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Natural wool is a good insulating material, both thermally and acoustically. With the increase in demand for the
usage of waste materials, other applications have been found, such as the use of wool as a fibre reinforcement in
mortars and concretes. Unfortunately, wool, like other natural organic materials, dissolves in alkaline environments
and, consequently, the performance of wool reinforcement cannot be guaranteed for a long time. To address this
issue, three series of wool-reinforced mortar beams, with various contents of alkalis in cement, were investigated.
The chemical compatibility and the effects of alkalinity on mechanical performance were investigated by testing the
beams under three-point bending and, subsequently, by analysing the microstructure of the mortars using energy-
dispersive X-ray spectroscopy. The results showed that the lower the alkalinity of the cement paste, the better the
resistance of wool fibres in the cementitious matrix, thus guaranteeing larger post-cracking residual stresses in the

wool-reinforced mortars.

Notation

Ag area defined by x-y curve (flexural toughness)

P applied load in three-point bending test

Prax maximum applied load in three-point bending test

X difference 0-d, (for 6 2dp)

y ratio P/ Pyax

0 mid-span deflection of beam in three-point bending
test

Op mid-span deflection of beam at P,

1. Introduction

Many studies have been carried out on cement-matrix compo-
sites modified with various cementitious supplementary
materials (e.g. fly ash, silica fume, ground-granulated blast
furnace slag) and reinforced with traditional fibres such as
steel, glass, carbon or basalt (Fantilli et al., 2011; Jena et al.,
2018; Jozwiak-Niedzwiedzka et al., 2012; Ralegaonkar et al.,
2019). Due to the relatively high cost of manufactured fibres
and the negative influence of their industrial production on the
environment, natural fibres (e.g. wool) are frequently proposed
as potential alternatives. The use of natural fibres as reinforce-
ment in cement-based composites can increase the toughness
of concretes and mortars, while also being sustainable alterna-
tive to traditional industrial fibres. Such fibres can bridge the
surfaces of the cracks in the post-cracking stages and reduce
the environmental impact of the construction industry (Fantilli
et al., 2017a).

Natural wool is one of the earth’s most sustainable fibres, as
it is a resource constantly produced over time. It is also an
environmentally-friendly material, because it is easily recycled

and biodegradable. In addition, existing sheep’s wool in
Europe is not suitable for the textile industry (Stirmer et al.
2014) and the amount of unused wool is around 150 Mt/year,
to which the wool contained in other end-of-life products (e.g.
fitted carpets) and in textile industry wastes have to be added
(Schokker, 2010). This unused wool is nowadays considered as
special waste, which needs sterilisation treatment (at 130°C)
before its disposal. Looking for a possible application of
these fibres, also in alternative to other natural fibres (such as
hemp — see Fantilli er al., 2017a), is therefore of paramount
importance. Research studies on the applications of sheep’s
wool in the construction industry are mainly related to using
it as an insulating material, both thermal and acoustic. Very
few studies have been reported on wool as a reinforcement
material in cement-based composites (see, for example, the
characterisation of cementitious mortars with multifunctional
addition of unused wool fibres carried out by Jozwiak-
Niedzwiedzka and Fantilli (2017)). This is mainly due to dura-
bility reasons.

The alkalinity of cementitious matrices significantly damages
both vegetal and animal fibres, which can completely degrade
over time (Fantilli es al., 2017b; Tolédo Filho et al., 2000).
In the case of vegetal fibres, their reduced durability is associ-
ated with a reduced pullout strength because alkaline-
induced degradation reduces the cross-sectional area of the
fibres. In fact, the change of volume produced by water
absorption and the migration of hydration products, especially
calcium hydroxide, to the fibre lumen, walls and voids, drasti-
cally reduce the bond between the fibres and the matrix
(Tolédo Filho et al., 2000). However, the principal mechanisms
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that produce the degradation of vegetal fibres are summarised
as follows.

m Peeling-off phenomenon produced by alkaline water
contained in the micropores of the cementitious matrix.
This water can dissolve the lignin and hemicellulose
existing in the middle lamellae of the fibres and weakens
the links between the cellulose of the fibres (Tolédo Filho
et al., 2000).

m Alkaline hydrolysis of the cellulose molecules produces
degradation of the molecular chains and a reduction
in both the degree of polymerisation and tensile strength
(Wei and Meyer, 2014).

To mitigate the degradation of vegetal fibres used as reinforce-
ment in cement-based mortars and concretes, either a special
treatment of the fibres or modification of the cementitious
matrix needs to be adopted. Chemical or physical methods
are frequently used to improve the performance of such fibres.
Wei and Meyer (2014) showed that both acrylic emulsion
and alkylalkoxysilane surface treatments of natural fibres
provided better durability properties and higher bending
strengths of the fibre-reinforced composites. Moreover, the
effectiveness of vegetal fibre reinforcement in cementitious
matrices can be improved by adding supplementary cementi-
tious materials to the common concrete and mortar com-
ponents. In some cases, the partial substitution of Portland
cement with fly ash or silica fume can reduce the alkalinity
of the cementitious matrix and, consequently, the degrad-
ation of the vegetal fibres. Positive results have been obtained
by mixing sisal or coconut fibres with silica fume before
adding them to a cementitious matrix (Tolédo Filho et al.,
2000).

Although there are extensive research activities on the use
of vegetal fibres as reinforcement for cement-based composites,
studies on the compatibility of animal fibres and cementitious
matrices are very scarce in the literature. In particular, a direct
correlation between the durability of wool and the mechanical
performance of wool-reinforced composite is desirable. Some
researchers have showed that, with the addition of sheep’s
wool, density and thermal insulation improved but, at the
same time, the mechanical properties of the composite
decreased (Stirmer et al. 2014). Fiore et al. (2019) studied the
mechanical behaviour and thermal conductivity of a cement
mortar with various lengths and different contents (13%, 23%
and 46% by weight of cement) of wool fibres. They found that
the wool-reinforced composites showed lower compressive
strength than the reference no-wool cement composite, regard-
less of the content or length of fibres. These trends did not
change when fly ashes were added to concrete mixtures
reinforced with sheep’s wool fibres (Gradinaru et al., 2016).
In addition, wool fibres pre-treated with atmospheric plasma

did not improve the performance of the mortars (Fantilli et al.,
2017a).

Wool is a natural material and the long-term effects of its use
in cement-based materials should be considered in terms of
durability. However, very limited data can be found in the litera-
ture. Giosué et al. (2019) noted an increase of 30% in total
open porosity in hydraulic lime mortars containing 25% of
wool fibre when compared with a reference mortar without
fibres. Pederneiras et al. (2019) attributed this increment to the
fibre-matrix interface, which is less compact than in the case
of a sand-cement matrix. Recently, Allafi et al. (2020) pre-
sented a review of the advancements in applications of natural
wool fibre. However, in all of the above publications, there is
no information on the durability of cement-based composites
with the addition of wool fibres.

Table 1. Chemical composition of cement determined by X-ray
fluorescence (wt%)

L - low- H - high-
alkali N - normal alkali

Constituent cement cement cement
Silicon dioxide 20.82 19.03 19.43
Aluminium oxide 4.41 4.84 4.84
Ferric oxide 5.34 3.22 3.18
Calcium oxide 63.31 63.64 61.81
Magnesium oxide 0.93 1.15 2.56
Sulfur trioxide 2.57 2.97 3.93
Sodium oxide 0.28 0.21 0.41
Potassium oxide 0.25 0.53 1.08
Sodium oxide equivalent 0.44 0.56 1.12

Figure 1. Sheep’s wool used to reinforce cement-based mortars
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Table 2. Composition and curing conditions of the analysed mortars

Series Type of cement Wool content: g
N_1 N —
N_2 N 10
N_3 N 10
N_4 N 10
L1 L —
L2 L 10
L3 L 10
L4 L 10
H_1 H -
H_2 H 10
H_3 H 10
H 4 H 10

Thus, in this work, new tests were carried out with the
aim of modifying the alkalinity of cement-based matrices.
Specifically, this work investigated the mechanical properties
(e.g. flexural strength) of wool-reinforced mortars made with
different Portland cements and their microstructures. The
results of the tests are reported and discussed in this paper.

2.

2.1  Materials

Standard natural siliceous sand, with a size distribution within
the limits given by BS EN 196-1:2005 (BSI, 2005) (specific
gravity of 2.65 glem® and maximum grain size of 2 mm), and
tap water were used to prepare the mortar. Three different
Portland cements (CEM 1 42.5R) with different alkali
contents (N — normal cement with a sodium oxide equivalent
(Nay0)cq of 0.6%, H — high-alkali cement with a sodium oxide
equivalent of 1.1% and L — low-alkali cement with a sodium
oxide equivalent of 0.4%) were used. The chemical com-
positions of these cements are provided in Table 1. Wool fibres
with a density of 1.0 g/em® (Figure 1) were used in the amount
of 1% by volume. The geometrical properties of wool vary,
but 19 pm and 16 mm are, respectively, the average diameter
and the average length of the filaments (Fantilli et al.,
2017a; Jozwiak-Niedzwiedzka and Fantilli, 2017). Their
tensile strength is about 240 MPa, as measured with a testing
machine equipped with a loading cell of 10 N (displacement
rate = 0.05 mm/s).

Materials and methods

2.2 Mixing and proportioning

Three series of mortars, classified in Table 2 on the base
of the type of cement, were designed and tested. Each
series included four different batches, depending on the
curing conditions. From each Dbatch, three prismatic
specimens 40 x 40 x 160 mm were fabricated for bending
tests (a total of 36 specimens). They remained in the moulds
for 1 day at room conditions (20°C, relative humidity

Time and curing conditions

27 days in room conditions (20°C, RH=50%)
27 days in room conditions (20°C, RH=50%)
27 days in water (20°C)

3 days in water (20°C)

27 days in room conditions (20°C, RH =50%)
27 days in room conditions (20°C, RH=50%)
27 days in water (20°C)

3 days in water (20°C)

27 days in room conditions (20°C, RH=50%)
27 days in room conditions (20°C, RH=50%)
27 days in water (20°C)

3 days in water (20°C)

(RH) =50%). After demoulding, and before the tests, the speci-
mens of series H_1, L_1, N_1, H_2, L_2 and N_2 were cured
in the same room conditions for 27 days. On the contrary, the
specimens of series H_3, L._3 and N_3 were left in water for
27 days and those of series H_4, L_4 and N_4 remained in
water for only 3 days. The temperature of water was constant
and equal to 20°C. In each batch, the mix proportion
remained the same (i.e. 580 kg/m® of cement, 290 kg/m® of
water and 1760 kg/m® of sand), as prescribed by BS EN 196-
1:2005 (BSI, 2005).

2.3  Maechanical properties and

microstructure analysis

The experimental tests were carried out in accordance with by
BS EN 196-1:2005 (BSI, 2005). All the specimens were tested in
three-point bending (see Figure 2) 28 days after casting, with

the exception of specimens H_4, L_4 and N_4, which were

160 mm
IS
P IS
o
b4 R
q . EE el
Ard_ o 7 %v . K L el
g b 4 a N
4 4 N -
_5 ]
>\ 100 mm (
P12 P2 40 mm
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L,

Figure 2. Three-point bending tests for cementitious mortars (BS,
2005)
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tested 4 days after casting. The external load P was applied at
the mid-span of the specimens through a loading machine with
a load capacity of 100 kN. Tests were performed by driving the
displacement of the loading cell, whose stroke moved at a vel-
ocity of 0.05 mm/min.

Microstructural analysis was performed on the fractured sur-
faces of the mortar beams. A piece of mortar was mounted on

Load, P
PIPax

y:

a metal sample holder with the fracture surface of interest
facing upwards and secured with a mixture adhesive and
carbon tape. A conductive tape was traced along the periphery
of the specimen, resting on the holder to improve the conduc-
tivity of the whole specimen assembly. The specimens were
subsequently coated with a layer of carbon and thoroughly
examined using SEM-EDX (scanning electron microscopy
with energy-dispersive X-ray spectroscopy) by means of a Jeol

Deflection, &
(a)

Figure 3. Results of three-point bending tests: (a) whole P-d diagram; (b) post-peak behaviour; (c) bilinear relationship used to quantify

the effect of fibres

Table 3. Main results of the three-point bending tests

N_1 N_2 N_3 N_4
Prax: kN 3.20 2.94 3.21 2.83 2.88 2.78 2.69 2.32 2.54 2.07 2.10 2.14
Op: MM 0.44 0.54 0.44 0.37 0.28 0.35 0.51 0.36 0.48 0.44 0.41 0.50
X1: mm 0.02 0.01 0.03 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.02
Y 0.01 0.00 0.00 0.09 0.09 0.10 0.02 0.02 0.07 0.12 0.1 0.05
Y2 0.01 0.00 0.00 0.03 0.04 0.04 0.01 0.01 0.01 0.04 0.04 0.02
Ag:mm 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.025 0.024 0.016

L1 L2 L3 L4
Prax: KN 2.59 2.31 2.58 1.90 1.76 1.69 2.35 2.19 2.35 1.44 1.60 1.43
Op: MM 0.56 0.43 0.48 0.52 0.78 0.65 0.51 0.39 0.74 0.35 0.41 0.38
X170 mm 0.02 0.02 0.02 0.03 0.02 0.09 0.02 0.02 0.03 0.02 0.02 0.02
Y1 0.02 0.05 0.04 0.28 0.30 0.42 0.05 0.05 0.05 0.12 0.15 0.17
Y2 0.01 0.01 0.01 0.12 0.12 0.20 0.02 0.01 0.02 0.07 0.1 0.10
Ag: mm 0.01 0.02 0.01 0.05 0.05 0.10 0.02 0.02 0.02 0.03 0.03 0.03

H_1 H_2 H_3 H_4
Prax: kKN 3.34 3.38 3.58 3.25 3.42 3.33 2.83 2.80 2.96 2.20 2.46 2.53
Op: MM 0.56 0.33 0.45 0.41 0.47 0.52 1.1 0.50 0.56 0.45 0.32 0.44
X1: mm 0.01 0.02 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.02 0.02
Y1 0.01 0.01 0.01 0.03 0.05 0.04 0.03 0.03 0.02 0.03 0.06 0.06
)% 0.00 0.00 0.00 0.02 0.03 0.02 0.00 0.01 0.01 0.01 0.02 0.02
Apmm 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02
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JSM-6380 LA personal scanning electron microscope in sec-
ondary electron mode, using an acceleration voltage of 15 kV.

3. Rest results

The three-point bending tests provided load-mid-span deflec-
tion diagrams similar to that shown in Figure 3(a). Important
data were obtained from these P—J curves. In particular, as
illustrated in Figure 3(a), both the flexural strength, P,,.., and
the corresponding displacement, J,,, were measured for all 36
tests.

As fibre reinforcement works in the post-cracking stage, a new
approach was proposed to quantify the effect of the fibre
reinforcement (Fantilli es al., 2017a). Starting from the P-J
curves depicted in Figure 3(a), the new post-peak diagrams
shown in Figure 3(b) were defined. The values of the normal-
ised load (y= P/P,.y) are reported on the ordinate and the
difference x between the post-peak deflection and J,, is on the
abscissa of these diagrams. All the post-peak diagrams were
limited to x=0.2 mm in correspondence of which the residual
load of the plain mortars was nearly zero. The flexural tough-
ness of the mortars investigated could also be quantified by
calculating the area A delimited by the post-peak curves (see
Figure 3(b)).

To facilitate analysis of the results, a further simplification is
introduced. In general, the post-peak curve depicted in
Figure 3(b) can be approximated by a bilinear relationship (see
Figure 3(c)). Thus, the most relevant data from the pre-peak
stage is Pn.x (i.e. the strength of the mortar) and the
corresponding deflection J,, whereas the residual stress of the
post-cracking stage can be evidenced by Ar and the coordi-
nates [xj, y;] and [0.2 mm, y,]. The values of all these par-
ameters measured in the 36 specimens tested in three-point
bending are reported in Table 3.

In Table 3, the values of Ar which represents the overall
capacity of the fibre to bridge the crack surfaces, can be com-
puted through the formula:

1
= —;yl X1 —l—y1 2 (0.2 —x1)

1. Af 3

where y is the percentage of residual load just after cracking, y,
is the percentage of residual load in the presence of large cracks
and x; is the abscissa (in mm) in correspondence of y;.

As shown in Table 3, the highest values of P, were obtained
for the reference mortars without the addition of fibres.

Time and curing conditions

27 days in room conditions
(20°C, RH = 50%)

Normal
cement

Low-
alkali
cement

High-
alkali
cement

Figure 4. SEM images of the analysed mortars

27 days in water

3 days in water

(20°C) (20°C)
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However, the specimens made with the high-alkali cement,
stored in the same room conditions and reinforced with fibres
(series H_2) were characterised by similar P, values. The
curing time in water significantly influenced P,,,x. The longer
the specimens were stored in water, the higher P, regardless
of the cement used.

Obviously, the larger the benefit of the fibre, the larger the
value of y;. The capacity for maintaining residual stress
increased with Af (and y,). Both these mechanical parameters
are strictly connected to the dissolution of wool at high pH

values. Thus, the results of the three-point bending tests
reported in Table 3 should be correlated with the SEM images
of the fracture surfaces, taken after the bending tests.
Micrographs of nine mortars reinforced with wool are shown
in Figure 4. It can be observed that the higher the alkali
content of the cement and the longer the curing time in water,
the higher the degree of degradation of wool fibres (in
Figure 4) and the lower the values of y; and Af (in Table 3).
The empty spaces shown in Figure 4, created after wool dissol-
ution, produced the decrement in the mechanical properties of
the wool-reinforced mortars.

5 50— S
4l al al
Z 3 z 31— z 3 '////’,,
o i 2 e H_4
£ & £
Qs o £
- 2= o —
2 2 N_4
_____ Unrginforced ~____Unreinforced L4 _____Unreinforced
1+ specimens 1 specimens 1= specimens
(20°C, RH = 50%) (20°C, RH = 50%) (20°C, RH = 50%)
0 | | | | 0 | | \ | 0 | | | |
0 0.3 0.6 0.9 1.2 0 0.3 0.6 0.9 1.2 0 0.3 0.6 0.9 1.2
Sodium oxide equivalent: % Sodium oxide equivalent: % Sodium oxide equivalent: %
(@) (b) ©

Figure 5. Flexural strength P,ax measured in the three-point bending tests: (a) specimens cured for 27 days in room conditions
(20°C, RH=50%); (b) specimens cured for 27 days in water (20°C); (c) specimens cured for 3 days in water (20°C)

(a)

Wool fibre
:

(b)

Figure 6. Microstructure of specimens made with low-alkali cement after 27 days of curing in 20°C and 50% RH (scale bar = 100 pm):
(a) reference specimen L_1; (b) specimen with addition of wool fibres L_2
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4. Analysis of results

The average values of P, are reported in Figure 5(a) as a
function of the alkalinity of cements. In this and subsequent
diagrams, the values measured in unreinforced specimens
(dashed lines) are assumed to be the reference. It is possible to
observe that, for the room curing conditions (27 days at 20°C
and RH =50%), the lowest flexural strength was measured for
the specimens made with the low-alkali cement, with and
without fibre reinforcement (see Figure 5(a)). As the sodium
oxide equivalent of the cement increased, the flexural strength
also increased, and the maximum value been measured for the
case of the high-alkali cement.

The increase in strength with the alkalinity showed more or less
the same trend regardless of the content of fibres. Nevertheless,

Carbon
Oxygen

Calsium

Photosium

Magnesium

Aluminium

1
Sodium
Calsium

for the same type of cement, P, decreased in the presence of
fibres due to the reduction of both workability and density of
the mortar. Indeed, the fibre-reinforced matrix contained more
voids, as illustrated in Figure 6, where SEM images of plain
mortar (Figure 6(a)) and wool-reinforced mortar (Figure 6(b))
are compared in the case of the low-alkali cement.

After curing in water for 27 days at 20°C, the P, value
increased with an increase of sodium oxide equivalent content
(see Figure 5(b)), although it was not visible in the case of
standard curing conditions shown in Figure 5(a). In other
words, as the sodium oxide equivalent increased, the difference
in strength, with respect to plain mortars cured for 27 days at
20°C and RH =50%, increased. The same trend can also be
observed in Figure 5(c), where data related to the wool-

cps/eV
Calsium
14
12
10
8
6 c
5
4 % €
o 3
£ E ©
2]s) %E 1
o v =
gl g€
[¥] g =
0 r
2 4

(b)

Figure 7. Microstructure of specimens made with high-alkali cement and reinforced with wool fibres with EDX analysis in microareas: (a)
H_4 — after 3 days of curing in water at 20°C (analysis in the microarea on wool fiber); (b) H_3 - after 27 days of curing in water at 20°C

(microarea analysis in a matrix after a degraded wool fiber)
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reinforced specimens left for only 3 days in water (at 20°C) are
reported. In all the cases, the flexural strength of the mortars
containing fibres was lower than that of plain mortar cured for
28 days at 20°C and RH = 50%.

This reduction in strength can be ascribed to the degradation
of the wool fibres, which seems to affect the cementitious
matrix also. The empty holes due to wool fibre dissolution
were particularly visible in the mortar specimens made with
high-alkali cement and cured in water, as shown in Figure 7.
The presence of water had a relevant impact on the dissolution
of the wool fibres in the alkaline environments. In the mortars
stored for 3 days in water, wool fibres were still visible after
cracking (Figure 7(a)), whereas in the mortars stored for
27 days in water, the wool fibres were completely dissolved
(Figure 7(b)). In the latter, only empty holes in the cement
matrix, having a diameter of about 20 pm, are visible. The
chemical composition of the cement matrix around the holes
was characterised by sulfur and potassium peaks, which can be
attributed to the presence of wool fibres (see Figure 7).

In the room curing condition (27 days at 20°C and
RH =50%), the residual strength y; after cracking was nearly
zero without any fibre reinforcement. As shown in Figure 8(a),
for all types of cement, the reduction in strength of the plain
mortar was greater than 95%. In the presence of fibre, a
residual strength was clearly evident. Nevertheless, y;
decreased with an increase in the alkalinity of the cement.
Specifically, for the low-alkali cement, the contribution of the
wool fibres is relevant, as the relative residual stress y,
was about 0.3. With an increase in alkalinity, the wool
becomes progressively less effective and y; reduced and nearly

vanished in the case of high-alkali cement (<5%). Hence, the
high-alkali cement produced the lowest contribution of y
(Figure 8(a)).

If left 27 days in water (at 20°C), the residual strength y; of the
mortars containing fibres was more or less the same for all
types of cement (see Figure 8(b)). The same trend (i.e. the
higher the alkalinity, the lower y;) can also be observed in
Figure 8(c), where the values of y; measured in the fibre-
reinforced specimens left for only 3 days in water at 20°C are
reported. The values of y; are higher than those depicted in
Figure 8(b), especially for the specimens made with low-alkali
cement, whereas the average values of y; in H_3 (Figure 8(b))
and H_4 (Figure 8(c)) were more or less the same. In the micro-
graphs, the effect of curing time in water is particularly visible
in the mortar specimens made with wool fibres and high-alkali
cement. If stored for only 3 days in water (Figure 9(a)), these
mortars were characterised by partial degradation of the fibres,
while for those stored for 27 days in the water, empty spots were
present after the dissolution of fibres (Figure 9(b)).

In other words, the larger the pH and the longer the time of
curing in water, the higher the degree of wool degradation and
the lower the residual strength after cracking and the toughness
of the wool-reinforced specimens. As a matter of fact, all the
observations previously made for the relative residual strength
1 can be extended to the area A (see Figure 10). Thus, if
fibres are used to mitigate the effects of shrinkage, which
affects cement-based structures a few days after casting, wool
fibres can be effectively added to concrete mixtures, especially
when both the alkalinity of the cement and the RH of the
environment are low.

0.4 — 0.4 — 04 —
L2
o3l I\ | Unreinforced 03+ | Unreinforced 03 Unreinforced
' specimens specimens specimens
(20°C, RH = 50%) (20°C, RH = 50%) (20°C, RH = 50%)
< 02 0.2 < 02 L4
N_4
N_2 =
0.1 - - 0.1 0.1 —
L3 H_4
_ H_2 3 . -
0 \ [ R 0 ‘ | e | 0 | - S
0 0.3 0.6 0.9 12 0.3 0.6 0.9 1.2 0 0.3 0.6 0.9 1.2

Sodium oxide equivalent: %

(a)

Sodium oxide equivalent: %

(b)

Sodium oxide equivalent: %

(@

Figure 8. Residual stress y; measured in the three-point bending tests: (a) specimens cured for 27 days in room conditions (20°C,
RH=50%); (b) specimens cured for 27 days in water (20°C); (c) specimens cured for 3 days in water (20°C)
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Partially degraded wool fibres Empty spaces after completely degraded wool fibres

Figure 9. Microstructure of specimens made with high-alkali cement and addition of wool fibres after: (a) 3 days of curing in water at
20°C; (b) 27 days of curing in water at 20°C
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Figure 10. Area Ar measured in three-point bending tests: (a) specimens cured for 27 days in room conditions (20°C, RH = 50%);
(b) specimens cured for 27 days in water (20°C); (c) specimens cured for 3 days in water (20°C)

5. Conclusions higher the alkalinity and the time of curing in water, the

From the results of the experimental tests performed on higher the degree of wool fibre degradation. SEM analysis

mortars made with different types of cement and reinforced of the fracture surfaces revealed dissolution of the wool

with wool fibres, the following conclusions can be drawn. fibres and empty spaces corresponding to the size of wool
fibres.

m Flexural strength increases with the alkalinity of cement in m Accordingly, the capability of wool fibres to bridge crack
plain mortars, but decreases in the case of wool surfaces and to guarantee the presence of a residual tensile
reinforcement, due to reduced workability. strength in the post-cracking stage reduces when high-

m The content of alkalis in the cement, as well as the curing alkali cement is used and in the presence of water. This
time and curing method, have a strong influence on the was particularly highlighted by the values of the residual
microstructure of the mortars made with wool fibres. The strength y; and the area Ar of the post-peak diagrams.
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Future research studies will be devoted to comparing the
residual strengths of cementitious mortars reinforced with wool
with those containing polypropylene fibres.
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