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Abstract: Nowadays, there is paying an attention to the
utilization of natural, renewable and biodegradable re-
sources of raw materials of lignocellulosic character,
residues from agricultural crops and wood processing as
well as waste from papermaking industry in building com-
posite materials preparing. Also recycled fibres coming
fromwaste paper are considered as valuable material. The
objective of this study is to utilize these recycled cellulosic
fibres into cement composites and characterise their im-
pact on resulting physical and mechanical properties of
fresh and hardened cement composites. Manufactured ce-
ment composites contained 0.2%, 0.3% and 0.5% addition
of cellulosic fibres. In fresh fibre cement mixtures reduc-
tion in workability with increasing amount of cellulose fi-
breswasnoticed.Density aswell as compressive andflexu-
ral strength of 28 and 90 days hardened fibre cement com-
posites was tested. Distribution of cellulosic fibres with
0.5% addition in hardened fibre cement composites was
also observed. The results of density determination of 28
and 90 days hardened fibre cement composites showed
reduction in their values related to weight lighter con-
cretes. Compressive strengths of fibre cement composites
have shown decreasing character with increasing added
amount of cellulosic fibres into the mixture up to 0.5%.
Maximal decrease in compressive strength values was ob-
served in composites containing 0.5% of cellulosic fibres.
However, obtained strength parameter values of hardened
composites had satisfying results for their application in
construction as non-load bearing building material.

Keywords: fibre cement composite, recycled waste paper,
cellulosic fibre

*Corresponding Author: Nadezda Stevulova: Institute
of Environmental Engneering, Faculty of Civil Engineering, Techni-
cal University of Košice, Košice, 04200, Slovakia,
E-mail: nadezda.stevulova@tuke.sk
Viola Hospodarova: Institute of Environmental Engineering,
Faculty of Civil Engineering, Technical University of Košice, Košice,
04200, Slovakia

1 Introduction
The ecological value of engineered structures reinforced
by synthetic fibres can be enhanced by their replacement
with natural and vegetable fibres [1, 2]. In last years,
ligno/cellulosic fibres are used as reinforcing/filler mate-
rial in inorganic or organic matrix not only in construc-
tion industry. A great attention is paid to the development
of concretes with reduced environmental footprint. Ce-
ment composites incorporating cellulosic fibres, so-called
“green” concretes, belong to eco-friendly engineering ma-
terials with reduced carbon footprint compared Portland
cement based concrete [3]. Natural fibres/aggregates ob-
tained from the residual peels, leaves, stems and pulp of
plants, wood, agricultural and industrial waste such as
flax, sugarcane, pineapple, banana, coconut, sisal, jute,
and hemp hurds are an easily available all over the world,
they are considered as a cheap and fast renewable source
with carbon oxide sequestration [4]. Composite materials
manufactured using natural fibres have indicated better
technical and economic feasibility to similarmaterials that
were prepared with synthetic fibres [5–8]. Addition of re-
inforcing cellulosic fibres coming from different natural
sources can improve properties of composites based on ce-
ment binder: to reduce the density, to increase the flexural
strength of concrete [9–11], to control of the initiation and
growth of microcracks [12], and to improve the impact re-
sistance [13]. The application of waste and natural cellu-
losic fibres into cement based composites has huge poten-
tial in building construction [14] but also in different in-
dustrial sectors [15]. The development of bio-composites
by using recycled cellulosic fibres fromwaste paper is cur-
rently at the centre of attention. The recycled waste cellu-
losic fibres are considered as a suitable alternative for con-
venient fibres [16]. However, the end quality of the recy-
cled fibres is determined by the properties of used waste
types of paper [14]. Afore mentioned cellulosic fibres offer
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effective way of their utilization as reinforcing element of
cement composites and play significant role in sustainable
development of building materials [17].

The aim of this work is to utilize three types recycled
cellulosic fibres originating from waste paper to the ce-
ment mixture and to determine the influence of their 0.2 -
0.5% addition on flowbehaviour of fresh fibre cementmix-
ture and on density and mechanical properties (compres-
sive andflexural strength) of 28 and90dayshardenedfibre
cement composites.

2 Materials and methods

2.1 Materials

In this experimental work, three types of unbleached cel-
lulosic fibres (Fig. 1) originating from recycled waste pa-
per were used for preparation of fibre cement composites.
They were applied as 0.2%, 0.3% and 0.5% addition into
the cement mixtures.

Figure 1: Recycled cellulosic waste paper fibres (grey colour)

Recycled cellulosic waste paper fibres are character-
ized in Table 1.

Ordinary Portland cement type CEM I 42.5 N was used
as binding agent. Fibre cement specimens were manufac-
tured using standard silica sand in accordance with Euro-
pean standard STN EN 196-1 [18]. Tap water was used for
preparation of fibre cement composites.

2.2 Preparation of specimens

The cement mixture has been designed from standard sil-
ica sand (1350 ± 5 g), cement (450 ± 2 g) and water (250
± 1 g) having water-to-cement ratio (w/c) = 0.55. Recycled
waste paper fibres were used as 0.2, 0.3 and 0.5 wt.% addi-
tion from filler and binder weight. Control cement sample
was also prepared without using cellulosic fibres. For the

production and characterization of the composites, prisms
with dimensions 40 x 40 x 160 mm were moulded. The
preparation of freshmixtures startedwith soaking of cellu-
losic fibres in approximately with half volume of water by
manual mixing. Remaining amount of water, cement and
sand was added, and mixture was mechanically stirred to
allow the homogenous distribution of cellulosic fibres in
cement mixture. The fresh mixture was pour into the stan-
dard steelmoulds and consolidated by a jolting apparatus.
After 24 h, specimens were removed from the moulds and
placed into the water bath to cure under laboratory condi-
tion +20 ∘C for 28 and 90 days. After complete hardening,
testing the density andmechanical properties of 28 and 90
days cured sampleswas carried out. Three specimenswere
taken for each type of fibre cement composites.

2.3 Methods of optical, physical and
mechanical testing

Optical analysis focusing on pores and fibres distribution
in the hardened composites was performed in reflected
UV light on cut fibre cement samples by Olympus BX60
polarizing microscope with Jenoptik ProgRes CFscan dig-
ital camera and NIS-Elements image analysis software.
The observation in UV light with WU filter was used to
distinguish paper fibres (blue fluorescent colour) from in-
organic matrix (no fluorescence). Flow behaviour of the
freshly prepared cement mixtures with cellulosic fibres
(indicating their workability) was estimated by a flow ta-
ble test in accordance with European standard STN EN
1015-3 [18]. The density of fibre cement composites after
28 and 90 days of curing was determined. Determination
of compressive strength of 28 and 90 days hardened com-
posites was carried out by compression testing machine
FORM+TEST with using a loading rate 2400 ± 200 N/s in
compliance with European standard STN EN 196-1 [19].
Three point bending test was used for determination of
flexural strength on the previously mentioned testing ma-
chine with a loading rate 50 ± 10 N/s.

3 Results and discussion

3.1 Optical analysis

Optical microscopy is one of an excellent technique pro-
viding examination of surface morphology of fibre cement
composites. Photomicrographs (Fig. 2) showmicro texture
of 28 days of hardened cement composites samples con-
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Table 1: Selected properties of recycled wastepaper fibres

Waste paper
fibre

Cellulose
content [%]

Bulk density
[kg/m3]

Max. length
[µm]

Dry matter
[%]

Ash
[%]

Thermal
conductivity
[W/m.K]

G-500T 80 50-100 400 93 20 0.0634
G-700T 80 40-70 600 93 20 0.0599
G-3/00T 80 30-50 1200 93 20 0.0595

taining recycled cellulosic fibres (G-500T, G-700T and G-
3/00T). Thedifferences inmorphologyaredependentupon
the type of the used fibre. The pores are homogeneously
distributed in the matrix and only occasionally small ag-
glomerates and clusters are observed. The pores size is
from tenth of millimetres to millimetres. They are mostly
of the spherical shape. Minor amount of pores is of irregu-
lar, slightly elongated shape. In some cases, pores can be
filled with fibre clusters.

Figure 2: Photomicrographs of 28 days hardened fibre cement com-
posite texture in the UV light with WU filter a) G-500T 0.5% b) G-
700T 0.5% c) G-3/00T 0.5%

3.2 Flow behaviour

The set of fresh fibre cementmixtures andmixturewithout
cellulosic fibres was prepared by using the same amount
of cement, sand, water as well. The effect of fibre addi-
tion in portion 0.2%, 0.3% and 0.5% was investigated. As
shown in Fig. 3, the flow table value of cellulosic fibre ce-
ment composites containing recycled waste paper fibres
decreases with increasing quantity of fibres up to 0.5%.
Cellulosic fibres have hydrophilic nature and this charac-
teristic caused that fibres retainwater, swell and fresh fibre
cement mixture become less fluid and more compact with
rising amount of cellulosic fibres up. This influence of cel-
lulosic fibres on flowability of fresh cement mixture was
also observed in [20, 21].

Figure 3: Flow diameter values of cement composites with waste
paper fibres

3.3 Density and mechanical properties

Table 2 summarises resulting values of density and com-
pressive and flexural strength of prepared fibre cement
composites after 28 and 90 days of hardening in com-
parison to reference samples. Cellulosic paper fibres have
low densities and increasing amount of cellulosic fibres in
the mixture influences the density of composites with fi-
bres [22]. Maximal decrease in density was observed up to
9%.

Results of mechanical properties of fibre cement com-
posites showed that they are a function of fibre content
in the mixture. It is apparent that higher concentration of
used fibres led to lower values of compressive and flexural
strength in comparison with reference sample. As it can
be seen from Table 2, decrease in the compressive strength
parameter of cement composites based on waste paper fi-
bres ranged from20.6 to 35.2%and 18.5-32.9% for 28 and90
days of age, respectively. Reduction in the flexural strength
of fibre cement specimens was 17.1-31.5% and 4.6-20.4% for
28 and 90 days of cured specimens, respectively. The ob-
served decrease in compressive and flexural strength val-
ues of waste fibre cement composite is probably caused by
formed air voids due to the incorporation of fibres into ce-
ment matrix and their mutual insufficient adhesion. This
explanation of reduction of bond strength between fibres
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Table 2: Physical and mechanical properties of fibre cement composites and reference sample at 28 and 90 days of age

Waste paper fibre Density [kg/m3]
Compressive strength

[MPa]
Flexural strength

[MPa]
0.2% 0.3% 0.5% 0.2% 0.3% 0.5% 0.2% 0.3% 0.5%

G-500T 28 2160.11 2143.41 2113.63 32.69 31.36 30.39 5.92 5.69 5.40
G-700T 28 2164.82 2144.51 2086.42 32.64 29.15 26.65 5.86 5.39 4.89
G-3/00T 28 2162.74 2128.58 2090.8 32.47 27.67 30.34 5.65 5.30 5.22

RF 28 2244.29 41.15 7.14
G-500T 90 2170.59 2127.35 2054.98 38.41 39.06 32.46 5.67 5.45 4.98
G-700T 90 2157.88 2121.51 2069.91 39.44 36.44 33.49 5.63 5.38 5.05
G-3/00T 90 2137.70 2102.93 2071.77 38.34 31.23 32.53 6.02 5.02 5.10

RF 90 2259.60 48.40 6.31

and the matrix particles, leading to decrease in both me-
chanical strengths was presented in [23].

4 Conclusions
The three types of cellulosic fibres used in this experiment
were obtained from recycled waste paper which were uti-
lized into the cement mixture as a reinforcing agent. Phys-
ical andmechanical properties of fibre cement based com-
posites were determined at 28 and 90 days of age and com-
pared with reference sample. The increasing amount of
cellulosic fibres up to 0.5% in composites caused the re-
duction in flowability of fresh cement mixtures as well as
in density and compressive and flexural strength of 28 and
90 days of hardened composites. The highest strength pa-
rameters reached composites based on 0.2% cellulosic fi-
bres after 28 and 90 days of hardening. Based on these
strength values of fibre cement composites, these can be
used as non-load bearing material or for plastering pur-
poses.
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