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Abstract — The increase of production of woven structures
from natural fibres for reinforced composites can be noticed in
different sectors of economy. This can be explained by limited
sources of raw materials and different environmental issues, as
well as European Union guidelines for car manufacture [4]. This
research produced 2D textile structures of hemp yarn and
polypropylene yarn and tested the impact of added glass fibre
yarn on the mechanical properties of the woven structures and
the composites produced from them. The woven structures were
manufactured using hand looms or industrial looms (CTk-175)
using one layer technique. The mechanical testing of the
reinforcements showed that the parameters of the looms had
significant impact on the properties of the reinforcements.
However, the desired improvement of strength by adding glass
fibre to the fabric was not achieved. The one, two, three and four
layer composites were produced in a hydraulic press using
reinforcements woven from hemp yarn and polypropylene yarn.
The mechanical testing of composites showed that the tensile
strength of the composites and the tensile stress at maximum load
depends on number of the reinforcement layers, but the tensile
extension of the composites and the modulus of elasticity are not
closely related to the number of reinforcement layers, but rather
on elasticity of yarn used in weaving. Swelling of composites in
water was detected.

Keywords — Natural fibre, woven reinforcement, hemp yarns,
flax yarns.

|. INTRODUCTION

The use of natural fibres as a replacement for traditional
glass fibre in composites has gained an increasing importance
in the recent years as environmental concerns have led to a
quest for sustainable alternatives. The interest in natural fibre-
reinforced polymer composite materials is rapidly growing in
industrial applications and in fundamental research. They are
renewable, cheap, completely or partially recyclable, and
biodegradable [1]. Natural fibre reinforced composites are
found in countless consumer products including boats, skis,
agricultural machinery and cars. The largest advantages of
using natural fibres in composites are the cost of materials,
their sustainability and density [2]. The natural fibre
component uses 45 % less energy and results in lower air
pollution emissions [3]. Many companies, such as Mercedes
Benz, Toyota and Daimler Chrysler, are already using these
and are looking to expand the uses of natural fibre composites
[4]. In the European Union (EU) 80 000t of natural fibre
composites for the automotive industry in 2012 year were
produced and 5 % of the total volume was with hemp fibre [5].

The forecast for EU in 2020 is 3.2 million tonnes of natural
fibre composites, including bio-composites (920 000 t) and

plastics reinforced with natural fibres for construction,
furniture, automotive, consumer goods (100000 t), are
planned to be produced [3]. The chemical, mechanical, and
physical properties of natural fibres have distinct properties. It
depends on the cellulosic content of the fibres, which varies
from fibre to fibre. The mechanical properties of composites
are influenced mainly by the adhesion between matrix and
fibres [6]. Mechanical properties have limitations for their
mechanical properties, particularly with regard to impact
resistance [7].

Natural fibre composites are wused to manufacture
components of car interiors and truck cabins, because this
reduces weight by about 10 %, energy production by 80 % and
costs by 5 %. Typical market specification for natural fibre
composites include elongation and ultimate breaking forces,
flexural properties, strength on impact, acoustic absorption,
suitability for processing and crash behaviour [8].

This work is focused on comparing mechanical properties
of woven reinforcements and reinforced composites
depending on the production methods, as well as on the use of
composite production reinforced with woven hemp yarn and
polypropylene yarn.

Il. MATERIALS AND METHODS

A. Materials and Technique of Production

The hemp yarn (HA) with the yarn density 100 tex, glass
fibre yarn (136 tex) and polypropylene (PP) yarn with the yarn
density 100 tex were used to produce four types of
reinforcement:

1. The fabric from hemp yarn (100 %) on both directions was

produced using an industrial loom CTA-175. This fabric

was used to ascertain the influence of weaving method on
mechanical properties of reinforcement.

All other fabrics were made using a craftsman’s loom.

Hemp yarn fabric (100 %) on both directions.

3. Hemp yarn fabric with added glass fibre yarn mass fraction
25 % on the warp direction (a one in four hemp yarn
threads is replaced with glass fibre yarn thread). The weft
threads are of hemp yarn.

The fabrics of 2™ and 3" groups were used as basis for
mr?delling the next two groups of reinforcements (4" and
5.

4. Fabric built up from hemp yarn (mass fraction 38 %) and
polypropylene yarn (mass fraction 62 %) on both
directions (each warp and weft thread consists of both
yarns).

N
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5. The fabric built up from hemp yarn (mass fraction 44 %),
polypropylene yarn (49 %) and glass fibre yarn (7 %) on
both directions (in the warp direction hemp and
polypropylene yarn are reduplicated, in the weft glass fibre
yarn and polypropylene yarn].

Hemp yarn and glass fibre yarn were tested according to
standard LVS EN ISO 5079:2001 before weaving. Results of
mechanical tests for 100 tex hemp showed that the tensile
strength was 15.47 N and the tensile extension was 3.4 %,
while for glass fibre yarn the tensile strength was 6.3 times
higher, but the tensile extension was 1.2 times lower (Table 1).

TABLE |
YARNS USED AND PHYSICAL-MECHANICAL PROPERTIES

Yarn Tensile Tensile
density, tex | strength, N extension, %
Hemp fibre yarn(HA) 100 15.46 3.46
Glass fibre yarn (GF) 136 97.44 2.85
Polypropylene fibre 100 — —
yarn (PP)

B. Methods for Quality Testing

The determination of maximum force and elongation at
maximum force, using the strip method (corresponding to the
standard LVS EN ISO 13934-1-2001) were used for the warp
direction of reinforcements on INSTRON dynamometer. The
fabric thickness was measured according to the standard 1SO
5084:1996 and the fabric surface density was calculated
according to the standard LVS EN 12127:2001 for all
reinforcement samples.

TABLE Il
PARAMETERS OF REINFORCEMENTS
ndos- | rans | Y| Ry
trial made GF
Fabric thickness, mm 0.61 0.69 0.94 1.20 1.10
Surface density, g/m? 91 100 99 340 250
Threads, dm
Warp direction 50 50 48 100 100
Weft direction 42 55 46 228 144
Used yarns, % (mass fraction)
HA 100 100 83 38 44
GF 17 7
PP 62 49

The average surface density (Table Il) of 1% and 2™ group
reinforcements of hemp yarn was 91 g/m? for industrially
made reinforcement and 100 g/m® for hand-made
reinforcement and thickness of the fabrics were 0.61 mm and
0.69 mm, respectively. The same parameters for 3" group
reinforcement of hemp yarn and glass fibre yarn on warp
direction (mass fraction 17 %) and for hemp yarn on weft
direction same parameters were 0.94mm and 99 g/m?
(HAJGF). For 1% and 2™ group samples on the warp direction
there were 48 — 50 threads (dm), while on the weft direction
there were 42 — 55 threads (dm).
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Fig. 1. Reinforcement from hemp yarn (left), hemp and glass fibre yarn
(right), size ~ 35 mm x 25 mm.

C. Processing of the Composites

To process composites the 4™ group reinforcements of
hemp yarn and polypropylene yarn with the surface density
340 g/m® and 1.2 mm thickness of as well as 5™ group
reinforcement of hemp yarn, polypropylene yarn and glass
fibre yarn on both directions with surface density 250 g/m?
and thickness 1.10 mm were used (Table Il). The density of
the warp threads 1 dm was 100 yarns while the weft thread
density 1dm was 144 yarns (HA/GF/PP) and 228 yarns
(HA/PP).

TABLE I11

REINFORCEMENTS USED FOR COMPOSITE PRODUCTION AND COMPOSITES
SURFACE PARAMETERS

Reinforcement use Composite
HA/PP HA/GE/PP Des.ig— Thickness, Densi:y,
nation mm g/m
1 Cc1 0.34 311
2 C.2 0.59 608
1 1 C.3 0.59 480
2 1 C.4 0.90 840
3 C5 0.90 880
2 2 C6 1.10 1040
Pressure

|

To form composites reinforcement layer-up method and
compression moulding (hydraulic press LP-S-50, ASTM
LabTech Engineering Co., Ltd.) at temperature 190 °C was
used. Preheating time was 10 s for composites (C_1,C 2, C_3
and C_4) to form, or 180 s and contact + cooling time 360 s to
form composites (C_5 and C_6). The composite processing
methods and parameters used for reinforcements can be seen
in Fig. 2 and Table IlI. All layers of reinforcements (from 2 to
4) were put one on the other without changing warp/weft
directions.

Feinforcement welt direction |warp |

direction

Fig. 2. Composite processing method.
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D. Composite Testing

Tensile properties of fibre-reinforced plastic composites
were tested for the warp direction, according to 1SO 527-
5:2009 standard, using an INSTRON dynamometer (Fig. 5 to
Fig. 8). The composites thickness after swelling in water (TS)
was measured according to EN 622-2: 2004 standard (Fig. 9).

I11. RESULTS AND DISCUSSION

TABLE IV
MECHANICAL PROPERTIES OF REINFORCEMENTS
HA HA/
HA/ HA/
industrial hand- GF PP PP/
made GF
Tensile 279.8 2417 | 3189 | 1098.2 | 1032.6
strength, N
Tensile 256 260 | 295 | 172 15.0
extension, %
Tensile stress
at maximum 6.75 6.93 6.78 25.84 18.77
load, MPa
Modulus of
elasticity, 294.34 271.24 | 229.56 - -
MPa
The tensile strength of industrially woven hemp

reinforcement (Table 1V, Fig. 1) was about 14 % higher than
that of a handmade reinforcement, because threads on
craftsman’s loom were more stretched and injured in weaving
process. The value of modulus of elasticity was about 8 %
higher for industrially made reinforcement, while the tensile
stress at maximum load (Table 111) was about 3 % higher for
handmade reinforcement.

The increase of mechanical strength (Table IV), which is
about 13 %, was achieved by adding of glass fibre yarn on the
warp direction, while the modulus of elasticity is about 23 %
lower than the modulus of elasticity for industrially made
reinforcement of hemp yarn. The tensile extension for hemp
yarn reinforcements is 2.56 % —2.60 %, while for the
hemp/glass fibre yarn reinforcements the increase was about
14 %, due to damage of glass fibre from hemp yarn in the
weaving process.

The 4™ and 5" group of hemp, polypropylene and glass
fibre yarn reinforcements cannot be considered as
reinforcement only, but also as base materials for the
manufacture of composite, where polypropylene yarn will act
as composite matrix. As it can seen in Table IV, the tensile
strength (1098.2 N) and tensile stress at maximum load
(25.84 MPa) as well as tensile extension 17.2 % are about
75% higher than for industrially made reinforcement of hemp
yarn and it was ensured by the use of polypropylene yarn. The
tensile strength of HA/PP fabric (Fig. 3) was large (1121.5 N),
but it was gained from the strength of PP yarn. The hemp yarn
loses its strength at 500 — 600 N. With addition of glass fibre
(7% mass fraction) for 5™ group of reinforcements the
mechanical improvement was not achieved, due to warp yarn
density in a reed and the damage of glass fibre yarn in the
weaving process (Table 1V).
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Fig. 3. Tensile strength and tensile extension of woven fabrics.
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Fig. 4. Pictures of composite C_1 (left) and composite C_3 (right).

The picture (Fig. 4, left) shows, that the reinforcement
structure in the composite is flinched with preheating time
180 s, due to plasticity of PP. The reduction of preheating time
to 10 s eliminated the deformation of matrix (Fig. 4, right) and
the results of testing showed the performance of composite.

By comparing of the surface parameters of the
reinforcements used and the produced composites (Table Il
and Table I11) it can be seen that:

e The thickness of one layer composite was 3.5 times lower
and the density of composite was 1.1 times lower, if the
same parameters were used for reinforcement.

e The two layer composite was 4 times thinner and the
density of composite was about 1.1 — 1.2 times lower than
for two reinforcements used for production of the
composite.

e The tree layer composite was about 4 times thinner and the
density of composite was about 1.1 times lower than for
three reinforcements used for production of the composite.

e The four layer composite was 4.2 times thinner and density
of the composite is 1.1 times lower than for reinforcements
used for production of the composite.
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The thickness of reinforcement was about 3.5 — 4.2 times
and density of composite was 1.1 — 1.2 times higher as the
same parameters of produced composites. This was connected
with the process of threads squeezing during pressing and loss
of moisture during cooling.
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Fig. 5. Tensile strength of the composites.

The tensile strength of the composites (Fig. 5) varied from
303.09 N to 1459.0 N, depending on building parameters of
the composite. The tensile strength of one, two and three layer
composites was 1.1 — 1.2 higher than for three layer composite
(C_4) and four layer composite (C_5) the values were
1.1-1.3 times lower as for reinforcements used for
production. For two and three layer composites the higher
tensile strength was for composite with PP (62 % mass
fraction). The increase of tensile strength with the addition of
glass fibre yarn (7 % mass fraction) was not observed.

The tensile extension of composites were higher 1.5 — 2.6
times (Fig. 6) than for used reinforcements (Table IV) and
varied from 3.53% to 4.62% depending on the used
reinforcements layers. The increase of tensile extension with
scale-up layers was observed and pointed towards tensile
extension of PP matrix.
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Fig. 6. Tensile extension of composites.
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Fig. 7. Tensile stress of composites at maximum load.

The increase of tensile stress of composites at maximum
load for 2 times was observed (Fig.7) with reduction of
preheating time in case of one layer composite. Meanwhile,
the influence of layer number (2 or 3) on the value of tensile
stress at maximum load yielded about 9 % — 13 % and 17 % in
case of 4 layers, when compared to the previous layer. For
one layer composites the tensile stress at maximum load was
5.2 times higher; 2.9—-3 times higher for two layer
composites; 2.2 times higher for three layer composites and
1.9 times higher for four layer composites than for
reinforcements used for production of composites.

The higher modulus of elasticity (Fig. 8) is for composites
of two layers (C_2) and four layer composite (C_6). While for
two layer composite (C_3) modulus of elasticity is 1.19 times
lower, also it pointed out the influence of PP maxtrix quantity
in composite. The modulus of elasticity was 3.4 times higher
for one layer composite; 2.1 —-1.9 times for two layer
composite; 1.2 — 1.3 times for three layers composite and 1.1
times for four layer composite, than for used reinforcement.
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Fig. 8. Modulus of elasticity of composites.
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Fig. 9. Swelling of composites in thickness.

Immersion in water caused the change of thickness for all
composites (Fig. 9). The lowest thickness change was 7.5 %
for four layer composite (C_6) after 24 h testing, while at the
same time for two layer composite (C_2) the thickness
swelling is 2.9 times higher. After 48 h testing the highest
thickness change (34.2 %) was for three layer composite
(C_4), the lowest thickness change (11.1 %) was for one layer
composite. At the end of testing (72 h) the thickness swelling
of the composites was from 11.8 % (C_1) to 37.5 % (C_5).
For this reason the impact of certain factors on changes of
composite thickness upon immersion in water depend on the
quantity of natural fibres in the composite.

IV. CONCLUSION

Technical textiles based on composites are rapidly
developing in the range of light-weight engineering materials.
2D woven structures depending on application and composite
processing were executed in plain weaving technique.
Investigation of production methods for woven fabric
structures showed strong impact on mechanical properties —
the tensile strength, the tensile stress at maximum load and the
tensile extension, as well as the modulus of elasticity of
reinforcements. Composite mechanical testing showed that the
composite tensile strength and the tensile stress at maximum
load were dependent on the number of reinforcement layers,
but the tensile extension of composites and the modulus of
elasticity were not closely related to the number of composite
layers, but to the elasticity properties of used fibres and the
composite production method. For this reason the thickness
changes of composite upon immersion in water can be
detected and the thickness change depends on the quantity of
natural fibres in the composite.
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Aina Bernava, Maris Manin$, Guntis Strazds, Austas dabisko $kiedru struktiiras kompozitu arméSanai

Tautsaimnieciba ir pieaugusi ar dabiskam $kiedram armétu kompozitu materialu razo$ana. P&c 2012. gada Eiropas Ripniecisko Kanepju
Asociacijas (EIHA) datiem ar dabiskam Skiedram stiegrotus kompozitus izgatavoja 80 000 t apjoma, bet 2020. gada planots sarazot 3.2
miljonus t. Sads dabisko $kiedru kompozitu rao3anas picaugums ir saistits ar ierobeZotajiem izejvielu resursiem un dabas aizsardzibas
jautdgjumiem, ka arT ar Eiropas Savienibas vadlinijam auto razotajiem. Saja pétijuma izstradatas 2D austas struktiiras no kanepju pavedieniem,
polipropiléna pavedieniem, ka ari parbaudita stikla $kiedras pavedienu pievienoSanas ietekme uz austu struktiiru un, no to izgatavoto
kompozitu materialam, mehaniskajam Ipasibam. Austas struktiiras izstradatas rokas auzamajas un riipnieciskajas (CTh-175) stelles audekla
tehnika. Armatiiru mehaniskas testéSanas rezultatu analize parada, ka stellu parametri butiski ietekmé armatiiru ipasibas, stipriba rapnieciski
izgatavotajai armatiirai ir par 14 % lielaka ka rokas auzamajas stellés izgatavotajai armatiirai. Aizvietojot 25 % kanepaju auduma pamatnes ar
stikla Skiedras pavedieniem, auduma stipriba pieaug par 13 %. Kompozitu forméSanai izmantotas kanepaju/polipropiléna pavedienu armatiiras,
klgjot tas viena, divas, tris vai Getras kartas un pres¢jot hidrauliskaja presé 10 min 190 °C temperatura. Izgatavoto kompozitu biezums ir 3.5 — 4
reizes mazaks neka ieklato armatiiru biezums. Kompozitu mehaniskas test€Sanas rezultati norada, ka kompozitu stipriba un stiepes spriegums
pieaug proporcionali armattru kartu skaitam. Elastiba stiepé kompozitiem ir 1.5 — 2.6 reizes liclaka neka kanepaju armatiram. Kompozita
elastibas modulis nav ciesi saistits ar kompozita ieklato armattru kartu skaitu, bet gan ar ausana izmantoto Skiedru elastibas Tpasibam. Péc 72
stundu parbaudes tdens vidé kompozitu biezums pieauga par 11.8 % — 37.5 %, atkariba no ieklato armatiru kartu skaita un tas saistits ar
kanepaju Skiedru hidroskopiskumu.

Aiina BepnaBa, Mapuc Mansiabm, ['yaTHe Crpasnc. TkaHble CTPYKTYpbl H3 HATYPAJIbHBIX BOJOKOH [JIsi apMUPOBaHHUS
KOMMO3UTHBIX MAaTepHAJIOB.

Bo MHOTEX CEKTOpax HapOIHOTO XO3SHCTBA MOBBIMIAETCS] YPOBEHD NCIIOIb30BAaHMSI KOMIIO3UTHBIX MaTepPHAIoB Ha 0a3e HATYpaIbHBIX BOJIOKOH.
Mo manueM EBpomefickoit Acconmannu npombiiuieHHOH koo (EIHA), B 2012 romy 6puto mpomsBeneHo 8000 TOHH KOMITO3UTHBIX
MaTepualioB M3 HaTypalbHBIX BOJIOKOH, a B 2020 romy mimaHHpyeTcs MPOHU3BECTH 3,2 MIUIMOHA TOHH. DTO CBSI3aHO C OTPaHMYCHHBIMHU
pecypcaMu CHIpbS M BOIPOCAMH OXPAaHBI OKpY)KAalomeH Cpempl, a TaKkke C pPyKOBOIIIMMH mpuHIunamu Espomeiickoro Coro3a mms
aBTOMOOMIILHOM MPOMBINUICHHOCTH. B nccienoBannu pa3paboTaHbl TKaHbIE CTPYKTYphI 2/ M3 HUTEH KOHOIUIM M TOJHUIPONMIICHA, a TaKkKe
TIPOBEPEHO BIMSHHUE N0OABICHHBIX HUTEH CTEKIOBONOKHA Ha (PU3MKO-MEXaHHIECKHE CBOMCTBA TKAHBIX CTPYKTYp M KOMIIO3HMTOB. TKaHbIe
CTPYKTYpBI THpPOM3BOAATCA Ha pydHBIX M TpombimuieHHbIX (CTh-175) Tkankmx cTaHkax B TOJOTHSHOM MepeIuIeTeHHH. Pesynsrars
MEXaHWIECKUX TECTOB ITOKA3BIBAIOT, YTO TKAIKMH CTAHOK 3HAYMTENIHHO BIMSET HA CBOMCTBA apMaTyphl. Pa3peiBHas MPOYHOCTH TKaHH,
COTKAaHHOW Ha TPOMBIIIIEHHOM CTaHKe, Ha 14 % Bemme. Jlocturaercst 13-mponeHTHOE yiydIeHre TPOYHOCTH Ha pa3phIB MpH 3ameHe 25 %
TIPsKM KOHOTUTH HAa HUTH 10 OCHOBE CTEKIOBOJIOKHA. KOMITO3UTHBIE MaTepnasbl H3rOTaBINBAIOTCS B THPABINIECKOM TIPECCe U3 OIHOTO, IBYX,
TPeX M YETBIPEeX CIOEB TKAHBIX MaTepHaIoB M3 HUTEH KOHOIUTH U TONHUIIPOIIIeHa B Tedenne 10 MuyT mpu temmeparype 190 °C. Pesymbrars
MEXaHHIEeCKOTO TECTUPOBAHMS KOMIO3UTHBIX MATEpPHAJIOB ITOKA3BIBAIOT, YTO MPOYHOCTh M PACTATHBAIONIEC HANPSUKEHHE 3aBUCST OT
KOJIMYECTBA CJIOEB TKAHBIX MaTepHajoB, HO HIACTHYHOCTh W MOAYIb YIPYTOCTH HPH PACTSDKEHHN KOMIO3UTHBIX MAaTEpPHAJIOB HE CBSI3aHBI C
YHCIIOM CIIOEB, @ 3aBUCST OT HCIIOJIB3YyeMbIX BOJIOKOH B TKAaHOM Marepuaie. IIpu TecTrpoBaHHU B BOASHOHN BaHHE (72 daca) KOHCTaTHPOBAHBI
W3MEHEHUS TONIIHUHBI Komrto3uTa Ha 11,8 % — 37,5 %.
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