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ABSTRACT

ARTICLE INFO

Fiber-reinforced composites are one of the most used construction materials. Nowa-
days, some types of fibers like steel, carbon, glass and basalt are commonly used in
these composites. However, the production of these fibers consumes natural re-
sources and a high amount of energy. Researchers have started working on natural
fibers to reduce commonly used fibers productions’ drawbacks for more sustainable
composites. However, the effect of natural fibers on the properties of cement-based
composites -especially fracture energy- still needs further research and comparing
with the behavior of commonly used fibers. In this study the effect of hemp fiber on
the mechanical properties and fracture energy of cement-based fiber-reinforced
mortar mixtures was investigated. The results were compared with those of the bas-
alt fiber-reinforced mixtures. The results showed that the flexural strength and frac-
ture energy improved with the use of hemp and basalt fiber compared to the fiber-
free mixture. The flexural strength increased up to 10.7% and 19.6% with the inclu-
sion of hemp and basalt fibers, respectively. The mean peak load and fracture energy
of hemp fiber-reinforced mortar was higher than those of the fiber-free mixture by
32.2% and 17.9%, respectively. The corresponding values for basalt fiber addition
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60.8% and 146.4%.

1. Introduction

Concrete is the most commonly used construction
material in the world (Jianbing et al. 2022). Despite
providing much superiority, concrete has several disad-
vantages, such as low tensile strength and brittleness
(El-Abbasy 2022). Fibers can be used to overcome these
issues and improve properties such as ductility, tough-
ness, and durability in cement-based building materials
(Vairagade and Dhale 2023). To enhance properties of
concrete, it is possible to use various types of fibers like
steel, glass, polypropylene (Li et al. 2022), PVA, basalt,
etc. (Zhao et al. 2016). However, it is known that the pro-
duction of these types of fibers results in various draw-
backs, like carbon emission, and the consumption of dif-
ferent types of resources (Chen et al. 2023).

Nowadays, various types of natural fibers are being
used to enhance some properties of concrete due to their

characteristics such as low cost, sustainability, renewa-
bility (Abdalla et al. 2022), unlimited availability, biodeg-
radability, recyclability (Suardana et al. 2011) as well as
low density, high acoustic damping and reduced indus-
trial fuel expense (Ahmad and Zhou 2022). Interest in
natural fibers is expected to increase in the coming years
(Sullins et al. 2017).

Hemp is a well-known plant species and industrial
hemp is used in different sectors like textile, food, auto-
mobile, biofuel and construction (Grubesa et al. 2018).
The main components of hemp fiber are cellulose, hemi-
cellulose and lignin (Stevulova et al. 2022). Studies are
carried out on the use of fibers obtained from the hemp
plant in the production of fiber concrete. Although there
are limited studies in the literature, the findings revealed
that using hemp fiber in fiber-reinforced concrete is pos-
sible. Li et al. (2006) investigated the effect of aggregate
size, mixing method, length and amount of hemp fiber on
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some physical and mechanical properties of hemp fiber-
reinforced concrete. For this purpose, 10, 20 and 30 mm
long fibers were used in different dosages and a total of
30 concrete mixtures were produced. Researchers re-
ported that it is possible to increase the flexural tough-
ness up to 143.6%, 30.3% and 57.4%, respectively, by
using hemp fiber in concretes with 20, 14 and 7 mm max-
imum size aggregates.

Comak et al. (2018) examined the effect of hemp fiber
dosage and length on the mechanical properties of ce-
ment mortar mixtures. 6, 12, 18 mm long fibers were uti-
lized at three dosages of 1, 2, and 3% by volume. It was
determined that the flexural strength increased in the
range of 1.2-16.9% with fiber inclusion. Another finding
of the study was that, in mortars containing 6 mm and 12
mm long fibers, the flexural strength improved as the fi-
ber content increased, while the opposite situation was
observed when 18 mm long fibers were used. In a similar
research Ruano et al. (2020) conducted a study on the
flexural behavior of sugarcane bagasse and hemp fiber-
reinforced mortars. The load-CMOD relationship of the
mixtures was determined and the researchers stated that
the flexural toughness increased with the hemp fiber ad-
dition. Zhou et al. (2017) explored the effect of the treat-
ment of hemp fiber on some properties of concrete and
stated that with the treatment, the 28-day compressive
and tensile strength, as well as the critical stress intensity
factor, critical strain energy release rate and fracture
toughness were affected positively. Kaplan and Bayraktar
(2021) reported that the flexural strength of cement mor-
tar increased with the inclusion of hemp fiber of 5, 10 and
20 mm length and 1, 2, 3% by the weight of cement.

Basalt fibers are produced with lower energy con-
sumption than commonly used fiber types such as steel,
glass, and carbon. They also have advantages such as
high tensile strength, good durability, and corrosion re-
sistance (Al-Rousan et al. 2013). The basalt fibers are
widely utilized at different civil engineering applica-
tions, and it is known that these fibers improved me-
chanical properties of concrete (Zhou et al. 2023). Kabay
(2014) investigated the effects of 12 and 24 mm long
basalt fibers inclusion with 0.07% and 0.14% dosages by
volume on the properties of concrete mixtures produced
with two different water/cement ratios (0.45 and 0.60).
The researcher stated that with the addition of basalt fi-
bers, the fracture energies of concretes prepared with
0.45 and 0.60 water/cement ratios increased up to
112.6% and 140.2%, respectively. In addition, the flex-
ural strengths of concrete were improved up to 10.4%
and 15.9% with fiber usage. Arslan (2016) investigated
the effect of basalt fiber dosage on fracture energy of
notched beam concrete specimens having a water/ce-
ment ratio of 0.5. The fibers were used at 0.5, 1, 2, and 3
kg/m3 dosages, and fracture energies were calculated
with crack mouth opening displacements (CMOD). The
researcher reported that with basalt fiber addition, flex-
ural strength and fracture energy increased up to 25.4%
and 28.6%, respectively, and the optimum fiber dosage
for fracture energy was 2 kg/m3. In a similar study, Kizil-
kanat et al. (2015) investigated the effects of basalt fiber
dosage on the properties of concrete. The fibers were
used at 0.25%, 0.50%, 0.75%, and 1% by volume, and the

strength and fracture properties were determined. The
researchers stated that basalt fiber increased the split-
ting tensile strength, flexural strength, peak load, and
fracture energy. With the increase in fiber dosage, the
fracture energies continuously improved and became
51% higher than the fiber-free mixture at 1% dosage.

In spite of several studies, the effect of natural fibers
on the fresh properties, sorptivity, strength and fracture
energy of cement-based composite still needs to be com-
pared with those of the commonly used fibers like glass,
steel, basalt, carbon, etc. This study determined the ef-
fect of hemp fiber on flow diameter, unit weight, water
absorption, coefficient of sorptivity, compressive and
flexural strength as well as fracture energy of the cement
mortar mixtures. The experimental work was divided
into two different phases. Firstly, the effect of the fiber
type (basalt or hemp), fiber dosage (0.125, 0.25, 0.5, or
1% by volume), and fiber length (6 or 18 mm) on fresh
properties and mechanical strength were investigated.
After that, the selected hemp-fiber and basalt-fiber rein-
forced mixtures were subjected to 3-point bending test,
and the fracture energies of samples were determined
using the force-crack mount opening displacement rela-
tionship. The results showed that the mechanical prop-
erties and fracture energies improved with the use of
hemp fiber compared to those of the plain (fiber-free)
mixture. However, basalt fibers were much more effec-
tive on these properties.

2. Materials and Method
2.1. Materials

CEM142.5R type Portland cement, tap water and CEN
standard sand conformed to TS EN 196-1 standard were
used in the production of mixtures. Besides, to achieve
acceptable workability, a commercial polycarboxylate-
based plasticizer was utilized. The chemical composition
and some properties of cement are given in Table 1. In
the preparation of fiber-reinforced mortar mixtures,
commercial basalt fiber 13-20 pm in diameter, 4000-
4500 MPa in tensile strength, 88 GPa in modulus of elas-
ticity, and natural hemp fiber was used. The specific
gravities of basalt and hemp fiber were 2.80 and 0.85, re-
spectively.

The preparation process of the hemp fibers and the
image of the fibers are shown in Figs. 1 and 2, respec-
tively. The dried hemp bundles were provided (Fig. 1a
and 1b), the hurds were manually separated from the
bulk (Fig. 1c), and bundle of fiber were obtained (Fig. 1-
d). Then hemp fibers were cut to 6 and 18 mm by hand
(Fig. 2).

SEM micrographs of fibers with different magnifica-
tions are given in Fig. 3. The diameter of basalt fibers was
around 20 pm. On the contrary, the geometry of hemp
fiber was irregular and generally extended in two direc-
tions. The widths of hemp fibers were more than their
thicknesses, and the width of fibers varied from fiber to
fiber from 10 pm up to 1000-1500 pm. Moreover, the
surface of hemp fiber was significantly rougher than that
of the basalt fiber.



Gultekin / Challenge Journal of Concrete Research Letters 14 (4) (2023) 107-117

109

Table 1. Chemical composition and some properties of cement.

Compound % (by weight) Mechanical properties

Ca0 63.06 Compressive strength

Si02 18.53 7 days 38.4 MPa
Al;03 5.21 28 days 47.2 MPa
Fe203 3.65

MgO 1.01 Physical properties

Naz0 0.48 Specific gravity 3.11
K20 0.64 Initial setting time 210 mins.
SOs3 3.20 Final setting time 315 mins.
Free CaO 0.91 Blaine specific surface area 3420 cm?/g
Loss on ignition 2.94

Insoluble residue 0.10

Fig. 1. Preparation of hemp fibers:

(a),(b) Hemp fibers with hurds; (c) Cleaning fibers from hurds; (d) Hemp fibers before cutting.

Basalt fiber

Fig. 2. Photos of fibers.
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2.2. Method

Mixtures were prepared with an automatic mortar
mixer. Firstly, sand, cement and fibers were dry mixed at
62.5 rpm for 60 seconds. Water and plasticizer were
combined and added to the bowl. The mixer was oper-
ated for 90 seconds at 62.5 rpm. The material adhered
to the wall of the bowl was scraped within approxi-
mately 15 seconds, then the mixer was run for another
90 seconds at 125 rpm. The fresh mixtures were
poured into the molds in two layers, and each layer was
compacted by a jolting table with 25 jolts. Samples
were stored in laboratory conditions for 24 hours,
demolded after this time, and cured for 27 days at the
curing pool. All hardened mortar tests were performed
at the age of 28 days.

40 mm x 40 mm x 160 mm prismatic specimens were
used to determine the coefficient of sorptivity, water ab-
sorption and unit weight. Besides, notched specimens
(50 mm x 50 mm x 240 mm), with a 10 mm notch height
and 3 mm notch width, were prepared for the fracture
energy tests. The compressive strength tests were car-
ried out on the broken portions of the specimens after
flexural strength tests. Three specimens were used for
all tests carried out in the study (except compressive
strength which was done on six specimens), and the av-

500 pm

Fig. 3. SEM images of fibers: (a),(b) Basalt fiber; (c),(d),(e) Hemp fiber.

erage values were reported. The flow diameter, coeffi-
cient of sorptivity, compressive and flexural strengths
were determined in accordance with ASTM (C1437,
ASTM C1585, ASTM C349 and ASTM C348 standards, re-
spectively. Fracture energy tests were carried out using
a 3-point bending test setup with a displacement-con-
trolled device. The rate of loading was 0.01 mm/minute,
and the crack mouth opening displacements (CMOD)
were measured with a clip-on gage. A strong adhesive
was used to connect metal blades to the samples' bottom
surfaces, and clip-on gage was attached to the sharp
edges of knifes. The experimental setup and sample ge-
ometry are shown in Fig. 4. When the peak load dropped
by 95%, the test was ended. The graphs of the force-
CMOD relationship were drawn, and the fracture energy
was calculated using Eq. (1) with the suggestion of Rilem
(1985). However, instead of force-deformation curves,
force-CMOD curves were used.

GF — W0+Zlg50 (1)

In this equation, Wy, mg, 6o and A represent the area
under force-CMOD curve (N-mm), the weight of the spec-
imen between the supports (N), the maximum crack
opening (mm) and area of the midspan cross-section of
the specimens without notch (mm?), respectively.
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Fig. 4. Fracture energy test setup, geometry of specimen and detail of notch.

2.3. Mixtures

The experimental study is divided into two different
phases. The compressive and flexural strengths of the fi-
ber-free mixture and fiber-reinforced mixtures were de-
termined at the first stage. The length and dosage of fibers
were the selected variable parameters. In this regard, a to-
tal of 16 fiber-reinforced mortar mixtures were prepared
with two fiber types (basalt and hemp), two fiber lengths
(6 and 18 mm) and four fiber dosages (0.125, 0.25, 0.50

and 1% by volume). In addition to the reference mixture,
two mixtures were selected for each fiber type regarding
the flexural strength test results for the next phase.

In the second stage, the fracture energy, coefficient of
sorptivity and water absorption capacity values of the
selected mixtures were determined, and the effect of fi-
ber inclusion on these properties was evaluated compar-
atively. The proportions and some properties of mix-
tures are given in Table 2, and the designation of the mix-
tures is explained in Fig. 5.

Table 2. Ingredients and some properties of mixtures.

Ingredients (g)
Mixture
Cement Sand Water  Plasticizer ~ Hemp fiber Basalt fiber

Control 450 1350.0 225 2 - -
HS-0.125 450 1348.3 225 2 0.96 -
HS-0.25 450 1346.6 225 2 1.92 -
HS-0.50 450 1343.3 225 2 3.83 -
HS-1.0 450 1336.5 225 2 7.67 -
HL-0.125 450 1348.3 225 2 0.96 -
HL-0.25 450 1346.6 225 2 1.92 -
HL-0.50 450 1343.3 225 2 3.83 -
HL-1.0 450 1336.5 225 2 7.67 -
BS-0.125 450 1348.3 225 2 - 3.12
BS-0.25 450 1346.6 225 2 = 6.24
BS-0.50 450 1343.3 225 2 = 12.48
BS-1.0 450 1336.5 225 2 = 24.96
BL-0.125 450 1348.3 225 2 = 3.12
BL-0.25 450 1346.6 225 2 = 6.24
BL-0.50 450 1343.3 225 2 = 12.48
BL-1.0 450 1336.5 225 2 - 24.96
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“HS-0.5

Fiber dosage
-0.125% -0.25%

-0.5% -1.0%

Fiber length
-S: Short (6 mm)
-L: Long (18 mm)

Fiber type
-H: Hemp fiber
-B: Basalt fiber

Fig. 5. Designation of mixtures.

3. Results and Discussion
3.1. Flow diameter and unit weight

Figs. 6 and 7 illustrate the flow diameter and unit
weight values of mixtures. As seen from the figures, the
flow diameter and unit weight of the fiber-free mixture
was the highest, as expected. Irrespective of fiber type
and length, raising the dosage of fiber from 0.125% to
1% resulted in a gradual decrease in flow diameter. The
reductions due to basalt fiber addition were higher than
that of hemp fiber addition. This phenomenon is proba-
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Control HS

50.25%

bly due to basalt fiber's high surface area/volume ratio.
The mixtures with 1% fiber inclusion had the lowest
flow diameter in each series. Increasing the fiber dosage
also decreased the fiber-reinforced mixtures' unit vol-
ume weight. This situation was more considerable in the
mixtures including 1% fiber.

3.2. Compressive and flexural strength

The flexural and compressive strength values of mix-
tures are given in Figs. 8 and 9, respectively. As seen
from the figure, irrespective of the fiber type and length,
0.125% fiber inclusion did not have a meaningful effect
on the flexural strength due to insufficient fiber dosage.
The results were similar with the addition of 0.25%
hemp fiber. 1% fiber-reinforced mixtures in all series
had the lowest flexural strength values due to their low
workability. Hemp and basalt fiber reinforced mortars
containing 0.5% long and 0.5% short fibers have the
highest flexural strengths in their series, with 6.2 and 6.7
MPa, respectively. These mixtures were selected for the
water absorption, sorptivity and fracture energy tests.
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Fig. 6. Flow diameters of the mixtures.
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Fig. 7. Unit weights of the mixtures.
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Fig. 9. Compressive strengths of the mortar mixtures.

On the other hand, test results revealed that fiber in-
clusion had a negative effect on the compressive
strength. The compressive strength of hemp fiber-rein-
forced mortars was 12.7-28.5% lower than that of the
reference mortar. Besides, at lower dosages, the basalt
fiber inclusion did not significantly affect the compres-
sive strength. However, with the increase in fiber dosage,
both flow diameter and strength decreased progres-
sively probably due to the effect of basalt fiber's high sur-
face area/volume on workability and consequently on
compactibility of the mixtures. Uygunoglu et al. (2022)
investigated the effect of PVA fiber content on the prop-
erties of cement-based mortar. The researchers re-
ported that the compressive and flexural strengths in-
creased with the addition of 2% fiber but at higher dos-
ages it had a negative impact on the mechanical proper-
ties. The fact was attributed to the workability and place-
ment issues caused by the increasing fiber dosage. In a
similar study, Sahan et al. (2021) examined some prop-
erties of polypropylene fiber-reinforced concretes. The
researchers reported that the flexural and compressive

strengths increased compared to those of the control
sample at the optimum fiber dosage of 0.22%; beyond
this dosage, the strength decreased.

3.3. Fracture energy

The force-deflection and force-CMOD curves of three
specimens of each mixture are given in Figs. 10 and 11,
respectively. The peak load, maximum deflection, maxi-
mum CMOD values and the area under the curves in-
creased with fiber inclusion. In this respect, the inclusion
of basalt fiber had a higher positive effect than that of the
hemp fiber.

The peak load, deflection corresponding to the peak
load and fracture energy values are given in Fig. 12. With
the addition of hemp and basalt fiber, the mean peak
load increased by 32.2% and 60.8%, respectively. Alt-
hough the hemp fibers enhanced the peak load and frac-
ture energy, the amount of increase was considerably
lower than that of the basalt fibers.
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Fig. 11. Force-CMOD relationships of the samples.

Similarly, mean deflection values corresponding to
the peak load of hemp and basalt fiber-reinforced mor-
tars were 10.9% and 97.5% higher than that of the con-
trol sample, respectively. Compared to that of the refer-
ence mixture, the deflection corresponding to the peak
load of the fiber-reinforced mixes was greater. The role
of fibers in increasing the first cracking point and their
bridging effect upon crack propagation is obvious. Fiber
inclusion increased the fracture energy too, and the fact
was more pronounced with basalt fiber addition. The in-
crement rates were 17.9% and 146.4% for hemp and
basalt fiber addition, respectively. Ruano et al. (2020)
also reported that the flexural toughness of concrete im-
proves with hemp fiber addition. It is known that fibers
transfer the load and show a bridging effect on the frac-
ture surface, resulting in delaying the connection of the

cracks (Bencardino et al. 2010) with the mechanisms of
debonding, bridging, pull-out and failure (Abbas and
Khan 2016). During the fracture energy test, the bridging
effect delaying the crack propagation was obvious. At the
end of the test, visual observation on the fracture sur-
faces of specimens revealed the debonding of the fibers
and probably fracture of some of them. Arslan (2016) re-
ported that with the use of basalt fiber, the fracture en-
ergies of fiber-reinforced concrete increased by 6.8-
28.6% depending on the fiber dosage. In a similar study,
the increment rate of the fracture energy with basalt fi-
ber inclusion was stated to be in between 3-51% (Kizil-
kanat et al. 2015). According to a study on fiber-rein-
forced self-compacting concretes, Gultekin et al. (2022)
stated that it is possible to increase the fracture energy
with basalt fiber addition up to 30.4%.
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Fig. 12. Peak loads, deflections corresponding to peak loads and fracture energy of the mixtures.

3.4. Water absorption and sorptivity

Water absorption and coefficient of sorptivity of the
mixtures are given in Figs. 13 and 14, respectively. Water
absorption increased by 12% and 4.8% with the inclu-
sion of hemp and basalt fibers, respectively. The fact is
probably due to the reduced workability with the addi-
tion of fibers. In addition, hemp fiber also absorbs water
due to its porous structure. The addition of basalt fiber
did not have a significant effect on the water absorption
capacity. Nevertheless, hemp fiber-reinforced speci-
mens had the highest water absorption capacity. How-
ever, fiber inclusion reduced the coefficient of sorptivity
by 20% and 55% for hemp and basalt fiber, respectively.

Wang et al. (2021) marked that the addition of fiber to
face slab concrete increased the total porosity and frac-
tion of larger pores, but reduced the fraction of smaller
pores. In this study the effect of basalt and hemp fibers
on the capillary water absorption was clearly seen. The
increase in water absorption and decrease in coefficient
of sorptivity suggested that the addition of fiber
changed the pore structure of the cement mortar. It is
thought that with the inclusion of fibers, the fraction of
larger pores (arisen from insufficient compactibility and
responsible for water absorption) increased, however,
the amount of smaller pores (arisen from crack treat-
ment effect of fibers and responsible for sorptivity) re-
duced.
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4., Conclusions

This study investigated the effects of inclusion of
hemp and basalt fibers on the fresh properties, mechan-
ical strength and fracture energy of fiber-reinforced ce-
ment-based composites. For the materials used and tests
applied, the following conclusions may be drawn:

e With the inclusion of fiber, mortar flow diameters de-
creased, and the fact became clearer at higher fiber
dosages. As a result of the decreased workability
(compactibility) with fiber inclusion, the unit weight
of composites decreased progressively. In this regard,
the negative effect of basalt fiber addition on flow di-
ameter was higher than that of the hemp fiber.

¢ The effect of fibers on flexural strength was negligible
at lower dosages (0.125 and 0.25%). In terms of flex-
ural strength, the optimum fiber dosage was 0.5%. It
was possible to increase flexural strength up to 10.7%

and 19.6% with hemp and basalt fiber addition, re-
spectively. Unlike flexural strength, fibers decreased
the compressive strength. However, the reduction in
compressive strength was negligible in the low dos-
age basalt fiber-bearing mixtures.

Fibers enhanced the peak load, the deflections corre-
sponding to the peak loads and fracture energy of the
mixtures. From fracture energy viewpoint, positive
effect of the basalt fiber was more than that of the
hemp fiber. The fracture energy of hemp and basalt
fiber-reinforced composites was higher than that of fi-
ber-free mixture by 17.9% and 146.4%, respectively.
Hemp and basalt fiber inclusion reduced the coeffi-
cient of sorptivity by 20% and 55%, respectively.
However, the water absorption of fiber-reinforced
composites was higher than that of the plain mixture.
This probably occurred due to the change in the pore
structure.



Gultekin / Challenge Journal of Concrete Research Letters 14 (4) (2023) 107-117 117

Author Contributions

The sole author made substantial contributions to conception and de-
sign, or acquisition of data, or analysis and interpretation of data; was
involved in drafting the manuscript or revising it critically for important
intellectual content; and gave final approval of the version to be pub-
lished.

Acknowledgements
None declared.

Funding
The author received no financial support for the research, authorship,
and/or publication of this manuscript.

Conflict of Interest
The author declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this manuscript.

Data Availability

The datasets created and/or analyzed during the current study are
not publicly available, but are available from the corresponding author
upon reasonable request.

REFERENCES

Abbas YM, Khan MI (2016). Fiber-matrix interactions in fiber-rein-
forced concrete: A review. Arabian Journal for Science and Engineer-
ing, 41,1183-1198.

Abdalla JA, Thomas BS, Hawileh RA (2022). Use of hemp, kenaf and
bamboo natural fiber in cement-based concrete. Materials Today:
Proceedings, 65, 2070-2072.

Ahmad ], Zhou Z (2022). Mechanical properties of natural as well as
synthetic fiber reinforced concrete: a review. Construction and
Building Materials, 333,127353.

Al-Rousan ET, Khalid HR, Rahman MK (2023). Fresh, mechanical, and
durability properties of basalt fiber-reinforced concrete (BFRC): a
review. Developments in the Built Environment, 14, 100155.

Arslan ME (2016). Effects of basalt and glass chopped fibers addition
on fracture energy and mechanical properties of ordinary concrete:
CMOD measurement. Construction and Building Materials, 114,
383-391.

ASTM (C348-21 (2021). Standard test method for flexural strength of
hydraulic-cement mortars. American Society for Testing and Mate-
rials, PA, USA.

ASTM C349-18 (2018). Standard test method for compressive strength
of hydraulic-cement mortars (using portions of prisms broken in
flexure). American Society for Testing and Materials, PA, USA.

ASTM C1437-20 (2020). Standard test method for flow of hydraulic ce-
ment mortar. American Society for Testing and Materials, PA, USA.

ASTM C1585-20 (2020). Standard test method for measurement of
rate of absorption of water by hydraulic-cement concretes. Ameri-
can Society for Testing and Materials, PA, USA.

Bencardino F, Rizzuti L, Spadea G, Swamy RN (2010). Experimental
evaluation of fiber reinforced concrete fracture properties. Compo-
sites Part B: Engineering, 41, 17-24.

Chen M, Feng]J, Cao Y, Zhang T (2023). Synergetic effects of hybrid steel
and recycled tyre polymer fibres on workability, mechanical
strengths and toughness of concrete. Construction and Building Ma-
terials, 368, 130421.

Comak B, Bideci A, Salli Bideci O (2018). Effects of hemp fibers on char-
acteristics of cement based mortar. Construction and Building Ma-
terials, 169, 794-799.

El-Abbasy AA (2022). Production, behaviour and mechanical proper-
ties of ultra-high-performance fiber concrete - a comprehensive re-
view. Case Studies in Construction Materials, 17, e01637.

Grubesa IN, Markovic B, Gojevic A, Brdaric ] (2018). Effect of hemp fi-
bers on fire resistance of concrete. Construction and Building Mate-
rials, 184, 473-484.

Giiltekin A, Beycioglu A, Arslan ME, Serdar AH, Dobiszewska M, Ra-
myar K (2022). Fresh properties and fracture energy of basalt and
glass fiber-reinforced self-compacting concrete. Journal of Materi-
als in Civil Engineering, 34(1).

Jianbing Y, Yufeng X, Saijie L, Zhigiang X (2022). Experimental study on
shear performance of basalt fiber concrete beams without web re-
inforcement. Case Studies in Construction Materials, 17, e01602.

Kabay N (2014). Abrasion resistance and fracture energy of concretes
with basalt fiber. Construction and Building Materials, 50, 95-101.

Kaplan G, Bayraktar OY (2021). The effect of hemp fiber usage on the
mechanical and physical properties of cement based mortars. Re-
search on Engineering Structures and Materials, 7(2), 245-258.

Kizilkanat AB, Kabay N, Akyiincii V, Chowdhury S, Ak¢a AH (2015). Me-
chanical properties and fracture behavior of basalt and glass fiber
reinforced concrete: An experimental study. Construction and
Building Materials, 100, 218-224.

LiZ, Shen A, Zeng G, Chen Z, Guo Y (2022). Research progress on prop-
erties of basalt fiber-reinforced cement concrete. Materials Today
Communications, 33, 104824.

Li Z, Wang X, Wang L (2006). Properties of hemp fibre reinforced con-
crete composites. Composites Part A: Applied Science and Manufac-
turing, 37,497-505.

Rilem (50-FMC) 1985 Determination of the fracture energy of mortar
and concrete by means of three - point bend tests on notched beams.
Materials and Structures, 18, 287-290.

Ruano G, Bellomo F, Lopez G, Bertuzzi A, Nallim L, Oller S (2020). Me-
chanical behaviour of cementitious composites reinforced with ba-
gasse and hemp fibers. Construction and Building Materials, 240,
117856.

Sahan MF, Oncel FA, Unsal I (2021). Effect of fiber ratio on the impact
behavior of polypropylene fiber reinforced samples. Journal of
Structural Engineering & Applied Mechanics, 4(4), 239-248.

Stevulova N, Kidalova L, Terpakova E, Junak ] (2022). Utilization of
hemp concrete as building material. Visions for the Future of Hous-
ing: Mega Cities. Proceedings of the 38th IAHS World Congress, Istan-
bul, Tiirkiye, 358-364.

Suardana NPG, Piao Y, Lim JK (2011). Mechanical properties of hemp
fibers and hemp/pp composites: effects of chemical surface treat-
ment. Materials Physics and Mechanics, 11, 1-8.

Sullins T, Pillay S, Komus A, Ning H (2017). Hemp fiber reinforced pol-
ypropylene composites: the effects of material treatments. Compo-
sites Part B: Engineering, 114, 15e22.

TS EN 196-1 (2016). Methods of testing cement - part 1: determination
of strength. Turkish Standards Institution, Ankara, Tiirkiye.

Uygunoglu T, Topgu IB, Simsek B, Eryesil O, Al-Turki YAYA (2022). Gi-
mento esash harglarin fiziksel ve mekanik 6zeliklerinde polivinil
alkol (PVA) liflerin etkisi. Politeknik Dergisi, 25(1), 29-36.

Vairagade VS, Dhale SA (2023). Hybrid fibre reinforced concrete - a
state of the art review. Hybrid Advances, 3, 100035.

Wang L, He T, Zhou Y, Tang S, Tan J, Liu Z, Su ] (2021). The influence of
fiber type and length on the cracking resistance, durability and pore
structure of face slab concrete. Construction and Building Materials,
282,122706.

Zhao Q, YuJ, Geng G, Jiang J, Liu X (2016). Effect of fiber types on creep
behavior of concrete. Construction and Building Materials, 105, 416-
422.

Zhou X, Saini H, Kastiukas G (2017). Engineering properties of treated
natural hemp fiber-reinforced concrete. Frontiers in Built Environ-
ment, 3, 33.

Zhou Y, Zou S, Wen ], Zhang Y (2023). Study on the damage behavior
and energy dissipation characteristics of basalt fiber concrete using
SHPB device. Construction and Building Materials, 368, 130413.


https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0004043#con1
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0004043#con2
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0004043#con3
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0004043#con4
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0004043#con5
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0004043#con6
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29MT.1943-5533.0004043#con6



