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Abstract 

This research investigates the energy absorption from impact forces of steel reinforced concrete using fly ash obtained 

from agricultural processes, reinforced with glass fiber-reinforced polymer (GFRP) bars, compared to steel reinforcement. 

The reinforcement pattern involves incorporating GFRP bars into a square grid pattern of 4, 9, and 12 openings within bio-

steel concrete with dimensions (W × L × H) of 40 × 40 × 10 cm. The testing is conducted using a Drop Test impact testing 

machine with a 30 kg hammer head at a velocity of 7 m/s, employing two different hammer head configurations: flat and 

45-degree angled, to study energy absorption (Ea), specific energy absorption (Es), and the pattern of deformation resulting 

from impacts. The study finds that CBRHA-10-fiber A concrete exhibits higher energy absorption and specific energy 

absorption compared to steel-reinforced (CBRHA-10-steel A) concrete in the same configuration by 18.82% and 26.83%, 

respectively, in the flat-headed hammer impact configuration. Similarly, in the 45-degree angled hammer head 

configuration, CBRHA-10-fiber A concrete demonstrates superior energy absorption and specific energy absorption 

compared to steel reinforcement in the same configuration by 6.10% and 14.92%, respectively. In conclusion, bio-steel 

reinforced concrete with glass fiber-reinforced polymer (GRFP) reinforcement exhibits good load-bearing capacity and 

suitability as an alternative to steel reinforcement in future applications. 
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1. Introduction 

The continuous development in the global construction industry highlights the importance of concrete as a primary 

material for foundational structures worldwide [1-3]. This reliance on concrete is evident in its steadily increasing 

demand, with primary materials expected to rise to nearly 1.5 billion tons by 2024 [4]. Concrete is extensively used 

in industrial applications, particularly for factory flooring, which facilitates the movement of heavy machinery and 

cargo. However, these industrial settings introduce significant challenges to flooring structures, affecting their 

durability and incurring substantial repair costs [5]. Conventional concrete reinforced with steel rebars can withstand 

high compressive forces, but it remains vulnerable to damage from dynamic and impact loads caused by collisions 

with heavy machinery [6]. 
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The impact resistance of concrete is a critical focus in modern structural engineering, particularly for applications 

requiring high durability under dynamic loads. To address the limitations of conventional concrete, fiber-reinforced 

concrete (FRC) has emerged as a promising alternative. FRC exhibits superior energy absorption and dissipation 

capabilities under impact conditions. Studies by Yoon & Banthia [6] emphasized substantial improvements in crack 

resistance and energy absorption achieved through the inclusion of fibers. These studies highlighted that the type, 

volume fraction, and distribution of fibers significantly influence the resistance of concrete to dynamic loads. Recent 

research by Wang et al. [7] and Murali et al. [8] further explored FRC’s performance under lateral and drop-weight 

impacts, showcasing the effectiveness of hybrid fiber systems—such as carbon nanofibers and polyvinyl alcohol (PVA) 

fibers—in enhancing abrasion and impact resistance. Additionally, Murali et al. emphasized the critical role of fiber 

volume in increasing fracture toughness and impact strength, particularly in industrial and seismic environments. The 

energy absorption capacity of concrete, defined as its ability to withstand deformation under dynamic loading, is another 

area of significant research. High-performance materials like carbon nanofibers, PVA fibers, and glass fibers enhance 

the ductility of concrete, enabling it to deform without catastrophic failure. For example, Ji et al. [9] analyzed energy 

absorption mechanisms using biomimetic spider web structures, demonstrating the importance of lattice designs in 

distributing and dissipating impact forces. Similarly, Han et al. [10] explored hexagonal lattice structures, which 

simultaneously improve strength and energy absorption. Comprehensive studies by Gharehbaghi & Farrokhabadi [11] 

further revealed that strategic material layering in bi-material lattice structures enhances energy absorption while 

maintaining structural integrity under extreme conditions. These findings provide critical insights for designing fiber-

reinforced concrete capable of withstanding both static and dynamic stresses. 

In parallel with technological advancements, the integration of sustainable materials has gained momentum in the 

construction industry to address environmental concerns and resource limitations. The use of waste materials from 

industries and agriculture to replace conventional cementitious components is increasingly important [12-16]. Among 

these, rice husk ash (RHA) has gained significant attention as a sustainable alternative. A by-product of rice milling, 

RHA is rich in silica and pozzolanic properties, making it a valuable component for enhancing concrete performance. 

Studies by Venkatanarayanan & Rangaraju [17] have shown that replacing 15-30% of cement with RHA can improve 

concrete’s durability, compressive strength, and resistance to chloride ion penetration while reducing permeability. 

Additionally, Liu et al. [12] emphasized the dual benefits of mitigating environmental pollution and improving 

concrete’s mechanical properties. Furthermore, Beltrán et al. [18] and Lim et al. [19] observed improved workability 

and long-term compressive strength in RHA concrete, making it suitable for structural and non-structural applications. 

Feng et al. [20] and Padhi et al. [21] highlighted RHA’s lightweight nature and high silica content, which contribute to 

better thermal insulation and crack resistance. These findings underscore the potential of biomass concrete, particularly 

with RHA, as a viable solution for developing sustainable and durable construction materials. 

The construction industry’s shift toward environmentally friendly materials extends to biomass ash, derived from 

agricultural waste. In regions such as Southeast Asia, agricultural by-products are abundant and serve as primary raw 

materials [17, 19, 20, 22]. Biomass ash, a waste product from combustion processes, presents environmental concerns 

but also offers opportunities for sustainable construction. Among these materials, black ash, derived from biomass 

combustion, is particularly noteworthy. Its lightweight properties and superior physical attributes compared to white ash 

result from its more complete combustion process. Black ash, with a high SiO2 content of up to 70%, shows significant 

potential for pozzolanic reactions [23-26]. Studies indicate that black ash enhances compressive strength when used in 

optimal proportions. Concrete mixtures incorporating 15-40% biomass ash have demonstrated comparable or improved 

performance to conventional concrete after 30-60 days of curing [27-31]. However, adherence to design standards is 

crucial to ensure that the internal structure of conventional concrete remains unaltered for practical construction 

applications. 

Simultaneously, advancements in reinforcement materials have introduced Glass Fiber Reinforced Polymer (GFRP) 

bars as a sustainable alternative to steel reinforcement in concrete structures. GFRP bars offer superior mechanical 

properties, including higher tensile strength, excellent energy absorption, and resistance to corrosion. Comparative 

studies by Patil and Prakash [32] demonstrated that GFRP bars surpass steel in tensile strength, enabling higher energy 

absorption while maintaining structural integrity. Nematzadeh & Fallah-Valukolaee [33] emphasized the effective 

bonding behavior of GFRP bars with concrete, enhanced through surface treatments and innovative anchoring systems. 

Yoo et al. [34, 35] highlighted the superior flexural behavior and reduced environmental degradation of GFRP-

reinforced concrete, making it ideal for harsh environments. Additionally, Sijavandi et al. [36] confirmed the higher 

load-bearing capacity and ductility of GFRP-reinforced concrete under both static and dynamic loads compared to steel. 

These properties establish GFRP as a suitable choice for lightweight, high-performance materials with extended service 

life, particularly in industrial flooring applications. 

Recent research has highlighted the potential of combining fiber reinforcement with biomass-based concrete to meet 

the dual goals of sustainability and durability. Studies on mixing black ash with cement suggest that proportions should 
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not exceed 30% by weight to balance mechanical strength and environmental benefits. The integration of agricultural 

pozzolanic materials, particularly RHA and black ash, provides a viable pathway to address both environmental and 

structural challenges in the construction sector. By reducing cement usage, these materials contribute to lower carbon 

emissions and improved thermal performance. Enhanced testing methodologies are needed to validate these composites 

under realistic industrial conditions, ensuring their role as next-generation construction materials. 

The theoretical foundation of this research integrates principles from material science, structural engineering, and 

sustainability. Central to the study is the application of composite material theory, which explains the synergistic 

interaction of different materials to enhance structural performance. For example, FRC leverages fibers to bridge 

microcracks, improving tensile strength and energy dissipation during dynamic loading. Research by Banthia & Gupta 

[37] highlighted this bridging mechanism as instrumental in mitigating crack propagation under high-impact conditions. 

The pozzolanic reaction theory underpins the use of biomass ash as a partial cement replacement. Silica-rich by-products 

like RHA react with calcium hydroxide in cement to form additional calcium silicate hydrate (C-S-H), the primary 

binder responsible for concrete’s strength Celik et al. [38, 39] emphasized that this reaction enhances durability, strength, 

and resistance to chemical attacks, aligning well with industrial requirements. 

The adoption of GFRP bars is grounded in advanced composite theory, which highlights the advantages of 

combining lightweight [40-43], high-tensile materials [44-48] with polymer matrices to achieve superior mechanical 

performance. ACI 440.1R-15 emphasizes GFRP’s utility in environments where steel reinforcement faces degradation 

challenges. Additionally, Kotynia et al. [40] demonstrated that GFRP-reinforced concrete exhibits superior flexural and 

impact resistance compared to steel reinforcements. By integrating these theoretical frameworks, this study aims to 

contribute to the development of sustainable, high-performance construction materials capable of meeting modern 

industrial demands. This study presents an exploration of the characteristics of biomass concrete and GFRP bars, 

focusing on their preparation and reinforcement design. This is followed by a detailed description of the testing 

methodology, including compressive strength and impact resistance evaluations. The results of the impact tests are then 

presented, with an in-depth analysis of the performance of fiber- and steel-reinforced concrete under varying conditions. 

Finally, the study concludes with a summary of findings and recommendations for future research. 

2. Characteristics of Biomass Concrete and Glass Fiber Reinforced Polymer (GFRP) 

2.1. Biomass Concrete from Black Ash 

The approach for determining the proportion of biomass concrete used in this research is illustrated in Figure 1. It 

begins with utilizing black ash waste from rice husk combustion industries as a sample with consistent physical 

characteristics. The black ash is incinerated at temperatures of 500-700°C [49-51] for 23-24 hours and allowed to cool 

to ambient temperature for another 24 hours. Subsequently, it is finely ground using a grinder for 4 hours and then sieved 

through a No. 325 sieve with a mesh size of 0.045 mm to check for fineness. If the ground black ash residue in the sieve 

does not exceed 34%, it is considered suitable for mixing with cement. 

 

Figure 1. The process of molding and testing biomass concrete from burnt black ash 
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In the mixture proportions of biomass concrete to determine the appropriate ratio between black ash and cement in 

this research, the concrete specimens with a compressive strength of 300 kg/cm² were tested according to the ASTM 

C192 concrete testing standard. The specimens were molded into cylindrical shapes with a diameter of 10 cm and a 

height of 20 cm at the age of 28 days [52, 53]. These concrete specimens are commonly used in general structural works, 

with the slump value of the concrete set at 10 ± 2.5 cm. The method for calculating the proportions of concrete mixtures 

follows the unit weight method, with a unit weight of 12.266 kg, in accordance with the American Concrete Institute 

(ACI) standards [54, 55]. In this research, the concrete mixture proportions used an upper limit of 20% black ash by 

weight [56-59]. The researchers increased the proportion of black ash by an additional 5% by weight of the aggregate 

material, as shown in Table 1. 

Table 1. Concrete mixture according to American Concrete Institute (ACI) calculation 

Type of 

Concrete 

Percentage 

replacement by weight 

Material (g.) 

PC BRHA Sand Stone Water 

CPC* 0 214.5 0 419.6 457.2 135.1 

CBRHA-10 10 193.1 21.415 419.6 457.2 135.1 

CBRHA-15 15 171.6 42.9 419.6 457.2 135.1 

CBRHA-20 20 150.2 64.37 419.6 457.2 135.1 

Note: * = CPC: Controlled Permeability Concrete, which uses cement as a binder material 

The compressive strength testing according to ASTM C192 standard will be conducted after the material is 

formed into four mixing ratios: CPC, CBRHA-10, CBRHA-15, and CBRHA-20, respectively. The compressive 

strength will be tested using a 500 kN compression testing machine at 7, 14, and 28 days in accordance with Rahimi 

et al. [60] and Al-Amoudi et al. [61]. Figure 2, the compressive strength trend of biomass concrete in all four 

samples shows that using a higher proportion of fly ash as a component in cement will decrease the compressive 

strength trend of the mixed cement specimens. This is because the amount of fly ash replaces that of the cement, 

thereby reducing the bonding ability between cement molecules. Additionally, fly ash has lower density, so 

increasing the proportion of fly ash will decrease the compressive strength. When comparing the proportions of fly 

ash, it is found that using 10% fly ash results in a compressive strength of 304.50 kgf/cm2 at 28 days according to 

ASTM C39 standard. Therefore, this ratio was selected for sample preparation, where rectangular biomass concrete 

specimens measuring 40×40×10 cm will be created for impact resistance testing and to study the material's energy 

absorption capabilities. 
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Figure 2. Graph showing the relationship between the compressive strength of biomass concrete at different mixing ratios 
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2.2. Reinforcement Patterns of GFRP Bars 

The GFRP (Glass Fiber Reinforced Polymer) bars used in this research exhibit similar characteristics to steel 

rebars, which are rod-shaped with spiraled ridges around them, resembling the research conducted by Kotynia et al. 

[40] and Sanfeng Liu et al. [62], as shown in Figure 3. The tested GFRP bar, with a diameter of 9 cm, demonstrates 

a tensile strength of 840.91 MPa, a density of 0.061 kgf/cm2, and a modulus of elasticity of 45 GPa. Table 2 

compares the properties of GFRP bars with those of steel used in the testing, revealing that GFRP exhibits higher 

tensile strength despite its lower density. Therefore, using GFRP for reinforcement in concrete yields better results 

compared to conventional steel reinforcement. Additionally, it's noteworthy that the modulus of elasticity of GFRP 

is lower than that of steel, primarily because GFRP is made from glass fibers, resulting in lower elasticity values 

[63-65].  

  

Figure 3. Configuration of the GFRP Bar Used in the Research Study 

Table 2. Comparison of Mechanical Properties between GFRP Bars and Steel Used in Testing 

Material Dimeter (mm.) Density (kg/m3) The tensile strength (MPa) Modulas of Elasticity (GPa) Failure for torsion (kgf) 

GRFP 9 2002.30 840.91 45 6,830 

Steel 9 8089.32 517 200 - 

Due to the focus of this research on designing concrete for use as flooring in industrial facilities to withstand impacts, 

the reinforcement pattern of the GFRP bars in the biomass concrete was designed to have a grid-like configuration with 

a spacing of 3 cm between each opening, as depicted in Figure 4. Each pattern specifies a gap of 8.5, 11.5, 17.0 cm. 

Similarly, the reinforcement steel was used in the same configuration to facilitate comparison of experimental results. 

 

Figure 4. the reinforcement patterns of both the GFRP bars and the steel bars in the biomass concrete 

3. Impact Testing 

In this research, impact testing of the biomass concrete reinforced with GFRP bars will be conducted. The testing 

setup will consist of a 3-meter tall column (V=7.67 m/s) designed to release a freely falling hammer head to impact the 

material under test, similar to the studies conducted by Jun Wang et al. [7], Yang et al. [66], and Murali et al. [8], as 
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depicted in Figure 5. The hammer head will be of conical shape with a flat contact surface and a sharp 45° angle to 

examine the differences between full-face and partial-face impacts. Both types of hammer heads will have a weight of 

30 kg. The test specimens will be designed to be placed on a support base to allow for controlled bending during impact. 

Load cells will be installed at the base of the test setup to measure the load generated by the impact. Additionally, 

LVDTs will be installed at the bottom of the concrete specimens to measure the deflection when impacted. The hammer 

weight and velocity were selected to represent the minimum threshold values necessary to induce observable damage to 

the specimens. This ensured the progression of damage patterns could be studied without causing catastrophic failure, 

enabling a detailed analysis of energy dissipation and specific energy absorption. The configurations of flat and angular 

hammer heads were chosen to simulate real-world industrial impact scenarios. By using the smallest values capable of 

causing noticeable damage, the study captures the early stages of material failure, allowing for precise evaluation of 

energy absorption and crack propagation. The analysis of the experimental results regarding the energy absorption 

capacity and specific energy absorption will be calculated using Equations 1 and 2 [9-11]. 

 

Figure 5. Impact testing machine used in the experimental study 

𝐸𝑎 = 𝑃𝑚𝑒𝑎𝑛 . 𝑆 = ∫𝑃𝑑𝑆  (1) 

𝐸𝑠 =
𝑃𝑚𝑒𝑎𝑛.𝑆

𝑚𝑎𝑠𝑠
  (2) 

When Ea is the energy absorption, Es is the specific energy absorption, Pmean is the average load, S is the distance the 

specimen deflects from the beginning to the end point, P is the load applied to the specimen, and ds is the deflection of 

the specimen. 

4. Results and Discussion 

4.1. Load and Average Load of Biomass Fiber-Reinforced Concrete Using Flat-Anvil Hammer 

The results of the impact test on biofiber-reinforced concrete specimens using a flat-ended piston, as recorded from 

load cells in Figure 6, show that the load curves of biofiber-reinforced concrete in each configuration are closely 

comparable. The maximum load of biofiber-reinforced concrete using CBRHA-10-fiber A is 17.29 kN, which is lower 

than the maximum load of the same configuration reinforced with steel (CBRHA-10-Steel A) at 18.21 kN. This 

difference can be attributed to the transmission of force from the impacting piston onto the material; if the material 

absorbs the force well, the load value decreases. Considering Figure 6-A, it is evident that the load of concrete reinforced 

with steel is higher compared to that reinforced with fiber bars when comparing the same quantity of steel and fiber. 

Moreover, from Figure 7-B, the average load of concrete reinforced with CBRHA-10-fiber A, CBRHA-10-fiber B, and 

CBRHA-10-fiber C is 8.33, 8.40, and 7.48 kN, respectively. This average load analysis will be used to calculate energy 

absorption (Ea) and specific energy absorption (Es) subsequently. Another parameter considered in assessing energy 

absorption and specific energy absorption is the deflection obtained from LVDT data collection. 
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(a) 

 

(b) 

 
(c) 

Figure 6. Impact test results of biomass fiber-reinforced concrete using flat-anvil hammer, (A) Graph showing the 

relationship between load and time of biomass fiber-reinforced concrete using steel and fiber bars when subjected to impact 

using a flat-anvil hammer, (B) Graph depicting the maximum load and average load of biomass fiber-reinforced concrete 

using steel and fiber bars when subjected to impact using a flat-anvil hammer, (C) Graph illustrating the relationship between 

deflection and time of biomass fiber-reinforced concrete using steel and fiber bars when subjected to impact using a flat-anvil 

hammer. 

To better understand these behaviors, the study provides a detailed examination of the GFRP reinforcement grid 

patterns and their impact on performance under impact load conditions. The grid patterns are specified with gaps of 8.5 

cm, 11 cm, and 17 cm, corresponding to cross-sectional area ratios of 0.0047, 0.0063, and 0.0079, respectively. These 

variations in reinforcement density significantly influence the behavior of the concrete slabs. Denser grids, such as the 

8.5 cm pattern, demonstrate superior performance in terms of energy absorption and specific energy absorption, 

effectively dissipating impact energy and minimizing damage. Conversely, wider grid patterns show lower energy 

dissipation capacity and greater deformation under similar conditions. The study evaluates the slabs' impact load 

capacity, energy absorption, and damage characteristics using different hammer configurations, including flat and 

angular impacts. The results reveal that denser reinforcement provides better resistance to impact loads, with a noticeable 

improvement in structural integrity. However, the study also highlights the need for considering trade-offs, such as 

material costs and potential effects on long-term durability, when selecting reinforcement densities for practical 

applications. 
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This improved understanding of the reinforcement grid's role aligns with the higher deflection values observed in 

fiber-reinforced concrete specimens compared to their steel-reinforced counterparts. Fiber materials enhance the 

flexibility of the concrete matrix, as reflected in higher deflection values of 25.5188, 22.8475, and 20.8364 mm for 

CBRHA-10-fiber A, CBRHA-10-fiber B, and CBRHA-10-fiber C, respectively. This increased flexibility contributes 

to greater energy dissipation under impact loads. In contrast, the lower deflection values of CBRHA-10-Steel A (19.7024 

mm), CBRHA-10-Steel B (18.3636 mm), and CBRHA-10-Steel C (10.9223 mm) highlight the rigidity and limited 

deformation capacity of steel reinforcement. These findings underscore the role of fiber reinforcement in enhancing 

impact resilience through improved energy absorption and deformation capacity. 

Examining the graph in Figure 6-C, the deflection values during impact reveal that the deflection of concrete 

reinforced with fiber bars is relatively higher than that of steel reinforcement. CBRHA-10-fiber A, CBRHA-10-fiber B, 

and CBRHA-10-fiber C have deflection values of 25.5188, 22.8475, and 20.8364 mm, respectively. On the other hand, 

CBRHA-10-Steel A, CBRHA-10-Steel B, and CBRHA-10-Steel C exhibit maximum deflection values of 19.7024, 

18.3636, and 10.9223 mm, respectively. These higher deflection values in fiber-reinforced specimens occur due to the 

increased flexibility provided by the fiber materials, which enhance the concrete matrix's ability to dissipate impact 

forces. In contrast, steel-reinforced specimens, due to their rigidity, show less deflection and higher susceptibility to 

localized stress concentrations. 

Therefore, it is essential to design the fiber reinforcement pattern appropriately before implementation. This 

design consideration directly impacts the material's flexibility, improving its ability to withstand impact and resulting 

in increased energy absorption. These findings emphasize the importance of optimizing reinforcement patterns to 

achieve the desired balance between performance, cost-effectiveness, and long-term durability in practical 

applications. 

4.2. Load and Average Load of Biofiber-Reinforced Concrete Using 45-Degree Angular Hammer 

The study of the impact of angular-ended pistons, as depicted in Figure 7(A), reveals that the load values for the 45-

degree angular-ended piston are higher when compared to those obtained using flat-ended pistons. This occurs because 

the pointed nature of the angular-ended piston results in greater penetration into the material surface, concentrating the 

mass at the tip of the piston and thereby generating higher localized stress fields. Consequently, this behavior aligns 

with experiments using flat-ended pistons, where conventional reinforced concrete exhibits higher load values compared 

to fiber-reinforced concrete. 

As shown in Figure 7(B), the maximum load values and average load values for biofiber-reinforced concrete, 

specifically CBRHA-10-fiber A, CBRHA-10-fiber B, and CBRHA-10-fiber C, are 17.29, 16.35, and 13.82 kN, 

respectively. Similarly, the average load values for fiber-reinforced concrete are lower compared to conventional 

reinforced concrete, reflecting trends observed with flat-ended pistons. The incorporation of fiber bars contributes to the 

reduction in both maximum and average load values, which can be attributed to the distribution of forces facilitated by 

the fiber reinforcement. These findings are consistent with previous studies on the effect of impact geometry on material 

behavior. Sharper impact heads, such as the 45-degree angular piston, result in concentrated stress fields that promote 

localized damage and higher load values. Moreover, the angular shape of the piston head facilitates the initiation and 

propagation of microcracks through the specimen, creating distinct damage patterns compared to those observed under 

flat-ended impacts [67-69]. 

The displacement of specimens under angular-ended piston impacts, illustrated in Figure 7(C), reveals lower 

displacement values compared to impacts from flat-ended pistons. For instance, CBRHA-10-fiber A, CBRHA-10-

fiber B, and CBRHA-10-fiber C exhibit displacement values of 15.2625, 12.1919, and 10.4407 mm, respectively, 

which are higher than the maximum displacement values observed in CBRHA-10-Steel A, CBRHA-10-Steel B, and 

CBRHA-10-Steel C, recorded at 12.0999, 10.8282, and 9.5354 mm, respectively. This discrepancy is primarily due 

to the pointed nature of the angular-ended piston, which reduces the contact area and results in less displacement of 

the material. 

The results of this study emphasize the critical influence of impact geometry on material performance. The 

comparison between flat and angular impact tests highlights how fiber reinforcement enhances energy dissipation 

and flexibility under flat impacts, while angular impacts accentuate the inherent trade-offs between flexibility and 

ultimate load resistance. Such insights are essential for designing tailored reinforcement systems that account for 

varying impact scenarios in industrial applications, ensuring an optimal balance between perfor mance and material 

resilience. 
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(a) 

 

(b) 

 

(c) 

Figure 7. Impact Testing Results of Biofiber-Reinforced Concrete with Steel and Fiber Bars Using 45-Degree Angular-Ended 

Piston, (A) Graph depicting the relationship between load and time for biofiber-reinforced concrete with steel and fiber bars 

when using a 45-degree angular-ended piston, (B) Graph illustrating the maximum load and average load of biofiber-

reinforced concrete with steel and fiber bars when using a 45-degree angular-ended piston, (C) Graph showing the 

relationship between the displacement of the specimen and time for biofiber-reinforced concrete with steel and fiber bars 

when using a 45-degree angular-ended piston. 

4.3. Energy Absorption and Specific Energy Absorption 

The analysis of the energy absorption of bio-concrete in various configurations, based on Equations 1 and 2, is 

presented in the graph in Figure 8. Upon examination of the tests conducted with the flat-headed ram, it is observed that 

the energy absorption of bio-concrete reinforced with fiber bars, specifically CBRHA-10-fiber A, exhibits the highest 

value at 0.441 kJ. In comparison, bio-concrete reinforced with fiber bars CBRHA-10-fiber B and CBRHA-10-fiber C 

also demonstrate higher values than bio-concrete reinforced with steel, despite having similar average load values. This 

superior performance is attributed to the ability of the fiber bars to enhance the material's compression properties, leading 

to greater energy dissipation during impact. 
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Figure 8. Graph showing the energy absorption values of steel-reinforced and fiber-reinforced biomass-concrete 

These findings indicate that the increased energy absorption in fiber-reinforced configurations can be attributed to 

the distributed load transfer mechanism provided by the fibers. This mechanism facilitates the dissipation of impact 

energy through the progressive deformation of the matrix, contrasting sharply with the brittle failure behavior commonly 

observed in steel-reinforced configurations [9, 11]. The fibers' ability to evenly distribute stresses prevents localized 

damage and contributes to the overall durability and performance of the material. 

Similarly, the results obtained with the 45-degree angled ram align with those of the flat-headed ram tests, 

although with reduced energy absorption values. In this configuration, the energy absorption of CBRHA-10-fiber 

A registers the highest value at 0.262 kJ. The reduction in energy absorption can be attributed to the increased 

intensity and concentrated force applied by the angled ram, which leads to greater damage and higher localized 

loads. Additionally, the minimal compression of the specimens in this configuration contributes to the lower overall 

energy absorption values. This highlights the influence of impact geometry on the material's behavior under 

dynamic loading conditions. 

The decreased energy absorption under angular impacts underscores the importance of optimizing reinforcement 

patterns to improve performance in such scenarios. As angular impacts generate more localized damage, 

reinforcement strategies must focus on enhancing local toughness and crack resistance to mitigate inefficiencies in 

energy dissipation. Advanced reinforcement geometries and hybrid material integrations, as highlighted in recent 

studies [10, 33], offer promising approaches to address these challenges and improve the resilience of fiber-

reinforced bio-concrete under diverse impact conditions. By tailoring reinforcement strategies to specific impact 

scenarios, it is possible to achieve a more balanced performance and extend the applications of bio-concrete in 

demanding environments. 

In Figure 9, the analysis results of specific energy absorption of bio-concrete reinforced with steel and fiber bars 

reveal that the specific energy absorption of fiber-reinforced concrete is higher than that of steel-reinforced concrete. 

Considering the pattern of impact by the flat-headed probe, it is observed that CBRHA-10-fiber A has the highest 

specific energy absorption value at 0.0308 kJ/kg, which is higher than that of CBRHA-10-Steel A at 0.0245 kJ/kg. This 

is attributed to the lightweight nature of fiber bars compared to steel and their superior energy absorption properties. 

Consistently, when considering the 45-degree angled probe, it is found that fiber-reinforced concrete exhibits higher 

specific energy absorption. Additionally, it is observed that the specific energy absorption decreases with the angled 

probe, attributed to the lesser deformation of the specimen, leading to higher transmitted forces, particularly evident in 

tests with the flat-headed probe. The percentage differences in specific energy absorption between CBRHA-10-fiber A 

and CBRHA-10-Steel A are 18.82% and 26.33%, respectively, as shown in Table 3. The ratios of steel and fiber 

reinforcement in other configurations align with CBRHA-10-fiber A, where the results of fiber bar reinforcement 

consistently demonstrate better Ea and Es values compared to steel reinforcement. Moreover, for tests with the 45-

degree angled probe, the differences between steel and fiber reinforcement tend to converge, indicating significant 

damage due to probe penetration, resulting in decreased impact resistance of fiber bars. 
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Figure 9. The specific energy absorption values of biomass concrete reinforced with steel and fiber bars 

Table 3. the differences in energy absorption and specific energy absorption of concrete reinforced with steel and fiber bars. 

Type Pmax (kN) Pmean (kN) Mass (kg) S (m) Ea (kJ) Es (kJ/kg) 

Hammer Flat 

A 

Steel 18.21 11.62 14.36 0.0197 0.359 0.0249 

CRFP 17.29 8.33 13.02 0.0255 0.441 0.0338 

% Difference 18.82 % 26.33 % 

B 

Steel 16.58 9.48 14.75 0.0183 0.304 0.0206 

CRFP 16.35 8.30 13.23 0.0228 0.373 0.0282 

% Difference 18.48 % 29.95 % 

C 

Steel 16.45 8.40 14.97 0.0109 0.179 0.0120 

CRFP 13.82 7.48 13.73 0.0208 0.288 0.0209 

% Difference 37.84 % 42.58 % 

Hammer 45o 

A 

Steel 20.33 8.84 14.36 0.0120 0.246 0.0171 

CRFP 17.18 8.22 13.02 0.0152 0.262 0.0201 

% Difference 6.10 % 14.92 % 

B 

Steel 19.36 8.61 14.75 0.0108 0.209 0.0142 

CRFP 17.02 7.99 13.23 0.0121 0.210 0.0156 

% Difference 0.47 % 8.97 % 

C 

Steel 16.33 7.64 14.97 0.0095 0.155 0.0104 

CRFP 15.28 7.39 13.73 0.0104 0.159 0.0116 

% Difference 2.51 % 10.34 % 

4.4. Damage Characteristics of Bio-Steel and Fiber-Reinforced Concrete from Impact 

When examining the damage patterns resulting from impacts with both flat and 45-degree angle hammer heads, as 

shown in Figure 10, it is observed that damage predominantly occurs at the bottom surface of the specimen. This aligns 

with findings from various studies that attribute the damage to bending forces, which result in cracks and fissures 

primarily at the mid-section of the specimen. Upon closer inspection, specimens impacted with flat hammer heads 

exhibit fewer cracks compared to those impacted with 45-degree angle hammer heads, highlighting the influence of 

impact geometry on damage characteristics. Both steel and fiber bar reinforcements exhibit similar overall damage 

patterns, though the extent of damage varies based on the reinforcement type. 
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Figure 10. The damage patterns from impact on bio-steel and fiber-reinforced concrete using a flat hammer head 

The observed variations in crack propagation behavior are consistent with the findings of Mostofinejad et al. [70], 
which emphasize the significant role of reinforcement type in mitigating crack widths and maintaining the structural 
integrity of the damaged zones. Fiber reinforcements, in particular, are shown to reduce crack widths and improve the 
durability of the specimens compared to steel-reinforced configurations. These findings underscore the advantages of 
fiber reinforcement in enhancing impact resilience. 

Selecting reinforcement combinations, such as CBRHA-10-Steel C and CBRHA-10-Fiber C, results in reduced 
damage due to their higher material incorporation. However, this comes at the cost of increased concrete weight, which 
can influence specific energy absorption values. While these combinations perform better than other configurations, all 
three reinforcement patterns exhibit similar levels of damage under certain conditions. For impacts with 45-degree angle 
hammer heads, damage is notably more severe compared to impacts with flat hammer heads. The concentrated force 
exerted by the pointed hammer head leads to more extensive and elongated damage patterns, as opposed to the localized 
indentations caused by flat hammer heads. Despite the superior performance of CBRHA-10-Steel C and CBRHA-10-
Fiber C, cracks that render the concrete prone to catastrophic failure are still observed, as seen in configurations such as 
CBRHA-10-Steel A, CBRHA-10-Steel B, CBRHA-10-Fiber A, and CBRHA-10-Fiber B. 

These findings highlight the critical importance of tailored reinforcement strategies to address varying impact 
scenarios effectively. Integrating hybrid reinforcement systems, combining high-strength fibers with traditional steel, 
offers a promising solution to enhance performance under severe impact conditions. Recent studies [71, 72] have 
identified advanced hybrid systems as capable of achieving superior durability and energy absorption. Additionally, 
advanced modeling techniques are recommended to optimize these reinforcement systems for industrial applications, 
ensuring that the balance between material performance, cost, and weight is achieved. Additionally, Figure 11 confirms 
that the use of higher quantities of steel and fiber slightly increases the strength of concrete. Optimal material selection 
helps in cost-saving and ensures sustainable usage patterns, emphasizing the importance of careful consideration. 
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Figure 11. depicts the damage patterns from impact on steel-reinforced and fiber-reinforced concrete using a 45- degree 

angled hammer head 
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5. Conclusions 

This research investigated the energy absorption characteristics of bio-steel reinforced concrete using fiber-

reinforced polymer (FRP) compared to steel reinforcement, simulating scenarios such as industrial floor surfaces where 

damage may occur from the movement of heavy equipment or machinery in factories. From the study of the properties 

of bio-steel concrete in various suitable proportions for application, it was found that CBRHA-10 concrete (mixed with 

10% by weight of fly ash) exhibited favorable properties for floor design. From compression resistance tests, it was 

found that CBRHA-10 concrete had a compressive strength of 304.50 Kgf/cm2 at 28 days of testing, meeting the 

standards for concrete usage in the country. 

In terms of reinforcing materials, when subjected to energy absorption and specific energy absorption tests from 

impact by a hammer head at a velocity of V=7.67 m/s and a head weight of 30 kg, it was found that in tests using a flat-

headed hammer for impact, CBRHA-10-fiber A concrete had the highest values at 0.441 kJ and 0.0308 kJ/kg, 

respectively. This resulted in significantly higher energy absorption compared to steel-reinforced (CBRHA-10-steel A) 

concrete in the same configuration, by 18.82% and 26.83%, respectively. Consistent with tests with a 45-degree angled 

hammer head, CBRHA-10-fiber A concrete exhibited better energy absorption and specific energy absorption compared 

to steel-reinforced concrete in the same configuration by 6.10% and 14.92%, respectively. Differences in impact 

between the two types of hammer heads resulted in different damage patterns, with flat-headed hammers causing 

minimal damage with slight indentation along the bottom edge of the specimen. On the other hand, impacts with a 45-

degree angled hammer head resulted in wider damage areas and higher fracture occurrence along the bottom edge of the 

specimen, characteristic of bending force impact. Therefore, the design and consideration of reinforcing materials, 

whether steel or fiber bars, should also take into account cost-effectiveness, as excessive material reinforcement leads 

to unnecessary construction costs. 

To contextualize these findings, it is essential to consider the current standards and design practices for industrial 

flooring, particularly in scenarios requiring high load-bearing capacity. Industrial floor slabs are typically categorized 

into two main types: ground-supported slabs and pile-supported slabs. Selecting the appropriate type requires careful 

evaluation by design engineers, particularly considering factors such as plastic shrinkage settlement of the soil, which 

varies based on soil type. Both floor systems can improve the tensile resistance of the concrete slab through the use of 

steel mesh reinforcement or fiber-reinforced concrete systems, enhancing the slab's tensile capacity and overall 

performance. In Thailand, the Ministerial Regulations on Building Control, B.E. 2522 (1979) specify that industrial 

floors and warehouses must be designed to withstand a minimum live load of 500 kg/m². The exact load requirements, 

however, are contingent on the specific type of industry and its operations. For example, facilities housing printing 

factories, heavy machinery, or vibratory equipment may necessitate custom structural designs for certain sections, 

isolating them from the general industrial flooring to ensure durability and functionality. 

Applying bio-steel and fiber-reinforced concrete in industrial applications, particularly for concrete floors in factories 

handling heavy equipment and machinery, has shown promising results in terms of load-bearing capacity and suitability 

as an alternative to steel. However, further examination of material integrity is necessary to determine whether fiber-

reinforced concrete is more susceptible to degradation compared to steel over prolonged periods. Additionally, the 

incorporation of biomass fly ash to improve properties for mixing with cement should be explored further to mitigate 

pollution from cement production and maximize agricultural waste utilization for environmental sustainability.  

The study successfully introduces rice husk ash (RHA) and biomass fly ash as sustainable alternatives to traditional 

cement but does not sufficiently address the variability in these materials' properties. Differences in combustion 

processes, regional availability, and chemical composition could affect material consistency and performance. 

Additionally, while the superior energy absorption of biomass concrete with GFRP bars is demonstrated, the study 

highlights the need for further research on material degradation over time, particularly for GFRP reinforcement under 

prolonged environmental exposure. The durability of biomass concrete in challenging industrial conditions, such as 

chemical exposure or extreme temperatures, is also an area requiring more detailed examination. Furthermore, the 

optimal design parameters, such as variations in GFRP bar spacing, fly ash proportions, and concrete composition, 

remain underexplored. 

The study also does not address scaling challenges for the production of biomass concrete and GFRP bars for 

widespread industrial application. Discussions on the fatigue performance of these materials under repeated impacts 

over extended periods are limited, as is the economic feasibility of using biomass concrete reinforced with GFRP on a 

large scale. To enhance the study's robustness, it would be beneficial to include explicit discussions on material 

variability and its influence on consistency, long-term durability testing in real-world settings, and the supply chain and 

cost implications of broader adoption of these sustainable materials. Including these aspects would provide a more 

comprehensive perspective on the study's findings and applications. 
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