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ABSTRACT Biosystem Engineering
Concrete is the most common construction material used worldwide. It

is also commonly used in construction of agricultural buildings. With Research Article

the rapid developments in technology, different building materials with

superior properties are being researched in order to improve different Article History

properties of concrete and eliminate its disadvantaged aspects and to Received 1 08.09.2023
obtain lighter, insulated, more economical and useful construction Accepted :09.11.2023
materials. One of the applications to improve the negative properties of

concrete with low tensile strength is to add various fibers into the Anahtar Kelimeler
concrete mixtures. Hemp stalks play an important role in recycling Agricultural buildings,
vegetable wastes. Therefore, it is highly significant to recycle or Concrete,

transform these materials. In this study, hemp fibers were Hemp fiber,

supplemented into concrete mixtures in different ratios (1, 2.5 and 5%). Vegetable waste

Slump and unit weight tests were conducted on fresh samples and Insulation material

compressive strength, tensile strength, water absorption, freeze-thaw
resistance, thermal conductivity and ultrasound pulse velocity tests
were conducted on 28-day cured cube specimens. Slump values of the
concrete samples varied between 3.50-12.00 cm, unit weights between
2262-2370 kg m-3 and water absorption values between 2.42-5.91%.
Compared to the control concrete, maximum decrease in compressive
strength (24.09%) was seen in 5% fiber-supplemented concrete samples
(average 33.44 MPa). The highest splitting tensile strength (11.15%)
was obtained from 1% fiber-supplemented samples. Compressive
strength, specific gravity, ultrasound pulse velocity and thermal
conductivity coefficients decreased, but tensile strengths and water
absorption ratios increased with increasing hemp fiber ratios. As a
result, by using hemp fibers in concrete production, a material with
high tensile strength, suitable for cold climate conditions and low
thermal conductivity was produced. Present mechanical and physical
experiments revealed that hemp fiber-supplemented concretes, which
are economical, sustainable, environment-friendly, recyclable and have
low carbon emissions, could reliably be used in agricultural buildings
and further improvements could contribute to the economy and reduce
environmental pollution

Kenevirin Tarimsal Yapilarda Kullanilan Betonun Baz Ozelliklerine Etkisi

OZET Biyosistem Miithendisligi
Yap1r malzemeleri arasinda diinyada en fazla kullanilan beton, tarimsal
yapilarda da en fazla karsilagilan malzemelerin baginda gelmektedir.
Gun gectikce artan teknolojideki hizli gelismelerle birlikte betonun Makale Tarihgesi

farkll ézelliklerini iyilestirerek sakincali yonlerini giderebilmek, daha Gelig Tarihi  :08.09.2023
hafif, yahtimli, ekonomik ve kullanigh betonlar elde etmek amaciyla, Kabul Tarihi :09.11.2023
ustlinliikleri yiksek farkli yapr malzemeleri aragtirilmaktadir. Organik

Aragtirma Makalesi

bir atik olan kenevir bitkisinin saplarindan elde edilen lifler, agregalar, Keywords
baglayici olarak ¢imento ve karigim suyu olarak musluk suyu Tarimsal insaat,
kullanilarak kenevir lifi takviyeli beton numuneleri Gretilmigtir. Cekme Beton,

dayanimi diisiik betonun olumsuz 6zelliklerini iyilestirmek i¢in yapilan Kenevir Iif,

uygulamalardan biri de beton karisimina cesitli lifler ilave etmektir. Bitkisel atik
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Bitkisel atiklarin tekrar ekonomiye kazandirilmasinda kenevir sapi
atiklar1 6nemli yer tutmaktadir. Bu nedenle s6z konusu malzemelerin
yeniden kazanimi ya da dontsturilmesi olduk¢a onemlidir. Kenevir
liflerinin beton tuzerine etkilerini inceleyerek yapir malzemelerinde
kullanilabilirligini belirlemek, ingaat sektoriinde yap1 malzemesi olarak
degerlendirilmesine yardimci olmak ve ekolojik dengenin korunmasina
katkida bulunmak amaciyla yapilan bu calismada, beton igerisine
katilan kenevir liflerinin taze ve sertlesmis beton uzerindeki etkileri
incelenmigtir. Calismada kontrol karisimi ve lif uzunluklari 4-6 cm
arasinda olacak sekilde hacimce %1, %2.5, %5 oranlarinda kenevir lif
katkili beton érnekleri tiretilmistir. Orneklerin slump degerleri, birim
hacim agirligi, basing dayanimi, yarmada ¢ekme dayanimi, su emme,
donma-¢oziilme, ultrases gecis hizi ve 1s1 iletkenlik katsayilar
belirlenmistir. Uretilen beton 6rneklerinin ¢okme degerleri 3.50-12.00
cm, birim agirliklarr 2262-2370 kg m-3, su emme degerleri %2.42-5.91
arasinda belirlenmigtir. Kontrol betonu ile kiyaslandiginda 6rneklerin
basing dayamimlarindaki azalma en fazla %24.09 (%5 lif katkili beton)
olarak (ortalama 33.44 MPa) bulunmustur. En yiiksek yarmada cekme
dayanimi %11.15 artis ile %1 katkili 6rnekte belirlenmigstir. Elde edilen
sonuclara gore artan lif miktari ile birlikte birim hacim agirhik, basing
dayanimi, ultrases ve 1s1 iletkenlik katsayisi azalmig, yarmada ¢ekme
dayanimlar1 artmistir. Sonug olarak calismada kenevir liflerinin beton
uretiminde kullanilmasi ile ¢ekme dayanimi yiiksek, soguk iklim
kogullarina uygun, 1s1 iletkenligi diisik malzeme Uretilmigtir. Sonug
olarak; yapilan mekanik ve fiziksel deneyler sonucunda ekonomiye
katk:s saglamak ve cevre kirliligini azaltmak amaciyla, ekonomik,
stirdurulebilir, ¢evre dostu, geri dontsturilebilir ve diisik karbon
salinimina sahip kenevir lif katkili betonlarin tarimsal yapilarda
giivenle kullaniminin uygun oldugu ve gelistirilerek kullanilabilecegi
soylenebilir.
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INTRODUCTION effective manufacturing. In the realm of building

Yield levels of agricultural products should be
increased to meet the demands of ever-increasing
world population. Agricultural structures including
animal housings, animal shelters, warehouses,
conservation structures and processing facilities used
for wvarious purposes in agricultural enterprises
should be so designed and constructed as to improve
animal performance, quantity and quality of resultant

products. Construction materials and structural
members play an important role in providing
optimum environmental conditions for livestock

operations.

Agricultural structures are often single or two-story
buildings and constitute a significant part of the total
capital in agricultural enterprises. They need to be
constructed economically in accordance with their
capacities, avoiding excessive load-bearing
requirements. Selected materials should have
adequate strength and durability, ensure safety and
ideal environmental conditions and allow cost-
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materials, there exist both naturally sourced
materials and those that are artificially
manufactured. It is possible to learn about production
procedures as well as the physical, chemical and
mechanical qualities of raw materials and to use
them in the most appropriate placement within the
structure by carefully selecting construction
materials.

Material physico-chemical characteristics, resistance
to external forces, ease of use, durability, hardness,
heat conduction, ease of processing, economy and
availability at the point of use play a great role in
selection of construction materials (Karaman, 2007).
Mechanical and durability attributes can be improved
by appropriately modifying the materials that make
up concrete, which has been used as a building
material for thousands of years. The most practical
way to ensure concrete integrity and increase
physical strength is to incorporate fibrous materials
into the concrete mortar (Manan & Ganapathy, 2002;
Shahzad, 2011).
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Fibrous concrete is made by combining cement,
aggregates, water and fibers in specific proportions. It
was reported in previous studies that there was a
significant increase in mechanical properties of
concrete and mortar, in tensile strength and load
carrying capacity of fibrous concretes (Ganesh-Babu
&Pavan-Kumar, 2004; Shahzad, 2011; Walker et al.,
2014).

Concrete has a brittle structure, but gains flexibility
with fibrous admixtures and can withstand greater
loads without cracking. Fibrous concrete has a higher
energy absorption capacity during fracturing than
non-fibrous concrete. Addition of various fibers into
traditional concrete mixtures meets stress resistance
requirements, transfers deforming forces from inside-
out or outside-in and increases bending strength
through prevention of cracks. Furthermore, fiber
supplements provide the ability to withstand impact
loads without breaking. Fibers also offer some
advantages such as being economical, making
building members lighter, providing noise and heat
insulation, reducing the risk of shrinkage cracks,
increasing surface wear resistance and freeze-thaw
resistance, preventing shrinkage, crumbling-dusting,
flaking and rusting, increasing high alkali, ductility,
fatigue, impact resistance and durability
(Anonymous, 1982; Ganesh-Babu &Pavan-Kumar,
2004; Acikel et al., 2005; Kurt, 2006; Atashafrazeh,
2013; Cengiz, 2015; Agaoglu, 2018; Mujadidi, 2020;
Anonim, 2022a).

Vegetable residues are abundantly available in rural
areas. These residues may offer low-cost construction
materials and allow farmers to construct higher-
quality agricultural structures. Thus, suitable and
low-cost structures can be built to improve living
standards in rural areas. The qualities desired are
lightness, high insulation, freezing, abrasion, high
resistance to chemical effects, sufficient pressure and
tensile strength, vapor diffusion resistance, resistance
to water and moisture, plaster retention, process
ability, longer service life, low cost and so on. Besides
several benefits such as use of these residues in
various areas, ensuring ecological balance,
eliminating environmental problems and producing
lighter and stronger concrete, agricultural residues
offer significant inputs to country economy through
reduction of concrete, then construction costs
accordingly.

In recent years, there has been an increase in
research on potential use of plant residues as building
materials. Studies have been conducted to examine
the effects of climate change and global warming
induced by increased carbon emissions on renewable
and effective systems of carbon sequestration. Use of
industrial residues known as green materials can
help to achieve global economic growth while also
improving people' living conditions. Hemp concrete is
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one of the most important of these studies.

Hemp is a recyclable, renewable and biodegradable
substance; hence it is more frequently suggested in
construction industry. Use of fibers produced from
agricultural operations in the production of polymer
composite materials is becoming more common
(Candogan et al., 2022). Previous studies have shown
that walls made of hemp concrete can provide good
indoor air quality and energy savings in winter (Tran
Le et al., 2009; Jami et al., 2019). In recent years,
interest in industrial hemp (Cannabissativa L.),
which is a source of fibers and oilseeds that has
lightness, high strength, water absorption as
compared to tight structured fibers and has been used
in a wide variety of fields from the past to the
present, has been increasing throughout the world.
Therefore, hemp has started to be cultivated in many
places. High-yielding hemp can be produced at a
lower cost than other industrial crops. It is an
environment-friendly crop and has a wider range of
applications. All these attributes distinguish it from
the other industrial crops. Recovery or conversion of
these materials is essential since hemp stalk wastes
are crucial in returning vegetable wastes to the
economy. In recent years, hemp, whose production
and wusage has been permitted under specific
restrictions in Tirkiye, has been identified as a
material that can be used in concrete mixtures due to
its fibrous structure.

The main objectives of this research are () to
determine the effects of hemp fibers on concrete
properties, (ii) to determine potential use of hemp
fibers as a construction material, (ii) to actively
contribute to preservation of ecological balance.

MATERIAL AND METHODS
Material

As a research material, stems of hemp plant, an
organic waste, were used to produce hemp fiber-
reinforced concrete samples with conventional
aggregates, cement as a binder and tap water from
Tokat municipal supply as mixing water. The study
employed Portland Limestone Cement (CEM 1/42.5 R)
produced by Yurt Cement Industry and Trade Inc.,
which is widely used in the region and comply with
Anonim (2012a) standard. Hemps used as a fiber
additive in preparation of samples were obtained from
a registered hemp producer in Vezirkopri district of
Samsun province. The fibers, obtained by separating
the hemp bast from the fibrous stem, were naturally
dried and then cut to a length of 40-60 mm. Technical
fiber length of hemp fiber is 100-300 cm, processed
fiber length is 65-75 cm, dry specific strength is
cN/dtex, wet specific strength is 105% (dry), Elasticity
Modules is 12.7 Mpa and annual fiber yield is 3000 kg
hal (Gedik et al., 2010). For all samples, coarse and
fine crushed stone aggregates sourced from Gugumli
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location within the boundaries of Tokat province were
used in accordance with Anonim (2009a) standard. In
the research, the samples were prepared using tap
water from the municipal supply of Tokat province's
central district, which met the standards for drinking
water quality and was provided by the university
laboratory.

Method
Experiments were conducted at Agricultural
Structures Laboratory of Tokat Gaziosmanpasa

University Faculty of Agriculture and Building
Laboratory of Faculty of Engineering and
Architecture Department of Civil Engineering. Some
preliminary experiments were conducted on concrete
components to determine the structural properties of
the components to be used in concrete samples and to
determine optimum quantities to be used in concrete
mixtures. In addition, since there is no standard set
for the mixture calculations to be made for fibrous
concretes, the studies on fibrous concretes were used
to determine the ratios of aggregate, cement and fiber
additives to be used in the mixture. As a result of the
preliminary trials, hemp fiber ratios to be added were
determined as 1%, 2.5% and 5% in volume. Amount of
hemp fiber (with a bulk density of 1.4 g cm™) to be
added to 15X15X15x15 cm cube samples was then
calculated as 4.72 g for 1%, 11.81 g for 2.5% and 23.62
g for 5% (Zollo, 1997). Quantities of the materials for
1 m?® concrete were determined as 1899.26 kg

100

aggregate, 474.07 kg cement, 222.22 kg water for
each mixing ratio. All materials were weighed and
prepared separately and fiber quantities were
determined as 14 kg m3, 35 kg m™® and 70 kg m=2. A
total of 40 samples were prepared, including control
samples, with three replicates of each hemp fiber
ratio. Hemp fibers have quite a high water absorption
capacity and such a case can lead to insufficient water
content of concrete mixture and affect proper setting
and hydration of concrete. Thus, hemp fibers were
soaked into water until they reached a saturated
state before to use them in mixtures.

The materials to be used in mixtures were weighed on
a precision scale under laboratory conditions and
homogeneously mixed. Then, hemp fibers kept in
water were added to the mixtures and they were all
blended together (Sisman & Alkaya, 2019). To
prevent the clustering of fibers within the concrete
and comply with the requirement for the narrowest
dimension of the structural members, maximum
particle size of the aggregate was chosen as 16 mm.
The mixture proportions were determined based on
the particle size distribution curves of the aggregates,
following the concrete mix design calculations
(Anonim, 2012b) (Figure 1). The proportions of coarse
and fine aggregates were determined as

approximately 49% and 51%, respectively, while their
fineness module were calculated as 5.45% and 3.63%,
respectively.
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Figure 1. Mixing ratios used for concrete samples
Sekil 1. Beton ornekleri i¢in kullanilan karisim oranlari

Slump and unit weight tests were performed on fresh
concrete (Anonim, 2019a; Anonim, 2019b; Anonim,
2012c). Aggregate gradation was maintained at a
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specific surface-to-volume ratio (s v'! ratio) of 0.44
during concrete mixture preparation in accordance
with Anonim (2018) requirements. Workability test
for the prepared fresh concrete samples involved
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conducting a slump test, which measured qualities
such as cohesion and stability (Anonim, 2019c). To
determine the unit weights of the concrete specimens,
unit weight tests were performed in accordance with
Anonim (2019d), Anonim (2019e) and Anonim (2022b)
standards. Cube specimens were subjected to curing
for 28 days. Compressive strength tests were
conducted on cured specimens (Utest / UTC-4710 with
1500 kN capacity computer-controlled hydraulic
compressive strength tester) in accordance with
Anonim (2012c¢), Anonymous (2015), TS EN Anonim
(2019b), Anonim (2019f) and Anonim (2020)
standards. Tensile strength tests were performed in
accordance with Anonim (2012c), Anonymous (2015),
Anonim (2019b), TS Anonim (2019f) and Anonim
(2020) standards. Frost resistance test was conducted
in accordance with Ekmekyapar & Oriing (2001);
water absorption with  Anonymous (1997a),
Table 1.Test results for fresh and 28-day cured samples
Cizelge 1. Taze ve sertlesmig beton deneyi sonuglari

Anonymous (1997b); Anonim (2019e) and Anonim
(2022b) standards, thermal conductivity (thermal
conductivity heat flux technique with Thermtest
HFM-100 device capable of measuring between 0.005-
0.5W Mk) with Anonim (2002), Anonymous (2003)
Anonim (2003) and Anonim (2009b) standards and
finally Ultrasonic Pulse Velocity tests with
Anonymous (1986), Anonymous (2016) and Anonim
(2021) standards.

RESULTS

Slump and unit weight tests were conducted on fresh
samples and compressive strength, tensile strength,
water absorption, freeze-thaw resistance, thermal
conductivity and ultrasound pulse velocity tests were
conducted on 28-day cured cube specimens. Test
results are provided in Table 1.

Mixing ratios

Concrete tests

Control (0%) 1% 2.5% 5%
Slump (mm) 120+ 2.89 65+ 2.89 45+ 2.89 35+ 0.00
Unit weight (kg m™ ?) 2369+ 6.43 2341+ 6.69 2295+ 9.68 2268+ 3.48
<Compressive strength (MPa) 44.05+ 0.45 41.11+ 0.97 40.53+ 2.84 33.44+ 2.01
Tensile strength (MPa) 5.83+£ 0.18 6.48+ 0.45  6.04+ 0.45 5.66+ 0.27
Water absorption (%) 2.44+ 0.03 2.81+0.11  4.50+ 0.54 5.82+ 0.11
Compressive strength (MPa) 39.46+ 2.28 38.29+1.18 33.97+2.43 31.88+ 1.42
Freezing-thaw  Water absorption (%) 3.95+ 1.17 5.00£0.30 5.47+0.73 6.72+ 0.42
Weight change (%) 1.52+ 0.14 2.24+0.35 1.12+0.15 1.06+ 0.46
Thermal conductivity (W m'* K1) 2.52 2.48 2.39 2.04
Ultrasound pulse velocity 4.80+ 0.15 4.74+0.11 4.50+0.01 4.49+ 0.01

Slump Test: Slump values of concrete samples varied
between 3.50 - 12.00 cm. Addition of hemp fibers
resulted in formation of clusters, which adversely
affected the workability, a significant property of
fresh concrete, leading to a decrease in workability as
the fiber content increased. Therefore, workability, an
essential characteristic of fresh concrete, decreased
with increasing fiber ratios. It was reported in
previous studies that amount of mixing water
required in concrete mixtures increased with the
inclusion of plant waste, such as hemp fibers (Manan
& Ganapathy, 2002; Sisman & Alkaya, 2019).

Unit Weight: Unit weights of concrete samples varied
between 2262 - 2370 kg m™. Decreasing unit weights
were seen with increasing hemp fiber ratios. Such
decreasing unit weights were attributed to lower
specific gravity of the fibers and the voids created.
However, unit weights of produced fiber-
supplemented concretes were higher than 2200 kg
m=3, which does not classify them as light-weight
concrete (Ekmekyapar & Oriing, 2001; Anonim, 2017;
Anonim, 2019d). Previous studies also reported a
significant decrease in unit weights with hemp fiber
supplementations into concrete mixtures (Neville,

639

2012; Jami et al., 2019).

The decrease in concrete unit weight reduces the dead
load of the structure and increases heat and noise
insulation properties. Due to low specific gravity of
the fibers and resultant voids, unit weights of fiber-
supplemented samples decreased by up to 4.26% (in
samples with 5% hemp fiber additives) as compared
to control samples without any fibers. Such a slight
decrease in unit weight was found to be significant.
Such decreases also offer some advantages, such as
reduced structural loads and enhanced heat and noise
insulation properties. By reducing the building loads,
it provides cost savings, particularly in agricultural
structures and helps minimize economic losses
resulting from natural disasters. By utilizing fiber-
reinforced concretes with light-weight aggregates, it
is possible to achieve lighter, more cost-effective and
well-insulated concretes.

Compressive  Strength: Compressive strengths
decreased with increasing hemp fiber ratios since
hemp fibers absorbed and retained more water,
resulted in low specific gravity and reduced surface
smoothness. Compressive strength of the samples was
found to be reduced by up to 24.09% (5% fiber-
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supplemented concrete) (average 33.44 MPa) as
compared to control samples. Figure 2 illustrates the
relationship between compressive strength and unit
weight of the samples.

Tensile Strength: The increase in fiber content
resulted in positive effects on tensile strength of 1%
and 2.5% hemp fiber-supplemented samples, but 5%
fiber content decreased tensile strength as compared
to the control group. The highest tensile strength was
obtained from 1% hemp fiber-supplemented samples.

50
48

W W A A D b
» 0w O N b~ O

Compressive strength (MPa)
w
S

w
N

30

2240 2260 2280

2300

Inclusion of fibers into concrete mixtures facilitated
its ductility and prevented load-induced cracks and
deformations. Various factors, such as quantities,
types, geometries, matrix structure of the mixture
and fiber size, influence tensile strength of concrete
specimens (Ozyurt et al., 2006; Aslan, 2020). Fibers
added to concrete suppress microcracks by localizing
macrocracks and increase the apparent tensile

strength of the matrix (Ganesh-Babu &Pavan-Kumar,
2004).

y =0.090x - 168.9
R?=0.635

2320 2340 2360 2380

Unit weight (kg m-3)

Figure 2. The relationship between compressive strength and unit weight
Sekil 2. Basing dayanimi ve birim agirlik iligskisi

Water Absorption: Water absorption ratios increased
with increasing hemp fiber ratios. As compared to
control samples, the highest increase in water
absorption was determined in 5% fiber-supplemented
samples (138.53%). This can be attributed to high
water absorption capacity of hemp fibers and the
increase in void ratio within the concrete due to fiber-
induced clustering. In this sense, a thin plaster
should be applied over the hemp fiber-supplemented
concrete surface to prevent water from passing
through. Because the fibers used as additives absorb
excess water, the amount of water used in the
concrete mixtures to be prepared must be increased.
Furthermore, when preparing mixtures, studies
should be conducted to reduce water absorption and
minimize voids formed by the use of water-
impermeable additives (Figure 3).

Freeze-Thaw Resistance: Concretes produced with
different proportions of hemp fibers were subjected to
freeze-thaw cycles. Although 28th day compressive
strength of hemp fiber-supplemented concretes
exposed to freeze-thaw cycles decreased slightly as
compared to samples kept under normal curing
conditions, but the difference was not significant.

The compressive strength values of hardened concrete
samples after freeze-thaw cycles were also compared
to compressive strength values of the control samples
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to determine the reductions in compressive strength.
Since the compressive strength variations in all
samples were less than 20%, it was determined to be
resistant to freeze-thaw cycles (Ekmekyapar &
Oriing, 2001; Anonim, 2019e). Weight loss values of
the produced concrete samples after freeze-thaw
cycles were also determined. It was observed that
increase in hemp fiber content led to an increase in
weight loss. The highest weight loss was determined
in samples with 1% hemp fiber content. The weight
loss values determined through weight measurements
of hardened concrete samples before and after the
freeze-thaw cycles were very small, below 0.3%.
Based on minimal weight loss values, it can be
concluded that the samples were not significantly
affected by freeze-thaw cycles.

Visual examination of hardened concrete samples
after freezing-thaw cycles revealed that objectionable
deformations such as cracks, dispersion, rupture and
fragmentation occurred infrequently, the samples
partially maintained surface smoothness and pits and
spongy surface structure did not form. It can be
stated that hemp fibers added to concrete have no
negative effect on freeze-thaw resistance and effects
of freeze-thaw cycles on concrete properties were not
significant. Hemp fibers in various mixing ratios
provided sufficient frost resistance to concrete
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samples.
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Figure 3. The relationship between water absorption and unit weight
Sekil 3. Su emme ve birim agirlik iliskisi

Thermal Conductivity’ Thermal conductivity values of
the produced concrete samples ranged from 2.0395 to
2.5162 W m'! K1l Thermal conductivity values
decreased with increasing fiber ratios. The highest
reduction in thermal conductivity, up to 18.95%, was
observed in the samples with 5% fiber content (2.0395
W m K1) as compared to the control samples.

Ultrasonic Pulse Velocity: Ultrasound pulse velocity
values of the concrete samples ranged from 4.49 to
4.80 km sl. Decreasing values were seen with
increasing fiber ratios. As compared to control
samples, the highest decrease in ultrasound pulse
velocity, up to 6.46%, was observed in the samples
with 5% fiber content. The voids formed as a result of
clustering caused by the increase in fiber content
hindered propagation of ultrasound pulses, leading to
a decrease in ultra sound pulse velocity.

CONCLUSION

Present findings revealed that increasing hemp fiber
ratios resulted in a material with lower unit weight,
compressive strength, ultrasound pulse velocity and
thermal conductivity coefficients and with a higher
tensile strength and water absorption. Use of hemp
fibers in concrete production yielded a material with
high tensile strength, low thermal conductivity and
suitable for cold climate conditions. It was concluded
that fiber content could be adjusted to enhance tensile
strength (up to 1%). Beyond this ratio, strength
properties decreased, but insulation properties were
improved. It was suggested that in single-story
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agricultural structures not subjected to excessive load
effects in cold climates, measures could be taken to
enhance strength and durability characteristics by
incorporating hemp fibers as structural elements.
However, excessive fiber content led to increased
voids and hindered homogeneous mixing, negatively
affecting compaction and compressive strength.
Presence of voids also resulted in decreased
workability, increased water absorption and lower
compressive strength. To prevent fiber agglomeration
within the concrete, further research could explore
different additives and methods. By adjusting hemp
fiber content and testing various thicknesses, desired
thermal conductivity coefficients could be achieved,
leading to reduced heating costs and decreased use of
insulation materials. Further  research is
recommended on environment-friendly, sustainable
and locally available hemp fiber-modified insulation
materials that provide high insulation properties and
promote healthy living conditions in agricultural
structures.
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