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Coral reef limestone is a unique type of rock and soil body characterized by high porosity. Its dynamic mechanical properties under impact loads differ significantly from those of conventional land-sourced aggregate concrete.This study utilizes coral reef limestone as both coarse and fine aggregates to prepare C40 strength concrete. The research investigates the effects of dry-wet carbonation cycles on its dynamic mechanical behavior and energy evolution characteristics using a Split Hopkinson Pressure Bar (SHPB) mechanical testing system.The findings reveal that increasing the number of dry-wet carbonation cycles leads to a significant weakening of the internal structural bonding in coral reef limestone concrete. Notably, the degree of phenolphthalein color change diminishes, while uniaxial compressive strength and tensile strength demonstrate an overall downward trend. The reduction in tensile strength is less pronounced than the decrease in compressive strength. Additionally, the relative dynamic elastic modulus gradually decreases, and a size effect is noted, with a rapid acceleration in mass loss. As the number of dry-wet carbonation cycles increases, dynamic compressive strength declines, and failure modes shift from surface cracking to crush-type failure.The dynamic increase factor (DIF) of the coral reef limestone concrete indicates a high sensitivity to strain rate, with a significant rise in DIF value as the strain rate increases. Various energies generated under impact load exhibit clear strain rate effects. Furthermore, the effects of dry-wet carbonation cycling enhance energy dissipation, especially at 30 cycles, where energy dissipation increases sharply, while a hindering effect on transmitted energy is observed.
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1 INTRODUCTION
The engineering projects on the coral reefs in Western Pacific Ocean waters are far from the mainland, leading to a severe scarcity of mainland-sourced mechanized sand aggregates and freshwater resources. Transporting sand, gravel, and other concrete materials from the mainland not only increases construction costs but also impacts the construction schedule. Utilizing local materials by preparing concrete from reef limestone for the construction of island reef projects alleviates the issue of raw material shortages in marine engineering and allows for the reasonable development and use of marine resources according to local conditions (Deng et al., 2022; Zhou et al., 2020). Furthermore, the structural designs of coral reefs in Western Pacific Ocean waters are designed to endure not just static forces but also diverse dynamic forces, including earthquakes, tsunamis, and unintended blasts. This places strict requirements on the selection and design of building materials for their impact resistance (Lahiri et al., 2022). At the same time, the structures on the reefs inevitably face the harsh service environment affected by long-term dry-wet carbonation cycles (Liu et al., 2023), This leads to the deterioration of concrete structural performance and a reduction in service life, which severely threatens the long-term stability of reef projects. Consequently, researching the dynamic mechanical efficiency of reef limestone concrete in response to dry-wet carbonation cycles is crucial.
As a unique geomaterial, coral reef limestone is extensively found across Western Pacific Ocean waters (Zhang et al., 2023). In the 1940s, some marine infrastructure construction projects began to involve coral reef limestone concrete (Fu et al., 2021). Concrete, a tripartite medium made up of aggregates, the interface transition zone, and cement paste, plays a significant role in determining its performance (Meddah et al., 2010; Uddin et al., 2017). Research indicates that fissures in light aggregate concrete mainly infiltrate the aggregates, in contrast to traditional aggregate concrete where cracks predominantly emerge at the junction of the aggregates and the paste (Sim et al., 2013), Reef limestone aggregates fall into the category of typical lightweight aggregates, and the surfaces of reef limestone coarse aggregates are porous and rough. Consequently, the way reef limestone concrete fails when subjected to external loads is markedly distinct compared to other light aggregates and standard concrete. Wu et al. (2020) discovered that reef limestone concrete’s dynamic compressive strength, when subjected to impact loads, surpasses that of standard concrete of identical quality, yet falls marginally short of other light aggregate concretes. Wu et al. (2019); Ma et al. (2020) discovered that reef limestone aggregate concrete, maintaining identical strength and minimal strain rates, shows reduced static and dynamic compressive strengths compared to traditional aggregate concrete, yet its dynamic increase factor (DIF) demonstrates a more pronounced strain rate impact. It was found that the primary formation of cracks in reef limestone concrete occurs via the aggregates of reef limestone, rather than at the junction of these aggregates and the paste (Ma et al., 2019). Qin et al. (2023) examined the evolving properties, patterns of energy development, modes of fractures, and damage processes in coral reef sand concrete when subjected to impact forces.
Concrete structures inevitably face various harsh environmental challenges during their service life, including extreme weather changes, chemical corrosion, water infiltration, and physical impacts. Mumenya et al. (2010) found that concrete materials exposed to specific environments, such as dry-wet cycles, for extended periods experience certain changes in mechanical properties. Donnini (2019) investigated the mechanical characteristics of two varieties of concrete in solutions varying in temperature and pH, discovering that the mechanical attributes of standard concrete show minimal sensitivity to changes in temperature and pH; however, there is a notable impact on the tensile strength of glass fiber concrete. Li et al. (2021); Yin et al. (2019) studied to understand the deterioration trends of mechanical properties in recycled concrete under freeze-thaw cycles in both salt solutions and dry-wet conditions. Zhang et al. (2024) used waste glass instead of sand as fine aggregate to study the performance change of concrete after dry-wet cycle. Xu et al. (2021) investigated the combined impact of hybrid fibers on concrete’s longevity and additionally forecasted the durability of fiber-reinforced concrete under carbonation and chloride ion corrosion conditions.
The evaluation of reef limestone concrete’s bearing capacity and durability, a novel deep-sea island reef construction material, is still in its initial stages of exploration and verification, facing notable limitations in its adaptability studies in severe marine conditions. Coral reef limestone aggregates are naturally characterized by their loose and porous properties, making them highly susceptible to corrosion from marine gaseous environments. Previous studies have focused more on the static mechanical properties of coral reef limestone concrete in harsh marine environments, while research on its durability under dynamic impact loads has been insufficient. Consequently, this research utilizes a divided Hopkinson pressure bar for performing impact assessments on reef limestone concrete samples undergoing dry-wet carbonation processes. This study explores how dry-wet carbonation cycles impact the dynamic compressive strength, modes of failure, and energy development traits of reef limestone concrete, and delves into the inherent connections among loading speeds, fracturing traits, and energy loss properties when dry-wet carbonation is combined. The results offer theoretical backing for the creation and advancement of novel concrete frameworks in the field of island reef engineering.
2 MATERIALS AND METHODS
2.1 Preparation of reef limestone concrete samples
Limestone samples from a reef on an island in Western Pacific Ocean waters were synthetically pulverized into particles, each not exceeding 16 mm in size. Particles measuring 4.75–16 mm in size were processed as coarse aggreagte, whereas those ranging from 0.15 to 4.75 mm were selected for fine aggreagte (Fan et al., 2023; Liu et al., 2018). Figure 1 elaborates on the ongoing categorization of both coarse and fine aggregates of coral reef limestone.
[image: Figure 1]FIGURE 1 | Grading curve of reef limestone aggregates.
Contrasting with traditional land-based sand and gravel, fragments of reef limestone display features like suboptimal particle form, uneven particle shapes, coarse surfaces, significant porosity, extensive specific surface area, and reduced strength (Luo et al., 2023). Therefore, more cement paste is required to enhance workability when mixing concrete, making it less suitable for high-strength concrete applications. This research involved blending both coarse and fine reef limestone aggregates with standard Portland cement, seawater, fly ash, slag, and various additives, as detailed in Table 1, to create concrete with a C40 strength. Notably, the aggregates of reef limestone underwent water immersion before being mixed to eliminate detrimental ions and contaminants. After processes such as mixing, vibrating, and curing, cylindrical specimens with height-to-diameter ratios of 1:2 (φ50 mm × 25 mm) and 2:1 (φ50 mm × 100 mm) were prepared.
TABLE 1 | Mix proportions of reef limestone concrete (kg/m³).
[image: Table 1]2.2 Dry-wet carbonation
Figure 2 illustrates the entire process of the dry-wet carbonation cycle that the reef limestone concrete samples underwent. Before the experiments, the samples were subjected to a drying pretreatment (assessed by changes in mass to determine whether they reached a dry state). In order to ensure the rationality of the dry-wet carbonation cycle pretreatment scheme, the existing research results are referred to Wang et al. (2018); Jiang et al. (2017); Zhang and Shao (2016). First, the dried samples were placed in a vacuum saturation container filled with seawater (soaked in a vacuum state for 12 h). Subsequently, the samples, once saturated, underwent a drying phase in an oven maintained at a steady 60°C for 12 h. Ultimately, the specimens were positioned in a carbonation chamber to undergo carbonation treatment, characterized by a carbon dioxide level of 20% ± 3%, a humidity of 70% ± 5%, a temperature maintained at 20°C ± 5°C, and a 24-h period. The trio of stages forms a single cycle, with the count of dry-wet carbonation cycles adjusted to 0, 10, 20, 30, 40, and 50 cycles.
[image: Figure 2]FIGURE 2 | Dry-wet carbonation cycle experimental procedure.
Micro-fissures in the reef limestone concrete samples will progressively widen and enlarge due to dry-wet carbonation cycles, resulting in the unavoidable seepage of internal elements. Initially, the specimens have relatively high density and stronger resistance to dry-wet cycles and carbonation. However, with the rise in cycle count, there will be a noticeable alteration in the ultimate weight of the samples. Consequently, the rate at which mass is lost serves as an indicator of the extent of damage and degradation. The method and procedure for calculating the mass loss rate are as follows:
1) Dry the specimens after completing the dry-wet carbonation cycles, and wrap them in plastic wrap to prevent moisture from causing errors, then weigh each specimen three times and take the average value as its initial mass; 2) Place the specimens into the corresponding equipment for the deterioration test according to the experimental protocol, and after undergoing the specified number of deterioration tests, remove the specimens, dry them, and weigh them; 3) Utilize the following formula to determine the rate at which the specimens lost mass following the nth deterioration test. Formula 1 is as follows:
[image: image]
In the equation, Δmn represents the mass loss rate of the specimen (%); m0 denotes the initial mass (g); and mn represents the mass after undergoing n deterioration actions (g). Furthermore, the Erd relative dynamic modulus of elasticity serves as a crucial measure for evaluating the specimens’ damage and degradation. This refers to the proportion between the specimen’s dynamic modulus of elasticity post the nth cycle and its initial dynamic modulus of elasticity. To prevent secondary damage during the testing process from causing experimental errors, the elastic modulus is calculated using parameters such as sound travel time and wave speed while ultrasonic waves propagate through the specimen. This method is completely non-destructive to the specimen, as shown in Equations 2, 3.
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In the equation, Ed represents the dynamic modulus of elasticity of the specimen (GPa); v represents the Poisson’s ratio of the specimen; ρ represents the density of the specimen (kg/m³); V is the ultrasonic wave speed (m/s); Ed0 is the initial dynamic modulus of elasticity of the specimen (GPa), and Edn is the dynamic modulus of elasticity after undergoing n deterioration actions (GPa).
2.3 Impact testing equipment and testing principles
Using a divided Hopkinson pressure bar, dynamic compression experiments were performed on reef limestone concrete samples that had experienced cycles of dry and wet carbonation. The experimental setup is shown in Figure 3. The incident bar and the transmission bar are both 2,800 mm, the bar diameter is 50 mm, the elastic modulus is 210 GPa, and the density is 7,800 kg/m3. Introducing high-pressure gas into the emission chamber propels the projectile at a specific speed, hitting the incident bar’s end surface and creating a longitudinal compressive wave. Upon the arrival of this compressive wave at the specimen, a sequence of transmission and reflection events take place at the terminal surfaces of both the incident and transmission bars. Strain gauges affixed to both the incident and transmission bars record the incident strain εi, the reflected strain εr, and the transmitted strain εt. Ultimately, by presuming one-dimensional stress waves and uniformity, one can determine the specimen’s stress-strain and loading rate data.
[image: Figure 3]FIGURE 3 | Hopkinson pressure bar setup.
As per the principles of one-dimensional stress wave theory, the stress and strain of the specimen can be determined by the following Formula 4 (Dai et al., 2010):
[image: image]
Within the formula, E0, C0, and A symbolize the velocity of the elastic wave within the bar, the elastic modulus, and the bar’s cross-sectional area, in that order; AS and LS denote the specimen’s cross-sectional area and length, respectively; and t denotes the stress wave’s length.
In addition, the calculation Formula 5 of the incident energy WI, reflected energy WR and transmitted energy WT on the pressure rod during the whole process from the beginning of loading to the failure of the sample is as follows (Huang et al., 2014):
[image: image]
Given that the energy dissipation of the stress wave in both the bar and the specimen is deemed minimal, the aggregate energy the specimen absorbs and dissipates, denoted as WL, is derivable from the subsequent Equation 6.
[image: image]
3 ANALYSIS OF EXPERIMENTAL RESULTS
3.1 Results of static mechanical properties tests
The primary cause of carbonation in reef limestone concrete lies in CO2 penetrating its core, leading to a decrease in its alkalinity. Samples subjected to varying degrees of deterioration were cut and sprayed with a 1% phenolphthalein ethanol solution. The color reaction of the phenolphthalein ethanol solution is shown in Figure 4. After different numbers of deterioration cycles, the degree of carbonation represented by the phenolphthalein reagent varied. The undeteriorated samples showed a strong magenta color after treatment with phenolphthalein, while the degree of color change gradually weakened with an increasing number of deterioration cycles.
[image: Figure 4]FIGURE 4 | Phenolphthalein Color Reaction for the Degree of Carbonation of Reef limestone Concrete. (A) n = 0, (B) n = 10, (C) n = 20, (D) n = 30, (E) n = 40, (F) n = 50.
It is noteworthy that the reef limestone aggregate was also stained by the phenolphthalein reagent. This is because, after the aggregate underwent pre-absorption of water, more cement paste entered its interior during the mixing process, which increased the alkalinity of the aggregate. As the number of deterioration cycles increased, the cement content in the pores of the aggregate gradually decreased, resulting in a gradual reduction in the staining intensity under the phenolphthalein reagent. Further testing showed that the carbonation depth of reef limestone concrete at different deterioration levels increased by 1.5%, 1.58%, 2.87%, and 5.6% compared to the standard condition. Among them, the sample of reef limestone concrete with the deepest deterioration had a carbonation depth increase of 5.2 mm compared to the standard condition. He et al. research shows that cyclic dry-wet carbonation can lead to changes in the pore structure of concrete and cause the reorganization of hydration products, affecting its structural strength. For example, some hydration products (such as C-S-H gel) may convert into lower-strength calcium carbonate, thereby weakening the overall strength and reducing its durability (He et al., 2022).
Figure 5 summarizes the mass loss rates and relative elastic moduli of reef limestone concrete specimens subjected to different numbers of deterioration cycles. When the mass loss rate reaches over 5%, the specimen can be deemed damaged. For cylindrical specimens (φ50 mm × 100 mm), the mass loss rate did not exceed 5% even after more than 40 deterioration cycles, while the disc specimens (φ50 mm × 25 mm) exhibited a high mass loss rate, indicating that the dry-wet carbonation cycles caused significant damage to the disc samples. Overall, although the shapes of the specimens differ, both types experienced an increase in mass loss rates with the growing number of deterioration cycles, although the trends in their growth were distinct. Furthermore, the relative dynamic elastic modulus displayed a significant size effect influenced by the number of dry-wet carbonation cycles. With the ongoing rise in deterioration cycles, there was an acceleration in the decrease rate of the cylindrical specimens’ relative dynamic elastic modulus (φ50 mm × 100 mm), as evidenced by the reduced acoustic wave velocity. This suggests a swift escalation and ongoing spread of cracks within the specimens, thereby intensifying their damage severity. Conversely, the disc specimens’ dynamic elastic modulus (φ50 mm × 25 mm) varied in tandem with the escalation of deterioration cycles. This difference reflects the varying internal structural responses of different specimens during the deterioration process; the cylindrical specimens may exhibit better resistance to deterioration due to their structural characteristics compared to other types of specimens.
[image: Figure 5]FIGURE 5 | Mass loss rate and relative elastic modulus.
Furthermore, quasi-static compression and tension tests were conducted on reef limestone concrete samples subjected to varying degrees of deterioration, and the statistical results are shown in Figure 6. Despite variations in the data from uniaxial compression and tension tests, it's noticeable that the specimens’ uniaxial compressive and tensile strengths exhibit a general downward trajectory after varying levels of degradation, with a direct relationship between the rise in peak strain and the frequency of these deterioration cycles.
[image: Figure 6]FIGURE 6 | Compressive strength and tensile strength (disc shape for uniaxial tension test, cylindrical shape for uniaxial compression test).
Referring to Deng et al. (2020a); Deng et al. (2020b) research results, the ratio of strength is used as an increasing coefficient. The strength reduction coefficient is defined as the strength reduction coefficient is the ratio of uniaxial compressive strength of the sample after dry-wet carbonization cycle to that of the initial sample, to evaluate the degree of deterioration of reef limestone concrete specimens. When the number of deterioration cycles is less than 20, the strength attenuation is not significant, with the average compressive strength remaining above 40 MPa. However, once the count of degradation cycles surpasses 20, the reduction in strength becomes more noticeable, evidenced by the average compressive strength falling from 32.53 to 25.55 MPa. When samples undergo 40 cycles of decay, their uniaxial compressive strength drops to merely 60% of their original level, and upon reaching 50 cycles, the mean compressive strength drops to just 21.32 MPa. The maximum average tensile strength of the specimens is 6.31 MPa, but after 50 cycles of deterioration, the maximum tensile strength decreases to 3.31 MPa, resulting in an overall tensile strength reduction of 49%. The reduction in tensile strength is lower than that of compressive strength.
3.2 Dynamic compression characteristic test results
3.2.1 Dynamic stress balance verification
The dynamic impact tests were conducted on coral reef limestone concrete specimens that had undergone 0, 10, 20, 30, 40, and 50 cycles of wet-dry carbonation treatment. The impact loads considered were 0.2, 0.4, 0.6, and 0.8 MPa, respectively. As per the ISRM (International Society for Rock Mechanics) guidelines for dynamic analysis of rock-like substances, conducting a preliminary test prior to the official experiment is essential to verify the experiment’s accuracy and reduce errors in the process. In the initial testing phase, semiconductor strain gauges were employed to measure three wave signals, and the uniformity of stress in the samples was confirmed through the three-wave technique. A test is deemed legitimate if the stress exerted at either end of the specimen is evenly distributed.
Figure 7A shows the voltage signals of the incident wave, reflected wave, and transmitted wave collected by the strain gauges during a single impact test, Incident Strain εIn(t), Reflected Strain εRe(t) and Transmitted Strain εTr(t). The three-wave method was used for illustration and analysis, as shown in Figure 7B, the incident strain εIn(t) and the reflected strain εRe(t) roughly coincide with the transmitted strain εTr(t) after superposition (εIn(t) + εRe(t) ≈ εTr(t)). This indicates that dynamic stress uniformity was achieved in the reef limestone concrete sample during the impact loading test.
[image: Figure 7]FIGURE 7 | Typical dynamic stress wave time history curve. (A) Voltage signal, (B) stress balance detection.
3.2.2 Dynamic strength and deformation characteristics
Figure 8 depicts the dynamic stress-strain curves of reef limestone concrete under different impact load conditions (after experiencing varying degrees of deterioration treatment). Both the number of deterioration cycles and the magnitude of the impact load significantly influence the dynamic stress-strain response of the reef limestone concrete. The characteristic parameters of each test result are shown in Table 2. Among these, dynamic compressive strength is an important indicator of the sample’s impact resistance. By using the dynamic peak strength and uniaxial compressive strength, another indicator of impact resistance, the Dynamic Increase Factor (DIF), can be calculated.
[image: Figure 8]FIGURE 8 | Dynamic Stress-Strain Curves. (A) n = 0, (B) n = 10, (C) n = 20, (D) n = 30, (E) n = 40, (F) n = 50.
TABLE 2 | Overview of characteristic parameters under impact load.
[image: Table 2]An examination of Figure 8 and Table 2 reveals that in the condition lacking any degradation treatment (n = 0), as the impact load escalates from 0.2 MPa to 0.8 MPa, there’s a rise in dynamic peak stress from 68.20 MPa to 88 MPa, with corresponding increases of 23.87%, 29.03%, and 43.5%, in contrast to outcomes not influenced by deterioration. This indicates that the dynamic strength of the material enhances strain rate. Furthermore, with a total of 50 degradation cycles, the maximum dynamic stress at a 0.2 MPa impact load reaches 53 MPa, while impact loads of 0.4, 0.6 MPa, and 0.8 MPa exhibit increases of 25.8%, 52.8%, and 58.49% respectively. This suggests that as the extent of deterioration increases, so does the susceptibility of the specimen’s dynamic mechanical characteristics to the rate of strain. However, with the increase in the number of deterioration cycles, the peak stress exhibits a consistent downward trend. As an illustration, at an impact load of 0.2 MPa, following 50 cycles of dry-wet carbonation, the stress-strain curve’s post-peak phase shifts from closed to open, experiencing a reduction in peak stress by about 10–20 MPa. It should be noted that due to issues such as uneven crushing of reef limestone aggregate during specimen preparation and uneven composition of aggregate and cementitious materials in the mold, some samples did not maintain good dependency between peak strain, number of deterioration cycles, and impact load under dynamic load conditions.
Perform a nonlinear fitting curve of the strain rate-DIF for reef limestone concrete specimens with different degrees of deterioration. The fitting curve model is [image: image].The correlation coefficients are all greater than 95%.Figure 9 illustrates that in conditions of elevated strain rates, as the specimen’s degradation depth progressively deepens, there’s a rising trend in the logarithmic-DIF curve’s slope for strain rate, signifying a gradual escalation in the strain rate impact of reef limestone concrete.
[image: Figure 9]FIGURE 9 | The fitting curves of DIF of specimens under different deterioration times.
3.2.3 Dynamic fracture mode
Table 3 summarizes the fracture conditions of reef limestone concrete under dynamic impact after different degrees of deterioration treatment. The impact load and the number of dry-wet carbonation cycles jointly determine the final failure mode of the specimen. Initially, by maintaining a steady count of dry-wet carbonation cycles, the extent of the specimen’s fragmentation is intimately linked to the intensity of the impact load. When the impact load is 0.2 MPa, the surface of the specimen fractures, showing splitting failure with good overall integrity. However, as the impact force escalates to either 0.6 or 0.8 MPa, the sample is utterly obliterated, resulting in tinier fractured particles, predominantly in a powdery state. d particles are smaller, mainly in a powdery form. Additionally, maintaining a steady impact load, there’s a positive relationship between the extent of the specimen’s fragmentation and the frequency of dry-wet carbonation cycles. When subjected to an impact force of 0.2 MPa, the sample lacking dry-wet carbonation results in minimal surface debris, in contrast to the sample that undergoes 50 cycles of dry-wet carbonation, leading to significant fractures. When the impact load reaches 0.6 MPa, it is visually evident from the size of the fractured particles that the deterioration causes severe internal damage to the specimen, and the pulverization characteristic of the specimen becomes more significant compared to the specimen without dry-wet carbonation treatment.
TABLE 3 | Typical fracture modes of reef limestone concrete under impact load.
[image: Table 3]The reasons for the above phenomenon can be roughly summarized into the following two points. Initially, the dry-wet carbonation cycles lead to the primary presence of free water between the cement mortar and its boundary, consequently diminishing the robustness of the cement matrix and the specimen’s interface, thereby increasing the likelihood of dynamic failure, particularly evident in the more pronounced failure rate between these phases. Under the cyclic action of external factors, the internal cracks of concrete will change from micro to macro (Kuang et al., 2023). Secondly, following the combined effects of dry-wet cycles and carbonation, the internal stress of reef limestone concrete transitions from equilibrium to imbalance under dynamic forces. In a very short period, the specimen cannot achieve internal stress rebalancing through elastic unloading, leading to the absorption of energy by internal cracks, which begin to propagate and eventually cause extensive fracturing of the specimen.
3.2.4 Energy dissipation characteristics
The principal cause of the specimen’s malfunction is the loss of energy during its dynamic fracturing. Under impact load, reef limestone concrete experiences irreversible deformation, leading to irreversible energy dissipation. The dimensions, amount, and spatial arrangement of the fragments created post dynamic compression failure represent a large-scale expression of energy loss. Illustrated in Figure 10, the energy-time graph of a reef limestone concrete sample, after undergoing 50 cycles of dry-wet carbonation with a 0.4 MPa impact load, can be broadly segmented into four distinct phases for analysis.
[image: Figure 10]FIGURE 10 | Energy-time curve under impact load.
In region A (0–130 μs), the incident stress wave has not yet acted on the reef limestone concrete specimen. As the incident energy starts to rise, the procedure progresses to stage B (130–200 μs), during which the specimen’s energy absorption curve shows a roughly linear increase. The rate of expansion exceeds that of the energy transmitted and closely mirrors the energy reflected. Throughout the 200–300 μs phase, there’s a consistent linear increase in the absorbed energy timeline, mirroring the pattern of energy transmission and exhibiting a growth rate surpassing that of the reflected energy. The reason is that following the stress wave’s impact on the specimen, there’s a buildup and development of internal damage, resulting in a multitude of new microcracks in the specimen and a steady rise in the energy absorbed. During the 300–350 μs phase, there’s a steady decline in the rate of energy absorption, with the incoming, reflected, and transmitted energy levels stabilizing, signifying the stress wave’s completion of its dynamic compression impact on the sample. The energy characteristic values of reef limestone concrete specimens subjected to different degrees of deterioration under various impact loads are summarized in Table 4.
TABLE 4 | Energy characteristic values of reef limestone concrete under different impact loads and number of deterioration cycles.
[image: Table 4]Figure 11 displays the ratios of incoming, reflected, transmitted, and dissipated energy in reef limestone concrete when subjected to impact forces of 0.2, 0.4, 0.6, and 0.8 MPa. Comprehensive examination reveals that the variance in incident energy from the experiments remains below 5% under an identical impact load, suggesting a uniform impact load across the experiment. With an increasing number of deterioration cycles, the energy dissipated during the fracturing of reef limestone concrete gradually increases, indicating that the dry-wet-carbonation cycling has a promoting effect on dissipated energy. If the count of dry-wet cycling-carbonation cycles surpasses 30, there’s a notable increase in the expansion of energy that has dissipated. As an example, with an impact load of 0.2 MPa, there’s a 46.39% rise in the amount of energy lost as the deterioration cycles escalate from 0 to 50. Conversely, the transmitted energy shows an overall declining trend with the increase in deterioration cycles. The main reason for this occurrence is the escalated internal harm to reef limestone concrete post-degradation. In the dynamic compression phase, increased energy is used to enlarge various cracks and move debris, causing a rise in energy dissipation and complicating the stress wave’s journey through the specimen to the transmission rod, thereby diminishing the energy transmitted. Additionally, the reflected energy does not show a clear trend, which may be attributed to the inherent discreteness of the specimen itself.
[image: Figure 11]FIGURE 11 | Impact of dry-wet-cycling carbonation cycles and impact load magnitude on energy distribution. (A) 0.2 MPa, (B) 0.4 MPa, (C) 0.6 MPa, (D) 0.8 MPa.
4 CONCLUSION
The SHPB impact tests explored how dry-wet-cycling carbonation cycles and the extent of impact load influence the dynamic failure traits and energy development in reef limestone concrete, culminating in these key findings:
(1) With the rise in dry-wet-cycling carbonation cycles, there’s a shift in the phenolphthalein color indicator from a strong magenta hue to a slow decline, signifying a steady reduction in the bonding strength of the specimens’ internal structure. There is a notable reduction in the relative dynamic elastic modulus, accompanied by a substantial effect of size and a marked acceleration in the rate of mass loss.
(2) After undergoing dry-wet-cycling treatment, the quasi-static compressive and tensile strengths of reef limestone concrete exhibit an overall decreasing trend, with the reduction in tensile strength being less pronounced than in compressive strength. As dynamic compressive strength diminishes, the frequency of dry-wet-cycling cycles intensifies the vulnerability of the DIF value to strain rates in reef limestone concrete.
(3) The total count of dry-wet-cycling cycles combined with the intensity of the impact load collectively dictate the ultimate mode of failure for the specimens. Both factors facilitate the failure, transitioning the fracture mode from surface splitting to catastrophic failure, indicating an increase in the fragility of the material’s internal structure.
With the rise in dry-wet-cycling cycles, there’s a gradual increase in the energy lost during reef limestone concrete fracturing, alongside a general decrease in the energy transmitted, and the reflected energy lacks a distinct pattern.
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