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Concresur, Monpial. AL DrRuMURILOR
MONTREAL - 1995

Antre 3 - 9 septembrie 1995, oragul Montreal va gazdui
Icel de-al XX-lea Congres Mondial al Drumurilor.

Organizat de Asociatia Internationald Permanenta a
Congreselor Rutiere (AIPCR), acest eveniment de
anvergura va atrage peste 2500 specialisti si experti din
intreaga lume.

Montreal, metropold universald, artisticd gi moderna
din provincia Quebec (Canada) a fost ales ca orag -
gazda al acestei mari reuniuni, care va fi cel de-al XX-lea
Congres Mondial al Drumurilor.

Asociatia care organizeazd acest Congres, AIPCR, a
fost creati in 1909 si sediul ei este la Paris. In contextul
politicilor globale de transport, ea are drept scop sa dez-
volte cooperarea internationald gi sa favorizeze progrese-
le in definirea politicilor transportului rutier, conceperea,
constructia, amenajarea si intrefinerea drumurilor, pre-
cum si in exploatarea si gestionarea refelei rutiere. Astfel,
AIPCR organizeazd congrese mondiale gi alte manifes-

tari cu caracter tehnic, creazd comitete tehnice si publica
un anumit numar de documente si publicatii de specialita-
te, printre care revista “Routes/Roads".

Tinut odata la 4 ani, Congresul Mondial al AIPCR are
ca scop determinarea punctului in care s-a ajuns in
privinta ansamblului tehnicilor privind drumurile in diferite
tari ale lumii.

Programul tehnic al Congresului de la Montreal va cu-
prinde, pe langa o expozitie, examinarea rapoartelor pre-
zentate de térile membre, privind problemele specifice,
studiul rapoartelor diferitelor comitete permanente si ale
grupurilor de lucru ale Asociatiei, precum si sedinie
avand ca scop teme propuse de Comitetul organizator.

AIPCR a propus deci, tarilor membre, sa pregateasca
cate un raport national privind temele alese de Asociatie.
Temele constituie “Problemele comune” ale Congresului
de la Montreal. Pentru acest Congres au fost retinute 4
“Probleme comune":



Problema 1: Catre o mai buna eficien{a a adminis-
tratiilor rutiere.

Problema 2: Transport si planificare urbana.

Problema 3: Obfinerea calitatii in lucrérile rutiere.

Problema 4: Noi tehnici de ranforsare si de intretinere.

Cele 13 comitete i 3 grupuri de lucru ale AIPCR au
stabilit un program de lucru pentru perioada 1992 - 1995,
pan la Congres. La Congres, rapoartele lor, care vor fi
prezentate cu ocazia gedintelor, vor trata urmatoarele
subiecte:

B caracteristicile de suprafata

schimburi tehnologice si dezvoltare
drumuri interurbane

tunele rutiere

gestiunea drumurilor

drumuri de beton

drumuri suple

economie gi finante

orasul

poduri rutiere

terasamente, drenuri, strat de forma
securitatea rutiera

mediul ambiant

reducerea efectelor catastrofelor naturale
controlul si gestiunea modernd a circulatiei
mizele transportului cu autocamioane

B o intanire pe tema Acordului de liber schimb

nord-american.

‘Paralel cu gedinfele cu caracter tehnic, o expozitie
rutierd cu tema “Inovatii si gestiune de \{arf’, va reuni
expertii, intreprinderile s$i organismele din industria
drumurilor. Tot ceea ce fine de conceptia, constructia,
intrefinerea si reabilitarea drumurilor, va fi pus aici in
evidenfa: tehnologii, produse, sisteme, echipamente.
Sunt agteptati cca 300 expozanti.

Participantilor la Congres li se va oferi un program de
vizite tehnice. Va fi o ocazie pentru a vedea mai
indeaproape ce se intreprinde in regiunea Quebec in
materie de transport §i de a constata, la fata locului,
eforturile si reusitele care fac reputatia companiilor i
expertilor de aici.

Cel de-al XX-lea Congres Mondial al AIPCR se va
desfagura in Palatul Congreselor din Montreal, unul din
cele mai avangardiste centre de congrese din lume.
Situat in plin centrul orasului Montreal, Palatul Congre-
selor poate primi pané la 10000 persoane. Imobilul este
legat cu principalii sateliti de telecomunicatii, fiind dotat,
in acelasi timp, cu sistemul Videotext, care ii di acces la
toate serviciile telematice. O statie de metrou este, de
asemnea, integrati edificiului, iar un pasaj subteran il
leaga de mai muite centre comerciale si culturale. Ca un
fapt demn de notat, menfionam ca Palatul Congreselor
este subtraversat de o autostradd, autostrada Ville --
Marie, ca gi cum ar fi fost predestinat sa gizduiasca un
congres mondial al drumurilor!

Pe langé sediniele comitetelor, ale grupurilor de lucru
si ale grupurilor ad-hoc, Comitetul organizator pregateste
4 sedinie speciale:

B o reuniune a minigtrilor, privind securitatea rutier;

M o sedintid dedicatd problematicii transportului in

marile orage ale lumii;

m o sedinia care va trata oportunititile in materie de

transport in America Latinad gi in tarile in curs de
dezvoltare;

S4& fii gdzduit de Montreal, inseamna si plonjezi in
inima Americii de Nord, in cel de-al treilea orag francofon
din lume (ca importantd); inseamnA s iei contact cu
peste 350 ani de istorie, sa trdiesti in ritmul trepidant al

- unei metropole cu peste 3 milioane de locuitori, care se

mandreste cu mozaicul sdu cultural, permanent deschis
spre lumea intreaga.

REDACTIA
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1. Metode noi de auscultare si
evaluare a starii tehnice a drumurilor

1.1. Metode de auscultare existente
si limitele lor

Romania detine o refea de drumuri publice de 153.014
km din care 14.683 km de drumuri nationale si 138.331
km de drumuri publice de interes local. Din cei 14.683 km
de drumuri nationale 13.292 km reprezinta sisteme rutiere
cu imbracéminte bituminoasa si 1.156 km sisteme rutiere
cu imbracaminte din beton de ciment.

Pentru investigarea acestei refele de drumuri
nationale, Administratia Nationald a Drumurilor a
desfasurat o activitate continud pe o perioada de peste
20 de ani pentru dotarea cu aparaturd pentru masuratori
pe teren, elaborarea de prescriptii tehnice (standarde,
normative, instructiuni) privind metodologia de masurare
cu aparatele achizitionate si elaborarea de conditii
tehnice pentru parametrii de stare tehnici, pe baza
masuratorilor efectuate.

in tabelul 1.1.1 se prezintd aparatura utilizatd in
perioada 1968-1991 pentru efectuarea de masuratori pe
teren si prescriptiile tehnice respective elaborate in acest
scop.

1. Nouvelles méthodes d’auscultation
et d’évaluation de I’état technique
des routes

1.1. Méthodes d’auscultation existantes et
leurs limites

La Roumanie détient un réseau des routes publiques
de 153.014 km, dont 14.683 km routes nationales et
138.331 km routes publiques d’interét local. Sur les
14.683 km de routes nationales, 13.292 km ont des
revétements bitumineux et 1156 km sont en béton de
ciment.

Pour Tlauscultation de ce réseau des routes
nationales, PAdministration Nationale des Routes a
poursuivi un programme continu, pour une péricde de
plus de 20 ans, en vue de se doter avec des
équipements de mesure en site, d'élaborer des
préscriptions techniques (standards, normes techniques,
instructions), adaptés aux nouveaux équipements
achetés et de définir les conditions techniques pour les
paramétres d'état technique sur les mesures effectués.
Dans le tableau 1.1.1. on présente I'équipement utilisé,
durant 1968-1991, pour la réalisation des mesures en site
et des préscriptions techniques concernés.

Tabelul 1.1.1.
Tableau

Echipamentul

Prescriptii tehnice elaborate

Caracteristici

Deformabilitate - deflectograf Lacroix cu sasiu scurt Instructiuni tehnice departamentale 1980

Portance - deflectograf Lacroix cu sasiu lung Instructions techniques départementales
- deflectometru cu parghie Benkelman
- deflectometru cu levier tip Soiltest
- déflectographe Lacroix chassis court
- déflectographe Lacroix chassis long
- déflectométre a levier Benkelman
- déflectomeétre a levier Soiltest
Rugozitate Aparat Pendul Skid Resistance Tester (SRT) Standard 1972
Rugosité iy Le standard 1972
Planeitate Aparat Viagraf (concepfie romaneasca) Instructiuni tehnice 1980
Planéité Instructions techniques 1980

Dotarea cu aparaturd, elaborarea instructiunilor
metodologice si stabilirea conditiilor tehnice respective,
au creat conditiile favorabile pentru trecerea la 0 etapa
importantd in acliunea de investigare a retelei rutiere i
anume realizarea sistemului de Administrare Rutiera
Optimizatd a Drumurilor cunoscut sub denumirea SARO.
Astfel au fost elaborate instructiuni tehnice privind
determinarea starii tehnice a drumurilor cu Imbracaminti
bituminoase sau din beton de ciment, in scopul stabilirii
lucrérilor de intretinere preventiva si, respectiv, a lucrarilor
de readucere, prin reparalii, a starii tehnice la nivelul

La dotation avec des- équipements, I'éllaboration des
instructions méthodologiques et la détermination des
conditions techniques concernés ont créé les conditions
nécessaires pour passer 4 une étape importante pour
'auscultation du réseau routier, & savoir la réalisation du
Systéme d’Administration Routiére Optimisé des Routes,
connu sous le nom de SARO. Ainsi, ont été élaborées
des instructions techniques pour la détermination de I'état
technique des routes avec revétements bitumineux ou en
béton de ciment, ayant comme but la détermination des
travaux d’entretien préventif et également, des travaux de
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cerut de evolutia traficului. Potrivit acestor instructiuni (CD
156- 86), evaluarea stérii tehnice a drumurilor moderne se
caracterizeaza cu ajutorul urmétorilor parametri:

- parametrul de portan{a a complexului rutier (P);

- parametrul de rugozitate a suprafetei imbracamintii

rutiere (Rsrt);

- parametrul de planeitate a suprafetei imbracamintii

rutiere (PL);

- parametrul de degradare a imbracamintii rutiere (D).

Pentru primii trei parametri, s-au utilizat echipamentele
prezentate in tabelul 1.1.1, iar parametrul de degradare
s-a stabilit prin evaluari vizuale.

Masuratorile se efectueazi pe tronsoane omogene,
caracterizate prin aceleasi date privind:

- anul modernizarii drumului sau al efectuarii ultimei

ranforsari;

- tipul sistemului rutier;

- caracteristicile traficului, stabilit pe baza ultimului

recensamant de circulatie, exprimat prin intensitatea

medie zilnica anuala.

Caracteristicile starii tehnice a drumurilor investigate,
se apreciaza in mod individual pentru fiecare parametru gi
in functie de valoarea indicelui de evaluare a starii tehnice
a fiecarui tronson omogen de drum, se adopta lucrarile de
intretinere recomandate. in tabelul 1.1.2. se prezintd

reparation, permettant de ramener I'état technique au
niveau exigé par l'évolution du traffic. Selon ces
instructions (CD 156-86), I'évaluation de I'état technique
des routes modernes est caracterisée par les paramétres
suivants:

- la portance de la structure routiére (P);

- la rugosité de 1a surface du revétement (Rsrt);

- la planéité de la surface du revétement (PL);

- I'état de dégradation du revétement (D).

Pour les premiers trois parametres, on utilise les
équipements présentés dans le tableau 1.1.1. et pour la
dégradation, il est établi par des évaluations visuelles.

Les mesures se font sur des séctions homogenes, qui
ont les mémes caracteristiques, concernant :

- lannée de la modémisation ou du dérnier
renforcement;

- le type de la structure;

- les caractéristiques du traffic, établis selon le dérnier
recensement de la circulation, exprimés par lintensité
moyenne journaliére annuelle.

Les caractéristiques d’état technique des routes aus-
cultées sont évalués d’'une maniére individuelle pour cha-
que paramétre et, par rapport a la valeur d’'index d’éva-
luation d’état technique de chaque séction homogéne de

Tabelul 1.1.2.

Tableau
Stare tehnica Clasa starii tehnice Vaiorile indicelui de evaluare a starii tehnice
Etattechnique  Classe d’etat technique Valeurs d’index d’évaluation d’état technique
IST portanta IST degradare iST planeitate iST rugozitate
Foarte buna Al >0 >0 >-1 >0
Trés bon
Buna A2 >0 >0 >-1 0. -1
Bon
A3 >0 >0 > -1 <-1
Ad 0..-1 0.1 inditerent indiferent
Satisfacatoare B >0 >0 1 e 1 <0
Satisfaisant
Nesatisiacatoare C >-i 0.2 <-2 indiferent
insuffisant
Rea D <-1 < -2 inditerent indiferent
Mauvais

valorile indicelui de evaluare a caracteristicii starii tehnice
pentru cei patru parametri.

Investigarea retelei rutiere din Romania prin
masuratori tehnice conform instructiunilor SARO a fost
~ aplicata pana in anul 1993, pe unele sectoare de drumuri
nafionale, volumul de masurétori fiind determinat de
capacitatea de masurare a acestor echipamente, volum
destul de redus, in special in cazul mdsuratorilor de
rugozitate gi planeitate.

Rezultatele masurétorilor de capacitate portanta au
fost valorificate in proiectarea lucrdrilor de ranforsare a
drumurilor nationale.

la route, les meilleurs travaux d’entretien sont recomman-
dés. Le tableau 1.1.2. présente les valeurs d’'index d’éva-
luation de I'état technique, pour les quatre paramétres.

L’auscultation du réseau routier de la Roumanie, en
utilisant des mesures techniques conformément aux
instructions SARO, a été réalisée, jusqu’en 1993, sur
quelques secteurs des routes nationales, le volume des
mesures étant fixé par la capacité de mesure de ces
équipements, un volume assez réduit, en particulier dans
le cas des mesures de rugosité et de la planéité.

Les résultats des mesures de capacité portante ont
été observés dans la prévision de renforcement des
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De asemenea, masuratorile de capacitate portants cu
cele patru echipamente mentionate in tabelul 1.1.1. au
condus la stabilirea, in anul 1989, a unor corelatii intre re-
zultatele obtinute cu aceste echipamente, prezentate in
tabelul 1.1.3.

Aceste corelalii au fost revizuite i definitivate in anul
1993 si sunt prezentate in tabelul 1.1.4. Modificérile au

routes nationales. De méme, les mesures de capacité
portante, avec les quatre équipements mentionnés dans
le tableau 1.1.1., ont conduit & I'établissement, en 1989,
des certaines corrélations entre les résultats obtenus
avec ces equipements, qui sont présentés dans le
tableau 1.1.3.

Ces corrélations ont été revues et confirmées en 1993
et elles sont présentées dans le tableau 1.1.4. Les

Tabelul 1.1.3.

Tableau
Tip sistem rutier dB (ds) sB (dL) dB (dLB)
Type de structure
SNF 0,86 dS + 21 1,00dL + 27 1,08 dLB + 59
SNB 1,10dS + 11 1,23 dL + 21 nu prezintd precizari necesare
il n'y a pas une précision néecessaire
SNS 1,00dS + 10 1,00dL + 13
Legenda: dB - deflexiune cu deflectometru Benkelman

ds - deflexiune cu deflectometru Soiltest
ds - deflexiune cu deflectometru Soiltest

dLB - deflexiune cu deflectograful Lacroix cu sasiu scurt

dB - déflexion - déflectométre Benkelman
dB - déflexion - déflectométre Soiltest

Legende:

dLB - déflexion - déflectographe Lacroix - chassis court
dL - deflexiunea cu deflectograf Lacroix cu gasiu lung

tfost determinate de constatarile unor erori introduse prin
utilizarea corelafilor de transformare in deflexiuni
Benkelman, $i pe de altd parte, de faptul cd metoda de
dimensionare a ranforsérii sistemelor rutiere suple se
bazeaza pe deflexiuni masurate cu deflectograful Lacroix.

modifications ont été faites aprés qu'on a constaté
quelques erreurs, dues & la méthode de transformation
des deflexions Benkelman en déflexions Lacroix, dont le
renforcement des systémes routiers souples sont
dimensionés.

Tabelul 1.1.4.
Tableau
Echi/)ament Sisteme rutiere suple Sisteme rutiere rigide
Equipement Systémes routiers souples Systémes routiers rigides
Pentru deflectometru Benkelman dC =dCB x 27 dC=dCB-13
Déflectometre Benkelman
Pentru deflectometru Soiltest dC =0,86 xdC5 -6 dC =dCS-3

Déflectometre Solltest

Legenda: dc - deflexiunea caracteristica corespunzatoare defectografului Lacroix
dcB - deflexiunea caracteristica corespunzatoare deflectografului cu parghie Benkelman
dcS - deflexiunea caracteristica corespunzatoare deflectografului tip Soiltest

Legende: dC - déflexion caractéristique correspondant au déflectograph Lacroix

dCB - déflexion caractéristique correspondant au déflectométre a levier Benkelman
dcS - déflexion caractéristique correspondant au déflectométre Soiltest

1.2. Metode noi de investigare rutiera a
starii tehnice

Pentru asigurarea unui program corespunzitor de
investigare a rejelei rutiere pe baza de masurétori
tehnice, Administratia Nationald a Drumurilor s-a dotat in
anii  1993-1994 cu noi echipamente moderne,
performante si anume:

- deflectometru cu greutate in cadere (FWD) pentru
mdsurarea capacitatii portante:

1.2. Nouvelles méthodes d’auscultation
routiére d’état technique

Pour la mise en place d’'un programme approprié
d’auscultation du réseau routier, basé sur des
mesurements techniques, I’Administration Nationale des
Routes s’est dotée, en 1993-1994, avec des équipements
neufs, modernes, performants, a savoir:

- le déflectométre & poids tombant (FWD), pour
mesurer la capacité portante ;
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- analizor de profil in lung (APL cu doud remorci de
masurare) pentru determinarea planeitdfii suprafefei
imbracamintiirutiere;

- masina pentru masurarea rugozitétii (din mers);

- echipament pentru evaluarea indicelui de capacitate
portanta.

Aceasta actiune marcheazad o noud etapd in istoria
investigarii sistemelor rutiere din Romania, etapa care
implica aplicarea unor programe ample de masuratori.

Datele celor patru parametri de stare menjinute si in
noua metodd; deflexiune, rugozitate, planeitate si
degradare, datoritd randamentului de mé&surare pot fi
tinute la zi, actualizate In baza de date tehnice, oferind o
imagine reala de evolutie a starii retelei de drumuri.

Pentru realizarea obiectivelor strategiei administratiei
pentru asigurarea unei gestionari eficiente a refelei de
drumuri cu fonduri financiare reduse muit fajd de necesi-
tate, noile metode de investigare cu cele patru echipa-
mente moderne de mare randament vor permite sa se
obtina:

- elaborarea unui program de prioritate stabilit pe
criterii de stare tehnica si criterii economice;

- stabilirea indicelui global de stare a drumurilor si
modul sau de evoluiie;

- interventii imediate in sectoarele cele mai solicitate
sau degradate;

- protejarea prin metode preventive a rejelei de
drumuri cu stare buna prin tehnologii de conservare
structurala sau de suprafaja de rulare.

1.3. Realizari specifice romanesti

Echipamentul DIEG este destinat colectérii in regim
dinamic a datelor ce caracterizeazd traiectoria in plan
orizontal i in profil longitudinal a unei céi rutiere; este un
sistem complex de masurare capabil de a sesiza
instantaneu inclinarea longitudinala si transversala a unui
mobil fajd de planul orizontal, deviatia unghiulara a axei
longitudinale a mobilului in plan orizontal faja de o directie
de referinta, si de a le memora echidistant metric pe un
microcalculator.

Prelucrarea datelor achizitionate se poate face imediat
in teren, sau in birou, folosind programul informatic
ADRIS (analiza datelor rutiere si interpretare statistica);
rezultatele finale pot fi vizualizate pe ecranul monitorului
sau listate dupd cum urmeaza:

- pentru traseul in plan (conform figuri 1.3.2) se
determina lungimea reald cu o abatere de maxim +/-
0,3% si elementele axei drumului, respectiv aliniamente gi
curbe, pozitia kilometric3 iniiala i finald, calculul lungimii,
a razelor de curburd si sens, unghi la varf, panta medie
transversala, viteza critica si distanta de vizibilitate acolo
unde este cazul; pentru razele curbelor abaterea poate fi
maximum +/- 5-6%; )

- pentru profilul longitudinal (conform figurii 1.3.3) se
determina zonele omogene, pante, rampe, paliere, pozifia

- lanalyseur de profil en long (APL, avec deux
remorques monoroues) pour déterminer la planéité de la
surface du revétement routier ;

- vehicule de mesurer la rugosité (en parcours);

- équipement pour [évaluation de [lindex de la
capacité portante.

Cette action en marque une nouvelle étape dans I'hi-
stoire d’auscultation des systémes routiers en Roumanie,
étape qui impligue I'application des vastes programmes
de mesures.

Les données pour les quatre parameétres d’'état (défle-
xion, rugosité, planéité et dégradation) sont maintenues
aussi dans la nouvelle methode. Grace & leur rendement, -
elles peuvent étre tenus a jour et actualisées dans une
banque de données, offrant ainsi une image réelle sur I'é-
volution de 'état technique du réseau routier.

Pour aboutir aux objectifs de la stratégie d’assurer une
gestion efficace du réseau routier avec des fonds finan-
ciers minimales, les nouvelles méthodes d’auscultation,
avec leurs quatre équipements modernes, devraient per-
mettre & obtenir:

- éllaboration d’'un programme de priorités, établi sur
des critéres d’état technique et économiques;

- I'établissement d'un index global d’état des routes et
de son évolution;

- des interventions immédiates dans les secteurs les
plus sollicités ou dégradés;

- une entretien preventif des routes en bon état, en
conservant I'état de la structure ou de la surface de
roulement.

1.3. Réalisations spécifiques roumaines

L'équipement DIEG est congu pour collecter, en régi-
me dynamique, les données caractéristiques du tracé, en
plan horizontal et en profil longitudinal ; ¢’est un systéme
complexe de mesure, capable de saisir instantanémment,
Pinclination longitudinale et transversale d’'un mobile, par
rapport & un plan horizontal, la déviation angulaire de
l'axe longitudinale d’'un mobile en plan horizontale, par
rapport & une direction de rétérence, et de le stocker sur
un microordinateur.

Linterprétation des données obtenus peut étre faite,
soit immédiatement, en site, soit au bureau, en utilisant le
programme informatique ADRIS (analyse des données
routiéres et interpretation statistique); les résultats finales
peuvent étre visualisés sur I'écran du moniteur, ou bien
listés, comme suit:

- pour le tracé en plan (fig. 1.3.2.), on détermine la
longueur réelle, avec un écart de maximum +/- 0,3%,
ainsi que les elements de l'axe de la route, soit les
alignements et les courbes, les position kilométriques
initiales et finales, le calcul de la longueur, les rayons, le
sens et les angles des courbes, la pente moyenne
transversale, la vitesse critique et la distance de visibilité,
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kilometricd inifiald si finald a acestora, lungimea si
declivitatea medie cu o abatere ce nu depaseste +/-
0,3%, racordérile razei de curbura cu o abatere de maxim
+/- 5-8%.

1.4. Estimarea eficientei noilor metode de
investigare

Avand in vedere stadiul de implementare-exploatare al
noilor metode de investigare, precum si lipsa unei
evaluari financiare concrete a metodelor anterioare, nu se
poate stabili corect diferenta de pret intre metodele
clasice si metodele noi. Eficienta noilor metode de

si c’est nécéssaire; pour les rayons de courbure, I'écart
est de maximum +/- 5-6%.

- en profil longitudinal (fig. 1.3.3.), on détermine les
zones homogeénes, les pentes, les rampes, les paliers,
leur position kilometriques initiale et finale, la longueur et
la declivite moyenne, avec un écart ne dépassant pas +/-
0,3% et les raccordements des rayons de courbure, avec
un écart de maximum +/- 5-8%.

1.4. Estimation de I’efficacité des nouvelles
méthodes d’auscultation

Etant donné le degré d'implementation et d’exploita-
tion des nouvelles méthodes d'auscultation, ainsi que

investigare se va stabili in cadrul programului de
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‘dimensionare a ranfors#rilor structurilor de -drumuri, pe
aplicarea acestora in corelatte directa tu metoda actuala
utilizat4 la proiectare.

Masuritorile efectuate ' pana in ‘prézent cu hoile
metode au condus la’ stabilirea unor grosimi pentru
structurile de ranforsare corespunzatoare starii reale
‘structurale, 1a eliminarea supradimensionarilor, cu
efectele economice corespunzatoare.

O evaluare preliminard a costurilor de exploatare a
echipamentelor de - investigare s-a stabilit in intervalul
25-75 USD/km pentru fiecare echipament. Evaluarea
costului pe kminvestigat a:fost stabilitd in conditiile
specifice ale utilizdrii- echipamentelor-noi, tard consumuri
de piese de schimb etc. i al activitafilor pentru stabilirea
‘metodologiilor de utilizare.a fiecarui. echipament.

Rezultatele obtinute canfirma ca metodele noi aplicate
cu ajutorul echipamentelor de mare randament, vor
asigura o investigatie corectd si permanentd, care va
conduce la gestionarea optima a refelei de drumuri
nationale pe bazi de criterii stiintifice.

2. Tehnici, matériale, utilaje si
procedee noi pentru ranforsarea si
intrefinerea drumurilor

2.1. Drumuri cu trafic mediu §i greu
2.1.1. Reciclare la rece in situ '

Aceastd: ‘tehnica, s-a - aplicat:' pentru pfima‘.oard in
Romania pe-Drumul National nr.-1-{Bucuresti-Ploiegti) in
1992 pe un tronson cuprins Intre- Km 25,00-30,00 (80.000
m ) contlnuand cu lucrérile din' 1998 intre km 21,00-25,00
(64.000 m ) iar n anii viitori: urmand pe restul
tronsoanelor pana la Ploiesti (525. 000 m’ )

labsence d’une évaluation financiére’ concrete des mé-
thodes antérieures, une ~ comparaison entre les dépen-
ses nécéssaires pour les deux méthodes n’est pas
possible. L'éfficacité des nouvelles méthodes d'ausculta-
tion sera établie dans le cadre du programme de dimen-
sionner les renforcements des structures routieres, ou les
nouvelles méthodes s’appliquent paralellement avec les
méthodes classiques, utilisées dans les études.

Les mesures effectuées jusqu’a présent avec les nou-
velle méthodes ont conduit & Iétablissement des certai-
nes épaisseurs pour les structures de renforcement,
selon Pétat structurel réel, ont élithing 168 surdimension-
néments, ainsi que leurs incidences économiques.

Urie’ évaiuration préhmlnalre dés cots d’éxploltatlon
des équipements GPauscultation a &té établie’entre” 35-75
$/km pour‘chacun. L'évaluation du codt $ur ki auscuité a
été établie dans les conditions spécifiques d'utiliSation du
matériel neuf, sans consommation de piéces de'réchange
et dans le cadre d'une étude des modalités d'utilisation
de chaque équipement.

Les résuitats obtenus.confirment que les nouvelles
méthodes appliquées a l'aide des équipements & grand
rendement, assureront une auscultation correcte et per-
manente, qui va conduire a une gestion-optimale du rése-
au routier national, basée par des critéres-scientifiques.

Techniques, matériaux, matériels et
nouveaux procédés pour le
renforcement et ’entretien des routes

2.1. Chaussées a traffic moyen et lourd
2.1.1. Recyclage a froid sur place

Cette technique a été appliquée pou‘r la premiere fois
en Roumanie sur la Route Nationale (DN) no. 1
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DN 1 este un drum cu 4 benzi de circulatie, cate doud
pe sens, cu pante mici in profil in lung, fir4 delimitare
centrald, suportand un trafic mediu. Urmarea investigarii
vizuale s geotehnice, s-au constatat defectiuni ale
structurii, datorate unei oboseli generalizate a caii
centrale (B2 si B3) si deteriorari rapide ale largirilor (B1 si
B4) legate intre alte cauze de infiltrafile de apd cu
consecinte previzibile in perioadele de ger, soseaua
situdndu-se In zona de campie cu clima temperat
continentald.” Proiectul a stabilit utilizarea procedeului de
reciclare la rece in situ care permite regenerarea
bitumului existent in Tmbrac&mintea rutierd, tratarea
interfefelor si constituirea unui strat antifisurd (cu un
volum de goluri de 15%) ca si o ranforsare asigurata prin
aplicarea unui strat de beton bituminos 0/16 pe toatd
I&timea partii carosabile.

S-a procedat la o campanie de recunoastere a
drumului, axata pe:

a). Analiza datelor existente inaintea investigatiei:

- Istoricul goselei

- Trafic: evolutia trecutd, date actuale, previziuni.

b). Analiza completa a corpului goselei:

- Recunoasterea vizuala a defectiunilor

- Carotaj sistematic la fiecare 300 m, pe fiecare bandd
(soseaua este puternic heterogend), cu descrierea
straturilor, grosimilor, stdrii (coeziune), interfefelor lipite
sau nu gi identificare:

* Densitate, compactare

* Granulometria fractiunii minerale

* Continut de bitum

* Caracteristicile bitumului: penetrafie, temperatura de
imbatranire, analiza compozitiei.

- Mésurarea deflexiunilor (Deflectograful Lacroix) pe
fiecare banda i stabilirea sectoarelor omogene.

Proiectul s-a bazat pe recunoagterea geotehnica, ce a
avut ca scop:
stabilrea de secliuni omogene, determinand
parametrii constanti corespunzatori fiecareia, si anume:

* profunzimea tratamentului

* tipul, natura si dozajul in lianti de aport

- definirea unui tratament apropiat fiecarei sectiuni
daca acestea diferé intre ele.

in urma analizarii tuturor acestor date proiectul a
stabilit utilizarea tehnicii de reciclare Ia rece in situ pe
toata suprafafa soselei, stabilind urmatorii parametri:

* Imbricdmintea frezatd si retratatd pe grosimi
variabile

" Folosirea unei emulsii cationice cu rupere lenta
continand 80% bitum, dozata la 2,5% in greutate, faia de
materialul frezat uscat.

* Apa de aport: 1,5% Tn greutate in raport cu materialul
frezat uscat.

* Criblura de aport sort 8/16 dozata la 15% in greutate
in raport cu materialul uscat.

* Stabilirea grosimii de retratat pe fiecare sectiune
omogend (6, 8, 10 sau 12 cm).

10

(Bucuresti-Ploiesti) en 1992, sur une section entre km
25,00-30,00 (80.000 m?), continuant en 1993 avec les
travaux entre km 21,00-25,00 (64.000 m?) et dans les
années suivantes, avec les séctions restantes jusqu'a
Ploiegti, soit 525.500 m2.

La DN1 est une chaussée a quatre voies de
circulation, deux pour chaque sens, avec des pentes
faibles en profil longitudinale, sans terre-plein central,
ayant un traffic moyen. Suite & l'investigation visuelle et
géotechnique, on a constaté des dégradations de la
structure, provoquées par la fatigue généralisée des
voies centrales (B2 et B3), ainsi que des détériorations
rapides des bandes d'élargissement (B1 et B4) causées,
entre autres, aux infiltrations de I'eau, avec les’
consequences previsibles en période de gel, la chaussée
etant située dans une plaine a climat tempéré continental.

L'étude a prévu I'utilisation du recyclage a froid, sur
place, permettant la regénération du bitume .existant
dans le revétement routier, le traitement des interfaces,
la constitution d’'une couche antifissure (avec 15% de
vides), ainsi que le renforcement de la structure, assuré
par I'application d’une couche de béton bitumineux 0/16
sur toute la largeur de la chaussée.

On a fait une reconnaissance de la chaussée, basée
sur:

a) Lanalyse des
l'investigation:

- I'historique de la chaussée;

- I'évolution du traffic (antérieure, actuelle, prévisions).

b) L’analyse compléte du corps de la chaussée:

- reconnaissance visuelle des dégradations;

- carrotage systematique, tous les 300 m, sur chaque
bande (la chaussée est trés hétérogene), avec la
description des couches, des épaisseurs, de Pétat
(coheésion), des interfaces collés ou non et identification
des:

* densite, compacité;

* granulometrie de la fraction minérale;

* teneur en bitume;

* caracteéristiques du bitume: pénétration, température
de reamollissement, composition chimique;

- la mesure des déflexions (au déflectographe Lacroix)
sur chaque bande et la détermination des secteurs
homogénes.

L'étude s’est basé sur la reconnaissance géotech-
nique, qui a eu comme but:

- létablissement des secteurs homogeénes, caracté-
risés par des parametres constants, 4 savoir:

* la profondeur du traitement;

* le type, la nature et le dosage du liant d’apport;

- la definition d’un traitement approprié pour chaque
séction, si ceux-ci présentent des différences.

Suite a lanalyse des toutes ces données, I'étude a
prévu l'utilisation de la technique de recyclage a froid sur
place, sur Ventiere surface de la chaussée, en
determinant les parameétres suivants:

données existantes avant
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2.1.1.1. Descrierea sumara a tehnicilor folosite:

- Raspandirea criblurii de aport cu ajutorul unui
rispanditor inaintea autotrenului de retratare.

- Frezarea la rece cu ajutorul unei freze de tip CAT
750 CP pe adancimile stabilite in proiect.

- Retratarea materialului frezat cu ajutorul unei emulsii
special adaptate si cu apa de aport, apoi malaxarea
materialului frezat pe loc cu aceeasi masina; dozajele
sunt asigurate prin pompele de serviciu ale frezei.

- Amorsarea stratului superior cu emulsie bituminoasa
R 65 dozat4 la 0,6 kg/m?.

- Reasternerea materialului tratat, cu ajutorul unui
raspanditor de mixturd cu precompactare.

- Compactarea cu ajutorul unui compactor vibrant
plasat in fatd, urmat de un compactor pe pneuri, coniorm
plangei de compactare stabilitdi pe loc pentru fiecare
adancime de frezare.

- Aplicarea unui tratament bituminos simplu de
protectie pentru o perioada de 15 zile.

- La sfarsitul zilei tronsonul se va da in circulatie.

S-a procedat la controlul calitati materialelor, la
receplia acestora (bitum 80/120, agregate) si a fabricatiei
celor doud tipuri de emulsie bituminoasa in uzina de
emulsie proprie.

Lucrarea se incheie prin executia unui strat de beton
bituminos 0/16 si amenajarea acostamentelor si a
scurgerii apelor.

Aplicarea procedeului de reciclare la rece in situ are
un cost cu 30% mai redus fata de asgternerea pe aceeasi
suprafatd a unui covor de mixturd la cald de 7 cm.
grosime, aceasta datoritd reducerii consumului de
materiale si a transportului acestora.

in afara de eficienta economica, trebuie mentionat i
efectul ecologic al recicldrii la rece, eliminandu-se polua-
rea prin fum, praf, gaze, specifice fabricarii gi aplicarii
mixturilor asfaltice la cald.

2.1.2. Bitum modificat

incepand cu anul 1992, datorita cresterii importante a
traficului pe drumurile naionale, In special a traficului
greu, Administratia Nationald a Drumurilor din Romania a
trecut la experimentarea bitumului modificat cu polimeri.
Scopul urmérit a fost acela de a imbunatafi calitatea
bitumurilor produse in Romania, respectiv a performan-
telor acestora la temperaturi ridicate si temperaturi
scizute, concomitent cu cregterea rezistenfei Ia
imbéatranire si adezivitatii.

2.1.2.1. Domeniile de aplicare

Domeniile de aplicare ce se au in vedere sunt:
imbracamintile pe calea podurilor, strat de uzurd pe
drumurile cu trafic greu si intens, tratamente bituminoase
pe drumurile cu trafic intens.

in acest scop, in perioada 1992-1993 s-au executat
primele sectoare experimentale $i anume imbrécaminte
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* revétement fraisé et retraité sur des épaisseurs
variables;

* ['utilisation d’'une émulsion cationique a rupture lente,
a 60% bitume dosée au 2,5% en poids par rapport aux
fraisats secs;

* eau d’apport: 1,5% en poids par rapport aux fraisats
secs;

* gravillon d’apport type 8/16, dosé a 15% en poids
par rapport au matériau sec;

* Pétablissement de I'épaisseur de retraitement, sur
chaque séction homogene (6, 8, 10 ou 12 cm).

2.1.1.1. Description sommaire des techniques ulilisées :

- Répandage mecanique du gravillon d’apport, avec
une répandeuse, placée avant le train de retraitement;

- Fraisage a froid, avec une fraise type CAT 750 CP,
sur les profondeurs établies par I'étude;

- Retraitement du fraisat, a l'aide d’'une émulsion
specialement adaptée et d’eau d’apport, puis le malaxage
du fraisat sur place, avec le méme engin; les dosages
sont assurés par les pompes montées sur la fraise;

- Amorsage de la couche supérieure a I'émulsion de
bitume R65, dosee a 0,6 kg/m2;

- Répandage du materiau traité, a I'aide d’un finisseur
assurrant le précompactage;

- Compactage a l'aide d’'un compacteur vibrant, suivi
par un compacteur a pneus, selon la planche d’essai de
compactage, réalisée sur place pour chaque profondeur
de fraisage;

- Application d'un enduit bitumineux superficiel,
monocouche, pour une protéction durant 15 jours;

- A la fin de la journée, le secteur sera rendu en
circulation.

Le controle de la qualité des constituants est fait a la
réception de ceux-ci (bitume 80/120, granulats) et lors de
la fabrication, pour les deux emulsions de bitume.

Le travail est fini par I'éxécution d’une couche en
béton bitumineux 0/16 et par I'aménagement des
accotements et des écoulements d’eau.

L’application du procédé de recyclage a froid sur place
est moine chére de 30%, par rapport au répandage sur
la méme surface d’'une couche d’enrobés a chaud, de 7
cm d’épaisseur, a cause des économies de matériaux et
des frais de transport qui en derivent.

En dehors de lintérret économique, il y a aussi
Pinterrét écologique du recyclage a froid, qui élimine la
pollution par tumée, poussiére et gas, resultant de la
fabrication et le repandage d’enrobés a chaud.

2.1.2. Bitume modifié

A partir de lannée 1992, suite & une puissante
croissance du ftraftic sur les routes nationales, en
particulier du traffic lourd, '’Administration Nationale des
Routes de la Roumanie fait des experiences avec un
bitume modifié a des polyméres. Le but est d'améliorer la
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bituminoasa pe unul din viaductele podului Giurgeni-Vadu
Oii gi strat de uzurd pe DN1 Predeal-Bragov, iar in anul
1993 s-a realizat imbracamintea pe calea podului peste
Dunédre, la Giurgeni-Vadu Oii, pod cu suprastructura
alcatuitd dintr-o grindd continud metalicd cu sectiune
casetata, platelaj de tip ortotrop; podul propriu-zis are
lungimea de 720 m §i cdte doud viaducte de acces pe
fiecare mal, in lungime de 368 m.

2.1.2.2. Tipuri de polimeri

Tin&nd seama de condifiile de clima din Romania, cu
temperaturi foarte scazute in timpul iernii si ridicate in tim-
pul verii, cu cicluri dese de inghet-dezghef, precum si de
comportarea in exploatare a mixturilor asfaltice, tronsoa-
nele experimentale s-au realizat cu polimeri din import tip
stiren-butadien-stiren, sub forma de pudra cu un continut
in stiren de 31%, si sub forma de granule cu un continut
de stiren de 22%. S-a constatat o compatibilitate mai bu-
na a bitumurilor romanesti cu polimerul sub forma de pu-
drd, ceea ce a determinat ca imbracamintea pe calea
podului Giurgeni-Vadu Oii sa se realizeze cu polimer SBS
pudra.

De asemenea, cercetarile efectuate de catre institutele
de specialitate au condus la realizarea, in faza pilot, a
unui modificator roméanesc, respectiv un sistem polimeric
ternar continand un material termoplastic, un elastomer si
un agent de reticulare partiald a elastomerului, care este
n curs de experimentare.

2.1.2.3. Bitumul de baza gi proportia de polimer in bitum

S-au studiat bitumuri neparafinoase provenite de la ra-
findriile Astra si Crigana, de penetratie 80/100 si 100/120,
caracterizate prin punct de rupere Fraass sub -20 grade
Celsius si continut de asfaltene cuprins ntre 10-20%.

Continutul in polimer a variat in functie de domeniul de
aplicare al bitumului modificat si de tipul de polimer. in ca-
zul polimerului SBS, continutul de polimer a fost de 3-4%
pentru stratul de uzura si de 6% pentru imbrdacdmintea pe
calea podului. Pentru modificatorul romanesc continutul
optim de polimer, pentru strat de uzura este de 6%.

2.1.2.4. Tehnologia de modificare a bitumuluj

Primele testdri au constat in introducerea polimerului
SBS direct in malaxorul statiei de preparare a mixturii
asfaltice, dar rezultatele au fost nesatisfdcdtoare din
punct de vedere al realizdrii unei dispersii omogene si a
unui continut constant de polimer.

Din acest motiv s-a adoptat tehnologia de prefabricare
a bitumului modificat, in doua tipuri de instalafii romanesti:

- 0 instalatie care are in principal un malaxor cu
agitator orizontal cu pale elicoidale, cu manta de incélzire
cu ulei. Durata de .amestecare a celor doi componenti
este de 3-4 ore;

- 0 instalafie cu omogenizator vertical, in care
amestecul bitum-polimer se realizeaza prin omogenizare
fortatd de catre doua inele concentrice cu o retea foarte
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qualité des bitumes fabriqués en Roumanie, & savoir les
performances de ceux-ci aux températures élevées et
basses, et en méme temps d’augmenter leur résistance
au vieillessement et 'adhésivité.

2.1.2.1. Domaines d’emploi

Les domaines demploi envisagés sont: les
revétements sur les voies des ponts, les routes a traffic
lourd et intense, les enduits superficiels sur les routes a
traffic lourd.

Pour cela, en 1992-1993 ont été éxécutées les
premiéres planches expérimentales, a savoir un
revétement bitumineux sur un des viaducs du pont
Giurgeni-Vadu Oii, une couche de roulement sur la DN1
Predeal-Bragov et, en 1993, un revétement sur la voie du
pont sur le Danube de Giurgeni-Vadu OQii. La
superstructure du pont est composée d'une poutre
continue métallique, a séction en cai sson, platelage type
orthotrope; le pont a 720 m de longueur et des viaducs
d’acces sur chaque rive, de 368 m.

2.1.2.2. Types de polyméres

Etant donné les conditions climatiques de la
Roumanie, avec des températures assez basses durant
I'hiver et bien élevées durant I'été, a cycles frequents de
gel-dégel, et étant donné également, le comportement en
service des enrobés bitumineux, les planches
expérimentales ont été réalisées avec des polyméres
d'importation de type styrene-butadiene-styrene, en
poudre, avec une teneur en styrene de 31% ou
granulés, avec une teneur en styrene de 22%. On a
constaté une bonne compatibilité des bitumes roumains
avec le polymere en poudre, d'ou la réalisation du
revétement de la voie du pont de Giurgeni-Vadu Oii avec
le polymere SBS en poudre.

Par ailleurs, les recherches effectuées par les instituts
specialisés ont conduit a la mise a point, & titre pilote,
d’'un modificateur roumain, ayant un systéme polymerique
ternaire, contenant un matériau thermo- plastique, un
elastomére et un agent de reticulation partielle de
I'elastomére, qui est en cours de testage.

2.1.2.3. Le bitume de base et la proportion de polymére dans le
bitume

On a étudie des bitumes nonparaffinés, provenant des
Raffineries Astra et Crigsana, de pénétration 80/100 et
100/120, caracterisés par un point de rupture Fraass
moins de -20°C et une teneur en asphalténes entre
10-20%.

Le teneur en polymere a varié en fonction du domaine
d’application du bitume modiffi¢ et du type de polymére.
Pour le SBS, le teneur en polymeére a été de 3-4% pour
la couche de roulement et de 6% pour le revétement de
la voie du pont. Pour le modificateur roumain, le teneur
optimale en polymere est de 6%, pour les couches de
roulement.
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densd de caneluri. Cele doud inele lucreazd dupa
principiul rotor-stator. Durata de amestecare a celor doi
componenti este de 1,5 ore. In fig.2.1.2.1 se prezinti
schema acestei instalafii.

Referitor la transportul si depozitarea bitumului
modificat, deoarece stabilitatea la depozitare a bitumurilor
romanesti modificate cu polimer SBS este scdzuta,

determinatd de structura bitumurilor (continut ridicat de -

asfaltene), transportul trebuie sd se realizeze 1n

2.1.2.4. La technologie de modification du bitume

Dans les premiers tests, le polymére SBS a été
introduit directement dans le malaxeur de la centrale
d’enrobage, mais les résultats n'ont pas été satisfaisants,
parce que la dispersion n'a pas été homogeéne et le
teneur en polymére n’a pas été constant. C’est pourquoi
on a adopté la technologie de préfabriquer le bitume
modifié, dans deux types d’installations roumaines:

L

1 Platform&d de stocare bitum

Plate-forme de stockage du bitume

2-4 incélzitor de bitum

Poste de chauffage du bitume
3 Rezervor

Reservoir

5 Omogenizator de bitum-polimer
Melangeur du bitume-polymére

6 Depozit de SBS
Dep6t pour SBS

7 Platforma de livrare
Plate-forme de livraison

Fig. 2.1.2.1.

transportoare dotate cu agitatoare pentru amestecarea
lentd a produsului, iar stocarea in tancuri de bitum,
amenajate cu sisteme de recirculare si de amestecare
permanenta, pentru a nu se produce separarea fazelor
bitum-polimer.

2.1.2.5. Caracteristicile bitumului modificat

Primele concluzii, rezuttate pe bitumurile romanesti
modificate cu polimer SBS, din studiile de laborator si din
experimentérile executate in anii 1992-1993, evidentiaza
urmatoarele:

- referitor la incercdrile standard, se constata sciderea
penetratiei cu 30-40% in functie de continutul de polimer
(fig.2.1.2.2) insotitd de cregterea punctului de inmuiere 1.B
cu 58-80% (fig.2.1.2.3)

- bitumul modificat atestd proprietdli elastice
importante: recuperarea elasticd (conform metodei
germane TL-PmB) de 82-86% si ductilitate la temperaturi
scazute (13 grade C) de 82-115 cm., fata de 2-3% si,
respectiv, 10-15 cm. in cazul bitumului nemodificat.

Efecte similare s-au constatat gi in cazul modificatoru-
lui romanesc (sistemul polimeric ternar) si anume:

- scéderea penetrafiei cu 40-50% i cregterea
punctului de inmuiere cu 50-60%;

- proprietdti elastice bune: recuperare elastica la 10
grade Celsius de 70-75% si ductilitate la 10 grade Celsius
de 60 cm. (fata de 5 cm. pentru bitumul nemodificat).

Aceste rezultate au condus la elaborarea de cétre
Administratia Nationald a Drumurilor a unui program de
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- une installation comprenant, en principe, un
malaxeur et un agitateur horizontal & pales hélicoidales,
avec un manteau de chauffage a l'huile. Le temps de
malaxage des deux constituants est de 3-4 heures;

- une installation & mélangeur vertical, ou le mélange
bitume- polymére est réalisé par hpmogénéisation forcée
entre les deux anneaux concentriques, avec un réseau
trés dense de cannelures. Les deux anneaux travaillent
sur le principe roteur-stateur. La durée de malaxage de
ces deux constituants est de 1,5 heures. La figure
2.1.2.1. présente le schéma de cette installation.

Suite a la faible stabilit¢ au stockage des bitumes
roumains modifiés avec le polymeére SBS, causée A la
structure des bitumes (teneur élevé en asphalténes), le
transport doit étre realisé en transporteurs dotés
d’'agitateurs pour le melange lent du produit et le
stockage, en reservoirs de bitume, amenagés avec des
systemes de recirculation et d’agitation permanente, pour
éviter la séparation des phases bitume-polymere.

2.1.2.5. Caractéristiques du bitume modifié

Les premiéres conclusions sur les bitumes roumains
modifiés avec le polymeére SBS, obtenus par des études
de laboratoir et des tests éxécutés en 1992-1993, sont
les suivantes :

- sur les éssais standard, on a constaté I'afaiblisse-
ment de la pénétration, de 30-40%, en fonction du teneur
en polymeére (fig. 2.1.2.1), accompagné de I'acroissement
du point de réamollisement B.A, de 58-80% (fig. 2.1.2.3);
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extindere a utilizarii bitumului modificat la lucrari de
ranforsare a drumurilor nationale importante, in care scop
au fost intocmite “Recomandari tehnice” cu caracteristicile
bitumului modificat si a betonului asfaltic cu bitum
modificat destinat executérii stratului de uzura.

2.1.3. Drenarea structurilor rutiere

Variatiile hidrice ale patului drumului gi ale straturilor
structurilor rutiere constituie o cauza importanta a
degradarii acestora. De pe acostamente, apa se poate
deplasa pana la 1,5-2,5 m spre axa drumului, slabind
marginile  pari  carosabile.  Executarea, langa
fmbréciminte, de o parte si de alta, a ecranelor drenante
de margine (fig.2.1.3.1) conduce la reducerea inalfimii
drenurilor, putandu-se obtine mai usor o anumitd
denivelare a curbei de drenare a apei si tot odatd
scurtarea drumului parcurs de apa. Apa ajunge repede la
dren, evitandu-se cantonarea ei pe interfejele dintre
straturi. Prefabricatul drenant din fig. 2.1.3.1. formeaza
doud drenuri: unul spre structura rutiera si altul spre
acostament. Aceastd alcatuire constructivd determina
cresterea duratei de exploatare a structurilor rutiere,
imbunatifeste viabilitatea lor, mai ales in perioadele
umede si iarna, cand se pot reduce sau anula barierele
de dezghet.

Pana in prezent s-au realizat prefabricatul drenant din
fig. 2.1.3.1. si circa 6 km ecrane drenante si ecrane
capilare. . \

- le bitume modifié a des propriétés élastiques impor-
tants: le retour élastique (selon la méthode allemande TL-
PmB), de 82-86% et la ductilité aux températures basses
(13°C) de 82-115 cm, par rapport a 2-3% et respective-
ment, 10-15 cm, pour le bitume non-modifié.

Des effets similaires ont été constatés dans le cas du
modificateur roumain (le systéme polymérique ternaire), a
savoir:

- laffaiblissement de la pénétration de 40-50% et .
augmentation du point de réamollissement de 50-60%);

- des bonnes propriétés élastiques: le retour élastique
4 10°C, de 70-75% et la ductilité & 10°C, de 60 cm (par
rapport & 5 cm pour le bitume sans polymére).

Ces résultats ont conduit a [Iellaboration, par
’Administration Nationale des Routes, d'un programme
d’extension de l'utilisation du bitume modifié, aux travaux
de renforcement des principales routes nationales; pour
cela, ils ont été éllaborées des “Recommandations
techniques” concernant les caractéristiques du bitume
modifi€¢ et du béton bitumineux a bitume modifié,
destinées a I'éxécution de la couche de roulement.

2.1.3. Le drainage des structures routieres

Les variations hydrologiques du fonds de forme de la
chaussée et des couches des structures routiéres se sont
une cause importante de dégradation,parce que I'eau
peut s’infiltrer, des accotements jusqu’a 1,5-2,5 m vers
Paxe de la route, afaiblisant les extremités de la

Penelrajjia bitumului modificat, Pénétration du bitume modifié,

in funcfie de continutul in polimer en fonction du contenu en polymére
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Fig. 2.1.2.2

. 2.1.4. Ranforsarea cu geotextile

Ranforsarea prin interpunerea unui geotextil subtire,
impregnat cu bitum, intre imbrdcamintea rutierd fisuratd
din beton de ciment sau bituminoasa existenta si stratul
bituminos. de ranforsare. in acest scop a fost realizat
geotextilul romanesc, cu masa de 170 ¢/m?, din fibre de
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Fig. 2.1.2.3

chaussée. L'éxécution, a coté du revétement, d’une part
et de lautre, d’ecrans drainants laterales (fig. 2.1.3.1.),
conduit & réduir Phauteure des drains, permetant
I'obtention plus facile d’'une certaine pente des courbes
de drainage <t, ein méme temps, un parcours plus court
de l'eau. Ainsi I'eau arrive vite au drain, en évitant son
stationnement sur les interfaces entre couches. Le
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poliester. Pentru impregnarea geotextilului se folose te o]
emulsie cu rupere rapida in cantitate de 2-2,9 V/m*,
funciie de porozitatea |mbrécém|nte| stroplndu-se cu
1-1,9 I/m? sub geotextil si 1 m? peste geotextil, i
geotextilul se intinde ca in fig.2.1.3.2. Aceastéd solugle s-a
aplicat in ultimii ani pe circa 15 km drumuri nationale §i
judetene, cu bune rezultate.

préfabriqué drainant (fig. 2.1.3.1.), en fait deux drains -
Fun vers la structure routiére, et Pautre vers I'accotement.
Cette structure garantit 'accroissement de la période
d’éxploitation des structures routiéres, ameéliore leur
viabilité, notamment dans les périodes d’été ou d’hiver,
quand les barrieres de gel peuvent étre reduites ou
annullées.

! 1 - Filtru geotextil
' Filtre géotextile

2 - Element prefabricat drenant

Element préfabriqué drainant
3 - Tub riflat
Tuyau rifié

Fig. 2.1.3.1. Ecran prefabricat drenant
Ecran préfabriqué drainant

2.1.5. Ranforsarea cu geogrile

Experimentarile cu geogrile s-au inceput in anul 1989
dar, pani in prezent, nu s-a putut finaliza instalatia pentru
fabricarea acestora. in experimentri si lucréri s-au folosit
doua tipuri de geogrile din import.

Fig. 2.1. 5 Geogrile agternute si detallu de fixare
Géogrilles étendues et détail de fixage

Din experimentérile si lucrdrile efectuate (s-a executat
ranforsarea a circa 4 km imbracaminti bituminoase si de
beton de ciment, strizi si imbrdcdminii-pe poduri) a
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Jusqu’a présent, on a utilisé le préfabrique drainant
(fig. 2.1.3.1.) dans presque 6 km d’écrans drainants et
d’écrans capillaires.

2.1.4. Le renforcement & géotextiles

Le renforcement par linterposition d'un géotextile
mince, impregné en bitume, entre le revétement routier
en béton de ciment ou bitumineux existant, fissure, et la
couche bitumineuse de renforcement s’en fait avec un
géotextile fabriqué en Roumanle ayant une masse de
170 kg/m2 en fibres de polyestére. Pour imprégner le
géotextile, on utilise une émulsion a rupture rapide, dosee
a2-2,9 I/m?, en fonctlon de la porosité du revétement en
aspergeant 1-1,9 im? sous le géotextile et 1 Iim? sur le
géotextile. Le géotextile s’éténd comme en fig. 2.1.4.1.

Cette solution a été appliquée, les derniéres années,
sur environ 15 km routes nationales et réglonales avec
des bons résultats.

2.1.5. Renforcement a géogrilles

Les essais avec des géogrilles ont commencée en
1989 mais, jusqu’a présent, on n’'a pas pu finaliser
Iinstallation pour leur fabrication. lls sont y utilisés deux
types de géogrilles d'import.

A la suite des essais et des travaux de renforcement
éxécutés (environ 4 km revétements bitumineux ou en
béton de ciment, des rues et des revétements sur les
ponts), on a conclu que les  couches routiéres
bitumineuses armées a géogrilles, ont une épaisseure
diminuée, une transmission retardée des fissures et une
durée de service augmentee.

Pendant Fexécution on peut apparaitre les erreurs
suivantes:

- la tension et la fixation incorrecte des géogrilles,
avec des boulons, aux extrémités et sur leur surface.
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rezultat cd armarea cu geogrile a straturilor rutiere
bituminoase, aplicate la ranforsarea structurilor rutiere
conduce la micgorarea grosimii acestora, la intarzierea
transmiterii fisurilor g§i asigurd cresterea duratei de
exploatare a acestora.

La executie sunt posibile urmatoarele surse de erori:

- = . s I

Alors les géogrilles font des plis qui, sous la circulation,
conduisent 4 des mouvements et 4 la dégradation des
couches armées. Cette dégradation est difficile & réparer;

- le mouvement des géogrilles fixées par des boulons,
suite 4 certaines manoeuvres violents. Pour cette raison,
la géogrille peut présenter, egalement, des plis.

" Fig. 2.1.4.1. Geotextil agternut be imbricamintea fisurata

Géotextile étendu sur le revétement fissuré

- intinderea si fixarea incorectd, la capete i pe
suprafata lor, cu bolturi, a geogrilelor. Din aceasta cauza
geogrilele fac pliuri care, in timpul desfasgurarii circulatiei,
conduc la migcarea si distrugerea straturilor armate.
*Aceasta defectiune se remediaza greu;

- migcarea geogrilelor fixate cu bolturi, in timpul
execuliei, ca urmare a unor manevre brutale. Si din
aceasti cauza geogrilele formeaza pliuri.

Pentru dimensionarea structurilor rutiere armate cu
geogrile sau geotextile s-a folosit metoda analitica de
calcul elaboratd de profesorii americani S. Yoder si V.
Witezak. Grosimea stratului de ranforsare (ha) se
stabileste de relafia:

N 2
ha= kh V1+2(E1ﬁ)

_ L]
bhR

unde:

* K este coeficientul de siguranja total, rezultat din
aplicarea metodei de stabilire a relatiei (1), in stadiul de
solicitare plastica, care s-a consideratde 1/273

* h este grosimea stabilita prin metoda analitica;

* R este egal cu 2/3 din forfa de intindere din
fncovoiere, stabilitd prin incercéri de rupere pe prizme de

asfalt armate;
N este valoarea fortei pe care o preia armatura, dupa

curba caracteristici a acestora.
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Pour dimensionner les structures routieres armées a
géogrilles ou a géotextiles, on a utilisé la methode
analitique de calcul élaborée par les proffeseurs
americains S.Yodeo et V.Witezak. L'épaisseur de la
couche de renforcement (ha) est établie avec la relation:

. ‘N2 N
= ha= kh|\V1+2 (2 - th]

* k est le coéfficient de sécurité totale, calculé selon la
méthode d'établisement de la relation (1), au stade de
solicitation plastique, qu’on a consideré & 1/273;

* h est 'épaisseur établie par la méthode analitique;

* R est égal & 2/3 de la force de tension a fléxion,
établie par des éssais de rupture sur des prismes de
bitume armé;

* N est la valeur de la force reprise par les armatures
selon leurs courbes caractéristiques.

En vue d'appliquer les troix solutions ci-avant décrites,
'Institut de Recherches pour les Transports a élaboré
“Les Recommandations Techniques provisoirs pour
I'étude et I'éxécution des renforcements des structures
routiéres”.

2.1.6. Le renforcement avec des filets en matériaux
plastiques

Parmi les matériaux utilisés comme armature, dans le
dernier temps, pour la réparation des revétements
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in vederea aplicarii celor trei solutii descrise mai sus,
Institutul de Cercetéri in Transporturi a elaborat
“Recomandérile tehnice provizorii pentru proiectarea gi
executia structurilor rutiere”.

2.1.6. Ranforsarea cu plase din material plastic

Printre materialele utilizate ca armaturd, in ultimul
timp, la repararea imbracamintilor bituminoase degradate
se numard si plasele din materiale plastice.

in Romania, s-au folosit in experimentéri straturi
bituminoase armate cu plasa cu ochiuri innodate din
poliamida si poliester, realizandu-se ranforsarea unor
imbracaminii rutiere uzate gi armarea, in dreptul rosturilor,
a imbracamintilor de beton de ciment.

Cregte durata pana la aparifia fisurilor i se reduce
marimea deflexiunilor cu 20-47%.

2.1.7. Ranforsarea cu beton de ciment

In mod curent in Romania, pentru ranforsarea
structurilor rutiere nerigide sau rigide cu imbracdminti din
beton de ciment, se practicd tehnica dalelor scurte,
negujonate, executate intr-un singur strat de 16-20 cm.
grosime si 3,5-3,75 m. latime cu ajutorul cofrajelor fixe.

Rezultate bune s-au obtinut si in cazul ranforsérii unor
tronsoane de imbracaminte bituminoasa de autostrada cu
imbracéminte din beton de ciment realizatad dupa aceeasi
tehnica, dar cu dimensiuni muilt mai mari (23 cm. grosime
si 8,50 m. ldtime) printr-o singurd trecere a utilajelor, la o
productivitate medie de 120 m/zi banda de beton.

Pentru ranforsarea imbracamintilor vechi din beton de
ciment cu degradari structurale foarte avansate, cele mai
bune rezultate tehnico-economice s-au obfinut in cazul
aplicarii unei imbracaminti bituminoase realizaté in doud
straturi. Dupa o atentd pregétire a suprafefei imbraca-
mintii vechi din beton de ciment, atat prin colmatarea fisu-
rilor i crapéturilor cu emulsii $i masticuri bituminoase, cat
si preluarea deniveldrilor cu mixtura asfaltica, se asterne
mecanic un prim strat de 8-10 cm. grosime de mixturd po-
roasad (25% volum de goluri) cu o anumitd compozitie
(60% criblura 16-25, 28% criblura 8-16, 10% nisip natural
0-7, 2% filer, 1,8-2,0% bitum) care sa-i asigure in princi-
pal rolul de “antifisurd”. Compactarea acestui strat de ba-
z4 se face cu cilindrul greu vibrator, dupa care se agterne
stratul de rulare de 4 cm. grosime realizat din mixtura
asfaltica obignuita BA8 sau BA16.

Solutia astfel aplicatd are o bund comportare in
exploatare sub actiunea traficului greu, procesul de
transmitere a fisurilor din imbracadmintea de beton de
ciment veche fiind intarziat.

Solutia este avantajoasd i din punct de vedere
economic, costul acesteia per kilometru de drum fiind mai
redus cu cca 37% in comparatie cu solutia beton de
ciment pe balast stabilizat.

Pentru evitarea transmiterii fisurilor din Tmbracamintea
bituminoasa veche, pe sectoarele de drumuri nationale
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bitumineux dégradeés, il y en a les filets de matériaux
plastiques. En Roumanie on a utilisé, & titre d'expéri-
ments, des couches bitumineuses armées avec des filets
a mailles nouées, en polyamide et polyesther, pour le
renforcement des certains revétements routiers usés et
'armature des revétements en béton de ciment, dans
Pendroit des joints. On a resulté un rétardement de
l'apparition des fissures et une valeur des déflexions
diminuée de 20-47%.

2.1.7. Le renforcement en béton de ciment

Pour le renforcement des structures routiéres souples
ou rigides avec des revétements en béton de ciment, on
utilise, courramment en Roumanie, la technique des
dalles courtes, non-goujonnées, exécutées dans une
seule couche de 16-20 cm d’épaisseur et 3,5- 3,75 m de
largeur, en coffrages fixes.

On a obtenu aussi de bons résultats lors du
renforcement de quelques séctions de revétement
bitumineux d’autoroute, en béton de ciment, réalisé
suivant la méme technique, mais avec des dimensions
agrandies (23 cm d’épaisseur et 8,5 m de largeur) dans
un seul passage du matériel de mise en oeuvre, én
obtenant une productivité moyenne de 120 m de bande
en béton par jour.

Pour le renforcement des anciens revétements en
béton de ciment présentant des dégradations
structurelles tres avancées, les meilleurs résultats
technico-économiques  ont été obtenus par des
revétements bitumineux réalisés en deux couches. Aprés
une préparation soigneuse de la surface de l'ancien
revétement en béton de ciment, méme par le colmatage
des fissures & I'émulsions avec des mastics bitumineux,
que par le réprofilage des dénivellations a Penrobe
bitumineux, on a répandu mécaniquement la premiére
couche de 8-10 cm d'épaisseur d’enrobé ouvert (25%
teneur en vide), de composition speciale (60% gravillon
16-25, 28% gravillon 8-16, 10% sable 0-7, 2% filler,
1,8-2,0% bitume) pour assurer le role de couche
antifissures. On fait le compactage de cette couche de
base avec un compacteur vibrant lourd, puis le
répandage de la couche de roulement de 4 cm
d’épaisseur, en enrobés classiques, BA8 ou BA16.

La solution ainsi apliquée a un bon comportement en
service sur les chaussées 4 traffic lourd, la transmission
des fissures de I'ancien revétement en béton de ciment
étant retardée.

La solution est convenable du point de vue
économique, son codt per kilométre étant réduit d'environ
37%, par rapport & Ia solution en béton de ciment sur une
couche de granulats stabilisés.

Pour éviter la transmission des fissures d’un ancien
revétement bitumineux, sur des secteurs des routes
nationales, ou ce type de défauts est dominant, le
renforcement en béton de ciment a été effectué avec des
bons résultats technico-économiques, s'il a été appliqué
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unde acest tip de defectiune este predominant, ranforsa-
rea cu imbriacédminte din beton de ciment s-a efectuat cu
bune rezultate tehnico- economice prin agezarea acesteia
pe un strat “antifisurd” de 10 cm. grosime, avand urma-
toarea compozitie pentru 1 m: cenusé de termocentrald
380-390 kg; var 55-60 kg; nisip natural 0-7 mm. 190-200
kg; criblura 8-16 mm. 880-900 kg.

Compactarea acestui strat s-a efectuat cu ruloul
compactor de 14 tone.

Protectia suprafetei betonului in stare proaspéatd se
realizeaza prin peliculizarea acesteia cu produse chimice
speciale.

Pentru Tmbunatatirea durabilitdiii Tn exploatare a
imbracamintilor din beton, rezultate bune s-au obfinut prin
impregnarea suprafefei betonului la varsta de 28 zile cu
solufii de hipoclorit de calciu Ca(ClO)2 avand in
suspensie impuritati de hidroxid de calciu gi carbonat de
calciu, oxizi de siliciu, magneziu gi aluminiu.

Preocupérile in domeniul extinderii gamei de cimenturi
rutiere s-au concretizat prin realizarea a doud noi
sortimente de ciment Portland din clasa 40. Cimentul CD
35-91 avand ca adaos zgura granulata (max. 40%) si o
compozitie mineralogica a clincherului (55% C3S, max.
6,5% C3A) astfel studiatd, incat sa-i asigure contractii
reduse si caldura de hidratare mica si, respectiv cimentul
CD 40-A avand max. 35% zgura granulatd de furnal i
avand avantajul ca permite renuntarea la procedeele
clasice de dozare a aditivilor pe santier, intrucat confine
inglobat din fabricatie un aditiv ce-i confera o lucrabilitate
optima si o porozitate controlata redusa, cu bune efecte
asupra durabilitatii betonului in exploatare. Utilizarea
acestui tip de ciment in dozaje cu cca. 10% mai reduse
decéat cimenturile de clasa 40 uzuale, asigurd obiinerea
tuturor caracteristicilor fizico-mecanice impuse betoanelor
rutiere in stare proaspata si intarita.

Prescriptiile tehnice referitoare la betoanele de ciment
rutiere au fost admise la nivelul practicii mondiale. Astfel
s-a elaborat 0 noud metodologie si aparatura necesara
pentru aprecierea calitatii betoanelor rutiere dupa 4 clase
(BcR 3,5; BcR 40; BcR 4,5; BeR 5,0).

S-a trecut astfel la exprimarea claselor de betoane
rutiere prin rezistenfa caracteristicA la incovoiere a
acestora.

Rezistenta caracteristica la incovoiere se definegte ca
fiind valoarea rezistenfei sub care se pot intalni statistic
cel mult 5% din rezultatele determinate prin ruperea cu 2
forfe a prismelor de 150 x 150 x 600 mm pastrate in apa
pana la varsta de incercare (28 zile).

2.2. Drumuri cu trafic slab

In acest sens, specialistii din sectorul rutier de la noi
din fara, au realizat tehnologii pentru constructia de
drumuri cu volum de circulatie redus.
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sur une couche “antifissure” de 10-cm d’épaisseur, ayant
la composition suivante pour 1 m°® de matériaux: cendre
volante 380-390 kg; chaux 55-60 kg; sable 0-7 mm
190-200 kg; gravillon 816 mm  880-900 kg. Le
compactage de cette couche a été effectué avec un
compacteur de 14 tonnes. La protéction de la surface de
béton frais a été réalisée avec des produits speciaux, en
pélicule mince.

En vue daméliorer la durée de service des
revétements en béton, on a obtenu de bons résultats par
limpregnation de la surface de béton agé de 28 jours
avec des solutions d’hyppochlorite de calcium Ca(Cl0O)2,
ayant en suspension des impuretés d’hydroxyde de
calcium et de carbonate de calcium, des oxydes de
silicium, de magnésium et d'aluminium.

Les préoccupations pour I'éxtension de la gamme de
ciments routiers se sont concrétisées par la réalisation
des deux nouveaux types de ciment Portland de classe
40 : le ciment CD 35-91, ayant en addition des cendres
granulées (max. 40%) et une composition minéralogique
de clinker (55% GC3S, max.6,5% C3A), étudié¢ de telle
fagon qu-elle assure des contractions réduites et une
chaleur d’hydratation diminuée, ainsi que le ciment CD
40-A, ayant max.35% cendres granulées de fourneau et
ayant également l'avantage d'éviter les procédés
classiques de dosage des additifs sur le chantier, parce
qu'il contient déja, lors de la fabrication, un additif qui lui
confére une fluidité optimale et une réduite porosité
controlée, avec de bons effets sur la durabilité du béton
en service. L'utilisation de ce.type de ciment & dosages
réduits, d’environ 10% par rapport aux ciments usuels de
classe 40, Ilui assure Fobtention de toutes les
caractéristiques physico-mécaniques exigées aux bétons
routiers frais ou durifiés.

Les préscriptions techniques rélatives aux betons de
ciment routiers ont été ramenées au niveau mondial. Il a
été elaborrée une nouvelle métodologie, ainsi que les
equipements afférentes pour I'appréciation de la qualité
des bétons routiers en 4 classes (BcR 3,5; BcR 4,0; BcR
4,5; BcR 5,0).

De méme, on a adoptée la classification des bétons
routiers selon leur résistance caractéristique-a fléxion. La
résistance caractéristique a fléxion est définie par la
valeur de la résistance, en dessous de laquelle il y a,
statistiquement, au plus de 5% des résultats obtenus par
la rupture, sous l'action de deux forces, des prismes de
150 x 150 x 600 mm, maintenus dans l'eau jusqu’a la
date d’essai (28 jours).

2.2. Routes a traffic faible

Les spécialistes roumains du secteur routier ont mis &
point des techniques de construction des chaussées a
circulation réduite.
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Prezentdm douad tehnologii eficiente utilizate in
Romania pentru asigurarea traficului pe drumurile publice
cu un volum de circulatie redus.

2.2.1. Macadam penetrat cu emulsie bituminoasa

Printre soluiile cele mai eficiente de imbunataire a
drumurilor pietruite destinate traficului redus, adicd sub
1000 vehicule fizice Tn 24 ore este si cea de penetrare si
stabilizare a materialului pietros de aport de o anumita
dimensiune, de tipul macadam, cu ajutorul unei emulsii
bituminoase cationice cu rupere rapida.

Emulsia bituminoasd, datorita fluiditafii sale, patrunde
ugor in golurile dintre pietre si favorizeaza anrobarea
majoritdtii volumului de agregate.

2.2.1.1. Tehnologia de execufie a macadamului penetrat cu
emulsie bituminoasd este urmatoarea:

prin scarificarea si
de noi materiale,
scurgerii apelor de

- se pregateste stratul suport,
reprofilarea cu sau fdra -adaos
acordandu-se o atentie deosebitd
suprafata;

- se asgterne piatra spartd sort 40...63 mm. in
grosimea proiectata, {inandu-se seama de faptul ca dupa
cilindrare se produce o tasare de 25-30%;

- stropirea cu apa a macadamului pentru facilitarea de-
plasarilor relative a pietrelor $i ameliorarea inclegtarii lor;

- cilindrarea stratului de piatra spartd asternut in
grosimea prescrisd (de obicei 8 cm. dupa cilindrare), se
recomandi a se face cu compactoare cu rulouri netede
de 100-120 kN;

- se stropeste macadamul cu emuISIe bituminoasa
cationica cu rupere rapida de 3,5 kg/m emulsia avand
un continut de 60% bitum rezidual;

- agternerea primului strat de criblurd sort 16....25 mm,
in cantitafi de 20...25 kg/m urmata de cilindrare;

- se agterne al doilea strat de criblura sort 8...15 mm.
in cantitate de 15....20 kg/m urmat de cilindrare;

- se stropeste al douea strat de emusie cu 1,5 kg/m

2.2.1.2. Recomandari

Din studiul comportdrii in exploatare a macadamurilor
bituminoase rezultd unele observali $i recomandari
astfel:

Nous vous présentons deux technologies efficaces
utilisées en Roumanie, pour assurer le traffic sur des
routes publiques a circulation réduite.

2.2.1. Macadam pénéiré a I'émulsion de bitume

Parmi les solutions les plus efficaces d’améliorer les
routes en pierre a traffic faible, soit moins de 1000
vehicules physiques par jour, il y a la solution de pénétrer
et de stabiliser le matériau graveleux d’apport sélectioné,
de type macadam, & laide d’une émulsion de bitume
cationique a rupture rapide.

L’émulsion de bitume, grAce & sa fluidité pénétre
facilement dans les intervalles des pierres et favorise
'enrobage de la plupart des granulats.

2.2.1.1. La technologie de I'éxécution du macadam pénétré a
I'émulsion de bitume en est la suivante :

- on prépare la couche support, par scarification et
réprofilage, avec ou sans apport de matériaux neufs, en
accordant une plus d’attention a I'écoulement des eaux
de surface;

- on répand les granulats 40...63 mm, & I'épaisseur
prevue, compte tenant du fait qu'aprés le compactage se
produit un tassement de 25-30%;

- on arrose le macadam a I'eau, pour faciliter le
déplacement relatif des granulats et pour améliorer leur
encastrement;

- on fait le compactage de la couche en pierre
répandue, a ‘I'épaisseur prevue (habituellement 8 cm
aprés le compactage); en est recomandée I'utilisation des
compacteurs a rouleau lisse de 100-120 kN;

- on répand sur le macadam, I'émulsion de bitume
cationique a rupture rapide, dosée de 3,5 kg/m et ayant
un teneur en bitume résiduel de 60% ;

- on fait le répandage de la premiére couche de

gravillons 16...25 mm, dosée de 20...25 kg/m suivi du
compactage ;

- on arrose la deuxiéme couche ' d’émulsion, dosée de
1,5 kg/m?;

- on fait le répandage de la deuxiéme couche de
gravillons 8...15 mm, dosée a 15...20 kg/m2, suivi du
compactage.

Tabelul 2.2. 1

Tableau
Material um. Tipul cimentului
Matériau u.m. Le type du ciment
P 40 sau CD PA 35

Ciment ka/m® 200 - 230 240 - 270
Ciment
Cenusa ka/m® 110- 130 80.- 100
Cendre volante
Apa % 7.0 7.5
Eau
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- imediat dupé terminarea lucréarilor, sectorul de drum
executat se poate da in circulatie;

- se recomanda ca in primele zece zile, viteza de
circulatie a autovehiculelor sa fie limitata la 30 km/h;

- macadamurile penetrate cu emulsie bituminoasa
trebuie executate inainte de inceperea sezonului rece Si
numai pe timp frumos gi cald.

Comparativ cu o Tmbricaminte bituminoasd ugoara
executata la cald, tehnologia prezentatd are un cost mai
redus cu circa 30% pe km de drum realizat, ceea ce
demonstreaza eficienta economica a acestei solutii.

2.2.2. Beton de ciment compactat

Betonul de ciment compactat se foloseste ca strat de
rulare pentru drumuri cu trafic redus, putand constitui
ulterior, pe masura cresterii traficului, strat de baza pentru
imbracé&mintea bituminoasa.

Betonul se prepara cu ciment gi adaos de cenusd
uscati de termocentrald, agregate naturale concasate Si
api in cantitate corespunzatoare umiditafii optime de
compactare, dozajele orientative fiind cele din -tabelul
2241.

Rezisteniele minime la compresiune la 28 zile sunt
cuprinse intre 200-250 daN/cm2.

Asternerea betonului se face mecanic, cu
repartizatorul sau autogrederul pe o fundalie pregatita in
prealabil.

Pentru asigurarea grosimii prevazute in proiect a
stratului de beton si pentru evitarea refuldrii laterale a
betonului in timpul compactarii, betonul se va agterne
ntre longrine metalice.

Grosimea minima a stratului de beton este de 20 cm,
iar la agternere va fi cu 25..30% mai mare decat cea
prevAazuta in proiect.

Compactarea stratului de beton se efectueaza imediat
dupa asternere, prin 18 treceri ale cilindrului pe pneuri gi

prin 12 treceri pe aceeasi urma a compactoruiui cu rulouri

netede de 100..120 kN.

Protejarea betonului proaspidt s-a realizat prin
stropirea cu emulsie bituminoasa catlomca cu rupere
rapidd in cantitate de 0,8..1,1 kg/m si raspandirea de
nisip natural. Dupd aceasta fazd, imbracdmintea poate fi
datd in circulatie.

Protejarea ulterioard a suprafetei de rulare a betonului
se realizeaza printr-un tratament bituminos executat la
sfarsitul campaniei de lucru.

Tehnologia de realizare a imbracamintii din beton de
ciment cilindrat are avantajul realizérii -acestuia cu un
consum redus de ciment, datoritd folosirii cenugei de
termocentrald, precum §i a punerii in opera cu utilaje
simple, existente in dotarea unitatilor de drumuri.

3. Masuri pentru progres

Strategia de intretinere i dezvoltare a, sectoruiui de
drumuri are ca obiective principale:
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2.2.1.2. Recommandations

De I'étude de comportement en service des
macadams bitumineux, ils ont.  résultés quelques
observations et recommandations, comme suit:

- immédiatement aprés I'éxécution des travaux, ie
secteur de chaussée peut étre mis en circulation;

- il est récommandé que, dans les premiers dix jours,
la vitesse de circulation de vehicules soit limitée 4 30
km/h;

- le macadam pénétré a Fémulsion de bitume doit étre
exécuté avant le commencement de la saison froide et
seulement pendant la saison chaude.

Par rapport & un revétement bitumineux leger de type
enrobé dense a chaud, la technologie présentée est
moins chére d’environ 30% par km de route réalisée, ce
qui confirme I’efficacité économique de cette solution.

2.2.2. Béton de ciment compacté

Le béton de ciment compacté est utilisé pour les
couches de roulement des chaussées & traffic faible.
Ultérieurement, si le traffic augmente, cette couche peut
étre considerée comme couche de base, sous un
revétement bitumineux.

Le béton est preparé avec du ciment en addition avec
des cendres volantes séches, des granulats et de l'eau,
en quantités correspondants a I'humidité optimale de
compactage; les dosages informatifs sont donnés dans le
tableau 2.2.1.

Les résistances minimales & la compréssion a 28
jours sont entre 200...250 daN/cm?.

Le répandage du béton est fait mécaniquement, a des
répandeuses ou des motorgraders, sur une couche de
fondation preparée en préalable.

Pour assurer I'épaisseur de la couche en béton
prévue et pour éviter le refoulement lateral du béton
pendant le compactage, ceuxci sera répander entre des
“longrines” métaliques. L'épaisseur minimale de la
couche en béton est de 20 cm, mais pendant le
répandage, elle sera de 25...30% au plus, par rapport a
celle prévue.

Le compactage de la couche en béton est effectué
immédiatement aprés le répandage, par 18 passages du
compacteur 4 pneus et 12 passages du compacteur &
rouleau lisse de 100...120 kN.

La protéction du béton frais est faite par I'arrosage
avec une émulsion de bitume cationique rapide, dosée a
08...1,1 kg/m2 et par sablage. Aprés cette phase, le
revétement peut étre mis en circulation. La protéction
ultérieure de la couche de roulement en béton sera
réalisée par un enduit bitumineux superficiel, exécuté a la
fin des travaux.

La technologie de réalisation du revétement en béton
de ciment compacté a l'avantage d’'une consommation
réduite de ciment, grce & [l'utilisations des cendres
volantes et de la mise en place avec des engins simples,
existants dans les entreprises routieres.
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1. Imbunétatirea starii tehnice a refelei de drumuri
publice prin m&suri de intrefinere si ranforsare pentru
oprirea degraddrii acestui patrimoniu national.

2. Crearea conditiilor pentru aducerea retelei rutiere la
nivelul standardelor europene si asocierea Romaniei la
Comunitatea Europeand, prin lucrdri de reabilitare si
modernizare.

3. Dezvoltarea etapizatéd a unei refele de autostrazi gi
drumuri expres, pe baza unui program care sa aiba la
bazA studii aprofundate de fezabilitate.

In ce priveste restructurarea sectorului de drumuri in
conformitate cu principalele coordonate prevdzute in
strategia economico-sociald a Romaniei aceasta este in
curs de desfagurare avand de realizat in perioada de
tranzifie de 4 ani (1994-1997) a urmétoarelor sarcini
principale:

1. Finantarea lucrarilor de fntrefinere. reparafii si
modernizari de drumuri din surse constituite intr-un fond
special al drumurilor, avand surse specifice provenite de
la utilizatorii drumurilor, care vor trebui sa suporte cel
putin cheltuielile ocazionale pe care le provoaca
drumurilor.

2. Crearea conditiilor pentru privatizarea execulfiei
unor lucrari de intretinere periodicd si modernizari de
drumuri $i poduri prin masuri adecvate de constituire a
unor antreprize private mici si mijlocii, prin care sa se
intareasca principiul concurential.

3. Modernizarea parcului de instalatii si utilaje pentru
intretinerea curenta si periodicd, prin dotarea cu magini
multifunctionale de mare randament.

4. Colaborarea cu firme strdine pentru modernizarea
unor tehnologii in executarea lucrdrilor, inclusiv
constituirea de societdti mixte pentru executarea unor
lucrari de tehnicitate ridicata.

4. Perspective privind tehnica rutiera
si de ranforsare

Evolutia rapida a traficului rutier pe drumurile nationale
atat ca volum cat si ca sarcind pe osie genereazd o
agresivitate accentuatd asupra refelei de drumuri, ceea
ce a condus la stabilirea unor obiective prioritare in
domeniul ranforsérii retelei de drumuri publice din
Romania.

1. Unul din aceste obiective se refera la imbunatéatirea
calitati materialelor, in special a bitumurilor §i a
agregatelor naturale pentru imbracaminii bituminoase.

Referitor la imbunétatirea calitatii bitumului rutier, se
au in vedere doud procedee:

- modificarea caracteristicilor bitumurilor prin tratare cu
polimeri in care scop existd preocupdri privind
experimentarea de noi polimeri din import §i indigeni

21

3. Axes d’évolution et de
développement

La stratégie d’entretien et de développement du
secteur routier a pour objectifs principaux:

1. L’amélioration de Pétat technique du réseau des
routes publiques, par des travaux d'entretien et de
renforcement, pour arréter la dégradation de ce
patrimoine national.

2. La creation des conditions nécessaires pour
ramener le réseau routier au niveau des standards
européens et d'associer la Roumanie & FCommunauté
Européene, par des travaux de réstauration et de
modernisation.

3. Le développement en étapes d'un certain réseau
d’autoroutes et de routes express, selon un programme
basé sur des études profondes de faisabilité.

La restructuration du secteur des routes, selon les
principales lignes prévues dans la stratégie economico-
sociale de la Roumanie, est en cours d’étre accomplie,
dans la période de transition de 4 ans (1994-1997), ayant
comme principales missions les suivantes:

1. Le financement des travaux d’entretien, réparations
et modérnisations des routes, ayant comme resource, un
fonds routier special, provenu des usageurs des routes,
qui, devront supporter au moins les dépenses provoquées
par eux, directement sur les chaussées.

2. Une puissante soutien de la privatisation des
certains travaux d’entretien périodiques et de
modérnisations des routes et des ponts, par la création
de quelques petites ou moyennes entreprises privees,
basées sur le principe concurrentiel.

3. La modérnisation du matériel pour lentretien
courrant et périodique, par la dotation avec d’engins
multifunctionnels de grand rendement.

4. La collaboration avec des sociétés étrangeres, pour
la modérnisation des technologies des travaux, y compris
la constitution de sociétés mixtes pour P'éxécution des
certains travaux de grande technicite.

4. Perspectives relatives a la
technique routiére et de renforcement

L’évolution rapide du ftraffic routier sur les routes
nationales, tant en volume qu’en charge par essieu, a
produit une agressivité accentuée sur les chaussées, ce
qui a conduit & I'établissement des certains objectifs
prioritaires pour le renforcement du réseau routier.

1. Un de ces objectifs se référe a 'amélioration de la
qualité des matériaux, en particulier la qualite¢ du bitume
et des granulats pour les revétements bitumineux.

Pour ce qui est de Pamélioration de la qualite du
bitume routier, on a deux procédés en vue:
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pentru stabilirea celor mai eficienti din punct de vedere
tehnic si economic, stabilirea de prescriptii tehnice
specifice acestor linafi §i adoptarea celor mai eficiente
echipamente pentru prepararea industriala a bitumurilor
modificate;

- aditivarea bitumurilor pentru cregterea adezivit&ii
bitumurilor la agregatele naturale, in scopul largirii gamei
de materiale destinate lucrérilor de intrefinere.

2. in ceea ce priveste agregatele naturale, desi in
perioada 1988-1990 s-au efectuat studii aprofundate
finalizate cu revizuirea prescripfilor tehnice privind
calitatea criblurilor, se considerd ca aceastd etapd
constituie o etapa intermediarda in eforturile de
imbunétifire a calitdfii mixturilor asfaltice gi ea trebuie
continuatd in anii ce urmeazd pentru obtinerea unor
agregate de carierd in concordantad cu noile prescriplii
tehnice, armonizate cu standardele europene.

3. O altd preocupare se referd la extinderea
materialelor geosintetice la lucrarile de intretinere, in
special la executia drumurilor, precum si ca o solufie de
diminuare a fenomenului de transmitere a fisurilor din
imbracamintile rutiere din beton de ciment sau
bituminoase, in straturile bituminoase de ranforsare.

4. Referitor la Tmbracamintile bituminoase se au in
vedere: obiinerea de noi tipuri de mixturi cu performante
superioare, in concordanta cu noile prescriptii tehnice
armonizate cu standardele europene, extinderea utiliz&rii
de bitumuri cu penetratie pand la 100 1/10 mm si
aplicarea procedeului de clutaj la unele drumuri nafionale.
La aceste obiective se adauga preocupdrile privind
realizarea de imbracaminti bituminoase pe baza de bitum
modificat pentru calea podurilor de pe traseele principale,
precum si la ranforsarea cu imbracaminti bituminoase a
1500 km de drumuri in perioada-1994-1996.

5. Cu privire la imbrdcamintile de ciment, solutie
aplicata in unele cazuri la ranfosarea drumurilor existente,
sunt de refinut urmatoarele preocupéri: utilizarea de noi
tipuri de aditivi specifici betoanelor de ciment rutiere,
trecerea la executia imbracamintilor cu ajutorul masinilor
cu cofraje glisante, utilizarea de echipamente si produse
adecvate pentru colmatarea rosturilor.

6. Ca preocupdri majore legate de strategia rutiera se
fnscriu:

- aplicarea in politica de gestionare a drumurilor a
Sistemului de Administrare Rutiera Optimizata a
drumurilor (SARQO) pe baza evaludrii starii tehnice a
drumurilor cu noile echipamente intrate in dotarea AND in
anii 1993-1994, '

- dezvoltarea sistemului informational in domeniul
rutier, in cadrul Bancii Centrale de Date Tehnice Rutiere;

- definitivarea metodologiei de dimensionare a
ranforsarii drumurilor existente avand ca baza sarcina pe
osie simpla de 11,5 kN.
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- la modification des caractéristiques du bitume, par
son traitement aux polyméres par: I'expérimentation de
nouveaux polyméres importés et/ou indigénes, pour défi-
nir les plus interessants du p6int de'vue technique et éco-
nomique; I'établissement des préscriptions techniques
spécifiques pour ces liants et I'adoption des équipements
les plus efficaces pour la fabrication industrielle des bitu-
mes modifiés;

— l'additivation des bitumes, pour 'augmentation de
leur adhésivité aux granulats, afin d’étendre la gamme
des matériaux destinés aux travaux d’entretien.

2. En ce qui concerne les granulats, les études apro-
fondés, effectués entre 1988-1990 et finalisés par la revi-
sion des prescriptions techniques sur la qualité des
criblures, peut étre considérés comme une étape inter-
médiaire dans les efforts d’améliorer la qualité des enro-
bats, qui devra étre continuée, dans les années suivants,
en vue d'obtenir des granulats de carriére adaptés aux
nouveaux prescriptions techniques, armonisés avec les
standards européens.

3. Une autre preoccupation se référe a I'extension de
lutilisation des géosyntetiques dans les travaux
d’entretien, premiérement a [I'éxécution des routes,
comme solution d’affaiblir la transmission des fissures
des revétements en béton de ciment ou bitumineux, dans
les couches bitumineux de renforcement.

4. Pour les revétements bitumineux, on prévoit :
I'obtention des nouveaux types supérieurs d’enrobats, en
concordance avec les nouveaux prescriptions techniques,
sur la base des standards européens, I'extension de
l'utilisation des bitumes a pénétration jusqu’a 100 1/10
mm et l'utilisation du procédé de cloutage & quelques
routes nationales. A ces objectifs, on ajoute les
preoccupations concemant la réalisation des revétements
bitumineux a bitume modifié pour les voies des ponts
situés sur les principaux tracés, ainsi que le renforcement
avec des revétements bitumineux sur 1500 km routes,
dans les années 1994- 1996.

5. Concernant les bétons de ciment, revétement
apliqué a certains renforcements des routes existantes,
on a retenu les préoccupations suivants : I'utilisation des
nouveaux types d’additifs, spécifiques aux bétons de
ciment routiers, I'adoption de la technique des coffrages
glissantes, lutilisation des équipements adequates pour
le colmatage des joints.

6. Comme préoccupations majeurs, liées a.1a stratégie
routiere, on prévoit :

— Papplication du Systéme d’Administration Routiére
Optimisée (SARO) dans la politique de géstion des
routes, sur la base d'évaluation de I'état technique des
routes, en utilisant les nouvelles équipements acquises
en 1993-1994 par ’Administration Nationale des Routes;

— le developpement du systeme informationale dans le
domaine routier, par la Banque Centrale des Donnges
Technigues Routieres;

— la finalisation de la methodologie de dimensionner
les renforcements des routes existantes, compte tenant
de la charge sur essieux simple de 11,5 kN.
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Introducere

Pentru prezentarea performantelor i implicit a
eficientei unei administratii rutiere, se impune in prealabil
definirea acestei activitifi complexe, a acjunilor pe care
le implici gi a modului cum acestea sunt percepute Si
realizate la diversele nivele de decizie pe care le implicd
structura administrativa.

in general, administratia drumurilor implica activitaffie
si procedeele prin care utilizatorilor le sunt asigurate
serviciile rutiere, psecum si actiunile de 'ndrumare gi

control a acestora. Pentru realizarea acestor actiyai?in

mod eficient, administratia drumurilor trebyjg,s4 aibé 9
structurd organizatoricd adegwatti care o¥) permita s#-si

exercite principalele saf8 funci astfel:

Director adjunct CESTRIN
Directeur Adjoint, CESTRIN
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Introduction

Pour présenter les performances et l'eficience d'une
administration routiére, on doit, préalablement,;définir
cette activité complexe, les actions qui ep.Uétiveaicet la
modalité de leur perception et réaljsation dasis'les dlivers
p. mﬁ &5‘3“"7:%3 \92},,

(% 0o P g 10708 g @
g@'a.g'é)%@ﬁ%g\ié@geéﬁe\ @Fﬂ%{?@rwt tﬁi\d ‘1%?1}9 228
T Sedégsul gettent les 38rvices routiéi- -
q&ﬁé@ usaBeYs, ainsi que les actions de les y
i controler. Pour la réalisation -fficace de ces
actions, I'Administration des routes doit avoir une
structure organisatorique adequate, pour exerciter ses

principales fonctions:
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* funclia de directivare, care are drept obiective
conceperea i practicarea unei politici rutiere adecvate;
* functia de management, care trebuie s stabileasci

obiectivele strategice si programele ce trebuie realizate:

_ cu scopul de a traduce in viaf3 politica rutiera adoptats;

* funclia operationald sau executiva, care are rolul de
a realiza i materializa obiectivele strategice stabilite prin
management, asigurand astfel utilizatorilor servicii rutiere
eficiente.

incepand cu anul 1990, in conditile sociale gi
economice ce caracterizeaza franzitia de la 0 economie
centralizatd, la sistemul liberalizat al economiei de pia3,
Administratia Nationald a Drumurilor a inceput si-si
formuleze politica sa proprie si si-gi conceapi o nou#
organizare structurald care si-i permitd si-si exercite
toate aceste functii intr-o maniera noud, mai eficienta.

Raportul prezintd nu numai activitatea de
management, ci trateazd toate functile mentionate a
caror exercitare constituie §i ilustreazi noua expresie a
politicii rutiere romanegti. ’

1. Politica rutierd gi administrarea
drumurilor publice in Roméania

1.1. Distributia modala a transporturilor de
marfuri si cilitori in Romania

Transporturile constituie acea activitate ce asigurs
deplasarea oamenilor si mérfurilor in diverse puncte de
destinatie, cu implicatii majore in viata social-economici a
tarii.. In scopul realizirii acestor necesitdti pentru
deplasare, in fara noastra au fost folosite diverse moduri
de transport terestru, aerian, fluvial, inc3 din cele mai
vechi timpuri.

Infrastructura transporturilor terestre din Romania con-
stand din drumuri i cdi ferate are o orientare specific in-
fluentaté de prezenfa Muntilor Carpati si de pozifia sudica
a capitalei tarii, cdtre care converg principalele cai de
transport. Distribufia modala a transporturilor de marfuri si
célatori se prezinté in tabelul 1.1. ‘

Din tabelul 1.1 se constatd preponderenta
transportului rutier, ponderea acestuia fiind de 87,30%
pentru transportul. de marfuri i 65,50% pentru transportul
de célétori.

1.2. Locul si rolul sectorului de drumuri in
cadrul infrastructurii transporturilor terestre

In conditiile tranzifiei c4tre o economie de piata care
implicd o mobilitate’ sporitd a mérfurilor si calitorilor,

* la fonction de directiver, dont les objectifs sont de
concevoir et de pratiquer une politique routiére adequate;

* la fonction de management, qui doit établir les
objectifs strategiques et les programmes a réaliser, au
but d’appliquer la politique routiére adoptée;

* la fonction opérationelle ou executive, dont le role
est de réaliser les objectifs stratégiques établis par le
management, en assurant ainsi, des services routiers
eficients pour les usagers.

En commengant de 1990, dans les conditions sociales
et économiques caracterisant la transition de Péconomie
centralisée vers un systéme liberalisé de I'économie de
marché, I'Administration - Nationale des Routes de
Roumanie a commencé 4 formuler sa propre politique et
a concevoir une nouvelle structure organisatorique en Iui
permettant d’exerciter toutes ces fonctions, dans une
nouvelle maniére, plus efficace. .

Le rapport présente, non plus lactivité de
management, mais aussi les fonctions ci-dessus mantio-
nnés, dont 'exercitation en constitue et en souligne la
nouvelle expression de la politique routiére roumaine.

1. La politique routiére et
'administration nationale des routes
publiques en Roumanie

1.1 La distribution modale des transports
de marchandises et des passagers en
Roumanie

Les transports constituent I'activité¢ qui assure le
deplacement des hommes et des marchandises dans des
divers points de destination, avec d'implications majeurs
dans la vie social- économique du pays. Au but de la
réalisation de ces nécéssités de deplacement, dans
notre pays ils ont &té utilisés, dés Fantiquité, de diverses
modalités de transport terrestre et navale.

Linfrastructure des transports terrestres de Roumanie,
qui consiste en routes et voies ferrées, a une orientation
specifique, influencée par la présence des monts Carpa-
thes et de la position sudique de la capitale du pays, dont
les principales voies de transport y sont dirijées. La distri-
bution modale des transports de marchandises_et passa-
gers est presentée dans le tabel 1.1.

On constate, du tabel 1.1., la prepondérance du
transport routier, dont le pourcentage est de 87,3%, pour

- les marchandises et de 65,5% pour les passagers.
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1.2. Le lieu et le réle du secteur routier dans
Pensemble d’infrastructure des transports
terrestres

Dans les conditions de la transition vers une économie
de marché, impliquant une grande mobilité des
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Tabel 1.1 Distribufia modalé a transporfunlor de maérfuri i cdlatori in Roménia

deplasarea transportatorilor pe refeaua de drumuri in
deplind sigurantd si confort, constituie un factor vital
pentru dezvoltare si progres.

Reteaua de drumuri publice din Romania are o
lungime totald de 153.014 km., din care 14.683 km. sunt
drumuri nationale, 26.967 km. drumuri judetene, 31.166
km. drumuri comunale si 80.198 km. sunt strdzi in
localitéfi.

Drumurile nationale sunt in administratia Ministerului
Transporturilor, prin Administratia Nationald a Drumurilor
(fig.1.1), drumurile judeiene i comunale sunt n
administrarea consilillor judeiene iar strazile 1in
administrarea primdriilor localitatilor.

Drumurile nationale care reprezintd 20% din totalul
drumurilor publice (exclusiv strézile), constituie reteaua
majora de drumuri a 4rii, pe ea desfdgurandu-se 65% din
totalul traficului rutier. Din lungimea totald a drumurilor
‘nationale de 14.683 km. numai 113 km. sunt autostrazi
desi necesitatea de a construi noi autostrézi este eviden-
ta. De asemenea 58,1% din drumurile nationale sunt cla-
sificate ca drumuri “principale”, acestea reprezentand o

Tabiaau 1.1La d:s!nbwmn modale des trans

DOrtS dema!dmdrsesetds agers

marchandises et des passagers, le réle des transports
sur le réseau des routes, en securité et comfort, constitue
un facteur vital pour le developpement et le progres.

Le réseau des routes publiques de Roumanie & une
longueur totale de& 153.014 km, dont 14.683 km 7outes
nationales, 26.967 km routes régionalés, 31.166 km
routes comunales et 80.198 km rues en localités.

Les routes nationales sont placées dans la gestion du

Ministere des Transports, par Administration Nationale

des Routes (fig. 1.1), les routes régionales et les rues en
localités étant administrées par les mairies des cités. .

Les routes nationales, representant 20% du totale des
routes publiques (les rues exclues), constituent le reseau
majeur des routes du pays, sur lequel on deroule 65% du
traffic routier totale.

Qumque la nécésité de la construction dautoroutes
soie evidente, il y a seulement 113 km autoroutes en
fonction, du totale de 14.683 km rcutes nationales ;
58,1% de la longueur des routes nationales sont

classifiés comme “routes principales” (8.156 km), dont la

Fig. 1,1. Rejeaua drumurilor nationale din Romania
Le reseau des routes nationales de Roumanie

25
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lungime totald de 8.156 km. din care circa jumétate
(4.508 km.) sunt drumuri europene (drumuri E).

Trebuie mentionat faptul c& cea mai mare parte din
drumurile nationale clasificate - europene si deschise
traficului rutier intenational nu corespund conditiilor
prevazute in “Acordul european asupra marilor drumuri
de circulatie international&”.

moitié (4.508 km) sont routes européennes (routes E).

La plupart des routes nationales classifiees comme
“européennes”, ouvertes pour le traffic international,- ne-
correspondent pas aux exigences de “'Acord européen
sur les grandes routes de circulation internationale”.

Au niveau de l'année 1993, compte tenu de I'état ina-
dequat des routes nationales, les usagers ont supporté

Tabelul 1.2. Situafia refélei de drumuri publice (exclusiv strézile) la data de 31 decembrie 1993.
Tableau 1.2. La situation du reseau des routes publiques (les rues exclues) a 31 décembre 1993

Drumuri Drumurt Aulostrazi | Drumurinafio-}  Drumuri Drumuri Drumuri
publice X) | nafionale XX) | Auforoutes | nale XXX) locale Judsjens comunale
Routes Routes Routes nafi- Routes Routes Houtes
publiques X) | naticnales XX) onales XXX) locales régionales | comunales
Lungimea totala (km.) 72816 14.683 113 14.570 58.133 26.967 31.166
Longueur totale (km)
Drumuri modernizate
Routes modernises
(km) 16.205 12.785 113 12.882 4110 3.330 780
(%) 2322 87,14 100,00 87,04 7,07 12,35 2,50
Drumuri pistruite
Aoules en pierre
{kkm) 26.888 240 - 240 26.658 7.767 18.891
(%) 36,94 1,63 - 1,83 45,86 28,80 60,61
Drumuri de pamant
Routes en terre
{(km) 8.507 - - - 8.507 1.141 7.368
(%) 11,68 - -~ - 11,68 423 23,63
Drumuri modernizate XXXX)
Roules medernisés XXXX)
(km) 10.601 9.038 36 9.002 1.563 1.350 213
(%) 62,71 70,84 31,86 70,88 38,03 40,54 27,31
Drumuri cu imbracaminti usoare
Routes avec des revétemantis legers
(km) 20.506 1.648 - 1.648 18.858 14729 4.129
(%) 20,16 11,22 - 11,31 32,43 54,61 13,24
[-_Drumun cu imbracamin{i ugoare XXXX)
Routes avec des revétements legers XXXX)
(km) 14.225 1.675 - 1575 12.650 10.104 2.546
(%) 60,37 95,57 - 95,57 67,08 68,60 61,66
Total drumuri XXXX)
Totale routes XXXX)
{km) 24,826 10.613 36 10.577 14.213 11.454 2759
{%) 66,36 7;5,48 31,86 73,81 1 61,88 63,43 56,20
Nota: X) Lungimea totala a drumurilor publice exclusiv strazi Note! X) Longueur totale des routes publiques, rues exclues

XX) Drumuri nationale inclusiv autostrézi
XXX) Drumuri nationale exclusiv autostrazi
XXXX) Drumuri cu durata de exploatare depagita

La nivelul anului 1993, datoritd stdrii necorespunzi-
toare a drumurilor najionale utilizatorii drumurilor au avut
de suportat cheltuieli suplimentare de circa 182 miliarde
lei. in comparatie cu alte refele de drumuri din Europa, in-
cepand cu anul 1990, rejeaua de drumuri din Romania
cunoagte cresteri de trafic importante gi in special ale tra-
ficului greu (vezi fig. 1.2.).

Asa cum rezulta din fig. 1.2. in comparatie cu valorile
inregistrate in anul 1990 pentru traficul mediu zilnic anual
(MZA) se prognozeaza ca acesta sé creasca pana in anul
1995 cu 44%, ajungand in anul 2005 pani la valori de trei
ori mai mari.

Aceasti evolutie a traficului produce un impact nedorit
asupra infrastructurii rutiere existente, majoritatea
degraddrilor inregistrate pe drumurile din Romania fiind
cauzate de impact si de lipsa de fonduri necesare
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XX) Routes pationales et autoroutes
XXX) Routes nationales, autoroutes exclus
XXXX) Routes avec la durée de service depassée
des fraies supplémentaires de presque 182 mid. lei. .

Par comparaison avec d’autres réseaux routiers d’Eu-
rope, en commengant par 'année 1990, le reseau des
routes de Roumanie a connu des importantes croissan-
ces du traffic, spécialement du traffic lourd (fig. 1.2.).

On voit que, la prognose de la croissance du traffic
moyen cotidien est de 44% en 1995, par rapport a 1990,
attirant en 2005, des valeurs frois fois supérieures.

Cette évolution du traffic produit un impact puissant
sur Pinfrastructure routiére, la plupart des degradations
enregistrées sur les routes de la Roumanie étant
provoquées par cet impact et par la manque des fonds
nécéssaires pour le renforcement des chaussées et pour
leur apport au niveau de portance exigé, en concordance
avec I'acroissement du traffic lourd.
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ranforsdrii i aducerii acestor drumuri la nivelul de
portan{a impus de cresgterea traficului greu.

1.3. Starea tehnica a retelei de drumuri
publice din Romania

La sfarsitul anului 1993, 87% din rejeaua de drumuri
nationale avea imbracaminti moderne, 11% imbracaminti
usoare, 2% drumuri pietruite, aga cum rezulta din tabelul
1.2.

Se poate constata din tabelul 1.2. cd 10.613 km.
reprezentand 74% din retea, au durata de exploatare
depisitd, prezentand o stare tehnica necorespunzitoare,
din care peste 5.000 km. au o stare tehnicarea. ~

TOTAL VEHICULE

1.3. L’état technique du reseau des routes
publiques en Roumanie

A la fin de Fannée 1993, 87% du réseau des routes
nationales aurait des revétements moderns, 11% des
revétements legers et 2% étaient des routes en pierre,
selon le tableau 1.2.

On peut constater que 10.613 km, représentant
presque 74% du reseau des routes nationales, ont la
durée de service depassée, ayant un état technique
inadequat, dont 5000 km sont dans un mauvais état.

Quant a l'état technique des ponts emplacés sur les
routes nationales, la situation est identique. Le tableau
no. 1.3. reléve que, du total de 3131 ponts, ayant une
longueur totale de 128.617 m, seulement 56,8%
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Fig 1.2. Evolutia traficului pe refjeaua de drumuri nafionale
L'évolution du traffic sur le réseau de routes nationales

O situajie similard o prezintd §i starea tehnica a
podurilor amplasate pe reteaua de drumuri nationale. Din
tabelul 1.3. se constatd cd din numarul total de 3.131
poduri, cu o lungime de 128.617 m, numai 56,8%
indeplinesc conditiile cerute de standarde pentru clasa de
incarcare E. Restul podurilor in lungime de 55.600 m nu
corespund cerintelor impuse de traficul intérnational.

De asemenea, pe refeaua de drumuri nationale exista
peste 400 intersecli la nivel cu calea ferat3,
producandu-se prin acestea circa 29 mii inchideri zilnice,
reprezentand peste 4.800 ore stafionare pe zi, care
genereazd consumuri suplimentare de carburanti si
lubrefianti la circa 100 mii tcc/an.

Drumurile locale in lungime de 58.183 km., prezintd o
structurd mai eterogend. Astfel circa 45% din acestea,
sunt drumuri pietruite, 14,9% sunt drumuri de pamant, iar
restul de 39,5% sunt prevazute cu imbracaminti moderne.
Drumurile cu imbracdminti moderne au 69% (15.872 km.)
durata de exploatare depasitd; circa 7.000 km. din
acestea au o stare tehnica rea. : '

Existd 4.910 poduri amplasate. pe refeaua de drumuri
locale, cu o lungime totald de 192.000 m din care 44.000
m prezinta o stare tehnica necorespunzatoare, iar 25.000
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correspondent aux exigeances des standards pour la
classe E de charges. Quant aux autres ponts, dont la
longueur est de 55.600 m, aucun ne corresponde plus.

Il y a, aussi, plus de 400 carrefours & niveau entre les
routes nationales et les voies ferrées, provoquant

‘presque 29.000 arrets par jour, c’est-a-dire plus de 4800
heures de stationemment, pour lesquelles la
consommation suplémentaire de carburants et lubrifiants
s’éleve 4 presque 100.000 tonnes combustible
conventionnel (TCC) par an.

Les routes locales, avec 58.183 km de longueur, ont
une structure plus hétérogéne : presque 45%.sont en
pierre, 14,9% sont en terre et seulement 39,5% ont des
revétements modernes. Entre les routes modernisées,
69% (15.872 km) ont la durée de service depassée, dont
presque 7000 km- se trouvent dans un mauvais état
technique.

4910 ponts sont emplacés sur le reseau des routes
locales, ayant une longueur totale de 192.000 m, dont
44.000 m ont un état technique insatisfaisant, 25.000 m
entre eux étant en bois, sans sécurité en exploitation
(tableau 1.4.).
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Tabel 1.3. Situafia podurilor pe drumurile nafionale
Tableau 1.3. La situation des ponts sur les routes nationales

Caracteristicile podurilor Podurl pe DN Poduri go restul  Poduri pe intreaga
Les caracteristiques des ponts clasificate N de drumur!
3 Europene Ponts sur les nafionale
Ponts sur les autres routes Ponis sur l'entier
rouies classifiés nationales reseau des roufes
comime européens nationales
Clasa de incarcare “E” A20, V80
Classe E de charges A20, V80
- bucafi/ piéces 429 928 1.357
- lungime (m) / longueur (m) 29.269 43.789 73.058
Clasa de incarcare "I” A13, S60
Classe | de charges A13, V60
- bucali/ piéces 671 1.103 1.774
- lungime (m) / longueur (m) 22241 33.313 55.559
Poduri cu parteasub 7 m
Ponts a moints 7 m chausée
~ bucali / piéces 1.060 1.807 2.867
- lungime (m) / longueur (m) 48.788 70.260 118.988
Poduri cu lalimea pariil carosabile de 7 m
Ponts a plus 7 m chaussées
- bucali/ piéces 40 224 284
- lungime (m) / longueur (m) 2722 6.097 9 62y
Poduri din beton armat sau zidarie de piatra
Ponts en béton armé on en magonerie
- buca}i / pieces 957 1.122 2.079
34.931 30.500 65.431

- lungime (m) / longueur (M)

m constituie poduri vechi de lemn, care nu mai prezinta
siguranta in exploatare (tabelul 1.4).

Pierderile inregistrate de c#tre transportori datoritd
stérii tehnice a retelei de drumuri judetene si comunale,
repezinti la nivelul anului 1993 suma de 73 miliarde lei.

1.4. Aspecte privind mediul inconjurator si
reteaua de drumuri din Romania.

Constructia de drumuri noi i reabilitarea celor
existente, pe langd efectele pozitive de progres, atunci

Les frais supplémentaires des usagers, provoqués par
I'état technique du reseau des routes régionales et comu-
nales s’élévent & 73 mld. lei, au niveau de 1993.

1.4. Aspects concernant.I’environnement et
le reseau des routes en Roumanie
En dehors de ses effets positifs, la construction des

nouveaux routes et la réhabilitation des routes existantes
peuvent devenir (s'ils sont mal utilisés par les usagers)

Tabel 1.4. Situafia podurilor existente pe refeaua de drumun locale
Tabeleau 1.4. La siluation des ponts existantes sur les routés locales

Total poduri pe drumurile

Caracteristiclle podurilor Poduri pe drumuri Podurl pe drumuril
Les caracteristiques des ponts judefene comunale locale
Ponts sur les routes Ponts sur les routes Total ponts sur les routes
réglonales comunales locales
Poduri clasa “E” (bucati) lungime (m)
Classe E et | de charges
- bucafi / piéces 3.435 2.573 6.008
- lungime (m) / longueur (m) 95.032 52.584 147.616
Poduri subclasa (1) (bucati) lungime (m)
Au dessous de la classe |
- bucafi / piéces 1.282 847 2.129
- lungime {m) / longueur (m) 13.186 8.225 19.411
Poduri de lemn (bucati) lungime (m)
Ponts en bois
- bucéfi/ piéces 193 737 930
- lungime (m) / longueur (m) 3.653 21.435 25.088
Total poduri (bucafi) lungime (m)
Total ponts ,
- bucafi / piéces 4910 4.157 9.067
- lungime (m) / longueur (m) 111.871 80.244 192.115
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cand sunt folosite impropriu de utilizatori, pot deveni o
sursd de impact nedorit asupra mediului inconjurator
datorita poludrii produse de utilajele de constructie si de
traficul rutier, sau datoritd dezechilibrului ecologic produs
de miscarea maselor mari de pamant pe care le implica
lucrérile de terasamente.

Procesul de refacere a zonelor afectate de acest
impact nedorit, se poate intinde pe perioade lungi, iar
atunci cadnd nu sunt tratate la timpul potrivit, ele pot
deveni critice si adesea de nerezolvat. Congtientd de
aceste probleme, Administratia Nationald a Drumurilor, in
paralel cu lucrdrile de construclie si reabilitare a
drumurilor intreprinse n ultimii 4 ani, a inifiat o serie de
programe ecologice cum ar fi proiectul HERMES.

Acest program este o abordare pragmaticd a
problemelor conservdrii  zonelor naturale aterente
drumurilor cu scopul Tmbunétatirii lor estetice si in acelagi
timp pentru protejarea i conservarea materialului genetic
pe care acestea il confin.

Administrafia Nationald a Drumurilor se preocupa in
mod continuu de protectia habitatului rutier incluzand
viala animalad §i vegetald, promovand tehnologii rutiere
nepoluante si adoptand masuri pentru sporirea confortului
si sigurantei circulatiei pe drumurile sale. Astfel au fost
intreprinse urmatoarele actiuni:

* modernizarea §i ecologizarea
preparare a mixturilor asfaltice;

* procurarea unor utilaje nepoluante de constructie si
intretinere a drumurilor;

* prevederea de perdele de protectie de-a lungul
traseelor de drumuiri.

instalatiilor de

1.5. Concluzii privind starea tehnica a
drumurilor publice din Romania si analiza
factorilor care contribuie la aceasta stare.

O imagine mai precisd asupra starii tehnice a
drumurilor din Romania, poate fi exprimatd de urmatorii
parametrii sintetici analizafi, in comparatie cu indicatori
similari din alte tari:

* densitatea retelei rutiere de 0,64 km/km? este una
din cele mai scazute din Europa;

* lungimea autostrézilor, de numai 113 km., situeaza
Romania pe unul dintre ultimele tari din Europa;

* valoarea de 6,6 a raportului dintre lungimea de drum
ce revine la 1.000 locuitori situeazad Romania pe locul 15
in Europa, in timp ce valoarea raportului dintre lungimea
de drum modernizat ce revine la 1.000 locuitori, o
situeaza pe ultimul loc in Europa;

* pierderile anuale produse economiei nafionale
datorate starii necorespunzatoare a drumurilor au fost
evaluate la circa 255 miliarde lei (166 milioane U.S.$)
acestea implicAnd si consumuri suplimentare de
combustibili pentru vehiculele rutiere de 1,2 milioane
tone.
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une source d’impact indesiré sur Penvironnement, a
cause de la polution produite par les engins des chantiers
et par le traffic routier, ainsi qu’a cause du deséquilibre
ecologique résultant du mouvement des grands volumes
de terre, nécéssaires aux travaux des terrassements.

Le procés de refaire des zones afectées par cet
impact indesiré, peut avoir une trés longue durée et, s'ils
ne sont pas traitées a temps, ils peuvent devenir
critiques, voir irréparables.

En connaissant ces questions, [FAdministration
Nationale des Routes, a initié, en méme temps avec les
travaux de construction et de réhabilitation des routes,
demarrées dans les derniers 4 années, quelques
programmes écologiques, comprises dans le projet
HERMES. Ce projet traite, d'une maniére pragmatique,
les problémes de la conservation des zones naturels
adjacents aux routes, en but de les améliorer du point de
vue éstétique et, en méme temps, pour proteger et
conserver le materiau génétique qu’elles contiennent.

Dans les preoccupations permanents de
’Administration Nationale des Routes se trouve toujours
la protection de I'habitat de la zone routiere, soit la vie
animale que végétale ; ainsi, ont ét¢ promouvés des
technologies nonpoluantes et des mesures pour
Pacroissement du comfort et de la sécurité du traffic.

Les actions suivantes ont été demarées:

* la modernisation et I'écologisation des centrales
d'enrobage;

* l'achat d’engins nonpoluants pour la construction et
I'entretien des routes;

* la plantation des rideaux de protection au long des
tracés des routes.

1.5. Conclusions sur P’état technique des re-
vétements routiers de la Roumanie et I’ana-
lyse des facteurs qui ont determiné cet état

Une image plus précise sur I'état technique des routes
de la Roumanie peut étre exprimée par les paramétres
synthetiques suivants, analysés par rapport aux autres
pays européens: .

* la densité du reseau routier (0,64 km/kmz) est la plus
bas entre les pays d’Europe;

* la longueur d’autoroutes, avec ses 113 km, a placée
la Roumanie dans l'un des derniers lieux entre les pays
européens;

* la valeur de 6,6 km, de la longueur totale des routes
revenant a 1000 habitants, en fait que la Roumanie soit le
15-eéme pays d’Europe;

* la longueur des routes modernisées, rapportée a
1000 habitants, trouve la Roumanie sur le dernier place
dans le top de 'Europe;

* les pertes matérielles par an, provoqués a
I’économie nationale, par 'état inadequat des routes, sont
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In concluzie, principalii factori care, in ultimii doudzeci
de ani, au contribuit la starea tehnicd actuald a
drumurilor, pot fi rezumati astfel:

* Fondurile insuficiente alocate sectorului rutier.

n timp ce traficul rutier a crescut in aceasta perioada
de aproximativ 8 ori, fondurile alocate pentru drumuri au
crescut numai de 1,8 ori, resursele financiare reduse,
permitand realizarea doar a 20% din programele de
ranforsare a drumurilor;

* Calitatea materialelor si utilajelor.

Materialele rutiere produse in jard, cum sunt liantul
bituminos si cimentul pentru drumuri nu au atins
performantele standardelor. De asemenea, starea tehnica
necorespunzitoare a echipamentelor i utilajelor rutiere,
constand in principal din instalafii vechi si depdsite din
punct de vedere tehnic, au influentat productivitatea
redusa si calitatea lucrdrilor de constructie si de
intrefinere a drumurilor;

* Lipsa unei legislatii adecvate

Romania nu are legi care sa defineascd importanta
drumurilor in procesul de productie si care sa recunoasca
cid infrastructura rutierd contribuie prin specificul ei la
crearea bunurilor materiale, si ca datoritd acestui lucru,
tofi utilizatorii acestei infrastructuri, au datoria sa
plateasca aceste servicii contribuind astfel la crearea unui
“fond rutier” care si fie apoi folosit pentru finanfarea
lucrarilor de drumuri.

1.6. Noua politica rutiera adoptata de
Administratia Nationala a Drumurilor si
eficienta acesteia

Inca din anul 1990, in conditiile sociale si economice
de tranzitie de la 0 economie centralizata in care doar
statul era abilitat si-si asume raspunderea pentru
intreaga activitate de construclie gi intrefinere a
drumurilor, cétre sistemul liberalizat al economiei de
piati, Administratia Nationald a Drumurilor a inceput sa-gi
formuleze o noui politica rutierd si sa adopte o structurd
organizatoricd, care sa-i permitd sa-gi exercite functiile
sale intr-un mod mai eficient. Aceastd noud politica
implementatd de Administratia Nationala a Drumurilor
este caracterizata in principal de urmétoarele aspecte:

* a) Noua strategie adoptatd pentru dezvoltarea
sistemului transporturilor rutiere este orientatd spre
inaugurarea privatizdrii lucrarilor de intrefinere si
modernizarea drumurilor. Acest proces are implicatii
adanci asupra modalitatilor de acordare a contractelor
pentru lucradri prin licitatii, gi, implicit asupra calitatii si
eficienfei acestora.

* b) Aceastd politicd conduce la o0 noua strategie cu
privire la siguranfa circulatiei $i la utilizarea eficienta a
parcului de vehicule.
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estimées a 255 milliards lei (166 millions dollars US), y
inclus les consommations supplémentaires de carburants
pour les véhicules routiers, dues a la méme cause,
s’élevent a 1,2 millions tonnes dans chaque année.

Les principales facteurs qui, pendant les derniers 20
années, ont determiné I'état actuel des routes, peut étre
résumes comme suit:

* Les budgets insuffisants du secteur routier

Pendant que le traffic a subi une augmentation de 8
fois, les fonds budgetaires accordés ont été seulement
1,8 fois augmentés dans la période concemée, en
permettant la réalisation d’en moine de 20% des
programmes de renforcement des routes.

* La qualité faible des matériaux et du matériel

Le bitume et le ciment routier, fabriqués en Roumanie,
n‘ont pas atteint les performances prévus dans les
standards. Aussi, le mauvais état technique du matériel
routier (engins et equipements vieux, fatigués et
dépassés du point de vue technique, ayant une
productivité reduite) a influencé la qualité des travaux de
construction et d’entretien des routes.

* La manque d’une legislation routiére adequate

La Roumanie n'a pas des lois définissant limportance
des routes dans I'économie nationale et reconaissant la
contribution de l'infrastructure routiére, par son specificité,
dans la creation des biens matériels et le devoir des
usagers de payer les services routiers, pour former, ainsi,
un “fond routier”, affecté au financement des travaux des
routes.

1.6. La nouvelle politique routiére, adoptée
par PAdministration Nationale des Routes
et sa eficacité

Depuis 1990, dans les conditions social-€conomiques
de la transition de I'économie centralisée (auquelle I'état
méme assumait [Ientiére responsabilit¢ pour la
construction et Pentretien des routes), vers le systeme
liberalisé de I'économie de marché, I'Administration
Nationale des Routes a formulé une nouvelle politique
routiere et a adopté une structure organisatorique, lui
permettant d’accomplir, d'un fagon efficient, ses
fonctions. Cette nouvelle politique a les caractheristiques
principales suivants:

a) La nouvelle stratégie adoptée pour le
developpement du systéme des transports routiers est
orientée vers la stimulation de la privatisation des travaux
d’entretien et la modernisation des routes. Ce processus
a des implications profondes sur les modalités d’établir
les marchés, par appels d’offres et, aussi, sur la qualité et
leur efficience.
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* ¢) Stabilirea si implementarea unor acorduri Si
reglementari generale pentru transportul rutier, cu
identificarea si repararea traficului greu, cu limitarea
incarcérii pe osie in funciie de capacitatea portantd a
drumurilor si in final cu optimizarea itinerariilor de trafic
pentru vehicule grele. Ca un exemplu semnificativ in
acest sens, poate fi mentionata crearea si implementarea
programului  informatic OPTITRANS, combinat cu
sistemele moderne de control al greutdiii vehiculelor
amplasate la principalele puncte de trecere a frontierei.

* d) Un aspect important al politicii rutiere al admini-
stratiei drumurilor, 0 constituie preocuparea permanenta
de a gési surse de finantare. In acest sens existi colabo-
rari cu institufii de finanjare internationale (BERD, BIRD,
BEI) care asigura realizarea programului de reabilitare gi
modernizare drumuri. Un efect stimulator pentru dezvolta-
rea sectorului rutier, il constituie elaborarea legii fondului
special pentru drumuri precum si legea drumurilor, care
sunt in curs de elaborare si aprobare.

Incepand cu anul 1994, Administratia Nationald a
Drumurilor si-a schimbat sistemul bugetar cu cel al unei
regii economice avand ca surse financiare veniturile
proprii i subventii de la stat. Organigrama Administratiei
Nationale a Drumurilor se prezinta in anexa 1.

1.7. Responsabilitatile Administratiei
Nationale a Drumurilor si cooperarea cu alte
unitati de profil din cercetare, invatimant si
productie

Pentru realizarea obiectivelor strategiei dezvoltarii
drumurilor, Administratia Nationald a Drumurilor are relatii
de cooperare cu universitafile tehnice din Bucuresti,
Timigoara, Cluj si lagi, cu Institutul de Cercetéri in
Transporturi din Bucuregti, cu institute de proiectare
nationale si judeiene precum si cu firme private de
proiectare si consultanta.

De asemenea, administratia practica sistemul de cree-
re a unor societati mixte cu parteneri din fara si strainata-
te cum sunt firmele SOROCAM (societate de constructie
drumuri romano- franceza), EUROMETUDES (societate
de proiectare si consultantd roméno-frnceza), etc.

Se maij practica sistemul de locatie de gestiune care
implicd incredinfarea pentru exploatare a instalatiior,
utilajelor, mijloacelor de transport proprii de catre alte
firme private de profil.

In conformitate cu legislajia actuald se practici in
sectorul rutier sistemul de acordare a contractelor de

lucrari prin licitafii deschise tuturor specialigtilor in
domeniu.
Pe plan international, Administrafia Nationald a

Drumurilor se implica in activitafile tehnice intreprinse de
organizatii cum sunt: PIARC, IRF, OCDE, SHRP, etc.
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b) Cette politique conduit vers une nouvelle strategie
concernant la securité du traffic et 1a meilleure utilisation
des véhicules.

c) lls ont éte établis et apliqués déja, quelques
conventions et réglementations générales pour le
transport routier, concernant identification et le répérage
du traffic lourd, la limitation des charges sur essieux, a
partir de la capacité portante des routes, I'optimisation
des itinérraires pour les véhicules lourds etc. Comme
exemple significatif, il y a la création et I'utilisation du
programme OPTITRANS, combiné avec les systémes
modernes de contrfle de la poids des véhicules,
emplacés dans les principaux points de passage de la
frontiére.

d) Un aspect important de la gestion des routes, c’est
la constante préoccupation de trouver des sources de
financement. Il y en a des collaborations avec les
institutions internationales de financement (BIRD, BERD,
BEI), qui assurent le reglement de la réalisation du
programme de réhabilitation et de modernisation des
principaux routes nationales. Un effet stimulateur pour le
developpement du secteur routier auraient les lois qui
viennent d’apparaitre, concernant “le fond spécial pour
les routes” et “I'utilisation et la maintenance des routes”.

Depuis 1994, 'Administration Nationale des Routes a
change le systeme budgetaire, en devenant une régie
economique, dont les sources de financement sont les
propres revenus et les subventions de I'état. Dans 'anne-
xe no. 1 on présente I'organigrame de I'Administration
Nationale des Routes.

1.7. Les responsabilités de I’Administration
Nationale des Routes, et sa cooperation
avec d’autres organisations specialisées de
recherches, de I’enseignement, ainsi que
des entreprises de travaux.

Pour la realisation des objectifs de la stratégie du
developpement des routes, ’Administration Nationale des
Routes entretien des rélations de cooperation avec les
Universités Techniques de Bucharest, Timisoara, Cluj et
lagi, avec VInstitut de Recherches pour les Transports,
avec des nombreaux “sociétés d'études (nationales,
régionales et prives), d’engineering et de travaux.

L’Administration utilise aussi le systéme de créer des
societés mixtes, avec des partenaires roumains ou
etrangers, par exemple les sociétés franco-roumaines
SOROCAM (construction des routes) et EUROMETUDES
(études et engineering). Elle pratique, habituellement, le
systtme de ‘“location de géstion”, c'est-a-dire de
transmettre le matériel, les installations et les moyennes
de transport & des sociétés privés spécialisées, pour un
mieux exploit.
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2. Strategii de management
performante ale Administratiei
Nationale a Drumurilor

Ministerul Transporturilor prin Administratia Nafionald
a Drumurilor, a adoptat mé&suri pentru restructurarea
eficients a sectorului rutier din Romania.

2.1. Obiectivele ce trebuie realizate si
strategiile adoptate in acest scop.

in paralel cu adoptarea unei noi formule
organizatorice, Administratia pe baza analizei factorilor
responsabili de starea tehnicd actuald a drumurilor
publice gi-a fixat urmétoarele obiective ale strategiei:

* a) Imbunititirea starii tehnice a refelei de drumuri
publice, prin masuri de intrefinere si ranforsare, pentru
oprirea degradérii acestui important patrimoniu national;

* b) Crearea conditiilor pentru aducerea retelei rutiere
la nivelul standardelor europene prin lucréri de reabilitare
si modernizare a refelei rutiere;

* ¢) Dezvoltarea etapizatd a unei rejele de autostrazi
(fig. 2.1) si drumuri expres, conform unui program bazat
pe studii de fezabilitate

2.2. Actiuni ce trebuie intreprinse in scopul
realizarii obiectivelor strategice si efortul
financiar aferent

in scopul atingerii obiectivelor stabilite Administratia
Nationald a Drumurilor a adoptat un’ program incluzand
diverse strafegii pe termen scurt (1994) pe termen mediu
(1995-1996) si termen lung (1997-2005). Acliunile deja
intreprinse in cadrul acestor strategii sunt urméatoarele:

* reorganizarea administratiei drumurilor ca organism
public autonom de nivel national conform Hotararii de
Guvern numarul 28/1994;

* realizarea unui program de reabilitare a drumurilor
nationale in lungime de 1.053 km. (figura 2.2) pe o
perioadd de 3 ani (1993-1996) cu fonduri obtinute de la
Institutile Finanfatoare Internationale (BERD, BIRD, BEI);

* promovarea la guvern a proiectului legii drumurilor gi
proiectul pentru fondul special al drumurilor;

* concesionarea lucrdrilor de construclii pentru
autostrazi, prin atragerea de firme finanfatoare straine;

* infiintarea de societafi de construclie si consultanta
mixte, in scopul realizarii de lucrari de drumuri de inaltd
tehnicitate;

* separarea activitdtilor de intrefinere de cele de
constructie;
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Selon la legislation actuelle du secteur routier, les
marchés de travaux sont achevés sur la base d’appe
d'offres, ouverts & tous les entrepreneurs de specialité.

Sur le plan international, FAdministration Nationale
des Routes participe aux activitiés techniques des
associations internationales de profile: AIPCR, IRF,
OCDE, SHRP etc.

2. Strategies performantes de
management de PAdministration
Nationale des Routes

Le Ministere des Transports, par I'Administration
Nationale des Routes, a adopté quelques mesures pour
restructurer, d’'une maniére efficace, le secteur routier
roumain.

2.1. Les objectifs de la stratégie de
I’Administration des Routes

Dans la nouvelle formule organizatorique,
'Administration Nationale des Routes a analysé les
causes qui ont determiné I'état technique actuel des
routes publiques, et a établi les objectifs de sa strategie:

a) L'amélioration de I'état technique du réseau des
routes publiques, par des mesures d'entretien et de
renforcement, pour arréter la dégradation de cet
important patrimoine national;

b) La création des conditions par lesquelles le réseau
routier soit élevé au niveau des standards européens; il
s’agit de travaux pour la réhabilitation et la modemisation
du réseau des routes nationales;

¢) Le developpement etapisé d’un réseau d’autoroutes
(fig. 2.1.) et de routes express, selon un programme basé
sur des études de faisabilité.

2.2. Des actions qui doivent étre prises pour
la réalisation des objectifs de la stratégie,
ainsi que P’effort financiair concerné

En vue d’aboutir les objectifs établis, I'Administration
Nationale des Routes a adopt¢é un programme
comprenant des stratégies sur un court délai (1994), un
moyen délai (1995-1996) et un long délai (1997-2005).
Les actions demarreés sont les suivantes:

* la reorganisation de [I'Administration, comme
organisme publique autonome de niveau nationale, selon
la Decision du Gouvernement no. 28/1994;

* la realisation, echalonné entre 1993-1996, d’un
premier programme de rehabilitation des routes
nationales sur 1053 km (fig. 2.2.), soutenu avec les
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ETAPA1 357 Km 1992-1996

ETAPA Il 1500 Km 1996-2005

ETAPA Il 1500 Km 2005-
Autostrizl axistante

SOFIA

Fig. 2.1. Programul construcliei de autostrazi
Le programme de la construction d'autoroutes en Roumanie

* executarea lucrarilor de modernizare prin licitatie si
atragerea firmelor private in sectorul de constructie si
intretinere a drumurilor;

* realizarea programului de construclii a 3.000 km
autostrdzi si 2.600 km. de drumuri expres conform
programelor aprobate prin H.G. 947/1990;

* aducerea normelor si standardelor existente la
nivelul cerut de standardele europene i conceperea de
noi norme;

* conceptia §i implementarea la nivel national, cu
asistenia tehnicii B.C.E.O.M., a sistemului de
administrare optimizata a imbracamintilor rutiere (PMS),
in scopul prioritizarii lucrarilor de reparare si intrefinere in
perioada 1993-1997.

Efortul financiar necesar pentru realizarea tuturor
acestor actiuni va fi suportat din urmatoarele surse:

* surse proprii derivand din tarife rutiere;

* fondul special de5% realizat din vanzarea
carburantilor;

* subveniii de la guvem alocate pentru lucrarile de
drumuri;

* surse externe din programele |.F.1.

3. Concluzii

Obiectivele prioritare ale Administratiei Nationale a
Drumurilor pot fi rezumate astfel:

a) stoparea evolufiei procesului de deteriorare a starii
tehnice a drumurilor gi podurilor existente;

b) trecerea la 0 noua organizare eficienta si aplicarea
unor noi tehnologii rutiere cu efecte benefice asupra
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crédits accordés par les Institutions Financiaires
Internationales (BIRD, BERD, BEI);

* la promotion au Gouvernement, du projet de loi de
routes et de la loi pour le fond spéciale des routes;

* la concession d’autoroutes aux entreprises privées,
au but d’engager des sociétés finangatrices étrangéres;

* la creation des sociétés mixtes de construction et
engineering, au but de réaliser des travaux routiers de
haute technicité;

* la séparation d’activités de surveillance, de ceux
d’éxécution des travaux;

* I'éxécution par appels doffres, des travaux de
modernisation et le soutenement des sociétés privées
des construction et d’entretien des routes;

* la réalisation du programme de construction de 3000
km autoroutes et 2500 km routes express, aprouvé par la
Décision du Gouvernement no. 947/1990;

* lalignement des normes techniques et des
standards roumains aux standards européens;

* la conception et I'application -au niveau national,
avec lassistance technique de BCEOM, du systéme
d’administration optimisé des revétements routiers
(IPMS), en vue d’établir Fordre de priorité pour les travaux
de réparation et d’entretien, dans la periade 1993...1997;

L’effort financiair nécéssaire pour la réalisation de ces
actions devra étre accompli par les sources suivants :

* les propres revenus, obtenus par des taux routiéres;

* le fond spécial de 5%, appliqué sur le colt des
carburants;

* subventions gouvernamentales;

* sources externes, nottament les programmes |.F.1.

3. Conclusions

Les objectifs prioritaires de I'Administration Nationale
des Routes peut &tre résumés comme suit:
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ETAPAI 1
£1apa 1

TOTAL L=1053 km

Fig. 2.2. Programul de reabilitare a drumurilor naionale
Le programme de réhabilitation des routes nationales

calitatii si productivitatii lucrarilor, care sd@ conduca la
tmbunétatirea starii tehnice a drumurilor;

c) realizarea unei retele fluente pentru traficul rutier la
nivelul de confort cerut de standardele europene prin
reabilitarea drumurilor nationale principale, folosind in
acest scop surse de finantare interne si externe;

d) dezvoltarea etapizatd a unei refele de autostrazi si
drumuri expres prin concesionare pe directiile de trafic
principale, corelate cu programul T.E.M. si cu necesitétile
impuse de cresterea traficului rutier;

e) promovarea si incurajarea acfiunilor de privatizare
pentru modemizarea rejelei de drumuri cu scopul cregterii
calitatii i eficientei acestora.

ORGANIGRAMA ADMINISTRATIEI
NATIONALE A DRUMURILOR:
L'ORGANIGRAME DE L'ADMINISTRATION
NATIONALE DES ROUTES:

1) CONSILIUL DE ADMINISTRATIE / CONSEIL D’ADMINISTRATION

2) DIRECTOR GENERAL / DIRECTEUR GENERAL

3) DIRECTOR GENERAL ADJUNCT / DIRECTEUR GENERAL ADJOINT

4) DIRECTII / DIRECTIONS:

a) le stoppage de Févolution du processus de
dégradation de I'état technique des routes et des ponts
existantes;

b) lavancement vers une nouvelle et efficace
organisation et lutilisation des nouveaux technologies
routiéres, 4 des effets benefices sur la qualité et la
productivité des travaux, conduisant & Pamelioration de
I'état technique des routes; ’

c) la realisation d'un réseau fluent pour le traffic
routier, au niveau de comfort et de sécurité exigé dans
les standards européens, par la réhabilitation des
principales routes nationales, en utilisant le financement
intern et extern;

d) le developpement etapisé d'un réseau d’autoroutes
et de routes express, par concession, sur les principales
directions du traffic, en correlation avec le programme
TEM et les nécéssités de 'acroissement du traffic routier;

e) la promouvation et la stimulation de la privatisation,
pour [a modernisation du réseau routier, au but
d’accroitre la qualité et Péfficacité.

T

hoRO=0

- INTRETINERE DRUMURI SI PODURI / ENTRETIEN ROUTES ET PONTS
- AUTOSTRAZI SI CONSTRUCTII / AUTOROUTES ET TRAVAUX
- PROGRAME CU FINANTARE EXTERNA / PROGRAMMES A FINANCEMENT EXTERNE

- TEHNICA / TECHNIQUE
- ECONOMICA / ECONOMIQUE

5) 16 SERVICH IN CADRUL DIRECTIILOR / 16 BUREAUX SUBORDONNES AUX DIRECTIONS

6} 8 DIRECTII REGIONALE DE DRUMURI $I PODURI / 8 DIRECTIONS REGIONALES DE ROUTES ET PONTS
7) SECTI!l DE INTRETINERE, SECTIl DE UTILAJE / SECTIONS D'ENTRETIEN ET DU MATERIEL

8) DISTRICTE, ANTREPRIZE, STATIl DE MIXTURI / DISTRICTS, ENTREPRISES, CENTRALES D'ENROBAGE
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Sisteme de control si gestiune a calitatii la
lucrarile de drumuri

Systemes de controle et gestion de la qualité
des travaux de routes

Coordonator national
Coordonnateur national:

dr. ing. Stelian Doroban{u

Universitatea Tehnica de Constructii Bucuresti

Université Technique de Constructions Bucarest

Raportori - Rapporteurs:
ing. Manole Serbulea

Sef Serviciu Tehnic Administratia Nationala a Drumurilor

Chef du Service Technique, Administration Nationale des Routes

ing. Nadia Popescu
VIACONS S.A.

dr. ing. Andrei Radu

Ing. specialist VIACONS

Director tehnic CESTRIN

Directeur techique CESTRIN

dr. ing. Marius Turcu

Sef sectie INCERTRANS

Chef de département INCERTRANS

dr. ing. Georgeta Fodor

Cercetator INCERTRANS

Chef de laboratoire INCERTRANS

desemneaza sistemul caracteristicilor esenfiale ale
.unui fenomen sau obiect, referitor al unui drum gi
anexelor lui.

Exigentele de performantd esentiale pentru obfinerea
unor constructii de drumuri de calitate se refera la:

- rezistenta si stabilitate;

- siguranta in exploatare;

- sdnatatea oamenilor,

- protectia mediului inconjurator,

- durata- minimd de funciionare pe termenele
corespunzétoare categoriei lucrérilor.

Legea privind “Calitatea in Constructii”, in curs de defi-
nitivare in Romania si de punere de acord cu Normele
Europene, stipuleazd ca Administrafile de Drumuri
(Nationale si Locale) si Societétile Concesionare, in cali-
tate de proprietari - concesionari, administratori, exploata-
tori, executanti ai unor construclii rutiere si anexe ale
acestora, utilizatori ai drumurilor si anexelor acestora, in-
vestitori pentru constructii de drumuri gi accesorii ale ace-
stora precum si ca proprietari si utilizatori de utilaje de

Calitatea este o categorie filozoficd prin care se
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laquelle on designe le systéme des caractéristiques
essentielles d’'un phénoméne ou d’un objet, au cas

d’'espece, celles relatives a une route et a ses annexes.

Les principales exigences de performance qu’on doit
satisfaire pour obtenir des construction de routes de
qualité s’adressent a:

- la résistance et la stabilité;

- la sareté en exploitation;

- la santé des hommes; .

- la défense de I'environnement;

- la durée minimale de service,
corespondants & la catégorie des travaux.

La loi concernant “La qualité en Constructions”, qui est
en train d’'étre réglée en Roumanie et d’étre mise en ac-
cord avec les Normes Européennes, prevoie, comme au-
torités routiéres, relatif au systeme de la qualité: les
propriétaires (concessionaires, administrateurs, exploi-
teurs), les exécutants de constructions routiéres (y com-
pris les annexes), les utilisateurs des routes et leurs
annexes, les investisseurs dans les constructions de rou-

La qualité est une catégorie philosophique par

aux délais
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execulie, aparatura de laborator si mijloacele de investi-
gare a stérii tehnice a drumurilor sunt autoritdti in dome-
niul rutier in ceea ce priveste sistemul calitafii lucrarilor.

Organizarea sistemului “calitafi’ este intotdeauna
profitabil Administratilor de Drumuri, dar in special
utilizatorilor, deoarece se doregte ca drumul sd fie bine
proiectat, sigur, trainic si realizat
corespunzator; tot odatd sistemul “calitatii” este profitabil
executantului, al carui efort de organizare, aprovizionare
si tehnologic, ii permit sa evite improvizatiile, intotdeauna
costisitoare, s& evite intarzierile si s& reduca la minimum
lucrarile necorespunzatoare i costisitor de remediat.

In gestionarea calitafii, rolul Administratiilor de Drumuri
este determinant inci de la elaborarea temei pentru
intocmirea proiectului, de la definirea clara a obiectivelor
acestuia gi a nivelelor de calitate impuse de acestea.

Rolul important al Administratiei apare de asemenea
in momentul organizarii licitatiilor, al selectarii corecte a
Proiectantului i a Executantului, pe baza referintelor veri-
ficate de performaniele acestora, a tehnologiilor si nivelu-
lui costurilor oferite. Tot odatd acest rol al Administratiei
se manifestd prin intocmirea corespunzatoare a contrac-
telor, dupa adjudecarea de catre un ofertant in urma lici-
taiei, printr-un anumit realism al echilibrului relativ,
necesar intre fermitate si realitate in aplicarea prevederi-
lor controlului-calitatii.

Pe de altd parte, rolul Exetutantului este la fel de
important in gestionarea calitatii printr-un organism intern
fiabil privind calitatea, organizat, dotat cu aparatura si cu
fondurile necesare pe intregul lant al derularii lucrarilor,
capabil sa obiina si sa dovedeasca rezultatele de calitate
in orice moment si la orice faza de executie.

Realizarea calitati la lucrdrile de drumuri, a
exigentelor de performanta esentiale mai sus mentionate,
este obligatia tuturor factorilor implicati in proiectare,
executie si exploatare, potrivit responsabilitaii fiecaruia si
in functie de complexitatea, destinatia, modul de utilizare,
gradul de risc sub aspectul sigurantei precum si ca
urmare a unor considerente economice.

Sistemul “calitatii” la lucrdrile de drumuri reprezintd
ansamblui de structuri organizatorice, responsabilitti,
regulamente, norme, instructiuni, proceduri si mijloace
care concurd la realizarea calitdtii in toate etapele, de la
proiectare pana la exploatare.

Reglementdrile  tehnice  (regulamente, norme,
instructiuni, etc.) au ca scop conceptia, calculul,
alcatuirea, executia si exploatarea oricarui drum; ele
stabilesc conditii minime de calitate cerute drumurilor,
materialelor si tehnologiilor folosite la executie precum i
modul de determinare si verificare a acestora.

Toate materialele folosite la lucrdrile de drumuri
trebuie sd aiba certificate de calitate eliberate de
producétor sau furnizor.

Verificarea proiectelor pentru lucrdri de drumuri in
ceea ce priveste respectarea reglementarilor tehnice
referitoare la exigentele de performan{d esentiale,

la un cost
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tes et leurs accessoires.

L’organisation du systéme “de la qualité” est toujours
profitable aux Administrations des Routes, surtout aux
utilisateurs, parce qu’on aspire & ce que la route soit bien
projétée, durable, qu'elle présente sdreté et qu’elie soit
réalisée au codts raisonnables; en méme temps, le
systéme “de la qualité” est profitable pour 'exécutant,
dont Peffort d’organiser, approvisionner et satisfaire les
normes technologiques, ‘permet [Iévitement des
improvisations, qui exigent toujours des retardements et
de fortes dépenses et réduit au minimum les travaux
défectueux et dispendieusement & étre remédiés.

En ce qui concerne la gestion de la qualité, le role des
Administrations des Routes est déterminé deés
I'ellaboration du théme pour la conception de I'etude et
deés la définition exacte des objectifs et des niveaux de
qualité que ceux-ci en exigent.

L'un des roles, bien important, de PAdministration, sur-
vient au moment de I'organisation des appeles d'offres en
but d’'une juste sélection de I'ingenieur et de I'Entrepre-
neur, sélection fondée sur de bonnes références, vérifi¢-
es par leurs performances et technologies, ainsi bien que
par le niveau des cof(ts offerts. A la fois, aprés avoir faite
l'adjudication, ’Administration s’en charge de rédiger le
marche, de maniére qu'il y existe un équilibre concernant
les prescriptions du contréle de la qualité entre exigean-
ce et la realité.

D’autre part, le role de 'Entrepreneur est également
important dans la gestion de la qualité, par son
organisation intérieur, fiable en ce qui concerne la qualité,
bien organisé, menu de l'appareillage et des fonds
nécessaires a la chaine toute entiére des travaux, ayant
la capacité d’obtenir et de prouver de bons résultats a
tout moment et a toute phase d'éxécution.

C’est I'obligativité de tous les éléments impliqués dans
la conception, I'éxécution et IPexploitation, selon Ia
responsabilité de chacun et ayant en vue la complexité, la
destination, le mode demploi, le degré de risque
concernant la sécurité et certaines considérations
economiques, de réaliser la qualité et de satisfaire les
exigences essentielles de performance ci-dessus.

Le systéme “de la qualite” relatif aux travaux de routes
représente 'ensemble des structures en ce qui concerne
Forganisation, les responsabilités, les réglementations,
les normes, les instructions, les procédures et les moyens
qui agissent pour réaliser la qualité¢, pendant toutes les
étapes, dés les études jusqu’a I'exploitation.

Les réglementations techniques (réglements, normes,
instructions etc.) poursuivent la conception, le calcul, la
construction et I'exploitation de n’importe quelle route;
elles établissent des conditions minimales de qualité
gu'on exige pour les routes, les matériaux et les
technologies. utilisées dans I'exécution, aussi bien que le
fagon de les déterminer et vérifier.

Tous les materiaux utilisés aux travaux de routes
doivent avoir des certificats de qualité délivrés par le
producteur ou par le furnisseur.
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independent de verificarea internd a “proiectantului” se
face in mod obligatoriu si “extern” prin specialisti
verificatori de proiecte atestali, independenti de
“proiectant”.

Autorizarea §i acreditarea laboratoarelor de analize gi
incercéri se face de céitre Inspectoratul General de Stat
pentru Calitatea si Disciplina in Construciii, in functie de
nivelul de subordonare la care activeaza acestea si al
competentei.

Verificarea executiei lucrarilor de drumuri este
obligatorie si se face prin personal propriu, in cadrul
verificdrii interne a “executantului”.

Independent de aceasta verificare interna, calitatea
lucrérilor de drumuri se face obligatoriu “extern” de cétre
investitor prin diriginti de specialitate, responsabili tehnici
cu executia, atestali in aceasti activitate sau prin agenti
economici de consultan{a specializafji.

Receptia constructilor de drumuri constituie
certificarea realizéri acestora in conformitate cu
prevederile proiectelor, cu caietele de sarcini insusite de
“executant” n urma licitatiei de adjudecare a proiectului
de executare a lucrérilor gi cu “cartea tehnica a drumului”.

Cartea tehnicd a drumului se intocmegte pe parcursul
executdrii lucrdrii, cuprinde documente privitoare la
conceperea, realizarea, exploatarea, intretinerea si
reabilitarea drumului.

Cartea tehnicd a drumului se intocmegte prin grija
investitorului si se preda proprietarului drumului care are
obligatia de a o péastra gi de a o completa la zi.
Prevederile din cartea tehnica a drumului referitoare la
exploatare sunt obligatorii pentru proprietar, administrator
si exploatator.

Urmarirea comportérii drumului in exploatare se face
pe toata durata lui de existenta si cuprinde ansamblul de
activitafi privind examinarea directa - inspectia vizual - si
investigarea cu aparatura specificd in scopul determinérii
starii tehnice a drumului si precizéri maginilor de
reabilitare necesare mentinerii exigentelor de performanta
esentiale.

Interventiile cu lucrari la drumurile existente si care se
referd la lucrdri de ranforsare, transformare, extinderi gi
lafiri de benzi, sporirea sau asigurarea stabilitatii, etc. se
consemneazA obligatoriu in cartea tehnicd a drumului.

Controlul de stat al calitdtii la lucrari de drumuri
cuprinde inspeclii in etapele de concepere, executie Si
exploatare privind componentele sistemului “calitate” in
functie de categoria i impgrtanta drumului.

Aceleasi prevederi mentionate mai sus sunt obligatorii
si In ceea ce priveste podurile, cladirile, tunelurile,
viaductele si celelalte lucfari de arta ale unui drum.

Pentru lucrdrile de drumuri care au Tnceput sa se
execute din anul 1994 toata seria de norme, standarde si
instructiuni a fost revizuitd, iar unele au fost modificate si
completate in conformitate cu prevederi sau orientéri ale
Normelor Europene. Aceste modificari si completéri fac
narte din Caietele de sarcini ale proiectelor de ranforsare
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Les études pour les travaux de routes en ce qui
concerne la soumission aux reglémentations techniques
relative aux exigences essentielles de performance
doivent étre vérifiés de l'intérieur par “le projecteur” et, en
outre, “de Pextérieur” par les spécialistes vérificateurs de
projets, atestés et indépendants de "projecteur".

L’autorisation et [Paccréditation des laboratoires
d’'analyses et d’essais sont accomplies par I'Inspectorat
Général d’Etat pour la Qualité et la Discipline en
Construction, selon le niveau de subordination auquel
ceux-ci travaillent et selon la compétance.

La vérification de Pexécution des travaux de routes est
obligatoire et elle est accomplie par le personnel-méme
dans le cadre de la vérification intérieure de ‘Texécutant”.

Outre cette vérification de Fintérieur, la qualité des
travaux de routes doit étre obligatoirement faite aussi de
'extérieur, du coté de linvestiteur par des surveyants,
des responsables techniclens ayant en charge Péxécution
autorisé dans cette activité ou par des agents
economiques consultants, spécialisés.

" La réception des constructions de routes constitue la
certification-méme de leur réalisation selon les marches,
les cahiers de charges appropriés par I'exécution des
travaux et conformément au "livre technique de la route".

On rédige le livre technique de la route au cours de
Pexécution-méme du travail et fon y renferme des
documents relatifs a la conception, la réalisation,
'exploitation, I'entretien et la réhabilitation de la route.

C’est a linvestiteur de soigner P'élaboration du livre
technique de la route et de le faire parvenir au
propriétaire qui, & son. tour, doit le conserver et le
compléter a jour. )

La poursuite du mode de réaction de la route en ex-
ploitation doit étre faite au parcours de toute sa durée d’e-
xistence et se réfere a Pensemble d’activité concernant
examination directe - inspection visuelle - et I'investiga-
tion a laide d’un appareillage tout particulier, afin de dé-
terminer I'état technique de la route et d’en préciser le
materiel nécessaire, pour ne pas cesser de satisfaire les
exigences essentielles de performance.

Les interventions d’autres travaux de routes existan-
tes, s’adressant aux travaux de renforcement, transfor-
mations, extensions et élargissements des bandes,
l'accroissement ou la stabilité etc. doivent étre obligatoire- -
ment consignées dans le livre technigue de la route.

Le contrble d’Etat de la qualité relative aux travaux de
routes fait l'objet des inspections pendant la ... ~=ntion.
éxecution et l'exploitation en ce qui concermne les
composants du systeme “qualité”, seion la catégorie et
limportance de la route.

Les mémes prescriptions sont obligatoires en ce qui
concerne les ponts, les batiments, les tunnels, les
viaducs et les travaux d’art d’une route.

Relatif aux travaux de route qui ont déja été
commencés depuis 1994, toute la série de normes,
standards et instructions a déja été révue, quelques-unes
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a peste 1050 km. de drumuri nafionale din refeaua
majora a tarii adjudecate de circa 12 antreprize din care
aproape 2/3 din strdindtate, proiecte ce trebuie sa-gi
giseasci finalizarea pana in 1996.

_intre aceste Norme si Instructiuni modificate sunt de
mentionat intre altele, doud apreciate ca foarte
importante, deoarece ranforsarea celor peste 1050 km.
de drumuri trebuie s& se fac& utilizand mixturd asfaltica
standard. . _

Primul standard modificat se referd la clasificarea
rocilor in baza a gapte criterii de performanta (uzura,
rezistenta la compresiune, la goc, la inghe}-dezghet, etc.)
in sase clase (A..F) si precizarea folosirii lor in functie de
trafic - clasa drumului - i stratul din structura in care
poate fi folosit. -

Al doilea standard se referd la calitatea bitumului
completat cu criterii de exigen{a si dupd supunerea lui la
incercarea RTFOT, incercare si determinéri recomandate
de programul SHARP din SUA si agreat de conferinfa
EUROBITUME - iunie 1995 Stokhoim.

Proiectul legii “Calitatea in Construclii” supus
actualmente discutiei publice prevede numai sanctiuni
banesti M cazul nerespectérii prevederilor de calitate,
sanctiuni proportionale cu gravitatea lipsurilor constatate.

Studii cost/beneficiu efectuate in cadrul Administratiei
Nationale a Drumurilor au arétat, in baza datelor de trafic,
a cartii tehnice a drumului si a costurilor actualizate de
executie si intretinere c3 drumurile executate cu
respectarea integrald a condiliilor de calitate au o durata
fe viatad de 1,5-2 ori mai mare decat cea normata,
‘heltuielile de intretinere sunt cu 20- 60% mai reduse, iar

heltuielile de exploatare cu 5-20% mai reduse.

en étant déja modifites et complétées, selon les
prescriptions ou conseils des Normes Européenes. Ces
modifications et complétements se retrouvent dans les
Cahiers de charges pour les projets de renforcement,
faisant I'objet de plus de 1050 km de routes nationales du
réseau majeur du pays, adjugés par appel d'offre a 12
entreprises, dont presque 2/3 de I'étranger, des projets
qui doivent étre exécutés jusqu’a 1996.

Parmis ces Normes et Instructions modifiées, ily en a
deux 4 mentioner, apréciées comme trés importantes,
puisqu’afin d’accomplir le renforcement de plus de 1050
km de route, on doit y utiliser I'enrobé bitumineux
standard.

Le premier standard modifié s’adresse a la
clasification des roches selon les sept critéres (I'usure, la
résistance a la compression au choc, au gel-dégel etc.)
dans six classes (A...F) et & ce que de préciser leur mode
d’emploi selon le trafic - la classe de la route - et la
couche de la structure ou on peut les utiliser.

Le deuxiéme standard s’adresse & la qualité du bitu- -
me, aussi bien qu’aux critéres d’exigence et 4 sa capacité
de se soumetire a Tépreuve RTFOT, selon les recom-
mandations du programme americain SHARP agréé a la
Coniérence EUROBITUME, datée juin 1995, & Stokholm.

-~ Le projet de la loi sur “La qualité en constructions”,
soumijs actuellement a la discussion publique prévoit, au
cas du non-respect des_prescriptions. relatives a la
qualité, seulement des sanctions pécuniaires, par rapport
a la gravité des erreures constatées.

Des études codt/profit, faites par .’Administration Na-

~ tionale des RoUtes, fondés sur des dates de traffic, sur le

livre technique de la route et les codts actuels d’exécution
et d’entretien, ont prouvé que les reutes executées en res
pectant toutes les conditions exigées par la qualité, ont
une durée de vie de 1,5 a 2 fois plus grande que les au-
tres, les codts d’entretien sont réduits par 20% a 60% et
les codts d’exploitation, par 5 & 20%.
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Centenarul podului peste Dundre
- “Regele Carol I’ (1895-1995)

| The centenary of the bridge
“King Carol I’ over the Danube (1895 -1995)

Prof. dr. ing. NICOLAE POPA, decan al Facultdtii de Cai Ferate, Drumuri $i Poduri Bucuresti
Dr. ing. DRAGOS TEODORESCU, director tehnic, Institutul de Studii gi Proiectari Cai Ferate Bucurest:
Ing. SABIN FLOREA, vicepregedinte, S.C.VIACONS S.A. Bucuresgti

Prof. dr. eng. NICOLAE POPA, Dean of Faculty of Railways, Roads and Bridges, Bucharest -
Dr. eng. DRAGOS TEODORESCU, Deputy Manager, The Railways Study and Design Institute. Bucharest
Eng. SABIN FLOREA, Vice-President of VIACONS S.A. Company, Bucharest

Istoricul lucrarii

Cu dou3 mii de ani in urmad, inginerul si arhitectul
antichitatii, Apolodor din Damasc, a conceput i construit
primul pod peste Dunére, in timpul domniei impéaratului
roman Traian. ldeea constructiei unui ait pod definitiv
peste fluviul european, pe teritoriul romanesc, a venit abia
la mijlocul secolului XIX, in acelagi timp cu inceperea
construciiei retelei de céi ferate.

Domnitorul Tarii Romanesti, Barbu Stirbei, se gandea
la cai ferate, inci din 1851. Atunci a fost exprimata ideea
legaturii dintre Bucuregti si Marea Neagrd printr-o cale
feratd, care sd traverseze Dunarea §i sa permitd
dezvoltarea comerului cu alte tari. Privitor la aceasta cale
ferata, Divanul Tarii Romanesti a votat, la 24 februarie
1856, Conventia cu Maximilian von Haber de Karlsiruhe
(Germania), care stabilea pnntr-o clauzd, ca validarea sa
depindea de extinderea cdilor ferate pana la Marea
Neagr4, cu acordul Inaitei Parti‘Otomane.

incheierea domniei lui Barbu Stirbei, in 1856, a avut
drept consecin{d intreruperea, pentru un timp, a con-
structiei de cii ferate, care era dorin{a sa, dar si a farii.

Calea feratid Cernavoda-Constanta a fost construita si
finanfata de compania engleza Barkley & Stanitforth, fiind
terminata in 1860. In 1880, linia a fost rascumparata de
statul roman.
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Historical background

Two thousand years ago, the engineer and architect of
the Antiquity, Apolodor of Damascus, conceived and built
the first Bridge over the Danube, during the reign of the
RomanEmperor Traian, After that, the idea of the another
fixed bridge construction, over the European river, on the
Romanian temitory, came in the middle of the 19th
Century, in the same time with the beginning of the
railway network construction.

The ruler of the Romanian Principality, Barbu $tirbei,
thought since 1851 about some railway lines. It is the first
time when was expressed the idea of the connection
between the Capital Bucharest and the Black Sea area,
by a railway crossing the' Danube and permitting the trade
development with the other countries. Regarding this
railway, at 24th of February 1856, the Divan (Parliament)
of the Romanian Principality voted a Convention with
Maximilian von Haber of Karlsruhe, Germany. This
Convention had a clause stipulating that its validity
depended of the extension of the railway as far as to the
Black Sea having the agreement of the Sublime Ottoman
Porte.

The retirement of Barbu S$tirbei, in 1856, had as a
consequence the interruption - for a while - of the railway
construction which was both his wish and of the Country.
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Dupa urcarea pe tron a regelui Carol I, in 18686,
constructia de cdi ferate a cunoscut o evoluiie
remarcabild si a pus bazele progresului in Romania.
Legarea capitalei {arii cu Dobrogea (alipitd Romaniei
dupd razboiul de independentd din 1877) si cu portul
Constanta, a devenit 0 necesitate stringents, din motive
comerciale, administrative si strategice.

Comisia, stabilitd ca o consecinjd a Tratatului de la
Berlin si formata din delegati ai Marilor Puteri, s-a intalnit
in 1878, la Silistra (Bulgaria), pentru a trasa granita dintre
Romania si Bulgaria. Delegatul francez, comandantul
Lemoyne, a propus ca granifa s fie deplasatd cu 800 m
pe Dunére, la Nord-Est de bastionul Silistrei, pentru a
permite amplasarea, intr-o pozifie favorabild, a unui pod
peste fluviu (fig.1).

Constructia podului la Silistra, in aval, a fost
considerata foarte dificila si costisitoare, datorita largimii
Dundrii i impartirii fluviului in 2 brate, Dundrea si Borcea.
Puterile semnatare ale Tratatului de la Berlin au numit o
Comisie TehnicA Europeanid, pentru a examina
amplasarea podului. Aceasta Comisie Tehnic3 s-a intrunit
la Silistra, sub pregedintia unui delegat francez, inginerul
Leon Lalanne. Membrii Comisiei au discutat gi analizat,
‘de la 27 octombrie pand la 15 noiembrie 1879,
amplasarea podului si au czut de acord, in unanimitate,
pentru delimitarea granitei dintre Romania si Bulgaria.

In 1880, Camerele Parlamentului Romaniei au decla-
rat de utilitate publici construirea ciii ferate Bucuregti-
Cernavoda-Constanid, pentru a lega zona Mérii Negre de
restul Romaniei. Pentru proiectarea si constructia liniei
Bucuregti-Fetegti (146 km), inginerul roman Spiridon Yor-
ceanu a fost numit director general. In ceea ce priveste
sectorul Fetegti-Cernavodi (15 km), erau necesare podu-
ri peste braful Borcea si peste Dundre, lucréri de mare
complexitate si important. De aceea, guvernul roman a
initiat, fn 1882, o licitatie internationald pentru proiectarea
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The railway Cernavodd-Constania was constructed
and granted by the English Company Barkley &
Stanifforth, in 1860, then, in 1880, it was bought back by
the Romanian State.

Atfter the King Carol | ascended the throne, in 1866,
the railway constructions had a remarkable evolution and
lied at the basis of the Romania progress. The connection
of the Capital, Bucharest, with Dobrudja county (which
was given back to the Romanian State after the
Independence War of 1877) and with the Constanta
harbour at the Black Sea, gone to be a need for a
comercial, administrative and strategical reasons.

The Commission - established as a consequence of
Berlin Treaty and formed by the delegations of the Great
Powers - met in Silistra (Bulgaria), in 1878, in order to
mark the borders between Romania and Bulgaria. The
French delegate, commander Lemoyne proposed that the
border be begun at 800 m from the Danube, towards East
against the North-East Silistra bulwark, with the view to
permit to join Dobrudja county with the other Romanian
counties by a favourable bridge site (fig. 1).

The bridge construction at more distance, against
Silistra, downstream, was considered very difficult and
expensive, due to the Danube width and the forking river
in two arms, Danube and Borcea. The signatory Powers
of the Berlin Treaty have nominated an European
Technical Commission to examine the bridge site. This
Technical Commission met in Silistra under the
chairmanship of the French delegate, Engineer Leon
Lalanne. The members of the Technical Commission
discurssed and analysed - from 27th of October to 15th of
November 1879 - the site bridge and admitted the
conclusions of the majority for the borders delimitation
between Romania and Bulgaria.

In 1880 the Chambers of the Romanian Parliament
have declared as a public utility the construction of the

DOBRUDJA
COUNTY

Fig. 1 - Zona de Sud-Est a Romaniei
The South-East part of Romania
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podurilor. La licitalie s-au prezentat 8 companii din
Franta, Elvelia, Austria, Germania gi Belgia. Vom prezen-
ta mai jos concluziile comisiei nominalizatd de guvemul
Ronianiei pentru analiza acestor proiecte. Comisia a fost
alcituitd din dr. E. Winkler, profesor la Scoala Politehnicd
din .Charlottenburg, profesorul E. Collignon de la $coala
Nationald de Poduri $i Sosele din Paris si inginerii romani
Spiridon Yorceanu, Dimitrie Frunzé si Constantin Olane-
scu. Spiridon Yorceanu a fost numit pregedinte, iar ingi-
nerul Anghel Saligny, secretar.

Proiectele au fost mai intai examinate de secretariatul
comisiei si apoi discutate in sedinfa plenara din 3 - 20
septembrie 1883, dupd care s-a intocmit un raport oficial
la Cernavoda, pe vaporul Stefan cel Mare. intrucat nici
unul dintre cele 8 proiecte prezentate nu a respectat in
totalitate recomandarile facute, comisia nu a acordat
premiul |. A fost acordat-premiul 1l, companiei Batignolles
(Franta) si premiul lll, asociafiei dintre compania Klein
Scholl & Gartner Viena si fabrica Gittehoffnungshiitte
(Germania), Au fost acordate menfiuni de onoare
companiilor Holzmann & Co din Frankfurt, Fives-Lille din
Paris si Rothlisberger & Simons din Berna.

Pe baza proiectelor din competitie si a forajelor
geotehnice realizate de statul roman, sub conducerea
inginerului Nicolae Herjeu, comisia a prezentat, in raportul
séu, recomanddrile urmétoare:

1. Se interzice suprastructura mobild; si se prevadé o]
inaltime de constructie minima de 30 m de la etiaj pana la
talpa inferioard a podului.

2. Suprastructura sa fie executatd din grinzi
independente, a cdror deschidere s fie de minimum 165
m. Au fost prezentate dezavantajele solufiilor cu grinzi
continue i cu arce.

3. Infrastructura sa fie executata integral din zidarie,
admltandu-se o presiune pe talpa fundatiei, de max 10
kgf/cm

" 4. Podul si fie executat cu dou3 linii ferate, conform
propuneru companiei Batignolles.

5. Presiunea vantului si fie considerata la 180 kgf/cm
pentru podul incércat cu convoi i de 270 kgf/cm pentru
podul neincércat.

6. Suprastructura sa fie executata din fier pudiat, si nu
din otel.

Intrucat licitatia din 1883 nu a avut un rezultat pozitiv,
Ministerul Lucrérilor Publice a numit o altd comisie, for-
mata din inginerii romani S. Yorceanu, G. Duca, C. C. Po-
pescu, C. Mironescu gi A. Saligny, insarcinatd sa intoc-
meascé noi recomandéri pentru proiectul podului. Progra-
mul trasat de comisie prevedea toate cerinfele rezultate
din licitatie, cat gi propuneri pentru executia lucrarilor.

Avand acordul Ministerului Lucrarilor Publice, comisia
a adoptat anumite derogdri de la recomanddrile stabilite
in 1883, astfel:

1. Podul va fi pentru cale simpla.

2. Este acceptati o variatie de 3 m la recomandarea
privind indltimea de constructie de 3o m de la etiaj.
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railway Bucharest- Cernavoda-Constanta, to connect all
the Romanian counties with the Black Sea area.

In order to elaborate and construct the railway
Bucharest-Fetesgti (146 km), the romanian engineer
Spiridon Yorceanu was nominated as a general director.
Concerning the railway section of fetegti-Cernavoda (15
km) it needed bridges over the Borcea arm and the
Danube, as a very important and complex works. That it
why, the Romanian Government initiated, in 1882, an
international projects competition. Some details about this
competititon as well as the solution presented by eight
Companies from France, Switzerland, Austria, Germany
and Belgium, can be find in the work (4). We will present
in this paper only the conclusions of the Commission.
nominated by the Romanian Government for the projects
analysis. This Commission was formed by Dr. E. Winkler,
Professor in the Polytechnic School of Charlottenburg,
Professor E. Collignon from L’Ecole Nationale des Ponts
et Chaussees; Paris and romanian engineers Spiridon
Yorceanu, D. Frunzd, C. Oldnescu. Spiridon Yorceanu
was nominated as a chairman and Anghel Saligny as a
secretary.

The projects were previously examined and checked
up by the Secretary of the Commission and then
discussed in the plenary session, 3-20th of September
1883. After that it was dressed an official report in
Cernavoda, on “Stefan cel Mare” ship. .

As none of the eight projects presented at this
competition did comply the appointed requisites of the
specifications, the Commission did not awerded the Ist
Prize. The lind Prize was awarded to the Company
Batignolles of France and the llird Prize to the Company
Klein Scholl and Gartner of Vienna associated with the
Guttehofinungshiitte factory of Germany. There were
aworded honourable mentions to the Companies:
Holzman & Co. of Frankfurt, Fives-Lille of Paris and
Rothlisberger & Simons of Berna.

On the basis of the analysis of the competition
projects and of the geotechnical drillings realized by the
Romanian State under the Controle of the engineer
Nicolae I-ierjeu, the Commission presented in its report
the recommendations to be observed during the
elaborations of the final project. The recommendations
were as follows:

1. To be forbidden the moveable’ superstructure; to
praovide a height clearance under the bridge of 30,0 m
starting from the river water the high levels. c

2. The superstructure to be carried out by independent
girders which span to be minimum 1650 m. The.
disadvantages of the solutions with continuous girders
and arches were presented.

3. The substructure to be totally carried out of
masonry, admitted a maximum pressure of 10 kgf/cm2 on
the foundation base.

4. The Bridge to be executed over the double - way
railroad, in the line proposed by the Batignolles Company.
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3. Calculul la presiunea vantului si se facid cu
respectarea strictd a recomandrilor engleze.

Programul si recomandérile comisiei au fost trimise, in
1886, la caAteva companii strdine, recunoscute pentru
capacitatea si competenta lor In realizarea unor astfel de
lucrdri. Cinci companii: Braine-le Comte (Belgia),
Fives-Lille, Cail, Gouin §i Joret (Frania). au prezentat
proiectele gi ofertele lor pentru construirea podului peste
Dunére.

Analiza detaliatd a proiectelor si a ofertelor, ficuta de
comisie, a concluzionat ca nici una din companii nu a
finut cont de necesitdli i recomandéri: de aceea, comisia
a propus Ministerului sa nu adjudece lucrarea.

in decembrie 1887, Ministerul Lucrarilor Publice a

numit pe inginerul Anghel Saligny s& elaboreze proiectul
cdii ferate Fetegti-Cernavodd, inclusiv al podurilor.
inginerul  Saligny céastigase. increderea autorititilor
romanesti, datoritd lucrarilor executate de el pana atunci,
precum $i datoritd participarii sale la ambele comisii
(1883 si 1886)  care organizasera licitafile privind
constructia podului peste Dunire.

Proiectui

inainte de a incepe proiectarea podului peste Dundre,

A. Saligny a vizitat cAteva dintre marile poduri europene -

deja construite sau aflate in executie. Printre acestea, a
vizitat podul Firth of Forth din Scofia, care era in
constructie. Acolo, A. Saligny a avut ocazia sa-i
intalneascd pe Sir John Fowler si Sir Benjamin Baker,
inginerii care au conceput $i condus lucrarile celor mai
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The cover of the technical report

mari poduri din lume, executate pana la acea data.
Intorcandu-se in Romania, A. Saligny a organizat o
Direclie speciald pentru construirea liniei Fetegti-

5. The wind pressure to be considered will be 180
kgt/m? - if the bridge is-loaded with vehicles, and 270
kgt/m? if it is unloaded. _

6. The superstructure to be executed in puddied iron,
notin steel.

As .the organized competition in 1883 had not a

- positive result, the Ministry of Public Works had

nominated a Commission formed by the romanian
engineers: S. Yorceanu, G. Duca, C.C. Popescu, C.
Mironescu and A. Saligny, which had to draw up the new
specifications for the bridge project. The programme
drawn up by this Commission oprovided ail the
requirements to be observed by the final projects as well
as by the execution works.

Having the Ministry of Public Works approval, the
Commission adopted some derogations of the
recommendations established in 1883, as follows:

1. The Bridge will have only one railway.

1. It is accepted a variation of 3,0 meters from the
recommended 30,0 meters foundations depth, from the
river low levels.

3. The strict application of the English
recommendations regarding the wind exposed surface
and the wind pressure intensity.

The programme and the specifications drawn up by
the Commission were sent, in 1886, to several foreign
Companies already known for their capacity and
competence of carrying out of such, works.

There were five Companies, Braine-le Compte from
Belgium, Fives-Lille, Cail, Gouin, Joret from France,
which have presented their projects and offers regarding
the Bridge over the Danube construction.

The detailed analysis of the projects and offers
realized by the Commission permitted to ascertain that
none of the companies has observed all the requirements
of the specifications. Therefore the Commission has
recommended of the Ministry not adjudicate the work.

In December 1887, the Ministry of Public Works
nominated engineer Anghel Saligay for the drawing up of
the Fetesti-Cemavoda railway project as well as all the
bridge projects on this railway. The engineer Anghel
Saligny obtained already the trust of the Romanian State
Authorities through the bridge works he realized till then
and thanks to his participation to both Commissions
(1883 and 1886) which organized the competitions
concerning ‘he Bridge over the Danube construction.

Design

Before the start of the project, concerning the Bridge
over the Danube at Cemavodd, Anghel Saligny has
visited some great European bridge works already
finished or under construction. Among these he visited
the Firth of Forth bridge in Scotland, which was under
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Cernavodi, formata din ingineri romani, care lucrasera
sub conducerea lui la aite lucrdri de poduri (ex. podul
peste Siret la Cosmesti, podurile peste Trotus la
Urechesti si Onegti) sau care i-au fost studenti la Scoala
Nationaid de Poduri i Sosele din Bucuregti.

Sub conducerea lui Anghel Saligny, aceasti echipd
tehnicA a finceput studile gi proiectele pentru linia
Fetesti-Cernavodd i in special pentru podul peste
Dunire de la Cernavodi. Studiul a cuprins problemele
tehnice de baz3, solutile pentru infrastructura si
suprastructurd si un memoriu tehnic asupra proiectului
propus. Acest memoriu a fost prezentat de A. Saligny, in
1888, guvermnului si Directiei Generale a Cdilor Ferate
Roméne.

Memoriul avea 67 pagini §i cuprindea urmétoarele ca-
pitole: Introducere, Concursul de proiecte din 1883, Con-
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cursul de proiecte din 1886, Proiectul propus Ministerului
Lucrarilor Publice de colectivul condus de A. Saligny. in el
se gasesc informatii despre suprastructurd (sistemul de
grinzi, geometria, principalele dimensiuni, presiunea van-
tului, montarea $uprastructurii, materialele utilizate) si in-
frastructura (adancimea de fundare, inéltimea libera sub
pod, pilele, presiunea pe talpa fundatiei).

Acest memoriu este rezuitatul cercetarilor facute de
Directia condus# de Saligny si aducea argumente tehnice
pentru sustinerea solufiei propuse, care era complet
diferitd de solutiile prezentate de companiile participante
la licitatiile anterioare. -

Pentru sustinerea alegerii sistemului de grinzi cu
console pentru suprastructurd, memoriul tehnic prezinta
atat evolufia cat si avantajele acestei solutii privind
consumul de materiale, distribufia eforturilor pe
deschidere si ugurinja montajului. Sunt prezentate 23
poduri, executate sau aflate in constructie la aceea daté,
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construction. There, Anghel Saligny, had the opportunity
to meet Sir John Fowler and Sir Benjamin+Baker, the
engineers who conceived and directed all the works of
the biggest bridge of the world, at that time.

+ Tuming back in Romania, A. Saligny have organized
the Special Department for the Fetegti-Cernavoda railway
construction. Therefore he formed a technical team with
the young romanian engineers who have worked under
his direction in the other bridgeworks (as example the
Bridge over the Siret river at Cosmesti and the Bridges
over the Trotug river at Urechesti and Onesti) or the
engineers who were his students in the National School
for Bridges and Roads Engineering of Bucharest

Under the direction of Anghel Saligny, this technical
team started the study and projects for the bridge works
on the Fetegti-Cemnavodd railway, where the most
important was the Bridge over the Danube at Cernavoda.
Where the basic technical problems was studied and the
solution conceming the substructure and the
superstructure was decided, a technical report about the
proposed project was drawn up. This report was
presented by Anghel Saligny, in 1888, at the Romanian
Government and at the Romanian Railways General
Department (fig. 2).

The report has 67 pages and the following chapters:
Introduction, Projects competition of 1883, Competition of
1886, The Project proposed to the Ministry of the Public
Works, by the Department directed of A. Saligny.

There are informations about superstructure (Girders
system, The main dimensions and geometry, Wind
pressure, Superstructure erection, Superstructure
material) and substructure (Foundation depth, Clearance
height under the bridge, Bridge piers, Presure on the
foundations soil).

This report is the result of the researches which
carried out by the Department directed of A. Saligny, and
has the technical arguments of the proposed solution,
completely different of the solutions already presented by
the companies of both international ‘competitions for
projects.

In order to sustain the choice of the system with canti-
lever girders, for the superstructure, the technical report
presents its evolution as well as its advantages concer-
ning the, materials consumption, their distribution on the
span and the erection facilities. There are presented 23
bridges - carried out or designed only, -at that time - which
utilised the cantilever girders system. Among those brid-
ges we mention the following: the Vilshofen bridge over
the Danube (Bavaria, 1872); the railway bridge over Luhe
river (Germany, 1873); the bridge over the Kentucky river
(North Ameerica, 1877); the Passy bridge over Sena river
(France, 1878); the Firth of Forth bridge (Great Britain,
1890); the bridge over the Fraser river (Canada, 1883);
the bridge over the Neckar river in Mannheim (Germany,
under construction in that time); the project of the Quebec
bridge over the St. Lawrence river (Canada); the project
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care utilizau sistemul de grinzi cu console. Printre aceste
poduri, mentiondm urmitoarele: podul Vilshofen peste
Dunére (Bavaria, 1872), podul de cale ferati peste raul
Luhe (Germania, 1873), podul peste raul Kentucky
(America de Nord, 1877), podul Passy peste Sena
(Franta, 1878), podul Firth of Forth (Marea Britanie,
1890), podul peste raul Fraser (Canada, 1883), podul
peste raul Neckar din Manheim (Germania, in constructie
la acea data), proiectul podului de la Quebec peste fluviul
St. Lawrence (Canada), proiectul viaductului Viaur
(Franta). Memoriul tehnic mentiona c toate datele privind
aceste lucrdri de poduri au fost luate din reviste:
Engineering Railroad Gazette, Deutsche Bauzeitung,
Centralblatt der Bauverksaltung. Ultima frazd a
memoriului tehnic ardta ci proiectul propus de inginerii
romani a fost trimis, pentru studiu si analiza, profesorilor
dr. E. Winkler si H. Krohn, care au fost de acord si au
apreciat ca aceasta este adevérata solufie pentru marele
pod ce leagd Marea Neagrd de refeaua Céilor Ferate
Romane.

Memoriul tehnic si prima schifd au fost analizate si
aprobate de o comisie de ingineri gi, pe aceastd baza,
Directia condusd de A. Saligny a inceput elaborarea
proiectului final.

Despre documentatia tehnicd a licitatiei, numarul
special (nr. 10 din octombrie 1931) al Buletinului
Societétii Politehnice, publicat cu ocazia celei de-a 50-a
aniversari a Societitii, spunea: “in afara scrisorii trimise
companiei Fives-Lille, pentru deschiderea licitafiei, au mai
fost trimise 82 anexe. intre aceste anexe, cea care poarti
numdarul 78, .este NOTA DE CALCUL. Compania a
rdspuns, prin scrisoarea din 5 noiembrie 1889: "..Am
primit, de asemenea, si planul gi documentele pe care le
mentioneaza scrisoarea..."." O copie a Notei de calcul,
contindnd 122 pagini, poate fi vdzutd la" Biblioteca
Academiei Romane (fig.3).

in Nota de calcul sunt detaliate argumente tehnice
privind infrastructura i suprastructura, estimarea
incércarilor, presiunile In diferite cazuri de incércare, ca gi
criterile de adoptare a sectiunilor si detaliilor diferitelor
elemente ale structurii podului. _

Lungimea podului peste albia minora, numaérul gi méri-
mea deschiderilor, au rezultat din calculele economice
comparative ale infrastructurii gi suprastructurii, aga cum
rezultd din memoriul tehnic.

Geometria in elevatie a grinzilor principale cu z&brele
(fig.4) a fost determinati astfel: gabaritul de navigatie a
stabilit linia dreapta a talpii inferioare, iar consumul minim
de otel din grinzile cu z3brele a condus la stabilirea curbei
téipii superioare. S-a ajuns ca talpile superioare ale
grinzilor independente sd aibd o curburd parabolica
convexd, iar cele- ale grinzilor cu console, o parabola

concava in lungul consolelor si o elipsa eoncava intre pile..

indlfimea maxima a grinzilor este de 12 m, iar cea
minim&, de 7,60 m, la capete, rezultati din necesititile
contravantuirilor transversale. Inéltimea maximad a
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of the Viaur viaduct (France). As the Technical Report
makes mention, all the data concerning these bridge
works were taken from the reviews: Engineer, Enginee-
ring Railroad Gazette, Deutsche Bauzeitung, Centralblatt
der Bauverksaltung.

The last sentence of the Technical Report shows that
the project proposed by the romanian engineers was sent
- in order to let know and consult - to the professors Dr. E.
Winkler and H. Krohn, who approved it and apprecied
that it represents the real solution of the great bridge ta
connect the Romanian Railways with the Black Sea area.

The Technical Report and the First Draft were
analized and approved by an Engineers Commission and
on this base the Department directed by Anghel Saligny
started the final project.

About the technical documentation carried out for the
open bid, the Special Number of the Bulettin of the
Polytechnical Society - no. 10 of October 1931 - (1),
issued on the occasion of the 50-th anniversary of this
Society, said: “Besides the letter sent to the Fives-Lille
Company, for the open bid, there were sent also 82
annexes. Among these annexes, the no. 78 is *Calculus
Notes*. The Company replied by the letter of 5-th
November 1889: "We have also received the plans and
documents which the letter makes mention". A copy of
the *Calculus Notes" - 122 pages - may be seen in the
Library of the Romanian Academy (fig. 3)

In the *Calculus Notes* there are all detailed technical
arguments regarding the substructure and superstructure,
estimated loads, the stresses depending on different
cases of loading, as well as critega to adopt the secticns
and details of the different elements of the bridge
structures. v

The bridge length over the minor streambed, the
number and size of the spans, had resulted from the
comparative economic calculation about the substructure
and superstructure, as it is presented in the Technical
Report.

The geometry, in elevation, of the main truss girders
(Fig. 4) was determined as follows: the clear head-way for
shipping determined the straight line of the lower chords
and the minimum steel quantity to be necessary for the
truss girders, determined the curve line of the upper
chords. Thus the upper chords of the independent truss
girders have a convex parabola line and for the cantilever
girders a concave parabola all along the cantilevers and
an ellyptical concave from between the support sections.

The maximum height of the independent girders is
12,0 m .and the minimum is 7,50 m, at the ends, as a
result of the transversal bracing requirements.

The maximum height of the cantilever girders is 31,0
m on the support section where the cantilever has a
maximum length of 50,0 m. The height of the cantilever
girders on the support section were the cantilever has
41,0 m length is 24,0 m. At the ends of the cantilevers the
height is the same as for the independent girders, 7,50 m.

Concerning the trusses, the triangular system adopted
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grinzilor cu console este de 31 m in sectiunea
reazemelor, pentru consolele de 50 m lungime si de 24
m, pentru consolele de 41 m lungime. La capatul
consolelor, Tndlfimea este aceeasi ca gi pentru grinzile
independente, de 7,50 m. Privitor la zabrele, a fost
adoptat sistemul triunghiular, cu cate doud diagonale
incrucigate in fiecare panou, sistem considerat ca cel mai
bun din punct de vedere economic §i estetic.

Sarcinile din proiect pentru grinzile cu zabrele
cuprindeau: greutatea proprie a structurii din otel,

2
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with two crossed diagonals on each pannel was
considered as a best one both in economic and aesthetic
point of view.

The design loadings for the truss girders were: dead
load which includes the weight of structural steel, traffic
loads and wind actions. The weight of the superstructure
members was estimated on the draft scheme and was di-
stributed at the truss nodes. The traffic load admitted in a
design was 3,5 Ym and it was established as an equiva-
lent uniform distributed load produced by a train compo-

Rt
. LERNAVODA

Fig. 4 Elevatia podului - vedere
The view in elevation of the bridge

sarcinile din trafic si actiunea vantului. Greutatea
elementelor suprastructurii a fost estimata in schita de
plan si a fost distribuitd in nodurile z&brelelor. Sarcina din
trafic admisa in proiect era de 3,5 t/m si a fost stabilita ca
echivalent al unui convoi format din 3 locomotive plasate
intre vagoane: Schema unei locomotive este aratataté in
fig.5. Privitor la intensitatea présiunii vantului, au fost
emise 2 ipoteze: a) 180 kg/m<, in cazul cand pe pod se
afla un tren; b) 270 kg/m2, cand podul este gol. Suprafata
expusd la vant a fost consideratd ca suprafata reald a
elementelor grinzilor, inmulfitd cu coeficientul de 1,5-2,0,
pentru a cuprinde si influenfa grinzilor secundare. Pentru
tren s-a considerat o suprafafa rectangulara cu inalfimea
de 2,50 m si partea cea mai joasa fa 50 cm de la nivelul
sinei.

Foriele axiale in elementele grinzilor cu zabrele au fost
calculate atat analitic cat si grafic, luand in calcul cele mai
detfavorabile ipoteze.

Forma si dimensiunile grinzilor cu zabrele, sectiunile
transversale ale tdlpilor superioare si inferioare (fig.7) au

sed by three locomotives placed between the waggons.
The scheme of a locomative it is shown in fig. 5.

Regarding the wind pressure intensity there were two
hypothesis: a) 180 kg/m2 when the bridge is loaded by a
train; b) 270 kg/m2 when the bridge is unloaded. The
surface exposed to the wind was considered as a real
lateral surface of the girder members muitiplied by a
coefficient of 1,50-2,0 in order to observe the influence of
the second girder. For the train it was considered a
continuous rectangular surface with a height of 2,50 m
and its lower part at 50 cm from the rail road.

The axial forces, in the truss girder members were
calculated both analytical and graphical, taking into
account the most unfavourable loading hypothesis (fig. 6).

The torm and size of the truss girder, upper and lower
chords cross-section (fig. 7) were determined on the
following criteria: to have sufficient area in order to take
over the axial forces, varying from 57,0 tons to 9890
tons; to make easy the cross- section variation from one
to another panel; buckling resistance; easy connection of
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Fig. 5 Schema locomotivei considerata la proiectarea podurlui
The scheme of the locomotive considered in the bridge design

fost determinate dupd urmatoarele criterii:;: asigurarea
unor suprafete capabile s& preia forjele axiale, care
variazd de 'la 57 t la 989 t; realizarea cu usurinia a
variatiei sectiunilor transversale de la un panou la altul;
rezistenfa la incovoiere; prinderea ugoara a diagonalelor
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" the diagonals and wind bracings; to reduce as much as

possible the wind exposed surface.

The sizes as well as the form of the diagonals
cross-section (fig. 8) were determined from the resistance
and constructive conditions. In order to estimate the
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Fig. 6 Unele ipoteze de incarcare considerate la proiectarea grinzilor cu zabrele ale podului
Some loading hypothesis considered in the design of the bridge truss girders

de contravantuiri; reducerea, pe cat posibil, a suprafefelor
expuse la vant.

Dimensiunile, ca si forma sectiunilor transversale ale
diagonalelor (fig.8) au fost determinate din calculul de
rezisten{a si din conditii constructive. in ceea ce privegte
rezistenia la incovoiere, diagonalele comprimate au fost
considerate fixe la capete si articulate in sectiunile de
intersectie cu diagonalele intinse. Pentru rezistenta la
incovoiere a elementelor comprimate, s-a utilizat foria
criticd Euler si un coeficient de sigurantd de 4,5.
Rezistenta la incovoiere a diagonalelor a fost calculata in
planul si perpendicular pe planul grinzilor principale.
Pentru legarea celor doi pereti din sectiunea diagonalelor,
s-au folosit diafragme si zdbrelute, in sistem de diagonale
incrucisate.
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Fig. 7 Sectiunea transversala a talpilor inferioare si superioaré
The cross-section of the lower and upper chords
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buckling resistance, the compression diagonals was
considered fixed at the ends and a hinge in its
cross-points with the tension diagonals. For buckling
resistance of the compression members it was used the
critical force EULER and a safety coefficient of 4,5.

The buckling resistance of the diagonals was assesed
both in the plane and perpendicular plane on the truss gir-
ders. For transversal connections between the two walls
of the diagonal cross-sections it was used diaphragms
and small lattices within the crossed diagonals system.

The cross-sections size and form of the vertical truss
members (fig. 9) placed in the support sections of the
cantilever girders were a result of the buckling resistance.
The effective length was considered as 0,78 of their
theoretical length.

T
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Fig. 8 Sectiunea tansversala a diagonalelor
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Marimea sectiunitor si forma montantilor (fig.9) din
secliunile de pe reazeme ale grinzilor cu console au
rezultat din rezistenia la incovoiere. Lungimea lor efectiva
a fost consideratd la 0,78 din lungimea teoretica.
Sectiunile montantilor de la capetele consolelor (fig.10)
au rezultat din rezistentd i din conditile constructive
impuse de reazemele suspendate ale grinzilor
independente.

Contravantuirile orizontale de la télpile inferioare ale
grinzilor principale au fost rezolvate prin cate doud
diagonale incrucigate in fiecare panou. Foriele axiale din
elementele contravantuirilor orizontale au fost calculate
avAndu-se 1in vedere actiunea vantului asupra
suprastructurii  podului $i asupra trenuiui. Sectiunea
transversalad a diagonalelor contravantuirilor orizontale,
formatd din doud platbande de 10-15 mm grosime,
rigidizate cu doud corniere, a fost determinatd de
rezistenfa la Intindere. indlfimea  contravantuirilor
transversale din planul montantilor si al diagonalelor
comprimate ale grinzilor cu z&brele a fost determinata de
conditia ca partea lor cea mai joasa sa se afle la 5,70 m
de la nivelul cii. Schema de calcul este arétata in fig. 11.

Sectiunile  transversale ale elementelor de
contravantuire au rezultat din rezistenta la ncovoiere.
Lonjeronii tablierului au fost considerali ca grinzi
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Fig. 9 Secliune transversala prin montantii din sectiunile de pe
reazeme ale grinzilor cu console
The cross-section of the vertical members placed on the
support section of the cantilever girders
independente, rezemate la capete pe grinzi transversale.
Incarcarea luaté in calcul pentru lonjeroni este: greutatea
proprie, greutatea cdii i a 2 locomotive agezate alaturi,
avand sarcina pe osie de 13 t.

Intre  lonjeroni s-au  prevdzut  contravantuiri
transversale, situate la 2,50-3,00 m intre ele. Rolul
contravantuirilor transversale este indeplinit de profilele
trapezoidale continue (fig.12), care susiin calea gi sunt
fixate pe talpa superioard a lonjeronilor.

Antretoazele au fost condiderate ca grinzi
independente, rezemate la capete pe grinzile principale
cu zibrele si solicitate de greutatea proprie §i de
reactiunea  transmisd de lonjeroni.  Sectiunea
antretoazelor este in dublu T, cu doud planuri simetrice,
dimensiunea inimii find de 1000 x 10 mm. Antretoazele

The cross-sections of the vertical truss members
placed at the ends of the cantilevers (fig. 10) resulted
from the strength and constructive conditions required by
the suspended supports of the independent truss girders.

The horizontal wind bracings placed between the
lower chords of the main truss girders was cafried out by
two crossed diagonals within each panel.

The axial forces in the horizontal wind bracing
members were calculated taking into account the wind
action on the bridge superstructure and on the train. The
cross-section of the horizontal wind bracing diagonals,
formed by two flange-plates of 10 to 15 mm thickness,
stiffened on its borders by two angle profiles, was
determined by tension strength.

The height of the transversal wind bracings, placed in
the plane of the vertical members and compression
diagonals of truss girders, was established on the
condition that their lower side to be at 5,70 m from the
railways. The calculation scheme it is shown in fig. 11.

The cross-section of the transversal wind bracings
members were resulted from the buckling resistance.

The stringers of the deck were considered as inde-
pendent girders, supported at their ends by the cross-gir-
ders. The loadings taken into consideration for the
stringers were: the self weight, the railway weight, and
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Fig. 10 Sectiune transversala prin montantii de ia capetele
grinzilor cu console
The cross-section of the vertical members placed at the ends of the
independent truss girders
two engines, placed face to face, with an axle load of 13
tons.

Between the two stringers it were provided transversal
wind bracings placed each 2,5 - 3,0 m. The,role of the
horizontal wind bracings is carried out by the continuous
trapezoidal profiles (fig. 12) which sustines the railway
and are fixed on the upper flange of the stringers.

The cross girders were considered as independent
girders, supported at their ends by the main truss girders,
loaded by their self weight and the reactions transmitted
by the stringers. The cross-section of the intermediary
cross-girders has a double T form, with two simmetry
plans, the web size being 1000 x 10 mm.

The cross-girders placed at the ends of the cantilevers
have a box cross-section due to the supporting system of



A DOUA CONFERINTA “PODURI PESTE DUNARE"

THE SECOND CONFERENCE “BRIDGES OVER THE DANUBE”

de la capetele consolelor au o nigd transversald pentru
rezemarea grinzilor independente §i pentru preiuarea
forfelor orizontale transmise de lonjeroni.

Pentru suprastructura podului a fost utilizat ojel carbon
moale, cu rezistenta la intindere de 4200-4800 kg/cm2 Si

Q'H

Fig. 11. Schema contravantuirilor transversale
The scheme of the transversal wind bracing

cu alungirea minima de 21%. Aceste caracteristici
principale de rezistenta si ductilitate au fost obtinute prin
incercarea la intindere a unor epruvete de 200 mm
lungime. Sarcina admisibild proiectatd a fost de 1000
kg/cm2, pentru incarcari provenite din greutatea proprie §i
din trafic gi de 1200 kg/cm2, pentru Tncarcari provenite din
greutatea proprie, din trafic si din actiunea vantului.
Pentru Ionieroni, sarcina admisibila proiectatd a fost de
800 kg/cm*”.

the independent truss girders and also due to the
longitudinal horizontal forces transmitted by the stringers.

For the bridge superstructure it was utilized mild
carbon steel with the tensile strength of 4200 to 4800
kg/cm2 and a minimum elongation of 21%. These main
characteristics of strength and ductility were obtained
from the tension test on a 200 mm Iength specimens. The
allowable stress design was considered 1000 kg/cm2
when the stresses are resulted from the dead load and
traffic load, and 1200 kg/cm2 when the stresses are
resulted from the dead load, traffic load and wind action.
The allowable stress design for stringers was considered
800 kg/cmz.

The substructure of the bridge, formed by the piers in
the Danube flow path, a pier-abutment on the left bank
and an abutment on the right bank, was calculated
considering the foundations base level at 27,0 m, under
the level of low water. The piers has icebreaks following
the form of bridge piers built, in that time, in North
America and Russia.

The substructures sizes were realized on the following
principles: to be only compression stresses in the
masonry; the maximum stresses do not exceed 12
kg/cm2; the maximum pressure on the foundation soil
does not exceed 10 kg/cm?.

205x60 7§
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Fig. 12. Profile trapzeoidale continue de sustinere a ciii
The continuous trapezoidal profile for the railway deck

Infrastructura podului, formatd din 4 pile in albia
Dunarii, o pila-culee pe malul stang si o culee pe malul
drept, a fost calculatid considerand nivelul de fundare la
27 m sub nivelul etiajului. Pilele au fost prevazute cu
spargheturi de forma celor construite in acea vreme in
America de Nord si in Rusia.

Dimensionarea infrastructurii  s-a facut dupa
urmétoarele principii: sarcinile de compresiune si fie
preluate numai de zidarie; rezistenta maxima sd nu
depaseasca 12 kg/cm2; presiunea maxima pe talpa
fundatiei sa nu depageasca 10 kg/cm?.

La proiectarea pilelor au fost considerate urmatoarele
actiuni: a) sarcinile verticale; greutatea suprastructurii,
greutatea cdii $i a trenului, greutatea proprie a infrastruc-
turii, greutatea padmantului pe treptele fundatiei si greuta-
tea apei; b) sarcini orizontale: presiunea vantului asupra
suprastructurii i a trenului, presiunea vantului asupra pi-
lelor, presiunea exercitatd de apa si impactul gheturilor.
Schema de calcul a unei pile este aratata in fig.13.
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In the design of the piers it was considered the
following actions: a) vertical loads: superstructure weight,
railway train weight, substructure self weight, soil weight
on the foundation steps, water weight; b) horizontal
actions: the wind pressure on the superstructure and the
train, the wind pressure on the pier, the dynamic pressure
of the water, the shock of the ice blocks.

The calculation scheme of a pier is shown in fig. 13.

The study of the superstructure elastic deformations
determined the Department for the Fetesti-Cemavoda
railway, directed by Anghel Saligny, to introduce some
modifications in the project before the open bid. With out
changing the general form of the superstructure and the
spans number, these modifications are the following: the
length of cantilever girders is 240,0 m instead of 243,0 m;
the distance between the supports of the cantilever
girders is 140,0 m instead of 152,0 m; each cantilever has
50,0 m instead of 41,0 m and 50,0 m; the length of the
independent girders is 90,0 m instead of 96,0 m: the
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Studiul deformadrilor elastice ale suprastructurii,
elaborat de Directia caii ferate Fetesti-Cernavoda,
condusa de Anghel Saligny, a introdus unele modificari

height of cantilever girders on each support is 32,0 m
instead of 24,0 m and 31,0 m; the height of cantilever
girders in the central part is 17,0 m instead of 11,0 m.
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Fig. 13 Schema de calcul a pilei
The calculation scheme of a pier

fatd de proiectul prezentat la licitalie. Fara a schimba
forma generald a suprastructurii gi numérul de deschideri,
aceste modificari sunt: lungimea grinzilor cu console, de
240 m in loc de 243 m; distanta dintre reazemele grinzilor
cu console, de 140 m in loc de 152 m; toate consolele au
50 m lungime in loc de 41 m si 50 m; lungimea grinzilor
independente este de 90 m in loc de 96 m; inéltimea
grinzilor cu console la toate reazemele este de 32 m in
loc de 24 m si 31 m; inaltimea grinzilor cu console in zona
centrald este de 17 m in loc de 11 m. Geometria celor
doua grinzi cu z&brele utilizate Tn suprastructura podului,
cu schimbdrile susmentionate, este arétatd in fig.14.
Noua geometrie a grinzilor cu zabrele a determinat o mai
mare rigiditate la incovoiere §i reprezintd un avantaj
pentru uzinare gi monta.

Aparatele de reazem fixe ale grinzilor cu zabrele sunt
plasate pe pilele deschiderii centrale, iar aparatele de
reazem fixe ale grinzilor independente sunt situate pe ca-
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The geometry of both truss utilized in the bridge
superstructure, with the above mentioned changes, are
shown in fig. 14.

The new geometry of the truss girders have
determined a higher rigidity to bending and represent an
advantage for fabrication and erection.

The fixed bearings of the cantilever girders are on the
central span piers and the fixed bearings of the inde-
pendent girders are placed on the end points of cantile-
vers. The calculation has considered both the
extension/contraction due to the temperature variation
and that one due to the bending. Their amount was 182,0
mm for the central part of 196,0 m length and 265,0 mm
for the lateral parts of 289,0 m, each one. The temperatu-
re variation was estimated at 70°C and the thermal coeffi-
cient of the steel was considered 1,18 x 10°°.

The bearings of the independent girders on the
cantilevers (fig. 15) were formed to permit the longitudinal
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petele consolelor. La calculul lor s-a luat in considerare
dilatarea/contraclia datorate variatiei de temperatura si pe
aceea datoratd incovoierii. Valoarea lor era de 182 mm la
deschiderea centrald de 196 m si de 265 mm pentru de-

extension/contraction, a vertical rotation due to the
vertical bending, and an horizontal rotation as a resuit of
the bending due to the wind action.

Fig. 14 Geometria celor doua grinzi cu zabrele utilizate in suprastructura podului
The geometry of the two truss girders used for bridge superstructure

schiderile laterale, insumand 289 m. Variatia de tempera-
turd a fost estimatd la 70° C, iar coeficientul termic al
olelului a fost considerat 1,18 x 107, Aparatele de rea-
zem ale grinzilor independente, pe console (fig.15), au
fost astfel alcatuite incat s& permita dilatarea/contractia
longitudinald, rotirea verticald datorata incovoierii vertica-
le si o rotire orizontala, rezultata din incovoierea datorata
actiunii vantului.

Constructia

Odata terminat proiectul podului peste Dunare la Cer-
navodi, Direcfia Generald CFR a organizat o licitaie in-
ternafionald pentru constructia podului. In 1889 a fost
trimis& documentatia tehnica la 9 companii europene, cu-
noscute pentru capacitatea lor de a realiza astfel de lu-
crari. de mare amploare s§i importanid. Conform
specificatiilor cuprinse in documentatie, companiile aveau
obligatia sa realizeze lucrérile in conformitate cu proiectul
elaborat de Directia liniei Fetesti-Cernavoda, condusa de
A. Saligny, care gi-a asumat intreaga raspundere pentru
analiza structurii, solutii i detaliile constructive adoptate.
Companiile puteau introduce unele modificdri, in scopul
realizarii mai ugoare $i mai rapide a uzinarii si con-
structiei, dar acestea erau posibile numai cu acordul Di-
recliei Generale CFR.

Dintre cele 9 companii invitate la licitatie, numai 7
si-au trimis ofertele. Deschiderea ofertelor a avut loc la 3
januarie 1890, in prezenfa ministrului Lucrdrilor Publice.
Dupad examinarea ofertelor, clasamentul final a fost
urmatorul:

1. Fives-Lille (Franta)

2. Braine-le Comte (Belgia)
3. Gartner (Austria)

4. Batignolles (Frania)

5. Gustave Eiffel (Frania)

7.837.278,71 lei
7.958.949,25 lei
8.310.953,44 lei
8.441.449,96 lei
9.017.082,00 lei
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Construction

Once finished the project for the bridge over the
Danube at Cernavodd, the Romanian Railway
Department has organized an international bid for the
bridge construction. In 1889, was sent the technical
documentation to nine European Companies, already
known for their posibilities to carry out such an important
and great work. In accordance with the specifications,
enclosed to the documentation, the Companies had the
obligation to realize the works in conformity with the
project carried out by the Department for the
Fetesti-Cernavoda railway directed by A. Saligny, who
took all the responsabilities bgpth for the structural
analysis, the solutions and constructive details adopted.

The companies might introduce some changes in
order to realize more easily and fast fabrication and
construction of the bridge, but all that were possible only
having the agreement of the Romanian Railways
Department.

Among the nine Companies invited to that bid, there
were only seven which sent their offers. The offers
opening took place at the 3rd January 1890 in the
presence of the Minister of the Public Works. After the
examination the final classification was the following:

1. Fives-Lille Company (France) 7.837.278,71 lei

2. Braine-le-Comte (Belgium) 7.958.949,25 lei

3. Gartner (Austria) 8.310.953,44 lei
. Batignolie Society (France) 8.441.449,96 lei

5. G. Eiffel (France) 9.017.082,00 lei

6. Cail Establishment (France) 14.765.095,46 lei

7. Danube Bridge Company (Great Britain)

17.339.126,86 lei

The Administrative Council of the Romanian Railways,
in its session of 8th of January 1890 and the Council of
Ministers, in its session of 9th of January 1890, based on
the report regarding the bid, have awarded to the French

N
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Fig. 15 Aparatele de reazem ale grinzilor independente pe console - detalii
Some details of the independent girders bearings on the cantilevers

6. Cail (Franfa) 14.765.095,46 lei

7. Danube Bridge Company (Anglia) 17.339.126,86 lei

Consiliul de Administratie al Cailor Ferate Roméne, in
sedinta sa din 8 ianuarie 1890 si Consiliul de Minigtri, In
sedinta sa din 9 ianuarie 1890, pe baza raportului privitor
la licitatie, au adjudecat companiei franceze Fives-Lille,
constructia podului peste Dundre la Cernavoda.
Compania Fives-Lille oferise cel mai mic pref si realizase,
de altfel, in Romania, alte importante construclii de
tabliere (podurile peste Trotug la Urechesti i Onesti,
podul peste Siret la Cosmegti). )

Contractul dintre Directia Generald CFR si compania
Fives-Lille privind construcfia podului peste Dunére la
Cernavoda a fost semnat in 1890.

in acelasi an, la 9 octombrie, regele Carol |, asistat de
guvernul Romaniei, a pus piatra fundamentald la prima
pild de pe malul stang al podului, marcand inceperea
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Company Fives-lille the construction of the bridge over
the Danube at Cernavoda. The Company Fives-Lille offer
had the minimum price and already realized in Romania
other important bridge constructions (the bridges over the
Trotug river at Urechesti and Onesti, and the bridge over
the Siret river at Cosmegti).

The contract between the Romanian Railways
Department and Fives- Lille Company, concerning the
construction of the bridge over the Danube at Cernavoda,
was signed in 1890.

The same year, 1890, at Sth of October, the King
Carol |, assisted by the Romanian Government, put the
foundation stone at the first bridge pier on the left bank of
the Danube, marking the bridge construction start. We
can reproduce here a sentence of the King Carol | speech
said on that occasion: “That is a great work, conceived
and directed by our engineers and we are very proud of
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construcliei. Putem cita o fraza din discursul rostit de
Suveran cu aceastd ocazie: “Aceasta este o opera
mareatd, conceputd i condusd de inginerii nostri si
suntem foarte mandri de aceastd remarcabild sarcing, ca
o importanta sursa de bundstare a tarii noastre, care va
avea un larg ecou in intreaga Europa”.

Fundatiile, zidaria gi suprastructura podului au fost
executate de compania Fives-Lille, sub controlul
inginerilor romani din Directia liniei Fetesti-Cernavoda,
condusa de Anghel Saligny.

Executia fundatiilor s-a facut cu chesoane metalice cu
aer comprimat. Pentru a usura execufia zidariei in
elevatii, peste planseele chesoanelor au fost prevazuti
pereti din palplange metalice, ridicati pana la indljiimea de
4 m deasupra etiajului. Dimensiunile chesonului, avand
11 m ldtime si 29,7 m lungime, reprezintd marimea
fundatiilor in plan. Indlfimea de la cutitul chesonului pana
la nivelul superior al grinzilor de planseu, era de 4,40 m,
din care 2,20 m reprezint3 indltimea camerei de lucru si
2,20 m, indlfimea grinzilor cu zdbrele ale plangeului.
Perefii camerei chesonului au fost realizati din platbande
de otel de 8 mm grosime, iar cutitele de la bazi au fost
consolidate Tn exterior cu platbande din otel de 20 mm
grosime. Plangseul chesonalui a fost executat din
platbande de ojel de 7 mm grosime.

Pentru suprastructurd a fost adoptatd solutia cu
asamblarea pe loc, de pe esafodaje. intr-o prim4 etapi,
au fost montate cele doud console ale structurii cu
zdbrele, pe esafodaje din lemn, dispuse la nivelul apelor
mari. Apoi s-au ridicat structurile cu console, la nivelul
definitiv, pe masura executdrii zidariei pilelor, utilizand
prese hidraulice. In etapa a ll-a au fost montate cele 2
grinzi independente marginale, la nivelul definitiv, pe
esafodaje din lemn executate la acest nivel. in ultima
etapa s-a montat grinda independenta centrald, Ia nivelul
definitiv, pe egafodaje din iemn, in mijlocul apelor Dunarii.

Incercarea podului s-a realizat, timp de o lund, cu un
convoi alcatuit din 15 locomotive de 82 tone.

Lucrérile podului au fost terminate in toamna anului
1895.

La 14 septembrie 1895 s-a organizat ceremonia
deschiderii pentru trafic a podului. Ceremonia a avut loc
in prezenta regelui Carol |, a familiei regale, a minigtrilor,
reprezentantilor guvernelor strdine, a unor profesori si
ingineri din diferite {ari, a intregii conduceri tehnice a
lucrdrii si a unei numeroase mulfimi de oameni, venii din
toate colturile {arii. Vom reproduce o fraza din discursul
rostit cu aceasta ocazie, de Maiestatea Sa, Regele Carol
I: “Monumentele sunt istoria vie a popoarelor. Urmele lui
Traian nu au disparut. Cine nu vorbeste de podul lui de la
Turnu Severin? S8 dea Dumnezeu ca cel de-al doilea
pod de pe Dunérea inferioard, care a fost gata dupa 2000
de ani, sa dureze secole, pentru a spune generatiilor
viitoare c& numai prin sacrificiu, luptd si munca
neintreruptd, a putut fi fundat statul roman”. Cu ocazia
acestei aniversari, la 14 septembrie 1895, -a fost emisd o
medalie (fig. 17).
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such a remarkable undertaking, as an important source of
wealth for our country and which will have a strong echo
in all Europe”.

The foundations masonry and superstructure of the
bridge were executed by Fives-Lille Company under the
controle of the romanian engineers of the Department for
Fetesgti-Cernavoda railway construction directed by
Anghel Saligny.

The foundations execution have utilized metallic
compressed air caissons. In order to facilitate the
masonry execution in the elevations, over the ceiling
caisson there were provided walls made by the metallic
sheetings with 4,0 m height of the low water. The
dimensions of the caisson, having 11,0 m width and 29,7
m length, represents the foundations size in the plane.
The height from the caisson blades to the upper of the
ceiling girders was 4,40 m which 2,20 m represented the
height of the working chamber and 2,20 m the height of
the ceiling girders.

The caisson walls were made with a steel plate of 8,0
mm thickness and the basic blades were reinforced
outside by a steel plate of 20,0 mm thickness. The
caisson ceiling was made with a steel plate of 7,0 mm
thickness.

For the superstructure was adopted a solution with
scaffoldings assembly on the site. In the first stage there
were mounted the two cantilever truss structures on
wooden scaffoldings made up to the maximum water
level. Then, the lifting of the cantilever structures to the
definitive level was. made by steps with hydraulic jacks
and in the same time the piers masonry was finished.

In the second stage were mounted the two lateral
independent truss structures at thre definitive level, the
wooden scaffoldings being already executed in that level.

In the last stage was mounted the central independent
truss structure at the final level on wooden scaffoldings, in
the middle of the Danube river line.

The bridge test was realized during a month, by a train
comprised of fifteen 82 tons locomotives.

All the bridge work finished in the autumn of 1895.

At 14th of September 1895 was organized the
ceremony for the traffic opening on that bridge. The
ceremony took place in the presence of the King Carol |,
the Royal Family, the ministers, the representatives of
different foreign governments, proffesors and engineers
coming from different countries, all the technical staff and
many people of various provinces of Romania. We can
reproduce a sentence of the speech said by His Majesty,
the King Carol | on that ocassion: “The monuments are
the live history of the peoples; to date, the Traian’s traces
are not gone. Who doesn’t talk about his bridge of Turnu
Severin? Would to God it were so that the second bridge
still steady after thousand years over the Down Danube,
live centuries to tell the next generations, to hand down
that only by sacrifice, fight and continuous working, the
Romanian State could be founded”. On the occasion of
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Reparatiile si consolidarea

Timp de 21 ani, pand la primul razboi mondial, podul
peste Dundre nu a suferit striciciuni; de aceea nu au fost
necesare reparatii la structura sa.. in timpul primului
rizboi mondial, regiunile din sudul tarii au fost teatrul unor
operatiuni militare i aproape toate podurile mari au fost
distruse cu explozivi. Din fericire, podul peste Dunére de

Fig. 16 Detalii ale podului

this anniversary - 14th of September 1895 - was stamped
a medal (fig. 17).
Reparation and reinforcement

During 21 years, until the First World War the bridge
over the Danube at Cernavodd hadn’t any damages,

[ 2

23,

The completed structure of the bridge

la Cernavodd a avut numai céteva stricaciuni in 1916
(sectionari ale catorva elemente de structurd), dar nu s-a
prabusit. Reparatiile necesare au fost efectuate in 1917 si
1918, de compania germand M.A.N.

in timpul celui de-al doilea razboi mondial, la 10
august 1941, doud bombe au zdruncinat grinda cu
console amonte din deschiderea a patra, precum i
grinda independenta amonte dinspre culeea Cernavoda.
Au fost afectate doua diagonale si talpa inferioara a
grinzii cu zabrele si trei diagonale §i talpa inferioara de la
grinda independentd.  Bombardamentele aeriene au
provocat distrugerea si incendierea conductei petroliere
de pe pod. Incendiul a determinat deformarea mai multor

therefore no structural repairs have been necessary.
During the First World War the Southern Provinces of
Romania were the scene of the army and almost all the
big bridges were destroyed by blast. Fortunately, the
bridge over the Danube had only some damages in 1916
(cutting of some structural elements) but it didn't fail. The
necessary repairing were realized in 1917 and 1918 by
the German Company M.A.N.

During the Second World War, at 10th of August 1941,
two released bombs shocked the upstream cantilever
girder, placed in the fourth span as well as the upstream
independent girder, towards Cernavoda. Two diagonals
and a lower chord of the cantilever girder had broken as

Fig. 17 Medalia emisa cu prilejul inaugurdrii podului
The medal stamped on the occasion of the bridge inauguration
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elemente de structurd ale grinzii independente.
Suprastructura nu s-a prabusit, fiindca toate sarcinile
grinzilor avariate din amonte au fost preluate de grinzile
intacte din aval, prin contravantuirile transversale si
grinzile tablierului (antretoaze si lonjeroni).

Grinda cu console avariatid a suferit urmitoarele
deformatii: talpa inferioard a avut o deformatie axiald
(scurtare) de 40 mm; grinda din amonte s-a deplasat
vertical cu 75 mm mai mult decat cea din aval; capétul

“consolei din deschiderea a treia s-a migcat cu 200 mm in
plan orizontal, citre amonte.

Pentru repararea grinzii independente din deschiderea
a cincea, pe malul drept al Dundrii s-a construit un
esafodaj de aproximativ 25 m inélfime, care permitea
ridicarea, cu prese hidraulice, a nodurilor adiacente
panoului cu talpa infericard avariatd, descarcandu-i de
forjele rezultate din incdrcarea permanenti. Aceasti
metodd nu a fost insd utilizatd la repararea grinzilor cu
console, deoarece necesita prea mult timp. Partea
stricatd a grinzii era la 35  m deasupra fluviului, iar
adancimea apei era de 10 m. De aceea s-au utilizat unele
dispozitive, montate direct pe barele rupte, care au
permis introducerea unui oarecare control al eforturilor
axiale, prin prese hidraulice. Talpa inferioara a primit un
efort axial de 365 tone si ambele diagonale au primit cate
un efort axial de intindere, respectiv de compresiune, de
75 tone. Presele hidraulice folosite aveau capacitatea de
300 tf, erau acfionate de la o stafie centrala de pompare
i aveau presiunea masuratd cu manometre.

Pentru diminuarea deplasérii laterale de 200 mm de la
capatul consolei, s-au folosit dispozitive cu role
(carucioare) pe pila, ridicarea consolei fiind efectuat cu 4
prese de 250 tf fiecare. Cu aceste dispozitive s-a objinut
o diminuare a deplasarii capatului consolei, la 70 mm.

Reparatiile au fost realizate in decursul a 8 saptamani,
sub conducerea Diviziei de Poduri din cadrul Directiei
Generale CFR, in colaborare cu uzina de constructii
metalice din Regita si cu compania germana M.A.N.

Dupa aceste reparatii, suprastructura a fost incercata
cu 2 locomative. Deplasérile verticale, masurate la
nodurile grinzilor din aval si amonte, au fost foarte
apropiate.

in perioada dintre cele doud razboaie mondiale,
greutatea locomotivelor gi a vagoanelor a crescut in
comparatie cu a celor folosite la sfargitul secolului XIX,
cand a fost construit podul. Locomotiva utilizatd la
proiectarea podului avea o greutate totald de 82 t si o
sarcind pe osie de 13 t. La sfargitul celui de-al doilea
rédzboi mondial, circulau locomotive cu greutatea totala de
150 tone si cu sarcina maxima pe osie de 20 tone.

Prima verificare’ a suprastructurii, care 'a luat in
considerare evolutia traficului, a fost facutd in perioada
interbelicd. Pe aceasta baz4, s-a elaborat un program de
consolidare dupé convoiu! “G” din specificatiile germane.
Al doilea rdzboi mondial a amanat consolidarea podului,
dar s-au introdus unele restriclii de trafic.
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well as three diagonals and a lower chord of the
independent girder.

The air offensive brought also the breacking of the
petroleum pipe-line and its firing. This fire determined the
deformation of several structural elements of the
independent girder.

The superstructure didn't fail because all the loadings
of the damage upstream girders were transfered to the
downstream girders, without damages, through the
transversal bracings and the deck beams (cross-girders
and stringers).

The cantilever girder with damages had the following
deformations: the damaged lower chord had an axial
deformation (contraction) of 40 mm; the damaged
upstream girder had a vertical displacement of 75 mm
bigger than that one, in downstream; the end of the
cantilever of the third span was moved 200 mm in the
horizontal plane, towards upstream.

In order to realize the repairing of the independent
girder of the fifth span, on the right bank of the Danube it
was built a scaffolding of approximately 25 m height
which permitted 10 1ift, by the hydraulic jacks, the adjacent
nodes of the panel which lower chord was destroyed,
cancelling the forces resulting from the permanent load.

This method didn’t been utilized to the repairing of the
cantilever girder because it would need much more time.
The damaged part of the girder was at 35,0 m over the
river and the water depth was 10,0 m. That is why were
utilized some devices directly mounted on the broken
bars, which permitted to introduc® some control axial
forces by the hydraulic jacks. The lower chord received
an axial force of 365,0 tons and the both diagonals
received an tension or compression axial force of 75,0
tons each one.

The hydraulic jacks which were utilized had a capacity
of 300 tons, operated by central pumps and the pressure
was measured by the manometers.

In order to diminish the lateral displacement of 200
mm of the end of the cantilever, there were utilized rolls
devices on the pier, the lifting of the cantilever structure
was carried out by four pieces of 250 tons of capacity
each one. With this devices was obtained a decrease of
the lateral displacement of the cantilever end up to 70,0
mm.

The repairing was realized during eight weeks, under
the direction of the Bridge Division from Romanian
Railways Department. It was 'also a collaboration with
romanian steel construction factory of Resita and the
German Company M.A.N.

After the repairings, the superstructure was tested by
two locomotives. The vertical displacements were
measured at the nodes of the upstream and downstream
girders and they were quite closed.

In the inter-war period, the weight of the locomotives
and waggons was increased by comparision with the
rolling Stock used at the end of the 19th Century, when

v
“ o
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in perioada 1959-1963, s-au reluat studiile Si
incercirile asupra suprastructurii podului. in afara analizei
structurilor, cu considerarea interacfiunii dintre elementele

the bridge was built. The locomotive used tor the bridge
design had a total weight of 82,0 tons and a maximum
axle load of 13,0 tons.

Fig. 18 Punctele de masurare a eforturilor statice gi dinamice
The measurement points for static and dynamic loadings

structurale, s-a intocmit un program complex de mésurare
“in situ” a eforturilor, cu tensiometrul, in punctele
nevralgice ale sectiunilor elementelor de structurd
(fig.18). Au -fost amplasate cca 300 dispozitive de
masurare, care au inregistrat oscilograme ale trenurilor n
migcare. in scopul realizérii acestui program complex de
masuritori, au fost utilizate 22 locomotive, in 35

At the end of the second World War there were in
traffic the locomotives which the total weight was 150
tons and a maximum axle load of 20,0 tons.

The first controle of the superstructure, taking into
account the traffic evolution, was realized in the inter-war
period. On this basis it was established a reinforcement
programme for the live- load “G” of the German
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Fig. 19 Unele ipoteze de incércare considerate la mésuratorile "In situ”
Some loading hypothesis used for measurements “in situ”

combinalii de incércdri, o parte dintre acestea fiind
prezentate in fig.19.

Informatiile objinute din analiza teoretica a structurii gi
din masuritorile “in situ”, ca gi.rezultatele studiilor pe
model ale grinzii cu console, la scara 1:7 (fig.20), au stat
la baza alegerii solutiei de consolidare.

Proiectul, confinand detalii §i tehnologia- de
consolidare, a fost elaborat de Institutul de Proiectéri Céi
Ferate Bucuresti, Sectia de Poduri. Lucrarile de
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Specifications. The Second World War postponed the
reinforcement of the bridge superstructure, but the traffic
followed some rules.

In 1959-1963 period the studies and tests of the
Cernavodi bridge superstructure started again. Besides
the structuré analysis considering the interaction between
structural elements it was realized a complex programme
for the strains measurements by the electric tensometry
“in situ” in the points of the structural elements sections,
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consolidare (1965-1967) au fost executate de Centrala de
Constructii Cai Ferate Bucuresti.

Dupa consolidarea suprastructurii, podul peste Dunére
de la Cemavod4i a fost gi este incd in exploatare, pentru
traficul curent al refelei feroviare din Romania.

placed in the typical area of the structure (fig. 18).

There were placed about 300 measurement devices
which registred the strain for the fixed positions of the
trains as well as were realized oscillograms of the mioving
trains.

,Fig. 20 Modelul grinzii-cu console, la scara 1:7, pentru studiile experimentale
The cantilever girder model -scale 1:7- for experimental studies
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In order to realize this complex programme of meas-
urements there were utilized 22 locomotives in 35 loading
combinations, a part of them being represented in fig. 19.

The informations obtained by the theoretical structure
analysis and measurements “in situ” as well as the resulits
of the studies on the model of cantilever. girder,scale 1:7-
(fig. 20) were the basis .of  the selectlon of the
reinforcement solutions. :

The project containing the details and the
reinforcement technology was drawn up by the Railways
Designing Institute of Bucharest, Bridges Department.
The reinforcement works (1965- 1967) were carried out
by the Railways Construction Company of Bucharest.

After the superstructure reinforcement, the bridge over
the Danube at Cemavodd was and it still is in operation
by the usual traffic of the Romanian railway network.
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Cateva etape importante in evolutia scolii de
poduri din Romania

The main stages in the evolution of romanian
bridge engineering school

Prof. dr. eng. [ULIAN ALEXIU
Prof. dr. eng. NICOLAE POPA
Dr. eng. DRAGOS TEODORESCU
Eng. SABIN FLOREA, Vicepresident
Prof.dr.ing. IULIAN ALEXIU
Prof.dr.ing. NICOLAE POPA

- Dr. ing. DRAGO$ TEODORESCU
Ing. SABIN FLOREA

Introducere

Primele forme de invatidmant tehnic in limba romana
au apérut la Tnceputul secolului, al XIX-lea. Scolile de
inginerie in limba romana infiinfate in anul 1813 la lagi de
Gheorghe Asachi §i in anul 1818 la Bucuresti de
Gheorghe Lazar, sunt considerate inceputul invata-
mantului tehnic national roman.

Dupd revolufia din anul 1848, la lagi Domnitorul
Grigore Ghica aprobi fn anul 1849 crearea unui
Departament al Lucrérilor Publice condus la inceput de
Mihail Kogélniceanu, care obtine acordul domnitorului
pentru infiinjarea, pe lang& acest Departament, a unei
Scoli Politehnice cu durata studiilor de 3 ani i care avea
o sectiune de Poduri si Sosele. )

~ In aceeasi perioad4, la Bucuresti, in timpul

domnitorului Barbu Stirbei s-a finfiinfat Facultatea de
inginerie Civild cu o secjiune de Poduri i Sosele. La
solicitarea domnitorului Stirbei, Guvernul Franiei a trimis
la Bucuresti, in anul 1852, pe inginerul Louis Chrétien
Leon Lalanne, absolvent al $colii Naionale de Poduri gi
Sosele din Paris, cu experienid mare in organizarea §i
executia lucrdrilor publice cat i in. conducerea si
organizarea serviciilor tehnice gi administrative.

Inginerul Léon Lalanne a avut o activitate remarcabil&
pentru dezvoltarea si organizarea Scolii i Serviciilor
Tehnice de Drumuri gi Poduri ale statului roman.
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Faculty of Railways, Roads and Bridges, Bucharest

Faculty of Rallways, Roads and Bridges, Bucharest

Rechnical Director, Rallway Study and Design institute, Bucharest
VIACONS S.A. Company, Bucharest

Universitatea Tehnica de Constructii Bucuregti

Universitatea Tehnici de Constructii Bucuregti

Director Tehnic, Institutul de Studii gl Prolectari Cai Ferate Bucuresti
Vicepresedinte VIACONS - SA Bucuregti

Introduction

The Romanian technical education came out at the
beginning of the 19th century. The Engineering Schools,
founded in 1813, in lassy, by Gheorghe Asachi and in
1818, in Bucharest, by Gheorghe Laz#r, are considered
the first high technical schools in Romania.

After the 1848 Revolution, the ruler Grigore Ghlca
approved, in 1849, the foundation of the Public. Works
Department, in lassy, which the first director was Mihail
Kogdlniceanu. He has the agreement from Grigore
GHICA to found a Polytechnical School, under this
Department, where there was a section for bridge and’
road constructions. Its students attended the courses
during three years.

In the same period, in Bucharest, during the.reign of
Barbu $tirbei was founded the Civil Engineering Faculty
which included a section for bridge and road
constructions. Following the request of the ruler Stirbei,
the French Government sent in Bucharest, in 1852, the
engineer Louis Chrétien Leon Lalanne, graduate of
“L’Ecole nationale des Ponts et Chaussees” of Paris,
having a large experience in the organisation of the public
works and its technical or administrative departments.
Leon Lalanne carried out a remarkable activity in order to
develop and organize both the school and the Technical
Departments for Bridge and Road Constructions in
Romania.



Dup3 Unirea Principatelor Romane din anul 1859,
Domnitorul Alexandru loan Cuza sprijind tn anul 1864
infiinjarea Scolii de Poduri §i Sosele, Mine si Arhitecturé
cu durata studiilor de 2 ani, absolventii objinand diploma
de conductor (tehnician). Din anul 1875, denumirea se
schimb in Scoala de Poduri §i Sosele, durata studiilor va
fi de 4 ani, iar absolventii obfineau diploma de inginer.

Cea mai importanta reorganizare a $colii de Poduri gi
Sosele s-a realizat in anul 1881 sub directoratul
inginerului Gheorghe Duca (fig. 1), absolvent al $colii
Centrale de Arte si Manufacturi din Paris, in anul 1869,
cel care a dezvoltat-o i ridicat-o, in scurt timp la nivelul
scolilor strdine pentru ingineria de Poduri §i Sosele.
Aceasta a fost posibil datorita schimbérilor de esenté care
s-au realizat. inainte de admiterea tn anul | de studiu s-a
introdus un an preparator.in care s-a predat: aritmetica
rafionaldi, geometria elementars, algebra elementara si
superioardi, trigonometria rectilinie §i geometria analitica.
Atunci s-au numit profesorii de matematicd cei mai
distingi Tn aceasta ramuré de gtiinié pe care-i avea fara,
Spiru Haret §i David Emmanuel, primii doctori in
matematici romani veniti de la Sorbona.

Planul de Tnvatamant in cei 4 ani de studiu a fost
restructurat in totalitate, cuprinzand:

Anul | - Calcul diferential §i integral, Sterectomia,
Fizica, Chimia, Topografia, Mineralogia, Geologia, Desen.

Anul Il - Mecanica rafionala, Constructii Civile,
Drumuri, Metalurgie, Fizica industriald, Statica graficd,
Desen. ) ’

Anul il - Rezistenia materialelor, Poduri, Constructii
Civile, Drumuri de fier, Magini, Statica grafic#, Hidraulic,
Proiecte. a

Anul IV - Drumuri de fier, Rezistenja materialelor,
Hidraulica, Navigatie, Poduri, Motoare cu abur, Economie
politic3, Drept administrativ, Proiecte. '

O atenjie $peciald a fost acordatd confinutului si
elabor#rii proiectelor cat si activitifilor practice de
topografie (anul 1) si la lucréri de inginerie, in special céi
ferate, in studiu sau in executie (anul i, il [V).

Corpul profesoral s-a format cu cei mai de seama
ingineri romani absolventi ai renumitelor gcoli de inginerie
din Germania, Franta, Austria sau Elvetia.

*in anul 1886, in prezenta Regelui Carol |, s-a
inaugurat noul local al Scolii (fig. 2) dotat cu biblioteca gi
laboratoarele necesare unui invatimant tehnic temeinic.

Admiterea absolventilor Scolii Nafionale de Poduri gi
Sosele din anul 1890 in corpul tehnic al statului cu
aceleagi drepturi ca absolventii Scolilor similare din Paris,
Berlin, Viena sau Zirich a fost o prima dovadd a
prestigiului dobandit de gcoald. Lucrdrile concepute $i
realizate de inginerii absolventi ai Scolii Nationale de
Poduri §i Sosele au adus confirmarea definitivd a
capacitiii lor gi a invétéimantului tehnic national.

Organizarea si dezvoltarea Scolii Nationale de Poduri
si Sosele din perioada directoratului lui Gheorghe Duca
(1881-1888) a influentat intreaga evolutie a ingineriei

After the Union of the Romanian Principalities, in
1859, the ruler Alexandru loan Cuza supported, in 1864,
the foundation of the Bridges, Roads, ‘Mines and
Architecture School, where after two years of training the
students could obtain the technician diploma. Since 1875,
it was changed the name in Bridges and Roads Schools,
the students attended the courses during four years and
could be graduate, obtaining the engineer diploma. The
most important reorganization of this School took place in
1881 under the direction of the engineer Gheorghe DUCA

* (fig. 1), graduate in 1869 of “L’Ecole Central d’Arts et
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Manufactures” from Paris. Gheorghe DUCA developed
and improved the quality of the School so that, in a short
time, its level was comparable with the other foreign
Schools of Civil Engineering. All that were possible
thanks to the essential changes realized. Before the first
academic year it was included a preparatory year with
training in: rational arithmetic, elementary geometry,
elementary and higher algebra, plane trigonometry and
analytical geometry. As mathematics professors were
nominated the most remarkable Romanian scientists,
Spiru Haret and David Emmanuel, graduates and doctor’s
of Sorbonne University of Paris.

Fig. 1. GHEORGHE DUCA

The curricula for the four study years was totally
modified, including the following: Ist year - Differential and
Integral Calculus, Stereothomy, Physics, Chemistry,

“Topography, Mineralogy, Geology, Drawing; lind year -

Rational Mechanics, Buildings |, Roadways, Metallurgy,
industrial Physiscs, Graphical Statics |, Drawing; llird
year - Strength of Materials |, Bridges I, Buildings II,
Railways |, Machinery, Graphical Statics 1l, Hydraulics,
Projects; IVth year - Railways |l, Strength of Materials 1,
Hydraulics, Navigation, Bridges Il, Steam Motors,
Economics and Administrative Law, Projects. A special



podurilor din Romania in ultimii 100 de ani, reflectata in
conceptia, executia si durabilitatea lucrarilor realizate.

Perioada 1884-1914

Perioada de inceput a gcolii romanesti de inginerie a
podurilor este strans legatd de personalitatea i renumele
inginerului Anghel Saligny (fig. 3). La numai 30 de ani, in
1884, este numit profesor la Catedra de Poduri a Scolii
Nafionale de Poduri §i Sosele din Bucuregti ca o

attention was paied both to the contents of projects and
the student’s practice on construction sites.

The academic staff was set up by the most
remarkable Romanian engineers graduates of famous
civil engineering Schools of Germany, France, Austria or
Switzerland.

In 1886 was inaugurated the new buildings of the
School (fig. 2) enjoying the presence of the King Carol I.
Beginning on 1890, the graduates were admitted in the
technical staff of the State, enjoying the same right as the
graduates of the similar engineering schools of Paris,
Berlin, Vienna or Zurich. That was a first evidence of the

Fig. 2. Noul local al Scolii Nationale de Poduri si $osele, deschis in 1886 la Bucuresti
The new buildings of the National School of Bridges and Roads Engineering, opened in 1886, in Bucharest

recunoagtere a cunostinelor profunde de inginerie pe
care le poseda, a competentei dovedite si a experientei
dobandite la multe §i importante lucrari de poduri,
executate, in curs de executie sau in studiu.

Anghel Saligny a fost absolvent al Scolii Politehnice
din Charlottenburg, Germania, unde a avut ca profesor pe
cel mai mare constructor de poduri din aceea perioada,
Schwedler. De la cursurile si lucrérile Profesorului Schwe-
dler a dobandit cunogtinfele, arta gi curajul pentru proiec-
tarea si executia podurilor gi a cdilor ferate din Romania.

Dupé terminarea studiilor Anghel Saligny a lucrat timp
de 1 an pe santiere de constructii cdi ferate gi poduri in
Saxonia, sub conducerea renumitului inginer G.Mehrtens,
care mai tarziu a fost profesor de poduri la $coala
Politehnica din Dresda.

La intoarcerea in fari (1875) Anghel Saligny a fost
numit inginer in Corpul Tehnic al Statului (1876) si a
lucrat la constructia liniei de cale feratd Ploiesti-Predeal
(80 km). Cu aceasté ocazie a dobandit o mare experienta
in executia infrastructurilor si suprastructurilor podurilor
de cale feratd. Lungimea totald a podurilor metalice care
s-au executat pe aceasta linie sub controlul séu este de
1165 m, cu deschideri cuprinse intre 10 m $i 57,4 m.
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reputation in engineering achieved by the National
School.

The organization and development of the School
during the directorship of Gheorghe Duca had an
important influence over the evolution of the bridge
engineering in Romania. It was reflected in the
conception, execution and durability of these works.

1884 - 1914 Period

The beginning period of the Romanian Bridge
Engineering School is directly connected with the
personality and renown of the engineer Anghel Saligny
(fig. 3). In 1884, when he was only 30 years old, he was
appointed like Proffesor of Bridges at the National School
of Bridges and Roads Engineering, of Bucharest. That
was an acknowledgement of his deep engineering
knowledges, the competence already proved and the
large experience obtained carrying out bridge works in
different stages: studies, design, management,
construction.



in anul 1881 Ministerul Lucrarilor Publice a hotérat ca
linia de cale feratd din Moldova, Adjud-Tg.Ocna (51 km)
sa fie construitd de inginerii romani, numindu-l pe Anghel
Saligny ca director. Sub conducerea sa, s-a elaborat
proiectul liniei de cale feratd si proiectele celor 53 de
poduri de pe aceasta linie. Lungimea totald a podurilor
era de 644 m, cele mai importante fiind peste raul Trotus
la Urechesti si Onesti, primele poduri combinate de sosea
si cale ferata (fig. 4). Suprastructura celor doud poduri era
cu grinzi continui cu z&brele 2x3x50,67 m respectiv
3x50,07 m si au fost executate de firma Fives-Lille,
Franta. Pentru fundatiile podului de la Urechesti s-au
utilizat chesoane metalice deschise, de forma circulara,
cu diametrul de 4,2 m (fig. 5). Toate podurile metalice de
pe aceastd linie au fost calculate pe baza circularei
franceze din anul 1877. Linia de cale feratd
Adjud-Tg.Ocna a fost data in exploatare in anul 1884.

Podul peste Siret la Cosmegsti (fig. 6) de cale ferata si
gsosea este lucrarea, proiectatd si executatd de Anghel
Saligny, care prin complexitatea ei |-a consacrat in
ingineria podurilor din Romania. Podul, cu o lungime de
peste 430 m avea o suprastructura metalici cu grinzi
continue cu zabrele 2x(69,3+77,04+69,3)m. Supra-
structura a fost executata de compania Fives-Lille. Pentru
executia infrastructurilor s-au folosit chesoane cu aer
comprimat, baza fundatiilor fiind la 14 m sub etia].

O alta lucrare remarcabild proiectata, in anul 1884, de
Anghel Saligny este podul de cale feratd peste raul
Buziu (fig. 7). Cu o lungime totalda de 328 m podul avea o
suprastructurd metalicd cu grinzi continue cu zabrele
2x3x54 m. Infrastructura a fost executatd de inginerii
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Anghel Saligny was graduate of the Polytechnic
School of Charlottenburg, Germany, where he attended
the courses of professor Schwedler. During the academic
studies he obtained the knowledges, the art and courage
to design and implement the railway and bridge
constructions in Romania.

Fig. 3. Anghel Saligny
Once finished his academic studies, Anghel Saligny
worked, during a year, in Saxony, on the railway and
bridge construction sites, under the direction of the
famous engineer and professor G. Mehrtens.

Fig. 4. Podul combinat peste Trotug la Urechesti
The combined bridge over the Trotug river at Urechesti

romani iar suprastructura de catre firma Braine-le-Comte,
Belgia.

Lucrdrile de poduri de pe linia de cale ferata
Fetesti-Cernavoda, cu podul peste Dundre la Cernavoda,
reprezintd lucrarea simbol a ing.Anghel Saligny si
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In 1875 Anghel Saligny came back in Romania and he
was appointed as an engineer in the technical staff of the
State for the construction of the railway Ploiesti-Predeal
(80 km). 1t was a very good opportunity for him to obtain
experience in the construction of substructure and



colaboratorilor séi. Nu dorim s dam mai multe detalii aici
despre aceastd lucrare deoarece acestea se gasesc in
articolele prezentate la prima Conferintd Internationald

superstructure of the railway bridges. The total length of
the bridges on the Ploiegti-Predeal railway was 1165,0 m
and the spans were between 10.0 m and 57.4 m.

4,
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Fig. 5. Chesonul metalic deschis utilizat la fundatiile podului peste Trotug la Urechesti
The metalic open caissons used for the foundations of the bridge over the Trotus at Urechesti

“Poduri peste Dundre” (Budapesta-Bratislava-Viena,
Septembrie 1992) (1), (2)-cat si in articolul dedicat
centenarului podului de 1a Cernavoda (3). Dorim numai s
mentionam grupul de colaboratori, ingineri romani, care
au facut ca ideile si conceptia ing.Anghel Saligny sa se
transforme intr-o grandioasa realizare.

In 1881 the Ministry of Public Works decided that the
new railway Adjud-Targu Ocna (51 km) be built by the
romanian engineers and Anghel Saligny was appointed
as director. Under his direction were realized both the
railway project and the projects of 53 bridges on this
railway. The total length of the bridges was 644.0 m and
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Fig. 6. Podul combinat peste Siret la Cosmesti
The combined bridge over the Siret at Cosmesti

* Subsetii de Serviciu: lon Baiulescu, N. N. Herjeu

* Sefi Sectie Conducétori ai Santierelor: A. Davidescu,
St. Gheorghiu, N. Davidescu

* Ingineri pe santiere: |. |. C. Brétianu, V. Cristescu, |.
Sclia, C. Brandia, I. Pisla

the most important were two combined road and railway
bridges over the Trotug river at Urechesgti (fig.'4) and
Onegsti. The superstructure of both bridges consisted in
continuous truss girders having the following spans: 2 x 3
x 507 m and 3 x 50.7 m respectively. These



* Ingineri din Biroul Tehnic: P. Zahariade, A.
Dimitrescuy, |. lonescu

* Ingineri receptioneri la uzinele striine: Gr. Casimir,
A. F. Badescu, R. Baiulescu

S-au prezentat cateva din realizarile remarcabile ale
ing.Anghel Saligny in ingineria podurilor pentru a se putea
evidentia rolul pe care |-a avut ca profesor la Scoala
Nationald de Poduri si Sosele timp de 30 de ani. in cursul

superstructures were carried out by the French Company,
Fives-Lille.

For the foundations of the bridges over Trotusg river
were used metallic open caissons with the diameter of
4.20 m (fig. 5).

The railway Adjud-Targu Ocna was put into operation
in 1884. All the metallic bridges on this railway were
designed using the french specifications of 1877.

Fig. 7. Podul de cale ferata peste Buziu
The railway bridge over the Buzau river

de poduri pe care l-a predat si proiectele pe care le-a
indrumat a utilizat atat cunostiniele si datele gédsite in
lectiile profesorului Schwedler sau in cursurile Scolilor
Politehnice din Austria, Frania §i Germania dar si
invatamintele desprinse din experienta Domniei Sale in
constructia de poduri. Ca profesor a fost iubit si venerat
de studenii, care recunosteau omul superior care trata
problemele complexe tehnice cu talent, ilustrandu-le cu
exemple practice din lucrdrile pe care le infaptuise.
Studentii buni ficeau practicda pe santierele sau in
serviciile tehnice pe care le conducea iar dupéd absolvire
erau angajati ca ingineri.

Anghel Saligny a avut o contributie fundamentald la
formarea corpului tehnic de ingineri necesari marilor
lucréri .de poduri de la sfargitul secolului al XIX-lea gi
inceputul secolului XX-lea strAns legate de dezvoltarea
refelei feroviare in Romania. El considera realizérile pe
care le-a avut datorate colaboratorilor de valoare la a
céror formare a contribuit.

in toatd perioada profesoratului siu la Scoala
Nationald de Poduri gi Sosele Anghel Saligny a facut
parte din comisiile care studiau problemele organizarii
fnvatamantului tehnic din Romania. S-a retras in luna
octombrie 1914 de la Catedra de Poduri, dupa 30 de ani
de activitate noebositd si rodnica, dar a rdmas ca
profesor de onoare si ca presedinte al Comisiei de
perfectionare a scolii, pana la sfarsitul vietii (1925).

The railway and highway combined bridge over the
Siret river at Cosmegsti (fig. 6) was carried out under the
direction of Anghel Saligny. This complex work
established his reputation in the romanian bridge
engineering. The bridge with 430.0 m length had a
metallic superstructure with continuous truss girders of
2(69.3 + 77.04 + 69.3) m carried out by the French
Company, Fives-Lille. For the foundations, of which base
were placed at 14.0 m under the law water level, it was
used compressed air caissons.

Another important work, designed in 1884 by Anghel
Saligny, is the railway bridge over the Buzau river (fig. 7),
having 328,0 m length and a metallic superstructure with
continuous truss girders which was carried out by the
Belgian Company, Braine-le- Compte.

The bridges on the Fetesti-Cernavoda railway, with a
tatal length of 4088.0 m including the bridge over the
Danube at Cernavods, are the most important bridge
works of Anghel Saligny and his assistants. More details
about these remarkable works can be find both in the
papers published in the Proceedings of the First
International Conference “Bridges on the Danube”
(Budapest- Bratislava-Vienna, September 1992) and in
the paper dedicated to the centenary celebration of
Cernavodd Bridge over the Danube. Space permits only

- to mention the romanian engineers, assistants of Anghel
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Saligny, who materialized all his conception about these
bridges: I. Baiulescu, N.N.Herjeu as assistants of the



Scoala de poduri intre cele doua
razboaie mondiale

A doua perioad4 a evolutiei gcolii romanegti de poduri
se intinde din anul 1914 pana in 1938, sub conducerea si
influenta profesorului lon lonescu.

Trecand in revista activitatea gi preocuparile acestui
mare profesor putem sd ne formadm o conceptie clard
asupra evoluliei stiinfei si artei de constructie a podurilor
in Romania precum si a realizérilor din aceasta perioada.

Sensibil si receptiv la tot ce era nou si folositor, lon
lonescu promoveaza constructia podurilor de beton armat
si introducerea imbinarilor sudate.

Studiind temeinic scrierile tehnice din strdindtate se
documenteazi perfect in gtiinfa gi arta constructiei de
poduri. Astfel, unele poduri din beton armat din tara
noastrd amintesc podurile de piatrd ale vestitului profesor
francez Paul Séjourné. In acest sens putem cita podul
peste Buziu de pe linia linia Buzdu-Maragesti cu 6 bolfi
de 50 m, construit in 1924. Pentru estetica lor, menfionam
si viaductele de beton armat de pe soseaua
Campina-Predeal, spanzurate pe inéllimile versantului
stang al véii Prahova.

Fig. 8. lon lonescu

Unii specialigti au afirmat c& formatia ca inginer a lui
lon lonescu s-ar datora si influentei scrierilor profesorului
Waddel din S.U.A. Adevarul este acela cd profesorul
nostru studia toate scrierile din strdinédtate pe care putea
sd si le procure. Putem afirma ca gi tehnica germana I-a
format intr-o oarecare masurd. Cunogtea foarte bine
scrierile i realizérile lui G. Schaper, mare specialist in
poduri metalice, inginer i director la céile ferate
germane.
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chief- departmenj; A. Davidescu, St. Gheorghiu, N.
Davidescu as chiefs of Department on construction site;
I.1.C.Brdtianu, V. Cristescu, |. Sclia, C. Brandia, |. Pasij
as working engineers; P. Zahariade, A. Dimitrescu, |
lonescu as engineers in Technical Office and Gr. Casimir,
A.F.Badescu, R. Baiulescu as inspector engineers for
steel superstructure elements fabricated abroad.

We have presented the main works of Anghel Saligny
with the vue to show the role he had as professor, during
30 years in the National School of Bridges and Roads
Engineering. His lectures and projects implemented both
this technical knowledges and also his great experience
and practice in bridge constructions.

Anghel Saligny was very appreciated and loved by his
students, who saw the superior personality of theirs
professor. His best students had theirs practical period
within the construction sites or technical departments
directed by A. Saligny and after that period, they were
employed as engineers.

Anghel Saligny had an essential contribution i the
setting-up of the romanian technical staff of the most
important bridge-works at the end of the 19th Century and
the beginning of the 20th Century. He always considered
all his achievements due to his precious assistants he
formed.

During his professorship in the Natignal Schooll of
Bridges and Roads Engineering of Bucharest, A. Saligny
was a member of the Commissions for studying the
organization of the Romanian Technical Education. In
October 1914 he retired, after 30 years of a sustained
and fruitful activity, but he was still a honorary professor
and the President of the Improvement School Comission.
until his death (1925).

The inter-wars period

The second stage in the evolution of The National
School of Bridges Engineering can be considered the
period 1914-1938 under the leadership and the influence
of the Professor lon lonescu (fig. 8). Passing in review the
activity of Professor I. lonescu we can inform ourself
about a very clear conception of the romanian bridge
engineering, art and science, as well as about the
achievements of that period.

Very responsive and receptive to all the new and
useful in conception, lon lonescu promoted the concrete
bridge engineering in Romania and'the first studies of
welded joints for steel structures. He studied all the
important  foreign technical books, accumulated
knowledges regarding the art and science of the bridge
engineering. In this way, there are some romanian
concrete bridges (fig. 9) reminding the works of the
French famous Professor Paul Sejourné.

Some specialists said that the engineer career of lon
lonescu is due to the influence of the American Professor



Fiind un pasionat cercetétor al trecutului, lon lonescu
sustine ca studiind trecutul tragem inva{aminte pentru
prezent i pentru viitor. Deaceea in cursul sdu de poduri
introduce: istoricul podurilor, exemplele de poduri si
istoricul prescriptiilor oficiale de calcul al podurilor in
cateva tari unde tehnica era mai avansati. El insusi este
n stare s intocmeasca in 1919 proiectul prescriptiilor de
calcul al podurilor metalice din fara noastra.

Fara indoiald ca putem afirma cé@ aceste prescripfii si
cursurile predate de lon lonescu au format ingineri

Waddel works. He really had the possibility to obtain the
important foreign technical works and examine it.

The german technics had also their influence, in a
way. lon lonescu knew very well the theoretical and
practical works of engineer G. Schaper, a great specialist
in steel bridges and the director of the German Railways
Department.

Being an ardent scientific explorer of the past, lon
lonescu affirmed that the past study let us learn for the
present and the future. That is why his lectures regarding

Fig. 9. Viaductul "Leurzeaua" pe calea feraté Tg. Jiu-Petrosani si podul de cale deraté peste Buziu

The viaduct “Leurzeaua” on the railway Tg. Jiu-Petrogani and the railway bridge over the Buz&u river

specialisti in poduri §i construciii metalice ce au realizat
constructii la nivelul celor din {arile cele mai avansate.
Profesorul lon lonescu era convins ca ingineria trebuie
sd se bazeze pe o temeinici pregdtire n stiinjele
matematice. Ca autodidact, prin multd muncd si
perseverenfd ajunge un matematician recunoscut. A
colaborat la revista de matematici "Mathesis” din Belgia si
a fost membru al societéii “Mathematical Society” din
Anglia.
in privinfa pregitirii matematice a inginerului lon
lonescu ne apare ca un pedagog iscusit i ca un cetdfean
patriot care luptd pentru ridicarea nivelului stiinjific al
patriei. El inifiazd infiinfarea revistei §i mai tarziu a
societdtii “Gazeta Matematicd”, in scopul de a ridica
nivelul matematic al tineretului si in special al elevilor
candidati la concursul de admitere in Scoala Politehnica.
Rezultatul acestei actiuni a fost imens. Nivelul mate-
matic al elevilor de liceu s-a ridicat peste asteptiri iar
multi matematicieni i ingineri s-au afirmat inca din liceu.
Gazeta Matematicd a avut membri si redactori de
seamd printre care mentionam matematicieni mari, de
renume international: Gh. Titeica, I.R. Raclig, profesori
celebri Andrei loachimescu, O. Tino, O. Onicescu,
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the bridges including the following themes: bridges
history, examples of bridges, technical specifications
history of some countries with higher technics.

lon lonescu carried out himself, in 1919, the first
project of the romanian steel bridges specifications. There
is no doubt and we can say that those technical
specifications and the lectures and projects of Prof. I.
lonescu educated romanian engineers for bridges and
steel structures, able to carry out some constructions at
the higher level, comparable with the most developed
countries. (fig. 10).

Professor lon lonescu was persuaded that the
engineering might to rely on a very serious preparation in
mathematics. As a self- educated person, working hard
and perseveringly, he was going to be a famous
mathematician. He contributed to “Mathesis”, the Belgian
mathematics review and he was a member of the
Mathematical Society of Great Britain.

Regarding his mathematical grounding lon lonescu
was a skilful teacher and a good citizen loving his country
and fighting for a higher scientific level of his people.

lon" lonescu had initiated the - foundation of the
“Mathematical Journal’ and, later, the “Mathematical



redactori energici: General Gh. Buicliu, ing. C.
lonescu-Tiu si alfii.
lon lonescu a citit mult, a scris mult gi a luptat mult

pentru propasirea stiintei si a culturii poporului roman. A

Society” which permitted increase the knowledges level of
the young people -in this field, specially regarding the
candidates for the exam-entrance in the Engineering
Schools.

Fig. 10. Podul masiv peste Arges la lonesti $i podul metalic peste Olt
The concrete bridge over the Arges river in lonesti and the metalic bridge over the Olt river

scris: scrieri  matematice, stiinjifice-tehnice, scrieri
profesionale gi scrieri istorice: din istoria matematicei, a
stiintei i a invatamantului.

Din scrierile istorice ale lui lon lonescu aflam lucruri
importante despre inceputurile invatamantului superior la
romani.

Astfel, aflaim cd voievodul roma&n Despot-Voda a
intemeiat in 1562 “Scoala latind” de la Cotnari la care a
adus profesori renumiti din strainatate. In 1640 voievodul
Vasile Lupu a infiintat “Colegiul Vasilian”, iar peste cateva
decenii s-a infiinfat “Colegiul Sf.Sava” din Bucuresti.

De la lon lonescu au rdmas numeroase scrieri:
Betonul armat, Culegere de probleme, Vocabular
Matematic, toate in editura Gazetei Matematice, Povestiri
Tehnice in editura ziarului Universul, peste 600 de
probleme de matematici, peste 200 de articole publicate
n revistele Gazeta Matematica, Buletinul Societatii
Politehnice, Natura.

Aproape in totalitate, articolele lui* lon lonescu sunt
adevarate lucréri stiinfifice de mare valoare. Cu tematica
precisa, in formé accesibila si atragétoare exprima gtiinta,
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The result of this activity was very fruitful. The
mathematical level of the pupils exceeded all
anticipations. There were many romanian mathematicians
and engineers who were affirmed during the academic
studies.

The Mathematical Joumal had some important
members and editors like: Gh. Titeica, |.R.Raclis - gfeat
mathematicians, A: loachimescu, O. Tino, O. Onicescu -
famous professors, Gh. Buicliu, C.lonescu-Tiu - editors.

lon lonescu read and wrote very much fighting for the
Romanian people science and culture development. He
wrotes mathematical, scientific, technical and historical
papers about mathematic, science and education. His
historical works let us known the beginning of the
Romanian education. So, we know that the Romanian
Voievode Despot Voda founded in 1562 the “Latin
School” of Cotnari where teached some famous foreign
professors; in 1640 the Voievode Vasile Lupu founded
the “Vassilian College” and few decades later it was
founded the “Saint Sava College” of Bucharest.



morald si dragoste de patrie. Au constituit un far pentru
evolutia si progresul scolii roméane de poduri.

Pentru prodigioasa si rodnica sa activitate a fost ales
membru corespondent al Academiei Romane.

Acum 50 de ani marele nostru matematician Gh.
Titeica a spus intr-o cuvantare:

“Peste 50 de ani cand amanuntele se vor uita...se va
povesti: A fost odat3 ca niciodata un inginer stragnic, lon
lonescu, stdncd de granit, inima de aur, om de treaba si
om de isprava”.

in prezent, dupi 50 de ani de la dispariia marelui
profesor, povestim cum a spus Tifeica, dar amanuntele
nu le-am uitat caci ele sunt concretizate in evolufia si
progresul scolii romanesgti de poduri in perioada
1914-1938.

Scoala de poduri dupa cel de al
doilea razboi mondial

Dintre inginerii i profesorii care au influenfat puternic,
dupd cel de-al doilea rdzboi ‘mondial, dezvoltarea si
modernizarea invajamantului de constructii in general gi
n cadrul acestuia a celui de Poduri dorim sa evidentiem
rolul profesorului Andrei Caracostea (fig. 11),
personalitate marcantd a sgcolii de constructii si a
ingineriei poduritor din Romania.

Absolvent al Scolii Politehnice din Bucuresti,
Facultatea de Constructii, in anul 1935, si-a inceput
activitatea de inginer la Serviciul de Poduri al Cailor
Ferate Romane, unde, in perioada 1936-1938, a elaborat
mai multe proiecte de poduri pe cateva linii de cale ferata
in constructie, Bumbegti-Livezeni, liva Mica-Vatra Dornei,
Teiug-Apahida, Copga Mica-Sibiu.

Ca bursier al Fundatiei Humbold, in perioada
septembrie 1938- septembrie 1939 si-a consolidat
cunostinjele de baza pentru inginerie la renumitele Scoli
Politehnice din Dresda si Charlottenburg. Domeniile de
pregitire alese au fost Statistica Constructiilor si
Constructile Metalice. La $coala Politehnica din
Charlottenburg a fost acceptat pentru doctorat la Catedra
de Constructii metalice condusa de profesorul Schleicher
cu un subiect referitor la “Comportarea la oboseald a
fmbindrilor sudate”.

inceperea razboiului a determinat intreruperea
pregitirii  doctoratului la $coala Politehnica din
Charlottenburg si reintoarcerea in tara in luna septembrie
a anului 1939, reluand activitatea la Serviciul de Poduri a
Caéilor Ferate Romane.

Perioada rizboiului 1939-1945, a insemnat pentru ing.
Andrei Caracostea, dobandirea experieniei in executia,
consolidarea si refacerea podurilor. Cele mai importante
lucrdri de poduri le-a executat pe linile Campina-Bragov
(12 poduri), n Basarabia (16 poduri) pe liniile
Reni-Romanesti-Cetatea Alba si Arciz-Ismail gi in
Ardealul de Nord.

lon lonescu wrote many books: “Reinforced concrete”,
“Mathematical problems collection”, “Mathematical
vocabulary” - edited by the “Mathemathical Journal”,
“Technical Stories” - edited by the Universal Publishing
House. He published more than 600 mathematics
problems and more than 200 papers in the "Mathematical
Journal”, the “Bulletin of the Polytechnic Society” and"in
the “Nature” magazine.

Almost all his papers are really some important a
scientific works. Having clear, accessible and attractif
subjects these papers are, in the same time, a proof of
the science, moral and patriotism of this great professor.
His works are also a guide for the evolution and progress
of the romanian school of engineering. Taking into
account his fruitful activity lon lonescu was elected as a
corresponding member of the Romanian Academy.

Fifty years ago, the great romanian mathematician
Gheorghe |. Titeica said: “After 50 years, when the details
will be forgotten, the story will say: "once upon a time,
there was a formidable engineer, granite rock, heart of
gold, good natured fellow, worthy man".

Now, 50 years after lon lonescu’s death, we are still
commenting, but the details are not forgotten because
they are materialized during the evolution and progress of
the Romanian Bridge Engineering School in the
1914-1938 period.

The period after the second world war

One among the engineers and professors who had
after the second world war, a strong influence over the
development and progress of the Romanian Civil
Engineering Education and Bridge Engineering is the
Professor Andrei Caracostea (fig. 11). Graduate of the

Fig. 11. Andrei Caracostea
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in anul 1941 Directia de Poduri, din cadrul Céilor

Ferate Romane, l-a numit pe ing. Andrei Caracostea
membru in comisia mixtd romano-bulgard pentru
constructia unui pod peste Dunére intre Giurgiu §i Russe.

Polytechnic School of Bucharest, Civil Engineering
Section, in 1935, he began his engineering activity in the
Bridge Office of the Romanian Railways Department.

In the first three years he carries out bridge projects

Fig. 12. Tesarea in laborator a modelelor de tabliere cu placé ortrotopa (1965 ¢i 1967)
Laboratory testing on two orthotropic decks models (1965 and 1967)

Inginerul Andrei Caracostea a fost. in perioada
1945-1948 Sef al Serviciului de Poduri din cadrul Cailor
Ferate Romane.

Din anul 1941 dling. Andrei Caracostea si-a inceput
activitatea si in invatdmantul superior la Catedra de
Poduri si Constructi Metalice a Scolii Politehnice din
" Bucuresti, la inceput ca asistent iar din anul 1945 ca
profesor.

for the railways under construction- in that period,
Bumbegsti-Livezeni, liva Micd-Vatra Dornei,
Teiug-Apahida,-Copsa Mica-Sibiu.

As a stipended student of the Humboldt Foundation
from September 1938 untii Septemeber 1939 he
improved his basic engineering knowledges in the famous
Polytechnic Schools of Dresden and Charlottenburg. The
fields of his postgraduate studies were Static of

Fig. 13 Primui pod de cale ferat, constn;it in Romania, la care s-au utilizat suruburi de inalté rezistenta pretensionate
The first railway bridge, built in Romania using the high strength bolt connections (1967)

Dup4 reforma invaiamantului din anul 1948 a fost '

profesor de Poduri i Constructii Metalice la Institutul de

Constructions and ‘Steel Structures. He was admitted for
a doctors degree in the Polytechnic School of



Constructii Bucuregti si profesor de Rezistenfa Charlottenburg, at the Steel Structures Department
Materialelor gi Statica Constructiilor la Institutul de Cai directed by Professor Schleicher. The theme of his
Ferate. doctorate thesis was “Fatigue behaviour of welded joints”.

¢ PES

Fig. 14. Pod peste Olt la Caineni (1965)
The bridge over the Olt river, at Caineni (1965)

Fiind numit membru in comisia Ministerului invajaman- - The beginning of the Second World War broke off his
tului pentru elaborarea noilor planuri de invajamant profe- work for doctorate thesis and in September 1939 he
sorul A. Caracostea a avut o influen{d fundamentala in came back in Romania resuming his engineering activity

modernizarea §i dezvoltarea invafdmantului tehnic de in the Bridge Office of the Romanian Railways
constructii, bazandu-se pe organizarea renumitelor scoli Department.
politehnice din Germania. Printre schimbarile majore pe The Second World War period (1939-1945) meant for

Fig. 15 Podul peste Dunare la Giurgeni - Vadu - Qii (*969)
The bridge over the Danube at Giurgeni - Vadu Oii '1969)
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care le-a determinat au fost:

- dezvoltarea disciplinei de Statica constructiilor i in
paralel a celei de Rezistenta materialelor

- introducerea disciplinelor noi: Stabilitatea si
Dinamica Constructiilor, Teoria placilor plane, Teoria
Elasticitatii

engineer Andrei Caracostea a great practice in the
reinforcement and reconstruction of bridges on the
romanian railway network. He carried out the most
important bridge works on the railways: Campina-Bragov
(12 bridges), in Basarabia (16 bridges) and the Northern
Ardeal.

Fig. 16 Pod peste Canalul Dunare - Marea Neagra la Basarabi (1983)
The bridge over the Danube - Black Sea Canal at Basarabi (1983)

- dezvoltarea disciplinei de Geotehnica si Fundatii.

Profesorul Andrei Caracostea a fost Seful Catedrei de
Poduri in perioada 1951-1952 si 1969-1976 si Decan al
Facuitatii de Poduri si Constructii Masive (1951-1952) din
Insitutul de Constructii Bucuresti. Dupd retragerea din
1976 a ramas profesor consultant al Catedrei de Poduri
pani la stargitul vietii (1993).

In 1941 the Romanian Railway Department nominated
the engineer Andrei Caracostea as a member of the
romanian - bulgarian comission which studied the
conditions for construction of a new bridge over the
Danube between Giurgiu and Ruse.

Since 1941 Andrei Caracostea began his academic
career as assistant and from 1945 as professor at the

B S
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Fig. 17 Viaductele de acces pe podurile noi peste Dunére la Cernavoda (1986)

N gy

The acces viaducts of the new bridge over the Danube at Cernavoda (1986)

intre realizérile de mare insemnitate ale profesorului
A. Caracostea pentru dezvoltarea constructiilor din
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Bridge and Steel Structures Department of the
Polytechnic School of Bucharest.



Romania, se afla fard indoiala si MANUALUL PENTRU
CALCULUL CONSTRUCTILOR, tratat de mare amploare
aparut la Editura Tehnicd din Bucuresti in anul 1959 si
1977, edifia 2-a. Lucrarea gandita si coordonata de prof.
A. Caracostea are ca autori pe cei mai de seami
profesori din scoala romaneascé de constructii si contine
bazele teoretice si principile moderne de alcatuire si
proiectare ale constructiilor.

De personalitatea Profesorului Andrei Caracostea este
legatd puternic orientarea, organizarea si dezvoltarea
cercetérii din Romania pentru structurile moderne de po-
duri metalice. Lucrérile de cercetare elaborate sau coor-
donate de prof. A. Caracostea au contribuit la dezvoltarea
si modernizarea podurilor in Romania, realizérile cele mai
importante din ultimii 35 de ani fiind urméatoarele:

- proiectarea si executia structurilor cu elemente
sudate pentru poduri dupa anul 1960.

- fabricarea in Romania a ofelurilor slab aliate pentru
structurile sudate de poduri metalice.

- conceptiia si tehnologiile de execulie pentru primele
poduri cu platelaje ortotrope proiectate si executate in
Roménia

- utilizarea imbinarilor cu suruburi de inalta rezistenta
pretensionate la structurile de poduri

- elaborarea normelor romanesti (standarde) pentru
proiectarea, executia si exploatarea podurilor metalice.

O trasaturd fundamentald a activitdfii stiintifice si
tehnice a prof. A. Caracostea o reprezinta documentarea
si obfinerea celor mai noi informatii tehnice in problemele
ingineriei in general si a podurilor in special.
Corespondenta continua si intalnirile pe care le-a avut cu
mari personalitdfi din Europa, de la renumite Universitai
Tehnice si centre de cercetare, prof. K. Kiéppel, prof. O.
Steinhardt, Prof. Ch. Massonnet, ing. Duiliu Sfinfesco cat
si vizitele oficiale efectuate la Administrafile de cale
feratd din Germania, Franta, Elvetia si Anglia, au facut
posibil ca biblioteca Prof. A. Caracostea sa detind cele
mai noi informafii stiinfifice i tehnice din ingineria
constructilor metalice si a podurilor in beneficiul
inginerilor romani.

In perioada 1966-1992 s-au elaborat, sub conducerea
stiinfificd a prof. A. Caracostea, 10 teze de doctorat cu
subiecte din ingineria podurilor metalice: analiza la
oboseald, fenomene de instabilitate ale structurilor sau
elementelor structurale, analiza structurilor de poduri cu
mijloace gi metode moderne, sisteme de imbinari.

Dintre lucrdrile de poduri, la a céror conceptie si
executie au avut 0 mare contributie lucrdrile de cercetare
elaborate sau coordonate de prof. A. Caracostea,
mentionadm urmdatoarele:

- Podul de cale feratd peste raul Olt ta Slatioara
(1964), cu suprastructura alcatuitd din tabliere metalice
cu grinzi cu zabrele, cu deschiderea de 56,20 m. Este
primul pod pe o linie principald de cale feratd din
Romania la care structura de rezisten{a este cu elemente
sudate.
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After the Education reform of 1948 the Professor
Andrei Caracostea had the course of Bridge and Steel
Structures at the Civil Engineering Institute of Bucharest
and in the same time the courses, Strength of Materials
and Static of Constructions, at the Railway Institute.

As a nominated member of Ministry of Education
Commission for the elaboration of the new educational
programm, professor Andrei Caracostea had a great
influence in the development and organisation of the Civil
Engineering High Schools based especially on the
organisation of The Polytechnic Schools in Germany. The
main changes are referring to the development of the
contents for Strength of Materials, Static of Constructions,
Geotechnics and Foundations courses and the
implementation of the new courses: Stability and
Dynamics of Constructions, Plates Theory, Theory of
Elasticity. '

At the Civil Engineering Institute of Bucharest
Professor Andrei Caracostea was the head of the Bridges
department in two periods 1951-1952 and 1969-1976.
After his retirement, in 1976, Andrei Caracostea remained
as a consulting professor, until his death (1993).

One of the most remarkable works of professor Andrei
Caracostea was undoubtedly The Civil Engineering
Calculation Manual, which was originally published in
1959 by the Technical Publishing House of Bucharest.
The Second Edition with a revised and enlarged form was
published in 1977. This Manual remains the only
comprehensive work to present in one volume (1400
pages) a lot of data (formulae, tables, diagrams) theory of
design and its practical application in structural
engineering. The manual, conceived and co-ordinated by
Professor Andrei Caracostea, had as authors the most
representatives professor of the Romanian Civil
Engineering School.

The scientific personality Professor Andrei Caracostea
has a straight connection with the organization and
development of the romanian research for the modern
steel bridge structures. The reserach works carried out or
co-ordinated by Professor Andrei Caracostea contributed
to the main achievements, of the last 35 years, in
romanian bridge engineering. The most important results
of these research works are: conception, design and
fabrication technology of the welded structural elements
for steel bridges; low-alloy steel manufacture for welded
structures; conception, design and fabrication technology
of the steel bridge structures with orthotropic decks; the
connections with high strength bots used at the modern
steel bridge structures; the seven editions of romanian
codes and specifications for design, fabrication,
inspection and maintenance of steel bridges.

An essential feature of the scientific activity of
professor Andrei Caracostea is the documentation and
acquisition of the last technical informations respecting
the engineering problems. The constant mail connections
and the meetings he had with the European personalities



- Podul rutier peste raul Olt la Ciineni (1965), unde s-a
proiectat §i executat pentru prima datd in Romania o
structurd cu platelaj ortotrop (fig. 14). Cu aceastd ocazie
s-a verificat ojelul si tehnologia de executie a unei astfel
de structuri in vederea realiz&rii podului peste Dunére la
Giurgeni-Vadul Qii.

- Structura principalda cu grinzi  continue
(120+3x160+120 m), ‘secfiunea casetatd si platelaj
ortotrop, a podului peste Dundre la Giurgeni-Vadul Oii
(1969) (fig. 15).

- Podul peste raul Buzdu de pe linia de cale ferata
Buh&esti- Roman (1967) la care s-au utilizat pentru prima
datd in Romania, imbindrile cu suruburi de inalta
rezisten}a pretensionate (fig. 13).

- Podurile de cale feratd i sosea peste canalul
Dun#re-Marea Neagra (1979-1983) (fig. 16).

- Podurile noi de cale ferata si gosea peste braul
Borcea si peste Dunére Tntre Fetesti si Cernavoda (1976 -
1986) (fig. 17).

of Technical Universities and Research Centers, like K.
Kloppel, O. Steinhardt, Ch. Massonnet, D. Sfintesco,
permitted to have in his library the latest scientific and
technical informations for the benefit of the romanian
engineers and school.

From 1966 to 1992 were elaborated, under the
scientific direction of Professor Andrei Caracostea, 10
doctorate thesis which the subjects regarded the steel
structures engineering as: fatigue resistence analysis, the
behaviour of the steel structures with othotropic decks,
the influence of imperfections on the buckling
phenomena, the behaviour of stiffened plate components,
the steel structures analysis using numerical technics, the
high strength bolt connections, the offshore structures.

Among the bridge workings which conception, design
and construction enjoyed the contribution of the research
work carried out co-ordinated by Professor A.
Caracostea, are: the railway bridge over the Olt river, in
Slitioara (1964) having a steel superstructure with truss
girders of 56.2 m span. It is the first bridge with welded
structural elements built in Romania on a main railway;
the highway bridge over the Olt river, in Caineni (1965),
where there was implemented for the .first time in
Romania the structures with orthotropic deck (fig. 14). On
this occassion it was tested the low-alloy steel and
fabrication technology in order to realise the bridge over
the Danube in Giurgeni-Vadu Oii;

The bridge on the Buhiiesti-Roman railway (1967)
where there was utilized for the first time the high strength
bolts for connections (fig. 13); the main steel structure
with continuous box girders (120 + 3x160 + 120 m) of the
bridge over the Danube at Giurgeni-Vadu Qii (fig. 15); the
railway and highway bridges over the Danube-Black Sea
Canal (1979-1938), (fig. 16), the new railway and highway
bridges over the Danube and Borcea arm of the Danube
between Fetegti and Cernavoda (1976-1986) (fig. 17)
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A DOUA CONFERINTA “PODURI PESTE DUNARE”

THE SECOND CONFERENCE “BRIDGES OVER THE DANUBE”

Aspecte conceptuale privind lucrdrile de artd
din patrimoniul Administratiei Nationale a
Drumaurilor

Conceptual aspects regarding the art works
in the patrimony of National Administration
of Roads

Ing. DANILA BUCSA
Dr.ing. LAURENTIU Stelea
ing. NICULAE MIHALACHE

Eng. DANILA BUCSA
Dr.Eng. LAUREN{IU STELEA
Eng. NICULAE MIHALACHE

1. Scurt istoric

Reteaua de drumuri construiti in Dacia, doveditd nu
numai prin portiunile de drumuri gi poduri efectiv rdmase,
dar si prin aga-zisele “pietre milenare”, care indicau
traseul drumului, anul si executantul, sunt mérturii ale
unei istorii ‘a drumurilor si podurilor din Romania de
aproape 2000 de ani.

Este cunoscut faptul ca in perioada 102-105 Apolodor
din Damasc a construit podul peste Dundre intre Drobeta
si Vantes (azi satul Kostol din Serbia) si ale carui vestigii
se pastreaza si astazi.

Romanii au prelungit drumul care leaga Dunéirea la
Diema cu interiorul Daciei pand la Apulum (Alba-lulia),
Potaissa (Turda) si Napoca (Cluj), unde se regésesc si
astdzi marturii ale constructiei de podete si poduri din
piatra.

in anul 1400 se mentioneazd prima atestare
documentara a unui pod permanent din lemn, in Moldova,
peste raul Negru.

Spre sfarsitul secolului XV, in timpul domniei lui Stefan
cel Mare, se construiesc primele poduri din ziddrie de
piatrd in Moldova, parte din ele pastrate si azi.

In anul 1831, la constructia podului de la Lugoj (jucd
Timig) se folosesc pentru prima daté in fara noastra grinzi
metalice.

in pericada 1831-1844, in Moldova, sub conducerea
lui Mihail Sturza, s-au executat 309 km de drumuri, cu
340 de poduri si podete din zidarie. '
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Director General Adjunct, Administrajia Nationala a Drumurilor
Director General Adjunct, Administratia Nafionald a Drumurilor
$eful serviciului Poduri, Administrafia Nationald a Drumurilor

General Manager, National Administration of Roads
Deputy General Manager, National Administration of Roads
Head of Bridges Division, National Administration of Roads

1. Brief history

The road network built in Dacia, which existence is
proved not only by road sections and bridges still on sites
but also by the so called “millenary stones”, indicating the
itinerary of the road, the year and the constructor,
represents the statements of a nearly 2000 years history
of roads and bridges in Romania.

It is well known that between years 102-105, Apolodor
from Damasc has built the bridge over the Danube,
linking Drobeta and Vantes (today’s Kostol, village in
Serbia), vestiges of this bridge being still visible on the
location.

The Romans have extended the road linking the
Danube (at Dierna) with the inner Dacia, reaching Apulum
(Alba-lulia), Potaissa (Turda) and Napoca (Cluj), stone
bridge relics being still obvious.

in 1400 was built the first permanent wooden bridge,
over Black River in Moldavia.

In the late XV century, during Stefan cel Mare reign,
the first masonry bridges were built in Moldavia, part of
them being still existent.

In 1831, at the construction of Lugoj bridge (Timis
county), steel beams were used for the first time in
Romania.

Between 1835-1844, in Moldavia, during Mihail Sturza
reign, 309 km of roads were built including 340 wood and
masonry bridges.

The first School of Bridges, Roads and Mines was
established in 1847 in Bucharest, especially for training



A DOUA CONFERINTA “PODURI PESTE DUNARE”

THE SECOND CONFERENCE “BRIDGES OVER THE DANUBE"

in anul 1847 ia fiinta la Bucuresti o $Scoala de Poduri,
Sosele si Mine, in principal pentru pregatirea ofiterilor din
oastea romand, pentru ca mai apoi, in 1854, sa se in-
fiinjeze tot la Bucuresti, prima $coald de Conducatori de
Poduri si Sosele, transformata ulterior, in 1867, in prima
“Scoala de poduri, sosele si mine”, cu durata de 5 ani.

in anul 1865 incepe construciia a 19 poduri metalice
proiectate pentru a fi executate peste raurile traversate de
soseaua Bucuresti-lagi. Podurile s-au executat in baza
unei conventii cu firma engleza John Trevor Barkley.

Dupa Razboiul de Independenid se punea acut
problema unei legéturi permanente peste Dunére intre
Romania si Dobrogea.

Concursul international organizat de statul roman, de
proiectare si constructie a unui pod feroviar peste Dunare
intre Fetesti si Cernavodd a fost condus de un tanar
inginer roman:Anghel Saligny. .

Lucrarile, incepute in anul 1890 si finalizate in 1895
s-au desfasurat sub stricta indrumare a lui Anghel Saligny
si la acea datd complexul de poduri de Ila
Fetesti-Cernavoda era cel mai mare din Europa.

Tn anul 1903, Serviciul de Poduri si Sosele, executa un
pod pe drumul Pitegti-Curtea de Arges si altul la iegirea
din Piatra, acestea fiind primele poduri din beton armat cu
deschiderea mai mare de 5,0 m.

Dupa anul 1905, constructia de poduri de sosea, in
principal din beton armat, cunoagte o mare dezvoltare,
deschiderile realizate in acea epocé si care erau in jur de
60 m, au fost depasite abia dupa primul rdzboi mondial.

Dezvoltarea transporturilor, odata cu cregterea traficu-
lui rutier, a impus o noud orientare, prin modemizarea
retelei de drumuri i constructia unor lucrari de arta de
inalta tehnicitate.

Aceasta foarte scurta incursiune in istoria fucrarilor de
artid a fncercat si prezinte locul ocupat de Romania,
potentialul si realizérile obtinute pentru acele vremuri.

Reteaua rutieré publica din Romania are o lungime de
153.014 km, repartizata pe categorii astfel:

- Drumuri Nationale.................... 14.683 km.
din care Autostrazi 113 km

- Drumuri Judetene.........cccceeeeece 26.967 km.
- Drumuri Comunale..................... 31.166 km.

- Strazi in localitati urbane si rurale...80.190 km.
Drumurile nationale sunt in administrarea Ministerului

Transporturilor, prin Administratia Nationald a Drumuirilor, -

in administrarea
in administrarea

Comunale,
iar strazile

Drumurile Judetene si
Consilillor  Judetene,
primariilor localitatilor.

Lungimea totald de 14.683 km, desi reprezintd numai
20% din lungimea drumurilor publice (exclusiv strazile),
constituie refeaua majora a tarii, pe ea desfagurandu-se
cca.65% din totalul traficului rutier.
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the officers of the romanian army. In 1854, is established
in Bucharest as well, the first School ot Roads and
Bridges Conductors, which in 1867 will be converted as
“Bridges, Roads and Mines School” with a studying
period of 5 years.

In 1865 starts the construction of 19 steel bridges, de-
signed to cross the rivers encountered by the Bucharest-
lagi road. These bridges were constructed in cooperation
with the British contractor John Trevor Barkley.

After the Independence War, a permanent link over
the Danube between Romania and Dobrogea appeared
as imperative.

The international tender organized by Romania for
design and construction of a steel railway bridge over the
Danube between Fetesti and Cernavoda was conduct by
a young Romanian engineer: Anghel Saligny.

The works, started in 1890 and finalized in 1895, were
strictly supervised by Anghel Saligny himself, at that time
the bridges complex from Fetesti-Cernavoda being the
largest in Europe.

In 1903, the Roads and Bridges Division built a bridge
on Pitesti-Curtea de Arges road and another in Piatra,
these two bridges being the first reinforced concrete
structures with spans over 5 m.

After 1905, the construction of road bridges, and
especially reinforced concrete bridges is widely
developing, reaching spans of 60 m.

Developing of transportation sector and the increasing
traffic, leaded to a new orientation and to the need -of
modernizing the road network and constructing bridges
with high technical characteristics.

This very short presentation of the art works history in
Romania, tried to outline the potential and the
achievements in this field over the past.

The public road network in Romania has a length of
153,014 km and it is divided into the following types of
roads:

-National Roads ........ccccooveeeceeeeeeeeeeeeees 14,683 km
out of which motorways .........c.ccoeeeeeeoniieeennn. 113 km
- County Roads ....cccooomvveeeeeiieeceeeeeceeee. 26,967 km
-Communal Roads .........cooeeveeeeeeeeeees 31,166 km
- Streets iNtOWNS ..o 80,190 km

The national roads are under the administration of the
National Administration of Roads, the county and
communa! roads are administrated by the County
Councils and the streets by the Town Councils.

The jurisdictional area of Romanian National
Administration of Roads includes all the national roads,
with a length of 14,683 km.

This length represents only 20% of the entire public
roads length (excluding the streets) and it is considered
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Dupa decembrie ’89, volumul traficului a crescut
spectaculos in Romania, datoritd deschiderii citre Europa
de Vest, cresterii numarului definatorilor de autovehicule
in Romania, iar din 1991, datoritd crizei din fosta
lugoslavie, ftraficul intre Europa si farile Orientului
Apropiat gi Balcani, tranziteaza masiv prin Romania.

In aceste conditii Administratia Nationald a Drumurilor
gi-a propus sa imbunétiteasca infrastructura rutiera, dar
ntAmpind mari dificultdti din cauza resurselor financiare
insuficiente.

Viabilitatea acestei infrastructuri rutiere este in mare
parte conditionatd de lucrdrile de arta, care trebuie sd
asigure capacitatea portantd necesard de preluare a
traficului, in conditii de deplina siguranta.

In consecinfi, cunoasterea starii tehnice reale a
lucrdrilor de artd de pe retea si cdutarea unor noi
modalitdfi de imbunatifire a acesteia reprezintd o
preocupare constantd si de mare importania.

3. Situatia actuala a podurilor

Mulfimea de factori legali de amplasament, de natura
si caracteristicile terenului, de debitul si regimul hidraulic
al apelor etc, au facut din fiecare pod, in cele mai multe
cazuri, un unicat.

Aparitia unor mijloace de transport din ce in ce mai
grele, cregterea vitezelor de circulatie, precum si costul
ridicat al lucrérilor de artd, au determinat pe proiectanti si
constructori sd imagineze mereu noi structuri, noi alcatuiri
si sisteme constructive, sd caute noi materiale sau sd
introduca noi tehnologii de executie.

Pe intreaga retea de Drumuri Nationale din Romania,
existau la finele anului 1994 un numér de 3131 poduri,
fnsumand o lungime totala de 128.617 m.

Existenta unei mari diversitédli de solutii tehnice, care
au stat la baza construciiei lucrarilor de artd, au condus la
0 mare varietate, lucrarile de artd de pe reteaua Drumuri-
lor Nationale putandu-se clasifica, in mare, in functie de:

- materialul din care sunt alcatuite;

- clasa de incarcare;

- perioada de exploatare;

Materialul de constructie

in functie de materialul de constructie din care au fost
executate, situatia podurilor se prezinti astfel:

- Poduri din zidarie de piatra .............cccoen....... 69 buc
- Poduri din beton armat ..............cccc............ 1996 buc.
- Poduri din beton precomprimat ..................... 974 buc.
- Poduri din metal ......coccooveemiiieeeeeeereeeeea 81 buc
- Poduri cu conlucrare ofel-beton .................... 11 buc

Din analiza datelor prezentate rezulta ca din cele 3131
poduri aflate in exploatare pe drumurile nationale, 93%
sunt realizate din beton armat gi beton precomprimat.
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the major road network of the country as about 65% of
the entire road traffic develops on this network.

After December 1989, the traffic volume has greatly
increased in Romania, due to relationship development
with some Western European countries, the increased
number of road users, and since 1991, due to the political
situation in the former Yugoslavia which pushed the traffic
from European countries to Turkey and Greece through
Romania.

Having in view all the above elements, the Romanian
National Administration of Roads proposed a program for
improving the road substructure, although the amount of
budget allocated for this purpose is very low.

The adequate improvement of the road substructure is
highly dependent on the bridges structures which should
provide the proper bearing capacity required for a safe
traffic development in Romania.

Consequently, the full knowledge of the actual
technical condition of bridge structures on the road
network and finding new methods for their improvement,
is our major and continuous concern.

3. Present situation of bridges

The multitude of local elements related to sites, nature
and characteristics of soil, water flow and hydraulic
regime of the rivers, have made of each bridge almost, an
unique art work.

The increasing number of heavy trucks, high travelling
speeds and high costs of art works, have determined the
designers and contractors to imagine new structures, sta-
tical schemes, materials and construction technologies.

According to the recorded data, on the national road
network in Romania there are 3,131 bridges with a total
length of 128,617 meters.

The existence of a large diversity of technical solutions
used in bridge construction, resuited in a wide variety
and, the art works on the national roads can be classified
considering the following main aspects:

- construction materials;

- loading class;

- operation life-time

3.1. Construction materials

On the basis of construction materials, the bridges
situation is as follows:

- Masonry and stone bridges ..........cceeeenn....... 69 pcs.
- Reinforced concrete bridges ..................... 1,996 pcs
- Prestressed concrete bridges ...................... 974 pcs
- Steel bridges .....oeveeeeeeeeeeeeiece e e 81 pcs
- Concrete and steel bridges ...........cccccecenn....... 11 pcs

It can be pointed out that from 3,131 bridges under
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Betonul armat a inceput sa fie utilizat in Romania la
constructia de poduri in perioada anilor 1900-1901, dar
numarul si amploarea lucrdrilor au crescut foarte mult
abia dupa anul 1920, cand solutiile s-au diversificat din
punct de vedere al schemei statice.

Odata cu aparitfia §i utilizarea betonului armat
precomprimat, incepadnd cu anii 1953-1954, ponderea
lucrarilor din beton armat s-a micgorat in ansamblu.

In aceste conditii, betoanele utilizate la constructia po-
durilor prezintd o mare diversitate din punct de vedere al
rezisteniei, fiind cuprinse intre B 150 (Bc 10) si B 500 (Bc
40).

Armatura utilizatd este si ea de o mare varietate,
caracteristicile fizico-mecanice fiind cunoscute cu
certitudine numai pentru cele fabricate dupa 1960.

3.2. Clasa de incarcare

Lucrarile de artd construite in ultimii 30 de ani au fost
dimensionate la clasa “E" de incédrcare, cele cu o vechime
cuprinsa intre 30-50 de ani sunt dimensionate in clasa “I"
de incarcare, iar cele cu o vechime mai mare de 50 de
ani, sunt dimensionate la fincércadri corespunzitoare
“convoiului. german”, ce poate fi asimilat clasei “" de
incarcare. §

Din numarul total de 3131 de poduri, 1372 poduri
(43.13%) sunt dimensionate la clasa “E” de incéarcare,
restul de 1759 poduri (56,87%) fiind dimensionate la
clasa “I" de incarcare.

3.3 Perioada de exploatare

in functie de anul in care au fost executate, situatia
podurilor existente pe reteaua drumurilor nationale se
prezintd astfel:

- Poduri mai vechi de 50 de ani

- Poduri mai vechi de 40 de ani

225 buc (7.3%)
....... 348 buc (11.0%)

- Poduri mai vechi de 30 de ani ....... 905 buc (29.2%)
- Poduri mai vechi de 20 de ani .....2068 buc (66.8%)
- Poduri mai vechi de 10 de ani .....2806 buc (90.7%)

4. Starea tehnica a lucrarilor de arta

Pe durata exploatarii podurile suportd influenta
mediului inconjurator si a incarcarilor si reactioneazi la
aceste influente diferit, fiind afectate atat elementele
suprastructurii cat si infrastructurii intr-0 masura mai mici
sau mai mare.

Problemele care se pun cu acuitate la podurile aflate
in exploatare constau in menfinerea pe durata de
exploatare a unei capacitati portante corespunzétoare.
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operation now on the national roads, 93% are structures
made of reinforced and prestressed concrete.

The reinforced concrete bridges started to be
constructed in Romania since 1900-1901 and greatly
increased after 1920, when from desing point of view,
other construction methods developed.

Starting from 1953-1954, the prestressed concrete has
been greatly applied in bridge construction and
consequently the reinforced concrete usage has
progressivelly diminished.

Under these circumstances, the concrete used for
bridges construction is mainly ranged from B 150 (B¢ 10)
to B 500 (Bc 40).

The reinforcement used during the time, is also of a lot
of types but its mechanical and physical characteristics
have been proved only for the works carried out after
1960.

3.2. Loading class

Generally, the bridges built during the last 50 years
were designed for | loading class (truck convoys of 13 t or
heavy vehicles of 60 t), those built during the last 30
years were designed for E loading class (truck convoys of
30 t or heavy vehicles of 80 t) and the bridges older than
50 years, were designed as per the so-called German
type convoys and could be included in the | loading class.

Therefore, from 3,131 bridges, 1,372 (43,13%) are
designed for E loading class and the remainder of 1759
(56,87%) for | loading class.

3.3. Operating life-time

On the basis of operating life-time, the bridges
situation is as follows:

- older than 50 years

- older than 40 years

........................... 225 pcs (7.3%)
......................... 348 pcs (11.0%)

- olderthan 30 years .........ccccoo..ce..... 905 pcs (29.2%)
-olderthan 20 years ...................... 2,068 pcs (66.8%)
-olderthan 10 years ........c..c.......... 2,806 pcs (90.7%)

4. Bridges technical status

During the operating life-time, bridges are influenced
by the environment and loads, reacting to this factors in
different ways, all of the structural elements being
affected more or less.

The main objective. for all the bridges on the road
network, is to maintain their proper loading capacity.

At the end of 1991 the National Administration of
Roads was in possesion of a inventory of all bridges
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La sfarsitul anului 1991, Administratia Nationald a
Drumurilor a intrat in posesia inventarului tuturor podurilor
de pe reteaua de drumuri nationale, pus de acord cu
toate modificarile survenite in fiecare an. Totusi, acest
inventar cuprinde doar un mic numar de date ale
podurilor (lungime, latime, numdrul $i lungimea
deschiderilor, materialul de constructie, structura statica,
clasa de incarcare, anul construciiei); de aceea, la
inceputul anului 1992 a fost demaratd o activitate
laborioasa de colectare de date, pentru alcatuirea unei
banci de date, procesata pe calculator.

Prin aceasta banca de date sunt culese cca. 125 date
privind fiecare pod si apoi aceste sunt repartizate in sase
figiere diferite, din care reiese descrierea starii tehnice a
podului. Determinarea stérii tehnice a unui pod se face
prin evaluarea a 10 indicatori de calitate si functionalitate,
care definesc parametrii de stare tehnica.

Pana in prezent au fost culese date complete, inclusiv
pentru figierul de stare tehnicd, la un numar de 2135 de
poduri, reprezentand cca.68% din numarul total de poduri
de pe reteaua drumurilor nationale.

Situatia se prezinta in felul urmétor:

Clasa tehnica | - Stare foarte buné 88 buc. 4%

Clasa tehnica Il - Stare bund 1039 buc. 48%

Clasa tehnica Il - Satisfacitoare 847 buc. 40%

Clasa tehnica IV - Nesatistacatoare 160 buc. 8%

Pe baza datelor culese si prelucrate se vor putea
elabora:

- programele de lucréri de intrefinere anuale;

- esgalonarea lucrarilor de reparatii, consolidari sau de
nlocuire a unor poduri;

- mésurile necesare pentru imbunatatirea starii tehnice
a podurilor gi modernizarea acestora.

in vederea modernizrii retelei de poduri si aducerii €i
la cerintele unui trafic in condifii de siguranta trebuie
actionat pentru realizarea urmé&toarelor obiective:

- Sporirea capacitdfii portante a  podurilor
dimensionate la clasa | de incdrcare (A13,560) si
aducerea lor |a clasa E de incércare (A30,V80);

- Executarea unor lucrdri de reparafii la podurile
dimensionate la clasa E de incércare in vederea pastrarii
parametrilor corespunzatori acestei clase; ’

- Asigurarea unei péarti carosabile de 7,80 m si a unui
gabarit de libera trecere la nodurile rutiere de minimum
4,50 m.

Pe baza datelor si studiilor efectuate s-a stabilit un
program de masuri gi anume:

a. Pentru podurile dimensionate la clasa | de
incarcare:

- consolidarea suprastructurii;

- consolidarea atat a suprastructuri cat gi a
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along the national road network that has been updated
each year according to the modifications that have
occurred meanwhile.

However, this inventory incorporates only a small
number of bridge data (lenght, width, number and length
of spans, construction material, static analysis, loading
class, building year) and that is why at the beginning of
1992, a laborious activity of data collection for a data
bank has been started in view of the data processing by a
computer.

For this data bank, about 125 data is collected and
updated for each bridge and then the data is distributed in
6 different files, out of which one is provided for
describing the bridge technical condition.

Determination of a bridge condition is performed by
evaluating the parameters defining the bridge condition,
namely the 10 indicators for the bridge quality and opera-
tion.

Up to present, data have been collected for 2,135
bridges representing 68% of the bridges situated on the
national road network.

The situation of bridge technical status is as follows:

Technical Class | - very good status .......... 88 pcs. 4%

Technical Class Il - good status ........... 1,039 pcs. 48%

Technical Class Il - satisfactory ............. 847 pcs. 40%

Technical Class IV - poor ..........cccccceeeuu.... 160 pcs. 8%

Based upon the collected and processed data, the
following are to be assessed:

- Bridge technical condition;

- Planning of maintenance work schedule;

- Determination of necessary methods applied for
improving the bridge conditions and their related
modernization.

In order to bring the bridges and overpasses to their
original operation parameters for achieving an extended
life-time, the increasing of safety and comfort, the
following aims have to be achieved:

- Upgrading the bearing capacity of bridges designed
for | loading class (A13, S60), to allow supporting
stresses caused by convoys included in E loading class
(A30, V80).

- Performing repairing works at bridges designed for E
loading class, in order to maintain the technical
parameters required by this loading class.

- Increasing the carriageway width to 7.80 m and the
minimum height at road crossings to 4.50 m.

On the basis of data processed and studies
performed, a repairing program has been initiated,
consisting of:

a. Bridges designed for | loading class:

- strengthening of the superstructures;
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infrastructurii sau inlocuirea cu poduri noi, in functie de
costuri.

b. Pentru podurile dimensionate la clasa E de
fncércare:

- inlocuirea dispozitivelor de acoperire a rosturilor de
dilatatie;

- inlocuirea imbracamintii;

- inlocuirea atat a imbr&camintii cat i a hidroizolatiei;

- lucrdari de aparari de maluri §i consolidarea
infrastructurilor;

- lucrari de reparatii la suprastructuri cu betonul
degradat si armdtura corodata.

c. Programul de execufie prioritara de pasaje
denivelate

Un alt aspect important care trebuie abordat in
actiunea de modernizare a rejelei il constituie eliminarea
intersectiilor la nivel cu calea ferata.

in prezent existd peste 423 de intersectii la nivel cu
calea feratd, care produc zilnic 29.000 de finchideri,
fnsumand peste 4800 ore de stationare. Dintre acestes,
136 sunt intersectii la nivel cu linii de cale feratd in
circulatie curenta si care impun construciia unor pasaje
denivelate.

Programul de execufie prioritarda a pasajelor
denivelate s:a stabilit in functie de “durata de recuperare”
exprimata prin raportul:

D=p

D = durata de recuperare a investitiei in ani;

| = valoarea extimata a investitiei in lei;

P = valoarea pierderilor in lei/an, cauzatd de
imobilizarea autovehiculelor la trecerile de nivel cu
bariera, semibariere sau alte indicatoare pentru oprire.

Realizarea tuturor acestor obiective mentionate,
trebuie facuta prin programe realiste, egalonate in timp si
care trebuie s tina cont in primul rand de constatarea ci
anual, 2 - 3% din podurile de pe reteaua drumurilor
nationale trec dintr-o clasd tehnicd superioard in clasa
tehnicad imediat inferioara.

6. Concluzii

Obiectivele prioritare ale Administrajiei Nafionale a
Drumurilor pot fi rezumate astfel:

a. Masuri concertate pentru reducerea procesului de
deteriorare a stérii tehnice a podurilor in exploatare;

b. Aplicarea unor noi tehnologii cu efecte benefice
asupra stdrii tehnice a lucrarilor de artd in domeniul
hidroizolatiilor, rosturilor i aparatele de reazem;

¢c. Un nou concept privind raspunsul dinamic al
structurilor de poduri cu implicatii in metodele de calcul;

d. Revizuirea normativelor si normelor tehnice in
domeniul podurilor gi elaborarea de noi reglementari
tehnice, armonizate cu cele internationale;
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- strengthening of both superstructures and substruc-
tures, or replacement with new bridges, depending on
costs.

b. Bridges designed for E loading class:

- replacement of the expansion joints;

- replacement of the carriageway layers;

- replacement of waterproofing and carriageway
layers;

- repairing of superstructures having damaged
concrete and corroded reinforcement steel bars;

- repairing of substructures and shore protection.

c. Priorities in constructing overpasses at railways
crossings

Another important aim which has to be achieved in
order to improve the traffic safety is to eliminate crossings
at the same level with the railways.

In the present, there still are over 423 level crossings,
generating daily 29,000 traffic stops with 4,800 stationing
hours. Out of these 423 crossings, 136 are crossings with
main railways, the construction of overpasses being
imperative.

The priorities in constructing overpasses were
determined taking into account the “recovering duration”
calculated as follows:

D=5

D = recovering duration of the investment, in years;

| = estimated value of the investment, in Lei;

P = value of losses, in Leifyear, resulted from traffic
interruption at crossings.

Achieving of all the above mentioned objectives has to
be made by realistic programs, well planned in time,
having in view that each year about 2-3% of the bridges
on the network are diminishing their technical class to the
immediate inferior one.

6. Conclusions

The main objectives of the National Administration of
Roads can be described as follows:

a. Precise actions in order to prevent depreciation of
technical status of existing bridges;

b. Implementation of new technologies and concepts
in bridge maintenance and rehabilitation, including new
solutions for waterproofing, expansion joints and bearing
devices;

c. New concepts conceming the dynamic response of
bridge structures and design methods;

d. Reviewing of actual standards and technical
specifications in order to comply with the international
requirements in the field of highway bridges.

e. Promoting and supporting the privatization process,
in order to increase the volume of maintenance works
performed by small and medium private companies.
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e. Promovarea si incurajarea actiunii de privatizare gi
cregtere a volumului de lucréri de intrefinere executate cu
firme mici gi mijlocii;

1. Dezvoltarea etapizatd a unei retele de drumuri
expres §i autostrazi §i unde lucrdrile de artd sa fie
executate in devans.

Din marele volum de informalii pe care il avem la
dispozitie, dificultatea principald a fost aceea de a
asambla un minimum de elemente din care s se degaje
o imagine cat mai conturatid a stadiului actual al
problemei.

in dezvoltarea societitii omenesti, 0 mare important
a avut intodeauna, activitatea “omului-constructor”’.
Fiecare etapa istorica a fost marcata prin constructiile ei,
a céaror evolutie poate i consideratd o masura a nivelului
de culturd si civilizatie atinsa.

1. Development in time of a motorways and highways
network, where the bridges are to be builts in advance.

Out of the big volume of information we have, the
main difficulty was to select a minimum of data and ele-
ments which could offer a most accurate image of the ac-
tual stage in developing the bridges network in Romania.

The role of the “Constructor’ was always of a great
importance in the progress of the human society, each
historical stage being marked by its constructions which
evolution can be considered as a measure of culture and

civilization.
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