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Graphical Abstract 

 

ABSTRACT 

Natural gravel used as aggregates in the construction had a severe impact on the 

environment leading to scarcity in recent times. Furthermore, the resistance of such natural 

aggregates to crack at higher temperature zones was less. This paper investigates the above 

concerns on scarcity and meagre high-temperature resistance with the use of sustainable 

waste materials such as recycled aggregates and limestone as aggregates in the concrete. The 

natural aggregates were replaced with different proportions of limestone aggregates (LA), 
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recycled aggregates (RA) and carbonation treated recycled aggregates (CRA) to investigate 

their hardened properties and thermal properties at 200, 400, and 800 oC. The strength of 

recycled aggregate concrete (RAC) and carbonated RAC (CRAC) was reduced by 16.67% 

and 1.32%, while the strength of limestone aggregate concrete (LAC) was enhanced by only 

2.3%. The RAC and LAC show better resistance to elevated temperature compared to control 

concrete and the residual temperature was observed between 200 to 400 oC.  

Keywords: Natural aggregate, recycled aggregate, limestone aggregate, carbonation 

treatment, elevated temperature, hardened properties 

ABBREVIATIONS 

LA – Limestone aggregates NA – Natural aggregates 

RA – Recycled aggregates CS – Compressive strength 

CRA – Carbonation treated recycled aggregates TS – Tensile strength 

RAC – Recycled aggregate concrete EM – Elastic Modulus 

CRAC – Carbonated RAC TC – Thermal Conductivity 

LAC – Limestone aggregate concrete FS – Flexural strength 

 

1. Introduction 

 Generally, aggregate occupies 65-70% of the concrete volume and it becomes 

phenomenal to understand its behaviour in the concrete (Sivamani et al. 2021). Such a higher 

volume of materials depends on its source from natural raw materials which on surplus 

utilization leads to scarcity. Such serious concerns about the scarcity of raw materials in 

construction and the surplus utilization of natural sources have to be addressed with 

alternative sustainable materials to ensure environmental integrity (Sivamani et al. 2022). 

Limestone aggregates (LA) and recycled aggregates (RA) will be viable options under such 

circumstances to ensure sustainability in the construction. In India, the production of 

limestone rose from 262.88 million metric tons (2012) to 392.76 million metric tons (2023) 

(Statista, 2023). Also, the generation of construction wastes rose to 150 MT of which only 



 

 

1% was recycled (Wastewise, 2023).  Limestone is an alluvial deposit composed of CaCO3 

formed through mechanical and chemical means, while RA is obtained through the recycling 

of construction wastes specifically the concrete fractions.  

Several studies encompass the utilization of limestone either as a replacement for 

cement or aggregates in the concrete. (Carlos et al. 2010) replaced sand with LA at different 

w/c ratios and found that strength and elastic modulus were enhanced with an increase in the 

LA, however, the increment was comparatively smaller. Also, the shrinkage was observed to 

be lower in LA than in conventional aggregates. (Singh et al. 2021) used limestone dust and 

observed that its higher water absorption capacity affects the workability of the concrete. The 

strength was enhanced by 11.6% and chloride penetration was lowered by 13.5% with 20% 

of LA. (Bederina et al. 2011) used LA and limestone fillers (0 to 40%) and found a decrease 

in the workability with an increase in the LA. The strength was lowered by 14.92% and the 

shrinkage tends to increase. (Tanijaya et al. 2021) used LA in high strength concrete and 

observed a strength of 59 MPa at 28 days and an elastic modulus of 46.96 GPa. The 

properties of LAC enhance with decrease in the w/c ratio.(Bentz et al. 2015) used 10% of LA 

and found that strength was enhanced with an increase in the curing ages but eventually 

lower compared to control concrete. The chloride penetration and resistivity tend to increase 

with increase in the LA. (Yasar et al. 2004) used LA of different sizes at different w/c ratios 

and the strength was lowered with increase in the particle size and increase in the w/c ratios. 

The optimization of 0.3 w/c ratio and particle size (0-5 mm) enhanced the strength by 20%.  

Various studies were performed with recycled materials such as rubber tyre, recycled 

water or recycled aggregates as a suitable replacement in the concrete (Varga et al. 2010, 

Mavroulidou & Figueiredo 2010, Arunkumar et al. 2023, Sivamani 2022b). (Liu et al. 2021) 

discussed the outlooks on utilizing CO2 seizure technologies and observed that early 

carbonation refines the microstructure in enhancing the mechanical and durability properties 



 

 

and the rate of carbonation was determined through CO2 diffusion. (Hamada et al. 2023) 

suggested that solid wastes are suitable alternative for binder/aggregates in ultra-high-

performance concrete, however improvement techniques should be proposed with suitable 

design and testing methods. Few studies were proposed with the use of fibres and eco-

friendly materials in the development of composites to investigate the mechanical properties 

(Karthik et al. 2022, Fayaz et al. 2022, Murali et al. 2023, Ramesh et al. 2023a, Ramesh et 

al. 2023b, Ahmed et al. 2017). Similar studies were performed with the RA as a replacement 

to aggregate in the concrete. (Karthikeyan et al. 2023) observed that optimizing RA to 30% 

enhanced the strength by 3.9% while 100% RA lowered the strength by 20.06%. The higher 

water absorption of RA (6.3%) resulted in lowering the strength of RAC. (Saravanakumar et 

al. 2021) observed that only 72% and 73% of strength was attained in RAC at 28 days and 90 

days with reference to control concrete. Also, the alkalinity of RAC was below 12, ensuring 

inferior corrosion resistance properties. (Sivamani et al. 2022a) also used RA as fine 

aggregate and observed 22.06% reduction in the strength owing to the higher porosity. It is 

observed that decrease in the particle size affects the concrete properties owing to the higher 

water absorption. Fewer other studies conducted with RA show inferior concrete properties 

stating its higher porosity ensuing from the voids as a result of recycling stages (Jagan et al. 

2022b, Jagan et al. 2023, Sivamani et al. 2021a). So, several treatments such as acid, 

carbonation, microbes, polymers etc. were proposed to enhance the quality of RA. For 

instance, (Malathy et al. 2023) treated RA with acids and CO2 and observed 9.7% and 

16.44% enhancement in the strength of RAC with acids and CO2 and 28-34% decrease in the 

water absorption of RAC. (Kothari and Abhay 2016) used scrubbing technique and observed 

32% enhancement in the strength of the RAC.  

Moreover, concrete material apart from strength and durability should withstand 

elevated temperature, but eventually conventional concrete tends to show deprived 



 

 

mechanical properties upon subjecting it to elevated temperatures. At high temperature, 

cracks develop and propagate owing to rise in pore pressure ensuing from water evaporation. 

The concrete tends to expand, condense, evaporate, diffuse and as a result weakening occurs. 

Conventional aggregates can withstand up to 350oC beyond which spalling occurs (Tufail et 

al. 2017). Researchers are in the experimentation with suitable alternative eco-friendly 

materials with better structural and fire resistance properties. (Savva et al. 2005) subjected 

concrete with limestone and silica aggregate and found that the critical temperature for 

strength reduction between 300 to 750oC. However, with the addition of pozzolanic materials, 

the resistance to elevated temperature was better irrespective of the w/b ratios and aggregate 

type. (Tufail et al. 2017) subjected concrete with granite, quartzite and limestone aggregate 

and observed that granite aggregate concrete show better resistance to elevated temperature 

than other two. (Chen et al. 2021) found that heating RAC to a residual temperature of 200 to 

300oC show minimum reduction in the strength and positive impact on initial cracking length. 

(Sivamani et al. 2023a) investigated thermal behaviour of bio-deposited and carbonated RAC 

and found that residual strength at 500oC with strength reduction of 7 to 30% and also the 

thermal conductivity was lowered by 43%. From the series of literatures, it could be observed 

that conventional aggregate does not withstand elevated temperature and also scarcity has 

been the major concern in recent times. This study discusses the suitability of alternative 

materials such as limestone and recycled aggregate under control room temperature and 

elevated temperatures (200, 400 and 800oC) and the investigates its hardened properties and 

thermal conductivity.  

2. Materials and Methods 

2.1 CONCRETE MATERIALS 

 ASTM type I cement with properties specified in ASTM C150-07 was used in this study. 

River sand was used as fine aggregates in the study and gravel was used as natural aggregates 



 

 

(NA) in the study. The NA was replaced with recycled aggregate (RA) and carbonated 

recycled aggregate (CRA) in the study. Figure 1 shows the visuals of aggregates used in the 

study. All the aggregates except CRA was pre-saturated before its use in the concrete. The 

properties of NA, LA, RA & CRA is shown in the Table 1. It could be observed that the 

density of LA was lower compared to RA and NA and also the water absorption of RA was 

87% higher compared to NA. Through carbonation to RA, the water absorption of CRA was 

38% lower than RA. The CO2 interacts with Ca(OH)2 to produce CaCO3 that lids the micro-

cracks on the RA. Figure 2 shows the oxide composition of RA, LA and CRA. The LA used 

in the study was primarily composed of Ca, Si and Fe and RA and CRA show Ca as their 

major compound owing to the presence of Ca(OH)2 and CaCO3 on its surface. The peak 

diffraction angle for RA was observed between 60o and 70o, peak diffraction angle for CRA 

was observed between 20o and 30o and the peak diffraction angle for LA was observed 

between 30o and 40o. Figure 3 shows the SEM images of LA, RA & CRA. The angularity of 

LA was lower compared to NA, RA and CRA. In RA, cracks are visible owing to the micro-

cracks on the adhered mortar on RA resulting from crushing and in CRA visible calcite 

deposition was observed resulting the deposition of CaCO3 (Malathy et al. 2023). 

   

(a)                                        (b)                                                 (c) 

Figure 1. Visual (a) LA (b) RA (c) CRA 

Table 1. Properties of aggregates 



 

 

Properties 
Aggregates 

NA LA RA CRA 

Specific gravity 2.71 2.41 2.32 2.63 

Water absorption (%) 0.82 1.93 6.13 3.81 

Density (kg/cu.m) 1572 1539 1426 1561 

 

(a)                                                 (b) 

 

(c) 

Figure 2. Oxide composition (a) XRD of RA (b) XRD of CRA (c) EDAX of LA 



 

 

 

(a)                                  (b)                                        (c) 

Figure 3. SEM image (a) LA (b) RA (c) CRA 

2.2 CARBONATION TREATMENT TO RA 

The RA was initially pre-saturated to attain surface saturated density (SSD) and 

placed in a chamber connected to a 99.5% pure CO2. The set up was placed under room 

temperature and at 60% R.H and CO2 gas was supplied at a pressure of 0.3 MPa for 24 hours. 

After carbonation pressure, the RA were removed from the chamber and cooled under 

laboratory temperature. The surfaces of RA were washed to remove the scrambles of 

precipitate and used as CRA in the concrete. The set up for carbonation to RA is shown in the 

Figure 4.  

 

Figure 4. Carbonation treatment to RA 



 

 

2.3 PREPARATION OF SAMPLES 

 The concrete mix was prepared to attain a target strength of M30 grade at 28 days (IS 

10262 – 2009). The proportion of 1:1.93: 2.49 of cement, sand and aggregate with 0.45 w/c 

ratio was obtained and used throughout the study as shown in the Table 2. In this study, 8 

different concrete mixes were prepared with 25%, 50% and 100% percentages of LA and RA 

and with 100% of CRA to assess the hardened concrete properties at 7, 14 and 28 days. The 

concrete mixes were prepared using conventional mixing technique and fabricated into cubes 

(150 mm on each side), cylinders (150 mm x 300 mm) and prisms (500 mm x 100 mm x 100 

mm) under laboratory conditions. The samples were allowed to set for hardening and cured at 

room temperature for respective ages to assess their properties. For each mix, 3 samples were 

prepared to assess for each hardened property. To assess the thermal properties, cylinders 

(150 mm x 300 mm) were fabricated for four concrete mixes with 100% of NA, RA, LA and 

CRA and cured at room temperature for 30 days.  

 

Table 2. Concrete mix proportions 

Mix No Mix detail 
(Kg/m3) 

Cement FA CA RA LA CRA 

M1 NC 413 799 1029 - - - 

M2 RC-25 413 799 771.75 257.25 - - 

M3 RC-50 413 799 514.5 514.5 - - 

M4 RC-100 413 799 0 1029 - - 

M5 LC-25 413 799 771.75 - 257.25 - 

M6 LC-50 413 799 514.5 - 514.5 - 

M7 LC-100 413 799 - - 1029 - 

M8 CRC-100 413 799 - - - 1029 

*NC – Normal concrete; RC – Recycled concrete; RC-25 – Recycled concrete with 25% of 

RA; RC-50 – Recycled concrete with 50% of RA; RC-100 – Recycled concrete with 100% of 



 

 

RA; LC-25 – Limestone concrete with 25% of LA; LC-50 – Limestone concrete with 50% of 

LA; LC-100 – Limestone concrete with 100% of LA and CRC-100 – Carbonated recycled 

concrete with 100% of CRA. 

2.4 TESTING OF SAMPLES 

 The concrete samples (cubes, cylinders and prisms) with different percentages of RA, LA 

and CRA were assessed for their hardened properties such as compression, tension, flexure 

and elastic modulus (Figure 5). The cubes were placed with the surface perpendicular to 

tamping and loaded axially in a 200T universal testing machine to assess the compressive 

strength (CS) as per ASTM C39. To assess the tensile strength (TS), the cylinders were 

placed transverse and loaded in UTM as per ASTM C1583. To assess the elastic modulus 

(EM) as per ASTM C496, 2 LVDT are affixed on either side of the sample and loaded at 0.2 

MP/s wherein the stress and strain of the samples are determined. To assess the flexural 

strength (FS), prisms were loaded under three-point condition as per ASTMC78. To assess 

the behaviour at elevated temperature, the cylindrical samples were cured for 30 days and 

placed in oven attached with thermocouples and exposed to high temperatures of 200oC, 

400oC and 800oC. The samples were then cooled at room temperature and the drop in CS, TS 

and EM were assessed. The thermal conductivity (TC) was evaluated with a conductivity 

meter wherein the samples were dried after curing in oven at 50oC and cooled down slowly. 

The surfaces of the specimen are wiped clean and 1V drop was supplied to the specimen to 

assess the thermal conductivity (Sarhat & Edward 2013).  

   



 

 

    (a)       (b)        (c) 

  

       (d)        (e) 

Figure 5. Experimental set up (a) CS (b) TS (c) FS (d) EM (e) Elevated temperature 

3. Results & Discussions 

3.1 COMPRESSIVE STRENGTH 

 Figure 6 shows the CS of the mixes. The RA was optimized to 25% past which lowers 

the strength of the RAC. The CS of RC-25 was 1.12% higher than NC at 7 days and 4.07% 

higher than NC at 28 days. The grading and better particle packing enhance the strength of 

RAC (Sivamani et al. 2023b, Jagan et al. 2021). However, the CS of RC-50 and RC-100 was 

lowered by 10.63% and 21.65% at 7 days and 6.44% and 16.67% at 28 days. The reduction in 

the CS of RAC was attributed to the attached mortar on RA with micro-voids that absorb 

more water than NA (Jagan et al. 2020, Kothari et al. 2016). So, carbonation treatment was 

done to RA and so enhancement in the CS of RAC was observed. The CS of CRC-100 was 

20.59% and 15.55% higher than RC-100 at 7 days and 28 days and 2.79% lower at 7 days 

and 1.32% lower at 28 days than NC. The CaCO3 deposition through the interaction amid 

Ca(OH)2 and supplied CO2 reduces the porosity of RA and thus better CS was observed 

(Malathy et al. 2023, Sivamani et al. 2023a). However, the mechanism is different with the 

LA compared to RA. There was no reduction in the CS of the concrete, but the enhancement 

was very marginal. The CS of LC-25, LC-50 and LC-100 was 0.87%, 1.58% and 2.30% 

higher than NC at 28 days, while the CS of LC-25, LC-50 and LC-100 was lowered by 



 

 

2.13%, 2.94% and 3.75% at 7 days. The initial strength gain with LA was less compared to 

NA owing to its low-density characteristics. The marginal gain in the CS at 28 days was 

ascribed to the development of nucleation sites for Ca(OH)2 and C-S-H formation and 

quicken the hydration of C3S and also the formation of carbo-aluminates through the 

interaction between LA and C3A (Li et al. 2009, Bonavetti et al. 2001). 

 

Figure 6. Compressive strength 

3.2 TENSILE STRENGTH 

 Figure 7 shows the TS of the mixes. Similar to CS, no improvement in TS was observed 

beyond 25% replacement of RA. The TS of RC-25 was 0.92% higher than NC at 7 days and 

1.64% higher than NC at 28 days. Conversely, the TS of RC-50 and RC-100 was 6.92% and 

12.50% lower than NC at 7 days and 2.62% and 7.03% lower than NC at 28 days. The 

justification for variation in the TS of RAC was equivalent to that of CS, however the 

percentage reduction in TS was less compared to CS. The carbonation treatment to RA tends 

to enhance the TS of RAC also. The TS of CRC-100 was 12.03% and 6.53% higher than RC-

100 at 7 days and 28 days, while the TS of CRC-100 was lowered by only 1.93% and 0.53% 

at 7 days and 28 days compared to NC. Similar to CS, the TS of LAC also tend to improve 

marginally at 28 days. The TS of LC-25, LC-50 and LC-100 was 1.97%, 2.80% and 4.68% 



 

 

higher than NC at 28 days. However, the TS of LC-25, LC-50 and LC-100 was 0.98%, 1.25% 

and 1.65% lower than NC at 7 days. The hydration of C3S and the formation of carbo-

aluminates characterize the enhancement in the TS of the concrete (Singh et al. 2021, 

Tanijaya et al. 2021).  

 

Figure 7. Tensile strength 

3.3 FLEXURAL STRENGTH 

 Figure 8 shows the FS of the mixes. Similar to CS &TS, no improvement in FS was 

observed beyond 25% replacement of RA. The FS of RC-25 was 0.56% higher than NC at 7 

days and 2.50% higher than NC at 28 days. Conversely, the FS of RC-50 and RC-100 was 

5.46% and 11.48% lower than NC at 7 days and 3.98% and 10.52% lower than NC at 28 

days. The carbonation treatment to RA tend to enhance the FS of RAC also. The FS of CRC-

100 was 10.21% and 9.80% higher than RC-100 at 7 days and 28 days, while the FS of CRC-

100 was lowered by only 1.41% and 0.81% at 7 days and 28 days compared to NC. The FS of 

LC-25, LC-50 and LC-100 was 0.53%, 0.97% and 1.41% higher than NC at 28 days. 

However, the FS of LC-25, LC-50 and LC-100 was 13.89%, 14.81% and 15.72% lower than 

NC at 7 days. The effect of LS on FS is on filler and dilution phenomenon and thus shows 



 

 

enhancement in the FS of the concrete. The hydration of C3S and the formation of carbo-

aluminates also characterize the enhancement in the FS of the concrete (Bentz et al. 2015, 

Varga et al. 2010) .  

 

Figure 8. Flexural strength 

 

3.4 ELASTIC MODULUS 

 Figure 9 shows the EM of the mixes. The EM of RC-25 was 1.34% higher than NC at 7 

days and 2.74% higher than NC at 28 days. The stiffness of the aggregates is highly 

dependent on the EM of the concrete and thus enhancement was observed with marginal 

replacement of RA. However, the EM of RC-50 and RC-100 was 7.48% and 14.07% lower 

than NC at 7 days and 3.27% and 8.71% lower than NC at 28 days. The carbonation 

treatment to RA tends to enhance the EM of RAC also. The EM of CRC-100 was 13.43% and 

8.10% higher than RC-100 at 7 days and 28 days, while the EM of CRC-100 was lowered by 

only 0.93% and 0.66% at 7 days and 28 days compared to NC. The carbonation treatment to 

RA coats the micro-voids in the smeared mortar, enhancing the stiffness of the RA and thus 

improvement in the EM was observed. The EM of LC-25, LC-50 and LC-100 was enhanced 



 

 

by 2.72%, 4.37% and 6.59% compared to NC at 28 days. The addition of LS blocks the voids 

and enhances the packing density of the LAC (Wang et al. 2018)  

 

Figure 9. Elastic Modulus 

 

 

3.5 EFFECT OF ELEVATED TEMPERATURE ON THE PROPERTIES OF CONCRETE 

 Figure 10 shows the variation in the CS of the concrete at elevated temperatures. It was 

observed that the CS was lowered with increase in the temperature and the percentage 

variation in RAC and LAC was lower compared to NAC and CRAC. The residual 

temperature was observed between 200 to 400oC for RAC. The CS for NAC was lowered by 

19.10%, 30.09% and 63.93% at 200oC, 400oC and 800oC. At 100oC, excess water starts 

evaporating and between 100 to 170oC, desiccation of ettringite and disintegration of gypsum 

occurs and beyond 300oC, bond water evaporates resulting in lowering of CS. Beyond 400oC, 

disintegration of C-S-H and CH occurs resulting in maximum strength loss. The CS of RAC 

was lowered by 15.84%, 7.76% and 48.46%.The reduction in CS tends to increase till 200oC, 

decreases in the range between 200 to 400oC and further increases beyond 400 oC indicating 



 

 

its residual temperature between 200 to 400oC. The equivalency in the coefficient of thermal 

expansion between smeared mortar on RA and new cement paste exhibits better thermal 

characteristics than NAC (Sarhat et al. 2013, Salahuddin et al. 2019, Sivamani et al. 2023a). 

The carbonation treatment to RA could not show any substantial enhancement in thermal 

characteristics. The CS of CRAC was lowered by 19.30%, 29.61% and 62.38% at 200oC, 

400oC and 800oC. The coating of adhered mortar with CaCO3 decreases the equivalency in 

thermal expansion between adhered mortar and new cement paste and thus no substantial 

enhancement in thermal characteristics was observed. The CS of LAC was lowered by 

11.05%, 2.35% and 45.91% at 200oC, 400oC and 800oC. Similar to RAC, for LAC also 

reduction in CS tends to increase till 200oC, decreases in the range between 200 to 400oC and 

further increases beyond 400 oC indicating its residual temperature between 200 to 400oC. 

 

Figure 10. Variation in CS upon elevated temperature 

 Figure 11 shows the variation in the TS of the concrete at elevated temperature. The TS 

for NAC was lowered by 27.83%, 38.27% and 65.80% at 200oC, 400oC and 800oC. The TS 

of RAC was lowered by 20.18%, 12.08% and 56.04%. Similar to CS, the reduction in TS 

tends to increase till 200oC, decreases in the range between 200 to 400oC and further 

increases beyond 400 oC indicating its residual temperature between 200 to 400oC. The TS of 



 

 

CRAC was lowered by 9.67%, 15.21% and 34.44% at 200oC, 400oC and 800oC. The CaCO3 

deposition of RA upon carbonation treatment reduces the thermal equivalency of adhered 

mortar on RA with new mortar. The residual temperature is varying in case of TS, wherein 

the TS of LAC was lowered by 22.09%, 26.24% and 58.01% at 200oC, 400oC and 800oC.  

 

Figure 11. Variation in TS upon elevated temperature 

 Figure 12 shows the variation in the EM of the concrete at elevated temperatures. The 

EM for NAC was lowered by 34.24%, 74.14% and 92.01% at 200oC, 400oC and 800oC. The 

EM of RAC was lowered by 37.05%, 66.02% and 88.62%. The EM of CRAC was lowered 

by 37.70%, 79.07% and 92.34% at 200oC, 400oC and 800oC. The EM of LAC was lowered 

by 26.87%, 61.14% and 85.86% at 200oC, 400oC and 800oC. The reduction in EM was lower 

in LAC than RAC and CRAC.  



 

 

 

Figure 12. Variation in EM upon elevated temperature 

 

3.6 THERMAL CONDUCTIVITY 

 Figure 13 shows the TC of the concrete. The TC of NAC was lowered by 21.97%, 

34.12% and 69.68% at 200oC, 400oC and 800oC. The TC of RAC was lowered by 18.28%, 

9.03% and 53.95% at 200oC, 400oC and 800oC. The TC of LAC was lowered by 12.81%, 

15.21% and 57.52% at 200oC, 400oC and 800oC and the TC of CRAC was lowered by 

22.20%, 33.70% and 68.14% at 200oC, 400oC and 800oC. The LAC has the highest resistance 

to elevated temperatures compared to RAC and CRCA. Generally, concrete is a heterogenous 

mix, subjecting concrete to elevated temperatures involves desiccation and disintegration of 

cement paste, deprivation of aggregates due to variations in the thermal expansion of various 

concrete ingredients. For all the aggregates, the disintegration of cement paste remains same 

for all mixes and so the variation in thermal expansion might have arisen due to the 

deprivation of aggregates. Thermal expansion is the volumetric change of material owing to 

temperature variation and it is prime as it results in stresses, cracks and spalling. The factors 

that influence thermal expansion include nature of aggregate, cementitious material, 

temperature, humidity etc. and among them, the nature of aggregate tend to have to major 



 

 

influence on thermal expansion. The thermal expansion reduces with increase in the porosity 

of aggregate and thus concrete with lower density show better resistance to thermal variation 

than conventional aggregate (Uygunoglu & Topcu 2012). Till 150oC, cement paste expands 

with temperature rise and beyond 150oC, cement paste expands owing to the desiccation of 

Ca(OH)2 and C-S-H. Since the density of LA was less compared to NA, LA show better 

resistance to thermal expansion, whereas NA show maximum thermal expansion as the quartz 

in NA expand more upon temperature rise. Thus, according to experimentation, it was 

observed that higher degradation was observed in NAC owing to the higher silica content 

resulting in inner cracks and thus maximum strength loss was observed at elevated 

temperature.  

 

Figure 13. Thermal conductivity 

4. Conclusions 

In this research, influence of NA, RA, LA and CRA on concrete properties at elevated 

temperatures were discussed. Based on the test results, the subsequent conclusions are as 

follows:  



 

 

a. The specific gravity and density of LA and RA was lower compared to NA and CRA and 

the water absorption of RA was found to be higher compared to other aggregates. 

b. At room temperature, the strength of NAC was 38.68 MPa and the strength of RAC was 

lowered by 16.67%, while the strength of CRAC was lowered by only 1.32% and the 

strength of LAC was 2.38% higher than NAC. The properties of aggregates influence the 

hardened properties of the concrete. 

c. The residual temperature of RAC was observed to be between 200 to 400oC, while no 

such residual temperature was observed in LAC but the percentage of strength reduction 

was minimal in LAC compared to others. 

d. The strength for NAC was lowered by 19.10%, 30.09% and 63.93%, the strength of RAC 

was lowered by 15.84%, 7.76% and 48.46%, the strength of CRAC was lowered by 

19.30%, 29.61% and 62.38 and the strength of LAC was lowered by 11.05%, 2.35% and 

45.91% at 200oC, 400oC and 800oC.  

e. The thermal conductivity of NAC was lowered by  21.97%, 34.12% and 69.68%, the 

thermal conductivity of RAC was lowered by, the thermal conductivity of CRAC was 

lowered by 18.28%, 9.03% and 53.95% and the thermal conductivity of LAC was 

lowered by 22.20%, 33.70% and 68.14% at 200oC, 400oC and 800oC.  

f. Deprivation of aggregates was the prime reason for reduction in the concrete properties at 

elevated temperature. The higher quartz in conventional aggregate shows higher thermal 

expansion and thus resulting in disintegration of Ca(OH)2 and C-S-H. The higher porosity 

and low density of aggregates show relatively lower thermal expansion as in case of RA 

and LA and also the equivalency in thermal expansion between mortar on RA and new 

mortar show better thermal resistance. 
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