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ASPECTE PRIVIND COROZIUNEA ARMATURII iN BETON
ISSUES ON REINFORCEMENT CORROSION IN CONCRETE
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Coroziunea armaturilor este datorata, in principiu,
diminudrii pH-ului solutiei apoase din porii betonului si
prezentei oxigenului.

Mai pot fi luate in considerare si alte cauze posibile,
legate de concentrarea sarcinilor exterioare statice sau
dinamice asupra elementelor si curentii de dispersie.

Timpul de aparitie al fenomenului, ca efect
distructiv semnificativ asupra caracteristicilor de
rezistenta mecanica , este in principiu de minimum doi
ani.

Indiferent de cauze, fenomenele trebuie cunoscute
si tinute sub un control minim, deoarece elementele din
beton care contin armaturi puternic corodate care nu sunt
aparente, pot suferi degradari importante (pana la colaps),
in momentele in care sunt solicitate exceptional.

Totodata, cunoasterea desfasurarii proceselor de
coroziune a armaturii, contribuie la imbunatatirea
metodelor de control a elementelor din beton armat, pentru
prevenirea si diminuarea distrugerii acestora.

Reinforcement corrosion in principle is due by
the slurry pH of concrete pores reduction and the
presence of oxygen.

Time of occurrence of the phenomenon, as an
effect on the strength characteristics, is in principle at
least two years. If in the natural corrosion, the elements of
monolithic concrete bear the blame is on the coverage
with concrete for the reinforcement, at the precast
concrete, corrosion may occur mainly due to chloride
ions contained in concrete. Can be taken into account
other possible causes, related to the concentration of
static or dynamic external loads on the elements, the
presence of lime in the concrete repair compositions or
dispersion currents. Whatever the cause, the phenomena
must be known and kept under control at least as
concrete elements containing  highly  corroded
reinforcement that are not apparent, can suffer significant
degradation (up to collapse) in during exceptional applied
loads. However, knowledge deployment of reinforcement
corrosion processes contributes to improving the control
of reinforced concrete, to prevent and reduce destruction.
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1. Introducere

1.1. Coroziunea armaturilor

Protectia barelor in elementele din beton
armat impotriva oxidarii este obligatorie. Uneori, din
motive tehnologice, stratul de protectie este realizat
incorect, putand fi subdimensionat, segregat, fisurat
sau dislocat partial.

Armaturile expuse, vin in contact direct cu
agentii corozivi: apa, umiditate, aer, agenti chimici
sub forma de gaze sau solutii. Volumul produsului
de coroziune este de circa 8 ori mai mare decét al
metalului din care provine - expansiunea betonului
produce fisurarea si desprinderea betonului [1-3].

Mai trebuie amintit faptul ca si concentrarea
de eforturi din sarcini statice sau dinamice amplifica
procesul coroziunii.

Un caz aparte 1 constitue coroziunea
electrochimica. Tn prezenta sarurilor dizolvate in
apa, betonul devine bun conducator de electricitate.

Curentii de dispersie (curenti vagabonzi)
sunt cunoscuti dar dificil de depistat si observat, ei
fiind accidentali sau chiar provocati (in cazul
protectiilor catodice). Curentul electric poate atinge
valori de sute de amperi intensitate si provoaca in
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1. Introduction

1. 1. Reinforcements corrosion

The bars protection in concrete elements
against oxidation is required. Sometimes, for
technological reasons, coating is performed
incorrectly, may be undersized, segregated,
partially broken or dislocated.

Exposed reinforcements come in direct
contact with corrosive agents: water, moisture, air,
chemical form of gases or solutions. Volume of
corrosion oxide is about eight times higher than the
metal from which it originates - the expansion of
concrete produce cracking and concrete peeling
[1-3].

It should be noted that concentrating the
efforts of static or dynamic loads enhances
corrosion process.

Electrochemical corrosion constitutes a
special case. In the presence of salts dissolved in
water, concrete is good conductor of electricity. The
dispersion currents (stray currents) are known but
difficult to detect and they were accidental or
caused (in case of cathode protection). Electric
current can reach values of hundreds of amperes
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armaturi fenomene de electroliza. Produsele de
coroziune sunt duble Tn volum fatd de volumul
metalului din care provin creand eforturi de pana la
300 daN/cm?.

intensity and cause electrolysis phenomena in
reinforcement. Corrosion products are double in
volume then the volume of metal from which are,
creating efforts up to 300 daN/cm?. In these areas
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Fig. 1 - Schema de producere a curentilor de dispersie, in care / Schedule of current production dispersal, where : 1- cablu de
alimentare/ power cord, 2- fir contact / contact wire, 3- vagon motor / car engine, 4- sina de rulare / running track, 5- bara pozitiva
a substantei / bar of positive substance, 6- bara negativa a substantei / negative rod of substance, 7- cablu de intoarcere / return
cable, 8- zona de captare / the catchment area, 9- conducta metalica subterana / underground metal pipe.

n aceste zone betonul fisureaza puternic (in
general fundatiile si stalpii) (fig.1) [2, 4].

1.2. Coroziunea betonului

Cauzele aparitiei degradarilor aflate in
medii agresive sunt:

e dizolvarea unor produsi de hidratare ai
cimentului (hidroxid de calciu);

o formarea produsilor de reactie ugor solubili;

e formarea unor compusi care maresc volumul i
pot distruge betonul prin expansiune.

Compusii chimici existenti Tn natura, in ape,
gaze sau sub forma de saruri actioneaza intr-un fel
sau altul asupra betonului, ajungdnd sa-l
degradeze. Printre cei mai importanti agenti
chimici, amintim:

e apa de mare, cu formare de hidroxid de
magneziu care scade proprietatea liantg;

e produsii expansivi, prin formarea de
cristalohidrati de amoniu, constituie cauza
tensiunilor interne care produc fisurarea
betonului (micgorarea rezistentei mecanice);

e sulfatii conduc la fisurari si dislocari in masa de
beton;

e onii clorurati corodeaza armaturile i exfoliaza
betonul;

e apa dulce spala varul liber din ciment, creand
un sistem poros;

e sarurile alcaline cristalizeaza in compusi care
expandeaza betonul.

In concluzie, se poate spune ci semnele
unui atac chimic constau in dezagregarile
suprafetelor elementelor, marirea fisurilor si a
rosturilor, dislocari generale ale maselor de beton,
umflari [2,3].

appear strong cracks in concrete (in general for
the foundations and pillars) (Fig. 1) [2, 4].

2.2. Concrete corrosion
The causes of degradation appearance in
aggressive mediums are:

o dissolution of products of cement hydration
(calcium hydroxide);

o formation of reaction products easily soluble;

formation of compounds that can destroy

concrete and increase the volume by
expansion.

Occurring chemical compounds in nature,
water, gas or salt form acting in one way or
another on the concrete, bringing it to deteriorate.

The most important chemicals include:

e Seawater, with the formation of magnesium
hydroxide which decreases binding property.

e Expansive products by forming ammonium
crystal hydrates became the cause of internal
stresses that product cracking of concrete
(decrease of mechanical strength).

e Sulfates leads to cracking and displacement in
mass concrete.

e Chloride ions corrode concrete fixtures and
shrugs.

e Wash fresh water free of lime cement, creating
a porous system.

e Alkaline salts compound crystallizes in
concrete expands.

In conclusion, it appears that the chemical
attack signs consist of decaying elements
surfaces, increasing the cracks and gaps, overall
displacement of masses of concrete, swelling [2,3].
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2. Coroziunea betonului sub actiunea apei
freatice

in cazul constructiilor din beton expuse in
apa freatica, apar efecte combinate de coroziune
ale mai multor factori [4-8].

Agresivitatea depinde nu numai de
compozitia chimica a apei si a cimentului dar si de
alti factori fizici si biologici. Astfel, coroziunea poate
fi redusa sau marita de exemplu de faptul ca apa
freatica este sau nu curgatoare, de fenomene
termice, de capacitatea de evaporare, de
dimensiunile elementului de beton, de culturile de
bacterii etc.

Proprietatile agresive ale apei capata o mai
mare importanta atunci cand apa are acces liber la
suprafata unei constructii sau o spald permanent.
Efectul agresiv al apei curgatoare este mai
important decat apa statatoare cu aceeasi
compozitie chimica, in special pentru betonul
proaspat. Reactiile care au loc intre compusii apei
si ai betonului sunt influentate in afara de reactia
chimica si de conditiile de migcare a substantelor gi
produsilor de reactie (apa freatica curgatoare).

2.1.Coroziunea betonului sub actiunea apei
freatice curgéatoare. Metode de protectie

in aceste conditii, betonul dens preparat cu
ciment portland cu zgura de furnal sau cu trass
este indispensabil. De asemenea, finisarea foarte
neteda corespunzatoare a suprafetei este
importanta. Practica indica si posibilitatea utilizarii
cimenturilor expansive (ca urmare a expansiunii,
volumul porilor poate fi redus la mai putin de 1),
insd numai cu incercari prealabile si cu experienta
in punerea in lucrare si protectie ulterioara.

Betonul poate fi protejat impotriva efectului
de eroziune la apele necorozive, care curg cu o
vitezd mare si printr-un control atent al curbelor
granulometrice ale agregatelor, prin folosirea de
ciment cu trass, compactarea ingrijita a betonului gi
printr-o finisare neteda a suprafetei [2, 4-8].

Dimensiunea minima uzuald, considerata
pentru elementele care sunt potential expuse la
coroziuni este de 30 cm. La metrouri, ziduri de
sprijin  sau tuneluri, unde apar presiuni
neechilibrate, aceasta dimensiune minima este de
40 cm. La elementele cu pereti subtiri si sub aceste
dimensiuni standard admise, protectiile impotriva
coroziunii sunt abordate cu masuri si proceduri mai
atent proiectate [3].

Un exemplu 1l constituie si pilotii de beton.
Pilotii prefabricati, utilizati Th medii agresive, pot fi
tratati prin aburire sau autoclovizare cu SiF,
gazoasa. Betonul va fi preparat cu ciment rezistent
la sulfati si sa atinga un grad de maturizare de
minimum 40 zile.

De asemenea, canalele industriale pot fi
agresate de substante nocive, care pot conduce la
degradarea betonului de confectionare si inflitrarea

2. Corrosion of concrete under the action of
groundwaters

For the concrete buildings exposed to
groundwater, the combined effects of corrosion
factors occur [4-8].

Aggression depends not only on chemical
composition of water and cement but also other
physical and biological factors. Thus, corrosion
can be reduced or increased such that
groundwater is flowing or not, thermal phenomena,
the ability of evaporation, the concrete element
sizes, cultures of bacteria etc.

Aggressive properties of water become
more important when surface water has free
access to a building or a permanent wash.
Aggressive effect of flowing water is more
important than standing water with the same
chemical composition, especially for fresh
concrete. Reactions occurring between water and
the concrete compounds are affected in addition to
the chemical reaction and the conditions of
movement of substances and products of reaction
(flowing groundwater).

2.1 Corrosion of concrete under the action of
flowing ground water. Protection methods

Under these conditions, dense concrete
made with Portland cement with blast furnace slag
or trass is essential. Also very smooth proper
surface finish is important. Practice indicates the
possibility of using expansive cements (due to
expansion, pore volume can be reduced to less
than one), but only with prior testing and
experience the work and subsequent protection.
Concrete can be protected against the effect of
erosion on non-corrosive water, flowing with great
speed and by careful control of granulemetric
curves of aggregates, trass cement, compacting
concrete care and a smooth surface finish [2, 4-8].

The usual minimum size considered for
items that are potentially exposed to corrosion is
30 cm. On subways, retaining walls and tunnels,
where appear unbalanced pressure, the minimum
size is 40 cm. For the thin-walled elements under
these standard allowed sizes, protection against
corrosion measures and procedures are dealt with
more carefully designed [3].

An example is represented also by
concrete piles. Precast piles used in hostile
environments, can be treated by steaming or
autoclaving with SiF, gas. Concrete will be
prepared with sulfate resistant cement and attain a
degree of maturation of minimum 40 days.

Also, industrial channels can be abused by
harmful substances, which can lead to degradation
of producing concrete and residues infiltration in
soil. Further, agents can attack ground water
mixed in building foundations or underground
construction.
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reziduurilor in sol. Mai departe, agentii amestecati
in apa freatica pot ataca fundatiile constructiilor sau
constructiile subterane.

Si in acest caz, se cere ca amestecul de
beton pentru confectionarea tuburilor, sa fie dens si
suficient de matur (min. 40 zile). In plus, metodele
folosite la fabricarea tuburilor asigura ca un minim
de apa sa fie prezent in beton.

Masurile de protectie se impun atunci cand
tubul de beton este in contact direct cu substante
agresive  (acizi, alcooli sau saruri foarte
concentrate) [3, 7].

2.2. Coroziunea  betonului sub  actiunea
variatiilor nivelului apei freatice. Metode de
protectie

Zona variatiilor nivelul apei freatice, conduce
la combinarea efectelor chimice cu factori fizici:
uscarea, saturarea, inghetul etc. Rezultatul este
mai intdi descompunerea betonului si degradarea
ajunge la maximum sub actiunea alternanta apa
agresiva - aer.

La nivel ridicat al apei freatice, betonul se
satureaza cu apa. Cand nivelul este scazut o parte
din apa se evapora din beton, iar sarurile ramase
pot cristaliza.

Fenomenul se poate repeta si pot aparea
concentratii foarte mari de saruri, care pot cauza
coroziuni de tipul lll. Gelul prezent in piatra de
ciment poate suferi, de asemenea, schimbari de
volum la saturare, urmarea fiind pierderea de
rezistentd mecanica.

Protectia poate fi asigurata prin:

e izolarea suprafatei exterioare a zonei de
variatie a apei freatice cu materiale
specifice;

e aplicarea unei umpluturi de protectie din
argila cu o grosime de 15-30 cm.

Daca in zonele expuse intervin pe langa
coroziuni si fenomene de inghet-dezghet, este
obligatorie utilizarea cimenturilor portland unitare,
care confera betonului rezistente superioare la
influente fizice.

Protectia canalizarii consta in utilizarea unui
ciment special sau a unui tratament de suprafata
(de exemplu cu silicati sau anumiti polimeri).

2.3. Coroziunea betonului sub actiunea apei
freatice calde. Metode de protectie

Procesele chimice si viteza reactiilor igi
maresc intensitatea sub influenta temperaturii.

Coroziunea este mult acceleratd de
izvoarele termice, ape reziduale industriale calde,
abur industrial cald, etc.

Masurile de compozitie ale betonului expus
astfel, impun neutilizarea cimenturilor aluminoase
si a agregatelor care contin cuart. In aceste cazuri
trebuie utilizate agregatele care au un coeficient de
dilatatie termica mic si uniform, cum sunt bazaltul si
zgura de furnal [2, 5, 6].

In this case, required the mixing of
concrete for making tubes to be dense and mature
enough (min. 40 days). In addition, methods used
to manufacture tubes ensure a minimum of water
to be present in concrete. Protective measures
required when concrete tube is in direct contact
with aggressive substances (acids, alcohols or
highly concentrated salts) [3, 7].

2.1. Corrosion of concrete under the action of
groundwater level changes. Protection
methods.

Area groundwater level changes, leading
to a combination of chemical effects of physical
factors: drying, saturation, etc. frost. The result is
the first concrete decomposition and degradation
reaches a maximum under the action of alternating
aggressive water - air.

High groundwater level, the concrete is
saturated with water. When the low part of the
water evaporates from the concrete and the
remaining salts can crystallize. The phenomenon
can be repeated and may appear very high
concentrations of salts, which can cause corrosion
of type Ill. Currently gel cement stone can also
suffer from changes in volume at saturation, the
record loss of strength.

Protection can be achieved by:

e Insulation of exterior surface area of
variation of groundwater specific
materials.

» Application of a protective clay filling
of 15-30 cm thick.

If the exposed areas and corrosion
phenomena occurring in addition to freeze-thaw
cycles, the unit must be used Portland cement,
concrete giving superior resistance to physical
influences.

Sanitation protections use special cement or
a surface treatment (silicate and some polymers).

2.3. Corrosion of concrete under the action of
hot groundwater. Protection methods

Chemical processes and reaction speed
increase their intensity under the influence of
temperature. Corrosion is accelerated by thermal
springs, hot industrial wastewater, industrial steam
heat, etc.

Composition  measures of exposed
concrete require non aluminous cements and
aggregates containing quartz. Aggregates used in
these cases must have a low and uniform thermal
expansion coefficient, such as basalt and blast
furnace slag [2, 5, 6].

3. Corrosion protection of reinforcements

3.1. Corrosion control methods and
determination for reinforcements
The main steps to be taken to achieve
control of steel reinforcement corrosion are:
determining the reinforcement position and
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3. Protectia anticoroziva a armaturilor

3.1. Metode de control si determinarea
coroziunii armaturilor

Principalele etape care trebuie parcurse
pentru realizarea controlului coroziunii armaturii de
otel sunt urmatoarele: determinarea pozitiei i
diametrului armaturii, determinarea gradului de
coroziune a armaturii (prin determinarea curbei
actiunii clorhidrice, a adéncimii de carbonatare, a
rezistivitatii sau a gradului de permeabilitate a
betonului) si a vitezei de coroziune a armaturilor.

Determinarea  pozitiei si  diametrului
armaturii se pot realiza cu ajutorul urmatoarelor
metode:

- Metoda radiometrica - principiul metodei
consta in faptul ca la trecerea printr-un corp
oarecare, fluxul razelor gamma Tisi micsoreaza
intensitatea, fenomen cuantificat prin masurarea
vitezei de numarare a impulsurilor fasciculului
atenuat.

Lungimea lor de unda este mai mica decat
a razelor X, de aceea puterea lor de patrundere
este foarte mare (elemente groase)| 2].

4

3
\

Fig. 2 - Incercarea radiometrici a betonului, in care /
Radiometric Testing of concrete, in which:
1- container cu izotropi / isotropic container,
2- colimator / collimator, 3- element de beton /
concrete element, 4- contor de particule / particle
counter, 5- radiometru / radiometer.

Schematic, aparatul contine o sursa
radioactiva intr-un container de plumb, care emana
un fascicul de raze gamma spre elementul de
beton printr-un colimator.

De cealalta parte a elementului se
pozitioneaza un contor Geiger-Miller intr-un
container de plumb, legat la un numarator de
particule. In functie de variatia vitezei de numérare
a particulelor se poate determina pozitia armaturilor
inglobate in beton (fig.2);

- Metoda radioscopicd — consta in
convertirea in imagini vizibile a radiatilor X sau
gamma de Tnaltd energie, dupa ce acestea au
traversat grosimea betonului controlat (max.
1...1,2m). Aceste imagini sunt analizate de o
camera de luat vederi foarte sensibila si sunt
afisate pe un monitor T.V. (fig.3).

Fatd de celelalte metode, acestea prezinta
unele avantaje precum: mobilitatea instalatiei,
stocarea, analizarea pe loc si editarea (la dorinta) a
informatiilor (imaginilor) obtinute etc. [2];

diameter, determining the degree of corrosion of
reinforcement (by determining the action curve
hydrochloride, the depth of carbonation, the
resistivity and the degree of permeability of
concrete) and the corrosion rate of reinforcements.

Determining the position and diameter of
reinforcement can be achieved through the
following methods:

- Radiometric method - principle of
the method is that the passing of a certain body,
the flow decreases its intensity gamma rays, a
phenomenon quantified by measuring the speed of
counting pulses attenuated beam.

Wave length is less than X-rays, so their
power of penetration is very high (thick
elements) [2].

Schematically, the device contains a
radioactive source in a lead container, which gives
off a gamma ray beam to a concrete element
collimator.

The other side of the element is positioned
a Geiger-Muller counter in a lead container,
connected to a number of particles.

For varying particle counting rate can
determine the position of reinforcements
embedded in concrete (Fig. 2);

- X-ray method — consists in X-rays
or high energy gamma converted into visible
images after they crossed the concrete controlled
thickness (max 1 ... 1.2 m). These images are
analyzed by a highly sensitive camera and
displayed on a TV monitor (Fig. 3).

Compared to other methods, it presents
some advantages such as mobility facility, storage,
analysis and editing in place (at will) of information
(images) obtained etc. [2];

- Radiographic method - is to
highlight the difference between the densities of
materials using a photosensitive film whose image
density will be different depending on it (image
density is lower in reinforvemets - which has a
coefficient mitigation mass quantum energy higher
than if concrete) (Fig. 4).

- The method is applied to concrete
elements of up to 500 mm thick. It is laborious as
previously assumed in developing of the film
(performed in a specialized laboratory) and then
research the images obtained [1,2].

- Method of using magnetic field - is
used for determining the position and
reinforcement diameter and thickness of coatings
for concrete. Working principle is based on the
closure device through concrete fixtures, lines of
force of an open magnetic circuit (Fig. 5).

With this method can detect reinforcement
embedded in concrete to a depth exceeding 250
mm. To determine the diameter of the valve is
necessary to know the thickness of concrete cover
it [1,2].
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- Metoda radiografica - consta in punerea in
evidenta a diferentei dintre densitatile unor materiale
cu ajutorul unei pelicule fotosensibile (film) a caror
densitati de imagine vor fi diferite in functie de
acesta (densitatea de imagini este mai mica in cazul
armaturii — care are un coeficient masic de atenuare
a cuantelor de energie mai mare decéat in cazul
betonului) (fig.4). Metoda se poate aplica in cazul
elementelor de beton armat cu grosimea de
maximum 500 mm. Ea este laborioasa intrucat
presupune in prealabil developarea filmului
(executata intr-un laborator specializat) si apoi

(R g v S EY I

A

IT g >
1 T

Fig. 3 - Metoda radioscopica, in care / X-ray method, in which:
1- sursa radiatii ,X” / radiation source "X", 2- colimator /
collimator, 3- element de beton / concrete element,
4- microprocesor / CPU, 5- Monitor TV / TV Monitor,
6- magnetoscop / recorders, 7- receptor / receiver.

cercetarea imaginilor obtinute [1,2].

-Metoda folosirii cadmpului magnetic - se
utilizeaza pentru determinarea  pozitiei  si
diametrelor armaturilor si a grosimii straturilor de
acoperire cu beton.

Principiul de functionare a aparatului se
bazeaza pe inchiderea, prin armaturile din beton, a
liniilor de forta ale unui circuit magnetic deschis

(fig.5).

Cu aceasta metoda se pot depista
armaturile inglobate in beton pana la o adancime
de maximum 250 mm. Pentru determinarea
diametrului armaturii este necesar sa se cunoasca
grosimea stratului de acoperire cu beton a acesteia
[1,2].

Determinarea gradului de coroziune a
armaturii. Pentru determinarea gradului de
coroziune a armaturilor au fost puse la punct o
serie de metode cu scopul de a stabili zonele
potentiale de coroziune si viteza de dezvoltare a
acesteia, precum: determinarea curbei actiunii
clorhidrice, determinarea adancimii de carbonatare
a Dbetonului, determinarea rezistivitatii = gi
determinarea gradului de permeabilitate a
betonului.

Dupa cum s-a aratat mai fnainte,
fenomenul declangéarii coroziunii armaturilor din otel
include doua etape: penetrarea stratului de
acoperire cu beton de catre agentii agresivi gi
respectiv declansarea fenomenul de coroziune a
armaturilor, atunci cénd acestia ajung la o
concentratie critica la nivelul armaturilor [3].

- Curba sau Profilul de difuzie a ionilor
clorurd. lonii clorura situati in porii stratului de

Determining the degree of corrosion of
reinforcement. To determine the extent of
corrosion of reinforcements have been developed
several methods in order to determine potential
areas of corrosion and its rate of development,
such as determining action hydrochloride curve,
determining the depth of carbonation of concrete,
determination of resistivity and determination
degree of permeability of concrete.

As noted, the phenomenon of triggering
corrosion of steel reinforcement includes two
stages: penetration of concrete cover layer by

()

Fig. 4 - Metoda radiografica, in care: / Radiographic method, in
which: 1- container / tank, 2- colimator / collimator, 3-
element de beton / concrete element, 4- film (pelicula
fotosensibild) / film (photosensitive film), 5- ecran
impotriva radiatiilor / screen radiation

Fig. 5 - Pahometru. Schema de functionare a pahometrului, in
care: /| Pahometer. Pahometer operating schedule, in
which: 1- baterie de alimentare / Battery power,
2- intrerupdtor / switch, 3- oscilator cu curent
alternativ / oscillator AC, 4- defazor / out of phase, 5-
redresor / rectifier, 6- galvanometru / galvanometer,
7- sonda de palpare / touch probe.

agents that trigger aggressive and fittings
corrosion phenomenon when they reach a critical
concentration in the fittings [3].
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acoperire cu beton pot coroda armaturile atunci
cand concentratia lor ajunge la o valoare critica,
care depind de pH-ul stratului de acoperire.
Continutul de ioni clorurd, variaza in functie de
adancimea din stratul de acoperire cu beton, alura
acestei curbe de variatie, fiind prezentata in figura
6 [3].

A RC element

\ 4

Y

Diffusion Coefficient D

Fig. 6 - Distributia pe adancimea elementului de beton a ionului
clorura / Distribution in the depth of the concrete
element for chloride ion.

- Adéncimea carbonatérii — dintre agentii cei
mai nocivi se mentioneaza dioxidul de carbon care
poate micsora pH-ul stratului de acoperire cu beton
a armaturii, conducand la declangarea procesului
de carbonatare a betonului si respectiv a procesului
de coroziune a armaturii. Este important sa se
determine pana la ce adancime s-a produs
penetrarea dioxidului de carbon.

Adancimea de carbonatare se poate
determina  folosind un indicator  colorat
(fenolftaleina) care isi schimba culoarea in functie
de gradul de carbonatare.

Marimea adancimii de carbonatare Xc se
stabileste prin extragerea unei carote. Daca stratul
de acoperire cu beton este in totalitate carbonatat
si daca umiditatea relativa a mediului nu este prea
scazuta, Tnseamna ca procesul de coroziune a
armaturilor s-a declansat.

Folosind legile difuziei si coeficientii masurati
ai difuziei, se pot trasa curbele continutului ionilor

- Determination of hydrochloride action
curve - chlorine ions located in the pores of the
concrete coating may corrode the reinforcement
when their concentration reaches a critical value,
pH dependent coating. Content of chloride ions,
varies depending on the depth of concrete cover
layer, the curved shape change, as shown in
Figure 6 [3].

- Determine carbonation depth - the most
harmful agents indicate carbon dioxide that can
decrease the pH of coating concrete
reinforcement, leading to the beginnings of the
carbonation of concrete and that the process of
reinforcement corrosion. It is important to
determine to what depth of carbon penetration
occurred.

Depth of carbonation can be determined
using a color indicator (phenolphthalein) which
changes color depending on the degree of
carbonation. Carbonation depth Xc size is
determined by extracting a core. If the coating is
fully carbonated concrete and the environment
where relative humidity is too low, it means that
the process of corrosion of reinforcements began.

Using laws of diffusion and diffusion
coefficients measured can be drawn curves CI’
ions and OH" content, the depth x on the time t.
corrosion is triggered at the corresponding time
point of intersection of two curves (Fig.7 ).

- Determination of resistivity - is based on
the method of determining the electrode's potential
existing between the reinforcement and a
reference electrode (copper sulfate) located on the
surface of concrete. Measurements are made
using devices that determine the existence of
surface corrosion by scanning tested, resulting in
electrical potential product development due to
take concrete chloride penetration (this leads to
the formation of anodic and cathode areas with
large differences in electrical potential between
them) (Fig.8 ) [2].

Devices collect the necessary information to
analyze, interpret and displays them in the form of
sketches of potential areas of corrosion.

Corrosion potential maps are used only to
determine those areas where the reinforcements can
register changes in voltage range 350...200 mV.

Fig. 7 - Determinarea nivelului CI" sau

OH" OH" pentru aflarea zonei de

corodare a armaturii
Determine the level of CI' and
OH for finding the area of
reinforcement corrosion.

Concrete \
‘\ -
\\ Lt
Reinforcement S
A N
'/
X CF=OH-
7
\ 4
Corrosion ignition
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CI' si OH’ la adancimea x in functie de timpul t.
Fenomenul de coroziune se declanseaza Ila
intervalul de timp corespunzator punctului de
intersectie al celor doua curbe (fig.7).

- Determinarea rezistivitdtii — se bazeaza pe
metoda determinarii potentialului de electrod E
existent intre armatura si un electrod de referinta
(sulfat de cupru) amplasat pe suprafata betonului.
Masuratorile se efectueaza cu ajutorul unor aparate
care stabilesc existenta coroziunii prin scanarea
suprafetei supuse incercarii, determinand aparitia
potentialului electric produs datoritd penetrarii
clorurilor din beton (acestea conduc la formarea
unor zone anodice sau catodice cu diferente mari
de potential electric intre ele)(fig.8) [2].

A

x %

Fig. 8 — Schema de determinare a coroziunii prin masurarea
rezistivitatii, Tn care: / Scheme of determination of
corrosion by measuring the resistivity, in which: 1-
micorprocesor / microprocessor, 2- dispozitiv pentru
masurarea potentialului de electrod a armaturilor de
otel / device for measuring the electrode potential of
steel fittings, 3- element de beton / concrete element,
4- armatura de otel/ steel reinforcement.

Aparatele colecteaza informatiile necesare pe
care le analizeaza, le interpreteaza si le afiseaza
sub forma unor schite ale zonelor potentiale de
coroziune.

Hartile de coroziune potentiala sunt folosite
numai pentru determinarea acelor zone ale
armaturilor unde se pot inregistra variatii ale
tensiunii electrice cuprinse intre 350... 200 mV.

Este prezentata harta care indica zonele
afectate de coroziune (fig.9) [3].

-Determinarea permeabilitatatii  betonului.
Zonele de beton care au un grad de permeabilitate
ridicat (pori, fisuri, desprinderi etc.) pot indica riscul
aparitiei fenomenului de coroziune. Aceste zone
se determina cu ajutorul unui aparat, aplicat pe
suprafata elementului de beton si cu care se
masoara variatia presiunii in functie de timp
(fig.10).

Asa cum s-a mentionat si mai inainte, dat
fiind complexitatea fenomenului de coroziune,
pentru analizarea acestuia este bine sa se apeleze
la doua sau mai multe din metodele prezentate.
Astfel, se pot obtine rezultate mult mai concludente
daca se determina adancimea de carbonatare si

Is shown above the map which present areas
affected by corrosion (Fig.9) [3].

Fig. 9 — Harti de coroziune stabilite prin determinarea
rezistivitatii /| Maps established by determining the
corrosion resistivity.

-Determining the degree of permeability -
concrete areas that have a high degree of
permeability (pores, cracks, peeling, etc.) may
indicate risk of corrosion. These areas are
determined using a device applied to the surface
of concrete elements with which to measure
change in pressure over time (Fig. 10).

Fig. 10 - Principiul de functionare a echipamentului de
masurare a gradului de permeabilitate, in care: /
Principle of operation of equipment to measure the
degree of permeability, in which: 1- pompa cu vid /
vacuum pump, 2- robinet / valve, 3- aparat de
masurarea presiunii / pressure measuring device,
4- recipient / container, 5 - suprafata incercata /
tested surface.

As mentioned before, given the complexity
of corrosion for its analysis is better to use two or
more of the methods presented. Thus, more
conclusive results may obtain if measured
carbonation depth and degree of permeability. The
following figure shows that when the thickness of
carbonation is low and the degree of permeability
is low, corrosion of reinforcements will not trigger.
However, if the coating is carbonated and porous
fittings will corrode (Fig.11) [2].

4. Conclusions

Concrete corrosion protection begins with
a correct choice, based on profound knowledge of
concrete correlation type/class of durability,
compared with operating parameters of the
application environment. Corrosion protection is
decisively influenced by the suitability of concrete
characteristics in the environment that one
statement. Corrosion of reinforcements is due in
principle, by the slurry pH of concrete pores
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gradul de permeabilitate. In figura 11 se arata
faptul ca, atunci cand grosimea de carbonatare
este mica si cand gradul de permeabilitate este
scazut, coroziunea armaturilor nu se va declansa.
In schimb, daca stratul de acoperire este
carbonatat si permeabil, armaturile vor coroda [2].

Carbonated concrete
Gl AL L -
LR b Health concrete

R, .
- - Reinforcement
é
Legend: (mm)
Permeability
Durable Concrete <
20

Degradable Concrete el

B0 coraded Concrete 10

>

10 T 5000 s

Fig. 11 - Procedura de determinare a coroziunii armaturilor prin
intermediul  folosirii  rezultatelor adancimii de
carbonatare si a gradului de permeabilitate [2] /
Procedure for determining the corrosion fittings by
using the results of carbonation depth and degree of
diffusion [2].

4. Concluzii

Protectia la coroziune a betonului
debuteaza cu o alegere corectd, pe baza
cunoagterii profunde a corelatiei tip beton/clasa de
durabilitate, n raport cu parametrii mediului de
exploatare a aplicatiei. Protectia la coroziune este
decisiv influentatda de adecvarea caracteristicilor
betonului la cele ale mediului de expunere.
Coroziunea armaturilor este datorata, in principiu,
diminuarii  pH-ului solutiei apoase din porii
betonului si prezentei oxigenului in conditiile
concentrarii  sarcinilor exterioare statice sau
dinamice asupra elementelor de beton armat.

Metodele de control prezentate a evolutiei
coroziunii armaturii betonului expus in contact cu
apa freaticd sunt necesare pentru stabilirea
solutiilor tehnice de prevenire si protectie.

reduction and the presence of oxygen
concentration under static or dynamic external
loads on reinforced concrete elements.

The presented control methods from the
development of reinforcement corrosion in
concrete exposed to contact with groundwater
technical solutions are necessary to establish
prevention and protection.
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