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bridge in 1931 to the present day
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Rezumat

Romdnia este una dintre tdrile europene in care industria siderurgicd a inceput in secolul al XVill-lea. In a doua
Jjumdtate a secolului al XIX-lea, STEG — Compania Cdilor Ferate Austriece a dezvoltat in partea de vest a tdrii — la
Resita — productia de otel si a introdus tehnologii moderne de otel. In acest timp toate legdturile podurilor au
fost nituite. Primele evolutii in racordurile sudate pentru poduri din otel au apdrut in anii '30 ai secolului trecut,
inlocuind racordurile traditionale nituite. Primul pod sudat din Romdnia a fost fabricat si ridicat la Resita in 1931.
In anii 1950 si 1960, podurile sudate din otel fabricate in fabrici in conditii controlate si ridicate pe santier prin
suruburi de inaltd rezistentd sau prin sudurd, devin modalitatea obisnuitd in constructia de aceste structuri.
Dupd cativa ani de experientd, in 1966 a inceput constructia podului Dundrii la Giurgeni; este o structurd com-
plet sudatd. In 1986 a fost inaugurat noul complex de poduri dundrene din zona Fetesti — Cernavodd cu poduri
sudate. Lucrarea prezintd o privire de ansamblu asupra istoriei si dezvoltdrii podurilor sudate in Romdnia.
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Abstract

Romania is one of the European countries where the steel industry started in the 18th century. In the sec-
ond part of the 19th century the Austrian Railways STEG — Company developed in the western part of the
country — in Resita — the production of steel and introduced modern steel technologies. In this time all the
connections of the bridges were riveted. The first developments in welded connections for steel bridges ap-
peared in the ’30 of the last century, replacing the traditional riveted connections. The first welded bridge
in Romania was fabricated and erected in Resita in 1931. In the 1950’s and 1960’s, steel welded bridges
fabricated in the plants under controlled conditions and erected on site by high strength bolts or welding,
become the usual way in the construction of these structures. After some years of experience, in 1966
begun the construction of the Danube bridge in Giurgeni; it is a completely welded structure. In 1986 the
new complex of Danube bridges in the Fetesti — Cernavodd area with welded bridges was inaugurated. The
paper presents an overview of the history and development of welded bridges in Romania.
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1. Introducere

Constructia podurilor a reprezentat de-a lun-
gul secolelor un element de referinta in istoria
dezvoltarii societatii, a culturii natiunii, a civilizatiei si
a nivelului bunastarii. Multe dintre aceste structuri
au fost nu numai culmi ale unei tehnici perfecte, ci si
monumente de arta, unele dintre ele pastrate pana

1. Introduction

Bridge construction represented along centuries a
reference element in the society development his-
tory, of the nation culture, civilization and welfare
level. Many of these structures have been not only
heights of a perfect technique, but also art monu-
ments, some of them preserved till nowadays. The
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in zilele noastre. Istoria podurilor de otel a inceput
in 1779 odata cu constructia podului Coalbrookdale
din fonta, cu o deschidere de L=31m. A devenit un sit
al Patrimoniului Mondial UNESCO Tn 1986 si ramane
o caracteristicd emblematicd a trecutului industrial
al Marii Britanii. Fonta se obtinea topind minereul de
fier prin intermediul carbunelui, in instalatii din ce In
ce mai perfectibile, in cuptoare, incarcate din partea
superioara si cu suflare de aer prin orificii speciale
amplasate in partea inferioard. Revolutia industriala,
inceputa Tn secolul al XVIll-lea, a condus la cresterea
intensiva a productiei de metale si la perfectionarea
metodelor de elaborare. Dacd in 1740 s-au produs
doar 17.400 de tone de fonta, in 1834 s-au realizat
700.000 de tone, iarin 1876 s-au realizat circa 6,6 mi-
lioane de tone. Podurile din fonta, concepute ca po-
duri cu arc, permiteau deschideri mari. Podurile din
fonta nu dadusera inca rezultatele scontate, deoa-
rece utilizarea acestui material necesita lucrari com-
plicate si costuri ridicate. Tn plus, fonta era casant3,
avand o rezistentd redusd la tractiune, producand
numeroase accidente, ceea ce a facut ca, in timp, sa
fie interzisa in constructia podurilor. Aparitia otelului
forjat la sfarsitul secolului al XVlll-lea (1784) si apoi
a otelurilor blande (Bessemer in 1856 si Thomas in
1880) duce la construirea de poduri de otel avand
deschideri din ce in ce mai mari si chiar recorduri,
precum podurile duble de cale ferata, Firth of Forth
(1890) in Scotia cu cele doua grinzi ale sale de 521
m si Quebec (1917), cu o grinda centrald de 548 m.
De la sfarsitul secolului al XVIlI-lea si mai ales in a
doua jumatate a secolului al XIX-lea, cand a inceput
campania constructiilor de cdi ferate, otelul incepe
sa Tnlocuiasca lemnul si piatra de constructii, re-
marcandu-se tot mai mult ca material cu posibilitati
nebanuite Tn constructia podurilor.

2. Inceputurile

La noi, unul dintre pionierii in constructia de poduri
de fier a fost Karl Maderspach [1]. El a conceput si
ridicat un numar important de poduri cu arc legate
din fonta (figura 1).

Podurile din arcade din fonta proiectate de inginerul
Karl Maderspach si construite de uzina Maderspach-
Hoffmann din Rusca Montand (Banat), cu ampla-
samente pe raul Timis in Caransebes (figura 2), Lu-
goj (figura 1) si in Herculane peste raul Cerna- pot
fi considerate pionierate absolute. Cu un concept
original, erau adevarate opere de arta care astazi ar
reprezenta cu siguranta atractii pentru aceste orase.
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history of steel bridges begun in 1779 with the con-
struction of the Coalbrookdale bridge made of cast
iron, with a span of L=31m. It became a UNESCO
World Heritage Site in 1986 and remains an iconic
feature of Britain’s industrial past. The cast iron was
obtained melting the iron ore by means of coal, in
more and more perfectible installations, in furnaces,
loaded from the superior part and with air blowing
by special holes placed at the inferior part. The in-
dustrial revolution, started in the XVIII century, led
to the intensive increase of metal production and
the improvement of the elaboration methods. If in
1740 only 17.400 tons of cast iron were produced,
in 1834 700.000 tons, and in 1876 at about 6.6 mil-
lion of tons were realized. The cast iron bridges,
conceived as arch bridges, allowed large spans. The
castiron bridges had not given the expected results
yet, as the use of this material needs complicated
works and high costs. Additionally, the cast iron
was brittle, having low tensile strength, produc-
ing many accidents, which made it, in time, to be
forbidden in bridge construction. The appearance
of the wrought steel at the end of the XVIII cen-
tury (1784) and then of mild steels (Bessemer in
1856 and Thomas in 1880) leads to the construc-
tion of steel bridges having more and more large
spans and even records, such as the double railway
bridges, Firth of Forth (1890) in Scotland with the
two spans of 521 m and Quebec (1917), with the
central span of 548 m.

From the end of the XVIII century and especially
in the second half of the XIX century, when the
campaign of railways constructions started, steel
begins to replace timber and building stone more
and more distinguishing itself as a material having
unsuspected possibilities in bridge construction.

2. The beginnings

In our country, one of the pioneers in the construc-
tion of iron bridges was Karl Maderspach [1]. He
conceived and erected an important number of cast
iron tied arch bridges (figure 1).

The bridges made of cast iron arches designed by
the engineer Karl Maderspach and built by Mader-
spach-Hoffmann plant in Rusca Montana (Banat),
with locations on river Timis in Caransebes (figure
2), Lugoj (figure 1) and in Herculane over the river
Cerna- can be considered as absolute pioneering.
With an original concept, they were real art objects,
that today would certainly represent attractions for
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Nu au rezistat la timp. Cativa ani mai tarziu a fost
descoperit otelul turnat rafinat, un progres pentru
aceastd perioada. Dar defectele binecunoscute ale
tehnologiei de turnare, prin care se obtine otel cu fi-
abilitate scazuta, agraveaza fenomenul de oboseala
sub sarcini repetate pe masura ce apar fisuri si frac-
turi periculoase. Podurile realizate din otel turnat,
sunt supuse unei supravegheri atente si cu foarte
putine exceptii au fost Tnlocuite cu poduri noi din
otel moale.

Figura 1. Pod din Lugoj (1833-1845)
Figure 1. Bridge from Lugoj (1833-1845)

Odatd cu infiintarea ,Kaiserliche und Konigliche
Privilegierte Osterreichische Staatseisenbahn-ge-
sellschaft” (St.EG) la Resita in 1771, constructiile din
otel, in general, si constructiile de poduri, in particular,
primesc un nou impuls. Este important de mentionat
ca majoritatea podurilor de otel construite in vestul
Romaniei si in Europa de Est pe teritoriul antic al Im-
periului Austriac, au fost realizate la Resita.

Dupad realizarea cu succes a podurilor dundrene in
perioada 1890 — 1895 (figura 3), constructorii de
poduri s-au orientat cu curaj catre utilizarea otelului
moale in executia podurilor de otel, inlocuind com-
plet otelul de b&ltoaca. Tn acest fel au fost executate
majoritatea podurilor mari, folosind structuri nituite
din placi de otel de 8- 20 mm si profile din otel moale
de tip OL37 (St 37) [2].

these cities. They did not resist in time. Some years
later the wrought steel was discovered, a progress
for this time. But the well-known defects of the pud-
dle technology, by which low reliability steel is ob-
tained, aggravate the fatigue phenomenon under
repeated loads as dangerous cracks and fractures
appear. Bridges realized out of puddle steel, are sub-
jected to an attentive surveillance and with very few
exceptions have been replaced with new mild steel
bridges.

Figura 2. Podul peste raul Timis in Caransebes 1831-1897
Figure 2. Bridge over Timis River in Caransebes 1831-1897

With the founding of the , Kaiserliche und Konigliche
Privilegierte Osterreichische Staatseisenbahnge-
sellschaft” (St.E.G.) in Resitain 1771, steel and bridge
construction become a new impulse. It is important
to mention that the majority of steel bridges build in
the western part of Romania and in Eastern Europe
on the ancient territory of the Austrian Empire, were
made in Resita.

After the successful construction of the Danube
bridges in the period 1890 — 1895 (figure 3), the
bridges constructors oriented with courage to the
use of mild steel in the execution of steel bridges,
replacing the puddle steel completely. In this way
were executed the majority of large bridges, using
riveted structures from steel plates of 8- 20 mm and
mild steel profiles of the OL37 (St 37) type [2].

Figura 3. Podul feroviar peste Dunare de la Cernavoda — Fetesti (Anghel Saligny- 1895)
Figure 3. The railway Danube bridge in Cernavodd — Fetesti (Anghel Saligny- 1895)

Toate aceste realizari au prefigurat constructia de
poduri din otel sudate ulterior.

All these achievements prefigurated the construc-
tion of later welded steel bridges.
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3. Primii pasi

Dupa Primul Razboi Mondial, constructiile de poduri
din otel capata noi valente, odata cu imbunatatirea
procesului de elaborare a otelului, diversificarea
calitatilor de otel, imbundtdtirea metodelor de
analiza si s-a cunoscut mai bine comportamentul
constructiei din otel in conditii de incarcare diferita.
Aparitia si dezvoltarea sudurii, precum si avantajele
economice ale Tmbinarilor sudate, prin reducerea
costurilor de fabricatie si a materialului otel, au im-
pus aceasta noua tehnologie de asamblare a struc-
turilor din otel.

La inceput s-a folosit acelasi otel moale si aceleasi
tipuri de Tmbinare si detalii constructive ca la poduri-
le din otel nituite, farad a realiza necesitatea otelurilor
cu caracteristici speciale de sudabilitate si a utilizarii
unor solutii constructive specifice. Tn consecints,
primele rezultate practice au fost descurajatoare.
Seria accidentelor a inceput in 1938, cand o grindad a
viaductului Riidersdorf, unul dintre cele 50 de poduri
cu grinzi realizate din elemente sudate, construite in
perioada 1931-1937 in Germania, s-a prabusit. Cau-
za accidentului a fost o fisura la una dintre flansele
inferioare ale grinzii principale (figura 4) [3].

Douad luni dupa acest eveniment cedeaza Podul Has-
selt, avand o deschidere de 74,50 m, sudata integral,
cu structura constand din grinzi de tip Vierendeel [4].
Construita din otel belgian cu rezistentd de 420-450
N/mm?, structura a suferit o avarie din cauza ruperii
coardei inferioare, care avea o grosime de 55 mm,
prea mult pentru a asigura omogenitatea otelului in
acele timpuri (figura 5). Aceste evenimente au dus
la suspendarea, in Germania, a executiei de poduri
sudate. Cercetarile facute in acea perioadg, si ulte-
rior celui de-al Doilea Razboi Mondial, au condus la
urmatoarele concluzii:

e fisuri produse fragilizarii zonei influentate termic
(Z1T);

e sudarea nu este contraindicata pentru poduri,
dar este necesar sa se foloseasca un otel cu
conditii optime de sudare;

e constructiile sudate trebuie executate si contro-
late riguros;

e trebuie considerate detalii constructive cores-
punzatoare, pentru evitarea concentrarilor de
tensiuni;

e necesitatea unor noi oteluri de calitate
superioard, usor sudabile, cum ar fi otelurile
calmate, otelurile cu granulatie find, limitarea
continutului de carbon la maximum 0.2%.
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3. First steps

After the First World War, steel bridge constructions
get new valences, once the steel elaboration was
improved, and the steel grades were diversified, the
analysis methods were improved, and the steel con-
struction behaviour under due to different loadings
was better known.

The appearance and development of welding, as
well as the economic advantages of welded connec-
tions, through the reduction of the fabrication costs
and of the steel material, imposed this new assem-
bling technology for steel structures.

In the beginning the same mild steel was used and
the same joining types and constructive details as for
riveted steel bridges, without realizing the necessity
of steels with special weldability characteristics and
the use of specific constructive solutions. In conse-
quence the first practical results were discouraging.
The series of accidents begun in 1938 when a span
of the Ridersdorf viaduct, one of the 50 welded
plate girder bridges, built in the period 1931-1937 in
Germany, collapsed. The cause of the accident was a
crack in one of the lower flanges of the main girder
(figure 4) [3].

Two months after this event the Hasselt Bridge fails,
having a span of 74.50 m, integrally welded, with the
structure consisting in Vierendeel type girders [4].
Built from Belgian steel with strength of 420-450 N/
mm?, the structure failed due to the fracture of the
lower chord, which had a thickness of 55 mm, too
much to assure, homogeneous steel, at that time
(figure 5).

These events led to the suspension, in Germany, of
welded bridges execution.

Researches made in that period, continued after the
World War Il led to the following conclusions:

e fractures produced due to the fact that mate-
rial becomes brittle in the heat affected zone
(HAZ);

e welding is not contra-indicated for bridges, but
it is necessary to use a steel having optimum
welding conditions;

* welded constructions must be rigorous execut-
ed and controlled;

e suitable constructive details, to avoid stress con-
centrations;

e necessity of some new quality weldable steels,
like killed steels, fine grained steels, limiting the
carbon content to maximum 0.2%



Figura 4. Pod din Lugoj (1833-1845)
Figure 4. Bridge from Lugoj (1833-1845)

Constructiile sudate sunt mult mai simple; con-
sumul lor de otel este mai mic si permite executarea
de diverse forme, care raspund bine cerintelor pri-
vind rezistenta mecanica. Sudarea elementelor se
realizeaza prin topirea cu arc electric si introducerea
de material de adaos topit, prin procedee manuale,
mecanizate sau automatizate. Sudarea elementelor
se realizeaza prin topire. Structurile sudate aduc o
economie de otel de aproximativ 15-20% si o eco-
nomie a costurilor de fabricatie, asigurand o trans-
mitere directd a eforturilor.

Tehnologia de sudare Tmbunatatita, precum si noile
calitati de otel sudabil, au impulsionat aparitia unor
noi structuri de poduri din otel, cu solutii construc-
tive specifice pentru imbinarile sudate.

4. Primul pod sudat din Resita

Primul pod complet sudat cu grinzi din placi a fost
construit fn 1927 in Pennsylvania (SUA). in Europa,
proiectantul primului pod complet sudat a fost in-
ginerul polonez Stefan Bryta (1886—1943) [5]. Podul
rutier este situat in centrul Poloniei, langa Lodz.
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Figura 5. Prabusirea Podului Hasselt (Belgia)
Figure 5. Collapse of the Hasselt Bridge (Belgium)

Welded constructions are much simpler; their
steel consumption is lower and allows the execu-
tion of various shapes, which respond well to the
strength requirements. The welding of elements
is made by the electric arc melting and addition
of melted material, by means of manual, mecha-
nized and automated processes. The welding of
elements is made by fusion. Welded structures
bring an economy of steel of about 15- 20% and a
fabrication costs economy, assuring a direct trans-
mission of efforts.

The improved welding technology, as well as the new
weldable steel grades, impelled the appearance of
new steel bridge structures, with specific construc-
tive solutions for welded joints.

4. First welded bridge in Resita

The first fully welded bridge with plate girder beams
was built in 1927 in Pennsylvania (USA). In Europe,
the designer of the first fully welded bridge was the
Polish engineer Stefan Bryta (1886—1943) [5]. The
road bridge is located in central Poland near Lodz.
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Podul este o grinda de ferme cu o deschidere de L =
27 m si o latime de 6,76 m (figura 6). Structura a fost
construita in 250 de zile de catre trei sudori, realizdnd o
economie de 17% fata de versiunea similara cu nituire.
in perioada 9-12 august 1929 a fost efectuatd o incer-
care de sarcind, dupa care a fost dat Tn exploatare podul.
Structura complet sudata a deschis o noua era in Eu-
ropa in domeniul podurilor din otel sudate. Dupa dete-
riorarea structurii in al Doilea Razboi Mondial, structura
restauratd este acum un monument de arta tehnica a
ingineriei care serveste drept punte pentru pietoni.

The bridge is a truss girder with a spanof L=27m and
a width of 6.76m (figure 6). The structure was built
in 250 days by three welders, accomplishing a sav-
ing of 17% compared to the similar riveted version.
A load test was carried out between August 9-12,
1929, after which the bridge was put into opera-
tion. The fully welded structure has opened a new
era in Europe in the field of welded steel bridges. Af-
ter the damage of the structure in World War |1, the
restored structure is now a monument of technical
engineering art serving as a bridge for pedestrians.

Figura 6. Primul pod sudat din Europa (Polonia, 1929) — a. astdzi, b. imediat dupa construire
Figure 6. First welded bridge in Europe (Poland, 1929) — a. nowadays, b. after the building

In tara noastrd, primul pod complet sudat a fost
construit in anul 1931, fiind podul din Resita nu-
mit Podul Stavila (clasat monument istoric sub CS-
[I-mB-10903) peste raul Barzava. Grinda principala
este o grinda parabolica cu diagonale descendente
(tensionate) si stalpi verticali (comprimati), pastrand
compozitia tipica a structurilor nituite (figura 7).
Tntimpul lucrdrilor de sistematizare din 1970, structu-
ra a fost finalizata acoperita. Desi inca utilizabild, am-
plasarea intr-o locatie total nefavorabila si acoperita
de noul pod de beton il scoate din circuitul de in-
teres al orasului. Tn 2016, la o initiativa locals, a fost
instalata o placa comemorativa la 85 de ani de la
inaugurarea structurii (figura 8) [6].

Figura 7. Podul , Stavila” — Resita; fotografie actuala
Figure 7. ”Stavila” bridge — Resita; nowadays photograph

Cel de-al doilea pod sudat construit in tara noastra
(clasat monument istoric sub CS-I-mB-10911) n
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In our country, the first completely welded bridge was
built in 1931, being the bridge in Resita called Stavila
Bridge (classified as a historical monument under CS-
[I-m-B-10903) over the river Barzava. The main girder
is a parabolic truss girder with descending (tensioned)
diagonals and vertical (compressed) posts, keeping the
typical composition of riveted structures (figure 7).
During the systematization works of 1970, the struc-
ture was completed covered. Although still usable,
the location in a totally unfavourable location and cov-
ered by the new concrete bridge removes it from the
circuit of interest of the city. In 2016, at a local initiative,
a commemorative plaque was installed 85 years after
the inauguration of the structure (figure 8) [6].

Figura 8. Podul , Stavila”; placa comemorativa (1991)
Figure 8. ”Stavila” bridge; Commemorative plaque (1991)

The second welded bridge built in our country (clas-
sified as a historical monument under CS-Il-m-B-10911)
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solutie moderna este situat peste raul Barzava in
zona centrald a Resitei si desparte orasul in doua
parti: Resita Romana si Resita Montana. Este con-
siderat primul pod modern sudat din Romania, fiind
construit de firma Uzinele de Fier si Domeniile Resita
- UDR 1n anul 1937. ,,Podul Vamal”, asa cum este cu-
noscut In zond, este un pod oblic cu o singura trava.
Infrastructura a fost realizata din zidarie de piatra si
suprastructura complet sudata, figura 10 [7].

in a modern solution, is located over the river Barzava in
the central area of Resita and separates the town in two
parts: Resita Romana and Resita Montana. It is consid-
ered the first modern welded bridge in Romania, being
built by the company Uzinele de Fier si Domeniile Resita
- UDR in 1937. The “Customs Bridge”, as it is known in
the area, is an oblique bridge with a single span. The in-
frastructure was made of stone masonry and the super-
structure completely welded, figure 10 [7].

Figura 9. ,Podul Vamal” — Resita; fotografie actuala

|N

Figure 9. ,,Podul Vama

bridge — Resita; nowadays photo

Figura 10. Aspecte din timpul constructiei structurii [8]
Figure 10. Aspects during the erection of the structure [8]

Solutia constructiva este un pod autostrada oblic
modern din grinzi principale de tip Vierendeel
(solutie estetica si adecvata pentru grinda sudata), cu
coarda superioara poligonald. Structura reabilitata
serveste In prezent ca un pod pietonal, fiind perfect
integrata in centrul istoric al orasului.

Dupa anul 1955, podurile din otel sudate trec peste
faza experimentala.

Tn domeniul podurilor de cale feratd, sudarea este
introdusa ulterior, cu multd prudenta, caracteristica
administratiei feroviare, executand structuri pen-
tru poduri de linie secundara, combinand imbinari
sudate realizate in fabricd cu Tmbindri nituite sau
bolturi realizate in situ. Inceputul a fost anul 1959,
cu o deschidere de 32,00 m, pe calea feratd ingusta

The constructive solution is a modern skew highway
bridge made of Vierendeel type main beams (an aes-
thetic and adequate solution for welded girder), with
polygonal upper chord. The rehabilitated structure cur-
rently serves in present as a pedestrian bridge, being
perfectly integrated in the historic centre of the city.
Beyond 1955 welded steel bridges pass over the ex-
perimental phase.

In the field of the railway bridges, the welding is in-
troduced later, with much prudence, characteristic
for the railway administration, performing structures
for secondary line bridges, combining welded joints
made in the plant with riveted or bolts connections
made in situ. The beginning was the year 1959, with
a 32.00m span, on the narrow railway Cristesti —
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Cristesti — Lechinta. Tn anul 1961 este fabricat primul
pod cu grinzi sudate, pentru un pod feroviar normal
pe linia Titu-Pietrosita, avand sectiuni transversale
T din plici sudate. Tn 1964 se ridicd peste raul Olt
la Slatioara un pod de cale feratd, format din doua
grinzi de 56,20 m, grinzi cu zabrele [9].

5. imbunatatiri tehnologice si con-
structive. Poduri cu deschidere mare
realizate in Romania

La inceput s-au fabricat poduri sudate, dintr-un otel
special elaborat de CS RESITA, tip 17M13 (otel slab
aliat cu 0,17 % Csi 1,3% Mn), care a fost folosit pana
in 1969, cand standardul pentru otelul de structura,
STAS 500-69 a intrat in vigoare, iar podurile au fost
realizate din otel OL 37.4.K. in aceastd perioadd se
generalizeaza executia podurilor din otel astfel incat,
din 1960 pana in 1980, se construiesc peste 750 de
structuri metalice.

Primul pod sudat integral este realizat Tn anul 1965
pentru podul rutier peste raul Olt la Caineni si
acopera trei grinzi de 37,00 + 45,90+37,70 m (figu-
ra 11). Executat din otel calmat OL 37 fabricat de
ICM BOCSA, tablierul podului de la Caineni a fost
un precursor al Podului de peste Dunare de la Giur-
geni — Vadul Oii, experimentand pentru prima data
in Romania solutia constructiva a tablierului ortotrop
si tehnologiile de sudare corespunzatoare. Constructia
de poduri din tabla de otel ortotropa a inceput dupa cel
de-al Doilea Razboi Mondial, din cauza nevoii extinse
de poduri de autostradd, cu deschidere lungd, peste
marile rauri europene. Tablierul podului de la Caineni,
este o grinda continua, de inaltime variabila de la 2,80
m pe reazem la 1,60 min zona suspendata, are la flansa
superioara o placa de tabla de 8300 x 10 mm, rigidizari
de 150 x 10 mm la distanta de 290 mm si grinzi trans-
versale de 450 x 8 mm cu flanse de 140 x 12 mm.
Flansa inferioara a celor doua grinzi principale a fost
realizata din tabla de 570 x 25 mm si a fost necesar
sa se prevadad o a doua placa de 420 x 25 mm in zona
momentului maxim. Pe lame sunt prevazute rigidi-
zatoarele orizontale si verticale, rigidizatoarele verti-
cale se monteaza pe flanse cu placi mici, fara suduri.
Podul peste Dundre de la Giurgeni- Vadul Qii, dez-
voltat Tn 1966-1970 (in aceasta zona Dundrea are
un singur brat), asigura legdtura de la Bucuresti la
Marea Neagra; podul are patru benzi, figura 12 [10].
Structura are 720 m lungime peste albia minora
(120,00 + 3,00 x 160,00 + 120,00 m), impreuna cu
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Lechinta. In 1961 the first welded truss girder bridge
is fabricated, for a normal railway bridge on the line
Titu-Pietrosita, having T cross-sections from weld-
ed plates. In 1964 a railway bridge is erected over
the Olt River at Slatioara, consisting in two spans of
56.20m, truss girders [9].

5. Technological and constructive im-
provements. Large span bridges real-
ised in Romania

In the beginning welded bridges were manufac-
tured, of a special steel elaborated by C.S. RESITA,
17M13 (low alloy steel with 0,17 % C and 1,3% Mn)
type, which was used up to 1969, when the stand-
ard for structural steel STAS 500-69 came into force,
and bridges were made from OL 37.4.K steel. In this
period the execution of steel bridges is generalized
so that from 1960 to 1980 over 750 steel structures
are built.

The first integrally welded bridge is realized in 1965
for the road bridge over the Olt River at Caineni and
covers three spans of 37.00 + 45.90+37.70 m (fig-
ure 11). Executed from OL 37 killed steel manufac-
tured by ICM BOCSA, the bridge deck from Caineni
was a precursor of the Danube Bridge from Giurgeni
— Vadul Oii, experimenting for the first time in Ro-
mania the constructive solution of orthotropic deck
and corresponding welding technologies. Construc-
tion of orthotropic steel plate bridges started after
World War |l, because of the extensive need for long
span highway bridges over major European rivers.
The deck of the bridge from Caineni, is a continuous
girder, of variable height from 2.80 m on the bearing
at 1.60 min the field, has at the upper flange a sheet
plate of 8300 x 10 mm, stringers of 150 x 10 mm at
290 mm distance and cross girders of 450 x 8 mm
with flanges of 140 x 12 mm.

The lower flange of the two main girders was made
out of 570 x 25 mm plate and it was necessary to
provide a second plate 420 x 25 mm in the maximum
moment zone. Horizontal and vertical stiffeners are
provided on webs, the vertical stiffeners are fitted in
on the flanges with small plates, without welds.

The bridge over the Danube at Giurgeni — Vadul
Qii, developed in 1966-1970 (in this area the Dan-
ube has only one branch), assures the connection
from Bucharest to the Black Sea; the bridge has four
lanes, figure 12 [10].

The structure is 720 m long over the minor riverbed
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Figura 11. Primul pod cu tablier ortotropic - Caineni
Figure 11. The first bridge with orthotropic deck - Caineni

viaductele de acces insumand o lungime totala de
L = 1464,4 m. Structura principala este o grinda
continua pe cinci travee, cu grinzi pldci de indltime
variabila de la 4,00 m in zona suspendata pana la
7,50 m pe lagare, si tablier ortotrop.

O problema speciald a fost furnizarea de otel nece-
sar. In perioada 1959 -1961 cand a fost conceput
studiul initial, fabricarea de otel de Thalta rezistenta
clasa 52 (slab aliat) era bine cunoscuta si acest otel
era folosit Tn mod obisnuit la constructia de poduri
din otel in partea de vest a Europei.

(120.00 + 3 x 160.00 + 120.00 m), together with the ac-
cess viaducts summing up a total length of L=1464.4 m.
The main structure is a continuous girder on five spans,
with plate girders of variable height from 4.00 m in the
field to 7.50 m on the bearings, and orthotropic deck.

A special problem was the supply of the neces-
sary steel. In the period of 1959 -1961 when the
initial study was conceived, the production of high
strength steel class 52 (low alloyed), was well known
and this steel was commonly used in the construc-
tion of steel bridges in the western part of Europe.

Figura 12. Podul de autostrada peste Dunare la Giurgeni - Vadul Qii (1970) [10]
Figure 12. The highway Danube bridge in Giurgeni - Vadul Qii (1970) [10]

Industria roméaneasca nu a fost capabila sa produca
acest otel si Intr-un prim pas s-a prevazut impor-
tarea acestuia. Cinci ani mai tarziu, cand a inceput
constructia podului, Roméania producea deja otelul

Romanian industry was not able to produce this
steel and in a first step it was provided to import it.
Five years later, when the construction of the bridge
begun, Romania produced already the steel 17M13
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17M13 din clasa St 52, la Galati. Subansamblele
tablierului au fost fabricate la Bocsa. In 1966, in sub-
ansamblele depozitate pe santier s-au descoperit
fisuri, iar fabricarea a fost opritd la Bocsa, in octom-
brie 1966. La acel moment erau deja fabricate 1000 t.
Analiza facuta in acest timp a relevat:

e Compozitia neomogena a otelului;

e Pregatirea insuficientd a elementelor inainte de

sudare;

* Tehnologie de sudare necorespunzatoare.
ntr-o a doua fazd, otelul a fost realizat la CS Resita
in cuptoarele Siemens — Martin, iar placile au fost
laminate la Galati. Au fost efectuate multe teste; au
demonstrat o calitate constantd bun a otelului. Tn ta-
belul 1 este prezentatd evolutia calitatii otelului. Podul
a fost inaugurat in 1970. Comportarea podului, dupa
mai bine de 50 de ani de functionare, este normala.
Dincolo de 1970 constructia structurilor sudate este
generalizata (figura 13). Pentru podurile de cale
feratda sudarea se limiteaza la asamblarea compo-
nentelor si elementelor din instalatie, fiind utilizate
suruburi cu nituire in situ sau pretensionate de mare
rezistentd. In acest fel au fost executate poduri de
otel cu travee de 64,20 m (pod peste raul Siret la
Barbosi). Totodatd, pentru podurile cu deschidere
mica si mijlocie au fost adoptate noi solutii construc-
tive cu elemente sudate (figura 14).

from the class St 52, in Galati. The deck sub-assem-
blies were manufactured in Bocsa. In 1966, in the
sub-assemblies stored on site, cracks were discov-
ered, and the fabrication was stopped in Bocsa, in Oc-
tober 1966. At that time 1000 t were already manu-
factured. The analysis made in this time revealed:

e The inhomogeneous composition of the steel;

e Insufficient preparation of elements before

welding;

e Improper welding technology.
In a second phase the steel was made at CS Resita
in Siemens — Martin furnaces and the plates were
rolled in Galati. Many tests were performed; they
demonstrated a constant good quality of the steel.
In table 1 the evolution of the steel quality is pre-
sented. The bridge was inaugurated in 1970. The
behaviour of the bridge, after more than 50 years
of operation is normally. Beyond 1970 the construc-
tion of welded structures is generalized (figure 13).
For the railway bridges the weld is limited to assem-
bling components and elements in the plant, and
in situ riveted or high strength pre-tensioned bolts
are used. In this way were executed steel bridges
with spans of 64.20 m (bridge over the Siret River
at Barbosi). At the same time, for small and middle
span bridges new constructive solutions have been
adopted with welded elements (figure 14).

Tabelul 1. Evolutia calitatii otelului OL 52
Table 1. Evolution of OL 52 steel quality

Marci uzinale U.M. 17M 13 OL 52 3a OL523a A OL 52-4B Rezultate statistice pe
Works mark M.U. STAS propuneri (C38)Caiet (P.D.) produs livrat la UCMMA
Furnizori 6028-64 caiet sarcini sarcini Caiet sarcini aprobat Bocsga pt. ofel P.D.
Suppliers Technical | aprob. 1967 16.1.1969 Statistical data on produce
C.S. Resila specification | Technical Technical specification supplied UCMM Bocga
C.S. Galali proposed | specification approved 1969 Min Max
approved
8 é %] % 0.20 0.20 0.20 0.18 0.11 0.16
E g Mn % 1.20/1.50 1.50 1.45 1.50 0.90 1.39
S E Si % 0.55 0.55 0.45 0.55 0.27 0.38
-"‘E" § P % 0.04 0.045 0.045 0.04 0.010 0.018
é. ,g s % 0.04 0.045 0.45 0.04 0.013 0.023
8 g Al % - 0.025 0.025 0.025 0.028 0.060
v % - 0.06-0.17 0.07-0.15 0.012 0.06 0.10
Ce %o - 0.484 0.470 0.41 0.31 0.39
R3 N 36 36t< 16 38t< 16 33 as 345 41.6
;___E 35t> 16 36t= 16
R 2 52 52 50 46 — 60 48 — 62 48 65
A5 NBQ 22 22 22 22 20 27 345
Rezilienfa ISO-T _E, 35la-10"C [ 351a-30°C | 351a-30°C 3.5la-30°C 42la-10°C [16.3la-30°'C
longitudinala ;c;»
Longitudinal
resiliency

n perioada 1976-1988 au fost construite un numar
mare de poduri cu deschidere mare, cum ar fi cele
peste Canalul Dunare — Marea Neagra si noile poduri
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In the period 1976-1988 a great number of large
span bridges have been constructed, such as those
over the Danube — Black Sea Channel and the new
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Figura 13. Poduri de cale ferata sudate
Figure 13. Welded railway bridges

ale Dunarii din zona Fetesti-Cernavoda (Dunarea are
doud brate). In general, sunt de cale feratd dubli: po-
duri sau poduri combinate de cale ferata si rutiera,
cu travee in intervalul 80,00 — 190,00 m, concepute
ca sisteme spatiale, insumand peste 50.000 de tone
de constructii din tabla de otel. Solutiile constructive
sunt, in principiu, structuri sudate cu placi groase
OL52, asamblate prin sudura in situ, pentru poduri
rutiere si prin nituri sau suruburi de mare rezistenta
pentru poduri de cale ferata. Verificarea calitatii
placilor si a Imbinarilor sudate pentru aceste lucrari
de importanta deosebitd, a impus un volum imens
de lucrari de examinare nedistructiva [11].

Chords
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Figura 14. Solutii uzuale pentru sectiunile transversale ale
elementelor de ferme
Figure 14. Usual solutions for the cross sections of truss elements

Danube bridges in Fetesti- Cernavoda (the Danube
has two branches) area. Generally, they are dou-
ble railway bridges or combined railway and road
bridges, with spans in the range 80.00 — 190.00 m,
conceived as spatial systems, summing over 50,000
tons of steel plate constructions. The constructive
solutions are, in principle, welded structures with
OL52 thick plates, assembled by welding in situ, for
road bridges and by rivets or high strength bolts for
railway bridges. The checking of the quality for the
plate and for the welded joints for these special im-
portance works, imposed an immense volume of
non-destructive examination works [11].

Figura 15. Noile poduri Dunarii la Borcea si Cernavoda (1987)
Figure 15. The new Danube bridges in Borcea and Cernavoda (1987)

Traficul de calatori si marfuri pe linia principala
Bucuresti — Constanta a crescut la Tnceputul anilor
70 din cauza dezvoltadrii economice. Avand in vedere
si perspectiva unei legaturi directe de autostrada la
Marea Neagra, s-a ales solutia unui nou pod com-

The traffic of passengers and goods on the main line
Bucharest — Constanta increased at the beginning
of the '70 because of the economic development.
Also considering the perspective of a direct motor-
way connection to the Black Sea, the solution of a
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binat (figura 15), in vecinatatea vechilor poduri
Dunarii existente. Sunt peste 7 km de poduri —struc-
turi combinate cu patru benzi pentru autostrada si
o cale feratd dubla, viaducte, diferite treceri si alte
structuri auxiliare.

intregul complex presupunand 21 km de cale feratd
dubla, 23 km de autostrada, cu aproximativ 38000 de
tone de structuri metalice, infrastructuri, fundatii etc.,
necesita lucrari continue de topografie siintretinere [12].
Suprastructura podurilor principale este un Warren
Truss continuu pe trei trave L = 140 + 190 + 140 m.
Podul este unul combinat, cu doua sine pentru calea
ferata si patru benzi pentru autostrada, pe consolele
laterale (figura 16).

Suprastructura podurilor principale este formata din
tabld sudata din otel, asamblate cu suruburi preten-
sionate de mare rezistenta.

Structurile au fost executate din placi OL 37 si OL 52
selectate din productia actuald, in baza conditiilor
dintr-o fisa tehnica speciala, devenita apoi standar-
dul STAS 12187/1988. S-au folosit placi cu grosimea
maxima de 50 mm; au fost controlate ih SUA avand
un continut limitat de sulf pe produs la maximum
0,02% si un echivalent de carbon limitat de 0,44%.
Fiecare foaie livratd cu o grosime de 15 —-50 mm a
fost examinatd cu ultrasunete.

Sudurile cap la cap au fost examinate cu radiatii pene-
trante, iar sudurile in colt cu patrundere completa
au fost examinate cu ultrasunete.

new combined bridge (figure 15), in the vicinity of
the existing old Danube bridges was chosen. They
are more than 7 km of bridges — combined struc-
tures with four lanes for highway and a double rail-
way track, viaducts, different crossings, and other
auxiliary structures. This whole complex assuming
21 km of double railway track, 23 km of motorway,
with approximately 38000 tonnes steel structures,
infrastructures, foundations etc., needs [12] a con-
tinuous surveying and maintenance works.

The upper-structure of the main bridges is a contin-
uous Warren Truss over three spans L = 140 + 190
+ 140 m. The bridge is a combined one, with two
tracks for the railway and four lanes for the motor-
way, on the side cantilevers (figure 16).

The superstructure of the main bridges consists in
welded steel decks, assembled with high strength
pre-tensioned bolts.

The structures were executed from OL 37 and OL 52
plates selected from the current production, on the
basis of conditions in a special technical sheet, which
then became the standard STAS 12187/1988. Plates
with maximum thickness of 50 mm have been used;
they were US controlled having a limited sulphur con-
tent on the product to maximum 0,02% and a limited
carbon equivalent 0,44%. Every delivered sheet with
a thickness of 15— 50 mm was ultrasonic examined.
The butt welds were examined by radiographer, and
the penetrated fillet welds by US.
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Figura 16. Sectiunea transversala a noilor poduri de pe Dunare
Figure 16. Cross section of the new Danube bridges

6. Tendinte actuale in constructia po-
durilor sudate

Tn ultimii ani a fost initiat un amplu program de
investitii in sistemul de autostrazi din Romania. In-
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6. Present trends in welded bridge
construction

In the last years, a large investment program on
the Romanian motorway system was initiated. The
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treaga retea de comunicatii romaneasca este intr-un
proces de reinnoire. Multe dintre noile investitii sunt
atribuite prin proiecte de licitatie sub forma de , de-
sign & build”; In acest fel, societatile mixte intre firme
de executie si birouri de inginerie structurald au posi-
bilitatea de a construi intregi sectoare de drum Tn mod
economic si avantajos. Aceastda metoda de atribuire
permite, de asemenea, introducerea unor solutii ino-
vatoare si economice. In cele ce urmeaza sunt descrise
cateva solutii eficiente de poduri compozite implemen-
tate pe sistemul de autostradzi din Romania.

Podurile compozite [13], domina astazi obisnuitele
deschideri scurte si medii in special in domeniul po-
durilor de autostrazi. Unele dintre avantajele bine
cunoscute pot fi subliniate:

e Punti foarte zvelte si estetice datoritd combinatiei
optime dintre rezistenta mare la tractiune a otelului
de structura si rezistenta ridicata la compresiune a
betonului; costurile sunt, de asemenea, minimizate;

e Durabilitate ridicata a tablierelor normale din
beton armat datorita limitarii restrictive a latimii
fisurilor;

e Greutatea proprie redusa a podurilor compo-
zite cu avantaje in ceea ce priveste fundatia si
asezarile suporturilor;

e Datorita metodelor inovatoare timpul de mon-
tare este foarte scurt, ceea ce duce la un minim
de perturbari si restrictii de trafic;

* Impact redus asupra mediului in comparatie cu
alte tipuri de poduri. Podurile compozite sunt
structuri sustenabile [10], avand in vedere carac-
teristicile generale ale acestor structuri (figura
17). Otelul este reciclabil.

whole Romanian communication network is in a re-
newal process. Many of the new investments are
assigned by tender projects in form of ,design &
build”; in this way joint ventures between execu-
tion companies and structural engineering offices
have the possibility to build whole road sectors in
economic and advantageous manner. This assign-
ment method permits also to introduce some in-
novative and economical solutions. In the follow-
ing, some efficient solutions of composite bridges
implemented on the Romanian motorway system
are described.

Composite bridges [13], dominate today the usual
short and medium spans especially in the field of
highway bridges. Some of the well-known advantag-
es can be underlined:

e Very slender and aesthetic bridges due to the
optimal combination of high tensile strength
of structural steel and the high compressive
strength of concrete; costs are also minimized;

e High durability of normal reinforced concrete
decks due to restrictive crack width limitation;

* Low dead weight of the composite bridges with
advantages in regard to the foundation and set-
tlements of supports;

* Due to innovative methods the erection time is
very short, leading to a minimum of traffic dis-
turbance and restrictions;

e Reduced environmental impact in comparison
with other bridge types. Composite bridges are
sustainable structures [10], considering the gen-
eral characteristics of these structures (figure
17). Steel is recyclable.

r Costuri reduse / Low costs

mEconomie de material / Material saving

Durabilitate / Durability

Consumuri reduse de energie / Low

Dezvoltare Durabila /
Sustainable Development

Impact socio-economic pozitiv /
Positive socio-economic impact

energy consumption

M  Impact redus asupra mediului /
Reduced environmental impact

Securitate in timpul constructiei /
Safety during construction stages

Figura 17. Sustenabilitatea podurilor compozite
Figure 17. Sustainability of composite bridges

Din 1998, podurile au fost create printr-o metoda de
constructie prefabricata din compozit (VFT® = Verbund
— Fertigteil - Trager = grindd compozita prefabricata).
Sistemul a fost utilizat in cazul a peste 300 de structuri

Since 1998, bridges have been created in a com-
posite pre-fabrication (VFT® = Verbund - Fertigteil
- Trager = prefabricated composite beam) method
of construction. The system was used for over 300
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ridicate, in principal in Germania, precum si in Polonia
si Austria. Este o constructie eficienta din punct de ve-
dere al costurilor pentru poduri compozite cu deschi-
deri mici si medii, cu tablier de trafic asamblat in santier
(figura 18).

erected structures principally in Germany as well in
Poland and Austria. It is a cost-effective construction
for composite bridges of small and medium spans
with site-prepared traffic deck (figure 18).

In situ cast concrete

\\

Concrete In shop cast concrete

connector

Steel girder

Figura 18. Metoda VFT
Figura 18. VFT method

Sistemul PRECOBEAM —grinda VFT cu grinzi laminate
din beton —reprezintd o dezvoltare ulterioara a aces-
tei metode de constructie (figura 19). Noul sistem
oferd o sectiune de grinzi laminate care este taiata
in centrul benzii astfel Tncat sa rezulte 2 sectiuni
in T, in timp ce forma de taiere (figura 20) asigura
conectorul de forfecare. Aceastd taietura speciala a
panzei de otel permite o legatura perfecta cu par-
tea superioara de beton. Ghidul de taiere selectat
pentru fabricarea diblurilor de beton permite fabri-
carea de sectiuni inalte fara deseuri. Cu tehnologia
adecvata de sudare prin separare utilizata, este posi-
bil sa se obtina o calitate Tnhalta a fetelor de separare
cu efecte de crestatura locale minime [14].

Figura 19. Grinda PRECOBEAM

Figura 19. PRECOBEAM girder
Principiul PRECO combina avantajele grinzii VFT cu
robustetea traditionalei ,pldci de grinzi de umplere”
(figura 21).

The PRECOBEAM system — VFT girder with rolled
girders in concrete — represents a further develop-
ment of this method of construction (figure 19).
The new system provides a rolled beam section
that is cut in the web centre in such a way to re-
sult in 2 T-sections, whereas the cutting form (fig-
ure 20) provides the shear connector. This special
cut of steel web allows a perfect connection to the
upper concrete part. The cutting guide selected for
the manufacture of the concrete dowels enables the
manufacture of tall sections without waste. With the
adequate separation welding technology used, it is
possible to achieve a high quality for the separating
faces with minimum local notch effects [14].

Figura 20. Decuparea profilelor din otel

Figura 20. Cutting of the steel profiles
The PRECO principle combines the advantages of
the VFT girder with the robustness of the traditional
“filler beam plate” (figure 21).
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Figura 21. Evolutia solutiei constructive a grinzilor incorporate
Figura 21. Evolution of the embedded girders solution

Tn ultimii ani, podurile avand culee integrale s-au dove-
dit a fi foarte atractive pentru proiectanti, constructori
si administratiile de drumuri. Motivul principal pentru
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In recent years, integral abutment bridges turn out

to become highly attractive to designers, construc-
tors, and road administrations. The main reason for
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aceasta este ca acestea tind sa fie mai putin costisitoare
de construit, mai usor de intretinut si de exploatat pe
parcursul vietii. Acest lucru se datoreaza in principal
inexistentei rulmentilor si imbinarilor care sunt princi-
palele surse de costuri de intretinere pe durata vietii.
Astfel, pe o portiune de 24,1 km din tronsonul de
autostrada dinspre Ordstie-Sibiu au fost construite
27 de poduri, toate integrale, cu exceptia unei struc-
turi pentru un viaduct unde s-a preferat solutia unei
structuri semi-integrale.

Tn concluzie, structurile compozite sudate sunt solutii ex-
trem de competitive — pe o gama larga de deschideri.
Pe langa solutia clasica, cele noi cu design si constructie
eficienta imbunatatesc si consolideaza pozitia de piata a
industriei producdtoare de otel si a constructiilor sudate.
Tn plus, aceastd form3 avansata de constructie contribuie
la economisirea consumului de materiale si energie pen-
tru structurd in timpul productiei si intretinerii.

7. Concluzii

Lucrarea prezintd o scurtd istorie a podurilor din otel
sudate din Romania, insistand asupra perioadei de in-
ceput, in care podurile sudate au inceput treptat sa le
inlocuiasca pe cele nituite, sudarea impunandu-se ca
o solutie sigura si eficienta pentru imbinarea elemen-
telor din otel. Colaborarea dintre inginerul proiectant
si specialistul in sudura este esentiald pentru realiza-
rea unor structuri sigure, durabile si estetice.
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7. Conclusions

The paper presents a short history of welded steel
bridges in Romania, insisting on the beginning period,
in which welded bridges began gradually to replace
the riveted ones, welding imposing itself as a safe and
efficient solution for the connection of steel elements.
The collaboration between the design engineer and
the welding specialist is essential for the achievement
of safe, sustainable and aesthetic structures.
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