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Abstract

Sustainability issues have become prevalent inpthst years especially in sustainable
construction practices which are both ecologic&ibndly and also cost efficient as they are
often based on the utilization of available endiefmaterials.

This paper describes a research on the use of acaestruction material composed of
cement and natural fibres obtained from sheep’s.woo

Low grade sheep wool has no use and needs to pesedid of and that costs money
together with several serious problems createdt®ysafe utilization. There are about 90
million sheep in the EU, producing 270.000- tonsvabl. An estimated 10% is low grade
coarse wool and needs to be disposed.

Within presented research, sheep’s wool is utilizeccement and lime based mortar
mixtures to be used for rendering of interior walkfaces. The aim of the research was to
experimentally quantify and to compare the perfaroesof natural sheep’s wool fibres in low
strength mortar.

Developing a mortar mix design enhanced throughatigition of natural sheep’s wool
fibres, together with quantifying and analysing hmdcal, physical and thermal properties of
such cement and lime based mortar are the topitssofesearch.

1. INTRODUCTION

Sheep wool is natural material used in civil engrieg for both thermal and acoustic
insulating applications. It is used as well for&de insulation as for roof insulatiod]]
According to available literature [2], there arsraall number of investigations of the shee
wool as addition in mineral composites. Also, shespl is not always adequately disposed
or recycled [3]. Approximately 80 % of the globd&legp wool production is intended to be
used in the textile industry. However, existing egnevool in Croatia and neighbouring
countries is not suitable for application in thetite industry. Properties of the wool depend
on its chemical composition and complex proteindtire. In its natural state, raw wool from
sheep contains a number of constituents othertti@fibre. The main ones are wool grease,
water-soluble material derived from perspiratiod @ontaminants such as dirt and vegetable
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matter which can be removed by washing. Clean Wwettings to a group of proteins known
as keratins. It has been estimated that wool casitaiore than 170 different proteins not
uniformly distributed throughout the fibre [4]. Bhheterogeneous composition is responsible
for different physical and chemical properties lué warious regions of wool. The proteins in
wool are composed of amino acids. A wool fibre barconsidered as a biological composite
consisting of regions that are both chemically phgsically different. Even after the natural
wool grease has been removed by scouring with argkstt, wool fibres are relatively
difficult to wet compared with other textile matgd. This natural water repellency makes
wool fabrics 'shower-proof ' and this propertyhie tesult of a waxy, hydrocarbon coating that
is chemically bound to the surface. The first stepvool processing, regardless of the end
product, is washing in hot, soapy water (i.e. sedyrto remove dirt, grease and other
impurities. The scouring water is normally about@5which is hot enough to dissolve the
wax (i.e. lanolin), and detergent is added to helmove the dirt from the fibres and to
emulsify the wax so it doesn'’t stick back onto thérhis stage is also the stage where the
chemical agents (according to the end usage) gleedgo the wool I]. Clean wool contains
82% of the keratinous proteins, which contain hagincentration of sulphur (3%). The
amount of sulphur in the keratin determines thengjth of wool because of strong disulfide
bonds. Keratin does not dissolve in cold or hotewaind does not breakdown into soluble
substances.

This research intends to contribute to the manageimed reuse of sheep wool waste in
order to reduce their impact on the environmene $tudy is focused on the possibility of
using sheep wool fibres in the production of morta. composites made of cement, fine
aggregates, water and eventually admixtures andti@us] particularly for use as wall
coatings. Classification for hardened mortar properaccording to HRN EN 998-1 is shown
in Table 1.

Table 1: Classification for hardened monaoperties [5] accordintp HRN EN 998-1

Property Categories Values
CSI 0.4 — 2.5 N/mm
Compressive strength atS |l 1.5-5.0 N/mrh
28 days Cs il 3.5 -7.5 N/mrh
CS IV 6,0 N/mnt
_ WO Not specified
Capillary water w1 c< 0.40 kg/mimin*?
absorption
w2 c<0.20 kg/mimin*?
. T1 < 0.1 W/mK
Thermal conductivity
T2 < 0.2 W/mK

Page 2



2. EXPERIMENTAL PART

In the experimental part, different mortar mixtumesre prepared (Figure 1) on which an
analysis of mechanical, physical and thermal progzerwas performed (Table 1). All
mixtures were prepared with Portland cement CEMMEB-V 42.5N, crushed sand 0/4 mm,
lime, expanded clay, metakaolin and chemical admes plasticizer, air entraining
admixture, polymer and water retaining admixturetally, four mixtures were produced, the
first was considered as the reference (REF). Qtivee mixtures SW3, SW5 and SW9 were
produced by adding sheep wool fibres in amount o53and 9 % per mortar mass,
respectively. First step was to prepare sheep filoals of required length (Figure 1a). Before
that, wool was washed and cut to appropriate length

Figure 1: Sheep wool fibres and preparation of arort

Table 1: Tested properties

Property Test method

Consistence of fresh mortars (by flow tableHRN EN 1015-3:2000/A2:2008
Compressive strength HRN EN 1015-11:2000/A1:2008
Flexural strength HRN EN 1015-11:2000/A1:2008
Modulus of elasticity HRN EN 13412:2007

Water absorption coefficient HRN EN 1015-18:2003
Adhesive strength HRN EN 1015-12:2000

Thermal conductivity HRN EN 1745:2012

Shrinkage HRN EN 12617-4:2003

3. RESULTS OF TESTING
3.1 Results of testing fresh mortar

Results of testing fresh mortar are shown in thield 2. Water was added individually for
each mixture so as to achieve minimum consisteh@é#® mm (Figure 2).
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Figure 2: Fresh mortar with wool fibres and testifigonsistence (flow table)

Table 2: Properties of the fresh mortar

Mortar Consistence | Mixing water needed Mortar Densit Air
mixture (by flow table) | to achieve target temperature, (kg/ dm)g/) content
(mm) workability (ml/dn?) | (°C) g (%)
REF 153 194.3 22.0 1.49 27
SW3 148 219.2 23.4 1.37 30
SW5 150 287.4 22.4 1.12 40
SW9 143 488.4 22.0 1.09 34

3.2 Mechanical and physical properties

Flexural strength of mortars was determined usiGg48x160 mm prisms which were
tested at the age 28 days. The compressive strexigiiie mortars was determined using
portions of the prismatic specimens made and brakéime flexure test (Figure 3a). Modulus
of elasticity in compression was also tested 40%80xmm prisms (Figure 3b).

a)

Figure 3: Testing of mechanical properties

For adhesive strength testing, concrete panelsdintiension$50 x 550 x 50 mmvere used.
The fresh mortar was applied to the concrete satesin a thickness of 20 mm. Individual
testing results are shown in the Figure 4. Duriggjing, two types of fracture pattern have
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appeared: fracture within the mortar and fracturéha interface between the mortar and
substrate. Mean values are shown in the Table 4.
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Figure 4: Results of testing mechanical properties

Based on the compressive strengths, mortar SW3, &WI55W9 can be classified as CS
IV, CS Il and CS II, respectively, according tobla 1. As already mentioned, during the
adhesive strength test, the fracture occurred gironortar itself and can thus be concluded
that the adhesive strength is greater than thevédses. It is widely accepted in the literature
that for the plastering/rendering mortar, the adieestrength test should generate a crack in
the plaster/rendering base, or the adhesive strangst be greater than 0.1 N/m[]. This
requirement is satisfied for mixtures SW3 and SWhile SW9 results are borderline
satisfactory. The Young's modulus of the mortarididoe smaller than that of the surface to
be treated [5] which can be easily satisfied fogganumber of different surfaces with fairly
low modulus measured for SW3 and SW5.

Capillary water absorption (HRN EN 1015-18: 200&svalso measured in order to better
characterize the most common property of the plasiéhe water absorption coefficient due
to capillary action is measured using mortar prigmecimens with dimensions 160x40x40
mm under prescribed conditions. After drying to stant mass, one face of the specimen is
immersed in 5 to 10 mm of water for a specific perof time and the increase in mass is
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determined. The coefficient of water absorptiorbys definition equal to the slope of the
straight line linking the representative pointstlted measurements carried out at 10 min and
90 min. and it is calculated according to the folangiven in the standard. For each mixture,
3 specimens were tested and mean coefficients trwa@sorption are shown in the Table 4.
It can be seen from the water absorption resulis aélscording to Table 1 mortars can be
classified as W2 (SW3, SW5), while SW9 falls intddWategory, but is smaller than the
required 0.5 kg/fh®>[5].

3.3  Thermal properties

Testing of thermal conductivity was carried out@ding to HRN EN 12667:2002 and
HRN I1SO 8302:1998. Among the steady state methodddtermining thermal conductivity,
the guarded hot plate (GHP) is the most commontygluschnique for measuring the thermal
conductivity of materials. GHP can be regardedsslaite measurement method, because by
measuring the temperature, power of electric enarglythickness, thermal conductivity can
be calculated. In principle, its operation is basadstablishing a steady temperature gradient
over a known thickness of a sample and to contmlheat flow from one side to the other.
Thermal conductivity was determined by the deteatiam of thermal resistance by means of
GHP and the known thickness of the specimens WResults of testing thermal conductivity
are shown in the table 3.

Table 3: Results of testing thermal conductivity

Mortar mixture| Thickness, mn rai?g?/fé/?ﬁardenedW%Eal conductivity,
REF 47.6 1241 0.274
SW5 50.6 9534 0.222
SW9 53.5 856.8 0.175

The literature values of thermal conductivity of mao vary significantly, depending on
the type of aggregates used, temperature and m®istntent of mortar, together with its
density and the content of lime. For the mortarsitgrof 700 kg/m, 1000 kg/m and 1500
kg/m®, HRN EN 1745 [6] gives thermal conductivities 020 W/mK, 0.30 W/mK and 0.54
W/mK, respectively for dry masonry mortar and remg mortar, while [7] gives thermal
conductivity of 0.38 W/mK and 0.25 W/mK for the higveight mortar with the density of
less than 1000 kg/frand 700 kg/rfy respectively.

It can thus be concluded that the mortar contaisleep wool SW5 and SW 9 have 26 % -
54 % lower thermal conductivities than the repotiggtature values for the mortar of the
same density range. It has to be noted here, #fatemce mortar which has the same
composition but without the sheep wool has 19 % 2th&bo higher thermal conductivity than
SW5 and SW9 mortars, respectively.

3.4  Shrinkage
Shrinkage and swelling deformations of the morgaesdetermined according to HRN EN
12617-4. From the results shown in the Figuré ban be seen that all three mixtures with
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sheep wool fibres swell at the beginning. It canekplained by chemical reactivity of the
wool i.e. the wool swells in alkaline fluids wittHphigher than 11. In this research, up to 28
days, no damage was observed on the specimens. viElgwihis could limit possible
application of these mortars, because wool candselded in alkaligl].
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Figure 5: Results of testing shrinkage/ swellingrafrtar mixtures

4. ANALYSIS

From the results of testing shown in the Tabldg 4an be concluded that addition of sheep
wool fibres reduces density and generally impravesmal insulation properties but at the
same time decreases mechanical properties. Tash®\8s lower values of flexural strength
of all mortars made with sheep wool fibres thart tifathe reference mix (REF). However,
ratio between compressive and flexural strength rfoxtures SW3, SW5 and SW9 is
approximately 2.7, while for reference mixturesib.

Table 4: Results of testing mortars with sheep’sivemd reference mortar

Mixture
Property

REF SW3 SW5 SW9
Sheep wool fibres (% per mass of mortar) - 3 5 9
Density of hardened mortar (kg/dm 1.52 1.29 1.08 1.02
Compressive strength at 28 days (N/fm |22.2 8.7 5.1 2.4
Flexural strength at 28 days (N/f)m 4.4 3.1 1.8 0.9

Modulus of elasticity at 28 days (N/mn 7892 4535 2249 -
Capillary absorption at 28 days kgfmin®?) [0-004 | 0.153 | 0.145 | 0.482

Adhesive strength at 28 days (N/fm 0.65 0.45 0.39 0.14
Thermal conductivity, W/mK 0.274 - 0.222 0.175
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5.

CONCLUSION

In this work, the possibility of using environmelheriendly mortars produced with
sheep wool fibres was studied. The effect of fibotume fraction on mortar content,
properties such as compressive strength, flexusdbpmance, thermal insulation and
density have been determined.

Mortars up to 5 % sheep wool fibres proved to Haeteer workability, smaller capillary
absorption and better mechanical properties thamamwith 9 % fibres. The total water
content in the mortars with 9 % fibres was subg&lpthigher than that in the reference
mix, for the same workability. Thermal conductivitgs shown a promising opportunity
for sheep wool fibres, because these mortars attagnod insulation value compared to
the mortars without the sheep wool fibre. Reactdrthe wool with alkalis limits
application of the sheep wool fibres in cement cosiips.

Based on the results obtained, mortars with shemsg fibres could be used for repair
of historical buildings where properties shouldsimailar to original mortar. Decreased
density with increase of fibre volume fraction willake it a better material with less
weight and good performance for example as faldmgeile and non load bearing wall
partitioning.
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