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1.Introduction 
Research on the dynamic behaviour of fiber-

reinforced concrete (FRC) under varied loading 

situations, especially its performance under impact 

pressures, has significantly increased in recent years. 

This study investigates the structural response of 

basalt fiber reinforced concrete (BFRC) elements 

under impact loading with the incorporation of two 

additional materials: rice husk ash (RHA) and nano 

rice husk ash (nRHA). The main objectives of this 

study are to clarify how these materials influence the 

mechanical properties of BFRC and to evaluate their 

suitability for environments subjected to sudden 

dynamic forces.  

 

 

 

 
*Author for correspondence 

The nonlinear response of concrete elements under 

impact loading, emphasizing the importance of 

material enhancements for improving impact 

resistance. The potential of RHA and nRHA to 

enhance the toughness and durability of BFRC, 

particularly under flexural stress, offers valuable 

insights into the application of sustainable materials 

for improving concrete performance under dynamic 

loading conditions [1]. Furthermore, the modification 

of the American Concrete Institute (ACI) drop-

weight impact test for concrete enhances the accuracy 

and relevance of impact resistance evaluation, 

providing a critical framework for assessing the 

improved toughness and durability of BFRC 

incorporating RHA and nRHA, especially in terms of 

flexural behavior [2]. The influence of steel and 

polypropylene fibers on the impact resistance of FRC 

has been extensively investigated using both 

experimental and numerical methods, highlighting 

the significant role that different fiber types play in 
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enhancing concrete’s impact resistance [3]. Studies 

on concrete pavements reinforced with recycled steel 

fibers obtained from post-consumer tires have 

demonstrated improved fatigue resistance and 

cracking behavior, contributing to the sustainability 

and enhanced durability of FRC [4]. Moreover, the 

inclusion of nRHA, a nanoscale material, has been 

shown to improve the mechanical properties and 

durability of BFRC, particularly under flexural and 

dynamic loading conditions [5]. Basalt fibers, when 

combined with RHA and nRHA, can enhance the 

toughness, strength, and ductility of BFRC, 

particularly under flexural loading, offering insights 

into optimizing concrete performance with 

sustainable additives [6]. Incorporating basalt fibers 

along with RHA and nRHA can improve the flexural 

toughness of BFRC, addressing both sustainability 

and performance in concrete subjected to dynamic 

and static loads [7]. The inclusion of nRHA, a nano 

scale material, along with basalt fibers, can improve 

the flexural toughness and overall durability of 

BFRC, particularly under dynamic loading 

conditions. RHA and nRHA can enhance the 

mechanical properties and toughness of BFRC, 

particularly under flexural stress, by leveraging the 

benefits of these materials at both micro and nano 

scale [8, 9]. Integration of RHA and nRHA, 

alongside basalt fibers, can improve the mechanical 

properties and toughness of BFRC, particularly in the 

context of dynamic and flexural loading conditions 

[10–12]. Benefits of nanoscale additives to improve 

concrete performance under dynamic and flexural 

loads [13]. The type of reinforcement significantly 

influences the impact resistance of concrete. 

Similarly, basalt fibers, combined with RHA and 

nRHA, enhance the flexural toughness of BFRC, 

particularly focusing on its performance under 

dynamic and flexural stresses [14, 15].  

 

Concrete's durability under dynamic loading is 

limited by its low tensile strength, quick fracture 

propagation, insufficient energy absorption, and post-

crack performance, all of which contribute to brittle 

failure when exposed to impact loads [16, 17]. It is 

difficult to achieve uniform dispersion and strong 

bonding inside the matrix, even though basalt fibres 

can increase hardness [18]. RHA and nRHA are 

examples of supplemental materials that might 

improve mechanical characteristics and 

microstructure, but they may also weaken the 

interfacial transition zone (ITZ) and decrease 

workability [19, 20]. By employing the reinforcing 

properties of basalt fibres in conjunction with RHA 

and nRHA, this work develops a hybrid mix that 

enhances bond-slip behaviour and impact resistance. 

 

The primary objectives of this research align with the 

chosen methodology, ensuring a focused and 

effective investigation into the structural response of 

BFRC incorporating RHA and nRHA under impact 

loading. This study evaluates the flexural toughness 

of BFRC with varying proportions of RHA, nRHA, 

and basalt fiber content under dynamic loading 

conditions to identify the optimal mixture 

demonstrating superior flexural performance. X-ray 

diffraction (XRD) analysis was conducted to examine 

structural changes and mineral composition. 

Comparisons with conventional concrete (CC) 

highlight the significant improvements in structural 

performance achieved through the integration of 

RHA and nRHA. 

 

From the reviewed literature, it is evident that 

incorporating fibers and supplementary cementitious 

materials significantly enhances the impact resistance 

and flexural toughness of concrete. However, most 

existing studies have focused on conventional fibers 

such as steel and polypropylene, with limited 

exploration of basalt fibers combined with RHA and 

nRHA ash under dynamic loading. Moreover, the 

bond–slip response and micro-structural mechanisms 

governing the improved performance of such hybrid 

composites remain insufficiently understood. 

Therefore, the present study aims to bridge these gaps 

by comprehensively investigating the bond–slip 

behavior and impact performance of BFRC 

incorporating RHA and nRHA. 

 

The paper is organized as follows: Section 2 presents 

a comprehensive review and analysis of the literature 

on BFRC and the incorporation of RHA and nRHA. 

Section 3 details the experimental methodology. 

Section 4 discusses the results and key findings of the 

study. Finally, Section 5 concludes the paper and 

highlights potential directions for future research. 

 

2.Related work 
Research on FRC has increasingly focused on 

integrating mineral and nano-scale admixtures to 

improve its response under impact loading. 

Experimental studies employing methods such as 

drop-weight impact testing, pull-out bond–slip 

analysis, and tensile strength evaluation show that 

fibers significantly enhance energy absorption and 

crack resistance, while supplementary binders like 

RHA and nRHA contribute to microstructural 

densification and stronger ITZs. These effects are 
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particularly evident when moderate RHA 

replacement levels (10–20%) are combined with 

basalt or other fibers, leading to greater impact 

toughness and improved bond characteristics. The 

advantages of such blends include increased 

durability, reduced dependency on ordinary Portland 

cement (OPC), and alignment with sustainable 

construction practices through the utilization of 

agricultural waste. Nonetheless, limitations such as 

early-age strength reduction at higher replacement 

levels, challenges in achieving uniform dispersion of 

nano-particles, and added material costs restrict 

broader application. 

 

This literature review presents a comprehensive 

examination of recent advancements aimed at 

enhancing the impact resistance of concrete 

structures. It covers both conventional methods and 

emerging innovations, focusing on strategies that 

improve performance and promote sustainability [21–

25]. Traditional approaches, such as using 

lightweight insulating plaster for improved fire 

endurance and engineered cementitious composites 

(ECC) incorporating industrial by-products, are 

discussed for their contributions to structural 

resilience and environmental benefits [26–28]. A 

significant emphasis is placed on the role of fibers in 

strengthening concrete against impact loads [29, 30]. 

Research on steel and basalt fiber-reinforced 

composites consistently demonstrates their 

effectiveness in increasing toughness and energy 

absorption. The use of recycled steel fibers, 

particularly those recovered from waste tires, are 

highlighted as a sustainable solution that also 

enhances durability. 

 

The review also explores the growing influence of 

nanotechnology in concrete innovation. Studies on 

silica nano particles and nano-SiO2 illustrate their 

potential to refine the microstructure of cementitious 

materials, resulting in improved mechanical 

properties and durability [31]. Additionally, RHA is 

identified as a promising sustainable additive capable 

of enhancing both strength and long-term 

performance when used as a partial cement 

replacement [32–35].  

 

Understanding the complex behavior of concrete 

under impact loading is presented as a critical area of 

research. Several studies have developed innovative 

assessment techniques and investigated the 

interaction between fiber characteristics and matrix 

composition in high-strength FRC [36–39]. 

Throughout the review, there is a consistent emphasis 

on sustainability, demonstrated using recycled 

materials such as steel fibers and waste copper, along 

with bio-based additives like RHA. The overall 

research methodology, including problem 

identification, material collection, mix proportioning, 

testing, and result analysis, is clearly illustrated in 

Figure 1.  

 

A combination of previous research findings and 

preliminary trial mixes conducted at the outset of this 

study guided the selection of replacement levels for 

RHA and nRHA, which ranged from 5% to 30% [12, 

15]. Earlier studies have demonstrated that RHA 

possesses significant pozzolanic activity and can 

improve the strength and durability of concrete when 

incorporated at replacement levels typically between 

5% and 25% by weight of cement [18, 19]. Higher 

replacement levels, up to 30%, have also been 

investigated in several studies, with performance 

outcomes varying according to mix design 

parameters, particle fineness, and curing conditions 

[25, 28]. 

 

To determine the threshold at which dilution of the 

cementitious content begins to adversely affect 

mechanical performance—particularly flexural 

toughness—an upper replacement limit of 30% was 

selected. Owing to its high reactivity and ultrafine 

particle size, nano RHA has commonly been reported 

in previous studies at lower replacement levels, 

typically ranging from 2% to 10% [12, 19]. However, 

to comprehensively assess its synergistic interaction 

with basalt fibers and to establish practical limits for 

both workability and mechanical performance, the 

replacement range was extended up to 30% in the 

present study. 

 

Based on previous research, a fixed 0.5% volume 

fraction of basalt fibers was selected, as it provides 

an optimal balance between workable consistency 

and mechanical enhancement particularly in terms of 

flexural toughness and post-cracking behavior—

without requiring excessive admixture dosage [29]. 

Furthermore, preliminary trial mixes confirmed that 

the concrete retained adequate castability at 0.5% 

fiber content when used with a moderate amount of 

superplasticizer, while demonstrating notable 

improvements in toughness and fracture resistance. 
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Figure 1 Research methodology 

  

3.Material and methods 
3.1Cement 

Cement, a vital component of concrete, plays a 

decisive role in determining its mechanical and 

physical properties. In this study, OPC of 53 Grade 

was utilized. The specific gravity of the cement, a 

key parameter influencing its performance in 

concrete, was found to be 3.15. All testing procedures 

were conducted in accordance with the guidelines 

specified in IS: 4031 – 1988. The determination of 

specific gravity provides valuable insight into the 

cement’s density and volumetric characteristics. The 

use of OPC 53 Grade ensures material consistency 

and facilitates reproducibility in future studies. A 

concise summary of the test results is presented in 

Table 1. 

 

Table 1 Physical properties of cement 
Test Particulars Test Results 

Fineness (%) 6 

Normal consistency (%) 31 

Initial setting time (min) 35 

Final setting time (min) 320 

Soundness (mm) 2.86 

Compressive strength (CS) 

(MPa) 3-days 

30.80 

CS (MPa) 7-days 38.50 

CS (MPa) 28-days 54.60 

 

 



Saravanan MM et al. 

1490 

 

3.2Fine aggregate 

In this study, commercially available river sand 

served as the fine aggregate in the concrete mixtures. 

To ensure uniformity, the sand underwent sieving, 

adhering to the IS: 2386 - 1963 testing procedure. The 

sieving process involved passing the sand through a 

4.75 mm sieve while retaining it with a 150-micron 

sieve. The river sand demonstrated a fineness 

modulus of 2.86 and a specific gravity of 2.65. 

 

The particle size distribution results, presented in 

Figure 2, conform to the grading zone III 

specifications of IS: 383-1970. This standardized 

testing procedure enhances reproducibility for other 

researchers aiming to replicate or further investigate 

the impact of fine aggregate characteristics on 

concrete properties. The clear depiction of particle 

size distribution aids in visualizing the granular 

composition, offering valuable insights for future 

studies in concrete material science. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Particle size distribution of fine aggregate 

 

3.3Coarse aggregate 

Coarse aggregate, constituting 70–80% of the total 
concrete volume and forming the primary structural 
matrix, was procured from a local quarry. The 
collected crushed stone aggregates were angular and 
nearly uniform in size, with a nominal diameter of 20 
mm. Testing of the coarse aggregates was conducted 
in accordance with IS: 2386 (Part I–IV) – 1963. The 
specific gravity of the coarse aggregate, a critical 
property influencing mix design and strength 
characteristics, was determined to be 2.74, complying 
with the requirements specified in IS: 383 – 1970. 

 

3.4Superplasticizer 

Superplasticizers, essential for improving the 

workability of concrete, were utilized in this study. 

The chosen plasticizer was naphthalene-based, and it 

complied with IS 9103-1999, BS: 5075 Part 3, and 

American Society for Testing and Materials (ASTM) 

C - 494 standards. Due to practical constraints, 

specific laboratory tests for superplasticizers were not 

conducted. The manufacturer's specifications for the 

superplasticizer are detailed in Table 2. Researchers 

aiming to reproduce or build upon this study can refer 

to this table for essential properties and dosage 

recommendations, ensuring consistency and 

comparability in subsequent investigations. 

 

Table 2 Properties of superplasticizer 
Properties Test results (Manufacturer) 

Type Sulphonated Naphthalene 

Formaldehyde 

Condensate 

Specific gravity 1.220 to1.225 at 300C 

Chloride 

content 

Nil as per IS: 456:2000 and BS:5075 

Recommended 

dosage 

0.6-1.5liters per100kg of cement 

Approximate 

additional air 

entrainment 

1% at normal dosages 

Solid content 40% 

100 

90 

80 

70 

60 

50 

40 

30 

10 1 0.1 

10 

0 

Particle Size(mm) 



International Journal of Advanced Technology and Engineering Exploration, Vol 12(131)                                                                                                             

1491          

 

Properties Test results (Manufacturer) 

CS Early strength up to 40% - 50% 

Durability Good 

 

3.5RHA and nRHA 

RHA, a key supplementary cementitious material, 

was produced by subjecting rice husks to a 48-hour 

open combustion process. The resulting grey-colored 

ash was subsequently processed in a ball mill 

following the Box–Behnken method, yielding micro-

sized RHA particles. Furthermore, nano RHA 

(nRHA) was produced by extended grinding of rice 

husks in a ball mill, resulting in particles significantly 

finer than those of conventional RHA (Table 3). 

 

The reproducibility of this procedure is facilitated by 

the clarity in describing the ash production methods 

and the distinct characteristics of RHA and NRHA. 

Researchers can utilize this information to reproduce 

the same ash types for comparative studies and 

further exploration in concrete material development. 

 

The specific surface area of the nRHA was 

determined using Brunauer–Emmett–Teller (BET) 

surface area analysis. The results indicated a highly 

reactive surface suitable for enhanced pozzolanic 

activity, with a BET surface area of approximately 

67.4 m²/g. This increased surface area contributes to 

improved mechanical strength and durability of 

concrete—particularly under impact and flexural 

loading conditions—by reinforcing the bonding 

within the cementitious matrix and facilitating the 

nucleation of additional calcium silicate hydrate (C–

S–H) gels. 

 

Table 3 Chemical Composition of RHA and nRHA 
Material Losson ignition% SiO2% CaO% MgO% Fe2O3% Al2O3% Na2O% K2O% 

RHA 7.27 82.89 0.76 0.97 0.53 1.68 0.20 -- 

NRHA 0.69 90.48 1.22 1.56 0.72 3.40 0.31 -- 

 

3.6Basalt fiber 

Basalt fiber used in this study consists of natural 

basalt chopped strands derived from volcanic rock 

sources. These fibers exhibit superior tensile strength 

owing to their volcanic origin. Although specific 

fiber tests were not performed in the laboratory, the 

material properties were obtained directly from the 

manufacturer and are summarized in Table 4. 

 

Table 4 Properties of basalt fiber 
S. No. Property Values 

1 Diameter (mm) 0.013 

2 Cut length (mm) 16.0 

3 Aspect ratio 1230 

4 Density (g/cm3) 2.65 

5 Tensile strength (MPa) 4150 

 

This concise description provides a clear 

understanding of the basalt fiber characteristics used 

in the study. By presenting information directly 

obtained from the manufacturer, the methodology 

ensures reproducibility for future studies seeking to 

incorporate similar fibers in concrete investigations. 

 

3.7Mix proportion and identification 

The research involved experimenting with various 

concrete mixes, each designed with different 

proportions to optimize the overall composition. OPC 

was partially replaced with microparticle RHA and 

nRHA at replacement levels of 5%, 10%, 15%, 20%, 

25%, and 30%. In all mixes, a constant volume 

fraction of 0.5% basalt fiber was incorporated. The 

mixes were designated as reinforced beam (RB1) to 

RB6 and nano reinforced beam (NRB1) to NRB6, 

representing varying levels of cement replacement 

with RHA and nRHA, respectively, along with the 

inclusion of basalt fiber. 

 

RB1 denotes a 5% replacement of cement with RHA 

along with the addition of 0.5% basalt fiber. RB2 

corresponds to a 10% cement replacement with RHA 

and 0.5% basalt fiber, continuing sequentially up to 

RB6, which represents a 30% replacement. Similarly, 

NRB1 indicates a 5% replacement of cement with 

nRHA and 0.5% basalt fiber, while NRB2 to NRB6 

represent progressively higher replacement levels 

with nRHA, maintaining the same basalt fiber 

content. 

 

Throughout the study, the superplasticizer content 

was maintained at a constant 1%, consistent with the 

fixed volume fraction of fiber. This approach ensures 

the reproducibility of mix proportions and facilitates 

their adoption by other researchers investigating 

similar concrete compositions (Table 5). 
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Table 5 Mix proportions for RHA and nRHA mixes 
Mix ID Cement (kg) FA 

(kg) 

CA 

(kg) 

RHA 

(kg) 

NRHA 

(kg) 

Basalt 

(%) 

Water content(lit) Super plasticizer (%) 

CC 350 717 1356 0 -- 0 140 0 

RB1 332.5 717 1356 17.5 -- 0.50 140 1 

RB2 315 717 1356 35 -- 0.50 140 1 

RB3 297.5 717 1356 52.5 -- 0.50 140 1 

RB4 280 717 1356 70 -- 0.50 140 1 

RB5 262.5 717 1356 87.5 -- 0.50 140 1 

RB6 245 717 1356 105 -- 0.50 140 1 

NRB1 332.5 717 1356 -- 17.5 0.50 140 1 

NRB2 315 717 1356 -- 35 0.50 140 1 

NRB3 297.5 717 1356 -- 52.5 0.50 140 1 

NRB4 280 717 1356 -- 70 0.50 140 1 

NRB5 262.5 717 1356 -- 87.5 0.50 140 1 

NRB6 245 717 1356 -- 105 0.50 140 1 

 

3.8 Workability 

Although the mechanical properties of BFRC 

incorporating RHA and nRHA were the primary 

focus of this study, evaluating the workability of each 

mix was equally essential to ensure practical 

applicability. To assess the fresh concrete behavior, 

slump tests were performed for all mixes in 

accordance with ASTM C143. In cases where the 

mix contained a high proportion of fine particles, 

particularly with nRHA, flow table tests were 

additionally conducted to provide better 

characterization, especially when the slump values 

were very low. 

 

Table 6 Slump values of RHA and nRHA mixes 
Mix ID RHA (kg) nRHA (kg) Basalt (%) Slump value (mm) 

CC 0 -- 0 85 

RB1 17.5 -- 0.50 95 

RB2 35 -- 0.50 92 

RB3 52.5 -- 0.50 85 

RB4 70 -- 0.50 78 

RB5 87.5 -- 0.50 75 

RB6 105 -- 0.50 72 

NRB1 -- 17.5 0.50 98 

NRB2 -- 35 0.50 95 

NRB3 -- 52.5 0.50 90 

NRB4 -- 70 0.50 88 

NRB5 -- 87.5 0.50 85 

NRB6 -- 105 0.50 75 

 

The results indicated a noticeable reduction in 

workability with increasing fiber content and higher 

levels of cement replacement using RHA and nRHA. 

The control mix (without fibers or supplementary 

materials) exhibited a slump of 85 mm, reflecting 

moderate workability. However, with the 

incorporation of basalt fibers (0.5% by volume), the 

slump values dropped significantly—often below 80 

mm—due to increased internal friction among fibers 

and a reduction in free water within the mix (Table 

6). Similarly, the inclusion of RHA, and more 

prominently nRHA, further decreased workability. 

RHA, owing to its porous and angular morphology, 

increased the water demand, while nRHA, 

characterized by its ultrafine particle size and higher 

surface area, required additional water for proper 

dispersion and hydration. In mixes containing both 

fibers and nRHA, the combined effect often 

necessitated the use of a superplasticizer to achieve a 

workable consistency. 

 

3.9Density and air content 

Both the fresh and hardened densities of the concrete 

mixtures were evaluated to obtain a comprehensive 

understanding of their physical properties. The bulk 

density of fresh concrete was determined using the 

unit weight method in accordance with ASTM 

C138/C138M. The control mix exhibited a fresh 

density of approximately 2400 kg/m³, whereas mixes 

incorporating RHA and nRHA showed slightly lower 
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densities, ranging from 2280 to 2350 kg/m³, 

depending on the replacement level. This reduction 

can be attributed to the lower specific gravities of 

RHA and nRHA compared with OPC. 

 

The density of hardened concrete was measured after 

28 days following ASTM C642. The results revealed 

that hardened densities ranged between 2250 and 

2370 kg/m³ across all mixtures, following a similar 

trend. Slightly lower densities were more prominent 

in mixes with higher proportions of RHA/nRHA, 

primarily due to the pozzolanic materials’ reduced 

mass and increased porosity. 

 

In parallel, the air content of fresh concrete was 

assessed using the pressure method as per ASTM 

C231/C231M. The control mix exhibited an air 

content of about 1.8%, while mixes containing fibers 

and pozzolanic materials showed an increase to 2.5–

3.2%, particularly at higher replacement levels of 

RHA/nRHA. This rise can be attributed to the finer 

particles’ higher surface area and reduced 

workability, which promoted air entrapment within 

the mix. 

 

3.10Curing method 

All concrete specimens were cured using the standard 

water-curing method to ensure uniform and complete 

hydration—an aspect particularly crucial for mixes 

containing pozzolanic materials such as RHA and 

nRHA. The specimens were demolded after 24 hours 

and immediately immersed in a water-curing tank to 

prevent moisture loss and promote proper strength 

development. The curing period was maintained for 

28 days to allow sufficient time for the pozzolanic 

reaction of RHA and nRHA to effectively contribute 

to the mechanical properties of the concrete. 

 

The curing temperature was carefully controlled and 

maintained at 27 ± 2 °C throughout the 28-day 

period, providing optimal conditions for both cement 

hydration and pozzolanic activity in accordance with 

standard practices. Daily monitoring was performed 

to ensure consistency of the curing environment and 

to minimize the risk of premature cracking or 

inadequate hydration. This controlled curing regime 

was essential to achieve reliable and uniform 

performance across all mix variations. 

 

4.Results and discussion 
4.1Impact toughness 

Concrete slab specimens measuring 600 mm × 600 

mm × 60 mm were carefully cast and prepared to 

evaluate impact toughness. The impact tests 

simulated real loading conditions by allowing a 5.74 

kg steel weight to freely fall from a height of 1.6 

meters onto the center of the slab, thereby producing 

a concentrated impact. All tests were performed 

using a modified version of the ACI 544.2R-89 drop-

weight impact test, adapted for slab specimens 

instead of cylindrical ones. This modification enabled 

a more accurate representation of real-world 

structural behavior under localized dynamic loading. 

Each concrete mix was tested in triplicate to ensure 

statistical reliability. The impact energy absorbed was 

quantified at two critical stages: the initiation of the 

first visible surface crack and the point of final crack 

propagation leading to failure. All mixes contained 

0.5% basalt fiber by volume, with varying levels of 

cement replacement using RHA and nRHA. The 

results, illustrated in Figure 3, demonstrate variations 

in the energy absorption capacities among the 

different mixes. Overall, the findings indicate that the 

combined incorporation of pozzolanic materials 

(RHA/nRHA) and basalt fibers enhances the impact 

resistance of concrete slabs. 

 

 
Figure 3 Impact strength test setup 

 

4.2Impact toughness behavior of RHA concrete 

with basalt fiber 

The investigation into the behavior of RHA concrete 

with the incorporation of basalt fiber has revealed 

profound improvements in the material's impact 

resistance. In contrast to CC, which exhibits yielding 

and initiates cracks upon the first impact, ultimately 

leading to complete failure with subsequent blows, 

the RHA concrete specimens presented a remarkable 

enhancement in toughness. 

 



Saravanan MM et al. 

1494 

 

The baseline toughness of the CC slab was measured 

at 90.092 Nm. Through meticulous impact toughness 

testing in the laboratory, a substantial increase in both 

first crack toughness and ultimate toughness was 

observed in RB1, RB2, and RB4 specimens 

compared to CC. Specifically, the first crack 

toughness of these RHA concrete slabs was three 

times greater, while the ultimate toughness exhibited 

a remarkable fivefold increase in comparison to CC 

slabs. 

 

Figure 4 illustrates the variations in first-crack 

toughness and ultimate toughness among the six 

RHA concrete specimens. Among them, mix RB3 

exhibited the most superior performance, 

demonstrating exceptional results in both parameters. 

This mix, incorporating 15% cement replacement 

with RHA and 0.50% basalt fiber, outperformed CC 

by approximately four times in first-crack toughness 

and showed an impressive sixfold enhancement in 

ultimate toughness. 

 

Table 7 compelling results highlight the significant 

potential of integrating RHA and basalt fibers as 

effective additives in concrete formulations. The 

observed improvements not only enhance impact and 

crack resistance but also contribute to the long-term 

structural integrity of concrete. Furthermore, this 

research paves the way for future studies aimed at 

refining such composite systems, advancing the 

development of sustainable and resilient construction 

materials for next-generation infrastructure 

applications. 

 

Table 7 Values of first crack and ultimate toughness 
Mix ID RHA (kg) nRHA (kg) Basalt (%) ϕfc ϕu 

CC 0 -- 0 90.092 90.092 

RB1 17.5 -- 0.50 270.288 450.48 

RB2 35 -- 0.50 270.288 450.48 

RB3 52.5 -- 0.50 360.384 560.576 

RB4 70 -- 0.50 270.288 450.48 

RB5 87.5 -- 0.50 180.192 340.84 

RB6 105 -- 0.50 180.192 340.84 

 

 
Figure 4 Impact toughness of RHA with basalt fiber 

 

In Figure 5, a significant correlation between the first 

crack toughness (𝛟fc) and ultimate toughness(𝛟u) 

(Equation 1) of RHA with basalt fiber is evident. This 

correlation is described by the following empirical 

relationship: 

𝛟u=(1.648∗𝛟fc) + 1.394   (1) 

R2=0.937 

Where, 𝛟u-ultimate toughness (Nm), 𝛟fc- first crack 

toughness (Nm) 
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The coefficient of determination (R²) for this 

relationship is calculated to be 0.937, indicating a 

strong and positive association between these two 

important mechanical properties. This finding 

suggests that as the first crack toughness increases, 

there is a corresponding increase in ultimate 

toughness, which is a critical factor in assessing the 

material's resistance to fracture and its overall 

durability. 

 

 
Figure 5 Relationships between first crack toughness and ultimate toughness of RHA with basalt fiber 
 

4.3Impact toughness behavior of nRHA concrete 

with basalt fiber 

The examination of nRHA concrete specimens, like 

the study conducted on RHA concrete, provided 

valuable insights into the first-crack and ultimate 

toughness in comparison with conventional concrete 

slabs in Table 8. Notably, in terms of first-crack 

toughness, specimens NRB5 and NRB6 exhibited 

performance comparable to that of conventional 

concrete, while their ultimate toughness values were 

approximately twice as high. Figure 6 illustrates the 

variations observed in the first-crack and ultimate 

toughness of nRHA-based concrete specimens.

 

Table 8 Vaues of first crack and ultimate toughness 
Mix ID RHA (kg) nRHA (kg) Basalt (%) ϕfc ϕu 

CC 0 -- 0 90.092 90.092 

NRB1 -- 17.5 0.50 180.192 360.384 

NRB2 -- 35 0.50 360.384 630.672 

NRB3 -- 52.5 0.50 360.384 720.768 

NRB4 -- 70 0.50 450.48 810.864 

NRB5 -- 87.5 0.50 270.288 540.576 

NRB6 -- 105 0.50 270.288 540.576 

 

Among the nRHA concrete mixes, specimens NRB2 

and NRB3 achieved a first-crack toughness of 

360.384 Nm. Furthermore, NRB2, NRB3, and NRB4 

exhibited superior performance compared to the 

remaining mixes. Particularly noteworthy was the 

performance of NRB4, which incorporated a 20% 

replacement of cement with nRHA. This mix 

demonstrated a fivefold improvement in first-crack 

toughness and an impressive ninefold increase in 

ultimate impact toughness compared to conventional 

slab specimens. However, it is worth noting that the 

RHA mix with 15% cement replacement 

outperformed the corresponding nRHA specimen. 

 

A critical observation emerges when comparing RHA 

with 15% cement replacement and nRHA-based 
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concrete. The results indicate that RHA may provide 

better impact toughness performance than its nano 

counterpart. These nuanced findings highlight the 

complex influence of nano-sized particles on 

concrete properties, underscoring the importance of 

careful material selection in concrete formulation and 

design. 

 

The significance of these results extends to the 

potential optimization of concrete mixtures for 

enhanced impact resistance, a crucial consideration in 

diverse construction and infrastructure applications. 

Further exploration and fine-tuning of these materials 

and their proportions hold promise for the 

development of tailored concrete solutions that not 

only meet but exceed the requirements for impact 

resilience in real-world applications. This research 

sets the stage for continued advancements in concrete 

technology, offering a pathway to more resilient and 

durable construction materials. 

 

 
Figure 6 Impact toughness of nRHA with basalt fiber 
 

In Figure 7, a compelling and robust relationship has 

been established between two crucial mechanical 

properties of nRHA with basalt fiber composite 

materials: the first crack toughness (𝛟fc) and ultimate 

toughness (𝛟u) (Equation 2). The empirical equation 

describing this relationship is expressed as follows: 

𝛟u=(1.947∗𝛟fc)+23.70   (2) 

R2=0.960 

Where, 𝛟u- ultimate toughness 

(Nm), 𝛟fc- first crack toughness (Nm) 

 

The coefficient of determination (R²) for this 

relationship is calculated to be an impressive 0.960, 

indicating an exceptionally strong and positive 

correlation between these two essential properties. 

Ultimate toughness plays a pivotal role in assessing 

the resistance of materials to fracture and their 

overall durability, particularly in structural and 

construction applications. Consequently, this 

profound insight into the relationship between first 

crack toughness and ultimate toughness in nRHA 

with Basalt fiber composites has the potential to 

inform the design and utilization of these advanced 

materials in a wide range of engineering and 

industrial applications, ultimately enhancing their 

performance and reliability. The relationships 

between first crack toughness (ϕfc)) and ultimate 

toughness (ϕu) have been thoroughly analyzed in this 

study. For concrete mixtures incorporating RHA and 

nRHA with basalt fiber reinforcement, a compelling 

correlation was established through empirical 

equations. In the case of RHA concrete, the 

relationship was expressed as ϕu = (1.648 * ϕfc)) + 

1.394 with a coefficient of determination (R²) of 

0.937. Similarly, for nRHA concrete, the relationship 

was defined as ϕu = (1.947 * ϕfc) + 23.70 with an 

impressive R² value of 0.960. These equations reveal 

a strong positive association between first crack 

toughness and ultimate toughness. Such insights are 

pivotal for assessing the material’s resistance to 

fracture and overall durability, offering valuable 

guidance for the design and application of these 

advanced concrete materials in engineering and 

industrial contexts. 
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Figure 7 Relationships between first crack toughness and ultimate toughness of nRHA with basalt fiber 

 

4.4Compressive strength (CS) of RHA and nRHA 

mixes 

According to the CS data presented in Table 9, the 

inclusion of RHA and nRHA in BFRC mixtures 

generally enhanced strength up to an optimal 

replacement level, beyond which a decline was 

observed. At 28 days, the CC achieved a CS of 38.6 

MPa. The strength increased progressively with the 

addition of RHA, reaching peak values for mixes 

RB2 and RB3 (containing 10% and 15% RHA, 

respectively) at 44.3 MPa and 43.1 MPa. However, 

further increases in RHA content (RB4–RB6) 

resulted in a reduction in strength, likely due to 

increased porosity and dilution of the cementitious 

matrix. 

 

Table 9 Values of CS 
Mix ID RHA(kg) nRHA(kg) Basalt(%) CS(Mpa) 

CC 0 -- 0 38.6 

RB1 17.5 -- 0.50 42.8 

RB2 35 -- 0.50 44.3 

RB3 52.5 -- 0.50 43.1 

RB4 70 -- 0.50 41.0 

RB5 87.5 -- 0.50 38.9 

RB6 105 -- 0.50 35.7 

NRB1 -- 17.5 0.50 45.6 

NRB2 -- 35 0.50 47.8 

NRB3 -- 52.5 0.50 48.6 

NRB4 -- 70 0.50 46.9 

NRB5 -- 87.5 0.50 44.1 

NRB6 -- 105 0.50 40.5 

 

Notably, in terms of CS, the nRHA mixes (NRB 

series) fared better than their RHA counterparts. 

NRB3 (52.5 kg nRHA) had the maximum CS, 

measuring 48.6 MPa, which was more than 25% 

higher than the control. This improvement is ascribed 

to the nanoparticles' promotion of pozzolanic 

reaction, densification of the matrix, and 

enhancement of micro-filling. Like the RHA 

mixtures, excessive nRHA content beyond the 

optimal level led to a reduction in strength, likely due 

to particle agglomeration and difficulties in achieving 

uniform dispersion. 

 

4.5Scanning electron microscope (SEM) analysis 

(at 1500C & 8000C) of RHA and nRHA 

The SEM image of RHA at 1500°C reveals a 

microstructure with distinct morphological 

characteristics (Figure 8). The images clearly show 

that the RHA particles possess irregular, rough 

surfaces, typical of materials subjected to partial 
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combustion. The jagged edges and non-uniform 

particle shapes indicate incomplete burning of 

organic components within the rice husk. Such 

irregularity in morphology can significantly affect the 

material’s packing density and, consequently, its 

pozzolanic reactivity when used as a supplementary 

cementitious material. 

 

 
Figure 8 SEM images of 1500C - RHA 

 

The images display a broad distribution of particle 

sizes, with some particles appearing significantly 

larger than others. This heterogeneity is consistent 

with the description in the paragraph, where the 

larger particle sizes are attributed to incomplete 

combustion. The varying sizes can affect the overall 

reactivity and pozzolanic activity of the RHA when 

used in concrete, as smaller particles typically 

provide more surface area for chemical reactions. It 

reveals a porous texture on the surface of the RHA 

particles. These pores are crucial for the pozzolanic 

reactivity 

  

of the material, as they can enhance the interaction 

with calcium hydroxide (Ca (OH)2), a byproduct of 

cement hydration. The porous structure facilitates the 

diffusion of ions and the subsequent formation of 

additional cementitious compounds, leading to 

improved strength and durability in concrete 

applications. The incomplete combustion, as 

suggested by the presence of larger particles and the 

grey coloration mentioned in the text, indicates that 

some organic material remains in the ash. These 

remnants can affect the color and possibly the 

reactivity of the RHA, depending on the degree of 

carbonization and the presence of unburned organic 

matter. 

 

In contrast, the SEM image of nRHA at 8000C 

presents a distinctly different microstructure (Figure 

9). Unlike the irregularly shaped and porous particles 

seen in RHA at lower temperatures, the nRHA 

particles at 8000C exhibit a more uniform and 

spherical shape. This morphology is a direct result of 

the high-temperature calcination process, which 

promotes the formation of more refined and 

consistent particle structures. 

 

The spherical morphology and uniformity of the 

nRHA particles indicate that the high-temperature 

treatment effectively removed the organic 

constituents of the rice husk. This complete 

combustion process at 800°C resulted in the 

formation of highly crystalline and pure ash particles, 

as evidenced by the absence of porous features. The 

fine, uniform, and spherical nature of the nRHA 

particles markedly enhances their pozzolanic 

reactivity. The increased specific surface area 

facilitates the formation of C–S–H gel, a key 

compound responsible for strength development and 
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durability in concrete. The lack of porosity further 

confirms the material’s purity and crystallinity, both 

of which are critical for improving mechanical 

properties such as flexural toughness. The high 

degree of crystallinity observed in nRHA thus 

contributes to its superior performance in concrete 

applications, as demonstrated in this study. 

 

 
Figure 9 SEM images of nRHA calcined at 800°C 

 

The SEM images of RHA at 150°C and nRHA at 

800°C reveal pronounced differences in their 

microstructures, highlighting the influence of 

temperature on their physical and chemical 

characteristics. The RHA sample at 150°C displays 

irregular, jagged particles of varying sizes, indicative 

of incomplete combustion and the presence of porous 

structures. Such features can adversely affect packing 

density and reduce pozzolanic reactivity in concrete. 

In contrast, the nRHA sample calcined at 800°C 

exhibits uniform, spherical particles formed through 

high-temperature treatment that effectively removes 

organic components, producing highly crystalline and 

pure ash. The enhanced uniformity and absence of 

porosity in nRHA increase its pozzolanic reactivity, 

thereby improving the mechanical performance, 

strength, and durability of concrete. 

 

4.6Microstructural analysis and its implications 

on mechanical behavior 

The SEM micrographs revealed significant 

microstructural variations among the concrete mixes, 

particularly in pore distribution, matrix densification, 

and fiber matrix bonding. These variations were 

directly correlated with the observed mechanical 

performance. Mixes containing moderate amounts of 

RHA and nRHA (such as RB3 and NRB3) exhibited 

reduced porosity and densely packed hydration 

products, which contributed to higher CS and 

enhanced impact toughness. The nano RHA particles, 

owing to their extremely fine size and large specific 

surface area, acted as micro-fillers that efficiently 

filled voids and refined the pore structure. The 

superior toughness values observed in NRB3 (ϕfc = 

20.2 J, ϕu = 58.1 J) demonstrate that improved particle 

packing not only strengthened the matrix but also 

enhanced energy dissipation capacity under impact 

loading. 

 

In contrast, SEM images of mixes with higher 

RHA/nRHA contents (RB6 and NRB6) revealed 

agglomeration of unreacted particles and increased 

porosity. These defects likely weakened the fiber 

matrix interface and generated localized stress 

concentration zones. Although basalt fibers were still 

embedded within the matrix, such structural 

imperfections accounted for the reduction in both CS 

and impact toughness. Moreover, the optimized mixes 

exhibited a more continuous and well-integrated ITZ, 
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which enhanced crack-bridging and energy absorption 

during impact. 

 

Overall, the SEM findings confirm that an optimized 

concentration of RHA/nRHA not only improves 

matrix density and interfacial bonding but also 

enhances the synergistic interaction with basalt fibers 

under dynamic loading providing strong micro-

structural evidence in support of the mechanical 

performance trends. 

 

It is crucial to understand that long-term durability 

parameters, such as water absorption, drying 

shrinkage, and fatigue resistance are equally important 

for evaluating performance in practical applications, 

even though the impact toughness and CS of BFRC 

mixes incorporating RHA and nRHA are the primary 

focus of this study. It is anticipated that the addition of 

highly reactive pozzolans, such as nRHA, will refine 

the pore structure and reduce permeability, thereby 

enhancing resistance to chemical and moisture 

intrusion. However, these aspects have not yet been 

empirically examined. 

 

To gain deeper insight into the ageing behaviour of 

BFRC composites, future studies should incorporate 

water absorption tests, autogenous and drying 

shrinkage monitoring, and cyclic fatigue testing under 

repeated loading. The inclusion of such durability 

assessments would enable a more comprehensive 

evaluation of the material’s suitability for 

infrastructure exposed to harsh environmental 

conditions or dynamic service loads. 

 

The experimental results demonstrate that the 

controlled incorporation of RHA, nRHA, and basalt 

fibers significantly enhances the impact performance 

of concrete, with the effectiveness primarily governed 

by mix proportions and particle characteristics. The 

RB3 mix exhibited the highest initial and ultimate 

impact toughness, confirming the role of RHA in 

improving crack resistance under dynamic loading. 

Similarly, the NRB4 mix showed superior toughness 

values, emphasizing the benefits of combining nRHA 

with basalt fibers to achieve improved energy 

absorption. 

 

CS results further supported these findings, with 

NRB3 achieving a strength of 48.6 MPa due to the 

superior pozzolanic reactivity and densification 

effects of nano-sized particles. However, excessive 

OPC replacement led to reduced strength, highlighting 

the necessity of maintaining optimal replacement 

levels. 

SEM analysis provided further insights, revealing that 

sintering RHA at 150°C significantly reduced particle 

size while increasing silica content, thereby enhancing 

matrix bonding and reducing porosity. These 

microstructural improvements directly contributed to 

higher CS and impact toughness, although excessive 

RHA or nRHA replacement introduced micro-

structural defects. 

 

Collectively, the findings confirm that the synergy 

between basalt fibers and optimally proportioned 

RHA/nRHA plays a vital role in achieving durable 

and impact-resistant concrete. Nevertheless, dosage 

and processing parameters must be carefully 

controlled to prevent adverse effects on overall 

performance. 

 

4.7Limitations 

While the present study provides valuable insights 

into the bond–slip behavior and impact performance 

of BFRC incorporating RHA and nRHA, certain 

limitations must be acknowledged. 

 

Firstly, the experimental investigation was conducted 

under controlled laboratory conditions, which may 

not fully replicate the complex environmental and 

loading conditions encountered in real structural 

applications. The impact loading tests were limited to 

single-drop scenarios and did not consider repeated 

or fatigue-type dynamic impacts that could occur in 

service environments. Secondly, the study primarily 

focused on short-term mechanical properties such as 

impact toughness and CS. Long-term durability 

parameters—such as permeability, shrinkage, fatigue 

resistance, and chemical attack behavior were not 

evaluated, though they play a critical role in 

determining real-world performance and service life. 

Thirdly, the study was restricted to a single fiber 

volume fraction (0.5% basalt fiber). The influence of 

varying fiber contents, fiber lengths, and orientations 

on impact resistance and bond–slip behavior remains 

unexplored. Furthermore, while micro-structural 

observations were performed using SEM, 

quantitative analysis techniques such as energy-

dispersive X-ray spectroscopy (EDS) could provide 

deeper insights into phase composition and interfacial 

bonding mechanisms. 

 

Finally, the empirical relationships developed 

between first-crack and ultimate toughness were 

based on a limited number of mix combinations. 

These correlations, though statistically strong, require 

further validation through extended experimental data 



International Journal of Advanced Technology and Engineering Exploration, Vol 12(131)                                                                                                             

1501          

 

and numerical modeling to ensure broader 

applicability. 

 

Future studies should therefore focus on the 

combined effects of multi-level dynamic loading, 

fiber dosage optimization, long-term durability 

evaluation, and advanced micro-structural 

characterization to develop a more comprehensive 

understanding of the behavior of BFRC with RHA 

and nRHA under practical service conditions. A 

complete list of abbreviations is listed in Appendix I. 

 

5.Conclusion and future work 
This study examined the combined influence of RHA, 

nRHA, and basalt fiber reinforcement on the impact 

behavior of concrete. The results highlight that RB3 

exhibited the highest initial and ultimate impact 

toughness among RHA-based mixes, while NRB4 

achieved superior crack and impact toughness among 

nRHA mixes. These mixtures demonstrated excellent 

resistance to impact forces and improved durability. 

The incorporation of RHA and nRHA enhanced the 

CS of basalt fiber-reinforced concrete (BFRC), with 

NRB3 achieving the maximum strength of 48.6 MPa. 

The superior performance of nRHA is attributed to its 

high pozzolanic reactivity and matrix densification, 

though excessive replacement levels led to reduced 

strength—indicating the need for optimal dosage. 

SEM analysis revealed that sintering RHA at 150 °C 

reduced particle size and increased silica content, 

contributing to better matrix bonding and lower 

porosity. Concrete without fibers exhibited brittle 

failure under impact, whereas basalt fiber 

reinforcement significantly improved energy 

absorption and crack resistance. Overall, RB3 and 

NRB4 emerged as the most promising mixtures for 

impact-resistant applications. The findings highlight 

the importance of optimizing RHA/nRHA content, 

controlling thermal treatment, and integrating basalt 

fibers to enhance the strength and toughness of 

cementitious composites. 

 

Future work 

Future research should focus on evaluating the long-

term durability of BFRC mixtures incorporating RHA 

and nRHA. This includes investigating fatigue 

behavior under repeated loading, as well as assessing 

water absorption, shrinkage, and freeze–thaw 

resistance. Advanced characterization techniques such 

as durability modeling, X-ray microtomography, and 

BET surface area analysis can provide deeper insights 

into pore structure evolution and aging behavior. 

Additionally, exploring the synergistic effects of 

hybrid fibers or nano-additives in combination with 

optimized curing regimes may further enhance the 

mechanical and durability properties of concrete for 

structural and impact-critical applications. 
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Appendix I 
S. No. Abbreviation Description 

1 ACI American Concrete Institute 

2 ASTM American Society for Testing and 
Materials 

3 BET Brunauer–Emmett–Teller 

4 BFRC Basalt Fiber Reinforced Concrete 

5 CC Conventional Concrete 

6 CS Compressive Strength 

7 C-S-H Calcium Silicate Hydrate 

8 ECC Engineered Cementitious 

Composites 

9 EDS Energy-Dispersive X-ray 
Spectroscopy 

10 FRC Fiber-Reinforced Concrete 

11 ITZ Interfacial Transition Zone 

12 NRB Nano Reinforced Beam 

13 nRHA Nano Rice Husk Ash 

14 OPC Ordinary Portland Cement 

15 RB Reinforced Beam 

16 RHA Rice Husk Ash 

17 XRD X-Ray Diffraction 
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