Revista Roméana de Materiale / Romanian Journal of Materials 2013, 43 (4), 363 - 372 363

COMPORTAREA BETOANELOR DE CIMENT CONFECTIONATE
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Betoanele de ciment concasate obtinute in urma
reabilitarilor de drumuri si aeroporturi sunt ineficient
utilizate in prezent in constructia structurilor rutiere si
aeroportuare. Inglobarea lor ca agregate reciclate in noua
structurd rutierd este conditionatd de cunoasterea
performantelor mecanice necesare procesului de proiectare.

in  aceastd privinta, in cadrul programului
experimental au fost analizate doua tipuri de beton de
ciment si anume beton de ciment rutier si respectiv beton
de ciment compactat cu cilindru compactor, avand in
compozitie diferite procente de agregate reciclate. De
asemenea, pentru imbunatdtirea comportarii in exploatare
s-a luat in considerare armarea dispersa a acestora cu fibre
de otel reciclate.

Lucrarea prezinta rezultatele unui program
experimental din care s-a constatat ca sunt satisfacute
conditiile normelor in vigoare privind caracteristicile de
rezistenta ale betoanelor de ciment studiate dar cu valori ale
caracteristicilor de rigiditate diferite de cele existente in
prezent in diagramele de dimensionare.

in consecinta, implementarea betoanelor de ciment
confectionate cu materiale reciclate pentru structuri rutiere
aeroportuare poate fi realizatd numai cu conditia de a
adapta metodele de dimensionare actuale, astfel incéat sa fie
acoperita o gama largita a parametrilor de calcul.

Lucrarea prezinta cercetarile de laborator ale acestor
noi materiale si, pe baza rezultatelor, propune luarea in
considerare a unei game largite pentru modulii de
elasticitate in scopul utilizarii lor in procesul de
dimensionare  structuralda a imbrdcamintilor  rigide
aeroportuare.

The crushed cement concrete obtained as a result
of rehabilitation of road and airport pavements is actually
inefficiently used in road and airport construction. To
integrate this recycled aggregate in the new pavement
structure it was necessary to know its mechanical
performance and to consider it in the structural design
process.

In these respect, two types of cement concrete,
namely plain cement concrete and roller compacted
concrete, having in their composition different percentages
of recycled aggregates have been used in the experimental
program. Also disperse reinforcement with recycled steel
fibres has been considered, in order to improve the
pavement behaviour during exploitation.

This paper presents the results of an experimental
program in which it has been found that the requirements
of the present design standards concerning the strength
characteristics of these new materials are fulfilled but with
rigidity characteristics different than those found in the
existing design diagrams.

Therefore implementation of these cement concretes
made with recycled materials for airport pavements can be
achieved only with the condition to adapt the actual
structural design methods, such as to cover the extended
range calculation parameters.

The paper deals with the laboratory research of
these new materials and based on these results proposes
to take into account a larger range of elasticity modulus
values, in order to use them in the process of structural
design of airport rigid pavements.
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1. Introducere

Datorita evolutiei principalelor caracteristici
ale ftraficului rutier (sarcini pe osii, debite de
circulatie), se cunoaste o intensificare a activitatilor
de modernizare sau reabilitare atat a retelei rutiere
publice, cat si a structurilor rutiere aeroportuare, din
tara noastra. Preocuparea pentru extinderea
transporturilor aeriene necesita stabilirea unei
strategii de dezvoltare, care s& cuprinda toate
aspectele legate de perspectiva dezvoltarii [1]:
modernizarea Si extinderea retelei de
aeroporturi/modernizarea infrastructurii
aeriene/impactul transporturilor asupra mediului. De
asemenea, trecerea la noi tipuri de avioane
(cresterea incarcarii pe osie si noi geometrii ale
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1. Introduction

Due to the evolution of the main parameters
of road traffic (axle load, traffic rate), an increase in
the modernization and rehabilitation both, the
public roads network and airport pavement
structures in our country can be noticed. The
concern for the expansion of air transportation
requires the establishment of a development
strategy that would comprehend all the aspects of
development perspective [1]: the modernization
and expansion of airports network, the
modernization of flight infrastructure and
assessment of the impact of transports on the
environment. Also, the use of new types of
airplanes with increased axle loads and new
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aterizoarelor), a condus la necesitatea realizarii
unor piste cu lungimi sporite, iar la unele piste
aeroportuare, datoritd duratei de viatd reziduale
reduse este necesara ranforsarea/reabilitarea lor
[2]. Astfel, pentru asigurarea incadrarii in conceptul
dezvoltarii durabile, unul din obiectivele principale
ale planului de dezvoltare al retelei rutiere
Europene, 1l constituie preocuparea permanenta
pentru gasirea de noi solutii tehnologice, dar si
dezvoltarea unor noi principii de proiectare si
dimensionare a structurilor rutiere si aeroportuare.

Urmand conceptele prezentate anterior,
programul de cercetare a optat pentru studiul
dezvoltarii structurilor rutiere aeroportuare rigide,
avandu-se in vedere perioada extinsa de
exploatare sgi potentialul ridicat de reciclare a
dalelor din beton de ciment.

In urma procesului de modernizare si
reabilitare a drumurilor si a pistelor aeroportuare
rezultd cantitati importante de materiale cum ar fi
betoane de ciment sub forma de dale din alcatuirea
vechii structuri, inutilizabile in prezent. in cadrul
lucrarii se prezintd posibilitatea inglobarii acestor
betoane reciclabile in noile structuri rutiere
aeroportuare si se descriu performantele mecanice
ale diferitelor tipuri de betoane studiate.

Agregatele reciclate (AR) se obtin prin
concasarea betoanelor de ciment [3] din
demolarea cladirilor sau a structurilor rutiere
existente si utilizarea lor poate conduce la
economii semnificative aferente transportului
agregatelor naturale (AN) [4]. Astfel, agregatele
reciclate pot reprezenta o alternativa viabila la
agregatele naturale in realizarea structurilor rutiere
rigide considerate ca avand totodata si un impact
ecologic redus, datorita atat reducerii semnificative
a volumului de deseuri [5] rezultate din demolarea
constructiilor existente, cat si datoritd diminuarii
exploatarilor de agregate naturale [6].

Armarea dispersa a betoanelor rutiere, cu
fibre de otel reciclate (FOR) [7], reprezinta o solutie
tehnica adecvata unui control riguros al fisurilor,
rezultand astfel o crestere a rezistentei la intindere
a elementelor din beton construite. Alte avantaje
rezultd din reducerea permeabilitatii si cresterea
rezistentei la inghet-dezghet. Fibrele sunt obtinute
in cadrul procesului de reciclare a anvelopelor
uzate si tratate ca deseuri, iar prin utilizare la
confectionarea betonului de ciment rutier, pot
conduce la realizarea de economii prin reducerea
grosimii stratului realizat.

2. Materiale si program experimental

2.1. Agregate naturale si agregate reciclate
Agregatele naturale utilizate n cadrul
experimentarii au fost nisipul de concasare si
criblurile din sursa Benari Negev, sortate Tn clasele
granulometrice 0-4mm, 4-8mm, 8-16mm si
16-25mm.
Agregatele reciclate au fost obtinute prin
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landing gear geometry, led to the necessity of
building longer airport tracks and the rehabilitation
of the existing ones [2]. With the aim of framing the
road network development strategy in the concept
of durable development, one of the actual main
objectives in the European Union is the
preoccupation for developing new technological
solutions, but also new design principles must be
adopted.

Following the above mentioned principles,
our research programme has opted to study the
development of rigid pavement structures, taking
into consideration their extended exploitation life
cycle and the recycling potential of cement
concrete slabs. At present, important amounts of
materials, such as cement concrete in the form of
concrete slabs, resulted as an outcome of the
rehabilitation process from the old airport and road
pavements are often unused.

This research presents the possibility of
including these recyclable concretes in the
construction of new airport pavement structures
and describes their mechanical parameters.

Recycled aggregates (RA) represent a
viable alternative to natural aggregates (NA) [3] in
the construction of rigid road structures having a
low ecological impact due to the significant
reduction of construction and demolition wastes [4]
as well to the decrease of natural aggregates
exploitation. Recycled aggregates can be obtained
through the recycling of cement concretes [5] from
demolished buildings or existing rigid pavements
and can lead to significant savings from reducing
the transport of natural aggregates [6].

The disperse reinforcement of plain cement
concrete with recycled steel fibers (RSF) [7]
represents an adequate technical solution for a
rigorous control of cracks, thus resulting in an
increase of tension strength of the constructed
elements. Other benefits result from the reduction
of the permeability and the increase of the strength
to frost-defrost cycles. The steel fibers are
obtained through the recycling process of post-
consumed wasted tires, and, by their usage in the
manufacturing of the concrete, cost savings can be
achieved through the reduction in thickness of the
constructed layer.

2. Materials and experimental programme

2.1. Natural aggregates and recycled
aggregates

The natural aggregates used in the
experiments consists of crushed sand and chippings
from the Benari Negev quarry classified in the
0-4mm, 4-8mm, 8-16mm and 16-25mm particle size
classes.

The recycled aggregates have been obtained
by crushing (Fig. 1b) of recycled cement concrete
(Fig. 1a) followed by a sorting procedure in the same
four elementary particle size classes (Fig. 1c).
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Fig. 1 — Reciclarea betonului de ciment/ The cement concrete recycling: (a) - beton de ciment spart / crushed cement concrete;
(b) - concasorul cu falci / the jaw crusher; (c) - AR sortate / sorted RA.

Tabelul 1

Caracteristicile de performanta ale AN si AR/ NA and RA performance characteristics

Tio aareqat Clasa granulometrica Uzura Los Angeles Uzura microDeval Densitate Absorbtie apa
A Fr)e % tegt e Particle size class Los Angeles wear microDeval wear Densigy Water absorption
goregare yp (mm) (%) (%) (Kg/m’) (%)
AN/ NA 4-8 14.3 - 2881 1.8
8-16 11.2 8.3 2882 1.7
AR/RA 4-8 24.3 - 2342 5.7
8-16 26.0 18.3 2403 4.4

concasarea (fig. 1b) de beton de ciment spart (fig.
1a) si sortate, de asemenea, in aceleasi patru
clase granulometrice elementare (fig. 1c).

Tabelul 1 prezinta principalele caracteristici
de performanta ale agregatelor naturale si reciclate
studiate [8]. Dupa cum se poate observa, AR
prezintd performante reduse, in comparatie cu AN,
cu privire la coeficientii de uzurd Los Angeles si
microDeval, densitate si absorbtie de apa.

2.2. Fibre de otel reciclate

Fibrele de otel investigate sunt obtinute la
reciclarea anvelopelor uzate prin procedeul de
sfasiere mecanica. Metoda presupune reducerea
(fig. 2a), in mai multe etape, a anvelopelor uzate in
farame de cauciuc si fibre (fig. 2b) [9]. Apoi, Tn
etapa finala, se separa granulele de cauciuc
(fig. 2c) de fibrele de otel (fig. 2d), prin procese de
cernere si extragere cu campuri magnetice. Spre
deosebire de fibrele indigene, care detin lungimi si
grosimi constante, lungimile fibrelor reciclate
variaza Tntre 5 si 25mm, iar grosimea de la 0,2 la
2mm.

Table 1 presents the main characteristics of
the recycled/natural aggregates under
investigation [8]. As it can be noticed, RA present
lower performance parameters compared to NA
regarding the Los Angeles and microDeval wear,
density and water absorption.

2.2. Recycled steel fibres

The steel fibers studied in this research are
resulted in the recycling process of used tires by
mechanical shredding procedures. The method
consist of the reduction, in several stages (Fig.
2a), of used tires into rubber crumbs and steel
fibers (Fig. 2b) [9]. In the final stage, the rubber
particles are separated from the steel fibers by
sorting and extraction using magnetic methods.
Unlike industrial steel fibers, which are of constant
length and thickness, the length of the recycled
steel fibers ranges from 5 to 25 mm and their
thickness from 0.2 to 2 mm.

c d ' e

Fig. 2 — Tehnologia de obtinere a fibrelor reciclate / The technology for obtaining of the recycled steel fibers: (a) - sfasierea anvelopelor
uzate / shredding of post-consumed tires; (b) - farame de anvelopa / tire shreds; (c) - cauciuc reciclat / recycled rubber; (d) — fibre
de otel reciclate / recycled steel fibers; (e) - fibre de otel reciclate - detaliu / recycled steel fibers — detail.
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2.3. Beton de ciment compactat cu cilindru

compactor

Betonul de ciment compactat cu cilindru
compactor este cunoscut 1in literatura de
specialitate sub denumirea roller compacted
concrete (RCC). RCC a fost dezvoltat initial din
nevoia de constructie a drumurilor forestiere cu
capacitate portanta ridicata, cu costuri reduse si cu
darea in exploatare rapida. Ulterior, avantajele
RCC au demonstrat utilitatea Iui in domeniul
constructiilor de baraje, strazi, acostamente pentru
autostrazi si parcari.

Avantajul principal al structurilor rutiere din
RCC este acela ca darea lor in exploatare se poate
face imediat dupa asternere. Alte avantaje sunt:
cost initial de executie inferior structurilor BcR;
productivitate ridicata; capacitate portanta si
durabilitate sporite; nu necesita realizarea si
utilizarea de echipamente speciale [5].

in intampinarea principiilor de dezvoltare
durabila, implementate la nivelul Uniunii Europene,
s-a propus investigarea caracteristicilor mecanice
ale compozitiilor din RCC realizate cu AN, AN+AR
si AN+AR+FOR. Pentru extinderea domeniului de
utilizare a RCC, la confectionarea epruvetelor, s-au
utilizat 3 tipuri de liant si anume: Doroport TB 25,
CEM Il BM S-LL 32.5R si CEM | 42.5R. Tabelul 2
prezintd compozitile granulometrice adoptate
pentru variantele RCC martor (100%AN) si RCC
realizat cu 40%AR [10].

materials for airport rigid pavements

2.3. Rolled Compacted Concrete

Rolled compacted concrete, known in
specialized literature as RCC, was first developed
from the need of building forest roads with high
bearing capacity, low costs and quick exploitation
commissioning. Furthermore, the advantages of
RCC demonstrated their utility in the field of dam
constructions, streets, highway shoulders and
parking spaces.

The main advantage of the RCC road
structures consists of the fact that they can be
used immediately after casting. Other advantages
result from the lower initial construction cost
compared to the PCC structures; higher
productivity; increased bearing capacity and
sustainability; also they don't require the
development and use of special equipment [5].

In order to meet the principles of durable
development implemented by the European Union,
this research proposed the study of the
mechanical  characteristics of the RCC
compositions, manufactured with NA, NA+RA and
NA+RA+RSF. To expand the field of use for the
RCC, three types of binder had been used in the
manufacturing of the test specimens namely
Doroport TB 25, CEM |l BM S-LL 32.5R and CEM |
42.5R. Table 2 presents the grading curves of the
adopted RCC compositions, namely the reference
variant (100 % NA) and the 40 % RA

manufactured RCC variant [10].
Tabelul 2

Compozitii granulometrice ale variantelor RCC / Adopted RCC granular mix compositions

Tip RCC / RCC type, (%)
Tip agregat Curba granulometrica / Grading curve sieve passing, (%) S 5
Aggrogata type 100% AN | 60% AN
0.20 0.63 20 2 4 8 16 0% AR 40% AR
0-4 Nisip natural 17.60 67.30 73.60 82.90 96.50 100 100 35 35
Natural sand
0-4 Nisip concasaj | 44 o5 31.70 43.50 69.70 97.75 100 100 20 5
Crushed sand
4-8 Criblurd 1.20 1.80 2.20 4.05 17.05 96.85 100 25 10
Chippings
8‘56.0”.““”" 0.95 1.40 1,60 225 3.85 17.65 98.80 20 10
hippings
0-4 AR nisip 13.10 33.70 43.30 63.30 94.50 100 100 0 15
RA sand
4-8 AR/ RA 0.00 0.00 0.00 0.70 2.00 100 100 0 125
8-16 AR / RA 0.00 0.00 0.00 0.00 0.70 7.70 99.40 0 12,5
Limite RCC 9-30 20-40 27-47 38-55 44-65 72-90 | 95-100
RCC limits

2.4. Beton de ciment rutier

In Romania, structurile din beton de ciment
rutier (BcR) sunt cele mai reprezentative din
categoria structurilor rutiere rigide. Tn vederea
incurajarii constructiei de structuri rutiere din BcR
cu impact ecologic redus, programul de cercetare a
realizat un studiu, Tn conditii de laborator, in
vederea evaluarii comportarii epruvetelor din BcR
realizate cu AN, AR si FOR in diverse variante.

Tabelul 3 prezinta tipurile de materiale si
variantele de compozitii ale BcR adoptate pentru
investigare

2.4. Plain cement concrete

The plain cement concrete structures
(PCC) are the most representative among the rigid
pavements in Romania. To encourage the
construction of PCC pavement structures with low
environmental impact, this research programme
has developed a laboratory study in order to
evaluate the behavior of PCC test specimens
manufactured with NA, RA and RSF in various
variants. Table 3 presents the types of the materials
and the adopted PCC composition variants for this
study.
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Tabelul 3
Cantitatile de materiale si variantele de amestec adoptate pentru compozitiile BcR
Material dosage and mixing alternatives adopted for PCC compositions
Varianta B¢cR / PCC variant
Tip material
Material type BcR1/PCC1 BcR2/PCC 2 BcR3/PCC 3 BcR 4/ PCC4 BcR5/PCC5
100%AN 60%AN 40%AR | 60%AN 40%AR | 60%AN 40%AR | 57%AN 40%AR 3%FR
0-4 nisip concasare
Crushed sand, (%) 45 325 12.5 45 45
4-8 criblura
Chippings, (%) 15 75 10 15 15
8-16 criblura /
Chippings, (%) 25 10 225 0 0
16-25 criblura /
Chippings, (%) 15 10 15 0 0
0-4 nisip AR/ RA
Sand, (%) 0 15 30 0 0
4-8 AR/ RA, (%) 0 7.5 10 0 0
8-16 AR/ RA, (%) 0 125 0 25 25
16-25 AR/ RA, (%) 0 5 0 15 15
CEM 142.5R, (kg/m°) 330
RheoBuild, (L/m?) 2.31
microAir, (L/m?) 0.66 0.33
Apa | Water, (L/m®) 145.5 158.7 165.3 155.4 155.4
. s . The same types of aggregates as in the
La realizarea compozitiilor BcR, s-au folosit case of RCC have been used for the

aceleasi tipuri de agregate ca si in cazul RCC,
liantul CEM | 42.5R, aditivul super plastifiant
RheoBuild si aditivul antrenor de aer microAlR.

2.5. Confectionarea si incercarea epruvetelor
de laborator

Atat in cazul RCC, cat si BcR, s-au
confectionat cate 3 prisme si 3 cilindri pentru
fiecare varianta de beton de ciment studiata.

Pentru compozitiile RCC, anterior
confectionarii  epruvetelor, s-au  determinat
umiditatile optime de compactare prin metoda
Proctor modificata, rezultatele fiind prezentate in
tabelul 4 [11].

manufacturing of PCC alternatives, CEM | 42.5R
as binder, but also RheoBuild super-plasticizer
additive and the microAlIR air entraining additive.

2.5. Manufacturing and testing of laboratory
specimens

In the case of both, the RCC and the PCC, 3
prisms and 3 cylinders had been manufactured for
the evaluation of their mechanical behavior.

Prior to specimen manufacturing, the
optimal humidity values for compacting have been
determined for the RCC compositions by using the
Proctor modified method and the results are

presented in Table 4 [11].
Tabelul 4

Determinarea umiditatii optime de compactare pentru compozitile RCC
Evaluation of optimum moisture content for compaction of RCC compositions

Tip mix_turé RCC = Un|1|d|tat2a comlp02|t|e7| / Mlx|ture n‘émsturle conl;—:-nt, ( T,) -
RCC mixture type Densitate de compactare / Compaction density, (kg/m°)
100% NA
0% RA 2.271 2.310 2.338 2.322 - -
60% NA
40% RA 2.063 2.077 2.100 2.136 2.150 2.142

Fig. 4 — Confectionarea epruvetelor din RCC / RCC test specimens manufacturing.
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Epruvetele cilindrice (fig. 4a) si cele
prismatice (fig. 4b) din RCC au fost compactate in
trei si respectiv doua straturi utilizadnd un ciocan
rotopercutor.

in cazul epruvetelor din BcR s-a utilizat
pentru compactare o masa vibranta conform figurii
5.

materials for airport rigid pavements

The RCC cylindrical (Fig. 4a) and prismatic
specimens (Fig. 4b) have been compacted in three
and two layers respectively using an electric
hammer.

In the case of PCC specimens, a vibrating
table had been used for the compaction.

Fig. 6 — Incercarea epruvetelor / specimens testing procedures: (a) - incovoiere pe prisme / prism bending; (b) - compresiune pe capete
de prisme / prism ends compression tests; (c) - compresiune ciclicd pe cilindri / cylinders ciclic compresion tests; (d) -

compresiune pe cilindri / cylinders compression tests.

Dupa decofrare, probele au fost pastrate
imersate in apa pana la varsta de 28 zile.
Epruvetele prismatice au fost incercate la intindere
din Tncovoiere in patru puncte (fig. 6a) si, dupa
rupere, la compresiune pe capete de prisma
(fig. 6b), iar epruvetele cilindrice au fost incercate
la compresiune ciclicd pentru determinarea
modulului de elasticitate (fig. 6¢) si a rezistentei la
compresiune (fig. 6d).

3. Rezultate experimentale si discutii

Epruvetele din RCC si BcR au fost supuse
incercarilor de rezistentd pentru evaluarea
performantelor mecanice. O sinteza a rezultatelor
obtinute este prezentata in tabelul 5.

Rezultatele testelor realizate arata ca
inlocuirea cu AR, a 40% din cantitatea de AN

After unmolding, the test samples have
been preserved submerged in water for 28 or 42
days.

The prismatic specimens have been
subjected to four points bending test (Fig. 6a).
After failure, compression tests have been
performed on prisms ends (Fig. 6b). The cylindrical
specimens have been subjected for both, cyclical
compression in order to determine the elasticity
modulus (Fig. 6¢) and the compression strength
(Fig. 6d).

3. Experimental results and discussions

As mentioned, the RCC and PCC test
specimens were subjected to strength tests to
evaluate their mechanical performances. A
synthesis of the tests results is presented in Table
5.



investigate prezinta ca efect o reducere a
performantelor cuprinsa intre 5-10%.

De asemenea, se observa o diminuare a
caracteristicilor de performanta ale RCC la
utilizarea CEM | 42.5R ca liant, fatd de cazul CEM
II' 32.5R, datoritda insuficientei cantitati de apa
pentru hidratarea completd a cimentului CEM |
42,5R; acesta fiind foarte reactiv, consuma apa in
procesele de hidratare initiala.

Utilizarea liantului hidraulic Doroport TB 25
la realizarea amestecurilor din RCC este justificata
tehnico-economic datorita costului redus si
rezistentelor mecanice apropiate de cele ale
compozitiilor cu CEM Il 32,5R si CEM | 42,5R.

Tehnologia de armare dispersa cu FOR a
betoanelor BcR si RCC confectionate cu AR
conduce la atingerea si chiar depasirea,
rezistentelor mecanice ale betoanelor realizate
integral cu AN, dar si la o reducere semnificativa a
modulului de elasticitate, cuprinsa intre 10-20%
[12].

Analizadnd valorile modulilor de elasticitate,
se poate observa o variatie a acestora intre 13000
MPa si 39000 MPa. Normativul actual de
dimensionare NP034-99 [13] a structurilor rutiere
rigide aeroportuare permite proiectarea dalelor din
beton numai pentru o valoare unica a modulului de
elasticitate E=30000 MPa. Deoarece diagramele
de dimensionare nu permit determinarea grosimii
dalelor de beton pentru alte valori ale modulului E,
utilizarea betoanelor de ciment confectionate cu
materiale reciclate este practic imposibila.

in figura 5 sunt prezentate cresterile valorilor
tensiunii o; in cazul variatiei valorii
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Tabelul 5
Performante mecanice obtinute pe epruvete din variantele RCC si BcR
Mechanical performances obtained on RCC and PCC test specimens
Raport Dozaj Rezistenta la compresiune Rezistenta la Modul de
Tip beton de AN/AR Tio i liant Varsta o fncovoiere elasticitate
; ip liant . > Compression strength, h e
ciment AN/AR Binder tvpe Binder Testing (MPa) Bending Elasticity
Concrete type ratio, P dosage, age, (zile) strength, modulus,
(%/%) (kg/m®) Cylinders Prism ends (MPa) (MPa)
RCC 100/0 300 28 11.78 24.31 4.09 18300
RCC 60/40 CEM | 300 28 11.29 19.34 3.65 18258
RCC+FOR/ 42.5R
RCC+RSF 60/40 300 28 12.43 19.09 3.90 15252
RCC 100/0 300 28 17.57 23.46 5.05 24352
RCC 60/40 CEM I 300 28 16.70 21.15 4.01 23449
RCC+FOR/ 32.5R
RCC+RSF 60/40 300 28 17.59 23.80 5.26 20783
RCC 100/0 250 28 9.61 14.88 3.52 13268
RCC 100/0 250 42 10.52 17.16 3.76 18241
RCC 100/0 350 28 13.07 17.28 3.91 19577
RCC 100/0 350 42 15.27 19.53 4.10 20334
RCC 60/40 Doroport 300 28 10.84 16.81 2.92 17362
RCC 60/40 TB 25 300 42 12.08 18.72 3.42 18273
RCC+FOR/
RCC+RSF 60/40 300 28 12.05 17.52 3.79 13941
RCC+FOR/
RCC+RSF 60/40 300 42 12.70 18.04 4.00 14842
BcR/PCC 100/0 330 28 35.88 45.87 6.48 38886
BcR/PCC 60/40 CEM | 330 28 35.54 45.32 6.10 32328
BcR+FOR / 42.5R
PCC+RSF 60/40 330 28 43.62 52.19 7.05 29318
utilizate la prepararea betoanelor de ciment rutiere The results of tests indicate that by

replacing 40 % of NA with RA to the manufacturing
of investigated cement concrete types leads to the
reduction of their mechanical performances by 5 to
10%.

Also, a decrease of the RCC performance
characteristics can be observed when using the
CEM 142.5 R as a binder, compared to the CEM Il
32.5 R, due insufficient water content necessary
for the full hydration of CEM | 42.5R which is a
very reactive binder and consumes water in the
initial hydration process.

The use of the Doroport TB 25 hydraulic
binder in the manufacturing of RCC compositions
is justified, from both technical and economical
point of view, due to lower costs and the
mechanical results similar to those when CEM I
42.5R and CEM | 42.5R binders were used.

The RSF reinforcement technology of RA
manufactured PCC and RCC leads to the
achieving and even the exceeding of the
mechanical  strengths of the concretes
manufactured exclusively using NA, but also a
significant decrease by 10 to 20 % for the elasticity
modulus is noticed [12].

By analyzing the values of the elasticity
modulus a variation of 13000 MPa to 39000 MPa
can be observed. The current NP034-99 [13] rigid
airport pavement structures design standard only
allows the design of the concrete slabs for a single
value of E=30000 MPa of the elasticity modulus.
Because the design diagrams do not allow the
calculation of concrete slabs thickness for any
other values of E, the use of RA-manufactured
cement concretes is virtually impossible.
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Fig. 7 — Cresterea valorii tensiunii o, in functie de variatia modulului de elasticitate E
The rise of o; depending on the variation on E- elasticity modulus.

modulului de elasticitate E de la 15000-50000
(MPa).

Valorile tensiunii o; au fost determinate
utilizdnd programul cu element finit tridimensinal
[14] Ansys 11, folosind fincarcari exterioare
specifice aeronavelor moderne cu aterizoare
complexe cu sase roti, masa aeronavei la
decolare, distribuita pe aterizorul principal fiind:
P=170 tf.

Calculul comparativ a fost efectuat pentru
urmatoarele valori ale parametrilor: modulul de
reactie la suprafata stratului de fundare k=20
MN/m®, k=40 MN/m®, ks= 80 MN/m°, k,= 150
MN/m> modulul de elasticitate E;=15000 MPa,
E,=20000 MPa, E;=25000 MPa, E,=30000 MPa,
Es=40000 MPa, Eg=50000 Mpa; si pentru valori ale
coeficientului Poisson corespunzatoare BcR si
RCC, 0,15 respectiv 0,25.

Acest studiu a fost efectuat pentru o dala din
beton de ciment avand dimensiunile in plan de 5x7
m, corespunzatoare dimensiunii maxime a utilajului
de asternere si distantei maxime intre rosturile de
contractie dilatatie. Studiul efectuat pe mai multe
dimensiuni in plan a dalei de beton justifica
utilizarea dalei de 5x7 m deoarece genereaza
valori maxime ale tensiunii la fintindere din
incovoiere oy [15]. Grosimea dalei de beton care a
facut obiectul studiului a fost de 35 cm si este
justificata deoarece genereaza tensiuni la intindere
din incovoiere apropiate de cele ale betoanelor
studiate. Incércarea provenitd de la aeronava a
fost transmisa printr-o forta uniform distribuita pe
suprafata de contact pneu-dala aplicata tangent la
rostul longitudinal [16].

in tabelul 6 sunt prezentate diferentele
procentuale ale valorilor tensiunilor oy, provenite la
intindere din incovoiere, pentru diferite valori ale
modulului de elasticitate. Diferentele obtinute, de
pana la 19% pentru valorile tensiunilor o justifica

Figure 5 presents the increases in oy tensile
stress depending on the variation of E- elasticity
modulus values from 15000 to 50000 MPa.

The values of o tensile stress had been
determined with the Ansys 11 tridimensional finite
element [14] computer software, using external
loads from modern airplanes fitted with complex
landing gears with six-wheels bogie. The weight of
the airplane at takeoff, distributed in the main
landing gear is P=170 tf.

The comparative determination had been
performed for the next parameters values: reaction
modulus at the surface of the foundation layer
ki=20 MN/m°, k=40 MN/m°, k;= 80 MN/m®, k,=
150 MN/m?; elasticity modulus E{=15000 MPa,
E,=20000 MPa, E;=25000 MPa, E,=30000 MPa,
Es=40000 MPa, Eg=50000 MPa and for the values
of the Poisson coefficient for the PCC and RCC, of
0.15 and 0.25, respectively.

This research has been performed on a
concrete slab measuring 5x7 m, which represent
the maximal dimension of the casting equipment
and also the maximal distance between the
contraction-expansion joints. The study performed
on several plane dimensions of the concrete slab
justifies the use of a 5x7 m slab, as it generates
maximal values of oy bending tensile stress [15].
The thickness of the concrete slab in the study
was 35 cm and it is justified because it generates
bending tensile stress values close to those of the
concretes studied in the research. The load from
the aircraft was transmitted through a force
uniformly distributed on the tire-slab contact area
tangentially applied to the longitudinal joint [16].

Table 6 presents the differences of o
bending tensile stress percentage values
depending on different values of the elasticity
modulus. The obtained differences of up to 19 % in
the o; stresses values justify the necessity of
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Tabelul 6

Diferentele procentuale ale valorilor o; (MPa) in functie de diferite valori ale modulului de elasticitate, specifice dalelor cu
grosimea de 35cm / Percentage differences of value o (MPa) values depending on different values of the elasticity modulus, specific to
35cm thickness slabs

k? (MN/m°) E” (MPa) o (MPa)— BcR/PCC (v4=0.15) %" o (MPa) — RCC (v,=0.25) %"
15000 4.6289 18.31 4.8080 18.06
20000 5.0317 11.20 5.2017 11.35
20 25000 5.3833 4.99 5.5707 5.06
30000 5.6661 - 5.8676 -
40000 6.0950 7.57 6.3179 7.67
50000 6.4058 13.05 6.6441 13.23
15000 4.0554 12.39 4.1995 12.66
20000 4.2954 7.20 4.4433 7.59
40 25000 4.4722 3.39 4.6415 3.46
30000 4.6289 - 4.8080 -
40000 5.0317 8.70 5.2017 8.19
50000 5.3833 16.30 5.5707 15.86
k? (MN/m°) E” (MPa) o (MPa) - BcR/ PCC (v4=0.15) %7 o (MPa) — RCC (v,=0.25) %"
15000 3.5602 12.21 3.6774 12.43
20000 3.7554 7.40 3.8826 7.55
80 25000 3.9169 3.42 4.0530 3.49
30000 4.0554 - 4.1995 -
40000 4.2854 5.67 4.4433 5.81
50000 4.4722 10.28 4.6415 10.53
15000 3.1775 11.80 3.2776 11.94
20000 3.3460 7.13 3.4532 7.22
150 25000 3.4842 3.29 3.5978 3.34
30000 3.6028 - 3.7221 -
40000 3.8012 5.51 3.9309 5.61
50000 3.9652 10.06 4.1041 10.26

@' Modulul de reactie la suprafata straturilor de fundare / Reaction modulus at the surface of the foundation layer
® Modulul de elasticitate a betonului de ciment din structura studiata / The elastic modulus of cement concrete from investigated

pavement

% Tensiunea la intindere din incovoiere calculata in cazul BcR (v1=0.15) / Bending tensile stress calculated for PCC (v,=0.15)
% Diferenta procentuala a valorilor o; calculats in cazul BeR avand ca referinté valoarea unica oy utilizata in normativul actual in vigoare
pentru E=30000(Mpa) / Percentage difference of value o; for PCC using as a benchmark the unique value from current standard of the

elasticity modulus E=30000 (MPa)

® Tensiunea la intindere din incovoiere calculati in cazul RCC (v4=0.25) / Bending tensile stress calculated for RCC (v,=0.25)
" Diferenta procentuala a valorilor o; calculata in cazul RCC avand ca referinté valoarea unica o utilizata in normativul actual in vigoare
pentru E=30000 (MPa) / Percentage difference of value oy for PCC using as a benchmark the unique value from current standard of

the elasticity modulus E=30000 (MPa)

necesitatea adaptarii  normelor actuale de
dimensionare care sa permitd proiectarea
structurilor rutiere aeroportuare rigide, cu valori
efective ale modulului de elasticitate E,
corespunzatoare diferitelor tipuri de betoane
rutiere.

4. Concluzii

Cercetarea a urmarit dezvoltarea de noi
tehnologii si principii de proiectare in vederea
construirii sau reabilitarii structurilor rutiere rigide
aeroportuare, cu impact ecologic redus. Astfel, s-a
studiat posibilitatea utilizarii agregatelor reciclate si
a fibrelor de otel recuperate din anvelope uzate, la
prepararea betoanelor de tip BcR si RCC, pentru o
valorificare economica adecvata si prezervarea
resurselor naturale.

Utilizarea eficientd a betoanelor de ciment
realizate cu materialelor reciclate presupune o
buna cunoastere a caracteristicilor de performanta,
si anume: rezistenta la compresiune; rezistenta la
intindere din incovoiere si modulul de elasticitate,
acestea fiind necesare procesului de proiectare si
dimensionare.

in acest scop, s-a dezvoltat un program

adaptation / improvement of the current design
standards in order to allow the design of airport
rigid pavement structures with actual E values of
the elasticity modulus corresponding to different
types of plain cement concretes.

4. Conclusions

This research intended to develop new
technologies and design principles in order to
construct or rehabilitate airport rigid pavement
structures with a low environmental impact. For
this purpose, the research analyzed the possibility
of using recycled aggregates and steel fibers
recovered from used tires to manufacture PCC
and RCC for an economic exploitation and the
conservation of the natural resources.

The efficient use of RA manufactured
cement concretes involves proper knowledge of
the performance characteristics, namely
compression strength, bending tensile stress,
elasticity modulus, needed in the design process.

With this aim an experimental research
programme has been developed the behavior of
test specimens manufactured with 40 % RA and 3
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experimental de laborator in care s-a evaluat
comportarea unor epruvete din BcR si RCC
realizate cu un continut de 40% AR si 3% FOR.
Pentru studiul comparativ s-au incercat probe
martor, confectionate cu agregat natural, AN,
integral.

Atat pentru probele martor céat si pentru cele
confectionate cu AR, s-au obtinut valori apropiate
ale rezistentelor mecanice si adecvate utilizarii in
tehnica rutiera. Totusi, epruvetele din B¢cR prezinta
performante mecanice comparabile cu cele ale
unor betoane de Tinaltd rezistentd, atingand
rezistenta la intindere din incovoiere de pana la
7MPa.

Variabilitatea  rezultatelor  obtinute la
evaluarea caracteristicilor de rigiditate a BcR si
RCC impune necesitatea imbunatatiri normelor
actuale de proiectare, care permit doar
dimensionarea pentru o valoare singulara a
modulului de elasticitate de 30.000 MPa. In
sprijinul  acestui concept, studiul Tntreprins
evidentiaza diferente de pana la 20% ale tensiunii
admisibile la intindere din incovoiere intre cazurile
modulului de elasticitate real si cel impus de norme

pentru evitarea supradimensionarii (cand
Erea™E30.000) sau subdimensionarii (cand
Erea<E30.000)-

Multumiri
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