Revista Roméana de Materiale / Romanian Journal of Materials 2014, 44 (1), 25 — 35 25

CONFINAREA BETONULUI CU POLIMERI ARMATI CU FIBRE
- METODA DE CONSOLIDARE A ELEMENTELOR STRUCTURALE-
THE CONFINEMENT OF CONCRETE
WITH FIBER REINFORCED POLYMERS
- METHOD OF CONSOLIDATION OF STRUCTURAL ELEMENTS-
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Investigatiile sugerate de obiectul acestei lucrari
sunt focalizate pe calculul presiunii de confinare, in cazul
unor elemente structurale din beton cu sectiune circulara, si
a efortului efectiv de compresiune lateral la starea limita
ultima (SLU) datorat confinarii acestor elemente cu tesatura
din fibre de carbon. De asemenea, lucrarea se refera la
executarea gi consolidarea elementelor structurale din
beton prin confinare cu tesatura din fibre de carbon, astfel
incat in wurma solicitarilor lor in vederea obtinerii
rezistentelor mecanice, valorile acestora sa fie comparabile
cu cele obtinute din calcul. /
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1. Introducere

Structuri vechi, din beton armat, ale
diferitelor cladiri de patrimoniu, sau afectate de
evenimente, reactii chimice sau alte motive, poduri
etc. pot fi reparate sau consolidate in vederea
cresterii capacitatii lor portante.

Investigatiile sugerate de obiectul acestei
lucrari sunt focalizate pe evaluarea caracteristicilor
fizico-mecanice ale unui sistem complex beton de
ciment — fibre de carbon (liate cu rasina epoxidica),
obtinut pe baza unui calcul riguros de proiectare si
modelare si printr-o tehnologie corecta de executie,
astfel 1incat sa indeplineasca conditi de
performanta.

Consolidarea, cu materiale pe baza de
fibre, ale structurilor din beton armat reprezinta o
varianta moderna si eficienta a sistemelor de
consolidare a elementelor structurale din beton.
Studiile efectuate in strainatate si Tn tard au
demonstrat avantajele potentiale ale utilizarii
acestui sistem: modulul de elasticitate ridicat,
rezistenta la agentii chimici, capacitatea de
absorbtie a vibratiilor, durata redusa de executie a
lucrarilor, posibilitatea de a efectua lucrarile de
consolidare fara intreruperea activitatii constructiei,
cantitati mici de materiale de manipulat [1-7].

Metoda de consolidare prin confinare cu
tesatura din fibre de carbon, care constad in
aplicarea tesaturii din fibre de carbon si fixarea ei
cu rasini epoxidice pe partile tensionate ale struc -
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The investigations suggested by the objective of
this work are focused on the calculation of the confinement
pressure, for concrete structural elements with circular
section, and of the effective lateral compression stress at
the ultimate limit state (ULS) due to the confinement of
these elements with carbon fiber fabric. The paper also
refers to the execution and consolidation of concrete
structural elements by confinement with carbon fiber fabric,
so that following the concrete structural elements tests for
obtaining the mechanical strength values, these would be
comparable with the ones obtained from the calculation.

1. Introduction

Old reinforced concrete structures of
different heritage buildings or buildings affected by
events, chemical reactions or other factors, bridges
etc. can be repaired or consolidated to increase
their bearing capacity.

The investigations suggested by this work
are focused on the evaluation of mechanical and
physical characteristics of a complex concrete
cement — carbon fiber (tied with epoxy resin)
system obtained based on a rigorous design and
modelling calculation and through a correct
execution technology, so that it meets the
performance requirements.

Consolidation with fiber based materials of
reinforced concrete structures is a modern and
effective variant of concrete structural elements
consolidation systems. Studies performed abroad
and in our country have proven the potential
advantages of using this system: high coefficient of
elasticity, chemical agents resistance, the capacity
of absorbing vibrations, short execution time, the
possibility to perform the consolidation work without
interrupting the construction activity, the small
quantity of manipulated materials [1-7].

The method of consolidation of confinement
with carbon fiber fabric, which consists in applying
and attaching the carbon fiber with epoxy resin on
the strained parts of the structure, is one of the
solutions which can be applied in order to enhance
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cturii, este una dintre solutiile care pot fi aplicate in
vederea maririi rezistentei structurii. Consolidarea
structurilor de beton cu polimeri armati cu fibre
(PAF) aplicati la exterior este o tehnica care se
bazeazd pe conlucrarea dintre betonul simplu,
armat sau precomprimat si armatura lipita la
exterior.

Consolidarea prin confinare cu polimeri
armati cu fibre de carbon se face fara
supradimensionarea elementului si fara ca acesta
sa creasca in greutate.

Acest tip de consolidare, folosind tesatura
din fibre de carbon face obiectul prezentei lucrari.
Materialele compozite, utilizate in experimentele de
laborator care fac tema prezentei lucrari, poarta
denumirea de TFC (Carbon Fiber Fabric), ele
dovedindu-se utile atadt in mentenanta (reparatii
urmare a unor actiuni exceptionale asupra structurii
- foc, soc etc, compensarea efectelor din structura,
generate de imbatranire, oboseala, pierderea
rezistentei, coroziune etc.), cat si prin cresterea
rezistentei in sensul aducerii structurii la noi cerinte
de functionare [8].

2. Materiale si metode

2.1. Stabilirea compozitiei betonului

In prezenta lucrare s-a ales ca obiect al
cercetarilor un beton de clasa C 50/60 — T, —
CEM 152,5R - 0/16 — cu granulozitate continua.

» Pentru obtinerea betonului C 50/60 — SR
EN 206 s-au avut in vedere urmatoarele
prevederi compozitionale: raport a/c = 0,4,
apa 185 |, dozaj de ciment: 462,5 kg/ m°,
aer oclus 2 %, agregat de rau.

S-a folosit un ciment de tip CEM | 52,5 R
(furnizat de CARPATCEMENT), care prezinta
urmatoarele caracterisitici (tabelul 1).

Limitele zonei de granulozitate pentru
agregate 0/16 cu granulozitate continua, in care
s-a ales curba granulometrica utilizatd este
prezentata in tabelul 2.

structural strength. The consolidation of fiber
reinforced polymers concrete structures is a
technique based on the interworking between the
plain, reinforced or pre-stressed concrete, and the
externally bonded reinforcement.

Consolidation by confinement with carbon
fiber reinforced polymers is done without
oversizing the elements and without them
increasing in weight.

This type of consolidation, using carbon
fiber fabric is the object of this work. The
composite materials, used in the laboratory
experiments, are named CFF (Carbon Fiber
Fabric), proving to be useful in the maintenance
(repairing the damage caused by exceptional
actions on the structure - fire, shock etc,
compensating the effects in the structure, caused
by ageing, fatigue, loss of strength, corrosion etc.),
and by increasing strength in the sense of bringing
the structure to new operational requirements [8].

2. Methods and materials

2.1. Determining the composition of the concrete

In this work a concrete class C 50/60 — T, — |
525 - 0/16 — with continuous granularity was
chosen as the object of research.

» To obtain the concrete C 50/60 — SR EN
206 the following compositional provisions
were considered: cement/water ratio =
0,4, water 185 |, dosage of cement: 462.5
ka/ m?®, occluded air 2 %, river gravel.

A cement type CEM | 52,5R (provided by
CARPATCEMENT) was used, which it has the
following features. (Table 1).

The boundaries of the granularity area for
0/16 aggregate with continuous granularity, in
which the used granulometric curve was chosen is
shown in Table 2.
The amount of materials required to obtain a
cubic meter of concrete are presented in Table 3.
Density obtained from the calculation

2378 Kg/m®.
Tabelul 1

Caracteristici compozitionale ale cimentului CEM |1 52,5 R / Compositional characteristics of cement CEM | 52.5 R

Compozitia chimica / Chemical composition (%)

CaO

Lo/ | er

CaOo S|02 SO3 A|203 Fe203 MgO NaZO Kzo R\ns PC Creoe

a
63.72 20.13 3.09 4.49 3.28 2.35 0.30 0.91 0.20 2.1 0.90
CEM Compozitia mineralogica / Mineralogical composition (%)

1525R Cs3S C.S C3A C,AF
67.18 11.76 6.35 9.97

Caracteristici fizice / Physical characteristics

Suprafata specifica / Specific
surface (cm?/g)

Stabilitate / Stability (mm)

Timp de priza / Setting time (minutes)

4198

0.0

initial final
165 230

Rc 2zile = 39.8 MPa

Rc 28 zile = 59.8 MPa
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Tabelul 2
Limita zonelor de granulozitate pentru agregate (0-16) si proportiile utilizate
The boundaries of the granularity area for 0/16 aggregate and proportions used
Diametru ochi sita / Sieve aperture (mm) 0.5 1 2 4 8 16
T . Min. 8 12 21 36 60 100
P;es"se;ly ) Max. 20 32 42 56 76 100
? Utilizat / Used 18 25 33 45 70 100
Tabelul 3

Materiale necesare obtinerii betonului / Materials to obtain concrete

Materialul / The type of material Cantitate / Amount (kg)
Ciment CEM | 52,5 R/ Cement CEM | 52,5 R (kg/m®) 462.5
Apa / Water (I/m®) 185
A/C (water cement ratio) 0,4
Agregat uscat / Dry aggregate (kg/m°)
sort 0/1 432.7
sort 1/2 138.5
sort 2/4 207.7
sort 4/8 432.7
sort 8/16 519.21

Cantitatile de materiale necesare obtinerii
unui m® de beton sunt prezentate in tabelul 3.

Densitatea  obtinuta din calcul este
2378Kg/m?.

2.2. Caracteristici ale fibrelor de carbon si ale
rasinii epoxidice

in  vederea consolidarii elementelor
structurale pot fi utilizate rasini epoxidice in
combinatie cu diferite tipuri de fibre, cum sunt fibre
de sticla, aramidice, de carbon, de bor.

n aceasta lucrare se prezinta consolidarea
elementelor structurale din beton pe baza de
rasina epoxidica si tesatura din fibre de carbon.

Aceste ultime doua componente ale
materialului compozit sunt furnizate de SC
FREYROM SA sub denumirea de TFC.

TFC-ul este un material compozit alcatuit
din doua componente: matricea (rasina epoxidica
intaritd) si armatura ( tesatura din fibre de carbon).

Rasina epoxidica intaritd rezultd din
combinarea rasinei si intaritorului la temperatura
mediului ambiant in raport masic 100/40, cu timp
de priza de 1h 20’ la 20°C si 40 min. la 30°C, si
intarire Tn 15 zile la 15° C, sau 3-4 zile la 20° C.
Densitatea rasinii epoxidice este de 1,24 g/cm3.
Aderenta sistemului bicomponent la suportul din
beton, exprimata prin rezistenta la smulgere, este
de 6,22 N/mm”.

Caracteristicile teséaturii cu fibre de carbon
(fig. 1) sunt urmatoarele [8, 91:

2.2. Features of carbon fiber and epoxy resin

In order to consolidate structural elements
we can use epoxy resin combined with various
fibers, like fiberglass, aramid, carbon, boron.

This study shows the consolidation of
epoxy resin and carbon fiber fabric based concrete
structural elements.

These last two components of the
composite material are provided by SC FREYROM
SA under the name of TFC.

TFC is a composite material made of two
components: the matrix (the hardened epoxy
resin) and the reinforcement ( the carbon fiber
fabric).

Hardened epoxy resin is a result of
combining the resin and the hardener at room
temperature with a mass ratio of 100/40, with a
setting time of 1h 20 ( at 20°C and 40 min. at
30°C, and hardening in 15 days at 15° C, or 3-4
days at 20° C. The epoxy resin density is 1.24
g/cm3. The adhesion of the bicomponent system
at the concrete pad, expressed by bond strength,
is 6.22 N/mm?®.

The features of the carbon fiber fabric
(Figure 1) are the following [8, 9]:

e 70 % longitudinal fibers

e 30 % transverse fibers

e weight 500 g/m?

e bandwidth between 40 and 300 mm,
50 m long scrolls.
conventional band thickness: 0.48 mm
e elastic modulus: 105 GPa
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Fig. 1 - Tesatura din fibre de carbon / Carbon fiber fabric.

70 % fibre longitudinale

30 % fibre transversale

greutate 500 g/m?

latimea benzii de la 40 la 300 mm,

suluri de 50 m lungime.

e grosimea conventionald a benzii: 0,48
mm

e modulul de elasticitate: 105 GPa

e rezistenta la rupere: 1700 MPa (rupere

fragila)

o efortul la starea limita ultima (SLU):
913 MPa

o cefortul la starea Ilimita de serviciu

(SLS): 550 MPa
Aranjarea fibrelor Tn tesatura e reprezentata
in figura 2.
in ceea ce priveste rezistenta la foc a
materialului compozit — fibra de carbon rezista

¥
B E R S A
Latime/ | == — T T
Width | £ ] - == R
— — - — I Directie fibre
= = / b= longitudinale /
Directie fibre Warp direction
transversale / 70%
Weft direction

30%

Fig. 2 - Aranjare fibre in tesatura / Arrangement of fibers in the fabric.

Parallel to fibers I

tensile breaking strength: 1700 MPa
ultimate limit state effort (ULS): 913 MPa
Serviceability limit state effort (SLS):
550 MPa

The inclination of the fibers in the fabric is
represented in Figure 2:

Regarding the fire resistance of the
composite material — carbon fiber can withstand
up to 1800 °C, the resin (the connection matrix)
being the only one affected by the temperature
growth which keeps its properties up to a critical
temperature of 80 °C. A temperature of 60 °C is
recommended for permanent use, but if it is
necessary to expose the composite to higher
temperature protection solutions can be adopted.

This composite material shows low weight,
no corrosion, good resistance to fatigue (three
times better than aluminium alloy and two times
better than steel) but also the possibility of creating
some complex shapes.

The composite is an anisotropic material,
so for a good tensile behavior the right fiber
orientation must be chosen (Figure 3) [8].

2.3. Conditions and experimental procedures

The efficiency of the confinement was
highlighted in this work, by analyzing the structural
response of the concrete test-pieces, confined
with carbon fiber reinforced polymer membranes,
subjected to compression, but also to obtain the
elastic modulus.

According to Table 3, the necessary
amount of materials for obtaining 6 cylindrical test-
pieces ( diameter = 15 cm, height = 30 cm) and 3
cubical test-pieces( diameter = 15 cm, height = 30
cm) of class C 50/60 concrete, were used.

The obtained test-pieces were stripped and
kept in water for 28 days, after which some of
them (3 cubical test-pieces) were subjected to
compression tests to evaluate their resistance
regarding the achievement of the resistance class.

On the other test pieces the influence
confinement on their mechanical resistance was

Perpendicular to fibers

- - Good

II]- — Rupture of the

!

Shear

— e e

% matrix in tension

Bad

! f

| T i

Rupture of the matrix in shear

l-i—-i—-d—-d—

Fig. 3 - Directia de solicitare a compozitului / Direction for composite requesting.
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pana la o temperatura de 1800 °C, singura
afectatd de cresterea temperaturii fiind rasina
(matricea de legatura) care Tsi mentine proprietatile
pana la o temperatura critica de 80°C.
Temperatura de 60 °C este indicata pentru uz
permanent, dar daca este necesara expunerea
compozitului la temperaturi Tnalte se pot adopta
solutii de protectie.

Acest material compozit prezinta greutate
scazutd, lipsa coroziunii, bund rezistenta la
oboseala (de 3 ori mai buna ca cea a aliajului de
aluminiu si de 2 ori mai buna decat in cazul
otelului) dar si posibilitatea realizarii unor forme
complexe.

Compozitul este un material anizotrop,
pentru o bund comportare la tractiune si intindere
trebuie aleasa orientarea potrivita a fibrelor astfel
(figura 3) [8].

2.3. Conditii si proceduri experimentale

Eficienta confinarii a fost evidentiata, in
prezenta lucrare, prin analiza raspunsului structural
al epruvetelor din beton, confinate cu membrane
polimerice armate cu fibre de carbon, solicitate la
compresiune, dar si in vederea obtinerii modulului
de elasticitate.

Necesarul de materiale utilizate pentru
prepararea unui volum de beton, de clasa C 50/60,
corespunzator obtinerii a 6 epruvete cilindrice
(diametrul = 15 cm, inédltimea = 30 cm) si 3
epruvete cubice (I = 15 cm), s-a ales conform
tabelului 3.

Epruvetele confectionate au fost decofrate
si pastrate in apa 28 zile, timp la care o parte din
ele (3 epruvete cubice) au fost supuse incercarii la
compresiune in vederea evaluarii rezistentelor
privind atingerea clasei de rezistenta.

Pe celelate epruvete s-a studiat influenta
confinarii asupra rezistentelor mecanice. Astfel, cu
3 epruvete cilindrice, s-au creat sistemele
complexe beton intarit — rasina epoxidica — fibre de
carbon.

Pentru  imbunétatirea  rezistentei la
compresiune a betonului s-a aplicat, pe toata
suprafata laterala a cilindrilor, benzi din tesatura
din fibre de carbon (figura 4).

Dupa aplicarea rasinii si a tesaturii din fibre
de carbon, epruvetele asfel confectionate si cele
martor, au fost pastrate in conditii de laborator 10
zile, timp necesar intaririi rasinii.

Dupa aceasta perioada, epruvetele sus
mentionate au fost supuse Tincercarii la
compresiune obtindndu-se astfel valorile
rezistentelor lor.

S-a calculat modulul de elasticitate folosind
modul de calcul prezentat de Thoman si Raede
[10], dar si de alti cercetatori [11-13] care au
raportat valori, pentru modulul de elasticitate,
determinat ca pantd a dreptei tangenta la curba
efort-deformatie obtinuta la compresiune uniaxiala,
calculat la 25 la suta din valoarea maxima a

examined. So, with 3 cylindrical test-pieces, we
created the epoxy resin — carbon fiber complex
hardened concrete systems.

For improving the concrete’s compressive
strength strips of carbon fiber materials were
applied to the sides of the cylinders (Figure 4).

After applying the resin and the carbon
fiber fabric, the test-pieces and the reference
samples, were kept in laboratory conditions for 10
days, the time necessary for the resin to harden.

After 10 days, the test-pieces were
subjected to compression tests, obtaining their
resistance values.

The elastic modulus was calculated using
the calculation presented by Thoman and Raede
[10], but also by other researchers [11-13] who
reported values, for the elastic modulus
determined as the inclination of the line tangent to
the stress-strain  uniaxial compressive curve,
calculated at 25% of the maximum load, ranging
from 29 to 36 GPa for concrete with compressive
strength values varying between 69 and 76 MPa,
and between 31 — 45 GPa, depending mostly on
the method used for determining the module.

2.4. Modelling of FAP confined concrete (fiber-
reinforced polymers)

2.4.1. Confining pressure

In the case of pillars with circular section,
the maximum confining pressure developed by
FAP is given by the formula (1) [8,14]:

1:I = Kconf Eju (1)

where:

fi= maximum confinement effort (N/mmz)

Keonf = FAP stiffness confinement (N/mmz)

&u = deformation on the circumference in

the FAP sleeve at ULS (ultimate limit

state).
The stiffness confinement Keont 1S
presented in the (2) formula:
1
Keont = o kgpr Ej (2)

where:

ke = confinement efficiency factor

p; = FAP reinforcement factor

E; = FAP sleeve elastic modulus (MPa);
The value of the reinforcement factor can be
determined by the following relation (3):

p=4nt/D (3)

where:

tr = FAP thickness (mm)

D = pillar diameter (mm)

n = mechanical reinforcemen

N = Vsieeve frar / Velementfe (4)

foar = FAP sleeve resistance (N/mm?)

f. = the concrete’s compressive strength
(N/mm?)

The confinement effectiveness index, in
case the sleeve covers the entire surface of the
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Fig. 4 - Aplicarea compozitului TFC pe suprafata laterala a cilindrului / Application of the composite TFC on the
side surface of the cylinder.

efortului, cuprinse intre 29-36 GPa pentru betoane
avand rezistenta la compresiune variabila intre
valorile 69 - 76 MPa, dar si intre 31 — 45 GPa, in
functie, mai ales, de metoda de determinare a
modulului.

2.4. Modelarea betonului confinat cu PAF
(polimeri armati cu fibre)
2.4.1. Presiunea de confinare
In cazul stalpilor cu sectiune circulara,
presiunea de confinare maxima dezvoltata de PAF
este data de relatia (1) [8,14]:

fI = Kconf &ju (1 )
unde:

f,= efort maxim de confinare (N/mm2)

Keont = rigiditatea confinarii cu PAF
(N/mm?)

&, = deformatia efectiva pe circumferinta in
mansonul de PAF la SLU (starea limita
ultima).
Relatia de calcul a rigiditatii confinarii Keons
este prezentata in relatia (2):

1
Kconf = E kng Ej (2)

unde:
ke = factor de eficienta a confinarii
p; = coeficient de armare cu PAF
E; = modul de elasticitate al mangonului de

PAF (MPa);
Valoarea coeficientului de armare se determina cu
relatia (3):

P = 4ntD (3)
unde:

tr = grosimea PAF (mm)

D = diametru stalp (mm)

n = coeficient mecanic de armare,

n= Vman§on'fPAF/ Velement fc (24)

fear = rezistenta mansonului PAF (N/mm°)

fo = rezistenta la compresiune a betonului
(N/mm?)

Indicele de eficacitate a confinarii, in cazul

in care mansonul acopera intreaga suprafata a

concrete is ke = 1[8,14].

2.4.2. The constitutive relations of the confined
concrete

Concrete confinement leads to a change
in the stress-strain relationship: strength and final
strain have superior values (Figure 5).

To find the effective lateral compressive
stress at the ultimate limit state (ULS), due to
confinement, the stress-strain relationship found in
Figure 5 can be used (the compressive
deformation has positive values), with higher
deformations and characteristic strength in the
case of a confined concrete as against plain
concrete, in accordance with the following relations
[8,14]:
feke = fok (1.000 + 5.0 0o/f) for 0, < 0.05 fek

(5)
fck,c = fck (1 125+ 2.50 Czlfck) for O, > 0.05 fck
(6)
€c2c < €2 (fck,c/ fck)2 (7)
ecu2,c =€t 0.2 0-2/ fck (8)

where: 0, (=03) is the effective lateral compressive
stress at the ultimate limit state (ULS) due to
confinement.

fwe=  value of the confined concrete
strength

f« = the characteristic value of the
compressive strength of the concrete measured on
cylinders after 28 days of strengthening.

e = the specific compression deformation
of the concrete

€cu= final specific
deformation of the concrete [15].

According to the calculation model given
by Richart (1928) [16, 17] — which is based on
using the parable — rectangle relation presented in
Figure 5- and adapted to the design specifications
provided in the Eurocode 2, the resistance values
that need to be achieved can be calculated
following compression tests on the confined
concrete test-pieces. The concrete’s resistance

compressive
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Fig. 5 — Relatia effort-deformare in cazul betonului confinat / The stress — strain relationship for confined concrete [2,3].

betonului, este k. = 1 [8,14].

2.4.2. Relatiile constitutive ale betonului

confinat

Confinarea betonului conduce la o
modificare a relatiei efort-deformatie: rezistenta si
deformatia ultima au valori superioare (figura 5).

Pentru determinarea efortului efectiv de
compresiune lateral, la starea limita ultima (SLU),
datorat confinarii, se poate folosi relatia efort-
deformatie din figura 5 (deformatiile de
compresiune apar ca pozitive), cu rezistenta
caracteristica si deformatii crescute in cazul unui
beton confinat fata de betonul simplu, conforme cu
urmatoarele relatii [8,14]:
foke = fox (1.000 + 5.0 0o/f) pentru 0, < 0.05 fy

(5)
foke = fox (1.125 + 2.50 0,/fk) pentru o, > 0.05 fy
(6)
ec2,c = €2 (fck,c/ fck)2 (7)
e(:u2,(: = €cu2 +0.2 0-2/ fck (8)

unde: 0, (=03) este efortul efectiv de compresiune
lateral la starea limita ultima (SLU) datorat
confinarii.

fo o= valoarea rezistentei betonului confinat

f. = valoarea caracteristica a rezistentei la
compresiune a betonului masurata pe cilindri la 28
de zile de intarire

e, = deformatia specifica la compresiune
a betonului

e.p= deformatia specifica ultima a
betonului la compresiune [15].

Conform modelului de calcul dat de Richart
(1928) [16, 17] - care are la baza utilizarea relatiei
parabola — dreptunghi prezentata in figura 5- si
adaptat prescriptilor de proiectare prevazute in
Eurocode 2, se pot calcula valorile rezistentelor
care trebuie atinse Tn urma incercarilor la
compresiune pe epruvetele de beton confinat.

Valorile rezistentelor betonului se calculeaza
conform relatiei 9:

fo'=foc + 4 p(fi) [16] 9)
unde:

fo = rezistenta la compresiune a betonului
confinat

fa = rezistenta la compresiune a betonului
martor

p(f) = presiunea de confinare preluata de
TFC

values can be calculated according to the relation

9:
fo=fo + 4 p(fi) [16] 9)
where:

f, = confined concrete’s compressive
strength

f« = the compressive strength of plain
concrete

p(f)) = confinement pressure taken by TFC
A correlation between the elastic modulus
E. and the compressive strength of normal weight

concrete was reported by [13] as:
E, = 3320 ,[f7 +6900 MPa  (10)

for 21 MPa < f'. < 83 MPa

The elastic modulus of the concrete was
calculated according to the relation 10 and the
data obtained with the actual data of the elastic
modulus measured on cylindrical test-pieces
(®=15 cm and G=30 cm) made of the studied
concrete, in the universal testing machine
Advantest 9 CONTROLS, having the following
characteristics: range of operation - 3000 kN,
purpose — compressive strength, the elastic
modulus of the concrete, precision — 0.1 kN.

3. Results and interpretation

Following measurements made on class
C 50/60 concrete, after 28 days, the results
shown in Table 4 were obtained:

The calculation of the confinement
pressure on the concrete — fiber fabric
aggregate, presented in Figure 4, was done
according to chapter 2 (2.4.1), by substituting
numbers.

The compressive resistance values of the
plain concrete and of the confined concrete
(obtained experimentally and by calculation) are
presented in Table 5.

where:

f. = the confined concrete’s compressive
strength obtained experimentally;

f, = the confined concrete’s compressive
strength obtained by calculation;

f.n = the average compressive strength
for the plain concretes;
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O corelatie intre modulul de elasticitate E. si
rezistenta la compresiune pentru betoane cu

greutate normala a fost raportata de [13] ca:
E, =3320X,[f” + €900 MPa (10)

pentru 21 MPa < f'. < 83 MPa

Conform relatiei 10 s-a calculat modulul de
elasticitate al betoanelor studiate. Datele obtinute
s-au comparat cu date reale ale modulului de
elasticitate masurat pe epruvetele cilindrice
(®=15cm si G=30 cm), confectionate cu betoanele
studiate, in masina de testare universala Advantest
9 CONTROLS, avand urmatoarele caracteristici:
domeniul de lucru - 3000 kN, destinatie - rezistenta
la compresiune, modul de elasticitate beton,
precizie - 0,1 kN.

3. Rezultate si interpretari

In urma determinarilor efectuate pe
betoanele, proiectate cu clasa C 50/60, incercate
la 28 zile, s-au obtinut rezultatele prezentate in
tabelul 4:

Calculul presiunii de confinare pe ansamblul
beton — tesétura de fibre, prezentat in figura 4, s-a
facut, conform capitolului 2 (2.4.1), prin inlocuiri
numerice.

Valorile rezistentelor la compresiune ale
betonului martor gi ale celui confinat (valori
obtinute experimental si prin calcul teoretic) sunt
prezentate in tabelul 5.
unde:

f. = rezistenta la compresiune a betonului
confinat obtinuta experimental;

fo = rezistenta la compresiune, obtinuta
prin calcul, a betonului confinat;

fon = rezistenta medie la compresiune a
betonului martor;

p(f) = presiunea de confinare preluata de

p(f) = the confinement pressure taken by
the TFC.

We obtained a significant increase of the
confined concrete’s strength compared to the
plain concrete.

Regarding the effective lateral
compressive stress “o, due to confinement
according to the calculation relations presented in
chapter 2 (2.4.2) the following results were
obtained for average compressive strength of the
plain concrete of f., = 54 N/mm?, like this:

-if 0, < 0.05 fon => 0, < 0.05*54 N/mm*=> g, <
2.7 N/mm? the relation (5) is chosen:

fome = fom (1.000 + 5.0 0,/f;m), according to
which 03 = (fom e~ fom)/5.
ifo, > 0.05f,, => o, > 0.05*54 N/mm’=> o,
> 2.7 N/mm” the relation (6) is chosen:

fome = fom (1.125 + 2.50 o0y/f.,) according
to which o, = (fom-1.1251;) / 2.5.

So, the calculation of the confined concrete’s
effective lateral compressive strength, according
to figure 4, calculated with the relation (5) is:

02 = (fomo- fom)/5= (71.2 N/mm? - 54N/mm?)
/5= 3.44N/mm2, a value that does not fulfill the

condition o, < 2.7N/mm’. So, the concrete’s

effective lateral compressive strength “c, “ is
calculated with the relation (6), and it's correct
value is:

02 = (fope-1.125 fom)/2.5 = (71.2 N/mm® —
1.125*54 N/Imm?)/2.5 = 4.18 N/mm® > 2.7 N/mm?’.
The fracture mode of the studied confined
concrete, subjected to compression, is shown in
Figure 6.

In Figure 6 it can be observed that, the
carbon fiber fabric weakened in the area with the
highest tension accumulated in the concrete
structure following the compressive strength test.
The breaking was brittle and explosive and it was
initiated in the composite membrane when the
maximum confinenemt pressure was reached [18].

“

TFC.
Tabelul 4
Valoarea medie a rezistentelor mecanice ale betoanelor, obtinuta dupa 28 zile de intarire
The average value of mechanical strengths of concretes, obtained after 28 days of curin
fc, N/mm’ Tip epruveta / Type test piece
61.5 N'/mm’ cubica (3 cuburi cu I=15 cm) / cubical (3 cubes | = 15 cm)
Tabelul 5

Valorile rezistentelor la compresiune ale betonului martor si ale celor confinate (valori obtinute experimental si teoretic - prin calcul)
The compressive resistance values of the plain concrete and of the confined concrete (obtained experimentally and by calculation)

Proba / Sample

fom p (f), Nmm® | £, N/mm® | f,, N/mm’
N/mm?

Martor (epruvete cilindrice - ¢ =15 cm, h=30 cm) /

Plain concrete (cylindrical test-pieces - ¢ =15 cm, h=30 cm)

54.00 - - -

(according to Fig.6)

Beton confinat (epruvete cilindrice - ¢ =15 cm, h=30 cm, intarite 28 zile
(in apa) + 10 zile - timp necesar intaririi raginii (in aer) (conform fig.6) /
Confined concrete (cylindrical test-pieces - ¢ =15 cm, h=30 cm, hardened - 3.54 68.18 71.2
28 days (in water) + 10 days - the time needed for the resin to harden (in air)
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S-au obtinut cresteri semnificative ale
rezistentei betonului confinat comparativ cu cel
neconfinat.

In ceea ce priveste efortul efectiv de
compresiune lateral in beton “o, “ datorita
confinarii conform relatiilor de calcul prezentate in
capitolul 2 (2.4.2) s-au obtinut urmatoarele
rezultate pentru o rezistentd medie la compresiune,
pe betonul martor, de f.,, = 54 N/mm?, astfel:

-daca o, < 0.05 f;, => 0, < 0.05"54
N/mm?®=> g, < 2.7 N/mm?’ se alege relatia (5):

feme = fem (1.000 + 5.0 0,/f;n), conform careia
02 = (fcm,c‘ fcm)/5-

-dacd o, > 0.05f,, => o, > 0.05*54
N/mm®=> o, > 2.7 N/mm’ se alege relatia (6):

fome = fom (1.125 + 2.50 o,/f.,) conform
careia 03 = (fom-1.125f) / 2.5.

Astfel, calculul  efortului  efectiv de
compresiune laterald in betonul confinat, conform
figurii 4, calculat cu relatia (5) este:

02 = (fom.c- fom)/5 = (71.2 N/mm? - 54N/mm?)
/ 5 = 3.44N/mm? valoare care nu corespunde

conditiei 0, = 2.7N/mm’. Rezulti deci ca efortul

efectiv de compresiune lateral in beton ‘o, “ se
calculeaza cu relatia (6), si valoarea corecta a lui
este:

02 = (fome-1.125 fom)/2.5 = (71.2 N/mm?® —
1.125*54 N/mm?®)/2.5 = 4.18 N/mm® > 2.7 N/mm?”.

Modul de rupere al betoanelor confinate
studiate, solicitate la compresiune, este prezentat
in figura 6.

Din figura 6 se observa ca, tesatura din
fibora de carbon, a cedat in zona de maxima
tensiune acumulata in structura betonului, in urma
solicitarii lui la compresiune. Ruperea a fost
casanta, cu caracter exploziv gi a fost initiata in
membrana compozitd Th momentul cand s-a atins
presiunea maxima de confinare [18].

Modurile de cedare a epruvetelor cilindrice
din beton Tincercate la compresiune centrica
intalnite in cadrul experimentelor (conform figurii 6)
sunt reprezentate schematic in figura 7.

a. Tnainte de solicitare / before requesting
Fig. 6 - Modul de rupere al betoanelor confinate cu tesatura de fibre de carbon / The fracture mode of concrete confined with carbon fiber
fabric.

The failure modes of the cylindrical
concrete  specimens  subjected to centric
compression encountered during the experiment
(according to Figure 6) are represented in Figure
7.

The values of the elastic modulus
calculated with the relation 10 and obtained
experimentally, are shown in Table 6.

All the confined concrete test pieces had a
quasi-elastic behaviour until the composite
membrane ruptured.

In the case of confinement with polymeric
composite materials reinforced with carbon fibers,
following the experiments, increases in
compressive strength and of the elastic modulus
were observed compared to the unconfined test-
pieces, the elastic modulus and the high tensile
strength of the carbon fibers being the main
causes of this effects.

4. Conclusions

The evaluate the efficiency of concrete
confinement cylindrical test-pieces wrapped in
carbon fiber reinforced polymeric membranes were
tested at axial compression.

The effectiveness of the confinement was
highlighted, by analysing the structural response of
the carbon fiber polymeric membranes reinforced
concrete test-pieces, tested for obtaining the
compressive strength and the elastic modulus.

The axial compressive strength of the
confined concrete depends on the value of the
axial compressive strength of the unconfined
concrete and on the confinement pressure taken
by TFC.

Calculation models were used regarding
the confining pressure and the determination of the
effective lateral compressive stress. The values of
the mechanical resistances obtained for the
concretes confined with the TFC system were
superior to those of the plain concrete.

The experimental results were verified with
the ones obtained from the calculation, which

b. dupa solicitare / after requesting
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Valorile modulului de elasticitate, calculat
cu relatia 10, precum si cel obtinut experimental,
sunt prezentate in tabelul 6.

Toate probele din beton confinat s-au
comportat cvasi-elastic pana la ruperea membranei
compozite

In cazul confindrii cu materiale compozite
polimerice armate cu fibre de carbon, in urma
experimentelor efectuate, s-au constatat cresteri
ale rezistentei la compresiune si ale modulului de
elasticitate fata de probele neconfinate, modulul de
elasticitate si rezistenta la intindere mare al fibrelor
de carbon fiind principalele responsabile de aceste
efecte.

a. b.
Moduri de rupere a epruvetelor cilindrice supuse la
compresiune — reprezentare schematica / Mods of
breaking for cylindrical specimens subjected to
compressive - schematic representation: a. tip dublu
con / double cone; b. despicare cu con la baza /
splitting with cone.

Fig. 7 -

Tabelul 6

Valorile modulului de elasticitate Ec calculat cu relatia (10) si obtinut experimental (ECea)
The elasticity modulus calculated using the 10 relation (Ec.acu) and experimentally obtained (EC rea,

Compozitii/ Compositions c OR rsﬁz)irsetsesr}‘t_/ae I:tf eo nrg?f:e(rs\lifr:;z) EC caicu EC real

o T, (MPa) [13] (MPa)
Beton martor / Reference concrete (plain) 54.0 - 31296.9 39015,7
Beton confinat/ Confined concrete - 71.2 34914.2 59015,7

4. Concluzii

Pentru a evalua eficienta confinarii betonului
s-a testat la compresiune axiala epruvete cilindrice
infasurate cu membrane polimerice armate cu fibre
de carbon.

Eficienta confinarii a fost evidentiata, prin
analiza raspunsului structural al epruvetelor din
beton, confinate cu membrane polimerice armate
cu fibre de carbon, solicitate in vederea obtinerii
rezistentelor la compresiune, si a modulului de
elasticitate.

Rezistenfa la compresiune axialéd a
betonului confinat depinde de valoarea rezistentei
la compresiune axiald a betonului neconfinat si de
presiunea de confinare preluata de TFC.

S-au folosit modele de calcul privind
presiunea de confinare si de determinare a
efortului efectiv la compresiune laterald. Au fost
obtinute valori superioare ale rezistentelor
mecanice ale betoanelor confinate cu sistemul
TFC comparativ cu betoanele martor.

S-au verificat rezultatele experimentale cu
cele obtinute prin calcul ceea ce confirma
veridicitatea calculului de modelare utilizat.

Consolidarea elementelor structurale cu
produse compozite pe baza de fibre poate
constitui, in unele cazuri, o metoda avantajoasa din
punct de vedere tehnic, si totodata eficienta, mai
ales sub aspect tehnologic, prin aceea ca permite
realizarea unor sporuri insemnate de capacitate
portanta in conditii putin restrictive privind gabaritul
si pozitia elementelor.

Cele mai utilizate aplicatii ale sistemului de
consolidare, cu materiale compozite pe baza de
fibre, la elementele structurale din beton, sunt cele
realizate Tn scopul de confinare a stélpilor, a
cresterii capacitatii portante la forta taietoare si

confirms the veracity of the used calculation
model.

The consolidation of structural elements
with fiber based composite can be in some cases,
a favorable method from a technical point of view
and also an efficient one, especially from a
technological aspect, because it allows the
achievement of some significant increases in
bearing capacity in less restrictive conditions
regarding the dimensions and the position of the
elements.

The most used applications of the
consolidation system with fiber based composite
materials, of concrete structural elements, are the
ones made with the purpose of confining pillars, of
increasing the transverse force bearing capacity
and the bending moment of beams and boards,
but also a ductility increase and an improvement of
the joint behavior by overlapping the
reinforcement, for pillars. This method can also be
used for the consolidation of structural walls made
of reinforced concrete or brickwork.
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[ MANIFESTARI STIINTIFICE / SCIENTIFIC EVENTS ]

International Concrete Sustainability Conference, Boston, USA,
May 12-15,2014

The 9th annual conference will be held in conjunction with the MIT Concrete Sustainability Hub 2014
Industry Day scheduled for May 15, 2014. The International Concrete Sustainability Conference provides learning
and networking opportunities on the latest advances, technical knowledge, continuing research, tools and solutions
for sustainable concrete manufacturing, design and construction.

Researchers, academics, students, engineers, architects, contractors, concrete producers, public works
officials, material suppliers and concrete industry professionals are invited to attend, submit papers and give
presentations.

LIFE CYCLE ASSESSMENT Assessing carbon footprint, embodied energy and other environmental

> impacts for buildings, infrastructure, and cement and concrete manufacturing.

> LOW IMPACT DEVELOPMENT Pervious pavements and erosion control structures. Urban heat island
reduction, light colored pavements, green roofs and cool communities.

> GREEN CONCRETE Recycled and alternative materials including aggregates, water, cementitious
materials, and fuels. Beneficial use of byproducts for cement and concrete production.

> NEW CONCRETE TECHNOLOGY Durability, extended service life models and validation, performance
based specifications to foster sustainability. Innovative concrete production methods.

> SUSTAINABILITY INITIATIVES Green building codes and standards adopted by building owners,
designers, contractors and product manufacturers. Economic incentives and legislation.

> FUNCTIONAL RESILIENCE High performance concrete applications in buildings and infrastructure,

fortified building codes, and community initiatives focusing on disaster resistance and adaptive reuse.

Contact: http://www.concretesustainabilityconference.org/boston2014/
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