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CARACTERISTICILE MECANICE ALE UNOR MATRICE MINERALE
DIN CIMENT $I SULFAT DE CALCIU ANHIDRU RECICLAT
ARMATE CU FIBRE DE STICLA
MECHANICAL CHARACTERISTICS OF GLASS FIBRE REINFORCED
COMPOSITES WITH CEMENT AND RECYCLED ANHYDRITE MATRIX
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Materialele compozite cu matrice minerala armate
cu fibre din sticla sunt utilizate in prezent atat la elemente
de constructii noi céat si la consolidarea structurilor
deteriorate. Utilizarea acestor compozite este conditionata
de cunoasterea caracteristicilor de rezistenta si de rigiditate
necesare proiectarii.

In cadrul unui program experimental complex
desfagurat la Facultatea de Constructii si Instalatii a
Universitatii Tehnice ,,Gheorghe Asachi” din lagi au fost
analizate posibilitatile de utilizare ale compozitelor cu
matrice minerala la elemente de constructii uzuale, pentru
module tip necesare in situatii de urgenta. Programul a
cuprins studii si cercetari privind utilizarea unei matrice
ecologice armate, obtinute prin inlocuirea partiald a
cimentului cu un liant obtinut din degeuri industriale.

Din determinarile experimentale efectuate pe diverse
retete si fractiuni volumetrice de fibra s-au stabilit
rezistentele = mecanice si modulii de elasticitate
corespunzatori la solicitari axiale curente. Rezultatele
obtinute confirma eficienta utilizarii acestor tipuri de
compozite la elemente structurale pentru constructii.

Composite materials made of glass fibre
reinforced mineral matrices are nowadays utilized in both
new construction elements and in strengthening solutions
of deteriorated civil engineering structures. The use of such
materials requires a good knowledge of their strength and
stiffness properties for the corresponding design works.

An extensive experimental program has been
carried out at the Faculty of Civil Engineering and Building
Services of the “Gheorghe Asachi” Technical University of
lasi to reveal the usage possibilities of mineral matrix
composites, relating to regular construction elements and
to specialized modules in emergency conditions. The
research program has included theoretical and
experimental studies regarding the utilization of ecological
reinforced matrix, obtained by partial substitution of the
ordinary Portland cement by a hydraulic binder
manufactured from industrial wastes. The mechanical
strengths and the elastic moduli from composites with
various mixes and fibre volume fractions experimentally
established confirm the suitability of these materials to
structural members subjected mainly to axial loading.
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1. Introducere

Programele de cercetare-dezvoltare
referitoare la materialele compozite, desfasurate in
ultimele decade, au condus la rezultate importante
privind utilizarea acestora la constructii noi si la
reabilitarea sistemelor structurale deteriorate [1].
Lucrarile de cercetare initiale referitoare la matricele
minerale adecvate formarii compozitelor armate cu
fibore din sticla au demarat in anii 1960 prin
utilizarea gipsului [2]. Mai tarziu, cimentul Portland
obisnuit (OPC) a fost de asemenea introdus ca o
solutie alternativa pentru matricele minerale pe
baza de ciment, armate cu fibre din sticla [3-6].
Solutiile compozite bazate pe matrice minerale
armate cu fibre de sticla au fost concepute astfel
incat sa devina alternative viabile la materialele de
constructii traditionale precum lemnul, zidaria sau
betonul [7, 8]. Aceste solutii alternative noi au
condus la elemente de constructii mai eficiente
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1. Introduction

Research and development programs
carried out in the recent decades relating to
composite materials have led to important results
concerning their use in new construction and
strengthening of the deteriorated framing
systems.[1]. The initial research works on a mineral
matrix capable of forming a composite material
reinforced with glass fibres begun in the 1960s with
the utilization of gypsum [2]; later on, the Ordinary
Portland Cement (OPC) has also been introduced
to another solution for cementitious mineral
matrices reinforced with glass fibres. [3-6].
Composite solutions based on glass fibre
reinforced mineral matrices have been conceived
so that they become viable alternatives to
traditional building materials such as wood,
masonry or concrete [7, 8]. These new alternative
solutions have led to more cost-effective construc-




140 G. Taranu, I.Lungu, N. Taranu, M. Budescu / Mechanical characteristics of glass fibre reinforced composites

economic  §i  cu rapoarte  Tmbunatatite
rigiditate/greutate, respectiv rezistenta/greutate si
cu caracteristici termice superioare. Cateva analize
numerice cu MEF au fost realizate pe panouri de
perete si pe o structura completa a unei case
prototip. Un model prototip a fost de asemenea
testat pe platforma seismica la o acceleratie
maxima de 0,4g (mai mare decat valoarea maxima
posibila pe teritoriul tarii noastre) ceea ce a condus
la 0 valoare maxima a tensiunilor din compresiune
de 3 [N/mm?] si din intindere de 5 [N/mm?]. Aceste
valori pot fi considerate ca valori minime necesare
privind caracteristicile de rezistenta. Producatorul
materialului care este de asemenea si detinatorul
patentului [9], garanteaza caracteristicile privind
durabilitatea acestui material, similare cu cele ale
OPC.

In cadrul lucradrii se prezintd rezultatele
experimentale ale unui program de cercetare
complex desfagurat la Facultatea de Constructii si
Instalatii a Universitatii Tehnice ,Gheorghe Asachi”
din lasi. Programul a fost initiat pentru atragerea in
piata materialelor de constructii a unor produse
reciclabile din reziduuri industriale [10] si pentru a
evidentia calitdtile unei matrice ecologice cu
caracteristici favorabile utilizérii Tn constructii.
Aceastd matrice este obtinutd combindnd OPC cu
sulfat de calciu in forma [ anihindrida 3 III".
Conform patentului produsului [9], gipsul ca
material de baza este disponibil in stare naturala
sau artificiala. In starea artificiald se gaseste in
special sub forma de fosfogips si gips desulfurat.
Fosofgipsul este un reziduu al fosfatului din
industria fertilizatorilor. Gipsul desulfurat este un
produs similar, folosit la desulfurarea gazelor, in
particular a gazelor de ardere din centralele
termoelectrice. Aspectul ecologic al materialului
deriva din reciclarea reziduurilor industriale. Acest
produs pe baza de sulfat de calciu in forma f
anhidrida III' s-a obtinut in urma unor procese
chimice la temperaturi de sub 750°C [9].

Principalul beneficiu studiat Tn timpul
programului de cercetare s-a dovedit a fi
lucrabilitatea acestui nou liant capabil de a fi turnat
in spatii cu dimensiuni mici. Acest produs s-a
folosit pentru a concepe, proiecta si executa
elemente speciale de tip sandvis alcatuite din
straturi exterioare rezistente si rigide, separate de
un strat intermediar termoizolator din polistiren.
Straturile exterioare au fost realizate din matricea
ecologica minerald armata cu plase din fibre din
sticla. Acest eco-material este complet reciclabil iar
prin introducerea in diferite amestecuri au rezultat
diverse produse cu utilizare in domeniul
constructiilor cum ar fi sape autonivelante, mortare,
adezivi sau aditivi. In urma unor cercetari efectuate
de alte echipe [11] rezultate experimentale obtinute
au reliefat posibilitatea utilizarii acestuia ca liant
sau ca Tinlocuitor partial al cimentului Portland
obisnuit. Domeniul constructiilor ofera o larga
varietate de aplicatii ale materialului (fig. 1).
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tion elements with improved stiffness/weight and
strength/weight ratios and enhanced thermal
characteristics. Some numerical simulations with
FEM have been performed on wall panels and also
on a complete structural model of a prototype
house. The prototype has also been tested on a
shake table with a maximum ground acceleration
equal to 0.4g (larger than any possible value within
our country) leading to a maximum required
compressive stress of 3 [N/mm2] and a maximum
tensile stress equal to 5 [N/mmz]. These values
can be considered as minimum strength
requirements. The supplier of the material who is
also the owner of the product patent [9]
guarantees that the durability characteristics of this
product are at least equal to those of OPC.

The paper presents experimental results of
a comprehensive research program performed at
the Faculty of Civil Engineering and Building
Services of the “Gheorghe Asachi” Technical
University of lasi. The program was initiated to
attract recyclable materials from industrial wastes
[10] in the building material market and to prove
the qualities of an ecological mineral matrix with
convenient characteristics in construction. This
matrix is obtained combining OPC with calcium
sulphate anhydrite form Il '. According to the
product patent [9] gypsum as a basic material is
available in natural and synthetic form. In synthetic
form is available mainly as phosphogypsum and
desulfogypsum. Phosphogypsum is a by-product
of the phosphate fertilizer industry. The
desulfogypsum is itself such a product for the
desulphurisation of gases, in particular flue gas of
power plants. The ecological features of the
studied material are ensured by the recycling of
industrial wastes. This product based on calcium
sulphate in the pB-anhydrite IlI' form has been
obtained as a result of chemical processes at
temperatures below 750°C [9].

The main benefit explored during the
research program proved to be the workability of
this new binder leading to a mineral matrix capable
of being moulded into small spaces. This product
has been utilized to conceive, design and
manufacture special types of sandwich elements
made of strong and stiff external layers separated
by an intermediate layer of thermally insulating
polystyrene. The external layers have been made
of the ecological mineral matrix reinforced with
fibreglass mesh. This eco-material is fully
recyclable and, by utilizing different mixes, various
compounds result to be introduced in the
construction production such as self-levelling
screeds, mortars, adhesives and additives. From
the research work conducted by other research
teams [11] the experimental results have revealed
the possibility of its use as a binder or as a partial
replacement of the OPC. The construction industry
offers a wide range of applications (Fig. 1).
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Fig. 1 — Aplicatii cu material compozit mineral/ Mineral composite materials applications.

In cadrul programului experimental s-a
urmarit realizarea unui amestec compus din
sulfatul de calciu in forma B anhidrida III’ si OPC,
amestecul avand rolul unui liant compatibil cu
nisipul si constituind o matrice minerald adecvata
armarii cu fibre din sticla rezistente la alcalii, pentru
elemente de constructii compozite.

2. Programul experimental

2.1. Materiale

Prin utilizarea matricei minerale si a
armaturilor din plase de fibra de sticla
bidirectionale s-au putut realiza cateva elemente
stratificate de inchidere si compartimentare. In
cadrul programului experimental s-au confectionat
si elemente tip grinda la care s-a urmarit
imbunatatirea comportérii la sarcini transversale.
Pentru realizarea matricei minerale s-au utilizat
nisip cuartos, spalat si fara impuritati, cu granulatia
de pana la 1mm, ciment Portland tip CEM II/B-V
32,5 R si sulfatul de calciu in forma  anhidrida III".
Caracteristicile de baza ale cimentului sunt cele
specificate de producator pe site-ul acestuia
conform SR ENV 197-1 [12].

Armatura sub forma de plase din fibre de
sticla E rezistenta la alcalii, utilizata la ranforsarea
probelor din programul experimental este de tipul
unei retele ortogonale de 3,5 x 3,8 mm [13].
Caracteristicile plaselor din fibra de sticla sunt
prezentate in tabelul 1.

2.2. Pregatirea amestecurilor si epruvetelor

In cadrul programului experimental s-au
confectionat epruvete prismatice cu dimensiunile
160x40x40mm pentru determinarea
caracteristicilor mecanice. Testarea s-a efectuat
pentru stabilirea rezistentei la intindere din

The experimental program aimed to
achieve an admixture of anhydrous calcium
sulphate in the B-anhydrite IlI' form with OPC; this
mixture acts as a binder compatible with sand and
that may form a mineral matrix capable of being
reinforced with alkali resistant glass fibres for
composite construction elements.

2. The experimental program

2.1. Materials

Closing and dividing layered elements
made of mineral matrix and bidirectional glass fibre
mesh reinforcement have been manufactured. In
addition, beam type elements with improved
behaviour under transverse loading have been
made as well. To achieve the mineral matrix, the
quartz sand washed and free of impurities with a
grain size up to 1 mm, Portland cement type CEM
I / BV 325 R and the calcium sulfate Il 'B
anhydride form have been utilized. The
characteristics of the Portland cement are
specified by the manufacturer according to SR
ENV 197-1 [12].

The reinforcement made of alkali resistant E
glass fibre mesh 3.5 x 3.8 mm orthogonally
arranged has been used to strengthen the
experimental samples [13]. The fibre glass mesh
characteristics are presented in Table 1.

2.2. Mixtures and specimens preparation

The prismatic specimens 160x40x40mm
have been prepared to be tested for the
experimental evaluation of mechanical
characteristics. Tensile strength from bending and
compressive strength have been analyzed. The
percentage of the mix components was set in
volumetric dry parts; several trials have been
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Tabelul 1

Caracteristicile plaselor din fibra de sticla E/ E fibre glass mesh characteristics

Caracteristici/ Characteristics

Unitate de
masura / Units

Plasa din fibre de sticla / Fibre glass mesh

Urzeala / warp Batatura / weft

Dimensiunea ochiurilor retelei / Slot mesh [mm] 3.5x3.8
Grosimea retelei / Slot thickness [mm] 0.52
Densitatea retelei / Mesh density [g/m?] 160
Rezistenta la intindere / Tensile strength [N/mm?] 2000
Modul de elasticitate la intindere / Tensile modulus [N/mm?] 72413

Tratamentul chimic al fibrei / Fibre chemical treatment

rezistent alcalin fara emolient cu
impiedicarea desfacerii firelor/ alkali resistant
without emolient obstructing yarn drifting

Tabelul 2

Compozitii de mortare armate cu plase din fibra de sticla si fractiunile volumetrice utilizate/ Mortars mixes reinforced with glass
fibre meshes and the corresponding fibre volume fractions

Eticheta amestec / Mixture label Nisip / Ciment sulfat de calciu B Raportul apa — Fractiune
Sand (%) Portland anhidrida III’ / - liant / Water — volumetrica de
Portland anhydrite I’ binder ratio fibre din sticla
cement (%) calcium sulphate Glass fibre
(%) volume fraction
(%)
NCK ?0/25/2_5 — matrice ) 50 25 25 0.40 0
nearmata / unreinforced matrix
NCK 2(%F 50(25/25 - matr_lce 50 25 5 0.40 2
armata / reinforced matrix
NCK 4§5F 59/25/25 matrlge 50 25 25 0.40 5
armata / reinforced matrix
NCK 1QGF 50/25/25 matr!ce 50 25 05 0.40 10
armata / reinforced matrix

incovoiere si a rezistentei la compresiune.
Componentii amestecurilor au fost stabiliti in parti
volumetrice n stare uscata. Proportile acestora au
fost stabilite Tn urma unor Tincercari pentru
realizarea unor amestecuri convenabile [14, 15]
tabelul 2. Turnarea, Iintarirea si Tincercarea
epruvetelor s-a efectuat conform SR EN 196-
1:2006 [16].

Epruvetele cilindrice pentru incercarea la
compresiune, cu diametrul d = 50 mm si Tnaltimea
h =100 mm (fig. 2a,c) s-au turnat din materialele
indicate in tabelul 2, in matrite din PVC, cate 5
probe din fiecare categorie. In matrite au fost
introduse plasele de armare cu 3, 6 si 12 randuri
(fig. 2b), cu firul de batatura dispus circumferential

100mm

a b

performed to establish the most convenient mixes
[14, 15], Table 2. The mix preparation and the
prismatic samples casting, curing and testing were
carried out according to SR EN 196-1:2006 [16].

The cylindrical specimens for compression
testing, with a diameter d = 50 mm and the height
h = 100 mm (Fig. 2a,c) have been cast from the
materials described in Table 2, in PVC moulds, ten
samples for each material type. The reinforcing
meshes with 3, 6 and 12 rows (Fig. 2b) have been
arranged with the weft circumferentially oriented
and the warp disposed longitudinally. The fibre
volume fractions are identical with those utilized for
the prismatic samples.

C

Fig. 2 — Alcatuirea probelor cilindrice / The cylindrical specimens: (a) - dimensiunile probei / the specimen dimensions;
(b) - introducerea plaselor de armare / the insertion of the reinforcing mesh; (c) — epruvetele turnate / the cast specimens.
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Fig. 3 — Probe tip fasie pentru incercarea la tractiune / The strip type specimens for the tensile testing: - (a) dimensiunile epruvetei / the
sample dimensions; - (b) epruvetele turnate si sistemul de armare / the cast samples and the reinforcing system.

iar firul de urzealda in directie longitudinala,
fractiunile volumetrice de fibra fiind cele utilizate si
la epruvetele prismatice.

Caracteristicile la intindere axiala au fost
determinate pe epruvete tip fasie nearmate si
armate cu dimensiunile de 400x30x10mm (fig.3a),
cate zece din fiecare tip. Probele s-au turnat in
matrite  paralelipipedice, cele armate fiind
prevazute cu 1, 2 si 4 straturi de plase de fibra din
sticla cu firul de urzeala in directie longitudinala
(fig.3b). Fractiunile volumetrice de fibra, in cazul
epruvetelor armate au fost de 2%, 5% si 10%.

2.3. Testarea epruvetelor
Epruvetele prismatice nearmate si armate au
fost testate la incovoiere sub actiunea unei forte
concentrate aplicata la mijlocul deschiderii (fig. 4a).
Testarea s-a efectuat la 28 de zile conform
prescriptilor SR EN 196-1:2006 [16].Viteza de
aplicare a sarcinii concentrate pentru solicitarea la
incovoiere a fost de 50 N/s pana in momentul ruperii,
produsa prin depasirea rezistentei la intindere din
incovoiere a materialului din epruveta, figura 4a.
Testarea la compresiune s-a desfasurat pe semi-
prisme aplicandu-se o rata de incarcare egala cu
2400 N/s, constanta pana la rupere (fig. 4b).

Ten strip specimens of 400x30x10 mm (Fig. 3a)
made of unreinforced matrix and of reinforced
matrix have been cast for testing under axial load
to determine the tensile characteristics. The
samples have been poured in parallelepipedic
moulds; the reinforced specimens have been
strengthened with 1, 2 and 4 layers of fibreglass
mesh having the wrap yarns arranged in the
longitudinal direction (Fig. 3b). The fibre volume
fractions achieved in case of reinforced samples
were 2%, 5% and 10%.

2.3. Testing of specimens

The prismatic specimens both unreinforced
and reinforced have been subjected to bending
under a three point loading scheme. (Fig. 4a). The
28-days tests have been performed according to
SR EN 196-1:2006 [16]. Loading rates equal to 50
N/s and 2400 N/s, for the bending tests and for the
compression tests respectively have been selected
until the rupture of samples occurred, Figure 4a, b.
The bending failure occurred when the concrete
tensile strength was reached and the half prisms
resulted from this test were utilized in the
compression test (Fig. 4b).

b

Fig. 4 - Incercarea probelor prismatice / Testing of prismatic samples: (a) - la incovoiere / in bending; (b) - la compresiune pe semi-
prisma / in compression on half-prism.

Probele cilindrice au fost Tincercate la
compresiune centrica, urmarindu-se stabilirea
rezistentei la compresiune si a modulului de
elasticitate la aceasta solicitare. Testarile s-au
efectuat cu o0 masind universala de tip
ZWICK/ROELL de 1000 kN, prevazuta cu

The cylindrical samples have been tested
under axial compression to determine the
compressive strength and the elastic modulus. A
Universal Testing Machine type ZWICK/ROELL
having a load capacity 1000 kN, with an automatic
control system operated by the dedicated software
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Fig. 5 - Incercarea la compresiune pe epruvete cilindrice / Compression test on cylindrical samples: (a) — epruveta cilindricd echipata cu
extensometru / the cylindrical specimen equipped with extensometer; (b) — cedarea la compresiune a epruvetei nearmate /
compressive failure of a unreinforced specimen; (c) - cedarea la compresiune a epruvetei armate / compressive failure of a

reinforced specimen.

Fig. 6 — Incercarea la tractiune a fasiilor din matrice minerala / Tensile testing of mineral matrix strips: (a)- montajul experimental /
experimental set-up; (b)- cedarea fagiei armate cu 10% fractiune volumetrica de fibra / failure of the 10% fibre volume fraction

reinforced strip.
sistem automat de control, prin softul dedicat,
Test/Expert versiunea 2.0. in timpul incercarii s-a
aplicat o vitezd de incarcare egala cu 0,255
N/mm?s. inregistrarea deformatiilor s-a realizat cu
traductorii  din dotarea masinii si cu un
extensometru montat ca in figura 5a; incarcarea
probelor a continuat pana la cedarea acestora (fig.
5b, c).

in cazul probelor tip fasie solicitate la
intindere axiala testarea s-a efectuat cu aceeasi
masgina universala, instrumentarea probelor cu
extensometrul realizdndu-se ca in figura 6a.
Masurarea deformatiilor realizate prin alungirea
probei s-a efectuat cu o precizie de 0,002% din
lungimea de calcul L, stabilita de 50 mm in zona
centrala (fig. 6a). Detalii privind modul de rupere al
epruvetelor armate tip fasie se prezinta in figura
6b.

2.4. Calculul caracteristicilor mecanice

Caracteristicile mecanice au fost
determinate cu relatiile prezentate in tabelul 3.

Test/Expert 2.0. A loading rate equal to 0.255
N/mm?s has been applied throughout the testing
process. The deformations were recorded with the
machine’s transducers and with an extensometer
mounted as shown in Figure 5a; the loading of the
test samples continued until their failure, (Fig.
5b,c).

Testing of the strip type specimens
subjected to axial tension has been carried out
using the same testing machine, and the
extensometer has been mounted as shown in
Figure 6a. A base length Ly equal to 50 mm has
been selected and marked on the central portion of
the sample, (Fig 6a), where the deformations have
been measured with a precision of 0.002%. Details
on the failure mode of the reinforced strip are
illustrated in Figure 6b.

2.4. Calculations

The mechanical characteristics were
determined using the equations presented in Table
3.
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Tabelul 3
Relatiile de calcul pentru determinarea caracteristicilor mecanice/ The mechanical characteristics evaluation formula
Rezistenta la intindere Rezistenta la
Caracteristica mecanica o compresiune Modul de elasticitate/ Elastic modulus
. N Tensile strength . 2
Mechanical characteristic N/mm?2 Compressive strength (N/mm°©)
(N/mm?) 2
(N/mm?)
Prisme 1,5-F,-1 F
Prismatic f,=—d fo=—
i < b ¢ 1600
specimens
Cilindrii -
Relatia de calcul Cylindrical £ = _h E = M
’ c c.eyl 2
Formula specimens 1962,5 nd (Lzo -L, )
Fasii/ Strip = F, E = (050 _Gzo) L (Fso _on)
. Jet = A~ t -
specimens " 300 (e50=8x) ab(Lsy—Ly)

unde:

- F¢ este forta la rupere aplicatda in mijlocul
prismei, in N, / este distanta dintre reazemele
grinzii prismatice, in mm, iar b reprezinta latura
sectiunii patrate a prismei, in mm.

- F, este forta maxima in momentul ruperii la
compresiune a probelor semi-prismatice, in N,
iar 1600 mm?® reprezinta aria sectiunii
transversale a epruvetei comprimate, avand
latura de 40mm (fig. 4b).

- F, este forta maxim& in momentul ruperii la
compresiune a probelor cilindrice, in N, iar
1962,5 mm® este aria_sectiunii transversale a
epruvetei, 300 mm® este aria sectiunii
transversale a fasiei solicitata la tractiune.

- Ly este lungimea de calcul (Lp = 50 mm), F5, Si
F2o reprezinta incarcarile axiale
corespunzatoare fractiunilor de 50%, respectiv
20% din forta maxima de compresiune F, a
epruvetei, iar Lsy si Ly sunt lungimile ce
corespund incarcarilor mentionate anterior.

- a este grosimea fasiei, iar b latimea acesteia,
in mm.

Valorile modulilor de elasticitate determinati
pe epruvetele cilindrice solicitate la compresiune
Ecey, In N/mm?, au fost calculate cu diferenila
dintre valorile de pe curbele tensiuni-deformallii
specifice stabilite la 50% [(1i 20% din incarcarea
axiala maxima. Valorile modulilor de elasticitate
determinati pe epruvetele tip fasie solicitate la
tractiune E; in N/mm?, au fost calculate in mod
similar [17], pentru marimile corespunzatoare
inregistrate la 50% si 20% din incarcarea axiala
maxima, pe curbele de tensiuni si deformatii
specifice:

3. Rezultate experimentale si discutii

Cu marimile rezultate din Tincercarile
experimentale pe epruvetele matricelor nearmate
si armate, utilizadnd relatiile din tabelul 3, au fost
determinate valorile rezistentelor mecanice la
solicitari uzuale precum si modulii de elasticitate
corespunzatori tipurilor de epruvete si naturii
incarcarilor. O sintezd a rezultatelor obtinute este
prezentata in tabelele 4 si 5.

Rezistentele mecanice la compresiune,
determinate experimental pe matrice nearmata

where:

i F; is the fracture load applied at the
midspan of the specimen, in N, [/ is the
span of the bent sample, in mm, while b is
the side of the prismatic square section, in
mm.

- F, is the maximum force at failure of the
semi-prismatic specimens, in N, while
1600 mm? is the contact surface between
the loading plate of the machine and the
40mm sample side (fig. 4b).

- F, is the maximum force at failure of the
cylindrical specimens, in N, while 1962.5
mm? is the cross-sectional area of the
sample, 300 mm? is the cross-sectional
area of the tensioned sample.

- Lo is the base length (L, = 50 mm), F5 and
F2o representing the axial loads at 50%,
and 20% respectively from the ultimate
compressive force F, on the sample, while
Lsp and Ly, are the corresponding lengths
associated with the above mentioned
loads.

- a is the strip thickness and b its width, in
mm.

The elastic modulus values determined on
the compressed cylindrical samples E.g,, in
N/mm? have been calculated from the
corresponding magnitude differences recorded on
the stress-strain curves at 50% and 20% from the
ultimate compressive load. The modulus values
established on the strip type samples loaded in
tension, E;, in N/mm?, have been also evaluated in
a similar manner [17], utilizing the appropriate
magnitude differences recorded on the stress-
strain curves at 50% and 20% from the ultimate
tensile load.

3. Experimental results and discussions

The mechanical strengths under current
loading schemes as well as the elastic moduli
corresponding to the tested sample types have
been determined utilizing the experimental
recordings and the formulas presented in Table 3.
A synthesis of the obtained results is given in
Tables 4 and 5.

The compressive strengths experimentally
determined on unreinforced matrix (Table 4),
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(tabelul 4), prezinta diferente mici intre valorile
individuale; coeficientul de variatie este 2,30% in
cazul probelor prismatice si 2,60% pentru cele
cilindrice. Valorile modulului de elasticitate la
compresiune, stabilit pe probe cilindrice, au de
asemenea o Imprastiere redusa, caracterizata
printr-o abatere standard egala cu 203 N/mm? siun
coeficient de variatie de 2,29%. Valoarea relativ
redusa a modulului de elasticitate la compresiune
se datoreaza alcatuirii matricei nearmate, care este
formata doar din particule fine, lipsind agregatul cu
diametrul mare, care reprezinta scheletul betonului
clasic. Armarea matricei minerale cu plase din fibre
din sticla contribuie nesemnificativ la cresterea
rezistentei la compresiune. Diferentele dintre
probele nearmate si respectiv cele armate (tabelele
4 si 5) cu 2%, 5% si 10% au rezultat in imbunatairi
ale acestei rezistente egale cu 4,35%, 6,57% si
11,89%.

G. Taranu, I.Lungu, N. Taranu, M. Budescu / Mechanical characteristics of glass fibre reinforced composites

with cement and recycled anhidrite matrix

reveal small differences between individual values;
the coefficient of variation is 2.30% for prismatic
samples and 2.60% for the cylindrical ones. The
compressive modulus values determined on
cylindrical samples, also have a reduced scattering
charactenzed by a standard deviation equal to 203
N/mm? and a coefficient of variation of 2.29%. The
relatively low value of the compressive elastic
modulus is explained by the structure of the
unreinforced matrix, consisting of fine particles
only and lacking large diameter aggregates,
existing in the classic concrete skeleton.

The reinforcing of the mineral matrix with
glass fibre meshes does not significantly contribute
to the increase of the compressive strength.
Differences between the unreinforced and
reinforced samples (Tables 4 and 5) with fibre
volume fractions of 2%, 5% and 10% resulted in

Tabelul 4

Rezultatele testelor experimentale pe amestecul NCK 50/25/25 —matrice nearmata
Experimental test results for the mix NCK 50/25/25 — unreinforced matrix

Prisme / Prismatic Cilindrii / Cylindric samples Fasii / Strip type samples
samples
fcta) fcb) ch) Ec,cil/ Ec,cyld) fctE) Etf)
Valoare medie /A\Z)erage value 798 31.29 25 79 8840 113 9259
[N/mm-]
Abatere standard / Standard 0.18 0.72 0.67 203 0.024 246
deviation [N/mm-]
Coeficientul de variatie /
Coefficient of variation [%)] 247 2.30 2.60 2.29 212 2.65

Tabelul 5

Rezultatele testelor experimentale pe amestecul NCK 50/25/25 — matrice armata / Experimental test results for the mix NCK

50/25/25 — reinforced matrix

Armare/ GFR - 2% Armare/ GFR - 5% Armare/ GFR - 10%
Cilindrii Fasii / Strips Cilindrii Fasii / Strips Cilindrii Fasii / Strips
Cyllnders Cylmders Cylinders
fc c cwl / fctE) Etf) fc c cil / fcle) Etf) fCC) Ec,cil / fcte) Etf)
Ec cyl Ec eyl & Ec‘cyld)
[N/mm?
[N/mm?] IN/mm?] | IN/mm? [N/mm?] | [IN/mm?] | [IN/mm?] | [Nfmm?] | [N/mm?] | [N/mm?] | [N/mm?]| [Nfmm?)]
Valoare medie /
Average value | 26.84 9007 4.87 39175 | 27.41 9250 5.73 42933 28.78 9836 6.24 |45595
[N/mm?]
Abatere standard/
Standard 1 g3 | 217 | 018 | 962 | 063 | 231 | 021 | 1167 | 092 | 275 | 0.22 [1241
deviation
[N/mm?]
Coeficientul de
variatie/ 197 | 240 369 | 245 | 229 | 249 | 366 2.71 3.01 | 279 | 352 |2.72
Coefficient of
variation [%]

a)

Rezistenta la intindere din incovoiere a probelor prismatice / Tensile strength from bending of the prismatic samples

o) Re2|stenta la compresiune pe semi-prisme / Compressive strength on half-prisms
o Re2|stenta la compresiune pe cilindrii / Compressive strength on cylindrical samples
9 Modulul de elasticitate la compresiune pe cilindrii / Compressive elastic modulus on cylindrical samples

e Rezistenta la tractiune pe fasii / Tensile strength on strips

" Modulul de elasticitate Ia tractiune pe fasii / Tensile elastic modulus on strips

Modulul de elasticitate la compresiune pe
epruvete cilindrice a inregistrat cresteri ca urmare
a ranforsarii cu plasele de armare. Cresterile
valorilor acestei caracteristici mecanice reprezinta
1,9%, 4,63% si respectiv 11,2%, pentru matricele
armate cu fractiuni volumetrice de fibra egale cu

improvements of this strength equal to 4.35%,
6.57% and 11.89%.

The compressive modulus established on
cylindrical samples has risen as a result of
reinforcing with glass fibre meshes. The magnitude
increases of this modulus are 1.9%, 4.63% and
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2%, 5% si 10%.

Raspunsul structural la compresiune a
probelor cilindrice este exemplificat Tn figura 7, prin
curbele  medii tensiuni-deformatii  specifice,
calculate pentru seturi de 10 epruvete. Se observa
ca alura diagramelor caracteristice si valorile limita
ale deformatiilor specifice liniare sunt similare cu
cele de la betonul simplu cu agregat marunt.

In ceea ce priveste comportarea probelor
solicitate la compresiune axiala s-a constatat ca
epruvetele nearmate au cedat brusc, prin
despicare (fig. 5b) in timp ce ranforsarea cu plasa
induce o cedare lina si continua (fig. 5¢).

Rezistentele la intindere din incovoiere a
probelor prismatice nearmate (tabelul 4) sunt
relativ omogene, avand un coeficient de variatie
egal cu 247%. In cazul probelor tip fasie,
nearmate, rezultatele indica o imprastiere de
asemenea redusa, caracterizata printr-un coefi-
cient de variatie egal cu 2,12%. Prin ranforsarea
fagsiilor, rezistentele cresc in raport cu matricele
nearmate, dupa cum urmeaza: la fractiunea
volumetrica de fibra egala cu 2%, cresterea
rezistentei la tractiune a fost de 331%; la 5%
fractiune volumetricd de fibra, rezistenta Ila
tractiune a sporit cu 407%, iar la fractiunea
volumetricda maxima de armare, egalda cu 10%,
cregterea rezistentei a fost de 806%. Coeficientii
de variatie ai rezistentelor la tractiune pentru
probele armate au fost de 3,69% (pentru 2%
armare), 3,66% (pentru 5% armare), respectiv
3,41% (pentru 10%), indicand o omogenitate
remarcabila a valorilor.
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Fig. 7 — Curbe caracteristice cu valori medii tensiuni-deformatii
specifice la compresiune pe probe cilindrice / The
average stress-strain diagrams in compression on
cylindrical samples.

Din tabelul 5 se poate constata o crestere
substantiald a valorii modulului de elasticitate la
tractiune (323%), pe probele tip fasie armate cu
2% fractiune volumetricd de fibra, iar pentru

11.2%, for matrices reinforced with 2%, 5% and
10% fibre volume fractions.

The structural response of cylindrical
samples subjected to compression is illustrated in
Figure 7, by the average stress-strain curves,
plotted for sets of 10 samples. It can be noticed
that the shape of the characteristic diagrams and
the limit strain values are similar to those of plain
concrete with small aggregates.

The cylindrical unreinforced specimen
loaded in axial compression had suddenly failed by
splitting of samples (Fig. 5b) while the mesh
reinforcing had induced a smooth and continuous
failure (Fig. 5c).

The tensile strengths determined by the
three point loading test of the unreinforced
prismatic samples (Table 4) are relatively
homogeneous, with a coefficient of variation equal
to 2.47%. When unreinforced strip type samples
are loaded in tension, the experimental results also
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Fig. 8 — Curbe caracteristice cu valori medii tensiuni-deformatii
specifice la tractiune pe epruvete tip fasie / The average
stress-strain diagrams in tension on strip specimens.

indicate a small scattering, characterized by a
coefficient of variation equal to 2.12%. By
reinforcing the strips, significantly increased tensile
strengths have been obtained: a 331%increase
has been determined for samples with 2% fibre
volume fraction; for 5% fibre volume fraction, the
tensile strength increased with 407% and the
maximum volume fraction of reinforcement, equal
to 10%, lead to an increase of 806%. The
coefficients of variation of tensile strengths for
reinforced samples were 3.69% (for 2%
reinforcement), 3.66% (for 5% reinforcement) or
3.41% (for 10%), indicating a remarkable
homogeneity of the strength values.

It can be noticed from Table 5, that a
substantial increase of the tensile modulus value,
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celelalte procente de armare cresterile relative sunt
mai reduse, respectiv de 363% pentru fractiunea
volumetricd de 5% si  392% pentru fractiunea
volumetrica de fibra egald cu 10%, pastrandu-se
omogenitatea rezultatelor experimentale.

Raspunsul structural al probelor tip fasie,
nearmate si armate, solicitate la tractiune, este
ilustrat prin curbele caracteristice tensiuni —
deformatii specifice, din figura 8. Cedarea s-a
produs prin aparitia unor fisuri transversale la
intervale cvasi — uniforme, de aproximativ 20mm in
vecinatatea falcilor de prindere ale masinii de
incercat; intr-o faza ulterioara de solicitare, fibrele
de sticla din zona centralda au preluat integral
efortul axial de intindere. in final cedarea probei s-
a produs prin ruperea succesiva a fibrelor de
armatura si smulgerea acestora din matrice in
directia efortului axial. In figura 6b este prezentat
modul de cedare al fasiei armate cu 10% fractiune
volumetrica de fibra.

4. Concluzii

In cadrul unor programe de cercetare-
dezvoltare de la Facultatea de Constructii si
Instalatii din lagi s-a studiat posibilitatea utilizarii in
constructii a unei matrice minerale ecologice
realizatd prin Tnlocuirea partiald a cimentului
Portland cu un liant obtinut din deseuri industriale.

Directiile de folosire preconizate se refera la
dezvoltarea unor module tip din matrice minerala
ranforsata cu plase din fibre de sticla si la utilizarea
acestor materiale la solutile de reabilitare
structurald a elementelor din materiale traditionale.

Utilizarea eficienta a acestor compozite cu
matrice minerala este conditionatd de cunoasterea
caracteristicilor de rezistenta si de rigiditate
necesare proiectarii; de aceea a fost conceput si
realizat un program cuprinzator de Tncercari
experimentale.

Determinarile experimentale s-au efectuat
pe probe din matrice nearmata si pe epruvete
armate cu fractiuni volumetrice de fibra cuprinse
intre 2% si 10%.

Incercarile au fost concepute si realizate pe
probe pastrate in conditii de laborator timp de 28
de zile in vederea determinarii caracteristicilor de
rezistentda si de rigiditate specifice destinatiei
anticipate a materialului.

Determinarile s-au efectuat pe epruvete
prismatice Tn vederea stabilirii rezistentei la
intindere din incovoiere, cat si a rezistentelor la
compresiune pe semi-prisme; caracteristicile de
rezistenta si rigiditate la compresiune s-au stabilit
pe probe cilindrice, iar caracteristicile de rezistenta
si rigiditate la intindere axiala s-au studiat pe
epruvete paralelipipedice de tip fasie.

Matricea ecologica si compozitul mineral au
0 lucrabilitate buna asigurdnd formarea fara
dificultate a probelor experimentale si a
elementelor prototip.

with cement and recycled anhidrite matrix

namely 323%, has been obtained on the strip type
specimens reinforced with 2% fibre volume
fraction; for the other fibre reinforcing ratios the
relative increase were 363% for the 5% fibre
volume fraction, and 392% for 10% reinforcing
ratio, maintaining the homogeneity of the
experimental results.

The structural response of the unreinforced and
reinforced strip type samples loaded in tension is
illustrated by the stress-strain characteristic
diagrams, Figure 8. Failure occurred initially by the
development of quasi - uniform transverse cracks
spaced at about 20mm near the clamping grips of
the testing machine; later on as loading
progressed, the glass fibres in the gauge length
took over the total axial load. Eventually, the
sample failure occurred by successively fracturing
the reinforcing fibres along the axial force direction
and a visible pull-out. Figure 6b presents the
failure mode of the 10% fibre volume fraction
reinforced strip.

4. Conclusions

The possibility of usage of a green mineral
matrix achieved by partial replacement of Portland
cement with a binder from industrial waste in
construction have been extensively studied in
some research and development programs carried
out at the Faculty of Civil Engineering of lasi.

The intended use directions relate to the
development of modular type units made of
mineral matrix reinforced with fibreglass meshes
and the utilization of these materials to structural
rehabilitation of the load bearing elements from
traditional building materials.

However the efficient use of these mineral
matrix composites depends on a thorough
knowledge of the strength and stiffness
characteristics required for the design process;
therefore a comprehensive experimental program
has been designed and performed.

The experimental determinations have
been carried out on samples made of unreinforced
matrix and of reinforced matrix with fibre volume
fractions between 2% and 10%.

The tests have been conceived and
performed on samples kept in laboratory for 28
days to determine the particular strength and
stiffness characteristics required by the destination
of the material.

The experimental values have been
recorded on prismatic specimens to determine the
tensile strength from bending under the three point
loading test and the compressive strength on the
semi-prisms; the compressive strength and
stiffness characteristics have been established on
cylindrical samples while the tensile strength and
stiffness properties under axial loading have been
studied on strip type rectangular specimens.

The ecological matrix and the
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Rezultatele astfel obtinute reliefeaza
omogenitatea materialelor studiate reflectata prin
valorile reduse ale abaterilor standard si ale
coeficientilor de variatie.

Influenta armarii cu plase din fibre de sticla
este favorabila pentru rezistentele la tractiune
obtinute atat pe prisme cat si pe epruvetele tip
fasie; aceastad influenta este semnificativa si in
cazul modulilor de elasticitate a fasiilor intinse.
Fibrele pot fi orientate astfel incat directiile
acestora sa coincida cu cele ale tensiunilor
principale. Experimentele realizate pe elemente
portante si pe modelul structural, au confirmat
eficienta acestor solutii.

Armarea nu modifica esential caracteristicile
de rezistentd si rigiditate la compresiune dar
imbunatateste raspunsul structural si caracterul
cedarii.

Multumiri
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