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Lucrarea prezinta caracteristicile fizico-mecani-
ce ale betoanelor (7 compozitii) realizate cu adaosuri de
10% cenusa zburatoare (FA), 10% metacaolin (MK),
10%FA+10%MK, 10% silice ultrafina (SF), 10%SF+10%FA,
10%SF+10%MK, prin substituirea a 10%, respectiv 20%
ciment. Conform determinarilor pe betonul in stare
proaspata - densitatea, tasarea, raspandirea si volumul de
aer oclus, acesta este incadrat in categoria betoanelor cu
masa volumicd normala. Rezistentele la compresiune ale
betoanelor cu adaosuri de cenusa de termocentrala, silice
ultrafina si metacaolin la 28 zile sunt apropiate de cele ale
betonului etalon - R3=55,01MPa sau chiar mai mari.
Rezistentele la incovoiere sunt mai mari la termene mari de
intarire, cu exceptia compozitiei de beton cu
10%FA+10%MK (S-4). Modulul de elasticitate, pentru toate
compozitiile studiate, are valori superioare valorii minime
admise pentru clasa de beton C35/45. Studiile experimentale
au demonstrat ca reducerea cantitatii de ciment din
betoane, fara alterarea proprietatilor, este posibila prin
valorificarea unor subproduse industriale, deseuri, argila
arsa.
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1. Introducere

In ultimii ani datoritd cererii mari de beton in
constructii, consumul de ciment a crescut, fapt ce
are un impact major asupra mediului, datorita
cantitatilor mari de CO, emise in atmosfera, dar si a
consumului mare de energie necesar producerii
cimentului [1-6]. Ca urmare, se cauta solutii
alternative de fabricare a cimentului cu adaosuri,
respectiv Tnlocuirea unei cantitati de ciment cu
adaosuri minerale disponibile local.

Betoanele cu adaosuri puzzolanice sunt mult
studiate, in general, atat datoritd necesitatii
realizarii unor materiale performante dar si
posibilitatii de valorificare a unor subproduse
industriale, respectiv deseuri.

Adaosurile puzzolanice sunt materiale
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This study presents the physical-mechani-
‘cal characteristics of the concretes (7 compositions)
accomplished with 10% fly ash (FA), 10% metakaolin (MK),
10%FA+10%MK, 10% silica fume (SF), 10% SF+10%FA,
10%SF+10%MK additions by substitution of 10%
respectively 20% cement. According to the analysis
performed on the fresh concrete - density, slump, flow and
entrapped air volume, this concrete is of normal volume
mass concretes type. The compressive strengths of the
concretes with additions of fly ash, silica fume and
metakaolin to 28 days are closely to those of the reference
concrete i.e. 55.01 MPa, or even higher. The flexural tensile
strengths are higher after longer hardening periods of time,
except the 10% FA + 10% MK concrete composition (S-4).
The elasticity modulus, for all the studied compositions,
has higher values than the minimum allowed value for
C35/45 concrete class. The experimental studies showed
that the reduction of the cement quantity in the concretes,
without altering the properties, is possible by using of
some industrial byproducts or wastes (fly ash or silica
fume) and fired clay(metakaolin).

1. Introduction

In the last years, the consumption of the
cement has increased, because of the high
demand of the concrete in constructions, what has
a major impact on the environment, mainly
because of the high quantities of CO, escaped into
atmosphere as well as of the high necessary of
energy for cement production [1-6]. Therefore, it is
searching some alternative  solutions  for
manufacturing of the cements with additions, by
replacing of some amounts of cement with mineral
additions that are locally available.

The concretes with pozzolan additions are
more studied, generally, both due to the necessity
of realizing some advanced materials and for the
possibility of capitalizing of some industrial
byproducts and wastes.
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naturale de compozitie silicioasa, = silico-
aluminoasa, sau o combinatie a acestora care
contin silice, respectiv alumind cu un grad de
cristalinitate scazut si ca atare sunt caracterizate
de o reactivitate ridicata [7-12].

Reactia puzzolanica a cenusgii zburatoare in
amestecul de beton depinde de mai multi factori si
anume compozitia chimica a cenusii zburatoare si
a cimentului Portland, morfologia particulelor,
finetea de macinare, caldura de hidratare degajata
[13]. Compozitia si reactivitatea cenusii zburatoare
influenteaza reologia si proprietatile betonului atat
in stare proaspata cat si intaritd. Se recomanda a
se accepta cenusa zburatoare prin incercari pe
amestecuri de beton, ludand 1n considerare
lucrabilitatea, rezistenta la compresiune si
durabilitatea betonului [14].

He C. si colaboratorii [15], au aratat ca dintre
materialele argiloase, caolinul si unele tipuri de
montmorilonit  prezinta activitate puzzolanica
ridicata. Acestea, prin deshidratare, la temperaturi
de 550-900 °C dau faze amorfe de aluminosilicati,
AS, si AS; care, in amestecul de beton
reactioneaza, in prezenta apei, cu Ca(OH), format
in urma hidratarii cimentului Portland, cu formare
de hidrosilicati de calciu (C-S-H) [16]. Prin
realizarea unei cantitati suplimentare de C-S-H se
reduce dimensiunea si numarul porilor din matricea
lianta, ducadnd la Timbunatatirea proprietatilor
mecanice si a impermeabilitatii betonului, iar prin
scaderea continutului de Ca(OH), se realizeaza o
densificare a matricii [16].

Studii recente arata ca prin incorporarea in
beton a adaosurilor minerale avand o finete de
macinare mai mare decat a cimentului Portland,
are loc accelerarea procesului de hidratare a
silicatului tricalcic (C3S) [1], care este responsabil
in cea mai mare masura de realizarea rezistentei la
compresiune [7].

Cenusa zburatoare si metacaolinul obtinut
prin calcinare din caolinuri sau ca deseu rezultat in
unele tehnologii, sunt materiale mult studiate in
compoziti de betoane datoritd reactivitatii lor
[17,18].

Caracteristicile  fizice si  chimice ale
metacaolinului obtinut prin deshidratarea caolinului
sunt influentate de impuritatile din materia prima
utilizata, temperatura si durata procesului de
calcinare, precum si de modul in care se face
racirea materialului.

In ultimele decenii, silicea ultrafind s-a
dovedit a fi mineralul cu cea mai mare activitate
puzzolanica, datoritd continutului sdu ridicat de
dioxid de siliciu amorf, a dimensiunii foarte fine a
particulelor  si  suprafatei  specifice  mari.
Amestecurile de beton care au in compozitie
ciment Portland si silice ultrafina se caracterizeaza
printr-o  structura cu pori microscopici densi,
permeabilitate  redusa, rezistentd mare la
agresivitati chimice: ploaie acida, apa de mare,
saruri din agenti de dezghetare, cicluri de inghet-

The pozzolan additions are natural materials
with a siliceous composition, silico-aluminous, or a
combination of these which contain silica and
alumina with a low crystallinity degree and
therefore they are characterized by a high
reactivity [7-12].

The pozzolan reactivity of the fly ash into the
concrete mixture depends of many factors like its
chemical composition, its particles morphology, its
grains size, its cristalinity degree [13]. The
composition and the reactivity of the fly ash
influence the rheology and the concrete properties
both in fresh and hardened state. It is
recommended to accept the fly ash additions in
concrete, after experimental testing on this, taking
into account the workability, the compressive
strength and the concrete durability [14].

He C. and the collaborators [15] had shown
that, among the clayey materials, the kaolin and
some types of montmorillonite present high
pozzolan activity. These minerals, by thermal
treatment, at 500-900 °C give aluminosilicates
amorphous phases - AS2 and AS4 which, into the
concrete mixture react, with Ca(OH), formed by
hydrating of the Portland cement minerals, forming
calcium silicate hydrates (C-S-H) [16]. By
formation of a supplementary amount of C-S-H the
size and number of the pores into the binder matrix
is reduced, leading to the improvement of the
mechanical properties. By diminish of Ca(OH),
quantity a matrix densification and a great
impermeabilisation are realized [16].

Recent studies have shown that by adding to
the concrete of the mineral admixtures with a grain
sizes smaller than of the Portland cement, an
acceleration of the tricalcium silicate (C3S)
hydration process take place [1]. This compound is
the most responsible for high compressive
strength development [7].

The fly ash and the metakaolin obtained by
firing of the kaolins or as waste resulted in some
technologies, are materials very much studied in
concretes compositions because of their reactivity
[17, 18]. The physical and chemical characteristics
of the metakaolin obtained by the kaolin
dehydration are influenced by the impurities in the
raw materials, the temperature and the duration of
the firing process, as well as the way of cooling.

In the last decades, the silica fume become
a very interesting pozolan material, due to its great
pozzolan activity explained by its amorphous
silicon dioxide high content, its very fine particles
size and its high specific surface area. The
concrete mixtures with Portland cement and silica
fume are characterized by a structure with dense
microscopic pores, a small permeability, high
strength at chemical attack of acid rain, sea water,
salts come from defrosting agents, freeze-thaw
cycles etc [19].

By replacing a quantity of cement with
mineral additions (in binary and ternary systems) it
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dezghet [19].

Prin fnlocuirea unei cantitati de ciment cu
adaosuri minerale (in sisteme binare si ternare) se
pot realiza betoane durabile, similare cu betoanele
obignuite cu ciment Portland, mai avantajoase din
punct de vedere economic si ecologic.

Scopul lucrarii este realizarea de compozitii
de betoane cu adaosuri indigene de cenusa de
termocentrala (FA), metacaolin (MK) si silice
ultrafina (SF), substituind cimentul in proportie de
10 %, respectiv combinatiile ternare de ciment cu
(10%FA+10%MK), (10%SF+10%FA), (10%SF+
+10%MK) si studierea comparativda a influentei
acestor adaosuri minerale asupra proprietatilor
fizico-mecanice ale betoanelor.

2. Parte experimentala
2.1. Materiale

Materialele folosite la
amestecurilor de beton sunt:

- ciment Portland CEM | 42,5R,
conform SR EN 197-1:2011;

- agregate: nisip de rau sort 0-4,
agregat grosier de cariera sort 4-8, 8-16, conform
SR EN 12620+A1:2008;

- aditiv superplastifiant pe baza de
polieter-carboxilat, conform SR EN  934-
2+A1:2012;

- adaosuri minerale / puzzolane:
cenusa zburatoare, conform SR EN 450-1:20086,
silice ultrafina, metacaolin.

Cenusa zburatoare folosita este un deseu
rezultat in urma arderii carbunilor pulverizati la
Termocentrala Mintia, pentru care indicele de
reactivitate determinat este de 86,96%, conform
SR 3832-8:1999.

Suprafata specifica, masurata cu
permeabilimetrul Blaine pentru fractia mai mica de
90 um este 5282 cm?/g.

Metacaolinul s-a obtinut grin calcinarea
caolinului la temperatura de 780 “C si pastrarea
unui palier de 3 ore si 40 min. Indicele de
reactivitate al metacaolinului determinat este de
82,13%.

Suprafata specifica, masurata cu
permeabilimetrul Blaine, este de 5145 cm?/g.

Silicea ultrafind este comercializata sub
denumirea Elkem Microsilica Grade 940-U-S de
BASF The Chemical Company.

realizarea

2.2. Compozitii realizate

In cadrul experimentarilor s-au proiectat
sapte compozitii de betoane. S-1 este compozitia
etalon care contine ciment, nisip si agregat de
diferite sorturi. Pentru studierea comparativa a
proprietatilor betoanelor cu adaosuri s-a substituit
10 % din cantitatea de ciment cu cenusa
zburatoare, cu metacaolin si silice ultrafina (S-2,
S-3, S-5), respectiv 20 % cu adaosuri combinate

can be done some sustainable concretes, similar
to the ordinary Portland cement concretes, more
advantageous from economical and ecological
point of view.

The purpose of this paper was to realize
some concrete compositions with indigenous
additions as thermal power plant ash (fly ash FA),
metakaolin (MK) and silica fume (SF). These
materials replace Portland cement in 10% and
20% ratio, respectively, in the binding ternary
compositions with (10% FA+ 10% MK), (10% SF+
10% FA), (10% SF+ 10% MK). For such
concretes, the influence of mineral additions on the
physical-mechanical properties was studied.

2. Experimental

2.1. Materials

The materials used for the realization of
the concrete admixtures were:

- Portland cement CEM 1 42,5R, according to SR
EN 197 -1:2011;

- aggregates - river sand sort 0-4, pit coarse
aggregate sort 4-8, 8-16, according to SR EN
12620+A1:2008;

- superplasticizer additive based on polyether
carboxylates, according to SR EN 934-2+A1:2012;
- mineral/pozzolan additions - fly ash, according to
SR EN 450-1:20086, silica fume, metakaolin.

The used fly ash is a waste resulted by
burning of the pulverized coals at Mintia Thermal
Power Plant, for which the reactivity index is
86.96%, according to SR 3832-8:1999. The
specific surface area, measured with Blaine
permeabilimeter for the fraction smaller than 90
um was 5282cm?/g.

The metakaolin was obtained by firing the
kaolin at 780 °C temperature and keeping at this
for 3 hours and 40 minutes. The determinated
reactivity index of the metakaolin was 82.13%. The
specific surface area, measured with Blaine
permeabilimeter, was 5145 cm2/g.

The silica fume was a sort marketed under
the name of Elkem Microsilica Grade 940-U-S by
BASF The Chemical Company.

2.2. Concrete compositions

In the experimental part, 7 compositions of
concrete with mineral additives have been studied.
S-1 was the control composition that contain
cement, sand and different sorts of aggregate. For
the comparative study of the properties of the
concretes with additions, 10% of the cement
amount was sustituted with fly ash, metakaolin and
silica fume (S-2, S-3, S-5), respectively 20% with
combinated additions (10% fly ash and 10%
metakaolin into S-4 composition, 10% fly ash and
10% silica fume into S-6 composition and 10%
silica fume and 10% metakaolin intot S-7
composition).

The water / cement ratio was 0.4 for S-1
composition, 0.43 for S-2, S-3 and S-5
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Tabelul 1
Compozitia betoanelor studiate/ The composition of the studied concretes

Material / simbol amestec

Material / mixture symbol U.M. S-1 S-2 S-3 S-4 S-5 S-6 S-7
Ciment/Cement CEM | 42.5R Kg/m® 450 405 405 360 405 360 360
Nisip de rau / River sand sort 0-4mm Kg/m® 884 875 875 870 870 870 869
Agregat grosier/Coarse aggregate sort 4-8mm Kg/m® 354 350 350 348 348 348 347
Agregat grosier/Coarse aggregate sort 8-16mm Kg/m® 530 525 525 522 522 522 521
Cenusa zburatoare/ Fly ash Kg/m® - 45 - 45 - 45
Silice ultrafina/ Silica fume Kg/m® - - - - 45 45 45
Metacaolin/ Metakaolin Kg/m® - - 45 45 - - 45
Apal Water I/m® 177 177 177 177 177 177 177

(10 % cenusa zburatoare si 10 % metacaolin in
compozitia S-4,10 % cenusa zburatoare si 10 %
silice ultrafind in compozitia S-6, respectiv 10 %
silice ultrafind si 10 % metacaolin in compozitia
S-7).

Raportul apa/ciment este 0,4 pentru
compozitia S-1, de 0,43 pentru compozitile S-2,
S-3 si S-5 si respectiv 0,49 pentru compozitiile S-4,
S-6 si S-7. In toate amestecurile s-a folosit acelasi
tip de superplastifiant (Adium 150), in cantitate de
3,15 I/m® beton. Dozajele betoanelor studiate sunt
prezentate in tabelul 1.

2.3. Metode experimentale

Prepararea betonului s-a facut in malaxor,
in care agregatele se introduc in ordinea sort 8-
16mm, sort 4-8mm si sort 0-4mm. Agregatele se
amesteca aproximativ 30 secunde, se introduce
jumatate din cantitatea de apa si se continua
amestecarea timp de 90 secunde. Se adauga
cantitatea de ciment si adaosuri minerale si se mai
amesteca timp de 3 minute. Peste aceasta
compozitie se adauga restul de apa cu aditiv gi se
amesteca 6 minute. Amestecul este turnat in forme
prismatice de dimensiuni  100x100x550mm si
100x100x300mm, respectiv cubice de dimensiuni
150x150x150mm. Formele sunt acoperite cu folie
pana la scoaterea din tipar, aprox 24 ore, apoi sunt
decofrate. Dupa decofrare epruvetele sunt pastrate
in apa la temperatura de 20+2 °C pana la termenul
de incercare.

2.3.1.Determinari pe betonul in stare proaspata
Lucrabilitatea betonului s-a determinat prin
metoda tasarii si  prin metoda raspandirii.
Continutul de aer oclus s-a determinat prin metoda
volumetrica cu presiune, cu ajutorul dispozitivului
de masurare cu manometru. Densitatea aparenta
s-a determinat cu ajutorul unui vas volumetric de
10 dm®.
2.3.2.Determinari pe betonul in stare intarita
Determinarile pe betonul intarit s-au efectuat
pe epruvete de dimensiuni si forma conform
standardelor in vigoare:

- cubica (150x150x150 mm) pentru

compositions, and respectively 0.49 for S-4, S-6,
S-7 compositions. Into all the concrete mixtures it
was used the same type of superplasticizer
(Adium 150), in amount of 3.15 I/m°. The studied
concretes dosages are presented in the Table 1.

2.3. Experimental methods

The concrete preparation was made in a
concrete mixer, into which the aggregates were
introduced in order: sort 8-16mm, sort 4-8mm and
sort 0-4mm. The aggregates were mixed for about
30 seconds, and then the half of the quantity of
water was introduced and the mixing was
continued for 90 seconds. It was added the
cement and the mineral additions, and mixing was
kept for 3 minutes. Over this composition the rest
of the water and super plasticizer were added and
mixed for 6 minutes. The mixtures were casted
into prismatic molds of 100x100x550mm and
100x100x300mm sizes respectively and cubic
molds of 150x150x150mm sizes. The molds were
covered with a foil for about 24 hours until the
specimens were hardened. After this operation the
specimens were keept in water at the 2012 °C until
the probation term.

2.3.1.Determinations on fresh concrete

The concrete workability was determined
by the slump and the flow methods. The entrapped
air content was determined by the volumetric with
pressure method, using the measuring manometer
device. The apparent density was determined
using a 10 dm?® volumetric vessel.

2.3.2. Determinations on hardened concrete

The determinations on hardened concrete
were made on the specimens with sizes and
shapes according to standards:

- cubic (150x150x150mm) for compressive
strength, freeze-thaw strength, the ingression
depth of water under pressure;

- prismatic (100x100x550mm) for tensile
and flexural strength and (100x100x300mm) for
the static elasticity modulus at compression.
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rezistenta la compresiune, rezistenta la inghet-
dezghet, adancimea de patrundere a apei sub
presiune;

- prismatica (100x100x550mm) pentru
rezistenta la intindere prin incovoiere i
(100x100x300mm) pentru modulul de elasticitate
static la compresiune.

3. Rezultate si discutii

Rezultatele determinarilor efectuate pe
betonul in stare proaspata sunt prezentate in
tabelul 2.

3. Results and discussions

The results of the determinations realised on
fresh concrete are presented in Table 2

According to the obtained data the studied
concretes compositions present densities which
frame them in the category of normal volumetric
mass concretes.

As expected, the density decreases by
introducing of finer and lighter than Portland
cement mineral additions, into the binding
systems, the decrease being proportional with the
introduced amount.

Tabelul 2

Caracteristicile betoanelor in stare proaspata/ The characteristics of fresh concretes
Determinari beton proaspat /
amestec / Determinations fresh
concrete/ mixture U.M. S-1 S-2 S-3 S-4 S-5 S-6 S-7
Densitatea/ Density Kg/m 2420 2380 2380 2370 2370 2370 2365
Tasarea/ Slump mm 130 60 50 40 110 50 40
Raspandirea/ Flow mm 400 290 270 270 395 325 290
Volumul aer oclus/ Enttraped
air volume % 1.7 1.5 1.65 1.6 1.75 1.65 1.7

Conform datelor obtinute, compozitile de
betoane  analizate prezintd densitdti care le
incadreazd 1n categoria betoanelor cu masa
volumica normala. Asa cum era de asteptat,
densitatea scade prin introducerea de adaosuri
minerale, fine si mai usoare decat cimentul, in
sistemele liante, scaderea fiind proportionala cu
cantitatea introdusa.

Se observa, de asemenea, o scadere a
lucrabilitatii, respectiv a raspandirii betonului atat la
amestecurile binare cat si ternare. Exceptie face
amestecul cu 10% silice ultafind, care are tasarea de
110mm, incadrandu-se in clasa de tasare S3.
Celelalte compozitii de beton care contin metacaolin
si cenusa de termocentrald, au tasarea mica,
corespunzatoare clasei S2. Absorbtia mare de apa a
metacaolinului si mobilitatea redusa a cenusii
zburdtoare determind o crestere a vascozitatii
pastelor gi implicit o scadere a lucrabilitatii.

Volumul de aer oclus in amestecurile de
beton cu adaosuri minerale este egal sau mai mic
decat cel din betonul etalon, cu exceptia
amestecului S-5 pentru care este putin mai mare.
Explicatia ar fi granulometria adaosurilor care
poate determina o compactizare a betonului dar, in
acelas timp, si introducerea aerului cu particule de
dimensiuni mici.

Rezistentele mecanice ale betonului sunt
proprietdti importante care se coreleazd cu
compozitia, tipul si cantitatea de adaos.

Rezistenfele la compresiune, f., obtinute
pentru amestecurile de beton considerate la
termenele de 1, 3, 7, 28, 56 si 90 zile sunt
prezentate in figura 1.

It is, also observed, a decrease of the
workability, respectively of the concrete flow, both
for those containing binary and ternary binding
materials. The exception was the mixture with 10%
silica fume, which had a slump of 110 mm,
allowing it framing into S3 slump class. The others
concrete compositions which contain metakaolin
and fly ash, had low slump, corresponding to the
S2 slump class. The metakaolin high water
absorption and the fly ash low mobility determinate
an increase of the pastes viscosity and therefore a
deacrese of the concrete workability.

The air enttraped volume into the
concretes compositions with mineral additions was
equal to or less than the one of the reference
concrete. The S-5 composition has the highest
value. The explanation would be the granulometry
of the additions which can determinate a more
compact structure of concrete but, in the same
time, the introduction of the air with small particles
too.

The mechanical strengths of concretes are
important properties related with their composition,
the type and amount of additions.

The compressive strengths f.., obtained for
the investigated concretes considered for
hardening terms of 1, 3, 7, 28, 56 and 90 days are
presented in Figure 1.

According to the ,Code of practice for the
manufacturing concrete” the average compressive
strength at 28 days, for the concrete with specific
properties, must be higher than the value of the
characteristic strength (fy) with at least 6 MPa
to 12 MPa
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Fig. 1 - Rezistenta la compresiune a betoanelor/ The compressive strength of the concretes.
Conform ,Codului de practica pentru fom 2 fyt6....... 12 MPa (the dispersion of the
producerea betoanelor” media rezistentei |la

compresiune la 28 zile, a betonului cu proprietati
specificate  trebuie sa fie superioara valorilor
rezistentei caracteristice (f.x) cu cel putin 6 MPa
panala 12 MPa

fem > fyt6....... 12 MPa
rezultatelor)

(dispersia

Din examinarea valorilor medii ale rezistentelor la
compresiune se observa o diminuare a acestora la
termene scurte de intarire (1 si 3 zile) pentru
amestecurile S-2, S-3, S-4 si S-6 si o valoare
aproximativ egala cu a etalonului pentru amestecul
S-5. Valorile mai mici se explicd prin reactia
puzzolanicd lentd a adaosurilor de cenusa
zburatoare si metacaolin. Silicea ultrafind are o
reactivitate mai ridicata chiar la termene scurte de
intarire. La 7 zile, se remarca o crestere
semnificativa a rezistentelor pentru compozitiile cu
adaosuri minerale. De la 28 de zile, rezistentele la
compresiune ale amestecurilor cu adaosuri sunt
egale sau chiar depasesc rezistentele etalonului,
cu exceptia compozitiei S-4. Tendinta de crestere
se continua la 56 si 90 de zile de intarire datorata
contributiei reactiei lente a adaosurilor puzzolanice,
cu formare de cantitdti suplimentare de
hidrocompusi.

Amestecurile de beton S-1, S-2, S-3, S-6, S-
7 au valori medii ale rezistentei la compresiune la
28 zile de la 54,51MPa péna la 57,78MPa,
corespunzatoare clasei C35/45. Amestecul de
beton cu 10% SF (S-5) are valoarea rezistentei la
compresiune la 28 zile de 63,96MPa,
corespunzatoare clasei de beton C40/50. Prin
incorporarea  adaosurilor de cenusa de
termocentrala, silice ultrafina si metacaolin se
realizeaza betoane cu rezistente mecanice la 28
zile apropiate de cele ale betonului etalon

results)

By examination of the average values of
the compressive strengths, it can be seen small
values of these at short hardening terms (1 and 3
days) for S-2, S-3, S-4, and S-6 compositions and
an approximately equal value to the one of the
reference, for the S-5 composition. The lower
values are explained by the smaller cement
content in these compositions and slow puzzolan
reaction of the fly ash and metakaolin additions.
For S-5 composition, silica fume has a higher
reactivity even at short hardening term. At 7 days,
it can be observed a significant increase of the
strengths for the compositions with mineral
additions. For 28 days, the compressive strengths
of the concretes with additions are equals to or
even exceed the strengths of the reference
composition, except the S-4 composition. This
increasing trend is continued until 56 and 90 days
of curing, pozzolan reaction having a contribution
to form the supplementary hydrates amounts.

S-1, S-2, S-3, S-6, S-7 concrete
compositions had the average compressive
strengths at 28 days in the range of 54.51 MPa to
57.78 MPa, values corresponding to C35/45 class.
The concrete with 10% SF (S-5) had a
compressive strenght value at 28 days equal with
63.96 MPa, corresponding to the C40/50 concrete
class. The concretes obtained by incorporating fly
ash, silica fume and metakaolin additions in
composition have mechanical strengths at 28
days, close to the ones of the reference concrete
R:s=55.01MPa or even higher. For instance, for
S-5 composition with 10% silica fume, the value of
the compressive strength was 63.96 MPa, for S-6
was 56.45 MPa, and for S-7 was 57.78MPa. The
increased strengths are ascribed to the puzzolan
reaction between the calcium hydroxide resulted
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R.25=55,01MPa sau chiar mai mari. De exemplu,
pentru compozitia S-5 cu 10 % silice ultrafing,
valoarea rezistentei la compresiune este de
63,96MPa, pentru S-6 de 56,45MPa iar pentru S-7
de 57,78MPa. Cresterea rezistentelor este atribuita
reactiei puzzolanice dintre hidroxidul de calciu
rezultat la hidratarea cimentului cu SiO, si Al,O3
activ din adaosul folosit cu formarea de cantitati
suplimentare de hidrosilicati si hidroaluminati de
calciu. Adaosul de 10% silice ultrafina conduce la o
crestere a rezistentei la compresiune fata de
amestecul etalon, la toate termenele de incercare.
Se poate concluziona ca betoanele in care se
substitue 20 % ciment cu silice ultrafina si cenusa
zburatoare sau metacaolin dezvoltd rezistente
comparabile cu a etalonului la termene mari de
intarire. Asadar, adaosurile indigene de cenusa
zburatoare si metacaolin se pot utiliza in compozitii
de betoane atat in sistem binar (substituind 10 %
ciment) cat si ternar in combinatie cu silicea
ultrafind, deoarece rezistentele mecanice Ila
termene lungi de intarire sunt mari.

Rezistenta la intindere prin incovoiere, f .4
(MPa), s-a efectuat conform SR EN 12390-5:2009,
prin aplicarea sarcinii intr-un punct central de
incarcare. Valorile sunt prezentate in figura 2.

Valorile rezistentei la Tintindere prin
incovoiere pe epruvetele de beton cu adaosuri
minerale sunt apropiate de valoarea etalonului, la
termene scurte de incercare si cresc la varste de
28, 56, 90 zile. Asa cum se astepta, compozitia S-5
cu 10 % silice ultrafina are valorile cele mai mari
ale rezistentelor atat la compresiune cat si la
incovoiere. Se poate spune ca silicea ultrafina
reactionneaza rapid cu Ca(OH), din pasta de
ciment dand compusi de hidratare care cresc
rezistentele mecanice. In mod similar, se comporta
si betonul S-3, cu adaos de metacaolin ceea ce
demostreaza ca reactia puzzolanicd are loc cu
viteza mai mare dupa 7 zile de la prepararea
betonului

after hydrating the cement with active SiO, and
Al,O; from the used additions with formation of
supplementary amounts of calciumsilicate and
aluminate hydrates. The addition of 10% silica
fume leads to an increase of the compressive
strength towards the reference composition, at all
test terms.

It can be concluded that the concretes in
which 20% of Portland cement is substituted with
silica fume and fly ash or metakaolin, develop
comparable strenghts with those of the reference,
for the long hardening periods of time. Thus, the
indigenous additions - fly ash and metakaolin - can
be used into concretes compositions, both in
binary binding systems (substituting 10% of
cement) and in ternary systems, in combination
with silica fume.

The flexural tensile strength, f s (MPa), was
made according to SR EN 12390-5:2009, by
applying the load in a central loading point. The
values of the flexural tensile strength are
presented in Figure 2.

The values of the flexural tensile strength
of the mineral additions concretes samples, are
closely to those of the reference, at short
hardening terms (1-7 days) and they increase at
28, 56 and 90 days. As was expected, S-5
composition with 10% silica fume had the highest
strengths values, both at compression and at
flexure. It is confirmed that the silica fume quickly
reacts with Ca(OH), from the cement paste, giving
some hydrated compounds which contribute to the
increase of the mechanical strengths. In a similar
way behaves S-3 concrete with metakaolin
addition, which demonstrates that the pozzolan
reaction could have a high rate after 7 days of
concrete curing.

Therefore, the flexural tensile strengths of
the concretes with 10% and 20% respectively
mineral additions as substitutes of the Portland
cement are higher than the ones of the concrete
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Fig. 2 - Rezistenta la intindere prin incovoiere a betoanelor / The flexural tensile strength of the concretes.
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Asadar, rezistentele la Tintindere prin
incovoiere pentru amestecurile de beton cu 10%
respectiv. 20% adaos mineral in compozitia
betonului ca substituent al cimentului sunt mai mari
decét cele ale betonului fard adaos pentru
perioade de intarire de peste 7 zile.

Modulul de elasticitate static la compresiune al
betonului conform STAS 5585-71 este definit ca
fiind raportul intre cresterea efortului unitar normal
si cresterea deformatiei specifice corespunzatoare,
inregistrate in intervalul 0,05f; , si 0,3f; o (for fiind
rezistenta betonului obtinutd prin solicitarea la
compresiune a epruvetei prismatice).

without addition for more 7 days of hardening.

The concrete static elasticity modulus at
compression, according to STAS 5585-71 is
defined as the ratio between the increase of the
normal unitary effort and the increase of the
corresponding specific deformation recorded in the
range 0.05f., and 0.3f;, (f;pr being the concrete
strength obtained by the request at compressive of
the prismatic specimens).

The values of the elasticity modulus E.n,
(GPa) obtained by attemptting the concrete
specimens for the 7 studied compositions are
presented in Table 3.

Tabelul 3
Modulul de elasticitate E. pentru compozitiile studiate/ The elasticity modulus E., for the studied compositions
Caracteristica
Characteristic
S-1 S-2 S-3 S-4 S-5 S-6 S-7
Compozitia
Composition
Ec.m (GPa) 41.67 41.84 41.32 40.17 41.48 39.36 39.63
Tabelul 4
Adancimea de patrundere a apei in probele de beton/ The water ingression depth in the concrete samples
Compozitia / Composition
S-1 S-2 S-3 S-4 S-5 S-6 S-7
Caracteristica / Characteristic
Adancimea de patrundere a apei (mm) la 28 zile
18 14 11 15 15 14 15
Water ingression depth (mm) at 28 days
Adancimea de patrundere a apei (mm) la 56 zile
] ) 15 11 8 13 11 13 14
Water ingression depth (mm) at 56 days

Valorile modulului de elasticitate E.,, (GPa)
obtinute prin incercarea epruvetelor de beton
pentru cele 7 compozitii studiate, sunt prezentate
in tabelul 3.

Modulul de elasticitate secant (intre 0.=0 si
0,4f.m)Ecm pentru betonul de clasa de rezistenta
C35/45 conform standardelor, trebuie sa fie de
minim 34GPa.

Modulul de elasticitate pentru compozitiile
de beton studiate se incadreaza in intervalul 39,36
la 41,84GPa, avand valori superioare valorii
minime admise pentru clasa de beton C35/45.
Valoarea maxima s-a obtinut pentru compozitia de
beton cu 10% cenusa de termocentrala.

Adéncimea de patrundere a apei, ca
indiciu al permeabilitatii, s-a determinat in trei
trepte, prin aplicarea apei cu o presiune de 2 bari
timp de 48 ore, apoi la o presiune de 4 bari timp de
24 ore si In etapa a treia la o presiune de 8 bari
timp de 24 ore. Dupa despicarea epruvetelor, s-a
masurat adancimea de patrundere a apei, in mm,
rezultatele determinarilor fiind prezentate in tabelul
4. Aceasta determinare s-a facut pe epruvete de
beton cu varsta de 28 si 56 zile.

Prin folosirea adaosurilor minerale ca
inlocuitor partial al cimentului se obtine o
imbunatatire a structurii poroase a betonului si o

The elasticity secant modulus (between
0.=0 and 0.4f,,)E., for the C35/45 strength
concrete class according to the standards, must be
at least 34GPa.

The elasticity modulus for the studied
concrete compositions is framed in the range 39.36
to 41.84GPa, being higher than the minimum allowed
value for the C35/45 concrete class. The maximum
value was obtained for the concrete composition with
10% fly ash addition.

The water ingression depth, as permeability
index, was determinated in three stages by putting
the water with a pressure of 2 barr for 48 hours, then
with a pressure of 4 barr for 24 hours and in the last
stage with a pressure of 8 barr for 24 hours. After
splitting the specimens, the water ingression depth
(in mm) was measured. The determinations results
are presented in Table 4. This determination was
made on concrete specimens hardened for 28 and
56 days.

By using the mineral additions as cement
partial substitute, it was obtained an improvement of
the concrete porosity and a densification of the
binder matrix because of the chemical and physical
effect exerted by the siliceous additions; through the
pozzolan reaction calcium hydroxide is consumed
which leads to the reduction of the porosity into
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densificare a matricii liante datoritd efectului chimic
si fizic al adaosurilor silicioase; prin reactia
puzzolanicd este consumat hidroxidul de calciu,
ceea ce conduce la micgorarea porozitatii zonei de
interfatd matrice lianta-agregat, iar prin efectul de
filer, particulele silicioase fine contribuie la
densificarea matricii si a betonului. Astfel se
explica scaderea adancimii de patrundere a apei
sub presiune pentru toate compozitiile de beton cu
adaosuri, fatda de betonul etalon, cu ciment
Portland. Cea mai buna compactitate s-a
inregistrat pentru compozitia de beton cu 10%
metacaolin. Se evidentiazd o imbunatatire a
valorilor la 56 zile comparativ cu cele la 28 zile.
Scaderea frontului de patrundere a apei in
betoanele fintarite timp mai Tindelungat este
explicata prin densificarea acestora, ca urmare a
progresarii proceselor de hidratare, inclusiv a
reactiei puzzolanice, cu formare de cantitati
suplimentare de hidrocompusi.

Rezistenfa la inghet-dezghet a fost
determinata prin metoda distructiva pe 6 epruvete
pentru fiecare compozitie proiectatd. Trei epruvete
au fost supuse la 100 cicluri de inghet-dezghet, 4
ore la temperatura de -17+2 °C si 4 ore in ap3, la
2015 °C. Trei epruvete martor, au fost pastrate in
apa la 202 °C. Cele trei epruvete supuse la
gelivitate si cele 3 epruvete martor au fost supuse
solicitarii la compresiune. Pierderea de rezistenta
la compresiune a probelor supuse la gelivitate fata
de probele martor, se calculeaza cu relatia:

f;rm(martor) - f‘c

m(i—d)
x100 (%), [20]
fcm(martor)

77:

in care

fommaroy - Media rezistentei la compresiune a
epruvetelor martor, N/mm?;

fomiay - media rezistentei la compresiune a
epruvetelor supuse la inghet-dezghet, N/mm?.

Valorile pierderii de rezistentd pentru
compozitile de beton studiate sunt prezentate in
tabelul 5.

Betoanele cu adaosuri minerale au o
comportare buna la cicluri succesive de inghet-
dezghet. Pierderea de rezistentd cea mai mica
este evidentiatd la proba S-6, cu 10% silice
ultrafina si 10% cenusa de termocentrala urmata
de S-5 cu 10% silice ultrafina. Compozitia S-4
(10% cenusa si 10% metacaolin) a inregistrat cea
mai mare pierdere de rezistentd la compresiune,
depasind-o pe cea a etalonului. Aceasta compo-
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interface zone binder matrix - aggregate, and
through the filler effect, the fine siliceous particles
contribute to the matrix and concrete densification.
Thereby, it is explained the decrease of the water
ingression depth under pressure for all the
concrete compositions with additions, towards the
Portland cement reference concrete. The best
compactness was recorded by the concrete
composition with 10% metakaolin. It is pointed out
an improvement of the values at 56 days
compared to the those at 28 days. The decrease
of the water frontline at longer terms of concretes
hardening is explained by their densification due to
the hydration processes progression, including the
pozzolan reaction, with formation of the
supplementary amounts hydrates.

The freeze-thaw strength was determinated
by a destructive method on 6 specimens for each
of the studied composition. Three specimens were
subjected to 100 freeze-thaw cycles, 4 hours at -
17+2 °C and 4 hours in water at 2045 °C. Three
reference specimens, were kept in water at 2012
°C. The three specimens subjected to freeze-thaw
and the three reference specimens were subjected
to the compressive test.

The loss of the compressive strength of
the specimens subjected to freeze-thaw test
towards to the reference specimens strength, can
be calculated with the following relation:

_ fcm(cnntrol) - fcm(ifd)

x100 (%), [20]
fcm(wntrol)

where:

femiery - the average compressive strength of the
reference specimens, N/mm?;
femi-a) - the average compressive strength of the
specimens subjected to freeze-thaw cycles,
N/mm?.

The strength loss values for the studied
concrete compositions are presented in Table 5.

The concretes with mineral additions, have
a good behaviour at successive freeze-thaw
cycles. The lowest strenght loss is pointed out at
the S-6 sample, with 10% silica fume and 10% fly
ash, followed by the S-5 with 10% silica fume. The
S-4 composition (10% fly ash and 10%
metakaolin) recorded the highest loss of the
compressive strength by freeze-thaw, the value
being higher than the reference's one. This
composition has also the smallest compressive
strengths, at all the hardening terms, their values

Tabelul 5
Pierderea rezistentei la compresiune a probelor supuse la gelivitate
The loss of the compressive strength of the specimens subjected to freeze-thaw test

Compozitia
Compost_t/o_n S-1 S-2 S-3 S-4 S-5 S-6 S-7
Caracteristica
Characteristic

n, % 8.25 6.91 7.85 11.84 5.98 5.08 6.25
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zitie are si cele mai mici rezistente la compresiune,
la toate termenele de intarire, fiind sub valoarea
etalonului. Se poate concluziona ca betoanele cu
adaosuri minerale sunt mai compacte si ca atare
mai rezistente la cicluri de inghet-dezghet.

5. Concluzii

Adaosurile hidraulic active cum sunt cenusa
zburatoare, silicea ultrafina si metacaolinul pot fi
utilizate pentru realizarea de betoane cu bune
caracteristici  fizico-mecanice. Experimentele
efectuate pe betoane cu adaosuri de 10% sau 20%
ca substituenti ai cimentului au evidentiat un efect
in general favorabil al adaosurilor, atat asupra
comportarii Tn stare proaspata cat si intarita a
betonului.

Proprietatile in stare proaspata - densitatea,
tasarea, raspandirea si volumul de aer oclus
incadreaza betoanele in categoria celor cu masa
volumica normala.

Rezistentele mecanice la 28 zile, ale
betoanelor cu adaosuri indigene de cenusa de
termocentrala si metacaolin - individuale sau in
combinatie cu silicea ultrafind, sunt apropiate de
cele ale betonului etalon, iar la termene mai mari
sunt superioare, cu exceptia compozitiei S-4
(10%FA+10%MK).

Modulul de elasticitate, pentru toate
compozitile studiate este superior valorii minime
admise pentru clasa de beton C35/45. Amestecul
cu cenusa zburatoare are valoarea cea mai mare a
modului.

in cazul betoanelor cu adaosuri, adancimea
de patrundere a apei, ca un indiciu al
permeabilitatii, scade fata de cea a betonului
etalon, adaosurile minerale determindnd o
densificare a structurii betonului, ca rezultat al
efectului chimic si fizic al adaosurilor silicioase.

Betoanele cu 10% adaos prezinta rezistente
la gelivitate mai bune decat betonul etalon, o
comportare buna avand si amestecurile de beton
cu 20% adaosuri, cea mai mica pierdere fiind
evidentiata la proba S-6 cu cenusa zburatoare si
silice ultrafina.

Studiile experimentale au demonstrat ca
folosirea materialelor indigene de tipul cenusilor
zburatoare si metacaolinului, mai ales in forma
combinatd cu silicea ultrafind, la fabricarea
betonului  favorizeazd evolutia pozitivda a
rezistentelor mecanice, cregterea gradului de
impermeabilitate, implicit a gradului de gelivitate,
permitdnd obtinerea de betoane performante din
punct de vedere tehnic, economic si ecologic.
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