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CARACTERISTICILE BARELOR DIN POLIMERI
ARMATI CU FIBRE DE STICLA SOLICITATE LA TRACTIUNE
TENSILE CHARACTERISTICS OF GLASS FIBRE
REINFORCED POLYMERIC BARS
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Compozitele polimerice armate cu fibre din sticla
(CPAFS) sunt utilizate la fabricarea barelor pentru armarea
elementelor din beton sau a structurilor hibride.
Caracterizarea comportarii la tractiune a barelor din CPAFS
este obligatorie pentru proiectanti inaintea utilizarii acestora
la armarea elementelor portante. in acest sens, s-a realizat
un program experimental privind comportarea la tractiune a
barelor compozite din CPAFS cu matrice vinil-esterica, iar
rezultatele obtinute sunt prezentate in aceasta lucrare.
Incercérile experimentale au fost completate de modelari
numerice efectuate in scopul determindrii campurilor de
tensiuni in zonele extremitatilor barelor si in zona mediana
de testare.

Au fost testate la intindere trei seturi a cdte 10 bare
din CPAFS avand diametrele de 8, 12 si 16 mm in vederea
determinarii rezistentei ultime la intindere, modulului de
elasticitate longitudinal si a deformatiei specifice ultime la
intindere.

Rezultatele experimentale se inscriu in limitele
valorilor inregistrate la teste silimilare de catre alte echipe
de cercetare. In urma incercdrilor experimentale si a
modelarii numerice s-a constatat ca aceste metode pot
asigura caracterizarea adecvata a barelor compozite
solicitate la tractiune oferind proprietatile mecanice
principale necesare in procesul de proiectare.

Glass fibre reinforced polymer (GFRP) composit
are currently being used as reinforcing bars in concrete and
hybrid structures. An appropriate characterization of GFRP
bars for concrete reinforcement is required by the
structural designers prior to their use in structural
applications. An extensive experimental program has been
carried-out and the test results obtained from tensile tests
on samples made of glass fibres and vinyl ester resins are
presented and analysed in the paper.

The experimental tests have been accompanied by a
numerical modelling performed to characterize the stress
field in the bar ends and along the test portion of the
specimens.

Three sets of 10 bars with diameters 8, 12 and 16
mm have been tested in tension, determining the ultimate
tensile strength, the elastic longitudinal modulus and the
ultimate tensile strain.

The experimental results are in line with similar work
carried out by other research teams. It has been found out
that the experimental procedure and the accompanying
numerical modelling provide an adequate characterization
of the GFRP bars giving the main properties needed for
design.
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1. Introducere

Barele din compozite polimerice armate cu
fibre de sticla au inceput sa fie produse la scara
industriala cu douazeci de ani in urma si au fost
utilizate ca armaturi pentru elemente portante si
structuri din beton armat datoritd rezistentei la
coroziune, raportului favorabil rezistenta/greutate si
a neutralitatii elecromagnetice [1]. Aceste bare
compozite sunt folosite in mod frecvent ca armaturi
interioare pentru grinzi si placi din beton [2, 3],
precum si ca produse de armare pentru lucrari de
reabiliatare si consolidare a peretilor din zidarie de
caramida Tnglobate in slituri superficiale [4]. Barele
din CPAFS pot fi folosite si ca armaturi longitudinale
pentru stalpii cu sectiune inelara [5], circulara sau
rectangulara din beton armat [6], tuneluri [7-8] si
grinzi din lemn [9].

* Autor corespondent/Corresponding author,
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1. Introduction

Glass fibre reinforced polymer bars have
been industrially produced over the last twenty
years and utilised as reinforcement for concrete
load bearing elements and concrete structures due
to their corrosion resistance, high strength to
weight ratio and electromagnetic neutrality [1].
These composite bars are frequently used as
internal reinforcing bars for concrete beams and
plates [2, 3] and as reinforcing products to
structurally rehabilitate and strengthen masonry
walls using near surface mounting (NSM) solution
[4]. They can be also utilised as longitudinal
reinforcement for tubular, concrete columns [5],
circular or rectangular concrete columns [6],
tunnelling projects [7-8] and timber beams [9].

When loaded in tension, GFRP bars do not
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Barele din CPAFS solicitate la intindere nu se
plasticizeaza inainte de rupere [10]. Comportarea la
intindere a acestor bare este caracterizata printr-o
relatie cvasi-liniar elastica intre tensiuni si deformatii
specifice pana la cedare. Rezistenta la intindere si
modulul de elasticitate al barelor din CPAFS depind
de o serie de factori care includ: tipul fazelor
constituente (fibre si matrice), fractiunea volumetrica
de fibre (avand in vedere faptul ca fibrele participa in
principal in preluarea eforturilor) precum si tehnologia
de fabricatie utilizata.

Determinarea rezistentei la intindere a
barelor din CPAFS nu poate fi realizata in
conformitate cu prevederile normelor ASTM [11],
redactate pentru epruvete plate subtiri, intrucat
comportarea epruvetelor este complexa datorita
concentrarilor de tensiuni in zonele de ancorare.
De aceea, pentru a evita cedarea prematura a
capetelor probelor si pentru a dirija ruperea in zona
mediana este necesara utilizarea unor dispozitive
speciale la fixarea probelor solicitate la tractiune. in
cadrul normelor AIC [10] s-a propus o metoda de
testare speciala, cu tratarea adecvata a capetelor
epruvetei care se inscrie in linia metodologiei de
testare in cazul altor elemente de armare si care
asigura rezultate experimentale compatibile cu alte
reglementari referitoare la calculul elementelor din
beton armat. La prelucrarea statistica a rezultatelor
experimentale se admite o distributie normala care
sa reprezinte caracteristicile mecanice determinate
pe un set reprezentativ de epruvete [12, 13].
Programul experimental s-a desfasurat in conditii
normale de temperatura din laborator, desi astfel
de teste pot fi efectuate si in conditii severe de
temperaturi scazute sau ridicate [14]. Acest
program experimental face parte din obiectivele si
activitatile incluse in proiectul de cercetare cu tema
Structuri hibride realizate din materiale compozite
si traditionale, Program PN ll-Idei-Cod 369, 2008-
2011 [15].

2. Programul experimental

2.1 Materiale

Epruvetele au fost decupate din bare cilindrice
produse de catre Schock Bauteile GmbH din Baden-
Baden, Germania [16]. Barele CPAFS au fost
produse prin pultrudere, Tn matrite preincalzite unde
procesul de impregnare si saturare a fibrelor cu
matrice s-a desfagurat in conditi de presiune atent
controlate, obtindndu-se  valori ale fractiunii
volumetrice de fibra de peste 70%.

La fabricarea barelor au fost folosite fibre de
sticla rezistente la alcalii, cu rezistenta la intindere
R#=3600 MPa si modulul de elasticitate E=80,5
GPa, ca material de armare [17]; matricea utilizata
este o rasina vinil-esterica de uz general, cu
rezistenta la intindere R+=85 MPa si modul de
elasticitate E,=3.5 GPa [18].

2.2 Epruvete
Pentru realizarea programului experimental

polymeric bars

exhibit plastic behaviour before rupture [10]. The
tensile behaviour of these bars is characterised by
a quasilinearly elastic stress-strain relationship
until failure. The tensile strength and elastic
modulus of GFRP bars are dependent on several
factors including: the nature of the composite
constituents (fibres and matrices), the fibre volume
fraction (since the fibres are the main load-caring
constituents) and the manufacturing process.

Determination of GFRP bar strength loaded
in tension by testing can not be performed by
ASTM norms [11] written for thin plate-like
samples, since the sample behaviour is
complicated due to stress concentrations in the
anchorage regions. Therefore, a suitable testing
grip should be utilized to avoid premature failure at
the specimen ends and enable failure to occur in
the middle of the test specimens. A special ACI
test method has been developed [10] to be inline
with the test methodology for other types of
reinforcing bars and to provide calculated test
results that are compatible with other design
norms for reinforced concrete. Usually a normal
distribution can be assumed to represent the
mechanical characteristics of the population of
specimens [12, 13]. The experimental program has
been carried out at normal laboratory temperature,
although the tensile tests can be performed under
low or high temperature [14]. The testing program
is part of the objectives and activities included in
the research project on Hybrid structures made of
polymeric composites and traditional building
materials, Program PN ll-Idei-Cod 369, 2008-2011
[15].

2. Experimental program

2.1 Materials

The test specimens have been cut from
cylindrical bars produced by Schock Bauteile
GmbH from Baden-Baden, Germany [16]. GFRP
bars have been manufactured by pultrusion in
heated dies where impregnation and saturation of
glass fibres by resin has been performed under
pressure and tightly controlled conditions enabling
fibre volume fractions over 70% to be achieved.

Glass fibres with a tensile strength Rx=3600
MPa and an elastic modulus E;=80.5 GPa have
been utilised as reinforcing material [17] of the
composite bars. General purpose vinyl esters with
a tensile strength R, =85 MPa and an elastic
modulus E,,=3.5 GPa have been used as matrix
material [18].

2.2 Specimens

Three sets of 10 cylindrical test samples
with diameters 8, 12 and 16mm have been
prepared. Tubular steel coupons have been
attached at the ends of the test samples to provide
an appropriate load transfer from the testing
machine to the test specimen. The length of the
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s-au confectionat trei seturi a cate 10 epruvete
cilindrice cu diametrele 8, 12 si 16mm. In zonele de
capat au fost atasate cupoane din profil cilindric
tubular din otel, pentru a asigura transferul
incarcarii de la masina de incercat la epruveta
testatd. Lungimile epruvetelor cuprind sectorul de
testare si lungimile capetelor inglobate Tin
cupoanele tubulare, depinzdnd de marimea
diametrului barei de armare. Ambele lungimi sunt
specificate in ACI 440.3R-04 [10], impreuna cu
diametrele ancorelor. Lungimea de calcul (Lo) a
fost stabilita astfel Tncat sa satisfaca cerintele
impuse de norma ACI| 440.3R-04 prezentata
anterior. Tn tabelul 1 sunt prezentate caracteristicile
geometrice ale epruvetelor testate, in timp ce in
figura 1 este ilustratd epruveta din CPAFS avand
specificate caracteristicile geometrice si cele doua
ancore metalice.

solicitate la tractiune

specimen includes the testing length, depending
on the diameter, and the anchor or steel cylinder
length. Both these lengths are specified by ACI
440.3R-04 [10] as well as the diameter of the
anchors. The gage length (Ly) was selected so that
the requirements of the above norm were fulfilled.
Table 1 presents the geometrical details of the test
specimens, while Figure 1 illustrates the sample
features.

The anchor length, L,, has been determined
so that the tensile capacity of the test sample
should not exceed the anchorage force provided
by the shear resistance of the adhesive filling the
space between the GFRP sample and the anchor
wall. The utilised adhesive is based on epoxy
components that are currently used in externally
bonded composite strips to concrete elements.

Tabelul 1

Detalii geometrice ale epruvetelor din CPAFS (compozitelor polimerice armate cu fibre de sticla) testate
Geometrical details of the GFRP test specimens

Diametrul probei Diametrul exterior al Grosimea peretelui Lungimea ancorei Lungimea bazei de
Specimen diameter ancorei tubulare ancorei tubulare tubulare / Length of the masurare, / Gage length,
Outside diameter of the Wall thickness of the tubular anchor, L, Lo
tubular anchor tubular anchor
(mm) (mm) (mm) (mm) (mm)
8 35 4.8 300 80
12 42 4.8 380 96
16 48 4.8 460 128
Caps with central holes GFRP bar Steel tube
/ d xl’
M Anchor filling
resin
| L. | L N L,

1 |

Fig. 1 - Caracteristicile epruvetelor din compozite polimerice armate cu fibre de sticla (CPAFS)
Characteristics of the GFRP test specimen and the anchors.

Lungimea de ancorare, L, a fost determinata
astfel incat forta de tractiune capabila a barei sa nu
depaseasca forta capabila de ancorare, asigurata
prin rezistenta la forfecare a adezivului de umplere
a spatiului dintre bara din CPAFS si peretele
ancorei tubulare. Adezivul folosit are la baza
componenti epoxidici care sunt utilizati frecvent la
placarea exterioara a elementelor din beton cu fasii
compozite. Dupa amestecul adezivului, acesta a
fost introdus in spatiul dintre proba si peretele
ancorei tubulare, capetele barelor din CPAFS au
fost fixate in ancore; excesul de adeziv fiind
indepartat dupa care centrarea barelor s-a realizat
cu ajutorul unor capace de ghidare.

2.3 Pregatirea incercarii experimentale
Epruvetele din CPAFS au fost testate la
intindere axiala folosind o masina universala de
incercat Zwick avand capacitatea de incarcare
egald cu 1000 kN. infigura 2 este ilustrata pre-

After preparation of the adhesive, the
sample ends have been inserted into the anchor
and fitted inside it until firm fixing was achieved in
the round slots in the cap.

2.3 Experimental setup

The GFRP specimens have been tested
under pure tensile axial load using a universal
testing machine (UTM) Zwick having a load
capacity 1000kN. Figure 2 shows the experimental
setup for the GFRP tensile specimens.

The composite specimens have been
instrumented with an extensometer capable of
recording the specimen elongation during testing
with an accuracy of 0.002% of the gauge length. A
data acquisition system attached to the testing
machine capable of continuously reading load,
strain and displacement at rates of 100 readings
per second has also been utilized.
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Fig.2 - Pregatirea incercarii experimentale/ The experimental setup: (a) - masina universala de incercat / universal testing
machine; (b) - epruveta din CPAFS cu extensometrul montat / GFRP bar specimen with mounted extensometer.

gatirea incercarii experimentale pentru solicitarea
de tractiune a epruvetelor din CPAFS.

Epruvetele compozite au fost echipate cu un
extensometru capabil sa finregistreze alungirea
probei in timpul testarii cu o acuratete de 0,002%
din lungimea de calcul, Ly. Sistemul de achizitie
cuplat la masina de incercat inregistreaza continuu
forta aplicata, deformatia specifica si deplasarea la
o rata de 100 de citiri pe secunda.

2.4 Metoda de testare

Inaintea efectuarii incercarii la solicitarea de
intindere s-au avut in vedere specificatiile din ASTM
D618 [19] referitoare la temperatura interioara
(23°C) si umiditatea relativé din laborator (55%).

Epruvetele au fost montate in masina de
incercat astfel incat axa longitudinala a probelor sa
coincida cu linia de Tmbinare a ancorajelor.
Sistemul de achizitie a datelor a fost pornit cu 1
minut Tnainte de inceperea incercarii. Viteza de
incarcare a fost selectata la 300MPa/minut, astfel
incat durata incercarii sa se incadreze in intervalul
de 1 pana la 10 minute [10].

Viteza de incarcare a fost mentinutd pana la
ruperea completa a probei. Masurarea deformatiilor
specifice a fost efectuata pana la atingerea
nivelului de 70% din forta capabild la intindere a
barei. Dupa acest nivel de solicitare, bratele
extensometrului au fost indepartate pentru a
preveni deteriorarea acestora.

2.5 Calculul caracteristicilor mecanice

Cu ajutorul citirilor  efectuate de
extensometru au fost generate  curbele
caracteristice tensiuni si deformatii specifice.

Rezistenta la intindere a barei din CPAFS a
fost determinaté cu ajutorul relatiei:

E,
R, = ? (1)
unde: Ry este rezistenta la intindere a barei
compozite, in MPa, F, este forta de Tintindere

maxima, in N, iar A este aria sectiunii transversale

2.4 Test method

Prior to tensile test the conditioning
according to ASTM D618 [19] has been carried out
by storing the test specimens at standard
laboratory conditions (23°C indoor temperature
and 55 % relative humidity).

The specimens have been mounted in the
testing machine, such that their longitudinal axes
coincided with the line joining the two anchorages
fitted to the testing machine. The data acquisition
system was started one minute before applying the
load on the sample. The rate of loading was
selected at 300 MPa/minute so that the specimen
would fail in 1 to 10 minutes [10].

The load has been increased until the
tensile fracture. Strain measurements have been
recorded until the load reached about 70% of the
tensile capacity. After this strain the extensometer
arms have been detached to be protected from
damage.

2.5 Calculations

The stress-strain  curves have been
generated from the stress and strain
measurements recorded from the extensometer
readings.

The tensile strength has been calculated
using equation:

E,

R, ="t (1)
where R is the longitudinal composite tensile
strength, in MPa, F, is the ultimate tensile load in
N, a2nd A is the cross-sectional area of specimen in
mm-~.

The tensile modulus of elasticity, E;, in MPa,
has been calculated from the difference between
the stress-strain curve values at 50% and 20% of
the ultimate tensile load according to Equation (2):

E, = G50 "% (2)

€50 — &
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a barei din CPAFS, in mm?®.

Modulul de elasticitate la intindere, E;, in
MPa, a fost calculat din diferenta valorilor
inregistrate la 50% si 20% pe curbele de tensiuni si
deformatii specifice, conform Ecuatiei (2):

E, = Os0 =% (2)

€50 ~ &0

unde: o590 este tensiunea corespunzatoare
procentului de 50% din forta maxima de rupere la
intindere a barei din CPAFS, in MPa si &5 este
deformatia specificad corespunzatoare procentului
de 50% din aceeasi incacare, in %, oy este
tensiunea corespunzatoare procentului de 20% din
forta maxima de rupere la intindere a barei din
CPAFS, in MPa si g este deformatia specifica
corespunzatoare  procentului de 20% din
deformatia specifica la aceeasi incarcare, iIn %.
Valoarea modulului de elasticitate longitudinal
calculata cu relatia (2), este apropiata valorilor
teoretice stabilite prin relatiile din mecanica mediilor
compozite armate cu fibre [20 - 22].

Valoarea ultima a deformatiei specifice, ¢, a
fost finregistratda de catre traductorul masinii
universale de Tncercat si calculatéd din rezistenta
ultimad la Tintindere si modulul de elasticitate
longitudinal, conform Ecuatiei (3):

£, = )

unde: o, este rezistenta la intindere a barei din
CPAFS, in MPa si ¢, este deformatia specifica
ultima, in %.

3. Rezultate experimentale

In urma testdrii celor 30 de probe au fost
determinate experimental proprietétile mecanice la
intindere. O sinteza a rezultatelor obtinute in
programul de testare este prezentata in tabelul 2.

solicitate la tractiune

where o5 is the stress at 50% of the ultimate
tensile capacity in MPa, e, is the corresponding
strain at the same load, in %, oy is the stress at
20% of the ultimate tensile capacity in MPa and
£00. is the strain at the same load, in %. The value
of the longitudinal elastic modulus determined with
formula (2) is close to the theoretical values
established using the formulas from mechanics of
fibrous composites [20 - 22].

The ultimate strain, g, was recorded by the
transducer of the universal machine and also
calculated from the ultimate tensile strength and
modulus of elasticity according to Equation (3)

&g, =—" 3)

where: o, is the ultimate tensile strength, in MPa
and E; is the tensile modulus of elasticity, in MPa.

3. Experimental results

Based on the experimental tests on the 30
GFRP specimens the mechanical properties of the
composite bars loaded in tension have been
evaluated. A synthesis of the experimental results
is presented in Table 2.

The experimentally determined tensile
properties given in Table 2 show that all the tests
have a small scatter; the maximum coefficient of
variation, (4.65%), has been determined for the
elastic modulus of specimens with a 16 mm
diameter.

The uniformity of the mechanical
characteristics, underlined by small values of the
coefficients of variation proves the quality of the
reinforcing bars and the suitability of pultrusion as
a manufacturing procedure for such composite
products.

Tabelul 2
Rezultate la intindere obtinute pe epruvetele din CPAFS / Tensile test results on GFRP samples
GFRP 98 GFRP 912 GFRP 916
o [MPa] E [MPa] €[%] o[MPa] E[MPa] €[%] o [MPa] E [MPa] € [%]
Valoare medie / Average value 1280.77 58631.26 | 2.19 | 1269.05 | 54599.71 | 2.32 1267.19 53659.61 | 2.37
Deviatie standard 27.94 1895.61 0.07 | 29.28 1192.39 0.04 34.15 2497.75 | 0.10
Standard deviation
Coeficientul de variatie 2.18 3.23 3.20 | 2.31 2.18 1.91 2.70 4.65 4.35
Coefficient of variation [%]
Proprietatile la intindere  determinate The composite bars behave in a quasi-linear

experimental incluse in tabelul 2 prezinta diferente
mici; coeficientul de variatie maxim egal cu (4,65%)
a fost determinat pentru modulul de elasticitate al
probei din CPFAS cu diametrul de 16mm.
Uniformitatea  caracteristicilor  mecanice
subliniatd prin valorile mici ale coeficientilor de
variatie confirmad calitatea barelor de armare din
CPAFS si utilitatea pultruderii ca proces de
fabricare a unor astfel de produse compozite.
Barele din CPAFS au o comportare

manner up to failure, Figure 3. No yielding has
been observed during the test. Average tensile
strength values from 1280 MPa (for a 8 mm
diameter) to 1267 MPa (for a 16 mm diameter)
have been obtained. These high values of tensile
strength recommend the use of GFRP bars as
tensile reinforcement for concrete elements.

The modulus of elasticity (from 53659 MPa
to 58631MPa) is about 3.8 times lower than that of
steel, therefore the composite reinforcing bars are
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cvasiliniara pana la rupere (fig. 3); pe curbe
caracteristice nu s-au observat tendinte de curgere.
Valorile medii ale rezistentelor la intindere de la
1280 MPa (pentru 8 mm in diametru) la 1267 MPa
(pentru 16mm 1n diametru) indicd o grupare
favorabila a rezultatelor. Valorile ridicate ale
rezistentei la tractiune recomanda utilizarea barelor
din CPAFS ca armaturi intinse pentru elementele
din beton.

Modulul de elasticitate (de la 53659 MPa
pana la 58631 MPa) este de circa 3,8 ori mai mic
decadt modulul de elasticitate al otelului, prin
urmare, barele compozite pentru armare nu sunt
potrivite pentru criterii severe de rigiditate. Din
figura 3, se observa ca deformatia specifica ultima
la intindere este redusa, caracteristica ce impune o
abordare diferita a proiectarii elementelor din beton
folosind bare din CPAFS pentru armare.

Tensile stress

[MPa] 1500 1

]

1250 4
1000 4

750 1 i
= GFRP 08

500 7 - GFRP (12

- GFRP @16
250 7

0 - . r v -,
0,00 1,00 2,00 3,00 4,00 5,00

Tensile strain [3%]

Fig.3 - Diagrama tensiuni deformatii specifice la intindere pentru
epruvetele din CPAFS / Tensile stress-strain diagrams for
GFRP test specimens.

Cedarea este casanta si apare in lungimea
de testare a probei cand se atinge rezistenta la
intindere a materialului compozit. In zona de
rupere, fibrele de sticla cedeaza prin expandarea
laterala a fibrelor (fig. 4).

4. Modelarea numerica

Proprietatile mecanice ale barelor din
CPAFS utilizate Tn modelarea si analiza cu
elemente finite au fost determinate folosind
principiile  micromecanicii. Pentru evaluarea
preliminard a caracteristicilor mecanice in directie
longitudinala si transversala s-au folosit relatiile
bazate pe regula amestecurilor si regula inversa a
amestecurilor [20, 22].

In timpul incercarilor experimentale s-au
observat cedari multiple in zonele de ancorare.
Aceste probleme sunt atribuite faptului ca
deplasarile relative dintre bara din CPAFS si anco-
raj consuma un volum de energie care in cele din

polymeric bars

not suitable for severe stiffness criteria. It can be
seen from Figure 3 that the ultimate tensile strain
is quite low, feature that will impose a different
design approach of reinforced concrete elements
using reinforcing GFRP composite bars.

Failure is brittle and it occurs in the free span
of the test specimen when the tensile strength of
composite material is reached. The glass fibres in
fracture region spread in a brush like fashion,
Figure 4.

4. Numerical modelling

The mechanical properties of the GFRP
bar used in the Finite Element Modelling (FEM)
and analysis have been determined using the
micromechanics approach. Direct and indirect
rules of mixtures have been used in order to obtain
the longitudinal and transverse mechanical
parameters [20, 22].

Fig. - Ruperea fragila a barei din CPAFS / Brittle fracture of
the GFRP sample.

During the performed laboratory tests
multiple failures in the bar anchorage regions have
been observed. These problems were attributed to
the fact that relative displacement between the
GFRP bar and the anchorage system consumed a
certain amount of energy that otherwise should
have been undertaken by the bar cross-section.
For this reason, in the FEM analysis, the bottom
part of the bar was considered fully fixed over the
external surface. The obtained stress and strain
maps, Figures 5a, 5b, 5c, illustrate relatively
concentrically distributions of the tensile stresses.
The material model used in the analysis considers
the composite bar as an orthotropic element with
the characteristics determined earlier.

In the discretization process pentahedral
elements have been used PN12L, utilizing the
facilities of LUSAS software package [23, 24] for
the analysis of the composite bar; several laminae
have been included in a single element. For these
elements the three degrees of freedom per node
have been utilized to interpolate a displacement
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Fig. 5 - Comparatie intre curbele caracteristice determinate experimental si cele obtinute prin simulare numerica / Comparison between
experimental characteristic curves and those obtained by numerical simulation: (a) - bara din CPAFS cu diametrul de 8 mm /
GFRP bars with 8mm diameter; (b) - bara din CPAFS cu diametrul de 12 mm / GFRP bars with 12mm diameter; (c) - bara din
CPAFS cu diametrul de 16 mm / GFRP bars with 16mm diameter.
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urma este preluatd de sectiunea de bara. Din
aceste motive, analiza cu elemente finite (AEF),
poate clarifica starea de tensiuni si deformatii
specifice din ancora metalica care la un capat este
considerata fixa.

Hartile de tensiuni si deformatii specifice
sunt ilustrate in Figurile 5a, 5b, 5c. Bara din
CPAFS a fost considerata ortotropa, avand
caracteristicile mecanice determinate anterior.

In procesul de discretizare a barei
compozite au fost folosite elemente pentaedrice de
tip PN12L [23, 24] in care volumul barei a fost
definit printr-o succesiune de lamele compozite.
Tindnd seama de faptul ca fiecarui nod i s-au
atribuit trei grade de libertate la stabilirea cAmpului
deplasarilor s-a utilizat interpolarea liniara pe
grosimea lamelei compozite si interpolarea
cuadratica in planul acesteia.

Fiecare strat a fost definit prin matricea de
rigiditate  caracteristica  materialului  ortotrop.
Valoarea maxima a tensiunii de intindere obtinuta
prin simulare numerica a fost de 1350 MPa.
Aceasta valoare este apropiata de valoarea data
de producator si cea obtinutd in cadrul Thcercarilor
experimentale.

5. Concluzii

Utilizarea barelor din CPAFS pentru armare
necesitd o0 caracterizare detaliata pentru
cunoasterea completd a proprietatilor necesare
proiectarii.

Intrucat aceste bare de armare sunt
solicitate la tractiune proprietatile principale sunt:
modulul de elasticitate, rezistenta ultima din
intindere si deformatia specifica limita la intindere.

Forma si dimensiunile barelor de armare din
CPAFS necesitda ancoraje speciale pentru a evita
lunecarea din bacurile masinii de Tncercat si pentru
a obtine o distributie convenabila a tensiunilor.

In lucrare este prezentatd organizarea
programului experimental astfel incat sa fie
indeplinite cerintele de testare existente precum si
rezultatele obtinute pe probe cu trei diametre
diferite.

Toate rezultatele experimentale confirma
comportarea linear elastica a barelor de armare din
CPAFS si comportarea fragila a materialului.

Pultruderea este o metoda recomandata de
fabricare a barelor compozite pentru armare,
produsele rezultate avand proprietati apropiate si
imprastiere mica a rezultatelor.

Datoritda modulului de elasticitate scazut,
barele din CPAFS sunt recomandate pentru
elemente cu cerinte de rezistenta ridicate dar mai
putin potrivite pentru elementele la care predomina
criteriile de rigiditate.

Modelarea numerica pe epruvetele solicitate
la intindere confirma validitatea metodei de testare
experimentala adoptata.

polymeric bars

field that varies linearly over the thickness and
quadratically in-plane for the higher order
elements. Each layer has been specified by an
orthotropic material stiffness matrix. As it may be
seen in Figure 5, a maximum value of more than
1350 MPa in terms of tensile stresses were
obtained. This value is in good agreement with the
value given by the manufacturer and from the
experimental tests.

5. Conclusions

The use of GFRP as reinforcing bars
requires a detailed characterisation of these
elements so that the design properties are fully
known.

Since these reinforcing bars are subjected to
tension the essential properties are: the elastic
modulus, the ultimate strength and the ultimate
tensile strain.

The shape and the dimensions of GFRP
reinforcing bars required special anchorages to
avoid slippage from the testing machine grips and
a suitable stress distribution.

The paper presents the organisation of the
experimental setup to meet the requirements of the
existing test methods and the results obtained on
samples with three different diameters.

All experimental results confirm the linearly
elastic behaviour of GFRP composites in
reinforcing bars and the brittle behaviour of the
material.

Pultrusion is an appropriate method of
fabrication for composite reinforcing bars, giving
products with similar properties and low scattering.

Due to their low elastic modulus GFRP
reinforcing bars are recommended in strength
based design but less suitable when the stiffness
criteria are prevailing.

The numerical modelling performed on the
test specimen loading in tension confirms the
suitability of the testing procedure.
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