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 The strength and durability properties of concrete using nano-silica and 
alccofine after exposed to higher temperatures were investigated in this study. 
Concrete with 3% nano-silica and 15% alccofine were prepared and water cured 
for 28 days. In an electric boogie furnace, concrete specimens with and without 
nano-silica and alccofine were heated to 400°C and 800°C for 4 hours. The 
specimens then were allowed to cool until they reached room temperature. The 
compressive strength test was used to determine strength, whereas the water 
absorption, porosity, and rapid chloride permeability tests were conducted to 
check durability properties. SEM images were used to examine the 
microstructure of concrete specimens at elevated temperatures. According to 
the test results, the strength and durability properties of concrete using nano-
silica and alccofine deteriorated at high temperatures. At room temperature, 
concretes containing alccofine and nano silica performed better than control 
mixes. A severe loss in strength and a significant increase in charge pass, water 
absorption and porosity were observed at 800°C for concrete using alccofine and 
nano silica. The microstructural analysis using scanning electron microscopy 
methods also reported that the porosity increased with increase in temperature.  
 

© 2022 MIM Research Group. All rights reserved. 
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1. Introduction 

Fire remains one of the most serious potential hazards, as it affects the structural integrity 
of concrete structures. [1]. Fire has an adverse and unrecoverable effect on the physical, 
strength, and serviceability properties of concrete. As a result, it is critical to look into the 
efficiency of concrete that's been subjected to fire. It has been reported that the duration 
of exposure will have no or little impact on the concrete’s compressive strength when 
subjected to fires up to 200°C [2-5]. Moreover, regardless of the exposure temperature, 
growing the exposure duration has been shown to have a negative impact on the residual 
capacity of concretes, particularly the strength properties [3]. Some supplementary 
cementitious materials from agricultural and industrial waste shows an unpredictable 
effect on performance of concrete under fire, and therefore been extensively studied by a 
number of researchers [6, 7]. Carbonates start to break down at 500-600°C, and are 
believed to trigger permanent destruction to concrete and they're a key component of the 
primary binder form of concrete [8]. In particular, temperature over 800°C, almost all 
contents of concrete degrade, resulting in considerable strength as well as weight loss 
since the thermal characteristics of aggregates and cement paste differ, this causes residual 
stress and cracking [9]. Poon et al. [10] compared the compressive strength and durability 
properties like rapid chloride diffusion, porosity & crack pattern of control mixes and high 
strength mixes for temperature up to 800°C and concluded that a significant loss in 
durability in terms of permeability occurred than the loss of compressive strength. As such, 
several advanced laboratory techniques, such as scanning electron microscopy analysis, 
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energy dispersive spectrometer, and X-ray diffraction analysis, are used to reveal concrete 
degradation mechanisms after exposed to elevated temperatures [11]. Karahan [12] tested 
experimentally the transport properties after being exposed to elevated temperatures, of 
high-volume slag or fly ash added concretes and found that according to rapid chloride 
permeability (RCPT) test results, slag-based concrete binds more chlorine than fly ash-
based concrete, and the behavior of slag-based concrete at elevated temperatures was 
superior to that of fly ash-based concrete. Demez et al. [13] assessed mechanical 
characteristics of high strength concrete (HSC) using pyrophyllite aggregate after exposed 
to elevated temperatures and concluded that the loss of compressive strength was much 
more pronounced in all concrete mixes subjected to temperatures above 600°C. Ercolani 
et al. [14] investigated the action of concrete when subjected to elevated temperatures and 
various cooling systems and found that if water is employed as a cooling medium, the rise 
in temperature affects physical as well as mechanical characteristics causing increase in 
degradation with development of cracks or microcracks. Mousavimehr et al. [15] stated 
that in addition to enhancing the mechanical as well as durability properties of rubberized 
concrete at elevated temperatures, the combined effect of metakaolin and silica fume can 
indeed create environmentally sustainable mixes by minimizing carbon footprint in 
comparison to a control mix. Because extreme heat can disintegrate the mechanical 
characteristics of concrete and potentially harm the entire structure, it's indeed critical to 
ascertain the impact of elevated temperatures upon on mechanical characteristics of high-
performance concrete (HPC) [16]. With increasing elevated temperatures, HPC's thermal 
expansion dramatically increases. Therefore, from above studies it is self-evident that 
concrete's high-temperature characteristics are critical for simulating the fire behavior of 
concrete structures. It was discovered in a prior study that adding nano-silica and alccofine 
to concrete increased its strength properties [17]. Because nano-silica and alccofine aid in 
the development of high strength concrete, their use in concrete may expand. As a result, 
it is critical to determine if concrete manufactured from these ingredients is safe in the 
event of a fire or high temperatures. 

Since no research has been done on the durability properties of concrete using nano-silica 
and alccofine after subjected to higher temperatures. Therefore, in this study an attempt 
has been made to evaluate the residual compressive strength and durability properties like 
water absorption and porosity, rapid chloride permeability and morphology of concrete 
mixes using alccofine and nano silica after exposure high temperatures. To relate the 
strength and durability properties of different concretes mixes at elevated temperatures, 
they must be prepared and evaluated under identical material and heating regimes. 

2. Experimental Studies   

2.1. Material Used  

OPC of 53 grades confirming to IS 12269-1987 was used in this study with specific gravity 
3.15. The physical properties of cement are given in Table 1. 
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Table 1. Physical properties of cement 

Sr. no Properties  Values  
Requirements as per IS: 

12269-1987 

1.  
Soundness      

(Le Chatelier method) 
1.2 < 10mm 

2.  Initial setting time 56 min > 30min 
3. Final setting time  259 min < 600 min 
4. Fineness  300 (m2/kg) > 225 m2/kg 
5. Standard Consistency  32% - 

 

Alccofine (Al) which is an ultra-fine slag or ggbs having particle size 4-6µm and specific 
gravity 2.86. It was procured from local dealers. Nano silica (Ns) having size of 17nm and 
specific gravity 2.2-2.4 shown in Fig. 2 was used. The properties alccofine and Ns obtained 
from manufacturer are given below in Table 2. As a fine aggregate, locally accessible river 
sand with specific gravity 2.65 has been used and coarse aggregates with a size of 20 mm 
having specific gravity 2.79 were used. Conplast SP430DIS is a high range water reducer 
superplasticizer that is used to maintain the workability of concrete mix. The laboratory 
tap water was used. 

 
 

Fig. 1 Alccofine Fig. 2 Nano silica 

Table 2. Chemical and physical properties of materials 

Item  
Calcium 

oxide 
Silicon 
dioxide 

Aluminum 
oxide 

Ferric 
oxide 

Magnesium 
oxide 

Sulfur 
trioxide 

Avg. 
particle 

size 

Al 32.1-34.3 33-35 18.0-20.0 1.8-2 8.0-10.0 
0.30-
0.70 

4-6µm 

Ns 0.060 99.880 0.0050 0.0010 - - 17nm 

2.2. Mix Proportions 

 Three blends of different concrete M40, M50, and M60 were taken into account to research 
the characteristics of concrete using nano-silica and alccofine, and mix design has been 
carried for all concrete grades according the IS10262:2019 and IS 456:2005 with w/c 
ratios of 0.4, 0.36, and 0.3. Alccofine (15%) and nano silica (3%) were used to replace 
cement. The mix proportions of the concrete mixes are given in Table 3. 
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Table 3. Mix proportions and notations of different concrete mixes 

Concrete 
grade 

Additives Notations 
Water 
Kg/m3 

Cement Kg/m3 

M40 
0 M4 160 400 

AL+ Ns M4AlNs 160 328 

M50 
0 M5 159 440 

AL+ Ns M5AlNs 159 360.8 

M60 
0 M6 158 527 

AL+ Ns M6AlNs 158 400 

Table 3 (Con.). Mix proportions and notations of different concrete mixes 

Concrete 
grade 

FA Kg/m3 CA Kg/m3 Al Kg/m3 Ns Kg/m3 w/c 

M40 
667 1248 - - 0.4 
667 1248 60 12 0.4 

M50 
642 1243 - - 0.36 
642 1243 66 13.2 0.36 

M60 
596 1218 - - 0.3 

596 1218 79 15.8 0.3 

 

 

Fig. 3 Electric bogie for heating specimens 

 

Fig. 4 Rapid chloride permeability test apparatus 
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Fig. 5 Compression testing apparatus 

2.3. Test Methods 

Concrete samples of cubic size 150 mm & 100mm and disc sample of 100mm diameter and 
50mm height size were casted and cured for 28 days in water. After curing the samples 
were dried and then placed in electronic bogie furnace shown in Fig. 3. The elevated 
temperature of 400 and 800 degree Celsius was maintained for 4hours duration. The fire 
duration of 4hrs is considered because as per National Building Code of India, desirable 
fire grading of columns and beams is 4 and 3 hrs. The samples were then cooled to room 
temperature by leaving them out in the open air. 150 mm samples were tested for 
compressive strength as per IS: 516 – 1959 [18].  

Using the ASTM C 642-06 [19] procedure, 100 mm samples were used to determine water 
absorption and porosity. The ASTM C1202 [20] specification was used as a guide for the 
rapid chloride permeability assessment using a 50 mm disc samples. After completing the 
compressive strength test, the specimens were ground into fine powder for 
microstructural analysis using Scanning Electron Microscopy (SEM) test. Test apparatus 
for compressive strength test and rapid chloride permeability test shown in the Fig. 3 & 4. 
The results at room temperature (RT) were compared to those obtained at higher 
temperatures. 

3. Result and Discussion   

3.1. Compressive Strength  

The Compressive strength results of concrete specimens subjected to elevated 
temperatures are depicted in the Fig. 6 as the average of the observations. It can be seen 
from the Fig. 6 that increasing the temperature decreases compressive strength. 
Compressive strength results of Al+Ns concrete mixes were between 66 to 83 Mpa at RT, 
64.9 to 80 MPa at 400°C, and 29 to 41.3 MPa at 800°C, respectively, as shown in Fig. 6. And 
compressive strength results of control mixes were between 51.1 to 68.5 MPa, 57 to 67.4 
MPa and 30.3 to 30.9 MPa at RT, 400°C, and 800°C, respectively. Compressive strength 
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decreased by 0.3 to 1.7% at 400°C, 40 to 48% at 800°C for control mixes, and 1.5 to 3.3% 
at 400°C, 50 to 56% at 800°C for Al+Ns mixes.  

The percentage decrease in compressive strength was greater for Al+Ns concrete mixes 
M4AlNs, M5AlNs, & M6AlNs compared to control mixes M4, M5 & M6 because of 
degradation of calcium silicate hydrates [1]. Despite the fact that Al+Ns mixes had higher 
compressive strength than control mixes at 400°C, the percentage decrease in compressive 
strength was significantly higher for Al+Ns mixes. Fig. 13 shows that the compressive 
strength decreases as the porosity increases. Therefore, increase in porosity with 
temperature is one of reason for decrease in compressive strength at higher temperatures. 
Cross sections of concrete samples at different temperatures are shown in Fig. 7, 8 & 9. The 
color of hardened concrete changed after exposed to higher temperatures. Cracks 
appeared in the aggregate & paste's interfacial transition zone (ITZ), as well as within the 
aggregate at 800°C from Fig. 9 which is another reason for reduced compressive strength. 
Because the interfacial transition zone (ITZ) is the weakest connection between cement 
paste and aggregate, it can enhance crack propagation. As a result, increasing temperature 
raises internal stresses, which accelerates material cracking, multiplies defects, and 
thereby lowers strength [21, 22].  

 

Fig. 6 Compressive strength values at elevated temperatures 

 

 

Fig. 7 Cross section of a hardened concrete at room temperature. 
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Fig. 8 Cross section of a hardened concrete at 400°C. 

 
 

Fig. 9 Cross section of a hardened concrete at 800°C. 

3.2. Water Absorption and Porosity  

Water absorption and porosity values of concrete with and without Al and Ns were 
calculated using test procedure given in ASTM C642 for all the concrete grades. The water 
absorption of concrete specimens subjected to elevated temperatures are depicted in the 
Fig. 10 as the average of the observations.  

  

Fig. 10 Water absorption values at 
elevated temperatures 

Fig. 11 Porosity values at elevated 
temperatures 

It can be seen from the Fig. 10 that increasing the temperature increases water absorption 
due to internal cracking. The three major reasons of such an internal cracking could be the 
breakdown of crystalline calcium hydrate particles, development of steam pressure, and 
degradation of C-S-H [7].  
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Concrete with a water absorption value of less than 5% is considered to be of high quality 
[23]. Water absorption of Al+Ns concrete mixes ranged from 4.1 to 4.6 %, 5.4 to 5.8 %, and 
8.2 to 9% at RT, 400°C, and 800°C, respectively, as shown in Fig. 10. And water absorption 
of control mixes ranged from 5 to 5.5 %, 5.6 to 6%, and 7.8 to 8.5 % at RT, 400°C, and 800°C, 
respectively. At RT, concretes mixes containing Al+Ns showed less than 5% water 
absorption. At 400°C and 800°C, all the concrete mixes showed water absorption greater 
than 5%. The percentage increase in water absorption of control mixes is 8 to 13% at 
400°C, 43 to 67% at 800°C and for Al+Ns mixes is 18 to 26% at 400°C, 80 to 118% at 800°C. 
The percentage increase in water absorption was greater for mixes M4AlNs, M5AlNs, & 
M6AlNs mixes at 800°C compared to M4, M5 & M6 mixes.  

Increase in temperature leads to the formation of large number of air voids due to 
evaporation of free water, accompanied by capillary water, and then physically bound 
water [24]. Porosity of Al+Ns concrete mixes ranged from 8.6 to 9.5 %, 11.4 to 11.8 %, and 
16.3 to 17.7 % at RT, 400°C, and 800°C, respectively, as shown in Fig. 11. And porosity of 
control mixes ranged from 10.1 to 11.4 %, 11.9 to 12.5 %, and 15.6 to 16.1 % at RT, 400°C, 
and 800°C, respectively. The percentage increase in porosity of control mixes is 9 to 18% 
at 400°C, 38 to 59% at 800°C and for Al+Ns mixes is 25 to 35% at 400°C, 73 to 102% at 
800°C. The percentage increase in porosity was greater for Al+Ns concrete mixes M4AlNs, 
M5AlNs, & M6AlNs at 800°C compared to control mixes M4, M5 & M6. Because at high 
temperature as water evaporates, the internal pore pressure increases, which causes 
significant internal pressures upon on solid skeleton of concrete due to the compact 
structure and lower permeability of Al+Ns concrete mixes. And thereby increases no. of 
micro cracks leading to increase in no. of voids in concrete matrix [24].  

The graph of water absorption versus porosity is plotted considering all concrete mix at all 
temperatures as shown in Fig.12. The porosity of concrete is linearly proportional to water 
absorption [25]. Therefore, increase in porosity increases water absorption due to 
increase in total pore volume of concrete. Similar results were reported by Karahan et al. 
[12] for concrete using slag with the porosity values varying between 9.3–11.0% at 20°C, 
10.4–11.7% at 400°C, and 16.2–17.4%, at 800°C, and water absorption varied between 4–
4.5% at 20°C, 4.5–5.5% at 400°C, and 7.5–8.5%, at 800°C, respectively.   

 

Fig. 12 Water absorption vs. Porosity   
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Fig. 13 Porosity vs. compressive strength    

3.3. Rapid Chloride Permeability  

The RCPT test, that is used to measure concrete's durability in terms of chloride-ion 
permeability, is easy to perform and can be completed in just 6 hours. Before exposing to 
high temperatures all the concrete mixes showed very low permeability s per ASTM 1202. 
As when the temperature was elevated, there was a substantial loss of permeability. If the 
charge moving through the concrete specimen is greater than 4000 C, then as per ASTM 
1202 it is categorized as highly permeable [10, 25]. Since more current flows into a highly 
permeable concrete its chloride-ion resistance is an indirect indicator of its permeability 
and internal pore structure [7]. RCPT values of Al+Ns concrete mixes ranged from 700 to 
940 C at RT, 1170 to 1590 C at 400°C, and 4920 to 6990 C at 800°C, respectively, as shown 
in Table 4.  

The RCPT values of control mixes ranged from 1518 to 1740 C at RT, 2000 to 2420 C at 
400°C, and 5380 to 6000 C at 800°C, respectively. At room temperature (RT), concretes 
mixes containing Al+Ns showed very low chloride ion penetrability compared to control 
mixes. Chloride ion penetration at 400°C was moderate for M4, M5 & M6 mixes and low 
for M4AlNs, M5AlNs, & M6AlNs mixes. The percentage of chloride ion entry into the 
concrete specimens largely depends on the structure of the internal pores and micro 
cracks. From Fig. 7, 8, & 9 it can be seen that with the increase in temperature the bond 
between aggregates and cement paste deteriorated and number of microcracks increased. 
The increase in rapid chloride permeability at elevated temperature is calculated by 
comparing it to the values at room temperature. The increase in rapid chloride 
permeability of control mixes is 1.3 to 1.4 times at 400℃, 3 to 4 times at 800℃ to that of 
rapid chloride permeability at room temperature. The increase in rapid chloride 
permeability of Al+Ns mixes is 1.6 to 1.7 times at 400℃, 5 to 10 times at 800℃ to that of 
rapid chloride permeability at room temperature.  The relationship between porosity and 
RCPT is shown in Fig. 14, and it was observed that RCPT increases as porosity increases. 
Therefore, RCPT values of all the concrete mixes after subjected to high temperature of 
800°C were greater than 4000 C due to excessive cracking and increased porosity from Fig 
11, hence regarded as not durable [26]. As a reason, concrete using alccofine and nano-
silica is considered as not durable, and also its utilization should be thoroughly considered 
for structures that are frequently subjected to heating and cooling cycles. Nadeem et al. [1] 
noticed an increase in rapid chloride permeability of concrete with fly ash and metakaolin 
by 3 to 15 times at 400℃ and 20 to 40 times at 800℃ when compared to rapid chloride 
permeability at room temperature. Poon et al. [7] noticed an increase in rapid chloride 
permeability of concrete with fly ash and silica fume by 5 to 20 times at 800℃ when 
compared to rapid chloride permeability at room temperature. 
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Table 4. RCPT Values at elevated temperatures 

Admixtures RT 400℃ 800℃ 

M4 1732.5 2418.3 5639.4 

M4AlNs 934.2 1584.9 4927.5 

M5 1557 2035.8 5383.8 

M5AlNs 758.7 1309.5 5647.5 

M6 1518.3 2007 5996.7 

M6AlNs 706.5 1170 6990.3 

 

 

Fig. 14 Porosity vs. rapid chloride permeability 

 

3.4. Microstructural Analysis   

Microstructural analysis using SEM examinations of concrete specimens revealed distinct 
morphological changes as a result of exposure to high temperatures [27].  At 400°C, the 
concrete matrix appeared coarser and no ettringite was detected [28]. On concrete 
specimens heated to 400°C & 800°C, microcracks and voids are identified as shown in 
Table 5. The CH disintegrated at 800°C, resulting in a porous concrete matrix [28]. The 
microstructure seemed to be very porous in comparison to specimens heated to 400 °C, 
and porosity increased with concrete grade. Wide voids were noticeable in many areas of 
the M6AlNs mix concrete specimens as shown in Table 5. The number of voids in Al + NS 
mixes was higher than control mixes which is consistent with the strength characteristics 
and durability test results provided above. Due to voids, microcracks, and partially 
deteriorated CSH, concrete specimens subjected to 800°C showed substantial 
modifications in the micro - structural of the concrete [29].  As a result, the microstructure 
of the concrete deteriorated, affecting its strength and durability. Arioz et al. [29] and 
Handoo et al. [27] investigated the microstructures of concrete specimens exposed to 
800°C and found similar results. 
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Table 5. SEM images of different concrete mixes 

Concrete 
mixes 

Temperature 
400°C 800°C 

M4 

  

M4AlNs 

  

M5 
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Table 5 (Con.). SEM images of different concrete mixes 

Concrete 
mixes 

Temperature 
400°C 800°C 

M5AlNs 

  

M6 

  

M6AlNs 

  

4. Conclusions 

The following conclusions can be drawn from the findings of this study: 

• The compressive strength of all concrete mixes decreased with increase in 
temperature, a slight loss of strength was noticed between room temperature and 
400 °C and the percentage reduction of Al+ Ns mixes was grater at 800°C. 
Compressive strength decreased by 0.3 to 1.7% at 400°C, 40 to 48% at 800°C for 
control mixes, and 1.5 to 3.3% at 400°C, 50 to 56% at 800°C for Al+Ns mixes. 

• Cracks appeared in the aggregate & paste's interfacial transition zone (ITZ), as 
well as within the aggregate and also color of hardened concrete changed with 
temperature. 
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• The water absorption and porosity increased with increase in temperature. The 
percentage increase in water absorption and porosity was greater for Al+Ns 
concrete mixes M4AlNs, M5AlNs, & M6AlNs at 800°C compared to control mixes 
M4, M5 & M6.  

• The percentage increase in water absorption of control mixes is 8 to 13% at 
400°C, 43 to 67% at 800°C and for Al+Ns mixes is 18 to 26% at 400°C, 80 to 118% 
at 800°C. 

• The percentage increase in porosity of control mixes is 9 to 18% at 400°C, 38 to 
59% at 800°C and for Al+Ns mixes is 25 to 35% at 400°C, 73 to 102% at 800°C 

• At room temperature and 400°C, Al and Ns reduced RCPT values compared to 
control mixes, but at 800°C, it increased due to increase in porosity.  

• For control mixes, rapid chloride permeability increased by 1.3 to 1.4 times at 
400°C, 3 to 4 times at 800°C, and for Al+Ns mixes 1.6 to 1.7 times at 400°C, 5 to 10 
times at 800°C, compared to rapid chloride permeability at room temperature. 

• According to microstructural analysis, the percentage of voids increased and 
became wider as the temperature rose. As a result, the microstructure of the 
concrete deteriorated, affecting its strength and durability. 

 

Acknowledgement 

The authors are grateful to the Jawaharlal Nehru Technological University Hyderabad 
(India) for providing the necessary laboratory facilities to carry out the research work 
discussed in the present paper. 

 
References 

[1] Nadeem A, Memon SA, Lo TY. The performance of Fly ash and Metakaolin concrete at 
elevated temperatures. Constr. Build. Mater, 2014; 62: 67–76. 
https://doi.org/10.1016/j.conbuildmat.2014.02.073  

[2] Memon SA, Shah SFA, Khushnood RA, Baloch WL. Durability of sustainable concrete 
subjected to elevated temperature–A review. Construction and Building Materials, 
2019; 199: 435-455. https://doi.org/10.1016/j.conbuildmat.2018.12.040  

[3] Mohamedbhai GTG. Effect of Exposure Time and Rate of Heating and Cooling on 
Residual Strength of Heated Concrete. Magazine of Concrete Research, 1986; 
38(136):151–158. https://doi.org/10.1680/macr.1986.38.136.151  

[4] Horszczaruk E, Sikora P, Cendrowski K, Mijowska E. The effect of elevated temperature 
on the properties of cement mortars containing nanosilica and heavyweight 
aggregates. Construction and Building Materials, 2017; 137: 420–431.  
https://doi.org/10.1016/j.conbuildmat.2017.02.003  

[5] Demirel B, Kelestemur O. Effect of elevated temperature on the mechanical properties 
of concrete produced with finely ground pumice and silica fume. Fire Safety Journal, 
2010;45:385–391. https://doi.org/10.1016/j.firesaf.2010.08.002  

[6] Poon CS, Azhar S, Anson M, Wong YL. Strength and durability recovery of fire-damaged 
concrete after post-fire-curing, Cem. Concr. Res., 2001;31:1307–1318. 
https://doi.org/10.1016/S0008-8846(01)00582-8  

[7] Poon CS, Azhar S, Anson M, Wong YL. Performance of metakaolin concrete at elevated 
temperatures, Cem. Concr. Compos., 2003;25:83–89. https://doi.org/10.1016/S0958-
9465(01)00061-0       

[8] Dündar B, Çınar E, Çalışkan AN. An investigation of high temperature effect on pumice 
aggregate light mortars with brick flour. Res. Eng. Struct. Mat, 2020; 6(3): 241-255. 
http://dx.doi.org/10.17515/resm2019.163ma1121    

https://doi.org/10.1016/j.conbuildmat.2014.02.073
https://doi.org/10.1016/j.conbuildmat.2018.12.040
https://doi.org/10.1680/macr.1986.38.136.151
https://doi.org/10.1016/j.conbuildmat.2017.02.003
https://doi.org/10.1016/j.firesaf.2010.08.002
https://doi.org/10.1016/S0008-8846(01)00582-8
https://doi.org/10.1016/S0958-9465(01)00061-0
https://doi.org/10.1016/S0958-9465(01)00061-0
http://dx.doi.org/10.17515/resm2019.163ma1121


K and P / Research on Engineering Structures & Materials 8(1) (2022) 101-115 

 

114 

[9] Fu YF, Wong YL, Tang CA, Poon CS. Thermal induced stress and associated cracking  in 
cement-based composite at elevated temperatures - Part II: Thermal cracking around 
multiple inclusions, Cem. Concr. Compos., 2004;26(2):99-111. 
https://doi.org/10.1016/S0958-9465(03)00086-6  

[10] Poon CS, Azhar S, Anson M, Wong YL. Comparison of the strength and durability 
performance of normal-and high-strength pozzolanic concretes at elevated 
temperatures. Cement and concrete research, 2001;31(9):1291-1300. 
https://doi.org/10.1016/S0008-8846(01)00580-4  

[11] Khodja N, Hadjab H. Effects of Elevated Temperatures on Mechanical’s concrete 
specimen behaviour. In MATEC Web of Conferences, 2018;165: 22010. 
https://doi.org/10.1051/matecconf/201816522010  

[12] Karahan O. Transport properties of high-volume fly ash or slag concrete exposed to 
high temperature. Construction and Building Materials, 2017;152: 898-906. 
https://doi.org/10.1016/j.conbuildmat.2017.07.051  

[13] Demez A, Karakoç MB. Mechanical properties of high strength concrete made with 
pyrophyllite aggregates exposed to high temperature. Structural Concrete, 2021;22: 
E769-E778. https://doi.org/10.1002/suco.201900381  

[14] Ercolani G, Ortega NF, Priano C, Señas L. Physical–mechanical behavior of concretes 
exposed to high temperatures and different cooling systems. Structural Concrete, 
2017;18(3): 487-495. https://doi.org/10.1002/suco.201500202  

[15] Mousavimehr M, Nematzadeh M. Post-heating flexural behavior and durability of 
hybrid PET–Rubber aggregate concrete. Construction and Building Materials, 2020; 
265:120359. https://doi.org/10.1016/j.conbuildmat.2020.120359  

[16] Xiao J, Xie Q, Xie W. Study on high-performance concrete at high temperatures in China 
(2004–2016)-An updated overview. Fire safety journal, 2018; 95:11-24. 
https://doi.org/10.1016/j.firesaf.2017.10.007  

[17] Ashwini K, Rao PS. Evaluation of correlation between compressive and splitting 
tensile strength of concrete using alccofine and nano silica. In IOP Conference Series: 
Materials Science and Engineering, 2021;1091(1): 012056. 

[18] IS: 516–1959. (1979). Indian Standard Code of Practice-Methods of Test for Strength 
of Concrete. 

[19] ASTM C642-06, Standard Test Method for Density, Absorption, and Voids in Hardened 
Concrete, ASTM International, West Conshohocken, PA, 2006, www.astm.org 

[20] ASTM C1202-19, Standard Test Method for Electrical Indication of Concrete’s Ability 
to Resist Chloride Ion Penetration, ASTM International, West Conshohocken, PA, 2019, 
www.astm.org 

[21] Carvalho EFTD, Silva Neto JTD, Soares Junior PRR, Maciel PDS, Fransozo HL, Bezerra 
ACDS, Gouveia AMCD. Influence of cooling methods on the residual mechanical 
behavior of fire-exposed concrete: An experimental study. Materials, 2019;12(21): 
3512. https://doi.org/10.3390/ma12213512  

[22] Pan HH, Li JC, Hou TC, Liao KS. Effect of temperature to micro-displacement of 
interfacial transition zone in cementitious materials by espi measurement. In 35th 
Conference on our world in concrete & structures, 25-27. 

[23] Kosmatka SH, Kerkhoff B, Panares’e WC, MacLeod NF, McGrath RJ. Design and Control 
of Concrete Mixtures, 7th ed. Cement Association of Canada, Ottawa, Ontario, Canada, 
2002. 

[24] Hager. Behavior of cement concrete at high temperature. Bulletin of the polish 
academy of sciences, Technical sciences, 2003; 61(1):1-10. 

[25] Kearsley EP, Wainwright PJ. Porosity and permeability of foamed concrete. Cement 
and concrete research, 2001;31(5):805-812. https://doi.org/10.1016/S0008-
8846(01)00490-2  

https://doi.org/10.1016/S0958-9465(03)00086-6
https://doi.org/10.1016/S0008-8846(01)00580-4
https://doi.org/10.1051/matecconf/201816522010
https://doi.org/10.1016/j.conbuildmat.2017.07.051
https://doi.org/10.1002/suco.201900381
https://doi.org/10.1002/suco.201500202
https://doi.org/10.1016/j.conbuildmat.2020.120359
https://doi.org/10.1016/j.firesaf.2017.10.007
https://doi.org/10.3390/ma12213512
https://doi.org/10.1016/S0008-8846(01)00490-2
https://doi.org/10.1016/S0008-8846(01)00490-2


K and P / Research on Engineering Structures & Materials 8(1) (2022) 101-115 

 

115 

[26] Hossain KMA. High strength blended cement concrete incorporating volcanic ash: 
Performance at high temperatures. Cement and Concrete Composites, 2006;28(6): 
535-545.    https://doi.org/10.1016/j.cemconcomp.2006.01.013   

[27] Handoo SK, Agarwal S, Agarwal SK. Physicochemical, mineralogical, and 
morphological characteristics of concrete exposed to elevated temperatures. Cement 
and Concrete Research, 2002;32:1009–1018. https://doi.org/10.1016/S0008-
8846(01)00736-0  

[28] Annerel E, Taerwe L. Assessment of the Fire Damage of Concrete Members after Fire 
Exposure. In Innovative Materials and Techniques in Concrete Construction, 2012;283-
290. 

[29] Arioz, O. Retained properties of concrete exposed to high temperatures: Size effect. 
Fire and Materials: An International Journal, 2009;33(5):211-222. 
https://doi.org/10.1002/fam.996  

 

https://doi.org/10.1016/j.cemconcomp.2006.01.013
https://doi.org/10.1016/S0008-8846(01)00736-0
https://doi.org/10.1016/S0008-8846(01)00736-0
https://doi.org/10.1002/fam.996

	resm2021.281st0419c
	resm2021.281st0419m

