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This paper presents the results of an experimental investigation to verify the feasibility of using acrylic
textile fibre to improve cement based mortars properties. The assessment of acrylic fibres influence on
mortars properties was performed comparing the physical, mechanical and durability behaviour with
mortars produced using glass and polypropylene fibres. The influence of the mixing procedures was also
investigated. Effects of acrylic fibre aspect ratio (l/d) and volume fraction (Vf) on mortar bulk density,
compressive strength, flexural strength, water absorption and plastic shrinkage were investigated. For
this purpose, acrylic fibres having six different l/d ratios 93, 148, 222, 278, 444 and 833 were used and
the volume percentage of fibres were added to mortar mixes was of 0.2%, 0.5% and 1.0%. The mortar plas-
tic shrinkage was also studied on slabs casted with 0.5%, 0.2%, 0.1% and 0.05% acrylic fibres volume.

It was found that acrylic fibre reinforced mortars have physical, mechanical and durability related
properties similar to the mortar reinforced with glass or polypropylene fibres. These results indicate that
there is a potential technical feasibility of using this type of fibres in cementitious composites.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Plastic shrinkage and plastic shrinkage cracking if not con-
trolled properly, may compromise the durability of a structure by
allowing various fluids containing aggressive ions to penetrate
the concrete [1]. These plastic shrinkage cracks will affect not only
the appearance of concrete but also its mechanical and physical
properties [2]. The plastic shrinkage can occur in the first few hours
after casting and can be increased by the effect of environmental
conditions more specifically the temperature, the air moisture
and the wind conditions. To control plastic shrinkage cracking of
mortar, the most widely accepted current method is to incorporate
randomly distributed small quantity of fine synthetic fibres [2,3].
The fibres volume fractions commonly used is around 0.05–0.5%
[1]. The most used synthetic fibres in concrete are, since the late
1960s, the polypropylene fibres. Concerning the polypropylene fi-
bres as mortar reinforcing, an extensive research work has been
carried out about plastic shrinkage cracks [4,5] and about the fibre
parameters influence on mortar mechanical behaviour [6–8].

In fact, among the polymer fibres, the polypropylene fibres are
the most popular in the domain of concrete follow by the nylon
and glass fibres that shows a rising acceptance [9]. Other synthetic
fibres as the acrylic fibres used in the textile industry are not so
much applied as technical fibres in construction products.
ll rights reserved.

: +351 275329969.
e-Oliveira).
Regarding fibres production and consumption in Europe,
the Eurostat [10] report to 79.1 thousand enterprises across the
EU-27 for which the manufacture of textiles was their main activ-
ity in 2006. They generated an estimated EUR 30.0 billion of value
added in 2006. Portugal, Bulgaria and Italy were relatively special-
ized in the manufacture of textiles, as this sector contributed about
1.5% of the total value added in their respective non-financial busi-
ness economies in 2006, between two and a half and three times
the EU-27 average.

According CIRFS [11], in 2007 the European fibres consumption
was 5.6 million tonnes where around 10% is acrylic fibres. On the
other hand, imports of fabrics and apparel from Asia are causing
decline in yarn demand in Western Europe, it was 35% down in
8 years. The use of technical textiles in construction products is re-
cently discussed as an important tool for fibres European industry
innovation [12].

Besides high tensile strength, acrylic fibres exhibit very good
resistance to acids and alkalis and are low in cost. Theoretical
and applied research have indicated that, even with low modulus
fibres, considerable improvements can be obtained with respect
to the strain capacity, toughness, impact resistance and crack con-
trol of the fibre-reinforced concrete composites. In many applica-
tions, the enhancement of these properties is of much greater
significance than a modest increase in tensile (flexural) strength
[13].

In fact, at an amount of l–3% by volume, the addition of acrylic fi-
bre can lead to a considerable increase in flexural strength – which is
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practically independent of the matrix w/c ratio and is effective in
enhancing toughness [14]. Hahne et al. [15] has been reported that
the inclusion of 2.5% acrylic fibre in reinforced concrete is effective
in reducing shrinkage cracking induced during setting and harden-
ing, as evaluated by the ring test.

The main objective of this research is therefore to study the
behaviour of cement mortar specimens reinforced with acrylic fi-
bres. The fibres used were transformed from the textile application
to technical application by a national Portuguese textile fibre
industry and comparing it with the most used polypropylene and
glass fibres. In this research, the effect of aspect ratio (l/d) and vol-
ume faction (Vf) of acrylic fibres on compressive and flexural
strength and as well plastic shrinkage, were assessed. For this pur-
pose, acrylic fibres with six different l/d ratios 93, 148, 222, 278,
444 and 833 were used and three different fibres volumes were
added to mortar mixes at 0.2%, 0.5% and 1.0%.
2. Materials and methods

The experimental study to assessing the ability of acrylic fibre reinforcement
was developed with a typical cement mortar 1:3 volume proportion of cement
and natural sand. The water cement ratio of 0.90 was constant for all mortars
tested. Using this mortar mix proportion as a reference, other fibres reinforced mor-
tars with different types and volumes of fibres were produced. The glass and poly-
propylene fibres were used as a basis for comparing the performance of acrylic
fibres.
2.1. Materials

The materials used for the control mix of plain mortar consisted of Portland
cement type CEM II/BL 32.5N conforming to European Standards EN-197-1 [16],
and natural sand having a maximum particle size of 4.76 mm, a density of
2450 kg/m3 and a fineness modulus of 2.07.

To the plain mortar, the glass, polypropylene and acrylic fibres were added at
the volume concentration of 0.2%, 0.5% and 1.0%. Table 1 present the characteristic
of fibres used in this study, to produce mortars of different fibres incorporated.
2.2. Methods

2.2.1. Specimen preparation, curing and testing
The mixing procedure and specimen preparation was performed according to

EN 1015-2 [17] and the fresh mortar consistence was determined using the flow--
table test according to EN 1015-3 [18]. For each mortar mixture, six specimens of
40 � 40 � 160 mm size were produced, cast and cured for 7 and 28 days. Both com-
pressive and flexural strength were evaluated at ages of 7 and 28 days in conformity
with EN 1015-11 [19]. The mortar bulk density was determined at the age of
28 days according to EN 1015-10 [20] and the water absorption coefficient due to
capillary action of hardened mortar was determined according to EN 1015-18
[21] at ages 7 and 28 days.

The plastic shrinkage developed during the first hours of cementitious material
hydration lead to the formation of micro- and macro-cracks that can affect the mor-
tar durability. Thus a durability accelerate test was carried out to evaluate the effect
of the temperature, humidity and wind in mortar shrinkage. For this purpose, mor-
tars slabs of 4.0 cm high by 25.0 cm wide and 32.0 cm long were produced and sub-
jected to air temperature of 40 �C and 40% relative humidity in a wind tunnel with
constant wind speed of 12 km/h during 24 h.

The slabs were casting with mortars reinforced with acrylic fibres of diameter
14.4 lm and lengths 4, 6 and 12 mm. To observe the minimum fibre volume able
to avoid the mortar plastic shrinkage, two supplementary mixtures with 0.1% and
0.05% fibres volume were also tested.

As shown in Fig. 1, the mortars slabs were reinforced with a steel mesh of
6.0 mm diameter spaced of 10 cm, in order to amplify the plastic shrinkage effect
in the first curing hours.
Table 1
Mechanical and chemical properties of fibres.

Type Diameter (lm) Length (mm) Density. (kg/m3)

Acrylic 14.4 4; 12 1170
27 4; 6; 12
43 4; 12

Glass AR 14.4 12 2700
Polypropylene 14.4 12 910
2.2.2. Mixture procedures
From a practical viewpoint, the mixability of fibre and mortar is very important.

For example, it is necessary for the fibre to be uniformly dispersed in the mortar
without forming fibre balling. Thus, the mixability was investigated by both
mechanical mixing and hand dry mixing.

The mechanical-mixing procedure according to EN 196-1 [22] was conducted
for the mixture shown in Table 2, identified as ‘‘Wet’’. First, water has been intro-
duced into the mixer followed by cementitious materials. Afterwards, fine aggre-
gates and fibres were added.

The mixed mortar was carefully observed. It was found a concentration of fibres
in format of small balls, and that the fluidity of mortar was influenced during the
mould casting. Based on the above observation, the mixability of the reinforcing
fibres and mortar only by mechanical mixing was considered not satisfactory to
obtain the uniform fibres dispersion. Thus, a hand dry-mixing before the wet
mechanical mixing was conducted for the mixture shown in Table 2, identified as
‘‘Dry’’. In this dry mixing process, the fibres were mixed with sand and cement be-
fore being placed in the mixer. After weighing, the material is gradually introduced
in a container. The fibres are manually entered the container and always mixed first
with the finer material (cement). The dry mixing is carried out by three steps: Step
1: The container is shaken in the vertical and horizontal direction for about 1 min.
Step 2: The mixture is performed mechanically for about 2 min. Step 3: The con-
tainer is shaken again, along the vertical and horizontal axis for about 1 min. The
process is repeated for the remaining material. After the dry mixing the dry mortar
is mixed by the procedure according the EN 196-1 [22].

The mixed state was carefully observed, and neither fibre balling nor any abnor-
malities were observed.

3. Results and discussion

3.1. Fresh and physical properties

Regarding the mortar consistency the results are shown in Table
3. It is observed that for the same diameter and fibre volume, the
consistency index decreases with the increasing of fibres length.
By contrast, the consistency index increases when the fibre diam-
eter is also increased for constant length and fibre volume. This
result is explained by the change in fibres surface area. Thus, for
a given fibres volume, the quantity of water necessary to adsorb
in the fibres surfaces is increased or reduced when the length or
diameter of the fibres is changed. It means that there is a consis-
tency index decreasing tendency for higher values of l/d ratio as
is shown in Fig 2. This influence is quite significant when the fibres
volume increase from 0.2% to 1%. However, it is normal for all types
of fibres that consistency is also reduced with the aspect ratio
increasing.

According to the bulk density results presented in Table 3, it is
possible to conclude that the fibres addition in mortar mixtures de-
creases the density, as was expected, since these have a lower den-
sity than the matrix. However, this decrease is not very significant
for low levels of fibre (0.2% and 0.5%). In these cases, the density
reduction was between 1% and 12%. This effect was more pro-
nounced, with the highest density reduction value of 18%, when
the fibre volume is raised to 1%. It is also known that the fibres
incorporate air during the mortar mixing and this occurrence
becomes more significant in the case of using high percentages
of fibres [23]. This has lead to a further reduction of the density.

3.2. Mechanical properties

The results presented in Table 4 point out that in general, the
28 days flexural strength of mortars produced with fibres of same
Tensile strength (N/mm2) Elongation (%) Alkali resistance

690 15–20 Good
500 14–18 Good
380 13–17 Good
2450–3150 2–3 Fair
560 8 Good



Fig. 1. Slab formwork with the steel mesh reinforcement (a), slab of plain mortar before (b) and after (c) shrinkage test.

Table 2
Mortar mixtures characteristics.

Mix
no.

Mixture
method

Type of
fibrea

Fibre dimensions Fibre
volume (%)

Length, l
(mm)

Diameter, d
(lm)

1 Dry N – – –
2 Wet A 4 14.4 0.2
3 Wet A 4 14.4 0.5
4 Wet A 12 14.4 0.2
5 Wet A 12 14.4 0.5
6 Wet G 12 14.4 0.5
7 Wet P 12 14.4 0.5
8 Wet A 4 43 0.2
9 Wet A 4 43 0.5
10 Wet A 12 43 0.2
11 Wet A 12 43 0.5
12 Dry A 4 27 0.5
13 Dry A 12 27 0.5
14 Dry A 6 27 0.5
15 Dry P 12 14.4 0.2
16 Dry A 4 14.4 0.2
17 Dry A 4 43 1.0
18 Dry A 4 14.4 1.0
19 Dry A 4 27 1.0

a N – Plain mortar; A – Acrylic; P – Polypropylene; G – Glass.
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Fig. 2. Influence of aspect ratio in the mortar consistency.
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length and the same diameter values, decreases due to the increase
(l/d) ⁄ Vf (fibre factor). It means that the flexural strength is re-
duced by the fibres volume increment. Rather, when the fibre vol-
ume and fibre length are constant and the diameter increases, the
values of flexural strength also increases. This is due to l/d (aspect
ratio) reduction.
Table 3
Results of consistency of fresh mortar and bulk density of hardened mortar.

Mix
no.

Mixture
method

Fibre characteristics Consistency

Type of
fibrea

l
(mm)

d
(mm)

Volume
(%)

Average flow
diameter (mm)

1 Dry N – – – 238.3
2 Wet A 4.0 14.4 0.2 161.0
3 Wet A 4.0 14.4 0.5 164.0
4 Wet A 12.0 14.4 0.2 159.0
5 Wet A 12.0 14.4 0.5 133.0
6 Wet G 12.0 14.4 0.5 182.0
7 Wet P 12.0 14.4 0.5 187.0
8 Wet A 4.0 43.0 0.2 214.8
9 Wet A 4.0 43.0 0.5 196.0
10 Wet A 12.0 43.0 0.2 197.0
11 Wet A 12.0 43.0 0.5 176.8
12 Dry A 4.0 27.0 0.5 211.5
13 Dry A 12.0 27.0 0.5 159.0
14 Dry A 6.0 27.0 0.5 186.8
15 Dry P 12.0 14.4 0.2 165.0
16 Dry A 4.0 14.4 0.2 187.0
17 Dry A 4.0 43.0 1.0 197.0
18 Dry A 4.0 14.4 1.0 122.0
19 Dry A 4.0 27.0 1.0 216.0

a N – Plain mortar; A – Acrylic; P – Polypropylene; G – Glass.
Gathering in Fig 3 all the results obtained for flexural strength
it is possible, even with a weak correlation, to display a trend
toward lower values of flexural strength with fibre factor
increasing. However, it was observed that the fibre factor is not
influent on flexural strength at 7 days, but a slightly decrease of
flexural strength is pronounced at 28 days. It was also observed
that for higher values of fibre volume there is a minor discrep-
ancy between the values of flexural strength obtained at 7 and
28 days.
Bulk density

Standard
deviation (mm)

Consistency
index (%)

Average density
(kg/m3)

Standard deviation
(kg/m3)

6.0 138.3 1950.9 11.7
0.4 61.3 1872.6 9.0
3.5 63.5 1824.5 1.5
1.4 58.5 1832.0 3.1
0 33.0 1792.4 5.1
1.4 82.0 1927.4 4.7
0.7 86.5 1905.8 6.0
3.9 114.8 1908.6 12.1
2.1 96.0 1838.0 11.2
5.7 97.0 1890.6 19.4
0.4 76.8 1752.8 22.1
4.2 111.5 1838.3 33.3
0.7 59.0 1755.8 10.4
7.4 86.8 1709.0 3.3
2.8 65.0 1850.8 6.7
7.4 86.8 1878.9 16.7
0.4 96.8 1701.0 2.5
1.4 21.5 1728.1 11.3
5.3 116.3 1599.8 9.3



Table 4
Mortar flexural strength.

Mix no. Mixture method Type of fibrea Fibre characteristics 7 days 28 days

l (mm) d (mm) Vf (%) Average (MPa) Standard deviation (MPa) Average (MPa) Standard deviation (MPa)

1 Dry N – – – 2.76 0.31 4.04 0.52
2 Wet A 4.0 14.4 0.2 2.61 0.05 3.59 0.07
3 Wet A 4.0 14.4 0.5 2.21 0.24 3.07 0.15
4 Wet A 12.0 14.4 0.2 3.44 0.14 3.21 0.11
5 Wet A 12.0 14.4 0.5 3.20 0.14 3.28 0.31
6 Wet G 12.0 14.4 0.5 2.86 0.15 3.18 0.09
7 Wet P 12.0 14.4 0.5 2.24 0.18 2.97 0.16
8 Wet A 4.0 43.0 0.2 3.52 0.11 3.75 0.27
9 Wet A 4.0 43.0 0.5 2.74 0.11 3.54 0.36
10 Wet A 12.0 43.0 0.2 2.92 0.09 3.96 0.45
11 Wet A 12.0 43.0 0.5 2.19 0.00 3.49 0.39
12 Dry A 4.0 27.0 0.5 2.22 0.30 3.17 0.10
13 Dry A 12.0 27.0 0.5 1.82 0.31 3.84 0.13
14 Dry A 6.0 27.0 0.5 2.36 0.15 3.10 0.15
15 Dry P 12.0 14.4 0.2 2.51 0.27 3.99 0.63
16 Dry A 4.0 14.4 0.2 2.81 0.42 4.58 0.21
17 Dry A 4.0 43.0 1.0 2.22 0.26 2.56 0.48
18 Dry A 4.0 14.4 1.0 2.29 0.11 2.51 0.30
19 Dry A 4.0 27.0 1.0 1.33 0.21 2.03 0.15

a N – Plain mortar; A – Acrylic; P – Polypropylene; G – Glass.
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Fig. 3. Flexural strength of acrylic fibres reinforced mortar versus fibre factor.
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The whiskers plots used in Fig. 3 show the maximum coefficient
of variation obtained for 7 and 28 days, that is respectively 3.8%
and 3.0%.

As seen in Fig. 4, comparing the results obtained with mortars
produced with three types of fibres (glass, polypropylene and ac-
rylic fibres), equal length and incorporating 0.5% of fibres volume,
it was obtained higher flexural strength values at 28 days for mor-
tars with acrylic fibres. The acrylic fibre diameter increase A(d = 43)
did not change significantly the flexural strength at 28 days,
although a decreasing was observed at 7 days.

Comparing the two types of mixing procedures with mixtures
produced with the same acrylic fibre volume and aspect ratio,
the results presented in Fig 5 show that a better dispersion of fibres
obtained by dry pre-mixing improves the flexural strength. More-
over, this mixture composed with 0.2% of fibre volume and l/
d = 278, reached the highest value of flexural strength obtained
in this study.

Taking into account the maximum standard deviation values for
each age and fibres volume, the results presented in Fig 6 show
that increasing fibres volume within groups of same l/d causes a
slight reduction of flexural strength, especially at 28 days that is
more distinguishable at 1.0% fibres volume. Although the strength
reduction has been observed, this becomes unimportant in the case
of higher l/d for 7 and 28 days.

According to the results presented in Table 5, in general, it is ob-
served that, when the fibre diameter is maintained constant the
compressive strength decreases with the fibre volume or the fibre
length increasing.

Fig 7 shows the compressive strength results obtained, at 7 and
28 days, for mortars reinforced with fibres of same aspect ratio,
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Table 5
Mortars compressive strengths.

Mix no. Mixture method Type of fibrea Fibre characteristics 7 days 28 days

l (mm) d (lm) Vf (%) Average (MPa) Standard deviation (MPa) Average (MPa) Standard deviation (MPa)

1 Dry N – – – 12.4 1.2 12.7 0.5
2 Wet A 4.0 14.4 0.2 11.6 0.5 13.2 0.8
3 Wet A 4.0 14.4 0.5 9.7 0.4 14.1 0.7
4 Wet A 12.0 14.4 0.2 10.8 0.9 15.8 0.6
5 Wet A 12.0 14.4 0.5 9.9 1.1 15.2 0.8
6 Wet G 12.0 14.4 0.5 13.0 0.9 15.7 0.7
7 Wet P 12.0 14.4 0.5 11.0 0.5 14.1 0.6
8 Wet A 4.0 43.0 0.2 14.3 1.2 15.6 0.5
9 Wet A 4.0 43.0 0.5 13.5 0.6 15.2 1.5
10 Wet A 12.0 43.0 0.2 11.4 1.2 15.4 0.8
11 Wet A 12.0 43.0 0.5 9.7 0.7 12.9 1.9
12 Dry A 4.0 27.0 0.5 9.0 2.0 14.0 0.5
13 Dry A 12.0 27.0 0.5 8.0 0.8 13.0 1.0
14 Dry A 6.0 27.0 0.5 10.3 0.4 10.2 0.7
15 Dry P 12.0 14.4 0.2 10.5 0.8 13.0 0.6
16 Dry A 4.0 14.4 0.2 9.0 1.1 12.3 0.9
17 Dry A 4.0 43.0 1.0 10.3 1.0 10.4 0.5
18 Dry A 4.0 14.4 1.0 10.8 0.2 10.3 0.3
19 Dry A 4.0 27.0 1.0 8.2 0.3 8.8 0.1

a N – Plain mortar; A – Acrylic; P – Polypropylene; G – Glass.

Fig. 7. Compressive strength of reinforced mortars with different type of fibres. Fig. 8. Compressive strength of reinforced mortars with different mixing
procedures.
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same fibres volume and same mixing procedure. Taking into ac-
count the standard deviation values presented in Table 5, it is con-
clude that the type of fibres does not significantly influence the
compressive strength of mortars. These results are consistent with
the expected behaviour.



0.0
2.0
4.0
6.0
8.0

10.0
12.0
14.0
16.0
18.0
20.0

0 1 2 3 4 5
Fibre factor (Vf*l/d)

C
om

pr
es

si
ve

 s
tr

en
gt

h 
(M

Pa
) 7days 28 days

Fig. 9. Compressive strength of mortars as function of fibre factor.

194 L.A. Pereira-de-Oliveira et al. / Construction and Building Materials 27 (2012) 189–196
According to the results of compressive strength shown in Fig. 8
and their respective standard deviations values, which are
presented in Table 5, it appears that the mixing procedures does
not significantly affect the results of compressive strength. These re-
sults seem to be due to the fact that the fibres volume incorporated
to the mortars is relatively low and in this case does not cause signif-
icant hardened mortar structure disturbance sufficient to affect the
compressive strength.

Finally, taking into account all compressive strength results,
presented in Fig. 9, it is possible to observe a compressive strength
reduction tendency at the age of 7 days when the fibres factor is in-
creased. This tendency is not present at the age of 28 days when
the structure of hardened mortar seems to be better defined and
compact, thereby nullifying the effect seen in earlier age.

Although the literature reports few studies with the application
of acrylic fibres, this study confirm once again that, by the point of
view of the mechanical behaviour, the interest of incorporating
short synthetic fibres with high aspect ratio is related to the effects
on cementitious composites resulting from tensile stress. There-
fore, the acrylic fibres, independently of their dimensions give to
Table 6
Mortar water capillarity absorption.

Mix
no.

Mixture
method

Type of
fibrea

Fibre characteristics 7 days

l
(mm)

d
(lm)

Vf

(%)
Average kg/
(m2 min0.5)

1 Dry N – – – 0.53
2 Wet A 4 14.4 0.2 0.66
3 Wet A 4 14.4 0.5 0.68
4 Wet A 12 14.4 0.2 0.58
5 Wet A 12 14.4 0.5 0.59
6 Wet G 12 14.4 0.5 0.45
7 Wet P 12 14.4 0.5 0.46
8 Wet A 4 43.0 0.2 0.41
9 Wet A 4 43.0 0.5 0.37
10 Wet A 12 43.0 0.2 0.36
11 Wet A 12 43.0 0.5 0.44
12 Dry A 4 27.0 0.5 0.54
13 Dry A 12 27.0 0.5 0.63
14 Dry A 6 27.0 0.5 0.61
15 Dry P 12 14.4 0.2 0.58
16 Dry A 4 14.4 0.2 0.66
17 Dry A 4 43.0 1.0 0.54
18 Dry A 4 14.4 1.0 0.63
19 Dry A 4 27.0 1.0 0.45

a N – plain mortar; A – Acrylic; P – Polypropylene; G – Glass.
mortars a similar performance as those offered by traditional syn-
thetic fibres (glass and polypropylene).
3.3. Water absorption by capillarity

The results of water absorption by capillarity at the age of 7 and
28 days were obtained according to EN 1015-18 [23] and the coeffi-
cient was calculated between the period of 10 min and 90 min.

In general, the values presented in Table 6 are relatively low com-
pared to mortar commonly used in coatings, normally between 1.0
and 1.5 kg/m2 �min0,5. These low values are due to the fact that
the mortars here studied are rich in cement content and have a rel-
ative low water/cement ratio (W/C = 0.90). It was observed at 7 days
that the water absorption by capillarity of fibres reinforced mortars
are higher than plain mortar, what is natural, because the fibres con-
tribute to the air incorporation and in this early age the mortar ma-
trix structure is in the crystallization process, which that is less
compact. However, some values as for mixture nos. 8, 9, 10, 11 and
19 did not follow this general assumption, and reveal a more com-
plex behaviour. It seems that the mortar porosity structure in the
case of mortars nos. 8, 9, 10 and 11 is affected by the fibre diameter
that define the number of fibres present in the mortar This miscon-
ception needs a further study to clarify the effect of mixing proce-
dures and fibres variables interactions at 7 days water absorption
by capillarity.

Analyzing the values of water absorption capillarity of fibres
reinforced mortars at 28 days, shown in Figs. 10 and 11, it is con-
cluded, overall, that the insertion of fibres is responsible by a
slightly water absorption capillarity reduction. This behaviour cor-
responds to the formation of pores containing air that act as barri-
ers preventing the rise of water through the matrix, partially
reducing the capillary pressure inside the pores. The capillary
reduction is also due to the progressive formation of microstruc-
ture of mortar matrix that increases the non capillaries pores.

Fig. 10 shows the capillarity coefficient results for reinforced
mortars with 0.5% of acrylic, polypropylene and glass fibres vol-
ume. The fibres types influence appears to be more slightly signif-
icant at 7 days. This influence appears to be more due to the fibres
dimensional characteristics than to the fibres type.
28 days

Standard Deviation kg/
(m2 min0.5)

Average kg/
(m2 min0.5)

Standard Deviation kg/
(m2 min0.5)

3.79E�02 0.51 1.05E�02
2.79E�02 0.37 9.90E�02
4.04E�02 0.39 9.42E�02
2.17E�02 0.51 1.37E�02
1.60E�02 0.47 2.07E�02
2.79E�02 0.41 3.06E�02
2.76E�02 0.39 1.63E�02
4.59E�02 0.39 1.67E�02
1.22E�02 0.41 2.88E�02
1.72E�02 0.41 8.94E�02
1.33E�02 0.38 3.45E�02
3.27E�02 0.42 2.06E�02
2.66E�02 0.49 3.86E�02
5.02E�02 0.53 3.58E�02
2.12E�02 0.52 2.22E�02
3.12E�02 0.55 3.93E�02
3.10E�02 0.46 3.06E�02
2.32E�02 0.51 2.19E�02
2.43E�02 0.34 1.82E�02
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Fig. 11. Mortar capillarity coefficient as function of fibres aspect ratio.

Type of fibre   Acrylic   Acrylic   Acrylic 
Length (mm)  4  6  12 
Diameter (  14.4  14.4  14.4 
Fibre content   

(kg/m3)        

0  

5.85  

2.34  

1.17  

0.59   

Fig. 12. Cracking map after the wind tunnel shrinkage test.

Fig. 10. Water capillarity coefficient of mortars reinforced with different type of
fibres.
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Taking into account the standard deviations results, presented in
Table 6, it is possible to conclude, in Fig.10, that the same fibres vol-
ume incorporation does not significantly modify the mortars coeffi-
cient of capillarity at the age of 28 days. On the other hand, Fig. 11
shows that the increasing of fibre aspect ratio l/d is, in general,
responsible by water absorption capillary rising. This tendency is a
little more significant for the water absorption capillary results ob-
tained at 7 days. However, the most important observation is that
disturbance caused in the porous structure at 7 days is practically
annulled at 28 days, resulting in coefficients of capillary below or
near the plain mortar value.

3.4. Shrinkage

The shrinkage test in the wind tunnel was designed to evaluate
the fibres effect on the mortar early age shrinkage. After cast, the
small slabs were inserted into the tunnel inside a climatic chamber
under conditions described previously. At the end of wind tunnel
shrinkage test a visual inspection of the specimens was carried
out and photos were recorded, in order to observe the cracking
appearance and distribution on slabs surfaces.

Observing the slabs surfaces, shown in Fig 12, it appears that
the fibres addition in mortar allows a reduction and redistribution
of cracks or even avoid them if a more large fibres volume is
incorporated at the mortar mixtures. Regardless the acrylic fibres
aspect ratio, it was observed for dosages greater than or equal to
1.17 kg/m3 (what is equivalent to 0.1% fibre volume) that there is
no cracking. For doses equal to 0.59 kg/m3 (0.05% fibres volume)
cracking occurred, although more distributed and not as localized
than as in the case of the mortar without fibres, since the cracks
were having much smaller openings.

4. Conclusion

From this study conducted to evaluate feasibility of using
acrylic fibre type to improve the cementitious mortars properties,
comparing with others synthetic fibres, the following conclusions
can be drawn:

(a) The consistency index is modified by the fibres surfaces
area; it means that there is a consistency index decreasing
tendency for higher values of the aspect ratio l/d. For the
same aspect ratio, the consistency index is also reduced by
the fibres volume increasing, what means with the increas-
ing of fibre factor.

(b) Addition of fibres caused a slightly mortar density decreas-
ing, as was expected, since this effect was more pronounced,
with the highest density reduction value of 18%, when the
fibre volume is raised to 1%.

(c) In general, it was observed on the present research that the
28 days flexural strength of mortars decreases due to the
increase of fibre factor [(l/d) � Vf]. However, when this fibre
factor remains constant, the increase of fibres volume is
responsible by the flexural strength reduction. By other
hand, when the fibre aspect ratio is reduced, the values of
flexural strength increase.

(d) A better dispersion of fibres obtained by dry pre-mixing
improves the flexural strength.
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(e) In general, as was expected due the relatively low fibre vol-
ume incorporated, it was observed that the type of fibres and
the mixing procedures does not significantly influence the
compressive strength of mortars at the age of 28 days.

(f) It was observed at 7 days that the water absorption by cap-
illarity of fibres reinforced mortars is higher than the plain
mortar, but a slightly water absorption capillarity reduction
was observed at 28 days. This influence more slightly signif-
icant at 7 days appears to be due more to the fibres dimen-
sional characteristics than to the fibres type. The most
important observation is that disturbance caused in the por-
ous structure at 7 days is practically annulled at 28 days,
resulting in coefficients of capillary below or near the plain
mortar.

(g) Regardless the acrylic fibres aspect ratio, it was observed for
dosages greater than or equal to 1.17 kg/m3 (what is equiv-
alent to 0.1% fibre volume) that there is no cracking. For
doses equal to 0.59 kg/m3 (0.05% fibres volume) cracking
occurred, although more distributed and not as localized
than as in the case of the plain mortar.

(h) Although the literature contains few studies with the appli-
cation of acrylic fibres, this study confirm that, by the point
of view of the physical, mechanical and durability behaviour,
the acrylic fibres independently their dimensions give to
mortars a similar performance as those offered by tradi-
tional synthetic fibres (glass and polypropylene).
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