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/ Lucrarea prezinta datele experimentale ob;in%
privind proprietatile betonului autocompactant cu cenusd

zburatoare, concretizate de lucrabilitate si evolutia
rezistentei la compresiune, prin comparatie cu cele ale
betonului de referinta, fard cenusad sau cu filer de calcar.
S-au realizat doua serii de amestecuri de beton
autocompactant in functie de tipul de ciment — BAC cu CEM
152,5R si BAC cu CEM II/B-M (S-LL) 42,5N.

Cercetarile efectuate in cadrul lucrarii, au aratat
cd adaosul de cenusa, de 20-34% din cantitatea totala de
pulberi, este benefic pentru consistenta si stabilitatea la
segregare a betonului proaspat. Rezistenta la compresiune
la varsta timpurie a fost semnificativ diminuata de adaosul
de cenusa, dar evolutia a fost ascendenta pana la 360 zile.

\_ /

/ This paper presents experimental obtained %
regarding the properties of self compacted concrete (SCC)
with fly ash content, such as workability, compressive
strength evolution over time in comparison with the
reference (concrete without fly ash or concrete with
limestone filler content). In this way, were realized two
series of mixes: SCC with CEM | 52.5R and SCC with CEM
1l/B-M (S-LL) 42.5N.
Research realized showed that the addition of 20-
34% fly ash of total powder amount is beneficial for the
consistency and resistance to segregation of concrete in
fresh state.
SCC compressive strengths at early age were
significantly diminished by fly ash addition, but these are

@asing until 360 days. /
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1. Introducere

Betonul autocompactant (BAC) a patruns
semnificativ. in  industria  constructiilor, iar
dezvoltarea si diversificarea lucrarilor si aplicatiilor
au fost decisiv influentate de progresul cercetarii
asupra controlului proprietatilor reologice ale
betonului proaspat. Este de asteptat ca betonul
autocompactant sa finlocuiasca, pe termen lung,
betonul vibrat in multe aplicatii, datoritéd avantajelor:
reducerea zgomotului, posibilitatea turnarii Tn
structuri monolit sau prefabricate cu armatura
densd si geometrie complicatd si reducerea
costurilor de procesare industriala.

Betonul autocompactant este caracterizat, in
stare proaspata, de patru proprietati cheie, care
masoara lucrabilitatea [1]:

- capacitatea de umplere - curgere doar sub
propria greutate si de umplere completa a spatiilor
din cofraje;

- viteza de curgere/umplere a spatiilor din
cofraje, evaluata prin vascozitate;

- capacitatea de trecere - curgere prin
deschideri inguste, uniform si continuu, fara
blocaje;

- rezistenta la  segregare: stabilitate,
omogenitate, fara separare apa-pasta-agregat, in
timpul transportului si punerii in opera.

Stabilirea compozitiei betonului auto-
compactant, cu clasa de rezistentda tinta,
presupune realizarea unor corelatii satisfacatoare
intre componentele lucrabilitatii - un efort limita
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1. Introduction

Self compacting concrete (SCC) entered
significantly in the construction industry and the
development and diversification works and
applications have been decisively influenced by the
progress of research on control of rheological
properties of fresh concrete. Self compacting
concrete is expected to replace long-term, vibrated
concrete in many applications because of some
advantages: reduced noise levels, the possibility of
casting the monolith or prefabricated structures
with dense reinforcements and complicated
geometry, decreasing of the cost of industrial
processing.

Fresh SCC is characterized by four important
properties, which define the workability [1]:

- filing ability due concrete own weight and
completely fill the spaces in formwork;

- flow and fill rate of spaces in formwork, as
measure of concrete viscosity;

- passing ability through narrow openings,
and flowing uniform and continuous, free from
blocking at reinforcement;

- stability to segregation concretized by
maintaining of the fresh concrete homogeneity
during transport and placing.

Mix design composition of SCC with a certain
class of strength involve acquiring satisfactory
correlations between workability components - an
yield point as low, moderate plastic viscosity and
stability to segregation. These characteristics of
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de curgere cat mai redus, o vascozitate plastica
moderata si stabilitate la segregare. Aceste
caracteristici ale betonului autocompactant in stare
proaspata sunt realizabile cu volum relativ mare de
pulberi, o cantitate semnificativa de aditiv
superplastifiant puternic reducator de apa si o
granulozitate adecvata a agregatului. O compozitie
generala de beton autocompactant si de beton
conventional (vibrat), este prezentatd schematic in
figura 1.

Pulberile sunt concretizate de cimentul
portland si filer (adaos inert, cimentoid sau
puzzoland). Proprietatile BAC sunt influentate
semnificativ de raportul apa/pulberi, de tipul si
proportia de pulberi.

Efectul unui adaos asupra rezistentei la
compresiune a betonului poate fi analizat prin
stabilirea factorului (k) de eficienta cimentoida sau
puzzolanica [2-6]. Acesta este un factor de
multiplicare a adaosului pentru a obtine o cantitate
echivalenta de ciment, in vederea calcularii
raportului apa/liant. Cantitatea de liant din beton
este data de cimentul CEM | si de cenusa
zburatoare implicata in dezvoltarea structurii de
intarire prin reactia puzzolanicd cu hidroxidul de
calciu eliberat la hidratarea cimentului.

Adaosul de cenusa zburatoare, ca
substituent al cimentului in proportie de 30-40%,
este considerat benefic pentru lucrabilitatea
betonului [2, 7, 8].

Lucrarea prezintd datele experimentale
obtinute privind lucrabilitatea gi rezistentele
mecanice ale betonului autocompactant cu cenusa
zburatoare, prin comparatie cu cele ale betoanelor
de referinta, fara cenusa sau cu filer de calcar.

2. Conditii experimentale. Materiale,
compozitii de BAC si metode de analiza

2.1. Materiale

Constituentii solizi ai amestecurilor de beton
autocompactant, BAC, au fost cimenturile portland,
filere de calcar, cenusi zburatoare de
termocentrald, agregat fin si grosier de rau.

S-au folosit doua tipuri de aditivi
superplastifianti, SP.

2.1.1.  Cimenturile

Tipurile de ciment conform SR EN 197 [9],
utilizate, au fost CEM | 52,5R, cu densitatea 3120
kg/m3 si CEM/II B-M (S-LL) 42,5N cu densitatea
3050 kg/m®.

Cimentul CEM | este in mod curent utilizat
pentru producerea de elemente prefabricate din
BAC, cu viteza mare de intarire (dupa 16-24 ore
atinge 75-80% din rezistenta finald). Cercetarea
efectuata, referitoare la BAC cu ciment unitar, a
urmarit influenta tipului si cantitati de adaos
(cenusa zburatoare si/sau filer de calcar) asupra
proprietatilor  betonului  autocompactant. De
asemenea, utilizarea cimentului CEM/II B-M (S-LL)

fresh self compacting concrete are developed with
relatively high powders volume, a significant
dosage of the superplasticizer and high range
water reducing admixture and a adequate particle
size distribution of the aggregate. A general SCC
mix and conventional concrete mix (vibrated) is
schematically showed in Figure 1.

Beton compactat prin vibrare/Concrete compacted by vibration

A"
) ‘\ Agregat fin \\ Agregat grosier
Water ﬁFilerFi”e _aggregatz?\ os aggegate

Beton autocompactant/Self compacted concrete

Fig. 1 - Compozitii de beton autocompactant si de beton vibrat
Some SCC and conventional concrete mixes.

The powders are combinations of Portland
cement with different fillers as inert inorganic
addition, cementitious or pozzolana additions.
SCC properties are significantly influenced by
water/ powder ratio, by the type and proportion of
powders. The effect of addition on compressive
strength of concrete can be analyzed by the
cementitious/pozzolana efficiency factor (k) [2-6]. It
is the multiplier factor of addition to obtain an
equivalent amount of cement, in order to calculate
the water/binder ratio. The binder is concretized by
the CEM | type cement and of the fly ash part
involved in the hardening structure development
by pozzolana reaction with calcium hydroxide
released by cement hydration.

SCC workability is improved by a flay ash
addition ranging of 30-40% cement substitute [2, 7, 8].

This paper presents experimental data
regarding the workability and compression
strengths of SCC with fly ash content in
comparison with the reference - without fly ash or
concrete with limestone filler content.

2. Experimental. Materials, SCC Composition
and method of analysis

2.1. Materials

Solid constituents of self compacted
concrete were Portland cement, limestone filler, fly
ashes, fine and coarse river aggregates. We used
two superplasticizer admixtures, SP.

2.1.1. Cements

Cements according to EN 197 [9] used
were CEM | 525 R with density around to
3120kg/m® and CEM / Il BM (S-LL) 42.5 N with
density around to 3050 kg/m3. CEM 1 is currently
used for production of precast SCC, with rapid
hardening (after 16-24 hours reaches 75-80% of
final strengths). The research carried out SCC The
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425N a fost necesara pentru cercetarea realizarii
de beton autocompactant economic, cu
lucrabilitatea adecvata, pastratd o duratd mai
mare, pentru aplicatii de beton monolit.

2.1.2. Filere

Filerul de calcar a avut caracteristicile:
densitatea 2780 kg/m3, continut de CaCO3, 95,6%,
si 91,3% particule cu dimensiunea sub 90um.

Cenusa a avut caracteristicile: Si0,=51%,
AlL,05=24,4%, Ca0=8,3%, densitatea 1790 kg/m®,
R45,m=59%, indice de activitate puzzolanica 78,6%.

Caracteristicile principale ale cenusii 2 sunt:
Si0,=51,4%, Al,03=22,4%, Ca0=7,2%, densitatea
1854 kg/m®’, Rus,m=68%, indicele de activitate
puzzolanica 61,7%.

2.1.3. Agregatele

Agregatele pentru realizarea betonului
autocompactant au fost selectate conform
cerintelor SR EN 12620:2000 [10]: nisip sort 0-4
mm, agregat grosier sort 4-8 si 8-16 mm.
Cantitatea de particule mai fine de 0,125 mm din
nisip a fost calculata si inclusa in volumul de
pulberi, impreuna cu cimentul si filerul.

2.1.4.  Aditivi superplastifianti

S-au utilizat aditivi polieter-carboxilati notati
SP1 (Chryso Premia 180) si SP2 (Sika Viscocrete
2620). Acestia sunt adecvati, in special, pentru
prefabricate din BAC armat.

2.2. Compozitii de beton autocompactant cu
cenusa de termocentrala

2.2.1. Factorul de eficienta, k

Liantul hidraulic total, in cazul betonului
autocompactant cu ciment s$i  cenusa de
termocentrala, a fost calculat pe baza echivalarii
unei cantitdti de cenusa cu liantul hidraulic.
Cantitatea maxima de cenusa zburatoare, conform
EN 450 [11] luatd in consideratie ca adaos
substituent partial al cimentului, a fost estimata
conform CP 012 — 2007 [12], prin raportul cenusa
zburatoare/ciment CEM | = n, iar n< 0,33. A
rezultat ca partea de cenusa activa = n x ciment
CEM 1.

Cantitatea de cenusa implicata in procesul
activ de dezvoltare a hidrocompusilor de intarire
este corelatd cu potentialul de eliberare a
hidroxidului de calciu la hidratarea cimentului.
Hidroxidul de calciu eliberat la hidroliza cimentului
(o cantitate limitata de tipul si dozajul acestuia),
participd la reactia puzzolanica cu silicea/alumina
reactive din cenusa, cu formarea de hidrocompusi
de intarire. Pe de alta parte, coeficientul k este cu
atat mai mare, cu céat cimentul are un potential mai
mare de eliberare a hidroxidului de calciu prin
hidratare-hidroliza. Pentru cimentul CEM | 32,5 se
considera k = 0,2, iar pentru CEM | 42,5 si clasele
superioare, k = 0,4 [12]. Prin urmare, liantul total

paper has followed the influence of filler type and
amount of addition (fly ash and/or limestone filler)
on the properties of self compacting concrete
carried out with CEM I. Also, the use of CEM/Il BM
(S-LL) 42.5 N was both economically argued and
by the need to obtain SCC with longer time
adequate workability required by the monolithic
applications.

2.1.2. Fillers

Limestone filer has the following
characteristics: density 2780 kg/m3, CaCO;
content 95.6% and particle with d <90um up to
91.3%.The fly ash 1 had the features: density of
1790 kg/m® Rus,m=59%, pozzolanic activity index
of 78.6%, Si0,=51%, Al,03=24.4%, Ca0=8.3%.
The fly ash 2 had the features: density of
1854kg/m® Rys,m=68%, pozzolanic activity index of
61.7%, Si0,=51.4%, Al,03=22.4%, Ca0=7.2%.

2.1.3. Aggregates

Aggregate used in SCC were selected
according to SR EN 12620:2000 [10], sand
0-4mm, coarse aggregate 4-8 and 8-16 mm. The
amount of fine sand with particle size smaller than
0.125 mm was calculated and included in the
volume of powder together with cement and filler.

2.1.4. Superplasticizer admixtures

Admixtures used were based on
commercial modified polyether carboxylates noted
SP1 (Chryso Premia 180) and SP2 (Sika
Viscocrete 2620). These admixtures are especially
proper to reinforced precast concrete.

2.2 Composition of self compacted concrete
with fly ash content

2.2.1. Efficiency factor, k

The total amount of hydraulic binder, in the
case of SCC with fly ash, was calculated based on
the equivalence of a quantity of fly ash with
hydraulic binder. The maximum amount of fly ash
according to EN 450 [11] taken into account as
partial substitute of cement, fulfils the requirement
stipulated in the CP 012-2007 [12], regarding the
value of the fly ash/cement CEM I ratio = nand n <
0.33. As consequence, the part of active fly ash =
nx CEMI.

The fly ash pozzolanic reaction availability
in hardening structure development is correlated
with the potential release of calcium hydroxide by
cement hydration. Calcium hydroxide released by
cement hydration (depending by type and amount
of this) is involved in the pozzolanic reaction with
reactive silica/alumina provided by the fly ash and
leads to the hydrates formation.

On the other side, k is even greater, the
more cement has a higher potential for release of
calcium  hydroxide by hydration-hydrolysis
reactions. Efficiency factor, k is approximated at
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(disponibil pentru formarea hidrostructurilor de
intarire), din amestecul de pulberi, este dat de
relatia: liantul total = cimentul CEM | + k x n x
ciment CEM |

2.2.2. Compozitii de BAC

Principiul de stabilire a compozitiei a avut la
baza rezistenta la compresiune (adecvata pentru
clasele C30/37, C35/45 si C40/50) si lucrabilitatea,
proprietati direct influentate de tipul si dozajul de
ciment, tipul de filer (de calcar sau cenusa),
raportul apa/ciment, respectiv apa/liant, raportul
nisip/pietris si aditivul SP, puternic reducator de
apa.

S-au realizat doua serii de amestecuri de
beton autocompactant in functie de tipul de ciment
— BAC cu CEM | 52,5R si BAC cu CEM II/B-M
(S-LL) 42,5N. Scopul realizarii acestor compozitii a
fost estimarea influentei factorilor compozitionali
asupra consistentei precum si a evolutiei
rezistentei la compresiune de la o zi la 360 zile.

Seria | (tabelul 1) include amestecurile de
BAC cu ciment CEM Il si cenusa, in proportie de la
15% la 34%, in amestecul total de pulberi
(cenusa+ciment), pentru clasa prestabilita C30/37.
DozaJ'eIe de ciment au variat de la 350 la 425
kg/m~, raportul ciment/cenusa a variat de la 2,0/1
la 5,7/1 si rapoartele nisip/pietris au avut valori
apropiate ; de 1,2/1 si 1,3/1. Compozitia de
referintd, C4, nu a avut cenuga volanta. Rapoartele
apa/ciment au crescut cu raportul cenusa/pulberi
si cu raportul nisip/pietrig, la acelasi tip si continut
de aditiv superplastifiant SP1.

Seria a Il-a de probe de beton
autocompactant (tabelul 2) a fost realizata cu
CEM | 52,5R si cenusa zburatoare in proportie de
20 pana la 34% din cantitatea de pulberi.

0.2 for the cement CEM | 32.5 and at 0.4 for CEM |
42.5 and upper strength classes [12].

Therefore, the total binder (available to
development hardening structure) of the powder
mix is given by the relation: total binder = cement
CEM | + k x n x cement CEM I.

2.2.2 . SCC mixes

The SCC mix design principle was based
on main properties the compressive strength
(suitable for classes C30/37, C35/45 and C40/50)
and the workability which are directly influenced by
the compositional parameters as the type and
dosage of cement and of the filler (fly ash or
limestone), the water/cement ratio, respectively,
water/binder ratio, the sand/gravel ratio and by the
superplasticizer and HRWR admixture.

There were carried out two series of self
compacting concrete mixes according to the type
of cement — SCC with CEM | 52.5 R and SCC with
CEM 1I/B-M (S-LL) 42.5 N. These compositions
was realized in order to estimate the influence of
compositional factors on the SCC consistency, the
evolution of compressive strength during from
earlier age of 1 day to 360 days.

Series | (Table 1) includes mixtures of SCC
with CEM 1l and fly ash 2, in amount of 15% to
34% addition of the total powders quantity (fly ash
and cement), for the preset strength class C30/37.
Cement dosages ranged from 350 to 425 kg/ma,
the cement/ash ratio was from 2,0/1 to 5.7/1 and
sand/gravel ratio had values close to 1.2/1 and
1.3/1. The reference, C4, did not contain fly ash
addition. Water/cement ratios increased with the
fly ash/powder ratio and sand/gravel ratio, at the
same type and content of superplasticizer

admixture, SP1.
Tabelul 1

Seria | de compozitii de BAC cu ciment tip CEM Il si cenusa zburatoare
Series | of SCC mixes with CEM Il cement type and fly ash

Material/Cod beton

Material/Concrete code C1 C2 c3 Caref C5 C6 c7
Cement CEM/II B-M (S-LL) 42,5N kg/m® 370 390 390 425 383 350 383
Cenusa zburatoare 2/Fly ash 2 kg/m3 180 150 70 0 108 120 90
Filer de calcar/Limestone filler 0 0 0 0 0 0 0
Pulberi/Powders kg/m® 550 540 460 425 491 470 473
Raport cenusa/pulberi / Fly ash/powders ratio 0.32 0.34 | 0.15 - 0.22 | 0.25 | 0.19
Nisip/Sand kg/m® 918 918 918 918 945 945 945
Pietris 4/16 / Gravel 4/16 kg/m® 747 747 747 747 713 713 713
Aditiv SP1 / SP1 HRWRA* % 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Apa | Water L/m® 209 200 180 175 185 200 | 182.5
Raport apa/ciment / Water/Cement ratio 0.57 0.51 | 046 | 0.41 0.48 | 0.57 | 0.48
Raport ciment/cenusa / Cement/fly ash ratio 2.0/1.0 | 2.6/1 | 5.7/1 - 3.5/1 | 2911 | 4.2/1

* Aditiv puternic reducator de apa / High range water reducing admixtures
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Compozitile de referintd, CO. si C41ry,
contin filer de calcar, un dozaj de ciment de 370 si,
respectiv, 440 kg/m3. Raportul apa/liant a fost
influentat de cantitatea de pulberi si de tipul de
aditiv (SP1 sau SP2).

2.3. Metodele experimentale de incercare a
caracteristicilor betonului
autocompactant

2.3.1. Determinarea lucrabilitatii BAC

Incercarea lucrabilitatii s-a efectuat conform
procedurilor Ghidului EFNARC [1] si a urmarit
realizarea claselor de consistentd conform SR EN
206-9:2010 [13].

2.3.2. Determinarea caracteristicilor betonului in
stare intarita
Rezistenta la compresiune a fost masurata
prin incercari pe cuburi cu L=15 cm, conform SR
EN [14].

205

Series Il of SCC (Table 2) was carried out
with CEM | 52.5R and fly in quantity of 20 up to
34% of total powder amount. The reference SCC
mixes C9.sand C41, with the cement dosage was
of 370 and respectively 440 kg/m>containing
limestone filler. The water/binder ratio was greatly
influenced by the powders type and by the
superplasticizer (SP1 or SP2) type.

2.3 Experimental methods for testing the
characteristics of self compacting
concrete

2.3.1. SCC workability

The workability was verified according to
EFNARC [1] and follow to fulfil the requirements of
SR EN 206-9:2010 [13] regarding consistency
classes.

2.3.2. Properties of hardened concrete

Compressive strengths were measured by
tests on the 15 cm® cube samples according to SR
EN [14].

Seria a ll-a de compozitii de BAC cu ciment tip CEM | si cenusa zburatoare/ Series Il of SCC mixes with CEM | cement type a:;gflau;hz
e aterallCod beton Coref. | C10 | c24 | c13 | c14 | c27 | C4te | ca C31
CEM 152,5R kg/m® 1 370 370 370 344 344 344 440 440 400
Filer calcar / Limestone filer | X9/m’ 130 0 0 86 0 0 110 0 0
g;”;f;‘ ;b“rét"are 2 kg/m” 0 130 120 110 172 172 0 0 0
gg/”:ﬁffb”'étoare 1 kgm® | 0 0 0 0 0 0 0 110 150
Pulberi/Powders kg/m® | 500 500 490 540 516 516 550 550 550
ﬁ;";;%g‘j;‘ d‘fri’ f:t'ize” - 0.31 029 | 020 | 033 | 0.33 - 0.2 0.27
Liant total / Total binder kg/m® 1 500 | 2188 | 414 388 | 3892 | 389.2 550 550 532
Nisip/Sand kg/m” | 925 932 918 925 925 925 951 951 951
Pietris 4/16 / Gravel 4/16 kg/m” | 750 750 752 750 750 750 689 689 689
Aditiv SP1/ SP 1 HRWRA % 1.6 1.6 1.5 0 0 0 0 0 0
Aditiv SP2 / SP2 HRWRA % 0 0 0 1.8 2.1 1.8 1.6 1.6 1.6
Apa | Water Um® | 1725 | 200 196 | 1825 | 203 200 166.8 | 1728 189
o 046 | 054 | 053 | 053 | 059 | 058 | o038 0.39 0.45
Apa/Liant / Water/Binder ratio 046 | 048 | 047 | 047 | 053 | 052 0.38 0.31 0.35
ggg’;ﬁ)%ﬁ”;jffa”tfé / . 281 | 3010 | 311 |20M1.0 | 2010 - 4010 | 3.0M1.0

3. Rezultate obtinute si comentarii
3.1. Proprietatile BAC in stare proaspata
Lucrabilitatea BAC, ca proprietate complexa,
a fost evaluatd prin raspandirea din tasare (flow
slump, SF), ca masura a efortului limita de curgere,
de timpul de curgere T500 ( VS) si de timpul de
curgere prin palnia V (VF), ca masura a vascozitatii
si de abilitatea de trecere printre barele cutiei
L (PA)[1,13].

Clasele de consistenta prestabilite (tinta) au
fost SF1// VS2/VF2// PA2 si SF2// VS2/VF2// PA2.

in tabelul 3 sunt date valorile consistentei SF,

3. Results and discussion

3.1. The properties of fresh SCC

The SCC workability was carried out by
testing of the slump-flow (SF) as a measure of
yield value, the flow time, T500 (VS) and V funnel
time (VF) as a measure of viscosity, and three
bars L box passing ability (PA)[1, 13].

The consistency target classes designed
were SF1//VS2/VF2//PA2 and SF2//VS2/VF 2//PA2

In Table 3 are given values of the SF
consistency, the flow time T500 /VF and the
passing ability of series | SCC mixes.
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Tabelul 3
Caracteristicile BAC proaspat, seria |/Characteristics of series | fresh SCC mixes
Caracteristica/Characteristic C1 C2 C3 Cé et C5 C6 Cc7
Masa volumica/ Unit weight of concrete, kg/m3 2260 | 2290 | 2290 | 2344 | 2300 | 2240 | 2320
Raspandirea Initiald/initial 720 680 670 | 720 | 660 6?10 620
din tasare/Slump-flow, dupa 0,5h/after 0.5 h 710 650 650 700 640 | nd nd
mm dupa 1h/after 1 h 710 | nd | 612 | 680 | 600 | nd nd
T500, s 4 7 7 2 10 7 7
VF, s 10 13 13 7 15 15 18
Trecere prin cutie L cu trei bare/Passing ability using L-box, % 95 90 90 80 84 84, 82
*nd — nedeterminat/untested
ale timpului de curgere T500/VF si abilitatii de Fly ash had a positive influence on the

trecere printre bare a amestecurilor BAC, seria I.
Cenusa volanta a favorizat tendinta de mentinere a
consistentei in limitele clasei prestabilite, pe durata
de o ora, si stabilitatea buna la segregare. Proba
C4,s fara cenusa a prezentat o tendintda mai
accentuata de separare a pastei, la incercarea de
raspandire din tasare, comparativ cu betoanele cu
cenusa.

in tabelul 4 sunt date valorile caracteristicilor
de curgere ale betonului autocompactant seria Il
pentru clasa SF2// VS2/VF2/| PA2 cu CEM | si
cenugd 29...34%. Lucrabilitatea a fost semnificativ
influentatd de cantitatea mai mare de pulberi, de
raportul apa/pulberi prestabilit conform clasei de
rezistenta si  de tipul/cantitatea de aditiv
superplastifiant. Astfel, s-au obtinut valori ale
raspandirii din tasare, SF, mai mici, adecvate
clasei de consistentd SF1.

flowing characteristics, by maintaining consistency
values appropriated of preset class, after an hour
and a good segregation stability of SCC. The
reference C4. whithout fly ash showed a
significant tendency to separate cement paste
during slump spreading, compared with fly ash
SCC.

In Table 4 are showed fresh SCC flow
characteristic values, series Il SCC mixes, with
29...34% fly ash content and CEM | type cement.
The workability target class was
SF2//VS2/VF2//PA2. Workability was significantly
influenced by the greater amount of powders, the
water/powder ratio designed according to
compressive strength class and the type/amount of
superplasticizer. Therefore, we obtained some
lower values of the slump-flow spreading, SF,
appropriate to SF1 consistency class.

Tabelul 4
Caracteristicile BAC proaspat, seria a |l-a/ Characteristics of series Il fresh SCC mixes
Caracteristica/Characteristic C9% | C10 | C24 | C13 | C14 | C27 | C41, | CHM1 C31
Masa volumica/ ‘;gfmvé’e’ght of concrete 2360 | 2280 | 2220 | nd | nd | nd | 2405 | 2328 | 2314
Raspandirea Initiald/initial 680 | 650 | 610 | 690 | 700 | 680 690 790 710
din tasare/ Slump-flow, dupa 0,5h/after 0.5 h 600 640 610 | 690 | 680 | 680 640 710 700
mm dupa 1h/after 1 h nd 640 | 610 | 680 | 680 | 670 nd nd nd
T500, s 10 8.4 22 3 5 3 8 4
VF, s 11 12.3 9 9 16.5 6 12 9
Trecere prin cutie L cu trei bao;f/ Passing ability using L-box, 92 89 04.2 83 83 83 85 89.4 85
Tabelul 5
Rezistenta la compresiune (f;) a probelor de BAC, seria I/ Compressive strength (f;) of SCC series | samples
. fo, MPa
Varsta beton, zile/ Concrete age, days
C1 C2 C3 | C4r | C5 C6 c7
1 15 | 138 | 18 | 225 | 20.5 | 15.7 | 20.5
7 32 | 345 (368|385 (323 | 32 | 355
28 46.3 | 47.7 | 48.5 | 47.8 | 47.9 | 43.5 | 47.8
90 53.7 | 57.8 | 52.8 | 52.6 | 57.3 | 50 50
360 59.4 | 60.6 | 54.2 | 57.8 | 60.1 nd nd
Aditivii  superplastifianti  au  contribuit, Superplasticizer admixtures contributed

selectiv, la modificarea favorabila a caracteristicilor
de curgere standard ale betonului autocompactant.
Un aspect interesant de cercetat I-a constituit
influenta aditivului SP asupra liantului in integrum,
inclusiv fractia cimentoida/puzzolanica (cenusa).
S-a constatat ca, pentru o compozitie data de

selectively and decisively to a favorable change of
standard flow characteristics of fresh SCC. An
interesting aspect of the investigation was the
influence of SP on binder “in integrum”, including
cementitious/pozzolanic material (fly ash).

It was found that for a designed SCC mix, a
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beton, aditivul superplastifiant (SP1 sau SP2), in
dozaj adecvat, tehnic si economic, a contribuit in
mod decisiv la diminuarea efortului de curgere
(corelat cu cresterea diametrului turtei de
raspandire) si la  micgorarea vascozitatii (a
timpului de curgere).

3.2. Caracteristicile BAC in stare intarita
3.2.1. Evolutia rezistentei la compresiune

Seria | de probe BAC, cu rezistenta la
compresiune corespunzatoare clasei C30/37,
contine probe cu CEM Il 42,5N si adaos de
cenusa zburatoare, precum si proba de referinta,
(CA4ref), doar cu ciment CEM Il 42,5N. Rezistenta
la compresiune la 28 de zile, f..s, este adecvata, ca
rezistenta initiala, pentru C30/37, clasa prestabilita.

Toate probele au avut valori medii ale f.,s de
la 43,5 la 48,5MPa (tabelul 5).

Rezistenta la compresiune a probelor de la
C1 la C7 a avut o evolutie continuu crescatoare
pana la 90 si 360 zile. La 360 de zile, BAC cu
cenusa atinge valori mai mari ale rezistentei la
compresiune, decat BAC de referinta. La varsta
timpurie (1 zi), rezistenta BAC a fost sensibil
micsorata de adaosul de cenusa. Odata cu
cregterea varstei betonului s-a modificat evolutia
rezistentei. Astfel, diferentele mari intre f;, a BAC
de referintd si cele ale probelor BAC cu diferite
proportii de adaos de cenusa, se diminueaza odata
cu varsta betonului. Prin urmare, raportul intre
rezistenta la 360 zile si cea la n zile (n< 360),
devine din ce in ce mai mic, aspect concretizat de
valorile fego,/fe1, > feasoz/feos, » prezentate grafic in
figura 2.
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cement CEM/ly ash ratio

Fig 2. - Influenta adaosului de cenusa asupra evolutiei
rezistentei la compresiune a BAC seria I/Influence of
fly ash addition on the compressive strength of SCC,
series.

Cresterea dozajului de liant total alcatuit din
ciment si cantitatea de cenusa activa, care
contribuie la formarea hidrosilicatilor de calciu, cu
hidroxidul de calciu eliberat de ciment (conform
dozajului), a avut o influenta favorabila asupra
cresterii rezistentei la compresiune la 90 si 360

Compressive strength. MPa

Fig.
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technical and economical adequate amount of the
superplasticizer (SP1 or SP2), contributed
decisively to a decrease of the yield point
(correlated with the spread diameter increase) and
the viscosity (decrease of the flow time).

3.2. Characteristics of the hardened SCC
3.2.1. Compressive strength evolution

The series | of the SCC samples, with
compressive strength class C30/37, includes
samples prepared with CEM 1l 42.5 N and fly ash
addition and a reference sample (C4ref) only with
CEM 11 42.5 N cement. Compressive strength at
28 days, f.s, was appropriate, as regarding the
initial results, for the designed strength class
C30/37.

All samples had compressive strength, f.g
average values, ranging between 43.5 and 48.5
MPa and are showed in Table 5.

The compressive strength values of the
samples, ranging from C1 to C7, had a
continuously increasing trend to 90 and 360 days
concrete age. The 360 days — compressive
strength of the fly ash SCC, reached higher values
than the reference. The early-compressive
strength (at 1 day age), was significantly
decreased by the fly ash addition. With increasing
concrete age compressive strength development
mode is changed. Thus, the large difference
between the 1 day-compressive strength, f,, of
reference SCC and the fly ash SCC was
diminishing in time, with SCC age increase.
Therefore, the relationship f.3g0./fcn, between the

70
60
50 -
40 . n 21
30 - 02.6/1
20 05.71
OReference
10 -
D 4
1 7 28 90 360

Age of concrete, days

3 - Influenta raportului CEM 1IB-M/cenuga asupra evolutiei
rezistentei la compresiune a BAC/Influence of CEM II/B-M /
fly ash ratio on the compressive strength of SCC.

360 days - and n days - compressive strength (n <
360) becoms lower, as according to relationship
feas0z/fe1z > feasoz/feosz, Showed graphically in Figure
2. Increasing of the dosage of total binder
composed by cement and active fly ash, which
contributes to the formation calcium silicate
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zile, aspect redat grafic in figura 3.

Prin examinarea figurii 3 se poate selecta
raportul ciment CEM ll/cenusa favorabil cresterii de
rezistenta a betonului. Concret, se observa ca
proba cu raportul ciment CEM ll/cenusa de 2,6/1 a
prezentat cea mai bund evolutie a rezistentei,
deoarece a avut cea mai scazuta rezistenta la o zi
(13,8 MPa), dar cea mai mare la 360 de zile (60,6
MPa).

Probele de BAC din seria a ll-a de
compozitii, cu CEM | si cu adaos de cenusa si
proba de referinta cu filer de calcar, au avut
valorile medii ale rezistentei la compresiune in
domeniul 40 — 63 MPa, prezentate in tabelul 6.

hydrates as a consequence of reaction with
calcium hydroxide released by cement through
hydrolysis process (according to the dosage) had
a favorable effect on increasing of the compressive
strength at 90 and 360 days, as you can see in
Figure 3.

By examination of Figure 3 can be selected
more favorable cement/fly ash ratio for
compressive strength increase. Specifically, it is
clear that sample with the cement/fly ash ratio of
2.6/1 showed the best compressive strength
development, because the 1 day-compressive
strength was the lowest (13.8 MPa) and the
highest at 360 days-compressive strength (60.6
MPa).

Tabelul 6

Rezistenta la compresiune a probelor de BAC, seria Il-a / Compressive strength of SCC series Il samples

Cod BAC/Code of concrete f., MPa

1 7 28 90 360
C9 of 37.8 53 59.6 64.5 67.8
C10 20 43.3 51.5 58.5 64.1
C24 15 42.8 55.5 60.2 nd
c13 28.5 425 43.5 48.6 nd
c14 25.8 55.5 59.5 65.1 67.8
cz7 23 57.3 63.5 69.7 71.5
Ca1et 40.2 46.5 55.8 58.9 nd
C41 29.1 395 45.6 495 nd
C31 26.5 34.2 40.5 45.9 nd

Evolutia rezistentei la compresiune a fost
pozitiva pana la termenul de incercare de 360 zile.

Rezistenta la compresiune timpurie, la o zi,
a fost categoric diminuata de un continut echi-
valent de adaos de cenusa.

Influenta dozajului de liant total, conform
coeficientului de eficienta, k, si a raportului
apa/liant este data in graficele din figura 4.

Rezistenta la compresiune a probelor de
BAC de referinta, cu ciment CEM | si filer de calcar
a avut, in general, valori mai mari decat cea a
probelor BAC cu CEM | si cenusa, calculat ca liant
total, pe baza coeficientului k, (figura 4a).
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a

The series Il of the SCC mixes, with CEM |
and fly ash addition, including the reference with
limestone filer, too, had the average compressive
strength values ranging from 40 to 63 MPa,
showed in Table 6.

The compressive strength development
has an increasing trend during all test period of
360 days. Early 1 day-compressive strength was
significantly decreased by the equivalent binder
content of fly ash added. The influence of dosage
of total binder according to efficiency coefficient,
k, and of the water/binder ratio are given in Figure
4.
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Fig. 4 — Influenta dozajului de liant a) si b) a raportului apa/liant asupra rezistentei la compresiune la 28 de zile a BAC/Influence of binder
dosage a) and b) of water/binder ratio on the 28 days compressive strengths of SCC, series II.
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Raportul apa/liant a crescut cu cantitatea
de adaos de cenusa in amestecul de pulberi.
Rezultatele obtinute, in cadrul incercarilor de
laborator, au aratat ca raportul apa/liant al probelor
cu cenugsa a avut o influentd mai micad decat
dozajul de liant efectiv (ciment+cenusa), asupra
rezistentei la compresiune a betonului (figura 4b).

4. Concluzii

1. Programul de cercetare prezentat in
cadrul lucrarii a avut ca scop obtinerea betonului
autocompactant cu adaos de cenusa de
termocentrala, in proportie de 20...34%, astfel
incat rezistenta la compresiune sa aiba valori in
domeniul 45 — 60 MPa.

Obiectivele lucrarii au fost cercetarea
influentelor factorilor compozitionali si, in special, a
adaosului de cenusa de termocentrala, asupra
rezistentelor mecanice si a lucrabilitatii betonului
autocompactant. Factorii compozitionali principali,
studiati ca variabile pentru lucrabilitate si rezistenta
la compresiune, au fost cimentul (CEM | 52,5R sau
CEM II/B-M 42,5N), raportul apa/ciment (liant),
adaosul (filerul), raportul cenusa/ciment si aditivul
superplastifiant.

2. Betonul autocompactant cu cenusa de
termocentralda a prezentat modificari  ale
caracteristicilor, Tn comparatie cu betonul fara
adaos de cenusa.

- Adaosul de cenusa a marit efortul limita
de curgere, respectiv, a micsorat abilitatea de
umplere incercata prin raspandirea din tasare.
Vascozitatea, data de timpul de raspandire (T500)
si timpul de curgere prin péalnia V, a crescut cu
adaosul de cenusa, dar mai putin semnificativ.

- Cenusa a avut un aport benefic asupra
cresterii coeziunii betonului proaspat, a stabilitatii
la segregare, cat si a mentinerii, in timp, a clasei
de consistenta prestabilite.

- Evolutia rezistentei la compresiune a
BAC cu cenusa zburatoare a fost pozitiva pana la
termenul ultim de incercare, de 360 zile.

- Rezistenta la compresiune timpurie a
fost categoric diminuata de adaosul de cenusa.

- Dupa 90 de zile, unele probe de BAC cu
cenusa au atins valori mai mari ale rezistentei la
compresiune, decat ale BAC de referinta.
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