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ABSTRACT: So many structures in the coastal regions of Nigeria are exposed to risks that have drastic
effects on the structures especially with the global warming effect and the increase in the percentage of salt
in the soil. The types of materials used in constructing these buildings must provide the stability, durability,
and accessibility of these structures. Most Offshore soils are known for similar characteristics which are
highly chemical and alkalinity in the soil and water. Structures in the coastal regions are usually threatened
by a series of problems linked to steel corrosion. The main aim of this paper is to analyze and verify the
effect of the saltwater on the strength of expanded clay concrete and the best way to improve the mix by
using the basalt fiber. The effect of saltwater on the basalt fiber lightweight concrete was also examined. In
the process to analyze some structural materials to know their strength if exposed to a salty environment,
experiments were conducted on the compressive strength of expanded clay basalt fiber concrete in the salt-
free environment and when exposed to the salty environment. The mass effect percentages and retention
ratio percentages of the concrete were analyzed. 0.6% and 1.2% chopped basalt fiber dosages were added to
respective concrete specimens and checked on day 28. After day 28, some of the specimens were immersed
in Atlantic Ocean water gotten from Nigeria. The experiments demonstrate a slight drop in the compressive
strength, an increase in the young modules, and an increase in specimens’ mass after exposure to salty
water. The original contribution of this research is adding the 1.2% basalt fiber to the mix will decrease or
eliminate the effect of saltwater on the concrete characteristics.

Keywords: Expanded clay, basalt fiber in salt, lightweight concrete, strength of basalt fiber Concretes.

Abbreviations: LECA, Lightweight expanded clay aggregate; BF, Basalt fiber; BFRP, Basalt fiber-reinforced
polymer; FRP, Fiber reinforced polymer; GFRP, Glass fiber reinforced polymer; ECC, Expanded clay concrete.

I. INTRODUCTION

Due to the harsh environments in offshore engineering
structures, much research has been conducted on the
durability of fiber reinforced polymer FRP bars [1], [2],
[3], [4]. Lightweight aggregate concrete can be defined
as concrete of low density consisting of lightweight
aggregate such as expanded clay [5], [6]. Lightweight
expanded clay aggregate (LECA) has a small hole that
can absorb and maintain environmental pollution [7], [8].
LECA is used as a coarse aggregate and fly ash is used
for the synthesis of green cement as replacement
materials to produce a lightweight concrete in seawater
exposure.

The strength of basalt fiber reinforced polymer bars was
estimated to be retained by more than 72% after a
century of exposure to concrete and mortar. Fibers
reinforced composite materials are widely used in
automobile, machinery, structural, and many other
industries [9, 10, 11, 12]. Basalt fiber is a product gotten
from refined basalt stone. Basalt fiber is considered a
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high-tech fiber that is not harmful or dangerous to
humans [13].

Basalt fibers are known to have better mechanical
properties, improved thermal, and chemical stability
compare to E-glass fibers [13, 14, 15]. The advantages
of basalt fiber such as higher application temperature,
harmlessness to humans, and excellent resistance to
alkaline and acid attack, have made basalt fiber to be
increasingly used to replace glass fiber as a
reinforcement material in polymer, concrete and metallic
matrices [13, 16, 17, 18]. However, chemical corrosion
has always been one of the most challenging issues
faced in utilizing composite materials [19].

In the research paper about the chemical composition
analysis of degraded basalt fibers, Dhand et al., [20]
researched the alkali resistance of BF in sodium
hydroxide (NaOH) solution. In the research, the authors
found that the presence of TiOz, MnO, Fe>O3, and Al:O3
could slow alkaline corrosion. Furthermore,
Ramachandran et al, [21] evaluated the corrosion
behavior of basalt fibers under different alkaline solution
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concentrations at room temperature. It was discovered
that the element contents of aluminum, calcium, and
iron of the fiber surface were not sensitive to the
concentration.

Briefly, on the tensile properties of degraded basalt
fibers, Li et al, [22] analyzed the BF degradation
exposed to 25 and 55 °C alkaline solution. It is seen in
the results that tensile strength decreased by 33.8%,
18.0%, 10.2%, and 5.8% respectively at a temperature
of 25 °C after an aging period of 7, 18, 34, and 66 days.
When the temperature rose to 55 °C, the strength
decreased by 33.0%, 17.7%, 10.6% and 0%,
respectively.

Basalt fiber reinforced polymer (BFRP) bars recently
have increasingly been used in offshore structures,
which are exposed to seawater corrosion and wet-dry
cycles during the service period. In the research study
conducted by Wang et al,, [23], the authors evaluated
the alkali-salt resistance performance of BFRP bars with
different resin matrix types under wet-dry cycles where
tensile and shear strength of BFRP bars was tested.
The results demonstrated that the alkali-salt resistance
of vinyl resin matrix BFRP bars was superior to that of
epoxy resin matrix BFRP bars under wet-dry cycles [24].
Fiber-reinforced polymer (FRP) bars are a type of
corrosion-resistant material with advantages such as
lightweight and high strength. FRP materials have
become an alternative to steel reinforcement in concrete
[25] [26] [27] [28] [29]. In recent years, basalt fiber
reinforced polymer usage is in high demand because of
its properties and cost efficiency [30] [31] [32].

Wang et al, [33] investigated the degradation, short-
beam tests, and moisture absorption weighing of basalt
fiber reinforced polymer bars under alkaline conditions.
Results from their analysis showed that, compared to
GFRP bars in the literature, BFRP bars exhibited
relatively high resistance to alkaline corrosion,
maintaining more than 60% of their original strength at
55°C in the alkaline solution after 9 weeks. However,
most of the corrosion processes conducted in the
laboratory are simulated by continuous immersion in a
corrosive solution. From research, it is seen that only a
few scholars have studied fiber-reinforced polymer
degradation under wet-dry cycles.

More recent work by Qasim et al., study the effect of
different proportions of salt like (0, 10, 20, 30, 40, and
50) grams per liter on concrete. The researchers
examined the effect of each percentage of salt on the
compressive strength, splitting tensile strength, and
flexural strength at different ages. the result shows a
positive effect of saltwater at the early ages (7 and 14
day) of concrete and a negative effect at the age of 28
days[34].Likewise, the Calcium sulfate effect on
mechanical properties of normal and light weight
concrete was examined by Naser and Zainab (2020).
The study used four different percentage of Calcium
sulfate which include (0.28%, 0.5%, 1.0%, and
1.5%)[35].

To analyze this, this paper must identify the problems of
salt/salty environment to structures and how these
problems can be solved. This section should be
succinct, with no subheadings.
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Il. MATERIALS AND METHODS

The experimental study of expanded clay concrete is
carried out following the CIS Interstate Standard GOST
10180-2012 [36], considering the requirements of ACI
211.1-91 [37].

In the plan of study, the following materials were used to
prepare ECC specimens for determination of
compressive strength:

e Expanded clay with a fraction of 5-10 mm = 200
kg/m® as the coarse aggregate.

e Quartz sand with fraction 0.4-0.6mm = 585 kg/m®
as the fine aggregate.

e Quartz flour of 50 um = 100 kg/m® as the mineral
filler.

e Portland cement CEM | 42.5 N = 500 kg/m® as the
binder.

e Silica fume = 62.5 kg/m®, micro silica = 62.5 kg/m*
and fly ash = 62.5 kg/m® as the organo-mineral
based additives.

e Sika Plast concrete = 8 I/m® as the super
plasticizing and water-reducing additive.

e Tap water = 255 I/m® for mixing at room
temperature.

Three different mixes of expanded clay concrete for the
specimens were accepted for this research, containing
the above mixes and the chopped basalt fiber with a
diameter of 15 pum and length of 20 mm in the
percentage of 0.6% and 1.2% and the control
specimens without the addition of chopped basalt fiber.
Each of the basalt fiber percentage concrete specimens
4 cube specimens where 2 cube specimens are not
exposed to the salt environment and 2 exposed to
saltwater. Each of the control expanded clay concrete 4
cube specimens with no basalt fiber in the mixture
where 2 cube specimens are not exposed to salty water
while 2 are. The experimental set testing days are on
day 28 for the specimens without being exposed to salty
water. After day 28, some of the specimens were
immersed in a bath of salty water for 7 days, then let
dehydrate for 7 and 14 days and tested on.

The salty environment used in this research study is
water scooped from the bank of the Atlantic Ocean in
Nigeria. Some of the properties of salty water used are
stated in table 1.

The expanded clay concrete specimens test was
produced from the listed compositions with dimensions
of 100x100x100 mm.

An experimental study of ECC and BFECC specimens
was carried out on a MATEX hydraulic press of up to
1500kN at the compression test. This part should
contain enough detail so that all procedures can be
repeated. It can be divided into subsections if several
methods are described.

Plant organisms do not destroy concrete, as they
absorb carbon dioxide in the process of photosynthesis
and thereby reduce its concentration in the near-wall
layer of water. Thus, the destruction of concrete in
sea/ocean water is due to the combined action of the
chemical, mechanical and biological processes. The
destruction of concrete because of chemical interaction
with water is accelerated by mechanical action, tidal
oscillations, and shock waves.
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Table 1: Properties of seawater with 35% salinity.

Table 2 expresses the results from the experimental
specimens that were not that is before being immersed
in salty water while tables 3 and 4 express the

Properties Pure water Seawater

Density at 25 °C, g/cm3: 0.9971 1.02412

Viscosity 25 °C, Millipoise: 8.90 9.02

Steam pressure at 20 °C, mm.Hg: 17.54 17.35

Maximum density temperature, °C: +3.98 -3.52 (supercooled liquid)
Freezing point, °C: 0.00 -1.91

Surface tension at 25 °C, dyne / cm: 71.97 72.74

Sound speed at 0 °C, m/s: 1407 1450

Specific heatat 7.5 °C, J/ (g - °C): 4.182 3.898

RESULTS AND DISCUSSION experimental results from the specimens after

immersion in salty water. Some of their properties are
stated in the tables.

Table 2: Compression test cubes immersion in pure water for 28 days.

. Young . Compre Mean
Number of BF, Weight. | Volume Density module Brclag;(‘ljn ssive Comprehensive
specimens (%) Kg/m3 V, (m3) K '7;“3 ] % kN strength | strength R, MPa
9 E, (GPa) ’ R, MPa
1 0 1.331 0.001 1331 32.16 723.64 72.36 72.13
2 0 1.346 0.001 1346 33.24 718.93 71.89
1 0.6% 1.400 0.001 1400 34.48 748.56 74.86 75.15
2 0.6% 1.495 0.001 1495 35.68 754.28 75.43
1 1.2% 1.497 0.001 1497 36.23 760.59 76.06 7715
2 1.2% 1501 0.001 1501 37.85 782.31 78.23
Table 3: Compression test results for cubes immersed in saltwater.
7 days in seawater (drying 7 days)
Young Breaking | Compressive Mean
Number of | Weight. BF, Density Comprehensive
specimens Kg (%) p, kg/m® modules load strength strength R, MPa
’ E, (GPa) F, kN R, MPa ’
1 1.483 0 1483 24.74 630.52 63.05 65.19
2 1.475 0 1475 25.90 633.20 63.32 )
1 1.501 0.6% 1501 25.41 684.58 68.46 68.29
2 1.507 0.6% 1507 25.79 681.27 68.13 )
1 1.604 1.2% 1604 26.36 712.71 71.27 79 o4
2 1.627 1.2% 1627 26.89 732.12 73.21 ’
Table 4: Compression test results for cubes immersed in saltwater.
7 days in seawater (drying 14 days)
. . . Mean
Number of | Weight. BF, Del';sny mY g ‘;'::Ig s Brﬁf‘: ‘;ng Cogg:gs;:ve Comprehensive
. o ,
specimens Kg (%) kg/m3 E, (GPa) F, kN R, MPa strength R, MPa
1 1.334 0 1334 23.78 634.04 63.40 64.06
2 1.341 0 1341 24.32 647.10 64.71 )
1 1.429 0.6% 1429 25.58 706.81 70.68 70.87
2 1.437 0.6% 1437 26.61 710.4 71.05 )
1 1.482 1.2% 1482 27.05 742.72 74.27 24.74
2 1.494 1.2% 1494 28.25 752.14 75.21 )

The density of concrete can be grouped as either
normal, lightweight, or heavyweight concrete. Based on
the results, the density of the lightweight expanded clay
concrete and lightweight expanded clay basalt fiber
concrete varied from 1331 to 1627 kg/m®.
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The densities of all the concrete specimens are below
1800 kg/m? therefore, they are grouped into lightweight
concrete. Fig. 1 shows the experimental graph results
on comprehensive strength for lightweight concrete
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specimens with and without exposure to the salty
environment. The results of compressive strength for BF
lightweight concrete shows high strength even using the
LECA as a replacement of coarse aggregate and
exposed in seawater exposure. The bond strength

—e—28day —W—28+7+7

80
78
76
74
72
70
68
66
64
62
60

COMPRESSIVE STRENGTH
R, MPA

0.60%

between concrete mixed BF and LECA shows better
bond strength and stability in seawater immersion
compared to coarse aggregate.

Fig. 2 shows the experimental graph on the effect of
fiber quantities on the modules of elasticity.

28+7+14

0.60% 1.20% 1.20%

BASALT FIBER %

Fig. 1. The effect of basalt Fiber percentage and saltwater on compressive strength of LECA.
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Fig. 2. The effect of basalt Fiber percentage and saltwater on the modulus of elasticity of LECA.

IV. CONCLUSION

Based on the study, the following conclusion may be
drawn:

1. Basalt fiber content in concrete mixes has a great
effect on concrete strengths and durability. Higher BF
content produces higher compressive strength. After 7
days, the strength increases between 4.2% to 7% by
adding BF 0.6% and 1.2% respectively.

2. The strength of concrete mix (7+14) days present
10.6% and 16.7% higher than the plane concrete mix.
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3. The strength of concrete mix (7+7) days present 8.1%
and 14.3% higher than the plane concrete mix.

4.The plane concrete mix decreased the compressive
strength by 12.4% and 11.2% after immersed in
saltwater for 7 days and dried for 7 and 14 days
respectively.

5. The saltwater decreases the strength of the concrete
mix by 9% and 6.4% for BF of 0.6% and 1.2%
respectively after 7 days dried period.
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6. On the other hand, after 14 days drying period. The
strength of concrete mix decreases 5.7% and 3.1% for
BF of 0.6% and 1.2% respectively.

7. In general. The density and modulus of elasticity of
the concrete mix increased by increasing the
percentage of BF.

V. FUTURE SCOPE

Future research on the strength of BF ECC will be done
to check the durability of BF ECC in a salty environment
and in an acidic environment. A comparison of the
strength of ECC reinforced with different fiber materials:
their efficiency and implementation.

ACKNOWLEDGEMENTS

This paper was financially supported by the Ministry of
Education and Science of the Russian Federation on
the

program to improve the competitiveness of the Peoples'
Friendship University of Russia (RUDN University)
among the world’s leading research and education
centers in 2016-2020.

Conflict of Interest: This paper was written in unity and
equal duties. No conflict of interest of any kind.

REFERENCES

[1]. Lu, Z., Xie, J., Zhang, H., Li, J., (2017). Long-Term
Durability of Basalt Fiber-Reinforced Polymer (BFRP)
Sheets and the Epoxy Resin Matrix under a Wet-Dry
Cyclic Condition in a Chloride-Containing Environment.
Polymers, Vol. 9(12):
652.https://doi.org/10.3390/polym9120652

[2]. Zhou, J. L., Xu, C. X., Jiang, S. Y., Li, B. H., &Ou, Z.
W. (2011). Investigation on the Alkali-Resistance
Properties of Basalt Fiber Reinforced Plastics Bars in
Concrete. Advanced Materials Research, 284—286,
182-186.
https://doi.org/10.4028/www.scientific.net/amr.284-
286.182

[3]. Xie, Y., Guan, K., & Lai, L. (2016). Effect of Chloride
on Tensile and Bending Capacities of Basalt FRP Mesh
Reinforced Cementitious Thin Plates under Indoor and
Marine Environments. International Journal of Polymer
Science, 2016, 1-7.DOI:10.1155/2016/7162313

[4]. Elgabbas, F., Ahmed, E.A., Benmokrane, B., (2015).
Physical and Mechanical Characteristics of New Basalt-
Frp Bars for Reinforcing Concrete Structures.
Construction and Building Materials, Vol. 95. 623-635.
doi: 10.1016/j.conbuildmat.2015.07.036

[5]. Bazzaz, S., Kahani, J., Kahani, R., Honarbakhsh A.,
(2014). Fabrication of Metallic Composite Foam Using
Ceramic Porous Spheres “Light Expanded Clay
Aggregate” via Casting Process. Journal of Materials &
Design,Vol. 64: 310-315. doi:
10.1016/j.matdes.2014.07.061

[6]. Aguilar, R.A., Diaz, O.B., Garcia, J.L.LE., (2010).
Lightweight Concretes of Activated Metakaolin-Fly Ash
Binders, with Blast Furnace Slag Aggregates.
Construction and Building Materials, Vol. 24 (7): 1166—
1175. doi: 10.1016/j.conbuildmat.2009.12.024

[7]. Ardakani, A., Yazdani, M., (2014). Applied Clay
Science the Relation Between Particle Density and
Static Elastic Moduli of Lightweight Expanded Clay

Chiadighikaobi et al.,

International Journal on Emerging Technologies

Aggregates. Applied Clay Science, Vol. 93-94: 28-34.
doi: 10.1016/j.clay.2014.02.017

[8]. Noori, M., Kazemian, H., Ghahramani, E., Amrane,
A., (2014). Defluoridation of Water via Lightweight
Expanded Clay Aggregate (LECA): Adsorbent
Characterization, Competing lons, Chemical
Regeneration, Equilibrium and Kinetic Modeling. Journal
of the Taiwan Institute of Chemical Engineers, Vol.
45(4): 1821-1834.doi: 10.1016/j.jtice.2014.02.009

[9]. Ayrilmis, N., Jarusombuti, S., Fueangvivait V.,
Bauchongkol, P., (2011). Coir Fiber Reinforced
Polypropylene Composite Panel for Automotive Interior
Applications. Fibers Polymer, Vol. 12(7): 919-926.
doi:10.1007/s12221-011-0919-1

[10]. Liu, Y., Wang, Z., Li, H., Sun, M., Wang, F., Chen,
B., (2018). Influence of Embedding SMA Fibres and
SMA Fibre Surface Modification on the Mechanical
Performance of BFRP Composite Laminates. Materials,
Vol. 11(1): 70 doi:10.3390/ma11010070

[11]. Wang, Q., (2018). Flexural Progressive Failure of
Carbon/Glass Interlayer and Intralayer  Hybrid
Composites. Materials, Vol. 11(4):
619.https://doi.org/10.3390/ma11040619

[12]. Nguyen-Tran, H.D., Hoang, V.T., Van-Ta Do,
D.M.C., Yum, Y.J., (2018). Effect of Multiwalled Carbon
Nanotubes on the Mechanical Properties of Carbon
Fiber-Reinforced. Materials, Vol. 11(3):
429.https://doi.org/10.3390/mai 1030429

[13]. Fiore, V., Scalici,T., Bella, G. Di., Valenza, A,
(2015). A Review on Basalt Fibre and its Composites.
Composites Part B: Engineering, Vol. 74: 74-94. doi:
10.1016/j.compositesb.2014.12.034

[14]. Fiore, V., Bella, G. Di., Valenza, A., (2011). Glass —
basalt / Epoxy Hybrid Composites for Marine
Applications. Materials and Design, Vol. 32(4): 2091—
2099. doi: 10.1016/j.matdes.2010.11.043

[15]. Nasir, V., Karimipour, H., Shokrieh, M.M., (2012).
Corrosion Behaviour and Crack Formation Mechanism
of Basalt Fibre in Sulphuric Acid. Corrosion Science,
Vol.64: 1-7. doi: 10.1016/j.corsci.2012.06.028

[16]. Hao, L.C., Yu, W.D., (2010). Evaluation of Thermal
Protective Performance of Basalt Fiber Nonwoven
Fabrics. Journal of Thermal Analysis and Calorimetry,
Vol. 100: 551-555. https://doi.org/10.1007/s10973-009-
0179-0

[17]. Jang, K., (2018). Mechanics and Rheology of
Basalt Fiber Reinforced Polycarbonate Composites.
Polymer, Vol. 147: 133-141. doi:
10.1016/j.polymer.2018.06.004

[18]. Choi, J.I., Lee, B.Y., (2015). Bonding Properties of
Basalt Fiber and Strength Reduction According to Fiber
Orientation.  Materials, Vol. 8(10): 6719-6727.
doi:10.3390/ma8105335

[19]. Chen, J., Wang, Y., Gu, C., Liu, J., Liu, Y., Li, M,
Lu, Y. (2013). Enhancement of the Mechanical
Properties of Basalt Fiber-Wood-Plastic Composites via
Maleic Anhydride Grafted High-Density Polyethylene
(MAPE) Addition. Materials, Vol. 6(6): 2483-
2496.d0i:10.3390/ma6062483

[20]. Dhand, V., Mittal, G., Yop, K., Park, S., Hui, D.,
(2015). A Short Review on Basalt Fiber Reinforced
Polymer Composites. Composites Part B, Vol. 73: 166—
180.doi: 10.1016/j.compositesb.2014.12.011

[21]. Ramachandran, B.E., Velpari, V.,
Balasubramanian N., (1981). Chemical Durability
12(2): 98-103(2021) 102



Studies on Basalt Fibres. Journal of Materials Science,
Vol.16: 3393-3397.

[22]. Li, Z., Xiao, T., Pan, Q., Cheng, J., Zhao, S,
(2016). Corrosion Behaviour and Mechanism of Basalt
Fibres in Acidic and Alkaline Environments. 2016.
Evaluation and Program Planning. Corrosion Science,
Vol. 110: 15-22. doi: 10.1016/j.corsci.2016.04.019

[23]. Wu, G., Wang, X.,, Wu, Z., Dong, Z., (2015).
Durability of Basalt Fibers, and Composites in Corrosive
Environments. Journal of Composite Materials, Vol.
49(7): 873-887. doi:10.1177/0021998314526628

[24]. Liu, J., Li, N., Chen, M., Yang, J., Long, B., Wu, Z,,
(2019). Durability of Basalt Fiber-Reinforced Polymer
Bars in Wet-Dry Cycles Alkali-Salt Corrosion. Science
and Engineering of Composite Materials,43-52.

[25]. Issa, M.S., Metwally, I.M., Elzeiny, S.M., (2011).
Influence of Fibers on Flexural Behavior and Ductility of
Concrete Beams Reinforced with GFRP Rebars.
Engineering Structures, Vol. 33(5): 1754—-1763. doi:
10.1016/j.engstruct.2011.02.014

[26]. Hollaway, L.C., (2010). A Review of the Present
and Future Utilisation of FRP Composites in the Civil
Infrastructure with Reference to their Important In-
Service Properties. Construction and Building Materials,
Vol. 24(12): 2419-2445 doi:
10.1016/j.conbuildmat.2010.04.062

[27]. Soutis, C., (2005). Carbon Fiber Reinforced
Plastics in Aircraft Construction. Materials Science and
Engineering: A, Vol. 412(1-2): 171-176. doi:
10.1016/j.msea.2005.08.064

[28]. Soutis, C.A., (2005). Fibre Reinforced Composites
in Aircraft Construction. Progress in Aerospace
Sciences, Vol. 41(2): 143-151. doi:
10.1016/j.paerosci.2005.02.004

[29]. Bank, L.C., Brown, V.L., Cosenza, E., Lesko, J.J.,
(2002). FRP Composites for Construction: State-of-the-
Art Review. Journal of Composites for Construction, Vol.
6(2): 73-87. DOI: 10.1061/(ASCE)1090-0268(2002)6:
2(73).

[30]. ElSafty, A., Benmokrane, B., Rizkalla, S,
Mohamed, H., Hassan, M., (2014). Degradation
Assessment of Internal Continuous Fiber Reinforcement
in Concrete Environment. Florida.
https://ftp.fdot.gov/file/d/FTP/FDOTLTS/CO/research/Co
mpleted_Proj/Summary_SMO/FDOT-BDK82-977-05-
rpt.pdf.

[31]. Benmokrane, B., Elgabbas, F., Ahmed, E.A., Asce
M., Cousin, P., (2015). Characterization and
Comparative Durability Study of Glass / Vinylester,
Basalt / Vinylester, and Basalt / Epoxy FRP Bars.
Journal of Composites for Construction, Vol.19(6): 1-12.
doi:10.1061/(ASCE)CC.1943-5614.0000564.

[32]. Elgabbas, F., Vincent, P., Ahmed, E.A,
Benmokrane, B., (2016). Experimental Testing of
Basalt- Fiber-Reinforced Polymer Bars in Concrete
Beams. Composites Part B, Vol. 91: 205-218. doi:
10.1016/j.compositesb.2016.01.045

[33]. Wang, X., Wu, G., Wu, Z., Dong, Z., Xie, Q.
(2014). Evaluation of Prestressed Basalt Fiber and
Hybrid Fiber Reinforced Polymer Tendons Under
Marine Environment. Materials and Design, Vol.64:
721-728. doi: 10.1016/j.matdes.2014.07.064

[34]. Adel, Q. O., Hssain M. B., Hussein, M. H.,Jassam,
S. H., (2020). Effect of Salinity on Concrete Properties.
Materials Science and Engineering Conference Series,
Vol. 745(1):12171. doi:10.1088/1757899X/745/1/012171
[35]. Naser, M. H., Zainab, J. K., (2020). Studying the
Effect of Internal Sulfates on Normal and Lightweight
Concrete.  Materials  Science and  Engineering
Conference Series, Vol. 888(1): 12054.
doi:10.1088/1757-899X/888/1/012054

[34]. GOST 10180-2012, (2013). Concretes. Methods
for strength determination using reference specimens.
Moscow: 30.

[35]. ACI 211.1-91: Standard Practice for Selecting
Proportions for Normal, Heavyweight, and Mass
Concrete (Reapproved 2009). ACI Committee 211,
2002: 8.

How to cite this article: Chiadighikaobi, P.C., Alaraza, H.A.A., Abdo, S. (2021). Strength of Expanded Clay Basalt
Fiber Concrete Exposed to Salty Environment. International Journal of Emerging Technologies, 12(1): 98—103.

Chiadighikaobi et al.,

International Journal on Emerging Technologies

12(2): 98-103(2021) 103




