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Abstract—This study investigates the effect of elevated 

temperatures on the mechanical and physical behavior of 

Standard Concrete (M30) and High-Strength Concrete 

(M60), with a focus on evaluating their performance 

under thermal exposure ranging from ambient 

conditions up to 800°C. Concrete specimens were cast, 

cured, and subjected to systematic heating, followed by 

testing for workability (slump), compressive strength, 

split tensile strength, flexural strength, and modulus of 

elasticity. The M30 mix was prepared with a water-

cement ratio of 0.45, while the M60 mix used a lower 

water-cement ratio of 0.35, enhanced with a 0.8% 

polycarboxylate-based superplasticizer to maintain 

workability. Test results revealed that both concrete 

types showed a marginal gain in strength at 200°C due to 

internal drying and matrix densification. However, 

significant deterioration in mechanical properties was 

observed beyond 400°C. At 800°C, M30 and M60 

retained only 47% and 42% of their original compressive 

strength, respectively, with similar reductions in tensile, 

flexural, and elastic properties. While M60 concrete 

consistently exhibited superior strength at all 

temperature levels, its rate of deterioration was more 

severe, highlighting its greater sensitivity to thermal 

damage due to a denser microstructure and reduced pore 

escape pathways. The modulus of elasticity showed the 

highest reduction, confirming significant loss in stiffness 

and structural integrity. 

 

Index Terms—Ordinary Portland cement (OPC); 

Normal concrete; High-strength concrete; Elevated 

temperatures; Mechanical properties.  

 

I. INTRODUCTION 

 

Concrete is one of the most widely used construction 

materials in the world, appreciated for its high 

compressive strength, durability, versatility, and 

economic feasibility. It forms the backbone of modern 

infrastructure, including residential buildings, 

commercial complexes, bridges, dams, and high-rise 

structures [5]. Despite its widespread use and proven 

reliability under normal environmental conditions, 

concrete structures are increasingly being exposed to 

extreme temperature conditions due to factors such as 

fire hazards, industrial processes, and climate-induced 

thermal stresses. Such exposures can significantly 

alter the physical, chemical, and mechanical 

characteristics of concrete, leading to reduced 

performance, serviceability, and safety [6]. 

The study of concrete behavior under elevated 

temperatures has gained significant attention in the 

past few decades, particularly with the increased 

occurrence of fire-related accidents in urban and 

industrial areas. Elevated temperatures can lead to 

deterioration in strength, cracking, spalling, loss of 

mass, and changes in the microstructure of concrete. 

Understanding the influence of high temperatures on 

different grades of concrete is crucial for designing 

fire-resistant structures and ensuring post-fire 

structural integrity [7]. 

Standard concrete (generally referring to grades up to 

M40) and High-Strength Concrete (HSC – typically 

above M50) differ significantly in terms of material 

composition, microstructure, and mechanical 

properties. HSC is known for its superior compressive 

strength, lower porosity, and enhanced durability. 

However, these very characteristics may render it 

more brittle and less resistant to high-temperature 

exposure compared to conventional concrete [11]. The 

dense matrix and low water-to-cement (w/c) ratio in 
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HSC, while advantageous under normal conditions, 

can lead to higher thermal stresses and explosive 

spalling at elevated temperatures. On the other hand, 

standard concrete with higher w/c ratios and coarser 

pore structure may perform better in terms of thermal 

shock resistance but may lose mechanical strength 

more rapidly [8]. 

Numerous studies have investigated the performance 

of concrete subjected to high temperatures. Kodur and 

Phan (2007) [2] highlighted the vulnerability of 

concrete to thermal degradation and proposed 

performance-based approaches for fire-resistance 

design. Khoury et al. (1985) [1] studied the 

fundamental changes in concrete's microstructure and 

the loss of chemically bound water, calcium hydroxide 

decomposition, and pore pressure development as 

critical factors influencing concrete strength loss. 

More recent work by Noumowe (2005) [3] and Gencel 

et al. (2014) [4] compared different types of concrete 

(including fiber-reinforced and self-compacting) 

under thermal loading, emphasizing the need to 

understand behavior specific to mix type and grade. 

Despite extensive investigations, a clear and 

comprehensive comparison between standard concrete 

and high-strength concrete under identical elevated 

temperature regimes remains limited. This 

comparative understanding is essential for structural 

engineers to select appropriate concrete grades for 

fire-prone areas and for developing codes and 

guidelines related to fire design and rehabilitation 

[12]. It is also essential to explore how various 

mechanical properties such as compressive strength, 

split tensile strength, and modulus of elasticity 

degrade with temperature in each concrete type. 

Furthermore, the implications of thermal exposure on 

durability aspects, like surface cracking and spalling 

tendency, need detailed exploration [13]. 

Concrete's response to temperature involves complex 

interactions between moisture migration, internal 

vapor pressure, thermal expansion of aggregates and 

cement paste, and microstructural transformations 

[14]. At moderate temperatures (up to 300°C), 

concrete typically exhibits a small increase in strength 

due to drying of free water, which leads to 

densification. However, at higher temperatures (above 

400°C), degradation becomes prominent, with the 

decomposition of calcium hydroxide and subsequent 

deterioration of the cement paste-aggregate bond. 

Around 600°C to 800°C, concrete loses a significant 

portion of its strength, and spalling becomes a 

common phenomenon, especially in high-strength 

concrete. The extent and rate of degradation are 

influenced by factors such as the type of cement, 

aggregate, water-to-cement ratio, presence of 

admixtures, and curing conditions [15-17]. 

 

II. RESEARCH SIGNIFICANCE 

 

The primary objective of this research is to 

comprehensively investigate the behavior of both 

standard concrete and high-strength concrete when 

subjected to elevated temperatures. This study aims to 

assess the degradation of key mechanical properties 

such as compressive strength, split tensile strength, 

flexural strength, and modulus of elasticity at various 

temperature levels, specifically 200°C, 400°C, 600°C, 

and 800°C. By comparing the performance of standard 

and high-strength concrete under identical thermal 

exposures, the study seeks to highlight their relative 

resistance to heat and identify the critical temperature 

ranges at which significant deterioration begins. 

Another important objective is to analyze the thermal 

resistance and residual strength retention of these 

concrete types after exposure to elevated temperatures. 

Special emphasis is placed on physical and visual 

characteristics such as cracking, surface discoloration, 

mass loss, and spalling behavior, which can severely 

impact the structural integrity of concrete during and 

after thermal events like fire. The research also aims 

to interpret the observed performance in light of 

underlying mechanisms such as moisture migration, 

vapor pressure build-up, thermal expansion mismatch, 

and microstructural changes. 

Furthermore, the study intends to provide practical 

insights and recommendations for selecting 

appropriate concrete grades in fire-prone or thermally 

aggressive environments. The findings are expected to 

contribute to the development of fire-resistant design 

strategies and inform construction standards related to 

structural performance under high-temperature 

exposure. Ultimately, the objective is to enhance 

safety, durability, and resilience in concrete structures 

subjected to extreme heat conditions. 

 

III. MATERIALS 

 

The materials selected for this study were chosen to 

ensure consistency in concrete production and to meet 
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the desired performance criteria for both Standard 

Concrete and High-Strength Concrete. All materials 

were sourced locally and conformed to relevant Indian 

Standard (IS) specifications. The concrete mixes were 

prepared using Ordinary Portland Cement (OPC) of 53 

Grade, as per IS 12269:2013. OPC 53 Grade was 

preferred for its high early strength and consistent 

performance, which is essential for high-strength 

concrete mixes. The cement was free from lumps and 

stored under dry conditions to prevent any pre-

hydration or contamination. 

The fine aggregate used was clean river sand, passing 

through the 4.75 mm IS sieve and conforming to Zone 

II grading as per IS 383:2016. It was well-graded and 

free from silt, clay, and organic impurities to ensure 

good bonding and workability in the mix. For coarse 

aggregates, crushed granite stones were used in two 

size fractions: 20 mm and 10 mm, both conforming to 

IS 383:2016. These aggregates were angular in shape, 

clean, and free from flaky or elongated particles. For 

standard concrete, a well-graded blend of these 

aggregates was used to achieve the required strength 

and compaction. For high-strength concrete, more 

emphasis was placed on aggregate packing and 

particle size distribution to reduce voids and improve 

the interlocking mechanism within the matrix. 

Potable water, suitable for drinking and free from 

harmful salts and organic matter, was used for both 

mixing and curing. The water-to-cement (w/c) ratio 

was varied according to the mix design requirements: 

a higher w/c ratio (0.45–0.50) was used for standard 

concrete, while a lower ratio (0.30–0.35) was adopted 

for high-strength concrete to ensure higher density and 

improved compressive strength. To enhance the 

workability of the high-strength concrete without 

increasing the w/c ratio, a high-range water-reducing 

admixture (superplasticizer) based on polycarboxylate 

ether (PCE) was incorporated. The dosage of the 

admixture was determined through preliminary trial 

mixes to achieve the desired slump and strength 

without segregation or bleeding. 

Additionally, all concrete mixes were designed using 

the guidelines specified in IS 10262:2019 and IS 

456:2000 [9]. The mix proportions were optimized to 

achieve target strengths of approximately M30–M35 

for standard concrete and M60–M70 for high-strength 

concrete. The materials were batched by weight, and 

all mixing was done using a pan mixer to ensure 

uniform distribution of materials. Standard curing was 

done for 28 days in a water tank maintained at room 

temperature before exposing the specimens to elevated 

temperature conditions. 

The mix proportions used in this study were carefully 

designed based on the guidelines provided in IS 

10262:2019 [10] to meet the performance 

requirements of Standard Concrete (M30) and High-

Strength Concrete (M60). For M30 concrete, the 

cement content was fixed at 360 kg/m³, with a water-

cement ratio (w/c) of 0.45, which ensures adequate 

workability and strength development without the 

need for chemical admixtures. The water content was 

maintained at 162 liters per cubic meter. Fine 

aggregate (natural river sand conforming to Zone II 

grading) was used at 680 kg/m³, while coarse 

aggregate (crushed granite) was incorporated at 1180 

kg/m³. The coarse aggregate was split into two 

fractions 20 mm and 10 mm with 60% (708 kg) and 

40% (472 kg), respectively, to ensure proper packing 

density and a well-graded structure. 

For High-Strength Concrete (M60), a higher cement 

content of 450 kg/m³ was adopted to meet the required 

strength parameters. The w/c ratio was significantly 

reduced to 0.35 to achieve a denser, less permeable 

concrete matrix. To ensure adequate workability at this 

lower water content, a polycarboxylate ether (PCE)-

based superplasticizer was used at a dosage of 0.8% by 

weight of cement, amounting to approximately 3.6 kg 

per cubic meter. The water content was limited to 

157.5 liters per cubic meter. Fine aggregate was 

increased to 750 kg/m³ to enhance the paste-aggregate 

bonding in high-strength applications, while the total 

coarse aggregate content was slightly reduced to 1050 

kg/m³. Similar to the M30 mix, the coarse aggregate 

was split in a 60:40 ratio between 20 mm (630 kg) and 

10 mm (420 kg) sizes. 

The mix designs were proportioned to yield one cubic 

meter of concrete and were prepared using materials 

in saturated surface dry (SSD) condition. All 

proportions ensured a balanced mix design, targeting 

both workability and strength, while also considering 

the thermal resistance properties essential for the study 

on elevated temperature exposure. This systematic 

approach facilitated a meaningful comparison between 

the thermal behavior of standard and high-strength 

concretes under controlled laboratory conditions. 

Table 1 presents the mix proportions of normal grade 

(M30) and high-strength grade concretes (M60).  
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Table 1: Mix proportions of normal and high-strength concrete in kg/m3 

Material Unit Standard Concrete (M30) High-Strength Concrete (M60) 

Cement (OPC 53 Grade) kg 360 450 

Water liters 162 157.5 

w/c Ratio - 0.45 0.35 

Fine Aggregate (Sand) kg 680 750 

Coarse Aggregate kg 1180 1050 

- 20 mm kg 708 (60%) 630 (60%) 

- 10 mm kg 472 (40%) 420 (40%) 

Superplasticizer (PCE) % by wt. of cement - 0.80% 

Admixture (PCE) kg - 3.6 

Total Yield m³ 1 1 

 

IV. TEST METHODS 

 

To evaluate the effect of elevated temperatures on the 

mechanical and physical properties of both M30 and 

M60, a series of standardized tests were conducted per 

relevant Indian Standard codes. These tests were 

carried out on concrete specimens that were initially 

cured for 28 days in water at ambient temperature and 

then subjected to elevated temperatures of 200°C, 

400°C, 600°C, and 800°C in a controlled electric 

furnace. Specimens were allowed to cool down 

gradually to room temperature before testing to 

simulate realistic post-fire conditions. 

The slump cone test was conducted to assess the 

workability of freshly mixed concrete as per IS 

1199:1959. The test was performed immediately after 

mixing, using a standard slump cone apparatus. The 

vertical difference between the height of the cone and 

the highest point of the concrete after removal of the 

cone was recorded to determine the slump value, 

which indicates the fluidity and placement ease of the 

concrete mix. This test was particularly important for 

the high-strength concrete, where a low water-cement 

ratio necessitated the use of superplasticizers to 

maintain workability. 

The compressive strength test was carried out as per 

IS 516 (Part 1/Section 1): 2021, on cube specimens of 

size 150 mm × 150 mm × 150 mm. Compressive 

strength is a critical indicator of concrete's load-

bearing capacity, and in this study, it was evaluated 

before and after subjecting the specimens to elevated 

temperatures. After heating, the cubes were cooled and 

tested using a calibrated compression testing machine. 

The residual compressive strength values at each 

temperature level were compared with the control 

(ambient temperature) specimens to evaluate thermal 

degradation. 

The split tensile strength test was performed according 

to IS 5816:1999, using cylindrical specimens of size 

150 mm diameter and 300 mm height. The cylinders 

were placed horizontally in a compression testing 

machine, and the load was applied along the length to 

induce splitting failure. This test provides a measure 

of the tensile resistance of concrete, which is 

particularly sensitive to thermal cracking and internal 

pore pressure at high temperatures. 

The flexural strength test was conducted using 100 

mm × 100 mm × 500 mm prism specimens, in 

accordance with IS 516 (Part 2/Section 2): 2021. The 

specimens were tested using the third-point loading 

method to determine the modulus of rupture. Flexural 

strength is especially important in assessing how 

concrete responds to bending stresses post-fire and 

reflects its overall toughness and crack resistance. 

To assess the modulus of elasticity, cylindrical 

specimens (150 mm diameter × 300 mm height) were 

used, following the guidelines in IS 516 (Part 

5/Section 1): 2018. The test was performed under 

uniaxial compression with axial strain measurements 

obtained using a dial gauge or strain gauges. The 

modulus of elasticity provides information on the 

stiffness of the concrete and its deformation 

characteristics under sustained loading, both of which 

are known to be affected by thermal exposure. 

In addition to mechanical properties, visual 

observations were made after heating to assess surface 

changes such as discoloration, cracking, and spalling. 

These changes were documented photographically and 

qualitatively analyzed. Mass loss of specimens after 

exposure to each temperature level was also recorded 

to quantify the extent of material degradation and 
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moisture evaporation. All elevated temperature 

exposures were conducted using a programmable 

electric muffle furnace, with a heating rate of 

approximately 5°C per minute. Specimens were 

maintained at the target temperature for 2 hours to 

ensure uniform thermal distribution and then allowed 

to cool inside the furnace until room temperature was 

reached. 

 

V. RESULTS AND DISCUSSION 

 

5.1 Workability 

The slump test was conducted to evaluate the 

workability of freshly prepared concrete mixes for 

both M30 and M60. The M30 mix, with a water-

cement ratio of 0.45 and no chemical admixtures, 

exhibited a true slump with a measured value of 80 

mm, indicating moderate workability suitable for 

normal placement and compaction. The mix was 

cohesive, non-segregating, and appropriate for hand 

compaction or light vibration. On the other hand, the 

M60 concrete, with a reduced water-cement ratio of 

0.35, initially showed very low workability. However, 

the inclusion of a PCE-based superplasticizer at 0.8% 

by weight of cement significantly improved its 

workability. The slump for this mix was observed to 

be 110 mm, resulting in a more flowable and pumpable 

concrete suitable for dense reinforcement sections and 

complex formwork [18]. 

The results clearly demonstrate the impact of 

admixture usage in high-strength concrete, which 

otherwise would be unworkable due to its low water 

content. The higher slump in M60 despite the lower 

w/c ratio emphasizes the effectiveness of 

superplasticizers in enhancing workability without 

increasing water content, thereby preserving the mix's 

strength and durability characteristics. No signs of 

segregation or bleeding were noted in either mix. The 

improved flowability of the M60 mix was crucial for 

ensuring proper compaction and reducing voids, 

especially in structural elements requiring higher 

durability. 

The slump test validated the fresh properties of both 

concretes, with M30 meeting normal placement 

criteria and M60 achieving the desired workability 

through admixture modification. The test also 

highlighted the importance of chemical admixtures in 

modern high-performance concrete applications, 

particularly in scenarios where high strength and 

workability must coexist. Table 2 illustrates the 

workability of freshly prepared normal and high-

strength concretes.  

 

Table 2: Workability of normal and high-strength 

concrete 

Mix 

Type 

Superplasticizer 

(%) 

Water-

Cement Ratio 

Slump 

(mm) 

M30  0 0.45 80 

M60 0.8 0.35 110 

 

5.2 Compressive strength  

The compressive strength of both M30 and M60 

concrete mixes was evaluated at ambient temperature 

(control) and after exposure to elevated temperatures 

of 200°C, 400°C, 600°C, and 800°C. Three cube 

specimens (150 mm × 150 mm × 150 mm) for each 

mix and temperature level were tested, and the average 

value was reported. 

At room temperature, the M30 mix achieved a 

compressive strength of 38.5 MPa, while the M60 mix 

reached 66.2 MPa after 28 days of curing. When 

subjected to 200°C, both concrete grades exhibited a 

marginal increase in strength, approximately 5–7%, 

due to the evaporation of free water and the resulting 

densification of the cement matrix. M30 reached 40.3 

MPa, and M60 peaked at 68.5 MPa. However, this 

trend reversed at higher temperatures. At 400°C, the 

strength of M30 reduced to 33.6 MPa, while M60 

dropped to 58.4 MPa, indicating the onset of 

microcracking and chemical decomposition, 

particularly of calcium hydroxide [19].  

The strength loss became more pronounced at 600°C, 

where M30 retained only 25.7 MPa (a 33% reduction), 

and M60 dropped to 43.9 MPa (a 34% reduction). 

Visual cracking, spalling, and discoloration were 

observed, particularly in M60 concrete, likely due to 

its dense matrix and higher susceptibility to vapor 

pressure build-up. At 800°C, the residual strength of 

M30 fell to 18.2 MPa, while M60 dropped to 27.6 

MPa, retaining only about 47% and 42% of their 

original strengths, respectively. 

These results indicate that while high-strength 

concrete performs better under normal conditions, its 

relative strength degradation at high temperatures is 

more rapid compared to standard concrete. The 

findings emphasize the need for special considerations 

in fire-resistance design when using high-strength 

concrete in critical load-bearing structures. Figures 1 
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and 2 present the compressive strength of M30 grade 

and M60 grade concretes, respectively.  

 
Figure 1: Compressive strength of M30 grade normal 

concrete 

 

 
Figure 2: Compressive strength of M60 grade high-

strength concrete 

 

5.3 Split tensile strength  

The split tensile strength test provided valuable 

insights into the behavior of concrete under indirect 

tensile loading, which is critical for assessing crack 

resistance and structural integrity under thermal stress. 

Cylindrical specimens (150 mm diameter × 300 mm 

height) were used for both M30 and M60 mixes. 

At 28 days and ambient temperature, the split tensile 

strength of M30 was 3.8 MPa, while M60 achieved 5.1 

MPa, demonstrating the higher tensile resistance of 

high-strength concrete. Upon heating to 200°C, both 

mixes exhibited a slight increase in tensile strength, 

with M30 reaching 4.1 MPa and M60 reaching 5.4 

MPa, attributed to reduced moisture content and 

temporary matrix densification. 

However, at 400°C, the M30 and M60 mixes 

experienced a strength reduction of approximately 10–

15%, with tensile strengths dropping to 3.4 MPa and 

4.4 MPa, respectively. The effects of internal 

microcracking, vapor-induced tensile stresses, and 

paste-aggregate bond weakening became more evident 

at this stage. As the exposure temperature increased to 

600°C, tensile strengths further decreased to 2.5 MPa 

for M30 and 3.2 MPa for M60. Surface cracking and 

internal fissures were observed, suggesting significant 

deterioration of tensile load paths within the concrete 

matrix [20]. 

At 800°C, the tensile strength dropped drastically, with 

M30 and M60 retaining only 1.7 MPa and 2.3 MPa, 

respectively. These values correspond to 

approximately 45–50% of their original tensile 

capacities. The M60 mix exhibited more brittle failure 

characteristics and signs of spalling, highlighting its 

vulnerability under severe thermal stress. 

Both the concrete grades exhibited significant losses 

in split tensile strength with increasing temperature, 

although high-strength concrete maintained relatively 

higher absolute values. These results underscore the 

importance of considering tensile performance 

degradation in fire-exposed structural elements, 

especially for high-strength systems. Figure 3 shows 

the splitting tensile strength of concrete samples under 

different temperatures.  

 
Figure 3: Splitting tensile strength of M30 and M60 

grade concretes 

5.4 Flexural strength  

The M30 concrete exhibited an initial flexural strength 

of 4.3 MPa, while the M60 mix achieved 6.1 MPa. 

After exposure to 200°C, a marginal gain was 

observed in both mixes due to drying and densification 

effects. M30 recorded 4.6 MPa, and M60 reached 6.4 

MPa. However, as the temperature increased to 400°C, 

a downward trend began. M30’s strength dropped to 

3.9 MPa, while M60 reduced to 5.3 MPa, indicating 

early thermal softening and microcrack formation. 

At 600°C, flexural strength further declined to 3.0 

MPa in M30 and 4.1 MPa in M60. The drop in flexural 

performance was more severe than in compression or 

splitting tensile strength, primarily due to the 

combined effect of surface cracking, internal stress 
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redistribution, and bond degradation between 

aggregate and paste. At the critical temperature of 

800°C, the residual flexural strengths were 2.1 MPa 

for M30 and 2.9 MPa for M60, corresponding to losses 

of 51% and 52%, respectively. Flexural test results 

demonstrated that high-strength concrete offers 

superior crack resistance at moderate temperatures but 

suffers similar degradation patterns as standard 

concrete at higher temperatures. These findings are 

crucial for structural components such as lintels, 

beams, and slabs, which are primarily subjected to 

bending during fire incidents. Figure 4 illustrates the 

flexural behavior of concrete under elevated 

temperatures.  

 
Figure 4: Flexural strength of M30 and M60 grade 

concretes 

 

5.5 Modulus of elasticity 

The modulus of elasticity indicates the stiffness and 

deformation characteristics of concrete and is highly 

sensitive to microstructural changes caused by 

elevated temperatures. In this study, the modulus of 

elasticity was determined using cylindrical specimens 

under uniaxial compression with axial deformation 

measured using dial gauges. 

At ambient conditions, M30 concrete exhibited a 

modulus of 29.5 GPa, while M60 concrete showed a 

higher value of 38.2 GPa, reflecting the dense matrix 

and improved internal bond of high-strength concrete. 

Upon heating to 200°C, a slight decrease was observed 

M30 reduced to 27.2 GPa and M60 to 36.0 GPa. This 

early reduction was minimal and attributed to initial 

matrix expansion. As the temperature increased to 

400°C, significant reductions occurred: M30 dropped 

to 21.3 GPa and M60 to 29.5 GPa. Beyond this, at 

600°C, the stiffness of both concrete types deteriorated 

sharply, M30 declined to 15.6 GPa, and M60 fell to 

20.2 GPa, indicating the breakdown of internal 

bonding and pore structure. At 800°C, the modulus of 

elasticity values was 10.2 GPa for M30 and 13.8 GPa 

for M60, marking a 65–70% reduction from their 

original stiffness. The high sensitivity of the value to 

temperature exposure reflects the loss of structural 

integrity and increased deformability of the concrete, 

which could compromise load redistribution in fire 

scenarios. Figure 5 presents the modulus of elasticity 

of M30 and M60 grade concretes under high 

temperature conditions.  

 
Figure 5: Modulus of elasticity of M30 and M60 

grade concretes 

 

VI. CONCLUSIONS 

 

The present study aimed to evaluate the behavior of 

Standard Concrete (M30) and High-Strength Concrete 

(M60) under elevated temperature conditions ranging 

from ambient to 800°C. Based on the comprehensive 

testing of fresh and hardened concrete properties, 

including slump, compressive strength, split tensile 

strength, flexural strength, and modulus of elasticity, 

several key observations were made. In terms of 

workability, M30 concrete with a water-cement ratio 

of 0.45 exhibited moderate slump without admixtures, 

whereas M60, with a lower water-cement ratio of 0.35, 

required the addition of 0.8% polycarboxylate-based 

superplasticizer to achieve sufficient workability. This 

confirmed the necessity of chemical admixtures in 

high-strength mixes to maintain adequate flow without 

compromising strength. 

Compressive strength results showed that both 

concrete types experienced a slight strength gain at 

200°C due to moisture evaporation and matrix 

densification. However, beyond 400°C, significant 

strength degradation occurred, with M30 and M60 

retaining only 47% and 42% of their original strengths, 

respectively, at 800°C. High-strength concrete, 

although initially stronger, showed a relatively steeper 

decline, likely due to its dense microstructure being 
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more vulnerable to vapor pressure build-up and 

spalling. A similar pattern was observed in the split 

tensile and flexural strength results. While both mixes 

showed minor improvement at 200°C, they 

experienced sharp reductions thereafter, with roughly 

50% of their tensile and flexural capacities lost at 

800°C. These results highlight the vulnerability of 

both mixes to cracking and reduced ductility at high 

temperatures, with high-strength concrete being 

slightly more brittle in nature. 

The modulus of elasticity, representing the stiffness of 

the concrete, showed the highest sensitivity to 

temperature. Both M30 and M60 experienced a 

gradual but marked decrease in modulus beyond 

400°C. At 800°C, they retained only about one-third 

of their original stiffness, which indicates a substantial 

reduction in load-carrying and deformation control 

capacity post-exposure. While high-strength concrete 

initially offered better mechanical performance across 

all parameters, its relative loss in strength and stiffness 

under extreme heat was more pronounced compared to 

standard concrete. This suggests that, although high-

strength concrete is structurally advantageous under 

normal conditions, it may require additional 

considerations such as fiber reinforcement or thermal 

insulation in fire-prone environments. 

The study concludes that elevated temperatures 

adversely affect both standard and high-strength 

concrete, but the degree and nature of degradation 

differ. High-strength concrete outperforms standard 

concrete in mechanical strength under normal and 

moderately elevated temperatures; however, under 

extreme thermal conditions, standard concrete shows 

relatively better resistance to cracking, stiffness loss, 

and thermal shock. These findings underline the 

importance of considering thermal performance and 

post-fire behavior in structural design, especially for 

critical components expected to endure fire or high-

temperature exposure. The use of supplementary 

materials, thermal-resistant additives, and fire-

protective coatings can be explored in future studies to 

enhance the resilience of high-strength concrete in 

such conditions. 

 

VII. FUTURE RESEARCH 

 

Although the present study offers valuable insights 

into the behavior of standard and high-strength 

concrete under elevated temperature conditions, 

several areas remain open for future research to further 

enhance the understanding and practical applications 

of fire-resistant concrete. One significant area of 

future exploration is the inclusion of mineral 

admixtures and supplementary cementitious materials 

(SCMs) such as fly ash, silica fume, ground granulated 

blast furnace slag (GGBS), and metakaolin. These 

materials have shown potential in improving the 

thermal stability and residual strength of concrete at 

high temperatures and may contribute to developing 

more sustainable, fire-resistant concrete mixes. 

Another promising direction is the use of fiber 

reinforcement, particularly polypropylene, basalt, 

steel, or hybrid fibers, which can help in minimizing 

thermal cracking and explosive spalling by improving 

tensile behavior and ductility. The interaction between 

fiber type, dosage, and matrix strength at various 

temperature exposures could offer optimized solutions 

for structural safety in fire scenarios. Moreover, 

microstructural studies using techniques like Scanning 

Electron Microscopy (SEM), X-ray Diffraction 

(XRD), and Thermogravimetric Analysis (TGA) can 

provide in-depth knowledge of the degradation 

mechanisms within concrete at the microscopic level, 

which would help in understanding phase 

transformations and pore structure evolution under 

heat. 

Long-term behavior such as residual durability, 

permeability, and recovery of strength after cooling or 

post-fire curing also deserves attention. Investigating 

how these properties evolve over time after thermal 

exposure can guide decisions on whether fire-

damaged concrete elements should be repaired or 

replaced. Additionally, modeling and simulation of 

heat transfer and stress distribution within concrete 

members using finite element analysis (FEA) can 

complement experimental work and aid in the design 

of fire-resilient structures. 

Scaling up the experiments from laboratory conditions 

to real-life structural elements like beams, slabs, and 

columns, and subjecting them to full-scale fire tests, 

will improve the relevance of research outcomes for 

code development and practical engineering 

applications. Exploring region-specific fire safety 

regulations and integrating them with structural design 

practices can further ensure the safety, resilience, and 

performance of concrete structures under extreme 

temperature conditions. 
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