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/ Proiectarea duratei de serviciu a construc,tiilor}

beton armat poate fi efectuata utilizand metode de
complexitate diferita (integral probabilistice, bazate pe
coeficienti partiali de proiectare sau pe baza asigurdrii unor
compozitii adecvate). Indiferent de complexitate, rezultatele
cercetarilor experimentale in-situ si in laborator trebuie sa
puna la dispozitie datele necesare unor astfel de abordari
pentru diferite tipuri de mecanisme de degradare a
betonului armat.

Articolul  prezinta rezultatele unor cercetari
experimentale efectuate pe betoane preparate cu cimentul
tip CEM Ill/A Carpatcement, ca exemplu pentru obtinerea
datelor necesare stabilirii duratei de serviciu a constructiilor

(alizate cu un anumit tip de ciment.
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1. Introducere

Articolul isi propune sa identifice principalii
parametri care trebuie determinati experimental
pentru a se putea calcula durata de serviciu a
constructiilor din beton armat.

Exista 1n ultima perioada numeroase
preocupari in stabilirea unor metode de proiectare
[11 pentru evitarea deteriorarilor cauzate de
actiunea mediului, comparabile cu cele utilizate n
eurocodurile structurale [2]. Aceasta modalitate de
proiectare necesitd parcurgerea mai multor etape
[1]:

e Cuantificarea mecanismelor de deteriorare.

e Definirea unor stari limita.

e Calcularea probabilitdti ca aceste stari
limita sa fie atinse.

e Definirea tipului de stare limita, SLS - stare
limita de serviciu sau SLU — stare limita
ultima.

Proiectarea duratei de serviciu poate fi abor-
data utilizadnd doua strategii:
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concrete structures can be performed using design
approaches with different levels of complexity (full
probabilistic, based on partial factor or deemed to satisfy).
No matter the complexity, the results of the experimental
researches in-situ and in the laboratory must provide the
necessary data for such approaches, for different types of
degradation mechanism of reinforced concrete.

The article presents the results of experimental
researches performed on concretes prepared with cement
type CEM Il/A Carpatcement, as an example for obtaining
the necessary data in order to establish the service life of
constructions performed with a certain type of cement.

1. Introduction

The article proposes to identify the main
parameters which must be experimentally
determined in order to calculate the service life of
reinforced concrete structures.

Lately, there are many preoccupations to
establish certain design methods [1] to avoid
deteriorations caused by environmental actions,
comparable with those used in the structural
EUROCODES [2]. This design modality needs
several stages [1]:

e The  quantification  of
mechanisms.

¢ Defining certain limit states.

e Calculating the probability that these limit
states occur.

e Defining the type of limit states, SLS -
serviceability limit state or SLU —ultimate
limit states.

The service life design can be approached
using two strategies:

deterioration



220 D. Georgescu, A. Apostu, R. Gavrilescu / Cercetarea experimentald, componenta esentiald in aplicarea diferitelor metode de

Strategia 1: Proiectata sa reziste deteriorarilor:

e De nivel 1 - integral probabilistica

e De nivel 2 — bazata pe coeficienti partiali
de proiectare, referitori la actiuni sau
materiale (semiprobabilistica)

e De nivel 3 - bazata pe principiul
.considera ca satisface” (existenta in
standardele actuale)

Strategia 2: Evitarea deteriorarilor

Indiferent de metoda utilizata in strategia 1,
mecanismele de deteriorare trebuie cuantificate
prin aplicarea unor modele care sa fie validate prin
experimente in laborator si observatii practice
in-situ.

O componenta esentiala a acestui proces
este determinarea influentei caracteristicilor
materialelor asupra diferitelor procese de
deteriorare, care se poate evidentia prin aplicarea
unor metode experimentale desfasurate in conditii
specificate.

Articolul prezinta rezultatele unor cercetari
experimentale efectuate asupra unor betoane
preparate cu CEM IlI/A produse de catre
Carpatcement Holding S.A.-Heidelberg Cement
Group, date necesare pentru aplicarea metodelor
de evaluare a duratei de serviciu a constructiilor
din beton realizate cu acest ciment [3].

S-a investigat cantitativ (pe baza programului
de calcul) procesul de deteriorare a betonului, si
anume: coroziunea indusa din carbonatare [4], din
actiunea clorurilor, atacul de inghet-dezghet, atacul
sulfatic. Primele doua mecanisme vor fi prezentate
in prima parte a articolului.

Pentru fiecare din mecanismele de
deteriorare se vor evidentia relatiile de calcul
propuse fin literatura, coeficientii care trebuie
stabiliti pe cale experimentald, metodele necesar a
fi aplicate.

2. Coroziunea indusa de carbonatare — beton
nefisurat

in capitolul introductiv s-a indicat faptul ca
exista trei nivele de proiectare a duratei de serviciu
a constructiilor din beton armat. In prezentul articol
se vor prezenta formulele de calcul pentru
abordarile probabilistice si semiprobabilistice, cu
evidentierea coeficientilor care impun determinari
experimentale [5]. Astfel, ecuatia (1) descrie o
stare limita in care acoperirea cu beton a armaturii
este comparata cu adancimea de carbonatare X.(t)
intr-un anumit punct la timpul t.

ga X (t)=a-X () (1)

Xe ()= V2K K (KR acco+2)C, . |t W(2),

in care: a este grosimea stratului de beton, [mm];
X. (t) -adancimea de carbonatare la timpul t, [mm];
t - timpul, [ani]; K¢ -coeficient in functie de mediu,

stabilire a duratei de serviciu a constructiilor din beton.

Strategy 1: Designed to resist deteriorations (this is
introduced three levels of sophistication):
o Level 1 —full probabilistic design approach
e Level 2 — partial factor design approach,
regarding actions or materials (semi-
probabilistic)
e Level 3 - deemed to satisfy design
approach (existing in the current standards)
Strategy 2: Avoidance of deteriorations

No matter the method used in strategy 1,
the deterioration mechanisms must be quantified by
applying certain models which must be validated by
laboratory experiments and practical observations
in-situ.

An essential component of this process is
the determination of the influence of material
characteristics over different deterioration
processes, which can be evidenced by applying
certain experimental methods developed in the
specified conditions.

The article presents the results of certain
experimental researches over some concretes
prepared with CEM IlI/A  developed by
Carpatcement Holding S.A.-HeidelbergCement
Group, data necessary for applying the assessment
methods for the service life design of concrete
structures performed with this cement [3].

It was investigated quantitative (on
calculation program) the deterioration process for
concrete: carbonation induced corrosion [4],
chloride induced corrosion, freeze/thaw attack,
sulfatic attack. The first two mechanisms will be
presented in the first part of the article.

For each deterioration mechanism, the
calculation relations suggested by the literature will
be evidenced, the coefficients which must be
experimentally established, the methods necessary
to be applied.

2. Carbonation induced corrosion by -
uncracked concrete

In the introduction was mentioned the fact
that there are three level for designing the service
life of the reinforced concrete structures. In the
present article the calculation formulas will be
presented for the probabilistic and semi-
probabilistic ~ approaches, highlighting  the
coefficients implying experimental
determinations[5]. Therefore, the equation (1)
describes a limit states in which the concrete cover
is compared with the carbonation depth X.(t) in a
certain point of time t.

g@a Xc(®))=a-X(t) (1)

Xe (t) = \/2KQKC(K,R"ACC,O+gI)CY. \/7 W(t),

where:
a is concrete cover, [mm]; X. (t) - carbonation
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influenta umiditatii; K. - coeficient in functie de
durata de tratare a betonului; K;, & - coeficienti
care tin seama de diferentele dintre valorile
adancimii de carbonatare determinate in cond|t||
accelerate si respectiv in mediu natural; R ACC,O -
valorile re2|stente| la carbonatare a betonului la
puterea -1, [(mm /an)/kg/m] C; - concentratia de
CO,, [kg/m ]; W(t) -functie care depinde de mediu.

Formula (1) indica atat principalii factori de
care depinde carbonatarea betonului, cat si
modalitatile de determinare a acestora.

Avand in vedere obiectivul cercetarilor
experimentale, in mod ewdent de interes este
cuantificarea rezistentei R ACC,O.

Exista diverse propuneri privind efectuarea
unor teste accelerate pentru determinarea
rezistentei la carbonatare a betonului.

In literatura de specialitate [6] se indica o
metoda prin care o proba de 100x100x150 mm,
dupé mentinere 7 zile in apa si 21 de zile intr-un
mediu controlat cu T = 20°C si Ry = 65%, se
introduce pentru inca 28 de zile intr-o camera
avand T = 20°C si Ry = 65% si o concentratie de
CO,, Cs = 2,0 vol %.

Dupa mentinerea in acest mediu, proba
este despicata si se masoara adancimea de
carbonatare.

Dupa masurarea adancimii de carbonatare,
se poate determina rezistenta la carbonatare a
betonului la puterea -1, utilizand relatia (2):

R acco = (Xolr)? (2)

in care: 1t este o constanta de timp,
[(s/kg/m®)°°], care, in cazul metodei descrise
anterior, are valoarea 1=420; X, - grosimea
stratului de beton carbonatat, [mm].

Exista date in literatura de specialitate
privind valorile lui R’ acco, date prezentate in
tabelul 1.
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depth at the time t, [mm]; t - time, [years]; K, -
environmental function; K. - execution transfer
parameter; K; - regression parameter; R ACC.O -
inverse effectlve carbonatlon resistance of
concrete, [(mm /an)/kg/m] st - error term; Cs
CO, concentration, [kg/m®; W(t) - weather
function.

Equation (1) indicates the main factors on
which the concrete’s carbonation is depending as
well as the modalities to determine them.

Considering that the object of interest of
the experimental researches |s obviously the
quantification of the resistance R’ ACC.0.

There are different suggestions regarding
the performance of certain accelerated tests in
order to determine the concrete’s resistance to
carbonation.

In the technical literature [6] there is
indicated a method by which a sample of
100x100x150 mm, after being stored for 7 days in
tap water and 21 days in a standardized
laboratory climate , with T = 20°C and Ry =

65%,is mtroduced for another 28 days in a room
with T = 20°C and Ry = 65% and the CO,
concentration of Cs = 2,0 vol %.

After removal the concrete specimens are
split and the carbonation depth is measured.

After measuring the carbonation depth, the
mean value of the reference inverse effective
carbonation resistance is determined, using the
relation (2):

R acco = (X/1)? (2)
where t is time constant, in [s/kg/m3)0‘5], for the
described condition, has the value 1=420; X; -
measured carbonation depth in the compliance
test, [mm].

In the specialty Ilterature there are data
regarding the values of R’ acc,0, data presented in
Table 1.

Tabelul 1

Cuantificarea Iui R acc.0 / Quantification of R’ pcc.o

R acco [107 (m?/s)/kg/m’ ] Apal/Liant echivalent / W/C cquivaent *
Tip ciment
Cement type 0.35 0.40 0.45 0.50 0.55 0.60
CEM 142.5R - 3.1 5.2 6.8 9.8 13.4
CEM | 42.5R + cenus&* (k=0,5) - 0.3 1.9 2.4 6.5 8.3
CEM 1 42.5R + FA* (k=0,5)
CEM | 42.5R + praf silice* (k=2) 35 5.5 - - 16.5 -
CEM | 42.5R + SF* (k=2)
CEMII/B425R - 8.3 16.9 26.6 443 80.0

*) raport Apa/Liant echivalent considerand 22% cenusa si 5% praf de silice / equivalent water cement ratio, considering FA
(fly ash) or SF (silica fume) with the respective k-value (efficiency factor)

In cazul utiliz&rii metodei semiprobabilistice
se utilizeaza relatia (3):
ad— Xca(tst) 20

In case of using factor method, the relation
(3) is applied:
3)

XCd tSL \/2Kechd(

ACC,O,k

YR T E€4)Coq Vst Wits),
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in care: ay este valoarea proiectata a where ay is carbonation depth designed
adancimii de carbonatare, [mm]; X.q (ts) - value, [mm]; X.q4 (tst) - design value of the

valoarea de proiectare a adancimii de carbonatare
la timpul ts; Ko g, Keg, Kig- valori de proiectare ale
coeficientilor ale céaror semnificati au fost

prezentate pentru relatia (1); v - coeficient partial

carbonation depth at the time tg; Keg, Kcg, Kig -
design values of: environmental function,
execution  transfer  parameter, regression

parameter; v - partial safety factor, y; = 1.5. You

can observe that one of the essential parameters
interfering, is the concrete’s resistance to
carbonation, quantified by the values of R’ ACC.O, k.

Therefore, the carbonation depth values
can be determined in time, depending on certain
exposure  conditions and the concrete
compositions.  Obviously, the experimental
research is essential in order to apply this method.

The value of R'1ACC,0 can be determined
according to the method presented previously,
and/or can be verified/determined by measuring
the concrete’s carbonation depth, component of

de siguranta, vy, = 1,5. Se poate observa ca unul

din parametrii esentiali care intervin, este rezistenta
betonului la carbonatare cuantificatd prin valorile Iui
R ACCO, k. in acest fel se pot determina valorile
adancimii de carbonatare in timp, in functie de
anumite conditi de expunere si compoziti de
betoane. In mod evident, cercetarea experimentala
este esentiala Tn aplicarea acestei metode.

Valoarea lui R'1ACC,O poate fi determinata
conform metodei prezentate anterior, si/sau poate
fi verificatd/ determinata prin masurarea adancimii
de carbonatare a betonului component al unor

elemente expuse in medii reale. cert_aln elements exposed in the real
environments.
Tabelul 2
Valorile adancimii de carbonatare pentru betoanele mentinute in mediu interior cu umiditate mare
The carbonation depth values for concretes stored inside with high humidity
Clasa IZ_)ozajt Adancimea de carbonatare / Carbonation depth (mm)*
. cimen
potonull | Cement | RO AT | 180 ziles | Medie 1an Medie 2 ani Medie
oncrete W/C ratio
class dosagSe days average year average years average
(kg/m’)
0 2.0 3.0
C16/20 325 0.47 0 0 2,0 1.83 3.0 3.00
0 1.5 3.0
0 1.0 3.0
C20/25 370 0.41 0 0 1.0 117 3.0 2.67
0 1.5 2.0
0 1.0 3.0
C25/30 420 0.37 0 0 1.0 1.17 3.0 3.00
0 1.5 3.0
0 1.0 2.0
C30/37 470 0.35 0 0 2.0 1.33 2.0 2.00
0 1.0 2.0
*) probele au fost mentinute in interior, in camera de pastrare cu umiditate relativa a mediului ambiant ridicata, peste 70 %
the samples were stored inside, in the preservation room, with high humidity degree of the environment, over 70 %
Tabelul 3

Valorile adancimii de carbonatare pentru betoanele mentinute in mediu interior cu umiditate mica
The carbonation depth values for concretes stored inside, with low humidity

Clasa betonului Dozaj ciment Raport A/C Adancimea de carbonatare / Carbonation depth (mm)
Cement dosage ; - -
Concrete class 3 W/C ratio medie ) medie
(kg/m”) 1an /year 2 anil years
average average
5 5
C16/20 325 0.47 5 5.33 6 5.67
6 6
6 6
C20/25 370 0.41 6 5.67 6 6.00
5 6
5 6
C25/30 420 0.37 5 5.00 7 6.33
5 6
5 6
C30/37 470 0.35 5 5.00 6 6.00
5 6

*) probele au fost mentinute in interior, in camera de pastrare cu umiditate relativd a mediului ambiant redusa, sub 50%.
the samples were stored inside, in the preservation room with low humidity degree of the environment , under 50%.
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in tabelele 2 si 3 se prezintd rezultatele
inregistrate la un an si respectiv la doi ani pentru
compozitii de betoane preparate cu cimentul IlI/A
de diferite clase de beton (rapoarte A/C), probe
mentinute in medii cu umiditate mai mare de 80%
si respectiv sub 65%.

Se observa diferente sensibile obtinute
intre valorile adancimii de carbonatare pentru cele
doud medii de expunere. Tn schimb, avand in
vedere rapoartele A/C foarte scazute, valorile
pentru aceleasi medii de expunere nu difera
semnificativ.

S-au determinat, de asemenea, valorile
pentru adancimea de carbonatare pentru un stalp
mentinut In mediul urban (tabelul 4). Stalpul a avut
o clasa de rezistenta prescrisa C30/37, raport
A/C=0,35. S-au efectuat masuratori nedistructive
pentru determinarea rezistentei betonului din stalp,
obtinandu-se valori ale rezistentei de aproximativ
40 N/mm® 1In figura 1 se prezintd evolutia
rezistentelor betonului, determinate nedistructiv.

In tabelul 5 se prezinta rezultatele obtinute
pentru un stalp amplasat in mediul marin.

Asa cum indica si tabelul 1, chiar in cazul
utilizarii unor cimenturi cu adaosuri mari de zgura,
daca se \utilizeazd rapoarte A/C reduse,
adancimea de carbonatare este relativ redusa.

Relatia (3) poate fi utilizatd pentru a se
determina compozitia de beton necesara pentru a

In Tables 2 and 3, are presented the
results registered after 1 year and respectively 2
years of certain concrete compositions, prepared
with cement IlI/A having different concrete classes
(WI/C ratio), samples stored in environments with
humidity higher than 80% and respectively under
65%.

Sensible differences are observed,
obtained between the carbonation depth values
for the two exposure environments. In exchange,
considering the very low W/C ratio, the values for
the same exposure environments are not
significantly different.

Also, the carbonation depth values were
determined for a column stored in the urban
environment (Table 4). The column had a
prescribed compressive strength class of C30/37,
0.35 W/C ratio. Nondestructive measures were
performed in order to determine the compressive
strength of the column’s concrete, obtaining
values of the strength of approx. 40 N/mm?Z. In
figure 1, the evolution of the concrete’s strength is
presented, being nondestructively determined.

In table 5, are presented the results
obtained for a column located in marine
environment. As indicated by Table 1, even in the
case of using cements with high additions of slag,
if low W/C ratio is used, the carbonation depth is

relatively low.
Tabelul 4

Valorile adancimii de carbonatare pentru betoane mentinute in mediu exterior urban
The values of the carbonation depth for concretes stored in the exterior, urban environment

Clasa betonului Dozaj ciment Adancimea de carbonatare a betonului din stalp (mm)
Concrete class Cement dosage Carbonation depth of the column’s concrete
(kg/m®) 1 an/year medie / average 2 ani/ years | medie / average
0 2
0 2
C30/37 470 0 2.25
0 2
0 3
4 N
50 +
45 A
g 40
% 35 7
s
g 30 =
é’ 20 +7 d
£
38 s 7]
10 7
5 7
0
28 days 180 days 1 year 2 years
[mnondestucive 35,78 40,85 40,28 41,45 |
\ Time y

Fig. 1 - Variatia in timp a rezistentei la compresiune a betonului de clasa C30/37 / The evolution in time of the compressive strength for
the column’s concrete, strength class C30/37.
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Valorile adancimii de carbonatare pentru betoanele mentinute in mediu exterior marin

The carbonation depth values for concretes exposed in marine environment

Tabelul 5

Adancimea la carbonatare (mm) determinata pe elementul experimental

g:i: Dogaejnsgfnt Raport expus in mediu marin (XS1) la termenele / Carbonation depth (mm) for
A/C concrete exposed in marine environment (XS1) at:
Concrete dosage . - - - - -
3 W/C ratio 6 luni media 9 luni media 1an media
class (kg/m”)
6 months average months average 1 year average
0 3.24 4.0
0 3.26 4.5
503 2.39 580 4.20 747 5.63
4.34* 4.50* 6.56*
i ':"«
C 30/37 510 0,33

* valorile adancimii de carbonatare determinate pe fetele stalpului cu orientarea spre mare / carbonation depth values determined

se asigura aceleasi durate de serviciu prin
utilizarea unor cimenturi diferite.

De asemenea, aceasta formula poate fi
utilizata pentru a se putea aprecia valoarea lui
R accox , in cazul in care se determina
adancimea de carbonatare pe un element
amplasat intr-un mediu real. De exemplu, pentru
stalpul amplasat in mediul urban din Bucuresti, a
fost masuratd adancimea de carbonatare, la
varsta de doi ani, aceasta fiind de 2,25 mm.

Rescriem formula (3):

at column faces from sea

Equation (3) can be used to determine the
necessary concrete composition to provide the
same service life by using different cements.

Also, this formula can be used in order to
appreciate the value of R Accok » In case the
carbonation depth is determined on an element
located in a real environment. For example, for the
columns located in the urban environment in
Bucharest, the carbonation depth was measured
after 2 years, this being 2.25 mm.

We rewrite the equation (3):

Xoa (tsr) = 42K K oy (K R accox 7 +€4)c,y Ata W(ty) (3)

si consideram / and consider:

Ked =

in care: Ry real, k €Ste valoarea medie a umiditatii
stratului carbonatat; Ry, s - umiditatea de referinta,

65%; fe = 5,0; ge= 2,5; Yy - coeficient partial de
siguranta pentru umiditatea relativa, yp = 1,3;

K. - coeficient care depinde de perioada de
tratare, avand valoarea de 1,61 pentru o perioada
de tratare de 3 zile; Ky -valoarea de proiectare a
parametrului de regresie, in acest caz reprezinta
valoarea medie Ki3=1,25; R’ Accok = Vvaloarea
caracteristica a rezistentei betonului la carbonatare

1 —| Hreabk
Vw100

ﬂ 18
Hreal \k

fe
RHref

100
where: Ry real, k iS @verage value o relative humidity

o the carbonated layer [%], here mean value Ry e
- reference relative humidity, 65%; f. = 5,0;

ge= 2.5;Vxy - partial safety factor for the relative

humidity, yzy= 1,3 ;Kee = design value of the
execution transfer parameter, here mean value,
Keg =1.61 for a curing period of 3 days;
K = design value of the regression Parameter,
here mean value, Ky = 1.25 R accox -
characteristic value of the inverse effective
carbonation resistance o] concrete,
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la puterea -1; 7y - coeficient partial de siguranta,
Yr= 15, &4 - valoarea de proiectare a

coeficientului de ,eroare”, &4= 315,5; csq- valoarea
de proiectare a concentratiei de CO,; € =
0,00082; W(t) - coeficient care tine de conditiile
(PgeTow )™
meteo, W(t) = (t7°) 2 ; to - timpul de
referintd, ani; to = 0,0767 ani, Tow - perioada cu
umiditate, Tow = (zile cu ploaie = 2,5 mm per an)/
365; Pggr - parametru care depinde de directia
vantului in perioadele ploioase; Psg=1 pentru
elemente orizontale exterioare, Psr=0 pentru
elemente situate la interior; b, 4 - valoarea de
proiectare a exponentului de regresie, b, 4 =0,446.
Tnlocuind valorile de mai sus si cunoscand
valoarea lui X;q4(ts ) la doi ani ?i anume 2,25 mm,
rezultd valoarea lui R acco 107" (m?/s) (kg/m®) de
aproximativ 2,6. Mentionam ca aceasta valoare
determinatd experimental corespunde unui ciment
de tip /A, la un raport A/C mai mic de 0,35. in
mod evident, aceasta modalitate de determinare
necesita verificari la mai multe intervale de timp si
cunoasterea in detaliu a conditilor de mediu.
Astfel, pot fi estimate valorile rezistentei la
carbonatare a betonului pentru diferite tipuri de
cimenturi, la diferite rapoarte A/C.

2. Coroziunea indusa de cloruri

O abordare integral probabilistica este
data, pentru acest fenomen, de relatia (4):

Ceit=C(x=a, 1) = Co + (Csax- Co) [1 - erf

in care: C. este continutul critic de cloruri; C(x, t)
- continutul de cloruri in beton la o adéncime x de
suprafata betonului la timpul t; Cy - continutul initial
de cloruri al betonului; Csax - continutul de cloruri
la o adancime Ax la un timp t; x - adancimea
corespunzatoare unui anumit continut de cloruri,
[mm]; a -acoperirea cu beton a armaturilor, [mm];
Ax - adancimea zonei de convectie (stratul de
beton pana la care procesul de penetrare a
clorurilor difera de legea a doua a lui Fick); Dagpc -
coeficientul aparent de difuzie a clorurilor prin
beton, [mm%an]; t - timp, [ani]; erf - eroare de
functie.

Modelul se bazeaza pe legea a doua a lui
Fick, avand in vedere ca s-a observat ca transportul
clorurilor in beton este controlat de fenomenul de
difuzie [7]. Tn zona suprafetei supuse la
umezire/uscare (zona de convectie), mecanismele
de transport nu mai sunt controlate de fenomenul de
difuzie. Ca si in cazul carbonatarii, si in acest caz
este necesara cuantificarea tuturor parametrilor care
intervin in formula (4). De interes pentru acest articol
este cuantificarea coeficientului aparent de difuzie
(tabelul 6) care intra in relatia (5) de determinare a

[((mm?/an)/kg/m®]; v, - partial safety factor, v, =

1.5; &4 - design value of the error term, 4= 315.5;

Csq - design value of the concentration of CO,, Cgy

= 0.00082; W(t) - weather function depending on
(PsgTow )bw'd

the weather, W(t) = %") 2 ; to - time of

reference, [years], to = 0.0767 years; Tow - time of
wetness, Tow = (days with rainfall h,g = 2.5 mm
per year)/ 365; Psg - probability of driving rain,
Psr=1 for the horizontal exterior elements, Psg=0
for the elements located inside; by, 4 - design value
of the exponent of regression exponent, here
mean value, by, 4 =0.446.

Replacing the above values and
acknowledging the value of X 4(ts) after two
years, namely 2.25 mm, results the value of
R'acco 10" (m?s) (kg/m®) of approx. 2.6. We
mention that this value, experimentally determined,
corresponds to a cement type IllI/A, for a W/C ratio
smaller than 0.35. Obviously, this determination
modality needs verifications on several time
intervals and detailed knowledge of the
environmental conditions. Therefore, the values of
the concrete’s carbonation resistance can be
estimated for different types of cements , on
different W/C ratio.

2. Chlorides induced corrosion

A full probabilistic approach is given for
this phenomena, by the Equation (4):

a—Ax

o

where Cg; is critical chlorides content, [wt.-%];
C(x, t) - content of chlorides in concrete at depth X
(structure surface X=0 m) and at time t, [wt.-%]; Co
- the initial concrete chlorides content, [wt.-%];
Cs.ax -chlorides content at Ax depth, and a certain
point of time t; X - the depth corresponding to a
certain chlorides content, [mm]; a - concrete
cover, [mm]; Ax- depth of the convection zone
(concrete layer up to which the process of
chlorides’ penetration differs from Fick’s 2" law of
diffusion), [mm]; Dagpc - apparent coefficient of
chlorides diffusion through concrete, [mm?/year]; t
- time, [years] ; erf - error function.

The model is based on Fick’s second law,
considering that it has been noticed that the
chlorides’ transportation in the concrete is
controlled by diffusion [7]. In the area submitted to
humidification /dryness (convection area) the
transport mechanisms are no longer controlled by
diffusion. As in the case of carbonation, in this
case also is necessary the quantification of all
parameters [5] interfering in the formula (4). In
this article, it is very interesting the quantification
of the chloride migration coefficient (Table 6) in

4)
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coeficientului Dgppc.

Dapp,c = Kc DRMC,o Kt A(t) (5)
in care: K; este o variabila de transfer privind
mediul; Drmco - coeficient de difuzie a clorului;
Ki - parametru de transfer; A(t) - subfunctie
considerand ,imbéatranirea”.

Rezistenta la penetrare a clorurilor depinde,
in mod evident, de tipul de ciment, fapt evident si
din tabelul 6 in care se poate observa avantajul
utilizarii cimenturilor cu adaos de zgura. Acest
aspect a fost confirmat de cercetarile
experimentale  efectuate de autori  prin
determinarea penetrarii accelerate a clorurilor
pentru betoane preparate cu trei tipuri de cimenturi

[8].

determination relation (5) of the coefficient Dapp,c.
Dapp,c = Kc DRMC,O Kt A(t) (5)

where K. is environmental transfer variable ;
Drmco- chloride migration coefficient, [mm?a] ;
Ki - transfer parameter; A(t) - subfunction
considering “aging

The chlorides’ resistance to penetration
obviously depends on the type of cement, which is
also shown in table 6 where you can observe the
advantage of using cements with slag additions.

This aspect was also confirmed by the
experimental researches performed by the
authors by determining the accelerated

penetration of chlorides for concretes prepared

with three types of cement [8].
Tabelul 6

Valorile coeficientului Dryc o pentru diferite amestecuri de betoane / Quantification of Dgyc,o for different concrete mixtures

Drwc.o [ M?/s] A/C echivalent / W/C equivalent *
Tip ciment 0.35 0.40 0.45 0.50 0.55 0.60
Cement type
CEM 142,5R - 8.9 10.0 15.8 19.7 25
CEM 1 42,5R + cenusa/ash* (k=0,5) - 5.6 6.9 9.0 10.9 14.9
CEM 1 42,5R + praf silice/silica powder* 4.4 4.8 - - 5.3 -
(k=2)
CEM /B 42,5 R - 1.4 1.9 2.8 3.0 3.4

*) raport A/C echivalent considerand 22% pentru cenusa si 5% pentru praf de silice / equivalent water cement ratio, hereby
considering FA (fly ash) or SF (silica fume) with the respective k-value (efficiency factor).

Tabelul 7

Valorile adancimii de penetrare a ionilor de clor / The penetration depth values of the chlorine ions

Adancimea de Ag:recme:um
. pgnetrare @ patruns ionii de
ionilor de clor clor (mm)
Lungime | Diametru (mm) Without o
§ Tip ciment epruvets epruvets Penetration penetration depth Adancnlme.a de penetrare a
Epruveta Specimen | Specimen | depth values of values of the ionilor de clor
Specimen Cement length diameter the chlorine chiorine ions Penetration depth values of
type (mm) ions (mm) the chlorine ions (mm)
valori medii/
epruveta valori medii
average/ average
specimen
3 68
1 71 50 3 68
4 67
2 /A 32.5 71 50 3 68 4.0
R
5 65
3 71 50 6 64
7 64
1 71 50 7 64
6 69
2 I/A-S 75 50 7 68 72
42.5R
8 64
3 72 50 8 64
9 64
1 73 50 9 64
8 65
2 SR 1325 73 50 8 65 8.7
9 64
3 73 50 9 64
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Rezultalele sunt prezentate in tabelul 7. Se
observa ca adéncimea cea mai redusa de
patrundere a ionilor de clor s-a inregistrat in cazul
betonului preparat cu CEM III/A.

Si in acest caz, in completare Ila
metodologia propusa, sunt necesare incercari care
sd evidentieze cele mai indicate materiale
componente compatibile cu aplicarea relatiilor ce
indica durata de serviciu a constructiilor.

4. Concluzii

4.1 Rezultatele studiilor si cercetarilor
experimentale prezentate in acest articol au scos
in evidentda ca aplicarea unor metode de
proiectare pentru evitarea deteriorarilor cauzate de
actiunea mediului, comparabile cu cele utilizate in
eurocodurile structurale, si de stabilire, in acest fel,
a duratei de serviciu a structurilor din beton, nu se
poate face decat avand la bazd suportul
rezultatelor cercetarii experimentale.

S-au detaliat relatile care stau la baza
stabilirii duratei de serviciu a constructiilor din
beton armat  supuse actiunilor de carbonatare si
respectiv a clorurilor si rezultatele unor cercetari
experimentale desfasurate de autori, evidentiindu-
se legatura intre aceste abordari.

4.2 n articol se propun abordari originale
de utilizare a relatiilor de stabilire a duratei de viata
a structurilor din beton armat supuse carbonatarii,
prin determinarea periodica a valorilor adancimii
de carbonatare pe elemente experimentale
supuse actiunii unor medii reale. Cunoscand
valoarea adancimii de carbonatare la anumite
perioade de timp, compozitia betonului, si Tn
detaliu actiunea mediului, prin aplicarea relatiilor
de stabilire a duratei de serviciu a constructiilor,
rezulta valoarea rezistentei la carbonatare a
betonului, si astfel pot fi estimate valorile acestei
rezistente pentru diferite tipuri de cimenturi, la
diferite rapoarte A/C. De asemenea, se pot
determina factorii compozitionali ai betonului
necesari asigurarii aceleiasi durate de serviciu a
constructiilor din beton armat, indiferent de tipul de
ciment utilizat.

4.3 Studiile si cercetarile experimentale au
indicat ca valoarea rezistentei la carbonatare a
betonului preparat cu cimentul Ill/A, este
dependenta de valoarea raportului A/C, iar betonul
care are in componenta acest ciment poate
asigura o durata de serviciu corespunzatoare a
constructiilor.

4.4 Relatia de stabilire a duratei de serviciu
a constructiilor din beton armat in medii clorurate,
precum si rezultatele cercetarilor experimentale au
scos in evidenta avantajele utilizarii cimenturilor de
tip /A in betoane supuse unor astfel de actiuni.

The results are presented in Table 7. It is
observed that the lowest penetration depth of the
chlorine ions was registered in the case of
concrete prepared with CEM III/ A.

Also in this case, in addition to the
suggested methodology, tests are necessary in
order to evidence the best necessary materials to
apply the relations indicating the service life
design.

4. Conclusions

41 The results of the studies and
experimental researches presented in this article
evidenced that the application of certain service
life design methods to avoid the deteriorations
caused by environmental actions, compared to
those used in structural Eurocodes, and therefore
to establish the service life of the concrete
structures, cannot be performed unless based on
the results from the experimental research.

There are details regarding the relations
representing the basis for establishing the service
life of the reinforced concrete structures,
submitted to carbonation actions and respectively
chlorides and the results of certain experimental
researches developed by the authors, evidencing
the connection between these approaches.

4.2 In the article, original approaches are
suggested for the use of relations in order to
establish the service life of reinforced concrete
structures undergoing carbonation by frequently
determining the carbonation depth values on the
experimental elements with actions of the real
environments. Knowing the carbonation depth
value at certain periods of time, the concrete’s
composition and the detailed action of the
environment, by applying the relations to establish
the service duration of the construction, results
the concrete’s resistance value to carbonation,
and therefore the resistance’s values can be
determined for different types of cement, in
different W/C ratio. Also, the composition of the
concrete can be determined, necessary in order to
provide the same service life of reinforced
concrete structure, no matter the cement type
used.

4.3 The studies and experimental
researches indicated that the value of the
carbonation resistance of concrete prepared with
cement IlI/A, depends on the value of the w/c
ratio, and the concrete comprising this cement can
provide a proper service life for the concrete
structures.

4.4 The relation to establish the service
life of reinforced concrete structures considering
the chlorides’ action as well as the results of the
experimental researches evidenced the
advantages of using the cement type III/A for
concretes submitted to such actions.
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70 HOVEMBER 3011 ‘Scandhe Cortinerstal, Helseki, Finland

951% 7" Global Slag Conference and Exhibition

= 17-18 November 2011, Helsinki, Finland

Improving slag performance - New applications for slag - Global
slag markets and trading

The 7" Global Slag Conference will take place in the heart of Scandinavia's iron & steel belt and will be close to
the headquarters of a number of the world's largest producers. Slag continues to be both a problem and an
opportunity - for both the iron and steel industry and for the cement and construction materials industries around
the world.

An exhibition will take place concurrently with the Global Slag Conference.

Who should attend?

- slag producers

- slag users

- cement producers

- cement users

- equipment vendors

- traders and shippers

- academics and researchers

http://www.propubs.com/index.php/conferences/global-slag/conference-information
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