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ABSTRACT

The qualities of both fresh and hardened perlite self-compacting concrete are assessed in
this study. The self-compacting concrete mix utilized in this investigation included 594
kg/m3 of binder. Four concrete mixes were tested with perlite used in place of some of the
coarse aggregate at volumetric ratios of (0, 20, 40, and 50) %. Slump flow, V-funnel, L-Box,
and segregation index tests were used to evaluate the properties of fresh concrete. At 56
days after burning, hardened concrete is tested. These tests gauge a material's flexural,
splitting, and compressive strengths. According to the data perlite content reduces
workability. The percentage of perlite increases causes a considerable decrease in the
compressive, flexural, and splitting tensile strengths when compared to the reference
mixture. Following their burning at (300, 500, and 700 °C), half of the specimens cooled
gradually before being tested, while the other half cooled rapidly. The residual percentages
of Compressive strength at 56 days after burning were the most at 50% perlite, with
(89.75,65.21, and 42.86) % at 300, 500, and 700 Ce, respectively for gradual cooling. The
residual percentages of Splitting tensile strength at 56 days after burning for PG50% were
(98.85,85.22and 51.31) % at 300, 500, and 700 Co, respectively for gradual cooling.

Keywords: Coarse aggregate, Fire flame, Perlite aggregate, Self-compacting concrete.

1. INTRODUCTION

SCC was created in the middle of the 1980s. It has a unique ability to fill molds and flow this
form of concrete doesn't require external vibration (Al-Kabi and Al-Obaidy, 2024). Due to
its special properties, SCC has the potential to significantly increase the performance of
concrete structures and increase the variety of applications for concrete (Alsaedy and
Aljalawi, 2012). The attributes within the concrete are significantly impacted by the
chrematistics of the materials. The high density of SCC mixes increases structure weight,

*Corresponding author

Peer review under the responsibility of University of Baghdad.

https://doi.org/10.31026/j.eng.2025.01.04

This is an open access article under the CC BY 4 license (http://creativecommons.org/licenses/by/4.0/).

Article received: 24/04/2024
Article revised: 16/09/2024
Article accepted: 10/10/2024
Article published: 01/01/2025

54


http://www.jcoeng.edu.iq/
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0001-7089-7971
mailto:bara.naim2201m@coeng.uobaghdad.edu.iq
https://orcid.org/0009-0001-7089-7971
mailto:hadeel.kalid@coeng.uobaghdad.edu.iq

B. Q. Naeem and H. K. Awad Journal of Engineering, 2025, 31(1)

which has led to an increase in the cost of construction. the drawback cause mitigated
by using lightweight aggregates instead of standard coarse aggregates (Shamran and
Abbas,2022). ACI 237R-14 defines self-compacting concrete (SCC) as strongly flowing
concrete that can permeate and separate from the reinforcing without the necessity for
compaction or mechanical consolidation

SCC can be distributed by filling the structure's framework (Aljalawi and Ahmed, 2014; Al-
Obaidy, 2017). To meet its stated workability standards, SCC must possess the following
three qualities: filling ability, passing ability, and segregation resistance (EFNARC, 2002).
Self-compacting concretes, which depend upon their own weight for flow, have less internal
energy and flow a little bit more slowly when lightweight aggregate is employed than
natural aggregate concretes (Hubertova, 2005). An amorphous igneous rock with an
aluminum-siliceous composition, perlite is created when volcanic lava crystallizes. Among
its many physical attributes are its great spall resistance, fire and heat resistance, and good
acoustic qualities. Its exceptional qualities as a thermal insulator have contributed to the
development of concrete technology (Premalatha et al., 2023; Al-Kabi and Al-Obaidy,
2024). When perlite gets heated to 870-1200 °C, it can expand to a size that is 15-35 times
larger than its original volume. Due to its 2-5% water content, it transforms into a flexible,
bulk-density material that is full of holes. Perlite is identified under a microscope by its thick
and thin laminar sheets (Cojocaru, 2023; Al-Daraji and Aljalawi, 2024). the density of
perlite reaches 400 kg/m3, which is not excessive in contrast to the density of many other
minerals. Perlite has a specific gravity of 2.2 to 2.4 and a pH range of 6.5-8 (Rashad, 2016).
Because of its special qualities, perlite is a rare and adaptable mineral that is employed in
many different industrial applications. With a low density, perlite's foamy-like
microstructure is one of its most remarkable features. Its low density combined with its high
porosity and outstanding thermal insulation qualities makes it the perfect option for a
lightweight mineral filler in a different use (Sodeyama,1999; Mladenovic et al., 2004). To
remedy the lack of qualified concrete workers and the drawbacks of conventional concrete
in overcrowded situations, Prof. Okamura founded SCC in Japan in 1986. (Aslani and Kelin,
2018). Many studies have been conducted on the using perlite aggregates in construction
material techniques, particularly the effects of expanded perlite on the characteristics of
concrete. According to these researches, using perlite in concrete mixes can enhance its
weight and thermal insulation (Sengul etal., 2011). (Tiirkmen and Kantarci, 2007) found
that added perlite (0-4) mm, substituted for a portion of natural sand at volumetric rates of
(5,10, and 15%), decreased the fresh unit weight by 0.74%, 0.91%, and 0.95%, respectively.
The present results agree with previous studies that observed a linear reduction in the initial
weight of concrete mixtures containing perlite at concentrations between 5 and 100%.
(Oktay et al.,2015) discovered that using perlite in a mixture of concrete replaced of
portion of sand reduced heat conductivity. According to the study, adding 10%, 20%, 30%,
40%, and 50% volume of EP particles with a variety of sizes of( 0.15-11) mm to natural sand
lowered the thermal conductivity of the concretes at 28 days by (22.96, 38.01, 64.23, 74.36,
and 81.48%, respectively). (Jedidi et al., 2015) discovered that utilizing different Perlite
particle sizes—ranging from 2 mm to 4 mm—in replacement of natural sand in a largely
volumetric replacement with varied percentages (15, 30, 45, and 60) can lower heat
conductivity by as much as 9.68%, 17.74%, 43.55%, and 66.13%, respectively.

(Gandage et al., 2013) Investigated thermal conductivity using perlite in three different
percentages (2.5, 5, and 7.5%) and fly ash in M-40 SCC grade. The samples' bending strength

55



B. Q. Naeem and H. K. Awad

was determined to be 4.5 MPa after 28 days. After 28 days, the samples’ maximum
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compressive strength was 51.852 MPa, with 5% perlite being the optimal range.

This study aims to investigate the impact of using perlite aggregate in place of coarse particle

behaviour of self-compacting concrete exposed to fire.

2. RAW MATERIAL AND METHOD
2.1 RAW Materials

2.1.1 Ordinary Portland Cement

Ordinary Portland Cement (OPC) (CEM I-42.5 R) was used to prepare all concrete mixes. The
chemical and physical characteristics of OPC are displayed in Tables 1 and 2. The results

demonstrate that the OPC satisfies Iraqi regulations (IQS No. 5, 2019).

Table 1. Chemical properties of OPC.

Chemical composition Result (IQS No.5,2019)
Lime (CaO) 64.8
Silica (Si02) 22.57
Alumina (Al;03) 5 ----
Iron Oxide (Fe205) 4.32
Magnesia (MgO) 3.1 5.0 max
Sulfate (SO3) 2.22 <2.8I1fC3A>35
Insoluble residue (I.R) 0.84 1.5 max
Loss of ignition (L.0.I) 2 4 max
OPC Compounds
Tri calcium silicate (CsS) 52| e
Di calcium silicate (C:S) 2074 | --m-meee-
Tri calcium aluminate (C3A) 9.12 | -memeee
Tetra calcium aluminate ferrite (C4AF) N

Table 2. The physical properties of ordinary Portland cement.

Properties Results (IQS No.5,2019)
S.S.A m?2/kg (Blaine method) 381 > 280
Initial setting, (min) 165 > 45
The final setting, (hr: min) 4:30 <10
Compressive strength, (MPa): at 2 days 23 =20

at 28 days 44 >42.5

2.1.2 Fine Aggregate (Sand)

The findings of using natural sand revealed that its grading and qualities complied with (IQS
No. 45, 1984). Table 3 displays the sand grade that was found to be in Zone 2. Table 4

presents the chemical and physical properties of sand.
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Table 3. The grade of sand.

Sieve size (mm) Passing % Limit of (IQS No.45, 1984), zone 2
10 100 100
4.75 92.5 90-100
2.36 80 75-100
1.18 70 55-90
0.6 54 35-59
0.3 25 8-30
0.15 5 0-10
Fineness Modulus 2.735

Table 4. The chemical and physical properties of fine aggregate.

Property Specification Result Limits of (IQS No.45,1984)
Specific gravity (ASTM C128, 2007) 258 | e
Absorption % (ASTM C128, 2007) 094 | s
Dry rodded density (kg/m3) (ASTM C29, 2007) 1647 | e
Sulfate content % (SO3) (Iraqi Reference 0.26 0.5%(max)
Guide No. 500, 1994)
Fine particles passing from (Iraqi Reference 2.73 5.0%(max)
the sieve 75 um, % Guide No. 500, 1994)

2.1.3 Coarse Aggregate

Every concrete mixture contained a single size of 10 mm gravel. Iraqi criteria (IQS No.45,
1984) for the grading of coarse aggregate. Table 5 shows the course aggregate grading,
while Table 6 presents the chemical and physical parameters of coarse aggregate.

Table 5. Grading of Coarse aggregate.

Sieve size (mm) Passing % | Limit of (IQS No.45, 1984)
max size 10 mm

20 100 100

14 100 100

10 92.5 85-100

5 18 0-25

2.36 5 0-5

Table 6. Chemical and physical characteristics of coarse aggregate (gravel).

Property Specification Test result Limits of
(IQS No. 45, 1984)
Specific gravity (ASTM C128, 2007) 2654 | -
Absorption (ASTM C128, 2007) 05% | 0 e
SO3 (Iraqi Reference Guide No. 0.05% <0.1%
500, 1994)
Dry rodded density (ASTM C29, 2007) 1645kg/m3 | = ------

2.1.4 Silica Fume (SF)

Actually, silica fume, condensed silica fume, often referred to as micro silica, is a pozzolanic
material. In this study, silica fume was used to replace 10% of the cement's weight. According
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to the results, silica fume conforms with (ASTM C1240, 2015). The chemical and physical
properties of silica fume are presented in Tables 7 and 8.

Table 7. Physical properties of silica fume.

Property Test result (ASTM C1240, 2015)
retained on 45-um (No. 325) sieve, % 7.5 <10
Accelerated pozzolanic Strength activity index 119 > 105
@ 7 days, %
Specific surface area, m2/g 17 >15

Table 8. Chemical analysis of silica fume.

Oxide composition Oxide content % (ASTM C1240, 2015)
Si02 90.4 > 85.0
L.0.1 2.8 <6.0
Moisture content 0.38 <3.0

2.1.5 Chemical Admixture (Super-Plasticizer)

In this investigation, the super-plasticizer (SP) with a dose range of (0.15-1) liter was added
for every 100 kg of cementitious materials. It is used to achieve high early strength, high flow
ability, and low water content. It satisfies (ASTM C494, 2013), type F, and it does not contain
chlorides. Table 9 illustrates this admixture's characteristics.

Table 9. Technical properties of super-plasticizer (given by manufacturer).

Appearance Transparent or Light Brown Liquid

Calcium Chloride Nil

Density 1.10 £ 0.02 gm/ml

Viscosity 450 cPs @ 20°C

Setting time Initial and final setting time depends on temperature,
cement quantity, and dosage used.

2.1.6 Water

Water was used in this experiment for the mixing and curing of the concrete mixtures.
Moreover, it conforms to Iraqi specifications. (IQS No. 1703, 2018).

2.1.7 perlite

Lightweight expanded perlite, as seen in Fig. 1, is used in this investigation. A portion of the
coarse aggregate was replaced with perlite, which has a bulk density of 145 kg/m3 and an
S.G. of 0.40. Table 10 displays the perlite distributions.

Table 10. Grading of Perlite as Partial Replacement of Coarse Aggregate.

Sieve size (mm) Passing % (ASTM C330, 2017)
Nominal size 2.36-9.5 mm
12.5 100 100
9.5 100 80-100
4.75 35 5-40
2.36 10 0-20
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Figure 1. Image of perlite aggregate

2.2 SCC Mixes

According to (EFNARC, 2005), multiple trail mixes had been carried out. In this experiment,
one combination was selected as the control mix, and four groups of SCC mixes—0% perlite,
20% perlite, 40% perlite, and 50% perlite—were tested utilizing perlite volume friction. Al
Sarraf (Al Sarraf et al., 2013) provided a description of the mixing technique employed in
this investigation. Table 11 displays the specific concrete mixes, with R denoting the
reference mix, PG denoting SCC mixes partially replaced with perlite material in place of
coarse aggregate, and PS denoting SCC mixes partially replaced with perlite material in place
of fine aggregate.

Table 11. Details of Mix design for Self-Compacting Concrete Mixes.

. Cement Silica Coarse Water Sand perlite %SP by. ‘.Nt' of
Mixes kg/m? fume aggregate kg/m? w/p kg/m? kg/m3 cemen.tltlous
kg/m3 | kg/m3 materials
R 540 54 750 188 0.32 | 865.8 0 1
PG20% | 540 54 736.97 188 0.32 | 865.8 13.03 1
PG40% | 540 54 723.96 188 0.32 | 865.8 26.04 1
PG50% | 540 54 717.45 188 0.32 | 865.8 32.55 1

2.3 Specimen Preparation, Casting, and Curing

When the mixing process was finished, the steel molds were prepared, cleaned, and oil-
lubricated before the concrete was poured into them without the need for vibration. The
specimens were then covered with nylon sheets. After twenty-four hours, the molds were
taken out of the casts. After that, the specimens were taken out of the tanks and allowed to
be cured for a further 28 days in the laboratory. In the meantime, the samples were cured in
a water tank.

2.4 Testing Program

2.4.1 Fresh Properties Tests of PSCC

Five tests were conducted to analyze the novel qualities of PSCC: the sieve segregation test
evaluated resistance to segregation, the slump flow test evaluated flowability, the T500mm
and V- funnel tests evaluated viscosity and flowability, and the L-box test evaluated passing
ability. (EFNARC, 2005) was followed in the running of these tests.
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2.4.2 Harden Properties Tests of (PSCC)

2.4.2.1 Compressive Strength Test

According to (BS EN 12390-3, 2019), a cube with dimensions of (10x10x10) cm was used
to conduct the compressive strength test for each mix. For this test, a hydromechanical test
apparatus with a 2000 KN capacity and a 2.5 MPa/s loading rate was employed. In this study,
cubes ages 7, 28, and 56 days were employed. The three specimens at each age were
averaged to estimate the compressive strength. Each cube's compressive strength has been
calculated using Eq. (1).

fe=F/Ac (1)

Where:

fc = compressive strength, MPa
F = maximum applied load, N
Ac = sample surface area, mm?

2.4.2.2 Splitting Tensile Strength Test

Cylinder specimens of 100 mm in diameter and 200 mm in height were utilized for the
splitting tensile strength test following (ASTM C496/C496M, 2017). The splitting tensile
strength of cylinders was measured using a hydromechanical test device. The test included
specimens that were 7, 28, and 56 days old. The three specimens at each age were averaged
to determine the splitting tensile strength. The splitting strength of concrete specimens was
calculated using Eq. (2).

T=2P/nld
(2)
Where:
T = splitting tensile strength, MPa
P = maximum applied load, N
d = cylinder diameter, (mm)
| = cylinder length, (mm)

2.4.2.3 Flexural Strength Test

As per (ASTM (C293/C293M, 2016), the flexural strength was evaluated on prism
specimens of 80x80x380 mm, which were supported simply under center point force. The
ages of the specimens employed in this research were 7, 28, and 56 days. By averaging the
three specimens at each age, the flexural strength was found. The flexural strength of the
sample was calculated using Eq. (3).

R =3 PL/2bd? (3)

Where:
R = flexural strength, MPa
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P = maximum applied load, N
L = span length, mm

b = specimen width, mm

d = specimen depth, mm

2.5 Burning Procedure and Cooling Methods

After 28 days, all samples were removed from the tank and kept in the lab for a further 28
days, following (Salih and Jasim, 2009). As seen in Fig. 2, the specimens were burned in a
furnace measuring 3500 x 2000 x 900 mm. As seen in Fig. 3, a digital thermometer was used
to determine the burning temperature. Three different burning temperatures (300, 500, and
700 °C) were applied to the specimens. By increasing the exposure rate following the fire
curve shown in Figs.4 and 5 defined in (ASTM E119-00a, 2017), each burning temperature
was attained. The cooled furnace was filled with the specimens. Comparable to previous
studies by (Salih and Jasim, 2009; Al-Radi et al., 2021) the specimens were maintained at
the target burning temperature for an hour after it was reached. Before being analyzed, half
of the specimens were removed from the furnace and allowed to cool to laboratory
temperatures, whereas the other half were subjected to a quick cooling process by being
submerged in water tanks.

Figure.3 Digital thermometer
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Figure. 4 Fire Curve (ASTM E119-00a, 2017) Figure. 5 The fire Curve was relied

based on (ASTM E119-00a, 2017)
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3. RESULTS AND DISCUSSION
3.1 Fresh Properties

Table 12 presents the results of the tests conducted on freshly mixed concrete, as illustrated
in Fig. 6 slump flow test, Fig. 7. Fig.8 displays the L-box test and illustrates the V-box test.
These tests consist of sieve segregation, slump flow, T500mm, V-funnel, and L-box. The
workability decreased as the percentage of perlite increased by 0, 20, 40%, and 50%,
according to the data. But the fall was reduced to 8% when perlite took the place of half of
the coarse aggregate. Perlite in the concrete mix absorbed water, reducing SCC flowability
and contributing to the lowering of slump flow (Tiirkmen and Kantarci, 2007). Using the
Segregation Index, the resistance of self-compacting concrete to segregation is measured.
According to EFNARC guidelines, results obtained for all mixes within the range of 10.4% to
14.9% have been considered acceptable (<15%) for self-compacting concrete. This shows
that all mixes are in compliance with (Mansour, 2020) and are classified as SR2.

Table 12. Fresh properties of PSCC mixes.

mix Slump (mm) | Tse0(sec) | V-funnel (sec) L-box SI %
R 715 29 9 0.89 14.9
PG20% 700 3.5 10.1 0.86 14.1
PG40% 680 4 11.5 0.83 12
PG50% 662 4.5 12 0.82 10.8
Limits of | SF1550-650 VS1/VF1< 2 <8 >0.80 SR1=20
(EFNARC, | SF2 660-750 VS2/VF2 >2 9to 25 SR2 <15
2005) SF3 760-850

o

Figure. 6 Slump flow test Figure. 7 V-funnel test Figure. 8 L-box test

3.2 Compressive Strength

Compressive strength is one of the most crucial characteristics of concrete when it has been
set. Results for compressive strength 56 days before and following burning are shown in
Table 13 and Fig.9. The results show that the procedure of continuous hydration produces
a new hydration product, which accounts for the strength of the concrete at 56 days
(Howlader et al., 2012). The compressive strength of every concrete sample decreased as
the percentage of perlite components rose. It was demonstrated that compressive strength
values decreased with increasing perlite ratios. The weak and porous structures of perlite
were the reason for this. This can be explained by the porous perlite being used in place of
the standard aggregate; the reduced strength and specific gravity (SG = 0.40) of the perlite
caused a further decrease in the compressive strength of the concrete (Oktay et al., 2015).
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Table 13. Compressive Strength test results after burning.

Compressive compressive strength (MPa) after burning
Mix strength MPa at | 300 °C 500 °C 700 °C

56 days before | Sudden Gradual | Sudden | Gradual | Sudden | Gradual

burning cooling cooling | cooling | cooling | cooling | cooling
R 45 33 35 24 25 13.7 15.3
PG20% | 39.1 30.3 31.5 22 23 12.3 14
PG40% | 28.5 24.2 24.8 17.1 18.1 11 11.9
PG50% | 27.3 23.7 24.5 16.6 17.8 10.7 11.7

e

Figure 9. Com

T

pressive strength Test.

40

35
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20
15
10
| m i
0

Sudden cooling  Gradual cooling = Sudden cooling Gradual cooling = Sudden cooling  Gradual cooling

compressive strength, MPa

300 Co 500 Co 700 Co
ER mPG20% mPG40% PG50%

Figure 10. Impact of perlite partial replacement of coarse aggregate on compressive
strength after burning

The residual compressive strength of each specimen at 56 days following the burning
process is displayed in Table 14 and Fig. 11. The proportion of residual compressive
strength that is computed for every outcome following burning in comparison to the
identical outcome just before burning Compared to the 50% perlite mixture before burning,
the mixes with 50% perlite replacement was the least affected by heat rising and had the
highest residual compressive strength. This is due to the increase of internal voids with the
increase of perlite replacement, which gives more flexibility to moisture movement and
minimizes the stresses inside. It is also evident that the compressive strength significantly
decreased as the burning temperature rose by (300, 500, and 700) °C
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Table 14. Results of percentage residual compressive strength after burning.

Residual percentage of compressive strength
Mix 300 °C 500 °C 700 °C
Sudden Gradual Sudden Gradual Sudden Gradual
cooling cooling cooling cooling cooling cooling
R 73.4 77.78 53.34 55.56 30.45 34
PG20% | 77.5 80.57 56.27 58.83 31.46 35.81
PG40% | 84.92 87.02 60 63.51 38.6 41.76
PG50% | 86.82 89.75 60.81 65.21 39.2 42.86
100
90
80

70
60

50
40
30
20
10

0

Sudden cooling Gradual cooling Sudden cooling Gradual cooling Sudden cooling Gradual cooling

Residual percentage of compressive
strength ,%

300 Co 500 Co

PG40%

700 Co

ER mWPG20% PG50%

Figure 11. Percentage residual compressive strength after burning
3.3 Flexural Strength

The flexural strength results for each SCC 56 days after burning the mixes used in this study
are displayed in Table 15 and Fig. 12. The flexural strength test behavior is depicted in Fig.
13. When PG 50% was gradually cooled, the reduction ratios for its flexural strength at age
56 days compared to the Reference mix specimen were 35.29%. Fig.14 and Table 16 show
the residual percentage of flexural strength after burning. Sudden cooling gave results lower
than gradual cooling for the same mix. Whenever the burning temperature increases the
difference between the results of sudden and gradual cooling increases.

Table 15. Findings of Flexural Strength test after burning.

Flexural strength| Flexural strength (MPa) after burning
Mix MPa at 56 days| 300 °C 500 °C 700 °C

before burning | Sudden | Gradual | Sudden Gradual | Sudden Gradual

cooling | cooling cooling cooling cooling cooling

R 7.1 3.7 3.9 2.2 2.8 1.8 2.18
PG20% | 6.2 4.1 4.4 2.7 2.9 2.2 2.58
PG40% | 5.6 4.6 4.8 3 3.2 2.6 2.9
PG50% | 5.1 4.7 4.85 3.4 3.6 2.8 3.3
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Figure 12. Effect of perlite replacement of coarse aggregate on flexural strength after
burning
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Figure 13. Flexural strength test

Table 16. Results of percentage residual flexural strength after burning.

Residual percentage of Flexural strength
Mix 300 °C 500 °C 700 °C
Sudden Gradual Sudden Gradual Sudden Gradual
cooling cooling cooling cooling cooling cooling
R 52.12 54.93 30.99 39.44 25.36 30.71
PG20% | 66.13 70.97 43.55 46.78 35.49 41.62
PG40% | 82.15 85.72 53.58 57.15 46.43 51.79
PG50% | 92.16 95.1 66.67 70.59 54.91 64.71
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Figure 14. Percentage residual flexural strength after burning

3.4 Splitting Tensile Strength

It's obvious from Table 17, Fig. 15, which shows the splitting test results before and after
burning at a 56-day age, that the addition of lightweight aggregate has reduced this type of
strength. When PG 50% was cooled gradually, the reduction ratios for the splitting strength
were 48.69% when compared to the reference mix specimen at 56 days of age. Splitting
tensile test results are displayed in Fig. 16. The results of percentages of residual splitting
tensile strength are displayed in Table 18 and Fig. 17. The reason for the marginal increase
in splitting tensile strength following burning is related to the low thermal conductivity of
perlite, which means that as perlite content rises, so do the gaps within the mixes, resulting
in a decrease in thermal conductivity and a reduction in the burning effect (Tandiroglu,
2010).

Table 17. Splitting Tensile strength test results after burning.

Splitting tensile Splitting tensile strength (MPa) after burning
Mix strength MPa at 56 300 °C 500 °C 700 °C
days before burning | Sudden | Gradual | Sudden | Gradual | Sudden | Gradual
cooling cooling | cooling | cooling | cooling | cooling

R 5.01 3 3.17 1.90 1.94 0.94 1.18
PG20% 4.11 3.24 3.3 1.98 2.08 1.22 1.49
PG40% 3.62 3.26 3.39 2.26 241 1.31 1.54
PG50% 3.45 3.30 341 2.88 2.94 1.52 1.77
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spliting tensile strength,MPa

Figure 15. Effect of perlite replacement of coarse aggregate on splitting tensile strength
after burning
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Table 18. Results of percentage residual splitting tensile strength after burning.

Figure 16. Splitting tensile strength test

Residual percentage of Spiting tensile strength
Mix 300°C 500 °C 700 °C
Sudden Gradual Sudden | Gradual | Sudden | Gradual
cooling cooling cooling | cooling | cooling | cooling
R 59.89 63.28 37.93 38.73 18.77 23.56
PG20% 78.84 80.3 48.18 50.61 29.69 31.64
PG40% 90.06 93.65 62.44 66.58 36.19 42.55
PG50% 95.66 98.85 83.48 85.22 44.06 51.31
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Figure 17. Percentage residual splitting tensile strength after burning

4. CONCLUSIONS

Gradually, workability was reduced when coarse aggregate was replaced with perlite
with percentages (20, 40, and 50%).

The mechanical properties of all mixtures (compressive, flexural, and splitting tensile
strengths) showed a significant decline, reaching their lowest values at a 50% perlite
concentration.

As the temperature at which concrete burns increases, the residual compressive,
flexural, and splitting tensile strengths decrease.

Strength retention following burning increases in line with an increase in perlite
replacement.

Sudden cooling gave results lower than gradual cooling for the same mix. Whenever the
burning temperature increases the difference between the results of sudden and gradual
cooling increases.

No spalling was observed at 700Ce.
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