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The investigation investigates the application of ground granulated blast-furnace slag (GGBS) and 

wastes unwanted products PA in stream sand in High performance concrete (HPC) according to the 

outcomes, pond ash (PA) might improve Tensile Strength of splitting (TSOS) and Strength of 

compression (SOC) whilst reducing strengths if the percentage of PA is raised above 10%. This 

HPC approach has been shown to be both financially as well as ecologically viable. The proper 

balancing of the blend and component constituents is essential for the effective manufacturing of 

HPC that results in stronger and comparatively more consistent grain loading. According to the 

investigation, the structural and endurance characteristics from HPC are greatly influenced by cures 

schemes and particle quantity. Investigation might lower the cost of materials, notwithstanding its 

restricted uses because of greater beginning expenses, an absence of contractual wisdom, plus a 

paucity of planning options. The 10HPC demonstrated exceptional performance, achieving the 

greatest SOC of 89.18 MPa at 80 days and 106. 47 MPa at 100 days. The HPC cured concrete has 

a particular value of 2,366 kg/m3 and an overall value of 2,295 kg/m3. It is discovered that a liquid 

bond proportion of 0.19 and 1,092kg/m3 from cementations material which is composed of 55% 

cement, 15.5% fly ash (FA), 18% GGBS, and 14 % micro and 13% other elements are necessary 

for overall processing to be successful. The subsequent conclusions are derived from the results of 

replacing 0–20% of NRS via PA along with fractionally replacing concrete using GGBS. 
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1. Introduction 

Concrete, a greenhouse gas contributor, requires reducing powder and fiber content for 

sustainability. Optimized structural design can reduce HPC's environmental impact, but 

limited sustainability with reinforced concrete [1]. high performance fiber reinforced concrete 

(HPFRC), a high-strength cementations material, is being explored for strengthening concrete 
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structures due to its excellent rheological, compressive, and ductile properties, despite facing 

limitations like immature construction technology and high material costs [2].The rise in blast 

incidents has raised global concerns about the anti-explosion performance of concrete 

structures, with HPC being a promising new material with exceptional mechanical properties, 

durability, and damage tolerance [3].Concrete is expected to reach 7.5 billion m3 by 2050, 

with new high-performance and ultra-high performance concretes being developed. 

Sustainable concrete structures use less energy intensive components and industrial by-

products, reducing landfill waste [4].Since the 1930s, concrete production has advanced 

significantly, leading to the development of HPC for construction, offering superior strength, 

durability, and cost effectiveness [5].Researchers are exploring the use of thermal power plant 

residual materials in cement, mortar, and concrete production to reduce waste, reduce 

environmental impact, and address resource scarcity in India's construction industry [6]. HPC 

offers improved mechanical and durability, reducing construction costs. Research on HPC and 

high-strength steel reinforcement is advancing, with potential applications in tall structures, 

rehabilitation, machine parts, military structures, pedestrian footbridges, highway bridges, and 

architectural purposes [7].Composites, like concrete, are popular for strength, lightness, and 

cost-effectiveness. However, environmental concerns and carbon dioxide release necessitate 

the use of supplementary materials. This study aims to reduce cement consumption by 

injecting mineral admixtures like silica fume and fly ash into concrete [8]. Sameer et al.'s study 

revealed that HPC bridges can reduce carbon footprint by 14% compared to reinforced 

concrete bridges, but no rigorous service life analysis was conducted [9, 10, 13, and 14]. HPC 

is a sustainable alternative to concrete, gaining interest for seismic design and infrastructure 

improvement. However, challenges like spalling and limited workability hinder its widespread 

use. Technological advancements, such as Portland composition materials and micro defect-

free cement, are being produced in Australia for BE construction [11]. HPC, developed in the 

1980s, is a durable, high-flow able material with a compressive strength over 120 MPa, 

enhancing reinforced concrete structures' service life and reducing maintenance costs [12]. 

Rangelov et al.'s study on concrete and HPC bridge overlays revealed lower carbon emissions 

in the HPC overlay, emphasizing the environmental impact of construction materials and 

techniques [15, 17, 19, 21-24].Concrete, a widely used construction material, can improve 

sustainability by improving mechanical properties, durability, and environmental resistance. 

HPC produced using recycled aggregates, offers cost-effective structural and energy 

retrofitting [16]. Advanced composites, lightweight, and durable, are used in aerospace, 

automotive, and energy applications for enhanced performance, reduced operational costs, and 

improved construction efficiency [18]. Research aims to reduce initial costs by combining 

HPC with high-strength steel reinforcement. HPC offers superior mechanical and durability, 

making it ideal for bridge applications. The first HPC bridge was completed in 2006, but full-

scale implementation remains challenging due to lack of guidelines [20].  

Effects on the natural world  

Making cement ranks as the third-biggest contributor to anthropogenic Carbon-di-oxide 

(CO2) pollution, presenting a significant long-term viability challenge owing to their rapid 

expansion alongside environmental repercussions. From 1999, old constructions are being 

reliably restored using HPFRC. Even with its efficacy, however remain obstacles in the way 

of its application.  
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The fundamentals of HPC advancement  

A novel form of cement combining rigidity, flexibility, along with lifespan comprises fiber-

reinforced HPC. It blends self-compacting cement (SCC), fiber expanded cement (FEC), and 

efficient cement (EC).  

Fundamentals of HPC manufacture  

Scholars work together to create HPC, a densely micro-structured, high-strength concrete 

(HSC) that surpasses the 1980s' suggested compression limit of 200 MPa. Researchers found 

that the development of effective super plasticizer (SP) reduced composites permeability by 

enabling high-percentage easy-flowing cement (HPEFC) using ultra-fine particulates using an 

inferior w/b mix. A number of scholars, including Rossi et al., Richard et al., Cheyrezy et al., 

Schmidt et al. and Fehling et al., recognized the fundamental idea of HPC design, that could 

be summed up as the granularity is improved by the application of heat, enhanced stiffness 

with the incorporation of tiny metal fibers, increased uniformity through the removal of coarse 

aggregate and reduced the w/b proportion and produced an irregular combination with a wide 

spread of powdery form classes. Steel yarns produce strong compression toughness by 

improving elastic durability as well as ductility. Featuring an abundant intermediate 

changeover region, the HPC morphology consists of un-hydrated concrete clinkers, hydrating 

substances, plus quartzite powders. According to Buttignol et al., interfacial transition zone 

(ITZ) is a feeble zone with an elevated water–binder (w/b) ration which leads to broad jellies 

and permeable clumps because of small responses. HPC's tight packing and enhanced ITZ give 

it a unique morphology. Fewer splits in the ITZ are a consequence of increasing uniformity 

through constituent dimension reduction, which is crucial for the development of HPC. 

Furthermore, minimizing permeability along with strengthening the substrate might be 

achieved through decreasing the w/b proportion of concrete. Lowering permeability in 

concrete by decreasing the w/b proportion with SP or ultrafine additives is the crucial idea. 

According to the ultimate notion, HPC must be incredibly resilient, capable to absorb energies 

with no breaking, and made of strands for superior lifespan with damage tolerance. Figure 1 

highlights the characteristics among HPC with traditional concrete. 

Effects on the natural world  

Making cement ranks as the third-biggest contributor to anthropogenic carbon-di-oxide 

(CO2) pollution, presenting a significant long-term viability challenge owing to their rapid 

expansion alongside environmental repercussions.  From 1999, old constructions are being 

reliably restored using ultra-high performance fiber reinforced concrete HPC. Even with its 

efficacy, however remain obstacles in the way of its application. 



                          Development of Sustainable Composite Structures… Bhagyalakshmi T M et al. 4392  
 

Nanotechnology Perceptions Vol. 20 No.S14 (2024) 

 

Figure 1 Summary on HPC and Ordinary Common (OC) Concrete embraced by a number of 

authors 

The fundamentals of UHPC advancement  

A novel form of cement combining rigidity, flexibility, along with lifespan comprises fiber-

reinforced HPC. It blends self-compacting cement (SCC), fiber expanded cement (FEC), and 

efficient cement (EC).  

Fundamentals of UHPC manufacture  

Scholars work together to create HPC, a densely micro-structured, high-strength concrete 

(HSC) that surpasses the 1980s' suggested compression limit of 200 MPa. Researchers found 

that the development of effective SP reduced composites permeability by enabling high-

percentage easy-flowing cement (HPEFC) using ultra-fine particulates using an inferior w/b 

mix. A number of scholars, including Rossi et al., Richard et al., Cheyrezy et al., Schmidt et 

al. and Fehling et al., recognized the fundamental idea of HPC design, that could be summed 

up as the granularity is improved by the application of heat, enhanced stiffness with the 

incorporation of tiny metal fibers, increased uniformity through the removal of coarse 

aggregate and reduced the w/b proportion and produced an irregular combination with a wide 

spread of powdery form classes. Steel yarns produce strong compression toughness by 

improving elastic durability as well as ductility. Featuring an abundant intermediate 

changeover region, the HPC morphology consists of un-hydrated concrete clinkers, hydrating 

substances, plus quartzite powders. 

According to Buttignol et al., ITZ is a feeble zone with an elevated w/b ration with CH granules 

which leads to broad CSH jellies and permeable clumps because of small responses. HPC's 

tight packing and enhanced ITZ give it a unique morphology. Fewer splits in the ITZ are a 

consequence of increasing uniformity through constituent dimension reduction, which is 

crucial for the development of HPC. Furthermore, minimizing permeability along with 

strengthening the substrate might be achieved through decreasing the w/b proportion of 

concrete. Lowering permeability in concrete by decreasing the w/b proportion with SP or 

ultrafine additives is the crucial idea. According to the ultimate notion, HPC must be incredibly 

resilient, capable to absorb energies with no breaking, and made of strands for superior lifespan 

with damage tolerance. Figure 1 highlights the characteristics among HPC with traditional 

concrete. 

 

OC Concrete

HPC
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Figure 1 Summary on HPC and OC Concrete embraced by a number of authors 

HPC Mixed Components  

Considering the substance's structural and molecular characteristics dictating its optimum 

framework, HPC development seeks to improve combination constituent attributes including 

uniformity particulate packaging concentration, as well as defect location. The range of HPC 

components used in ongoing HPC efficient tests is shown in Figure 2. 

 

Figure 2 Common authoring approaches used by different authors for HPC 

Resources 

HPC is produced using materials such as Cement, FA, (BS) Micro-Silica (MS), Natural River 

Sand (NRS), PA and water. Because of the metallic and filling qualities, Mater Rivers along 

with MS with elevated crystalline concentrations along with refinement are crucial 

components for the HPC. According to the molecular composition of the source substance, 

HPC employed metallic tiny fibers that had dimensions of 13 millimeter in length and 0.2 

millimeter in size, having a breaking point of 2,500 MPa. The molecular properties of the 

source substance utilized in HPC are listed in are listed in Table 1 A temperatures of 25 degrees 

Celsius is employed to convey the molecular characteristics of the source substances involved 

in HPC at room. 

OC Concrete

HPC

Avg. Value (% 

by weight), 

Cement , 32.5

Avg. Value (% 

by weight), 

Silica  , 3.5

Avg. Value (% 

by weight), 

Quartz powder, 

11

Avg. Value (% 

by weight), 

Sand , 38.5

Avg. Value (% 

by weight), 

Super 

plasticizer (SP) 

, 1.8

Avg. Value (% 

by weight), 

Water content, 

7.5
Avg. Value (% 

by weight), 

Steel fiber , 3.5

Cement Silica Quartz powder

Sand Super plasticizer (SP) Water content

Steel fiber
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Table 1: The molecular properties of the source substance utilized in HPC 

Oxide Cement FA GGBS MS NRS PA 

Al2O3 9.66 4.93 3.08 0.83 60.29 21.21 

Cao 6.29 3.58 3.58 0.94 74.6 11.01 

 Fe₂O₃ 4.58 3.98 4.69 0.73 78.44 7.58 

K₂O 4.94 4.31 4.61 1.42 80.06 4.66 

Na₂O 4.39 5.4 4.52 0.71 79.45 5.53 

 SiO₂ 5 7.21 7.07 9.18 65.58 5.96 

Manufacturing of HPC 

Table 2 summarizes the varied amount of HPC produced throughout the course of this study. 

Table 2 displays the permutations that are determined by employing acronyms according to 

the quantity of PA in HPC. 

Table 2: HPC blend form (kg/m³) 

Mix Cement FA GGBS MS NRS PA SF SP Water 

0HPC 1000 250 0 150 900 0 150 25 200 

5HPC 950 250 200 150 850 50 150 25 200 

10HPC 900 250 200 150 800 100 150 25 200 

15HPC 850 250 200 150 750 150 150 25 200 

20 HPC 800 250 200 150 700 200 150 25 200 

*Steel Fiber (SF) Super Plasticizer (SP) Natural River Sand (NRS) Micro Silica (MS) 

The traditional concrete, known as 0HPC, had neither GGBS nor PA and consisted of cement, 

FA, and MS as binding agent. Conversely, UHPC, 10HPC, 15HPC and 20HPC demonstrate 

the NRS was substituted by 5, 10, 15, and 20% of PA by kilograms, accordingly, via GGBS 

replacing 20% of the total concrete. Each of the components required to create HPC were 

measured and then stored independently when it was ready to generate the required amount of 

samples that were consistent. Through a centrifugal mixing device, all the elements of HPC 

were combined. The procedure of mixing sequence utilized for every combined fraction of 

HPC is shown in Figure 3. The steps are as follows: initially, cement, MS, fly ash, PA, GGBS, 

and NRS were damp mixed for about 5 minutes. The dried components are carefully combined 

for 10 minutes after fifty percent of the moisture was added after adequately blending the SP 

with the balance of fifty percent water, it got presented to the formulation for the following 

ten minutes .We introduced metallic strings to the mixture.  After a dense mixture of cement 

glue had developed, the yarns were evenly disseminated within the mixture's bulk by 

continuing the stir process for five more minute. Following preparation, the mix was 

transported onto the molds that consisting comprised containers (150 x 200 millimeter), 

prismatic in shape spans (150 x 150 x 500 millimeter), and blocks measuring 75 x75x 

75 millimeters. Following 20 to 30 minute molding manage following interacting, the 

specimens were allowed to sit in the molds for 36 hours at ambient temperature before being 

removed. In accordance with IS 10262:2019 the specimens had been subsequently dried within 

water-based for 10, 20, 40, and 80 days at ambient temperature. 



4395 Bhagyalakshmi T M et al. Development of Sustainable Composite Structures...                                                                                               
 

Nanotechnology Perceptions Vol. 20 No.S14 (2024) 

 

Figure 3: combining sequences to create HPC. 

 

2. Methods of experimentation 

Strength of compression (SOC) 

The compressible strength is the most important property of concrete components, and two 

UHPC cubical specimens measuring 6cm have been created during the purpose of testing in 

order to every permutation. Two levels of the concrete sampling have to be loaded onto the 

cube-shaped moulds. Each individual layer needs to be vibrated or manually crushed. A 

tampering rod is required to crush every slab of cement in the mould. Following 36 hours, the 

test specimens being deconstructed, then according compliance to IS 516-1959 them being 

finally allowed to cure for a total of 30 days.  

Tensile Strength of splitting (TSOS) 

To determine the HPC ability to endurance under tension, 3 cylindrical pieces measuring 150 

millimeters in diameter and 250 millimeters in height been created for each ultra-high-

performance mix. CTM examined the separated chambers. Tensile strength at 10, 20, 40, 80 

and 100 days are documented. Examination findings achievements being maintained in 

compliance to IS 5816-1999 norms.  

Flexural Strength (FS) 

The UHPC polymorphic beam's flexibility was assessed utilizing a 450 millimeter lengthy 150 

millimeter squared cross-sectional formed polymorphic beam using an 3-point flex testing 

device  using IS 516:1959-in line 5 specimens each component. 

Test of workability (TOW) 

In this present study, the slumping cone testing was employed to emphasize the novel qualities 

of each blend. For evaluating this material type's fluidity, it must have an 

appearance.  Slumping stream is an appropriate the criterion much like mortar. The conical 
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funnel measured 35 centimeter in height, 15 centimeter in upper diameter, with 25 centimeter 

in bottom diameter. The truncated conical had been raised vertical once new UHPC had been 

inserted onto a mould.  Slumping stream is a mean of 2 parallel radii over the pavement 

distribution. 

 

3. Results  

3.1 SOC  

The compressive strength of HPC specimens with various replacement percentages of PA by 

weight of NRS, specifically at 0%, 5%, 10%, 15%, and 20% PA content. The results indicate 

that as the percentage of PA increases, the compressive strength of the HPC specimens varies, 

with specific values not provided in the citation. The figure is part of a broader investigation 

into the properties of HPC incorporating pond ash. 

3.2 TSOF 

The traditional HPC (0HPC) cylinder's common divided tension abilities at 10, 20 40, 80 and 

100 days are 9, 12, 14, 16 and 18 MPa, accordingly The material containing PA in distinct 

amounts exhibits less split tensile strength (STS) numbers than traditional concrete. The 

presence of PA reduced the split TSOS of HPC during all phases of cure, while the TSOS of 

the HPC mix incorporating 10% PA, along with 10HPC had been similar with which of the 

monitored HPC, i.e., 0HPC. Figure 4 shows the variations of TSOS.  The incorporation of PA 

reduced the TSOS of HPC at each phase of cures. Nevertheless, the HPC portions 

of TSOF with 10% PA addition, or 10HPC were analogous to performance of 0HPC, the 

regulated HPC. The TSOF of the 10HPC combinations dropped significantly 11.38, 

20.66, 6.98, 6.16 and 4.91% accordingly, at 10, 20, 40, 80 and 100 days. At 10 days of setting 

ages, the TSOS pavement mixes 5HPC, 15HPC, and 20HPC was smaller than that the of 

standard HPC, or 0HPC, that reached was 17.06, 26.53, 28.40 and 34.12 and 31.01%, in that 

order. At 40 days, those HPC mixes displayed reduced TSOS of 17.01 26.53, 28.40, 31.01 and 

34.13%, respectively, which are comparable to the traditional HPC, or 0HPC.Following a 100 

days healing period, the TSOS of HPC pairings handled via PA dropped by 18.2, 12.1315.10 

22.70, and 30.33%, correspondingly. It's possible that PA binds to cement mix less well 

compared to sand, that weakens its concrete's morphology and lowers HPC's TSOS. A poor 

bond among the cement mix and the PA granules causes splits to form prematurely in during 

transferring phase. While PA content grows, the cementations’ matrix's heterogeneous 

discontinuities within the weakened transitional region grows, therefore the material's 

TSOS progressively decreases. The sum of those factors causes TSOS to decrease. 
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Figure 4: HPC containers that have change PA contents have TSOS 

3.3 FS 

When contrasting PA with traditional HPC in different amounts, the FS substantially declined 

at 10, 20, 40, 80 and 100 days. The mean of the traditional 0HPC faceted beam, the 

corresponding FS include 10.10, 11.83, 13.65, 16.38 and 20.93 MPa. The FS of concrete with 

varying amounts of PA is lower compared to the FS of regular concrete. FS diminishes 

as rising PA concentration as a result of metal fiber's strengthening action and floating 

coupled. Flocculation, particularly is brought on by PA, is more resistant to crushing loads 

than to tension or lateral loads. Flocks decrease tension and FS as PA percentage rises. The 

addition of PA reduced flexion at each phase of cure. Nevertheless, a HPC combination 

containing ten percent PA, or 10HPC demonstrated. FS to be on line with 0HPC0 or traditional 

HPC. The FS of the 10HPC combination dropped by 30.33, 27.60, 24.82, 11.87, and 10.49 % 

at 10, 20 40, 80 and 100 days, correspondingly. At 10 days of cure grow older, the FS of 

cement mixes 5UHPC, 15HPC, and 20HPC were all lower than those of standard HPC, or 

0HPC are 16.5, 25.01, 27.6, 31.78  and 37.2 0HPC in that order. At 20 days, all HPC 

permutations displayed reduced FS of 14.01, 12.43, 10.72 and 9.02, which is comparable to 

the traditional HPC, or 0HPC and 24.26%, in that order. After 80 days of cure, the FS for those 

PA altered HPC combinations decreased by 15.82, 17.29, 21.1, 21.86 and 27.69%, 

correspondingly. Following 100 days of cure aging those HPC combinations given PA showed 

FS  reductions of 13.39, 15.74, 17.49, 22.74 and 27.99%, accordingly. 

Current Challenges for Implementation of HPC 

Despite being used in numerous uses worldwide, HPC continues to encounter certain obstacles 

to further adoption characteristics this cutting-edge substances are currently unknown. The 

following are the main issues that must be resolved so as give customers, creators, vendors, as 

well as producers’ greater confidence while using HPC within the area: 

In order to ensure effective research and broader practical application, the objective is to 

provide a methodical and accurate approach for improving HPC elements overall blend 

formulation. Because of the small w/b, HPC components must be mixed using extremely 

energetic mixes, and the manufacture of HPC prefabricated elements requires several 

adjustments to the prefabricated plant mixes. Since fibers direction has a major impact on 

DAYS

TS(Mpa)
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HPC's flexing characteristics, a dependable technique for efficient fibers dispersion in the 

matrices structure must be developed. In order to enhance morphological integrity in 

completely constructions, HPC mixes require specific additives or protective actions because 

they show larger contraction stresses over regular cement. Because HPC's toughness and 

endurance are greatly impacted by it’s thermally therapy, special thermally cure solutions for 

locally building with prefabricated operations must be investigated. To guarantee researchers 

can efficiently exploit HPC's exceptional toughness highly distinctive qualities, designing 

specifications for both enforced. HPC must be generally acknowledged as well as logical. 

 

4. Conclusions 

The results presented above suggest that HPC might be created with normal methods by adding 

FA, MS, and an elevated adhesive concentration. Slica, GGBS, and PA, a significant average 

SP, with an abnormally short w/b ration. In our investigation, the 10HPC demonstrated 

exceptional performance, achieving the greatest SOC of 89.18 MPa at 80 days and 106. 

47 MPa at 100 days. The UHPC cured concrete has a particular value of 2,366 kg/m3 and an 

overall value of 2,295 kg/m3. It is discovered that a liquid bond proportion of 0.19 and 

1,092kg/m3 from cementations material which is composed of55% cement, 15.5% FA, 18% 

GGBS, and 14 % micro and 13% other elements are necessary for overall processing to be 

successful. The subsequent conclusions are derived from the results of replacing 0–20% of 

NRS via PA along with fractionally replacing concrete using GGBS. 10% proved to be the 

ideal substitution amount for PA, after that effectiveness improvements decreased. According 

to the above results, HPC is able to strengthen and made more sustainable with no sacrificing 

efficacy by substituting significant quantities of GGBS plus PA. 
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