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In conditiile actuale de extindere si perfectionare
a tipurilor de materiale utilizate la lucrarile de injectare,
determinate de diversificarea cazurilor pentru a caror
rezolvare este indicata injectarea, utilizarea cimenturilor cu
finete avansata prezintd numeroase avantaje si oportunitati
de ordin tehnic, ecologic si economic.

Lucrarea prezinta rezultatele obtinute in urma
cercetdrilor efectuate in laborator privind obtinerea unor
cimenturi mixte cu finete avansatd de mdcinare. Au fost
realizate si caracterizate din punct de vedere fizico-mecanic
cimenturi cu adaos unic de 15% zgura granulata de furnal,
respectiv cenusa de termocentrala. Finetea de macinare a
cimenturilor, exprlmata ca suprafata spec:flca Blaine a fost
de 8000 cm /g Cu cimenturile obtinute au fost realizate
fluide de injectie cu rapoarte apa/c:ment variind intre 0,4 si
0,8 si diferite proportii de aditiv superplastifiant Conplast
SP430. Fluidele de injectie au fost caracterizate din punct de
vedere reologic si reotehnic.

In present conditions of extension and perfection
of the types of materials used at injection works,

determined by diversifying of cases of which solving is
indicated the injection, using of the cements with advanced
fineness present numerous advantages and opportunities
of technical, ecological and economic order.

The paper presents the results obtained as
consequence of researches made in laboratory regarding
obtaining of some mix cements with advanced grinding
fineness. It were performed and characterized from
physical-mechanical point of view with unique addition of
15% granulated blast furnace slag, fly ash respectively.
Grinding fineness of cements expressed as Blaine specific
surface was of 8000 cm /g With obtained cements were
performed fluids of injection with ratios water/cement
varying between 0.4 and 0.8 and different proportions of

superplasticizer SP430. Fluids of injection were
characterized from rheological and reotechnical point of
view.
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1. Introducere

O provocare permanenta pentru ingineria
nationald si nu numai o constituie realizarea de
materiale care sa combine eficient tehnologia de
varf cu costuri competitive, astfel incat sa raspunda
cerintelor de ordin tehnic, economic gi nu in ultimul
rand si ecologic. Astfel, in conditile actuale de
extindere si perfectionare a tipurilor de materiale
utilizate la lucrarile de injectare, determinate de
diversificarea cazurilor pentru a caror rezolvare este
indicata injectarea, utilizarea cimenturilor cu finete
avansatd devine din ce in ce mai extinsa, avand
avantaje evidente atat fatd de cimentul portland
uzual cat si fata de materialele de natura organica,
in particular rasini [1-3]. Avand in vedere faptul ca,
fisuri de foarte mici dimensiuni, de numai 2 — 4um,
pot provoca in timp distrugeri in structuri se justifica
necesitatea injectarii acestora cu cimenturi cu
granulatie foarte restransa (Dgs sub 16um). in acest
context, o regula stabilita in lucrarile de injectare
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1. Introduction

A permanent challenge for national
engineering and not only is constituted by
performing of materials that combine efficiently top
technology with competitive costs, so that to fulfill
the requirements of technical, economical order
and not last time also ecological. Thus, in actual
conditions of extension and perfection of the types
of materials used at injection works, determined by
cases diversification of which solving is indicated
the injection, using of the cements with advanced
fineness become more extended, having obvious
advantages both in comparison with usual Portland
cement and the materials of organic nature, resins
particularly [1-3]. Taking into account that, cracks of
very low dimensions, of only 2 — 4um, may
provoke on time destroys in structures has justified
the necessity of their injection with cements with
very low granulation (Dgs below 16um). In this
context, a rule established in the injection works is
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este aceea ca, pentru a patrunde intr-o fisura,
dimensiunea maxima a particulelor de ciment
trebuie sa fie de maximum 1/3 din deschiderea
fisurii [4].

Comportamentul reologic al fluidelor pe baza
de ciment cu finete avansata este decisiv in reusita
unei operatii de injectare, de unde si interesul
deosebit in investigare a acestuia in corelatie cu
multitudinea factorilor ce-l influenteaza [5]:

- factori fizici (suprafata specifica si spectrul
granulometric, raport a/c);

- factori  chimici
mineralogica a cimentului);

-conditii de preparare-amestecare (tipul si
turatia agitatoarelor, timpul de agitare);

- prezenta aditivilor superplastifianti.

Recent tehnica injectarii folosita pe scara
larga in consolidari de constructii sau geotehnica,
utilizeaza cimenturi cu adaos cu finete avansata [6-
8]. Aceste materiale au avantajul ecologic si al
durabilitatii, la care se adauga avantajul unor
costuri mai reduse. Fluidul de injectie pe baza de
ciment este un amestec de apa, ciment cu
adaosuri gi aditivi. Adaosurile minerale influenteaza
semnificativ reologia sistemului cimentoid in stare
proaspatd, ceea ce conditioneazd dezvoltarea
rezistentei, durabilitatii si proprietatilor importante
la punerea in opera ale structurilor intarite [9-12].

Lucrarea prezenta aduce informatii obtinute
prin cercetari proprii, referitoare la obtinerea si
caracterizarea unor cimenturi cu adaos cu finete
avansata de macinare (suprafata specifica Blaine —
8000 cmz/g). Sunt prezentate, de asemenea
caracteristicile reologice si reotehnice ale fluidelor
de injectie realizate cu aceste cimenturi la diferite
rapoarte apa/ciment si proportii de aditiv
superplastifiant.

(compozitia  chimico-

2. Materiale si proceduri experimentale

2.1. Materiale utilizate gi conditii experimentale

La prepararea cimenturilor cu finete
avansata s-a folosit clincher portland, zgura
granulata de furnal, cenusa de termocentrala si
ghips. Compozitia oxidica a acestora, determinata
conform SR EN 196-2 [13], este prezentata in
tabelul 1. Pentru clincherul portland se prezinta, de
asemenea, in tabelul 2, compozitia mineralogica
potentiala (calculatd cu formulele Iui Bogue),
precum si caracteristicile modulare.

Aditivul surfactant utilizat (HEA2) este
fabricat de firma GRACE Construction Products si
este o solutie apoasa de acetat de trietanolamina,
cuodensitate 1,15 g/cm3 si viscozitate 33 cP la
21°C.

Pentru realizarea fluidelor de injectie a fost
utilizat un aditiv superplastifiant pe baza de
naftalina sulfonatda — Conplast SP430 (lichid cu
densitatea de 1,2 g/cm3), fabricat de firma Fosroc
Limited si comercializat de IRIDEX Group.

that, in order to penetrate in a crack, maximum
dimension of cement particles must be of
maximum 1/3 from crack opening [4].

Rheological behavior of the fluids based on
cement with advanced fineness is decisive in
success of injection operation, from where special
interest in its investigation in correlation with the
multitude of factors that influences it [5]:

- physical factors (specific surface and grain
size spectrum, ratio wi/c);

- chemical factors (chemical-mineralogical
composition of the cement);

- conditions of preparation-mixing (type and
mixers speed, stirring time);

- presence of superplasticizeradditives.

Recently injection technique used at large
scale in consolidations of constructions or
geotechnique, use cements with addition of
advanced fineness [6-8]. These materials have
ecological advantage and of durability, at which is
add the advantage of lower costs. The fluid of
injection based on cement is a mixture of water,
cement with additions and additives. Mineral
additions influence significant the rheology of
cementitous system, in fresh state, fact that
condition strength development, durability and
important properties at placement of hardened
structures [9-12].

This paper brings information on the
development and characterisation of in-house
obtained composite cement with advanced
fineness (Blaine specific surface — 8000 cmz/g).
There are also presented, rheological and
reotechnical characteristics of the fluids of injection
performed with these cements at different ratios
water/cement and proportions of superplasticizer.

2. Materials and experimental procedures

2.1. Used materials and experimental
conditions

At preparation of cements with advanced
fineness Portland clinker, granulated blast furnace
slag, fly ash and gypsum were used. Oxide
composition, according with SR EN 196-2 [13], of
these is presented in the Table 1. Also for Portland
clinker, is presented in the Table 2, potential
mineralogical composition (calculated with Bogue
formula), and also modular characteristics.

Used surfactant additive (HEA2) is
manufactured by GRACE Construction Products
company and is an aqueous solution of acetate of
triethanolamine, with density 1.15 g/cm3 and
viscosity 33 cP at 21°C.

In order to perform injection fluids was
used a superplasticizer based on sulfonated
naphthalene — Conplast SP430 (liquid with density
of 1.2 g/cm®), manufactured by Fosroc Limited
company and commercialized by IRIDEX Group.

It were prepared, according to SR EN 197-1
[14], cements type CEM II/A-S with addition of
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Tabelul 1
Compozitia chimica a materialelor utilizate / Chemical composition of the materials
Caracteristica Zgura granulata de Cenusa de
Characteristics Clincher furnal termocentrala Ghips
(%) Clinker Granulated blast Fly ash Gypsum
furnace slag
PC/L.O.I 2.81 247 4.66 -
SiO; + ins. HCI 20.58 34.60 54.68 0.68
Al,O3 6.23 11.87 24.20 0.61
Fe,03 3.66 0.6 7.08 0.16
Ca0 64.80 42.24 4.81 32.56
MgO 0.82 4.71 0.0 0.00
Rez.ins.HCI-Na,CO3 0.27 0.8 - -
SOs 0.58 0.84 0.56 44.33
Ca0 liber/Free CaO 0.25 - 0.0 -
SiO; reactiv - - 39.95
CaS0,4 2H,0 - - - 93.40
CaS0, - - - 1.50
Subst. argiloase / Clayey } ) } 156
matter )
Tabelul 2

Compozitia mineralogica si caracteristicile modulare ale clincherului folosit la prepararea cimenturilor cu finete avansata
Mineralogical composition and modular characteristics of the clinker used to obtain cement sorts with advanced fineness

Mir?eirar}ggz;g?crgﬁzgict)/%f?%) Compozitie modulard/Modular composition
CsS 62.32 S/ LM 0.98
C,S 12.47 Msi / SM 2.0
CsA 10.32 Ma/ AM 1.7
C,AF 11.13

%CaO % SiO,

LM : Lime Modulus =

2.8%Si0, +1.1%AL0, + 0.7 %Fe,0,

% Al, 0,

AM: Aluminate Modulus = ———
uminate Modulus % Fe,0,

Au fost realizate, conform SR EN 197-1 [14],
cimenturi tip CEM IlI/A-S cu adaos de 15% zgura
granulata de furnal si CEM Il/A-V cu 15% cenusa
de termocentrald. Finetea de mé&cinare a
cimenturilor, exprimata ca suprafatd specifica
Blaine a fost de 8000 cm®g. Pentru obtinerea
acestei fineti aditivul HEA2 a fost dozat in proportie
de 0,05%, raportat la masa cimentului [15]. Ca
regulator de priza s-a folosit ghips in proportie de
5%.

Cu cimenturile obtinute au fost realizate
fluide de injectie cu rapoarte apa/ciment 0,4; 0,6 si
0,8 neaditivate si aditivate cu aditiv superplastifiant
Conplast SP430 in proportie de 0,9%, 1,2%, 1,5%
si 1,8%.

2.2. Proceduri experimentale

Cimenturile cu finete avansata s-au obtinut
prin macinarea concomitentd a componentilor, in
moara de laborator cu functionare discontinua, de
tip tambur rotativ, cu capacitate de macinare de
maxim 10 kg/sarj. Incarcatura cu corpuri de
macinare, pentru prima faza a macinarii (grosiera),
a fost: 76,90 kg bile cu & 65 — 75 mm; 38,55 kg
bile cu ® 55 — 65 mm; 28,85 kg bile cu ® 45 — 55
mm. Macinarea finald s-a realizat cu o incarcatura
echivalenta de cilpebsuri (~ 144,3 kg).

Cimenturile realizate au fost caracterizate
din punct de vedere fizico-mecanic prin determinari

» SM : Silicate Modulus= ———="""2
%Fe,0, + %Al,0,

15% granulated blast furnace slag and CEM II/A-V
with 15% fly ash. Grinding fineness of cements,
expressed as Blaine specific surface, was of 8000
cm?/g. In order to obtain this fineness the additive
HEA2 was dosed in proportion of 0.05%, reported
as cement mass [15]. As setting regulator was
used gypsum in proportion of 5%.

With obtained cements were prepared fluids
with ratios water/cement 0.4; 0.6 and 0.8 non-
additived and additived with superplasticizer
Conplast SP430 in proportion of 0.9%, 1.2%, 1.5%
and 1.8%.

2.2. Experimental procedures

Cements with advanced fineness were
obtained by concomitant grinding of the
components, in laboratory mill of discontinue
operation, of type rotary drum, with grinding
capacity of maximum 10 kg/batch.
Loading of grinding media, for the first phase of
grinding (coarse), was: 76.90 kg balls with ® 65 —
75 mm; 38.55 kg balls with ® 55 — 65 mm; 28.85
kg balls with & 45 — 55 mm. The finished grinding
was conducted using an equivalent charge (~
144.3 kg) of double bevelled cones.

The cements performed were characterized
from physical-mechanical point of view by
determinations of: water demand, setting time,
soundness, mechanical strength at flexural and
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de: apa de consistentd standard, timp de priza,
stabilitate, rezistente mecanice la incovoiere si
compresiune la 2, 7 si 28 zile conform SR EN 196-
1, 3 [16,17]. Avand in vedere faptul ca in cazul
cimenturilor cu finete avansatad pot aparea unele
erori la determinarea acesteia prin metoda Blaine,
finetea cimenturilor a fost apreciatda si prin
distributia granulometrica, determinata cu ajutorul
unui granulometru laser Malvern Mastersizer
2000E.

Fluidele de injectie pe baza de cimenturi cu
finete avansata au fost caracterizate din punct de
vedere reologic si reotehnic prin determinari de
fluiditate, stabilitate si coeziune.

Fluiditatea a fost determinata prin masurarea
timpului de curgere a unui volum constant de fluid
de injectie prin conul Marsh, la timpul O de la
prepararea pastei, precum si dupa 15, 30, 45 si 60
minute de repaos.

Stabilitatea, exprimata prin separarea de
apa, s-a determinat utilizand un cilindru cu
capacitatea de 250 cm®. Cilindrul se umple cu fluid,
se lasa in repaus timp de doua ore si se citeste
volumul de apa separata. Stabilitatea se exprima in
procente si se calculeaza cu formula:

1
0, ] = « —_
% apd separatd = A 2%0 100
in care: A — volumul de apa separata, in cm®
250 — volumul fluidului, in cm?®.
Coeziunea s-a masurat dupa metoda lui G.
Lombardi [18]. Dispozitivul, numit de autor ,placa
coezimetru” (figura 1), consta dintr-o placa de otel,
cu dimensiunile de 100 x 100 x 1,5 mm (tara).
Placa se scufunda pentru cateva secunde (2-3
sec) in suspensie si se extrage usor, prin rotirea
manuala a tamburului. Placa se cantareste apoi
prin agatarea ei de talerul unei balante cu precizia
de 0,1g. Diferenta dintre masa obtinuta si tara,
impartité la suma celor doua suprafete laterale ale
placutei, da parametrul coeziunii (C).

i=l
Th
| |

Fig.1 - Dispozitiv pentru masurarea coeziunii/ Device for
cohesion measurement: 1 — placuta coezimetru/plate
cohesion meter; 2 - recipient cu
suspensie/suspension.

Coeziunea relativa se obtine prin impartirea
coeziunii (C) la densitatea suspensiei (p).

compression at 2, 7 and 28 days according with
SR EN 196-1, 3 [16,17]. Taking into account the
fact that in case of the cements with advanced
fineness may occur some errors at its
determination by Blaine method, cements fineness
was also appreciated through particle size
distribution, determined with aid of laser
granulometer Malvern Mastersizer 2000E.

Fluids of injection based on cements with
advanced fineness were characterized from
rheological and reotechnical point of view by
determinations of fluidity, stability and cohesion.

Fluidity was determined by measuring of
flowing time of a constant volume of injection fluid
by Marsh cone, at the time 0 from slurry
preparation, and also after 15, 30, 45 and 60
minutes of rest.

Stability, expressed by separation of water,
was determined using a cylinder with capacity of
250 cm®. The cylinder is filled with fluid, is let in
rest for two hours and the volume of separated
water is read. The stability is expressed in
percents and is calculated with the formula:

1
% separated water = A 550 100

; in which: A — volume of separated water,

in cm
250 — volume of fluid, in cm?,

Cohesion was determined using a method
devised by G. Lombardi [18]. The device, named
by author ,plate cohesimeter” (Figure 1), consists
of a plate from steel, with the dimensions of 100 x
100 x 1.5 mm (tare weight). The plate is immersed
for a few seconds (2-3 seconds) in suspension
and is easy extracted, by manual rotation of the
drum. The plate is then weighed by its hanging of
a balance pan with accuracy of 0.1g. The
difference between obtained mass and tare,
divided at the sum of the two lateral surfaces of
small plate, give cohesion parameter (C).

Relative cohesion is obtained by dividing

of cohesion (C) at suspension density (p).

C,=Clp [mm]

Value C; is in reality layer thickness which
adheres at each face of the plate.

3. Results and discussions

3.1. Physical-mechanical characterization of
the cements with advanced fineness

Particle size distributions of the two cements
with advanced fineness, obtained in laboratory
conditions, is presented in the Figure 2.

As consequence of analyzing the data
presented in the Figure 2 it may remark that the
two cements have a limited grain size spectrum,
over 99.5% from particles are situated below 48
pm, in comparison with a cement with an usual
fineness (about 3500 cm2/g) at which the fraction
below 48 pym is of about 70%. The weight of
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C,=Cl/p [mm]
Valoarea C, este in realitate grosimea
stratului care adera la fiecare fata a placii.

3. Rezultate si discutii

3.1. Caracterizarea fizico-mecanica a
cimenturilor cu finete avansata
Distributia granulometrica a celor doua
cimenturi cu finete avansata, obtinute in conditii de
laborator, este prezentata in figura 2.

particles below 3 um, that have influence both on
physical-mechanical characteristics of the cements
with advanced fineness and on the characteristics
specific to fluids performed with these (fluidity,
stability) [1] is influenced by the type of addition
used at cement obtaining. Thus, in case of the
cement with addition of slag the fraction below 3
um was of 54.8% in comparison with 49.0% in
case of the cement with addition of fly ash. This
behavior may be due to the different grindability of
the two additions and of higher tendency of
agglomeration for fly ash.

S Share on granulometric classes [%] (cement CEM [I/A-S)
=03 Share on granulometric classes [%] (cement CEM Il/A-V)
g Cumulative passing [%] (cement CEM II/A-S)
=il == Cumulative passing [%] (Cement CEM Il/A-V)

25

20 +

15 +

Share on granulometric classes [%)]

115 2 3 4 6

Granulometric classes [mm]

Cumulative passing [%)]

12 16 24 32 48 64 96

Fig.2 - Distributia granulometrica laser a cimenturilor cu finete avansata/ Particle size distributions of the cements with advanced

fineness.

In urma analizarii datelor prezentate in figura
2 se poate observa ca cele doua cimenturi au un
spectru granulometric restrans, peste 99,5% din
particule se situeaza sub 48 um, comparativ cu un
ciment cu o finete uzuala (cca.3500 cm2/g) la care
fractiunea sub 48 ym este de cca. 70%. Ponderea
particulelor sub 3 upm, care are influenta atéat
asupra caracteristicilor  fizico-mecanice ale
cimenturilor cu finete avansata cat si asupra
caracteristicilor specifice fluidelor realizate cu
acestea (fluiditatea, stabilitatea) [1] este influentata
de tipul adaosului utilizat la obtinerea cimentului.
Astfel, in cazul cimentului cu adaos de zgura
fractiunea sub 3 ym a fost de 54,8% fata de 49,0%
in cazul cimentului cu adaos de cenusa. Aceasta
comportare se poate datora aptitudinii diferite la
macinare a celor doud adaosuri si a tendintei mai
mari de aglomerare a cenusii de termocentrala.

Rezultatele obtinute in urma caracterizarii
cimenturilor cu finete avansata din punct de vedere
fizico-mecanic, conform SR EN 196-1,3 [16,17],
sunt prezentate in tabelul 3.

Din punct de vedere al timpului de priza si al
stabilitatii, cimenturile cu finete avansata obtinute
s-au incadrat in limitele impuse de SR EN 197-1
[14] si anume:

= timpul initial de priza:
= stabilitatea:

275 min
<10 mm

Obtained results as consequence of
characterization for the cements with advanced
fineness from mechanical point of view, in
accordance with SR EN 196-1,3 [16,17], are
presented in the Table 3.

From setting time and stability point of view,
obtained cements with advanced fineness were
within the limits imposed by SR EN 197-1 [14] as
follow:

= |nitial setting time: =75 min
= Soundness: <10 mm

As it was expected, advanced fineness of
the cements have determined an increase of water
necessary for the slurry of standard consistency
with about 15% in comparison with similar
cements with usual fineness of 3500 cm?/g.

Analyzing the influence of the type of
addition, used at obtaining the cements with
advanced fineness, on physical characteristics it
may remark that the presence of fly ash determine
increases of about 9% of the water demand in
comparison with the cement with addition of
granulated blast furnace slag. Same influence it
may also remark in the case of setting time,
presence of fly ash determining increases both of
initial and final setting time. Increase of setting
time in case of the cement with fly ash may be
assigned to larger grain size spectrum of this in
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Tabelul 3

Caracteristici fizico-mecanice cimenturi cu finete avansata/ Physical and mechanical properties of cement with advanced fineness

Ciment cu Caracteristici fizice /Physical properties Caracteristici mecanice/Mechanical properties
finete Apa de Timp de priza Stabilitatea Rezistenta la incovoiere Rezistenta la compresiune
avansata consistenta Setting time Soundness Flexural strength Compressive strength
Cement with standard (mm) (MPa) (MPa)
advanced Water Tnceput Sfarsit 2 zile 7 zile | 28 zile 2 zile 7 zile 28 zile
fineness demand (%) Initial Final days days days days days days
(8000 cm’/g) (min) | (h-min)
CEM Il/A-S 31.8 200 4-00 1.0 6.8 7.9 9.0 31.9 50.9 62.6
CEM I/A-V 34.6 220 5-30 0.5 6.7 7.7 8.5 38.4 47.0 59.7

Dupa cum era de asteptat, finetea avansata
a cimenturilor a determinat o crestere a
necesarului de apa pentru pasta de consistenta
standard cu cca. 15% comparativ cu cimenturi
similare cu finete uzuala de 3500 cm?/g.

Analizand influenta tipului de adaos, utilizat
la obtinerea cimenturilor cu finete avansata, asupra
caracteristicilor fizice se poate observa ca prezenta
cenusii de termocentrala determina cresteri de cca.
9% ale apei de consistentd standard fatd de
cimentul cu adaos de zgura granulata de furnal.
Aceeasi influenta se observa si in cazul timpului de
priza, prezenta cenusii determinadnd cresteri atéat
ale Tnceputului cat si sfarsitului de priza. Cresterea
timpului de priza in cazul cimentului cu cenusa
poate fi atribuitd spectrului granulometric mai larg
al acestuia fatd de cel al cimentului cu zgura
granulata.

Rezistentele mecanice dezvoltate
incadreazd cele doud cimenturi obtinute intr-o
clasa superioara de rezistenta - 52,5R.

3.2. Caracterizarea fluidelor de injectie pe baza
de cimenturi cu finete avansata

3.2.1 Fluiditatea prin conul Marsh

Normativul C149-87 [19] recomanda pentru
fluidele de injectie un timp de curgere prin conul
Marsh cuprins intre 13-15 secunde. Avand in
vedere ca in cazul aplicatiilor practice variatia in
timp a fluiditati este o caracteristica foarte
importantd pentru procesul de injectie, s-a urmarit
evolutia in timp a acestui parametru. Rezultatele
obtinute sunt prezentate in tabelul 4.

Analizdnd evolutia fluiditatii
urmatoarele:

e cresterea raportului apa/ciment gi prezenta
aditivului  superplastifiant, conduc, dupa
cum era de asteptat, la imbunatatirea
fluiditati;

e pentru raportului a/c=0,4 curgerea fluidelor
se realizeaza numai in cazul utilizarii
aditivului superplastifiant. Valorile timpului
de curgere scad odata cu cresterea
proportiei de aditiv, cea mai buna curgere
inregistrandu-se in cazul dozajului de 1,8%
SP430. Cu toate acestea nu se obtin fluide
de injectie corespunzatoare pentru niciuna
din proportile de aditiv utilizate, in toate
cazurile depasindu-se limita maxim admisa
(15 sec) a timpului de curgere;

o fluidele cu raport a/c=0,6 respectiv 0,8

se constata

comparison with that of the cement with granulated
blast furnace slag.

The mechanical strength values placed the
two cement obtained into a superior resistance
class, namely, 52.5R.

3.2. Characterization of injection fluids based
on cements with advanced fineness

3.2.1 Fluidity by Marsh cone

The normative C149-87 [19] recommends
for injection fluids a time of flowing through Marsh
cone comprised between 13-15 seconds. Taking
into account that in case of practical applications
the variation on time of fluidity is a very important
characteristic for the process of injection, was
followed evolution on time of this parameter.
Obtained results are presented in the Table 4.

Analyzing the evolution of fluidity it was
stated the followings:

e increase of the ratio water/cement and the
presence of superplasticizer additive, lead,
as it was expected, at fluidity improving;

o for the ratio w/c=0.4 fluids flowing is
performed only in case of superplasticizer
additive. The values of flowing time
decrease in the same time with increasing
of additive proportion, the best flowing
being registered in case of the dosage of
1.8% SP430. However, appropriate
injection fluids are not obtained for none
from proportions of used additive, in all
cases exceeding maximum admitted limit
(15 sec) of flowing time;

o fluids with the ratio w/c=0.6, 0.8
respectively additived with 1.2% and 1.5%
SP430 have the best fluidities. It is stated
that an interval of the values for flowing
times very limited, for the whole interval of
determination (0 min — 60 min), fact that
indicate a good behavior at injection, by
maintaining the fluidity on analyzed period
of 60 minutes. The best results in case of
additive dosing in proportion of 1.5%;

e increase of additive proportion at 1.8%
lead to increase of flowing times through
Marsh cone and at accentuation of
thixotropic phenomenon;

o the best fluidity is obtained in case of fluids
based on cement with addition of fly ash.

It may affirm that, depending on processing
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Tabelul 4
Timpul de curgere prin conul Marsh pentru fluidele pe baza de cimenturi cu finete avansata
Flowing time through Marsh cone for the fluids based on cements with advanced fineness
Ti Proportie aditiv Timp de curgere (sec) dupa/Flowing time (sec) after
ip Raport .
ciment/Cem | alc/ Ratio SP430 /Poportion
of additive SP430 0 min 15 min 30 min 45 min 60 min
ent type w/c (%)
- nu curge/no flow
0.9 47.2 61.5 724 nu curge/no flow
nu
0.4 1.2 39.3 48.9 57.2 61.8 curge/no
flow
1.5 33.7 36.2 44.9 53.6 59.4
1.8 22.0 25.1 30.2 373 39.6
- 20.1 27.2 30.8 35.6 39.9
CEM II/A-S 0.9 16.8 194 23.8 26.9 29.5
0.6 1.2 141 14.3 14.7 15.0 15.4
1.5 13.5 13.5 13.9 14.2 14.6
1.8 17.0 18.5 224 24.3 26.7
- 14.5 15.7 171 18.0 20.8
0.9 13.9 14.6 15.7 17.3 18.0
0.8 1.2 12.6 12.8 12.8 13.5 14.1
1.5 12.4 12.4 12.5 12.7 12.7
1.8 15.8 17.3 19.6 21.7 22.9
- nu curge/no flow
0.9 45.1 56.7 68.6 nu curge/no flow
0.4 1.2 35.7 40.2 48.9 55.8 64.5
1.5 30.6 34.3 41.4 51.7 58.2
1.8 20.2 23.7 28.2 34.6 38.1
- 21.7 28.2 31.5 37.4 421
0.9 16.0 18.5 22.6 25.8 28.2
CEM Il/A-V 0.6 1.2 141 14.2 14.8 15.1 15.6
1.5 13.0 13.3 13.3 14.2 14.8
1.8 16.2 17.5 19.7 23.5 24.7
- 14.7 16.2 17.5 19.6 224
0.9 13.3 13.8 14.9 15.5 16.8
0.8 1.2 12.0 12.0 12.4 12.9 13.4
1.5 11.3 11.5 11.9 12.0 12.2
1.8 15.4 16.6 18.2 19.0 20.0
aditivate cu 1,2% si 1,5% SP430 au cele parameters (type of cement, ratio w/c and

mai bune fluiditati. Se constata un interval
al valorilor timpilor de curgere foarte
restrdns, pentru Tintreg intervalul de
determinare (0 min — 60 min), fapt ce
indica o buna comportare la injectare, prin
mentinerea fluiditatii pe perioada analizata
de 60 min. Cele mai bune rezultate s-au
obtinut in cazul dozarii aditivului Tn
proportie de 1,5%;

e cresterea proportie de aditiv la 1,8%
conduce la cregterea timpilor de curgere
prin conul Marsh si la accentuarea
fenomenului de tixotropie;

e cea mai buna fluiditate se obtine in cazul
fluidelor pe baza de ciment cu adaos de
cenusa de termocentrala.

Se poate afirma ca, in functie de parametri
de procesare (tipul de ciment, raportul a/c si
proportia de aditiv) se obtin fluide de injectie care
pot fi utilizate in situ, timpii de curgere prin conul
Marsh incadrédndu-se in limitele recomandate de
normativul C149-87.

3.2.2 Stabilitatea

Stabilitatea, exprimata prin separarea de
apa, conform C149-87 [19] trebuie sa fie sub 3%.
Rezultatele obtinute in cazul fluidelor pe bazéa de

proportion of additive) it may obtain the fluids of
injection that may be used in situ, flowing times
through Marsh cone framing in the limits
recommended by the normative C149-87.

3.2.2. Stability

Stability, expressed by water separation, in
accordance with C149-87 [19] must be below 3%.
Obtained results in case of the fluids based on
cements with advanced fineness are presented in
the figures 3 and 4. It is mentioned the fact that the
stability could be determined only for the fluids of
which flowing time through Marsh cone, measured
immediately after preparation was lower than 35
seconds.

As it was expected, because of lower
density of fly ash in comparison with that of
granulated blast furnace slag, from the Figures 3
and 4 it may remark that, for all ratios w/c and
proportions of superplasticizer, the fluids based on
cement with addition of fly ash (CEM Il/A-V)
present a better stability in comparison with those
based on granulated blast furnace slag.

As it may remark in the Figures 3 and 4, for
all ratios w/c and proportions of superplasticizer
additive, the fluids based on cement with addition
of fly ash (CEM II/A-V) present a better stability in
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Fig. 3 — Stabilitatea fluidelor pe baza de ciment cu finete avansata tip CEM II/A-S/ Stability of fluids based on cement with advanced
fineness type CEM II/A-S.
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1.5%
1.2%
0.9%
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1.5%
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0.9%
0.0%

Superplasticizer SP430

1.8%
1.5%

BOsediment

DOseparated water

wi/c=0.8

w/c=0.6

Fig. 4 — Stabilitatea fluidelor pe baza de ciment cu finete avansata tip CEM II/A-V / Stability of fluids based on cements with advanced
fineness type CEM II/A-V.

cimenturi cu finete avansatd sunt prezentate in
figurile 3 si 4. Este de mentionat faptul ca
stabilitatea a putut fi determinatd numai pentru
fluidele al caror timp de curgere prin conul Marsh
masurat imediat dupa preparare a fost mai mic de
35 secunde.

Dupa cum era de agteptat, datoritd densitatii
mai mici a cenusii de termocentrala fata de cea a
zgurii granulate, din figurile 3 si 4 se poate observa
ca pentru toate rapoartele a/c si proportiile de aditiv
superplastifiant, fluidele pe baza de ciment cu adaos
de cenusa de termocentrala (CEM II/A-V) prezinta o
stabilitate mai buna comparativ cu cele pe baza de
ciment cu adaos de zgura granulata de furnal.

comparison with those based on granulated blast
furnace slag.

In case of investigated fluids, at ratio
w/c=0.4 are obtained values of water separation
lower than 3%. For the ratio w/c=0.6, values of
water separation that must be within the condition
imposed by the normative C149-87 are obtained
for the fluids at which the additive SP430 was
dosed in proportion of 1.2%, 1.5% respectively.

For the ratio w/c=0.8 values of
sedimentation lower than 3% were obtained only in
the case of fluids based on cement with addition of
fly ash, additived with 1.2% and 1.5% SP430
respectively.
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In cazul fluidelor investigate, la raport
a/c=0,4 se obtin valori ale separarii de apa mai
mici de 3%. Pentru raportul a/c=0,6, valori ale
separarii de apa care sa se incadreze in conditia
impusa de normativul C149-87 se obtin pentru
fluidele la care aditivul SP430 a fost dozat in
proportie de 1,2%, respectiv 1,5%.

Pentru raportul a/c=0,8 valori ale
sedimentarii mai mici de 3% s-au obtinut numai in
cazul fluidelor pe baza de ciment cu adaos de
cenusa de termocentralda, aditivate cu 1,2% si
respectiv 1,5% SP430.

Din punct de vedere al proportiei optime de
aditiv, pentru toate rapoartele a/c, ca si in cazul
fluiditatii, aceasta este 1,5%. Dozarea unei
proportii mai mari de aditiv (1,8%) determina
cresterea instabilitatii sistemului, ceea ce conduce
la o cantitate mai mare de apa separata.

Pentru imbunatatirea stabilitatii, respectiv
reducerea apei separate, se pot utiliza stabilizanti
precum bentonita, argila coloidala, argila aerata
[20, 21].

3.2.3 Coeziunea

Coeziunea ofera informatii despre
comportarea fluidelor in timpul lucrarilor de injectie
precum si despre eficienta acestora. Cresterea
coeziunii fluidului de injectie implica cresterea
presiunii de injectare. Valorile optime pentru
coeziunea relativd, mentionate in literatura de
specialitate, sunt cuprinse intre 0,2 si 0,35 mm
pentru suspensiile farad superplastifianti si intre
0,08 - 0,5 mm pentru suspensiile cu
superplastifianti [22].

Variatia coeziunii relative in functie de
raportul apd/ciment si proportia de aditiv
superplastifiant, pentru fluidele de injectie pe baza
de cimenturi cu finete avansata, este reprezentata
grafic in figurile 5 si 6.

0,6 —4

T 05 00% ©0.9%

E T — B1.2% B1.5%]]

S 04 11 B u1.8% H

]

2 031

8 —

o 0.2 1

2

% 0,1 1

g (T | T |
0.4 0.6 0.8

water/cement ratio

Fig. 5 — Coeziunea relativa a fluidelor pe baza de ciment cu
finete avansata tip CEM II/A-S, aditivate cu diferite
proportii de aditiv superplastifiant SP430/ Relative
cohesion of fluids based on cement with advanced
fineness type CEM Il/A-S, additived with different
proportions of superplasticizer SP430.

From optimum proportion of additive point of
view, for all ratios w/c, and also in fluidity case, this
is 1.5%. Dosing of a high proportion of additive
(1.8%) determine increasing of system instability,
fact that lead at a higher quantity of separated
water.

In order to improve the stability and
decrease of separated water respectively may be
used stabilizers such as bentonite, colloidal and
aerated clays [20,21].

3.2.3 Cohesion

The cohesion offer information about fluids
behavior on period of injection works and also
about their efficiency. Increasing of cohesion for
injection fluid involve increasing of injection
pressure. Optimum values for relative cohesion,
mentioned in specialty literature, are comprised
between 0.2 and 0.35 mm for the suspensions
without superplasticizers and between 0.08 — 0.15
mm for the suspension with superplasticizers [22].

Variation of relative cohesion depending on
the ratio water/cement and proportion of
superplasticizer additive, for the fluids of injection
based on cements with advanced fineness, is
graphical represented in the Figures 5 and 6.

Increase of the ratio w/c and of proportion of
additive lead to decreasing of relative cohesion.
The cohesion is influenced, also, by addition type
from cement composition. Thus, higher values of
relative cohesion are obtained in case of non-
additived fluids, for the fluids with cement type
CEM I1I/A-V, while in case of additived fluids, for
the fluids with cement type CEM II/A-S. It may
remark a correlation of obtained results in case of
cohesion with those obtained for the fluidity by
Marsh cone — increasing of fluidity lead to a
decreasing of relative cohesion.

0,6 T

00% B0.9%|
31.2% B1.5%
1.8%
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O F | Feem

0.4 0.6 0.8
water/cement ratio

o
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Relative cohesion (mm)

o

Fig. 6 — Coeziunea relativa a fluidelor pe baza de ciment cu
finete avansata tip CEM II/A-V, aditivate cu diferite
proportii de aditiv superplastifiant SP430/ Relative
cohesion of fluids based on cement with advanced
fineness type CEM Il/A-V, additived with different
proportions of superplasticizer SP430.
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Cresterea raportului a/c si a proportiei de
aditiv. conduce la scaderea coeziunii relative.
Coeziunea este influentatd, de asemenea, de tipul
adaosului din compozitia cimentului. Astfel, valori
mai mari ale coeziunii relative se obtin in cazul
fluidelor neaditivate, pentru fluidele cu ciment tip
CEM 1l/A-V, in timp ce in cazul fluidelor aditivate,
pentru fluidele cu ciment tip CEM II/A-S. Se poate
observa o corelare a rezultatalor obtinute in cazul
coeziunii cu cele obtinute pentru fluiditatea prin
conul Marsh — cresterea fluiditatii conduce la o
scadere a coeziunii relative.

in domeniul de coeziune relativa recomandat
de literatura de specialitate (0,2 0,35 mm
suspensii fara superplastifianti si 0,08 — 0,15 mm
suspensii cu superplastifiant) [22] se Tncadreaza
fluidele de injectie pe baza de ciment cu finete
avansata:

o tip CEMII/A-S
» raport a/c = 0,4 si 1,8% SP430
= raport a/c =0,6 si 0,9% SP430
= raport a/c = 0,8, neaditivat
o tip CEM II/A-V
» raport a/c = 0,4 si 1,2-1,8% SP430
= raport a/c = 0,8, neaditivat.

4. Concluzii

Cercetarile realizate au scos in evidenta
posibilitatea obtinerii cimenturilor ecologice cu
finete avansata utilizate la prepararea fluidelor de
injectie. Astfel, prin prelucrarea si interpretarea
rezultatelor obtinute, se pot formula urmatoarele
concluzii:

e Au fost obtinute cimenturi tip CEM Il/A-S si
CEM I/A-V cu finetea de 8000 cm?/g.

e Cimenturile au prezentat un spectru
granulometric restréns, peste 99,5% din
particule se situeaza sub 48 um, iar fractiunea
sub 3 um a fost de 54,8% in cazul cimentului
CEM 1I/A-S si de 49,0% in cazul cimentului
CEM II/A-V.

¢ Rezistentele mecanice dezvoltate la termenul
de 28 zile incadreaza cimenturile cu finete
avansata obtinute in clasa de rezistenta 52,5R.

e S-au obtinut fluide de injectie, pe baza de
cimenturi cu finete avansata, cu diferite
proportii de aditiv superplastifiant si diferite
rapoarte a/c.

e Fluidele de injectie au fost caracterizate din
punct de vedere reologic si reotehnic:

- cresterea raportului apa/ciment si
prezenta aditivului  superplastifiant,
conduc la imbunatatirea fluiditatii, cea
mai buna fluiditate obtindndu-se in
cazul fluidelor pe baza de ciment cu
adaos de cenusa de termocentrala
(CEM II/A-V)

- din punct de vedere al stabilitatii,
fluidele pe baza de ciment cu adaos de
cenusa de termocentrala (CEM II/A-V)

In range of relative cohesion recommended
by specialty literature (0.2-0.35 mm for the
suspensions without superplasticizers and 0.08 —
0.15 mm for the suspension with superplasticizers)
[22] are the fluids of injection based on cement
with advanced fineness:

o type CEM II/A-S

= ratio a/c = 0.4 and 1.8% SP430
= ratio a/c = 0.6 and 0.9% SP430
= ratio a/c = 0.8, non-additived
o type CEM II/A-V
= ratio a/c = 0.4 and 1.2-1.8% SP430
= ratio a/c = 0.8, non-additived

4. Conclusions

Performed researches put into evidence
the possibility of obtaining ecological cements with
advanced fineness used at preparation of injection
fluids. Thus, by processing and interpretation of
obtained results, may be formulated the following
conclusions:

e Cements type CEM II/A-S and CEM II/A-V with
fineness of 8000 cm?/g were obtained.

e Cements have presented a limited grain size
spectrum, over 99.5% from particles are
situated below 48 ym, and the fraction below 3
um was of 54.8% in case of the cement
CEM I1I/A-S and of 49.0% in case of the cement
CEM II/A-V.

e Mechanical strengths developed at the term of
28 days comprise the cements with advanced
fineness obtained in class of resistance 52.5R.

e Fluids of injection were obtained, based on
cements with advanced fineness, with different
proportions of super-plastifiant additive and
different ratios wi/c.

e Fluids of injection were characterized from
rheological and rheotechnical point of view.

- increase of the ratio water/cement
and presence of super-plastifiant
additive, lead to fluidity improvement,
the best fluidity obtaining in case of
the fluids based on cement with
addition of fly ash (CEM II/A-V)

- from stability point of view, the fluids
based on cement with addition of fly
ash (CEM II/A-V) present a better
stability in comparison with those
based on cement with addition of
granulated blast furnace slag
(CEM II/A-S)

- cohesion decreases in the same time
with increasing of the ratio w/c and of
proportion of additive both in case of
fluids based on cement type
CEM 1I/A-S and CEM II/A-V.

e Obtained results recommend wusing of
ecological cements with advanced fineness in
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prezinta o stabilitate mai buna
comparativ cu cele pe baza de ciment
cu adaos de zgura granulatd de furnal
(CEM II/A-S)

- coeziunea scade cu cresterea
raportului a/c si a proportiei de aditiv
atat in cazul fluidelor pe baza de ciment
tip CEM 1I/A-S cat si CEM II/A-V.

e Rezultatele obtinute recomanda utilizarea
cimenturilor ecologice cu finete avansata in
lucrari de consolidare prin metoda injectarii.
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