interfacial model of PVA cementitious with and without SCA modification were carried out on the nanoscale, respectively, by using Materials Studio (MS) software (Feng et al., 2021; Feng and QinZhao, 2023). MS software can build a set of effective models and algorithms at the atomic level, and apply the classical mechanics method to study the laws of motion of microscopic molecules in order to obtain the basic laws and macroscopic properties of the system. And on this basis, macro and microscopic tests are combined to complete further research on new composite materials (Yang and Cao, 2021).
The performance of concrete is primarily influenced by the hydration products of cement, with the key component being calcium silicate hydrate gel (C-S-H). The C-S-H gel, which is an incomplete crystal, has been extensively studied regarding its structure and dynamics (Tu et al., 2022). Among various models, the Tobermorite molecular structure has proven successful in characterizing the properties of C-S-H during its evolution. Therefore, this study adopts the Tobermorite model as the basis for this investigation (BowersKirkpatrick, 2009; Churakov, 2009). Initially, the Tobermorite crystal is cut, expanded, and combined into a plane along the crystal plane (0 0 1) with parameters U = 22.00 Å and V = 22.00 Å. This plane is then used to construct gel pores, serving as the cement-based model. The chosen PVA type in this study has a density of 1.0 kg/m3. The amorphous unit of the PVA polymer chain consists of three PVA polymer chains, with each chain comprising 30 PVA monomers. The amorphous unit has dimensions of a = 20.20 Å, b = 20.20 Å, c = 20.87 Å, and α = β = γ = 90°. KH560, an amorphous battery composed of 10 molecules with a density of 1.047 kg/m3, has dimensions of a = 22.00 Å, b = 22.00 Å, c = 6.33 Å, and α = β = γ = 90°. Using the Build Layer module, the PVA/C-S-H model (a = 21.40 Å, b = 21.40 Å, c = 46.61 Å) and the PVA/SCA/C-S-H model (a = 21.80 Å, b = 21.80 Å, c = 77.68 Å) were constructed. It should be noted that in these models, the PVA and SCA components do not have fixed surfaces. This is because they can be energetically optimized to assume more suitable positions. Figure 4 (referenced below) provides a visual representation of the construction process for the PVA/C-S-H model (Note: Figure 4 is not provided in the text. Please refer to the original source for the specific figure).
[image: Figure 4]FIGURE 4 | PVA/C-S-H Model building process.
3.2 Force field selection and simulation process
In this study, Materials Studio 2020 software was employed for simulating and analyzing all models. The selection of a suitable force field is crucial in molecular dynamics simulations, as it directly impacts the accuracy of the calculation results. After consulting relevant research findings, the Compass (Condensed-phase Optimized Molecular Potential for Atomistic Simulation Studies) force field was chosen for this investigation (Al-Ostaz et al., 2010; Feng et al., 2023). The Compass force field provides a reasonable model for describing organic and inorganic systems, and it has been extensively validated by concrete research scholars, demonstrating high compatibility with cement-based materials and reducing potential errors in the test data. To ensure the convergence of the models and eliminate any unreasonable structural components introduced during the model construction process, the geometry of the two interface models was initially optimized (Bai et al., 2023). Subsequently, an isothermal and isobaric (NPT) equilibrium run was conducted using a time step of 300 ps and 1 fs, with the simulation temperature set to 300 K. The system temperature and pressure were controlled using the Andersen and Berendsen methods, respectively. To strike a balance between simulation accuracy and duration, a dynamic simulation was performed under the NVT ensemble (Bingxiang et al., 2022b). This simulation utilized a time step of 1 fs and a total simulation time of 1 ns, resulting in the generation of the final simulation file. By following these procedures, the study aimed to obtain reliable simulation results while considering the trade-off between accuracy and computational efficiency.
4 RESULTS AND DISCUSSION
4.1 Mechanical properties analysis
Figure 5 shows the test results of compressive properties of PVA concrete with and without added silane coupling agent at 7 and 28 days of curing, while the results of mechanical properties of plain concrete were used as a control group. The test results show that the compressive and flexural strengths of the concrete were increased to different degrees after incorporation of SCA. Compared with the results of the blank control group, the compressive strength of concrete increased by 0.70 and 0.37 times at 7 and 28 days, respectively, after the incorporation of PVA fibers, which is due to the fact that the incorporation of PVA fibers caused changes in the internal structure of the self-compacting concrete body, which led to an increase in the number of interfaces between the self-compacting concrete and the cementitious matrix, and an increase in the number of internal weak surfaces in the body, which in turn lowered the compressive strength of the PVA concrete. In addition, the compressive strength of PVA/SCA concrete was increased more significantly, by 1.58 and 0.62 times at 7 and 28 days, respectively. It can be seen that PVA fibers modified by SCA can effectively improve the compressive properties of PVA concrete, and the improvement effect is more and more obvious with the increase of curing time.
[image: Figure 5]FIGURE 5 | Compressive strength test results of mechanical properties.
Figure 6 shows the test results of the flexural strength of the three types of concrete at curing times of 7 and 28 days. The flexural strength of PVA concrete at 7 and 28 days increased by 0.72 and 0.35 times, respectively, and the compressive strength of PVA/SCA concrete increased by 1.68 and 1.01 times, respectively, compared to the control. The results showed that the flexural properties of PVA concrete with SCA were significantly improved compared to PVA concrete without modifier. It is proved that PVA fibers can reduce the brittle damage of concrete and improve its toughness. In addition, the bridging effect of SCA can improve the weak interfacial transition zone between the polymer and the cement matrix and improve the mechanical properties of the composite concrete. This hypothesis will be verified by SEM and molecular dynamics simulations in the following sections.
[image: Figure 6]FIGURE 6 | Flexural strength test results of mechanical properties.
4.2 Analysis of SEM results
As shown in Figures 7A, B, the smooth traces left by the shedding of PVA fibers and the presence of a large gap at the interface between the cementitious and PVA fibers can be seen, indicating that the unmodified PVA fibers are not tightly bonded to the cementitious, which may lead to cracking of the composite concrete when it is subjected to external loading, and thus indirectly lead to the degradation of its mechanical properties. It is worth noting that the treated PVA fibers were embedded in the concrete without obvious interfacial gaps. This is due to the coupling effect between SCA and the interfacial materials after the PVA fibers are treated with SCA, and this interaction optimizes the hydrophilic fibers of PVA so that they can be more easily bonded with the gel material, thus leading to a significant improvement in their adhesion to the cement matrix. It can be seen that the SCA-modified polymer membrane can act as a bridging ligament at the interface, inhibit the extension of cracks, enhance the interfacial bond between the PVA fiber organic material and the gel material, and play an important role in improving the mechanical properties of PVA composite concrete.
[image: Figure 7]FIGURE 7 | The SEM photos of the interface between PVA/cement paste before and after modification. (A) KH560 unmodified PVA fiber PVC/grout interface. (B) KH560 modified PVA fiber PVC/grout interface.
4.3 Molecular dynamics simulation
4.3.1 Concentration distribution curve
Concentration distribution curves are used to reflect the spatial location of key molecules in the interfacial model and to characterize the molecular state, which is able to reflect the local structure of the modifier and the cement material (Li et al., 2016b; Quan et al., 2021). Due to the limitations of the modeling direction and cycle boundaries, it is necessary to define the bottom of the model as the starting point (0 distance) and analyze the distribution of the concentration function only in the Z direction. In the calculation process, the region along the Z-direction of the model is divided into several cells, the relevant atoms are counted, and the relative concentration can be expressed by Eq. 1:
[image: image]
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Figure 8 represents the atomic concentration distribution function of major elements along the Z direction before and after coupling agent addition. As can be seen from the figure, the atomic concentration distribution is nearly symmetric and perpendicular to the nanopore substrate. Within the C-S-H region, Si and Hcw show multiple strong peaks, which indicates that the nanopore has a high affinity for water molecules in a layered structure. In Figure 9A, the atomic concentrations of Sic, Cpva, and Hpva in the 11–16 and 30–33 Å regions show linear fluctuations, suggesting that the number of molecules in this range is low and that nanogaps and simulated boundary effects may exist. In Figure 9B, it is noteworthy that Cpva and Hpva show peaks on both sides of the nanopore and the atomic density distribution within the SCA system in the 20–30 and 45–60 Å regions appears to be disordered, which suggests that there is an interaction between the PVA and coupling agent atoms and that the two have a good coordination ratio. In other words, the incorporation of SCA makes it possible to have a favorable arrangement and bonding between the atoms at the interface between PVA and cement, which greatly improves the interfacial bond strength between the composites.
[image: F8]FIGURE8 | Relative concentration distribution of (A) PVA/CSH; and (B) PVA/SCA/CSH along the Z-direction of the system. Si and Hcw, silicic and hydrogen atom where subscript wrepresents water molecule; Cpva and Hpva, carbon and hydrogen atom in PVA molecule respectively; and Csca, Osca, and Hsca = carbon, oxygen, and hydrogen atoms in SCA molecule, respectively.
[image: F9]FIGURE9 | MSD evolution of Ca, O, C, and H atoms from (A) PVA–C-S-H; (B) PVA–SCA–C-S-H; and (C) PVA–SCA–C-S-H system at 1,000 ps.
4.3.2 Root mean square displacement
The root mean square displacement (MSD) serves as a significant parameter for evaluating the kinematic properties of atoms. It is calculated as the average of the squared particle displacements. The slope of the MSD curve determines the molecular diffusion coefficient, which increases with the curve’s steepness. It is, therefore, a valuable tool for assessing atomic motion (XuWang, 2018; Feng et al., 2022). The root mean square displacement and time-dependent function can not only provide a visualization of the stability of the interface between PVA and cement, but also allow for characterization of kinetic behaviour prior to and post SCA treatment. To determine the root mean square displacement of the model, initially, we measure the deviation of the atoms from their starting positions over time as a quantifiable displacement. This approach enables us to compare the atomic variances and intermolecular forces in diverse systems (Liu et al., 2021),. The formula used for calculation is listed below.
[image: image]
[image: image] is the position vector of particle I at time t, [image: image] is the position vector of particle I at the initial time, represents the average of all atoms in the group. The larger MSD value at time t indicates that the atom diffuses rapidly and moves farther away from its original position.
Figure 9 shows the MSD values of atoms in PVA-C-S-H and PVA/SCA/C-S-H and PVA/SCA/C-S-H, respectively, for discussing the effect of coupling agent on the dynamic properties of PVA fiber concrete. It can be found that the MSD values of H atoms in PVA-C-S-H are higher than the other atoms, on the contrary, the MSD values of Ca and Ocsh atoms in C-S-H are smaller, which indicates that the reactive H atoms at the interface are unstable and have a high degree of activity, whereas the hydrated calcium silicate is more stable after the chemical reaction occurs, and it also indicates that it has a stable skeleton structure. In addition, the MSD values of Figure 9B are all lower than that of Figure 9A, especially the Hpva curve has the largest decrease in MSD value, which is due to the fact that the incorporation of SCA not only reduces the free stretching motions of the Hpva, Ca, and Ocsh atoms at the interface but also increases the hydrogen bonding interactions on the interfaces (Hsca- Hw, Hpva- Ow, and Hsca-Hpva), thus improves the stability of the interface. It is noteworthy that the MSD values of the major atoms decreased before and after SCA addition, but their order did not change. This indicates that the introduction of the coupling agent does not affect the stability of the two systems, but only plays an inhibitory role to enhance the bonding of the PVA-cementitious interface.
4.3.3 Binding energy
In Materials Studio 2020, the binding energy is used to evaluate the interaction strength between different components in the interface model, which represents the energy difference between the total energy of the system and the separation energy of the two parts. It is not only an important parameter reflecting the interfacial interaction, but also a key indicator to measure the adsorption strength during the adsorption process (Caihua et al., 2021; Yong et al., 2021). PVA/CSH binding energy can be calculated by formula (3), and PVA/SCA/CSH formula (4).
[image: image]
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The results of the analysis can be used to assess the stability, strength and kinetic properties of the main atoms of the interfacial model under the conditions of the presence or absence of coupling agent. If the result of the binding energy calculation is positive, the two systems are attracted to each other; if the result of the binding energy is negative, these two systems maintain each other; the larger the absolute value of the binding energy, the stronger the interaction between the two systems and the more stable the system is. From Figure 10, it can be seen that the introduction of coupling agent makes the binding energies of both SCA and C-S-H significantly improved, which is due to the hydrophobicity of PVA molecules, and the chemical bond formed between the H atoms of SCA and the H atoms of the PVA fibers by the addition of SCA can improve this hydrophobicity. At the same time, it is considered that the interaction energy is provided by non-bonding interactions, which mainly consist of van der Waals and electrostatic interaction forces between atoms. The absolute value of the energy of the binding energy is significantly larger after the modification of SCA than before the modification, which mainly relies on the hydrogen bonding formed by the H and O atoms of the coupling agent with the water molecules in the PVA and the hydrated calcium silicate, as well as the ionic bonding with Ca, which is important for the enhancement of the PVA cementitious interface.
[image: Figure 10]FIGURE 10 | Interaction of PVA/C-S-H, and PVA/SCA/C-S-H interfaces.
4.4 Microstructure mechanical property relationships
In Figure 11, it is shown that when composite concrete is subjected to compression, shear, or bending forces, there is a chemical bond formed between the mortar and the aggregate, as well as between the mortar and the coarse aggregate. Additionally, PVA fibers exhibit good tensile properties, and their addition significantly enhances the shear and flexural properties of the test blocks (Bai et al., 2019). However, it is observed that as the amount of PVA fiber increases, the mechanical properties of PVA concrete start to decrease or even deform due to the relatively weak adhesion between PVA and mortar. In order to address this issue, KH560 is introduced as a reinforcing agent to enhance the interfacial bonding between PVA and cement. The addition of KH560 ultimately improves the mechanical properties of PVA concrete specimens and ensures the specimens remain in good compactness.
[image: F11]FIGURE11 | Failure mechanism diagram of different macroscopic test blocks.
5 CONCLUSION
In this study, the synergistic strengthening effect of coupling agent-modified PVA fibers on cementitious interfaces at different scales was investigated by combining macroscopic tests, molecular dynamics simulation and analysis. First, at the macro-scale, the effects of different SCA (KH560) contents on the mechanical properties of modified PVA composite concrete were investigated and compared by macroscopic mechanical property tests. At the micro-scale, the effect of SCA on the microstructure of the PVA cementitious interface was observed and analyzed by scanning electron microscopy. On the nanoscale, the molecular dynamics simulation and analysis of the two interfacial models with and without SCA were carried out respectively, and the synergistic reinforcement of the interface was investigated by analyzing the concentration of the main atoms, the root-mean-square displacements and the binding energy. Based on the above comprehensive analysis and study, the following conclusions were drawn:
(1) Macro-mechanical test results show that the addition of SCA can improve the mechanical properties of PVA composite concrete, and PVA fibers can reduce the brittle damage of concrete and improve its toughness.
(2) SEM observation shows that there are obvious cracks at the interface between PVA and cementitious before modification, while the cracks between the two phases are not obvious after modification, but are filled instead, which effectively modifies the interfacial defects between PVA and cementitious, and strengthens the interfacial bonding ability between PVA fiber organic materials and cementitious materials.
(3) In the modeling and analysis of molecular dynamics, we found that the hydrated calcium silicate has a stable skeleton structure, and the addition of SCA increases the hydrogen bonding interactions at the interface, making the PVA-cement interface more compact and stable.
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