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ABSTRACT

Eco-friendly materials are increasingly used in civil engineering to support sustainable development.
Conventional concrete relies heavily on Ordinary Portland Cement (OPC), the production of which
contributes significantly to the carbon dioxide (CO:) emissions. Ground Granulated Blast Furnace Slag
(GGBFS) and fly ash can partially replace OPC, thereby reducing the environmental impact. This study
investigates the effect of basalt fiber incorporation on the mechanical properties of geopolymer lightweight
concrete. The concrete mixtures consisted of fly ash, slag, pumice aggregate, sand, and an alkaline
activator prepared by combining sodium hydroxide and sodium silicate. The mix design included an
activator-to-binder ratio of 0.45, sodium hydroxide molarity of 12 M, and a sodium hydroxide to sodium
silicate ratio of 1:2.5. Basalt fiber was added at 0.5%, 0.75%, and 1% by volume. All specimens were cured
at 80 °C for 24 h. The mechanical properties evaluated included compressive strength, splitting tensile
strength, and flexural strength. The results showed that basalt fiber significantly improved all measured
properties. At 28 days, the compressive strength increased by 11.67 %, 14.85%, and 17.5%, the splitting
tensile strength by 20%, 27.5%, and 38.75%, and the flexural strength by 21.6%, 32.14%, and 42.73%,
respectively.

Keywords-geopolymer lightweight concrete; compressive strength; splitting tensile strength; flexural strength;
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I.  INTRODUCTION

Concrete production is one of the major contributors to the
environmental pollution and CO: emissions worldwide. To
reduce the negative environmental effects of CO: emissions,
OPC alternatives should be established [1]. While encouraging
the effective use of industrial waste, geopolymers may be a
good alternative for lowering or eliminating the need for
cement [2, 3]. When base materials rich in aluminosilicate are
activated by alkalis, an inorganic polymer known as
geopolymer is created [4]. The molarity of sodium hydroxide,
the ratio of sodium hydroxide to sodium silicate, the binder
concentration, and the solution content are among the variables
involved in producing geopolymer lightweight concrete [5].
Due to the reduced total water content and higher rate of
geopolymerization, increasing NaOH concentration from 8§ to
12 M makes the geopolymer paste more viscous and raises the
compressive strength [6].Various mix design variables for
alkali-activated slag concrete have been investigated, showing
favorable results compared to OPC [7].

Currently, geopolymers are widely utilized in the industrial
sector as a suitable alternative and have been employed in
various applications, such as precast beams, boat ramps,
pavements, bricks, retaining walls, water tanks, and precast
bridge decks [8]. In concrete construction, self-weight
represents a significant portion of the total building load,
making reduced concrete density advantageous. This reduction,
while maintaining equivalent strength levels, lowers the dead
load in structural and foundation design [9].

Geopolymer composites are characterized by good
mechanical and physical properties, including low water
absorption, high early compressive strength, and resistance to
heat and fire. Since compressive strength is a critical structural
design property, high early strength can offer additional
advantages, such as reduced construction time and labor, as
well as energy and formwork savings [10]. The common
alkaline activator used in geopolymer concrete is a liquid
combination of sodium or potassium hydroxide with sodium or
potassium silicate [11, 12].
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Pumice-based lightweight aggregate concrete can be used
in various construction applications due to benefits, like low
unit weight and improved insulation [13, 14]. However, mixing
and placing concrete with lightweight aggregates is more
difficult than with conventional aggregates [15]. Lightweight
aggregates have low specific gravity and high porosity, and
they tend to float and reduce cohesiveness, especially in fluid
concrete mixtures [16-18]. Pumice is a notable natural
lightweight aggregate due to its exceptional toughness and
durability [19]. It has a granular shape and is formed when lava
cools rapidly [20]. Higher pumice content leads to significant
increases in compressive strength, and its behavior is often
linearly correlated with the compressive strength [21]. The
construction sector requires new improvements due to the
rising demand; thus, the addition of fiber has become a key
solution to address these needs [22, 23]. Basalt fibers are
among the most environmentally sustainable and high-
performance fibers, and they have been widely studied [24].
Because of their high tensile strength, basalt fibers are
particularly valued [25]. The primary advantage of using basalt
fibers is the shift from brittle failure to ductile behavior in
concrete mixtures subjected to compressive loads [26].

The objective of this research is to achieve environmental
benefits by reducing the CO: emissions from the cement
industry while simultaneously producing high-quality, cost-
effective concrete with enhanced strength. It investigates
different basalt fiber volume fractions 0.5%, 0.75%, and 1% in
geopolymer lightweight concrete by examining their effects on
the compressive, splitting tensile, and flexural strength.

II. MATERIALS EMPLOYED

A. Fly Ash

The fly ash composition properties utilized in this
investigation are shown in Table I. The investigation indicates
that fly ash is classified as Type F and meets the ASTM C618,
2023 criteria [27].

TABLE II. CHEMICAL COMPOSITION ANALYSIS OF GGBS AND ITS
CONFORMITY WITH ASTM C989
Oxides Contents Requirement according to
(%) ASTM C989
SiO, 26.38 -
Al O; 13.88 -
F6203 0.56 -
S 0.184 Max. 2.5%
NaOH 0442 | NaOH+0.658
K,0 =0.809 06-0.9)
K,O 0.558 2
MgO 6.61 -
CaO 35.58 -
L.O.1 0.37 -

TABLE L CHEMICAL COMPOSITION OF FLY ASH AND ITS
COMPLIANCE WITH ASTM C618

Oxides Contents % Req:él;ﬁegzslgc;(;;l;g to
SiO;, 46.65

ALO; 25.09 >50

F6203 5.47
SOs 0.16 Max. 5%

MgO 0.8 -
CaO 1.85 Max. 18%

L.O.1 0.47 Max. 6%

B. Slag

The chemical composition of GGBFS is presented in Table
II. The results indicate that the material used in this study
complies with the requirements of ASTM C989 [28],
confirming its appropriateness as a binder component in the
geopolymer mixture. Due to its high calcium and silica content,
GGBFS exhibits elevated reactivity, which promotes the gel
formation and enhances the strength development when
combined with alkaline activators.

C. Sodium Hydroxide (NaOH)

Caustic soda flakes (99% pure) were dissolved in distilled
water to prepare the sodium hydroxide (NaOH) solution. The
preparation method follows the guidelines of ASTM E291-
2009 [29], ensuring consistency and accuracy in concentration.
A molarity of 12 mol/L was used in this study.

D. Sodium silicate, Na,SiO3

The composition of sodium silicate solutions is determined
by the Na0:SiO. molar ratio, which governs silicate
polymerization, and the concentration is dictated by the H.O
content.

E. Water

The flake of NaOH requires distill water dissolution to
produce the NaOH solution. However, Saturated Surface Dry
(SSD) water was utilized to create the aggregate complied with
1QS 1703-2018 [30]

F. Pumice

Pumice, a lightweight volcanic rock, was imported from
Turkey and used as coarse aggregate in this research. The
nominal size ranged from 12.5 mm to 4.75 mm. Table III
presents the chemical composition of the lightweight pumice
aggregates, while Table IV shows the gradation according to
ASTM C330 [31].

TABLE III. CHEMICAL ANALYSIS OF LIGHTWEIGHT PUMICE
AGGREGATES
Oxide Concentration (%)
Si0, 49.6
ALOs 16.2
Fe203 3
SO; 0.07
CaO 7.08
MgO 3.1
LOI 4.39
TABLE IV. PUMICE GRADATION ACCORDING TO ASTM
C330-17
Sieve size Accumulative passing Limit according to
(mm) (wt. %) ASTM C330-2017
19 100 100
12.5 100 90 — 100
9.5 55 40-280
4.75 0 0-20
2.36 0 0-10
0.075 0 0-10
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G. Fine Aggregate

The fine aggregate used in this experiment was sand. As
shown in Table V, it was categorized as zone four and found to
comply with the specifications outlined in IQS (No. 45/1984)
[32].

TABLE V. SIEVE ANALYSIS AND CHEMICAL
COMPOSITION OF NATURAL FINE AGGREGATES
Sieve size Cumulative passing | Limit of IQS No.45/1984

(mm) (%) Zone 4
10 100 100

4.75 100 95-100

2.36 100 95-100

1.18 100 90-100

0.6 90 80-100

0.3 30 15-50
0.15 5 0-15

H. Superplasticizer

A high-range water-reducing admixture, Hard-Con-22-TS,
from Hard Stone Company was utilized. The foundation of this
superplasticizer is Poly-Carboxylate Ether, which adheres to
the ASTM C494 Standard Type A and G [33].

1. Basalt Fiber

Basalt fiber chopped strands, measuring 12 mm in length
and 0.13 pm in diameter, were utilized in this investigation,
resulting in an aspect ratio of 92.3.

y Sodium
~ Silicate

Basalt
=V Fiber
TR

Fig. 1. Materials used in this study.

III. MANUFACTURE OF GEOPOLYMER

LIGHTWEIGHT CONCRETE

1) Mixing

1. Mixing is a critical step in the production of geopolymer
lightweight concrete. In this study, the mixing method
developed in [34] was followed, using an electric mixer
with a capacity of 0.01 m3.

2. After sieving, dust and other impurities were removed
from the pumice and fine aggregates. All aggregates were
in SSD condition.

3. The mixing procedure was as follows: The lightweight
aggregate (pumice) and fine aggregate (sand) were mixed
for 1 min in the mixer. One-quarter of the alkaline solution
was then added and mixing continued for another min.
After stopping the mixer, fly ash and GGBS were added to
the mixture, and mixing proceeded for an additional min.
The remaining three-quarters of the solution, pre-mixed
with the specified dose of superplasticizer, were gradually
added while mixing continued for three min. Finally, after
stopping the mixer, the fresh geopolymer concrete was
ready for mold casting.

After selecting the geopolymer lightweight concrete
mixture, different volume fractions of basalt fiber (0.5%,
0.75%, and 1%) were added to evaluate their influence on the
mechanical properties of the composite. Table VI presents the
mix design of the geopolymer lightweight concrete in kg/m3.
FA refers to Fly Ash, A/B is the Activator Solution to Binder
Ratio, M is the Molarity, SH:SS denotes the Sodium Hydroxide

to Sodium Silicate Ratio; and SP stands for the
Superplasticizer.
TABLE VL MIX PROPORTION FOR GEOPOLYMER
LIGHTWEIGHT CONCRETE
Mi GL GLBF GLBF GLBF
X Ref 0.5% | 0.75% 1%
FA 162 162 162 162
Slag 378 378 378 378
Pumice 530 530 530 530
Sand 450 450 450 450
A/B 0.45 0.45 0.45 0.45
M 12 12 12 12
SH: SS 125 1:25 1:25 1:25
SP% 1.5 1.5 1.5 1.5
Basalt
fiber - 13.5 20.25 27
2) Curing

Concrete specimens were subjected to curing in the
laboratory oven at 80 °C for 24 h, as illustrated in Figure 2. The
experimental regime followed the specifications in [35]. The
specimens were moved to another oven to cool and maintain
the temperature until the test date.

Fig. 2. Placing the sample into the laboratory oven.
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IV. TEST METHODS

A. Compressive Strength

The compressive strength was evaluated on 100x100x100
mm cube specimens in conformity with BS-EN-12390-3, 2019
[36]. The specimens were examining at 7 and 28 days. Each
test assessed the mean compressive strength of three
specimens. The Compressive Strength was calculated by:

fe=7 ey

where f, is the compressive strength (MPa), P is the maximum
applied load (N), and A is the cross section area (mm?).

B. Splitting Tensile Strength

The splitting tensile strength testing was performed in
accordance with ASTM C496-17 [37]. Cylindrical specimens
measuring 100x200 mm were tested at 7 and 28 days. The
average value was calculated from three specimens using:

2%P

fe= @)

Txlxd

where f; is the splitting tensile strength (MPa), P is the applied
load (N), [ is the length of the cylinder (mm), and d is the
diameter of the cylinder (mm).

C. Flexural Strength

To determine the flexural strength, a center-point load test
was performed on the geopolymer lightweight concrete in
accordance with ASTM C293M-16. Tests were conducted at 7
and 28 days using the average of three prism specimens
(75x75%380 mm), according to:

3*Px*L

fe=550 3

where f is the flexural strength (MPa), L is the span length
(mm), P is the maximum applied load (N), b is the specimen
width (mm), and d is the specimen depth (mm).

V. RESULTS AND DISCUSSION

A. Compressive Strength

A fundamental characteristic for hardened concrete is its
compressive strength. Table VII and Figure 3 present the
results of the compressive strength. Specimens reinforced with
different ratios of basalt fibers (0.5, 0.75, 1%) showed a major
enhancement in strength relative to GLRef. specimens,
attributable to the fiber role as a bridging agent that limits or
delays the cracking formation. In accordance with the test
results, when the percentage of basalt fiber increases, the
compressive strength increases too. Especially, when adding
0.5%, 0.75%, and 1% of basalt fiber, resulted in improvements
in the compressive strength by 9.44%, 13.77%, and 16.53%,
respectively, at 7 days, and improvements by 11.67%, 14.85%,
and 17.5%, respectively, at 28 days. This increased the pores of
the concrete in many orientations, due to the basalt fiber filling,
resulting in enhanced strength properties [38].

TABLE VII. COMPRESSIVE STRENGTH RESULTS FOR 7 AND
28 DAYS
Mix Compressive strength Compressive strength
7 days (MPa) 28 days (MPa)
GLRef 254 29.6
GLBF 0.5% 27.8 329
GLBF 0.75% 28.9 33.8
GLBF 1% 29.6 34.6
mRef. mBF 0.5% BF 0.75% mBF 1%
g 40
-
= 30
)
z 20
v 10
=
A
£ 00
E‘ 7 days 28 days
S Age (Days)

Fig. 3. Compressive strength of geopolymer lightweight concrete with
different basalt fiber content at different ages.

B. Splitting Tensile Strength

Table VIII and Figure 4 present the outcomes of the
splitting tensile strength test, demonstrating the improvement
attributable to the fiber addition. Enhancing the composite
matrix significantly improves its strength and stiffness. This
reduces deformation and may modify or delay the composite
failure mechanisms [39]. The splitting tensile strength rose
with the addition of basalt fiber, showing enhancements of
18.57%, 29.28%, and 36.43% at 7 days, and 20%, 27.5%, and
38.75% at 28 days, respectively.

TABLE VIII.  SPLITTING TENSILE STRENGTH RESULTS FOR 7
AND 28 DAYS
Splitting tensile Splitting tensile
Mix strength 7 days strength 28 days
(MPa) (MPa)
GLRef. 2.23 2.55
GLBF 0.5% 2.64 3.06
GLBF 0.75% 2.88 3.25
GLBF 1% 3.04 3.54
H GLRef. ®BF 0.5% BF 0.75% ®BF 1%
= 4.00
E, 3.00
=
E;
£ 2.00
= 1.00
=
&
80 0.00
::5- 7 day 28 day
o Age (days)

Fig. 4. Splitting tensile strength of geopolymer lightweight concrete with
different basalt fiber content at different ages.
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C. Flexural Strength

Table IX presents the results of the flexural tests conducted
on geopolymer lightweight concrete. The flexural strength
values increased as the basalt fiber content in the specimens
increased. Enhancing the flexural strength is one of the primary
functions of fiber reinforcement [40]. The flexural strength of
geopolymer lightweight concrete also increased with the curing
age, as illustrated in Figure 5. The results show that the flexural
strength improved with basalt fiber content increases of
24.37%, 33.43%, and 40.09% at 7 days, and 21.6%, 32.14%,
and 42.73% at 28 days, respectively.

TABLE IX. FLEXURAL STRENGTH RESULTS FOR 7 AND 28
DAYS
Mix Flexural strength 7 days | Flexural strength 28 days
GL 2.79 33
GLBF 0.5% 3.48 4.01
GLBF 0.75% 3.73 4.36
GLBF 1% 3.94 4.71

EGLRef. mBF 0.5% = BF 0.75% umBF 1%

=5
o]
Z 4
=
= 3
g 2
Z3
=
=0
; 7 days 28 days
[

Age (Days)

Fig. 5. Flexural strength of geopolymer lightweight concrete with
different basalt fiber content at different ages.

VI. CONCLUSIONS

The goal of this work is to improve the mechanical
properties of geopolymer lightweight concrete, which is
typically brittle and requires a careful mix design. Basalt fiber
was incorporated into the mixture in varying amounts (0.5%,
0.75%, and 1%) to evaluate its effect on strength development.
The results showed that the inclusion of basalt fiber enhanced
all measured mechanical properties. The compressive strength
increased by 9.44%, 13.77%, and 16.53% at 7 days, and by
11.67%, 14.85%, and 17.5% at 28 days, for 0.5%, 0.75%, and
1% fiber content, respectively. Similarly, the splitting tensile
strength improved by 18.57%, 29.28%, and 36.43% at 7 days,
and by 20%, 27.5%, and 38.75% at 28 days. The flexural
strength also increased by 24.37%, 33.43%, and 40.09% at 7
days, and by 21.6%, 32.14%, and 42.73% at 28 days,
respectively.

REFERENCES

[1] J. Davidovits, "Geopolymer cement to minimize carbon-dioxide
greenhouse-warming," CeramicTransactions, vol. 37, pp. 165-182, Apr.
1993.

(2]

(3]

(4]

[5]

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

L. K. Turner and F. G. Collins, "Carbon dioxide equivalent (CO2-e)
emissions: A comparison between geopolymer and OPC cement
concrete," Construction and Building Materials, vol. 43, pp. 125-130,
Jun. 2013, https://doi.org/10.1016/j.conbuildmat.2013.01.023.

B. C. McLellan, R. P. Williams, J. Lay, A. van Riessen, and G. D.
Corder, "Costs and carbon emissions for geopolymer pastes in
comparison to ordinary Portland cement," Journal of Cleaner
Production, vol. 19,no. 9-10, pp. 1080-1090, Jun. 2011,
https://doi.org/10.1016/j.jclepro.2011.02.010.

H. U. Ahmed, A. S. Mohammed, S. M. A. Qaidi, R. H. Faraj, N. Hamah
Sor, and A. A. Mohammed, "Compressive strength of geopolymer
concrete composites: a systematic comprehensive review, analysis and
modeling," European Journal of Environmental and Civil Engineering,
vol. 27, no. 3, . 1383-1428, Feb. 2023,
https://doi.org/10.1080/19648189.2022.2083022.

Djwantoro Hardjito, Steenie E. Wallah, Dody M. J. Sumajouw, and B.
Vijaya Rangan, "On the Development of Fly Ash-Based Geopolymer
Concrete," ACI Materials Journal, vol. 101, no. 6, Jan. 2004,
https://doi.org/10.14359/13485.

S. Y. Thamer and L. A. Al-Jaberi, "Impact of Sulfate in the Sand on the
Compressive Strength of Metakaolin-Based Geopolymer Mortar,"
Journal of Engineering, vol. 29, no. 9, pp. 45-57, Sep. 2023,
https://doi.org/10.31026/j.eng.2023.09.04.

Chi-Che Hung and Jiang-Ren Chang, "The influence of mixture
variables for the alkali-activated slag concrete on the properties of
concrete," Journal of Marine Science and Technology, vol. 21, no. 3, pp.
229-237, May 2013, https://doi.org/10.6119/JMST-012-0109-4.

E. Gartner, "Industrially interesting approaches to ‘low-CO2’ cements,"
Cement and Concrete Research, vol. 34, no. 9, pp. 1489-1498, Sep.
2004, https://doi.org/10.1016/j.cemconres.2004.01.021.

J. Gao, W. Sun, and K. Morino, "Mechanical properties of steel fiber-
reinforced, high-strength, lightweight concrete," Cement and Concrete
Composites, vol. 19, no. 4, pp. 307-313, Jan. 1997, https:/
doi.org/10.1016/S0958-9465(97)00023-1.

N. M. Fawzi, K. 1. Aziz, and S. M. Hama, "Effect of Metakaolin on
Properties of Lightweight Porcelinate Aggregate Concrete," Journal of
Engineering, vol. 19, no. 4, pp. 439-452, May 2023, https://
doi.org/10.31026/j.eng.2013.04.02.

D. L. Y. Kong and J. G. Sanjayan, "Damage behavior of geopolymer
composites exposed to elevated temperatures," Cement and Concrete
Composites, vol. 30, no. 10, pp. 986-991, Nov. 2008, https:/
doi.org/10.1016/j.cemconcomp.2008.08.001.

S. Rukzon, P. Chindaprasirt, and R. Mahachai, "Effect of grinding on
chemical and physical properties of rice husk ash," International Journal
of Minerals, Metallurgy and Materials, vol. 16, no. 2, pp. 242-247, Apr.
2009, https://doi.org/10.1016/S1674-4799(09)60041-8.

O. Arkhipkina, B. Schuler, and M. Stipetic, "Impact of the pumping
process on the properties of lightweight concrete,” IOP Conference
Series: Materials Science and Engineering, vol. 615, no. 1, Oct. 2019,
Art. no. 012015, https://doi.org/10.1088/1757-899X/615/1/012015.

B. J. Brown, Report on Concrete Mix Design for Structural Concrete
Using Yali Pumice Coarse and Fine Aggregates, East Kilbride,
Scotland, UK: STATS Scotland Ltd., 1990.

G. Norden and C. Thienel, Pumping of Lightweight Aggregate Concrete
Based on Expanded Clay in Europe, Brussels, Belgium: European
Union, 2000.

American Concrete Institute (ACI), Guide to Selecting Proportions for
Pumpable Concrete (ACI 211.9R-18), Farmington Hills, MI, USA: ACI,
2018.

P. Sekhavati, M. Jafarkazemi, and O. Kaya, "Investigating Durability
Behavior and Compressive Strength of Lightweight Concrete Containing
Nano-Silica and Nano Lime Additives in the Acid Environment,"
Journal of Civil Engineering and Materials Application, vol. 3, no. 2,
pp. 109-117, 2019, https://doi.org/10.22034/jcema.2019.93622.

J. Rossignolo and M. Agnesini, "Durability of polymer-modified
lightweight aggregate concrete," Cement and Concrete Composites, vol.
26, pp. 375-380, May 2004, https://doi.org/10.1016/ S0958-
9465(03)00022-2.

www.etasr.com

Abdulkareem & Aljalawi: Effect of Basalt Fiber on the Mechanical Properties of Sustainable ...



Engineering, Technology & Applied Science Research

Vol. 15, No. 4, 2025, 25858-25863 25863

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33

—_

[34]

L. Giindiiz, "The effects of pumice aggregate/cement ratios on the low-
strength concrete properties," Construction and Building Materials, vol.
22, no. 5, . 721-728, May 2008, https://doi.org/
10.1016/j.conbuildmat.2007.01.030.

M. Karatas, M. Dener, A. Benli, and M. Mohabbi, "High temperature
effect on the mechanical behavior of steel fiber reinforced self-
compacting concrete containing ground pumice powder," Structural
Concrete, vol. 20, no. 5, pp. 1734-1749, Oct. 2019,
https://doi.org/10.1002/suc0.201900067.

F. K. Abdulhussein, S. Beddu, F. Nazri, S. Al-Hubboubi, and N.
Aljalawi, "Effect of using Fly Ash and Attapulgite Lightweight
Aggregates on Some Properties of Concrete," Engineering, Technology
& Applied Science Research, vol. 14, no. 5, pp. 17280-17285, Oct.
2024, https://doi.org/10.48084/etasr.8452.

Y. Barabanshchikov and I. Gutskalov, "Strength and Deformability of
Fiber Reinforced Cement Paste on the Basis of Basalt Fiber," Advances
in Civil Engineering, vol. 2016, Jun. 2016, Art. no. 6562526, https:/
doi.org/10.1155/2016/6562526.

T. A. Nizina, A. S. Balykov, V. V. Volodin, and D. I. Korovkin, "Fiber
fine-grained concretes with polyfunctional modifying additives,"
Magazine of Civil Engineering, vol. 72, pp. 73-83, Jun. 2017, https://
doi.org/10.18720/MCE.72..9.

C. Jiang, K. Fan, F. Wu, and D. Chen, "Experimental study on the
mechanical properties and microstructure of chopped basalt fibre

reinforced concrete," Materials & Design, vol. 58, pp. 187-193, Jun.
2014, https://doi.org/10.1016/j.matdes.2014.01.056.

J. gliseris, L. Gaile, L. Pakrastins, and K. Rocens, "Nonlinear Numerical
Modelling of Basalt Rebar Reinforced Concrete Structures,"
Environment. Technology. Resources. Proceedings of the International
Scientific and Practical Conference, vol. 3, Jun. 2017, Art. no. 304,
https://doi.org/10.17770/etr2017vol3.2655.

P. Iyer, S. Y. Kenno, and S. Das, "Mechanical Properties of Fiber-
Reinforced Concrete Made with Basalt Filament Fibers," Journal of
Materials in Civil Engineering, vol. 27, no. 11, Nov. 2015, https://
doi.org/10.1061/(ASCE)MT.1943-5533.0001272.

ASTM C618, Standard Specification for Coal Fly Ash and Raw or
Calcined Natural Pozzolan for Use in Concrete. West Conshohocken,
PA, USA: ASTM International, 2023.

ASTM (989, Standard Specification for Slag Cement for Use in
Concrete and Mortars. West Conshohocken, PA, USA: ASTM
International, 2018.

ASTM E291, Test Methods for Chemical Analysis of Caustic Soda and
Caustic Potash (Sodium Hydroxide and Potassium Hydroxide). West
Conshohocken, PA, USA: ASTM International, 2009.

Iraqi Specifications 10S 1703: Water Used for Concrete and Mortar,"
Central Organization for Standardization and Quality Control. Iraq:
Central Agency for Standardization and Quality Control, 1992.

ASTM (330, Standard Specification for Lightweight Aggregates for
Structural Concrete. West Conshohocken, PA, USA: ASTM
International, 2017.

Iraqi Specifications 1QS 45: Aggregate from Natural Sources for
Concrete, Central Agency for Standardization and Quality Control. Iraq:
Central Agency for Standardization and Quality Control, 1984.

ASTM C494, Standard Specification for Chemical Admixtures for
Concrete. West Conshohocken, PA, USA: ASTM International, 2019.

R. Rawat and D. Pasla, "Mix design of FA-GGBS based lightweight
geopolymer concrete incorporating sintered fly ash aggregate as coarse
aggregate," Journal of Sustainable Cement-Based Materials, vol. 13, no.
s pp- 1164-1179, 2024,
https://doi.org/10.1080/21650373.2024.2361266.
M. Rabie, M. R. Irshidat, and N. Al-Nuaimi, "Ambient and Heat-Cured
Geopolymer Composites: Mix Design Optimization and Life Cycle
Assessment," Sustainability, vol. 14, no. 9, Art. no. 4942, Apr. 2022,
https://doi.org/10.3390/su14094942.
BS EN 12390-3:2019, Testing Hardened Concrete — Part 3:
Compressive Strength of Test Specimens, London, UK: British Standards
Institution, 2019.

[37]

[38]

[39]

[40]

ASTM C496, Standard Test Method for Splitting Tensile Strength of
Cylindrical Concrete Specimens. West Conshohocken, PA, USA: ASTM
International, 2017.

P. L. Meyyappan and M. Jemimah Carmichael, "Studies on strength
properties of basalt fibre reinforced concrete," Materials Today:
Proceedings, vol. 43, pp. 2105-2108, Jan. 2021, https://doi.org/
10.1016/j.matpr.2020.11.890.

V. Dhand, G. Mittal, K. Y. Rhee, S.-J. Park, and D. Hui, "A short review
on basalt fiber reinforced polymer composites," Composites Part B:
Engineering, vol. 73, pp. 166-180, May 2015, https://doi.org/
10.1016/j.compositesb.2014.12.011.

W. H. Al-Kabi and H. K. Awad, "Investigating Some Properties of
Hybrid Fiber Reinforced LECA Lightweight Self-Compacting

Concrete," Journal of Engineering, vol. 30, no. 3, pp. 177-190, Mar.
2024, https://doi.org/10.31026/j.eng.2024.03.12.

www.etasr.com

Abdulkareem & Aljalawi: Effect of Basalt Fiber on the Mechanical Properties of Sustainable ...



