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Rezumat

Lucrarea analizeazd conditiile generale pentru fabricarea prin sudare a unui batardou, o structurd provizorie
utilizatd pentru izolarea unei zone de lucru aflate sub nivelul apei. Aceastd izolare este esentiald pentru lucrdri de
constructii hidrotehnice, precum baraje, ecluze sau fundatii de poduri. Batardoul trebuie sd asigure etanseitate,
rezistentd mecanicd si stabilitate impotriva presiunii hidrostatice. Studiul descrie principalele tipuri de imbindri
sudate utilizate, inclusiv imbindri cap la cap, in colt si prin suprapunere, alGturi de criteriile de proiectare care
trebuie respectate pentru a garanta siguranta si durabilitatea structurii. Este subliniatd importanta sudurilor
continue, verificabile prin metode de testare nedistructivd (UT, PT), pentru a preveni infiltratiile si a rezista la
forte hidrodinamice variabile. O parte semnificativd a analizei este dedicatd batardoului utilizat la hidrocentrala
Portile de Fier I, unde sunt detaliate conditiile specifice de proiectare, materialele utilizate (otel S355J2 si inox
X5CrNi18-10), precum si cerintele de executie si verificare a sudurilor. Se discutd despre strategiile de reducere
a tensiunilor reziduale si controlul deformdrilor prin secventierea corectd a sudurii si aplicarea tratamentelor
termice post-sudare. In concluzie, lucrarea subliniazd importanta unei aborddri riguroase in proiectarea si fabri-
carea batardourilor sudate, evidentiind necesitatea unor controale stricte asupra materialelor, imbindrilor si
testelor de etanseitate pentru a asigura functionalitatea si siguranta in exploatare.

Cuvinte cheie
Batardou, constructie sudatd, conditii de executie, forma rostului, preincalzire, ordine de sudare

Abstract

The paper analyses the general conditions for manufacturing a cofferdam through welding, a temporary
structure used to isolate a work area below the water level. This isolation is essential for hydro-technical
construction projects such as dams, locks, or bridge foundations. The cofferdam must ensure watertight-
ness, mechanical resistance, and stability against hydrostatic pressure. The study describes the main types
of welded joints used, including butt joints, corner joints, and lap joints, along with the design criteria
that must be met to guarantee the structure’s safety and durability. The importance of continuous welds,
verified through non-destructive testing (UT, PT), is emphasized to prevent leaks and withstand varying
hydrodynamic forces. A significant part of the analysis focuses on the cofferdam used at the Iron Gates Il
hydropower plant, detailing the specific design conditions, materials used (S355J2 steel and X5CrNi18-10
stainless steel), as well as the execution and welding inspection requirements. Strategies for reducing re-
sidual stresses and controlling deformations through proper welding sequencing and post-weld heat treat-
ments are discussed. In conclusion, the paper highlights the importance of a rigorous approach in designing
and manufacturing welded cofferdams, emphasizing the need for strict controls over materials, joints, and
watertightness testing to ensure operational functionality and safety.

Keywords
Cofferdam, welded construction, execution conditions, bevel shape, preheating, welding sequence

1. Introducere 1. Introduction
Batardoul este o structura provizorie de retinere a A cofferdam is a temporary water retention struc-
apei, utilizata pentru a izola o zona de lucru aflata ture used to isolate a work area below water level,
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sub nivelul apei, in special in lucrdrile de constructii
civile, hidrotehnice sau industriale, cum ar fi [1,2]:

e fundare poduri, piloni, baraje, ecluze

e constructie cheuri sau centrale hidroelectrice

e efectuare de reparatii subacvatice

e montare de structuri metalice.

Functiile pe care trebuie sa le realizeze batardoul
sunt, asadar izolarea zonei de lucru fata de apa, crea-
rea unui mediu uscat si sigur pentru lucrari sub nivelul
apei, precum si protectia lucrdrilor si a muncitorilor
impotriva infiltratiilor si a fortelor hidrostatice.
Batardoul unei hidrocentrale (figura 1) este o
constructie sudatd compusa dintr-o structura
principald, formatd din panouri metalice modulare,
cadre de rigidizare din profile laminate si stalpi verti-
cali din profile de otel, legati prin contravantuiri.
Tipurile de imbinari sudate existente in cadrul unui
batardou sunt:

e imbinari cap la cap cu rost pregatit (V, Y, 1/2Y, X)
pentru asamblarea panourilor mari de tabla.

e Imbinari in colt intre panouri si rame sau
rigidizari, precum si intre profilele structurii de
rezistentad).

e Imbinari prin suprapunere pentru placile de
etansare sau ancorare.

Aceste Tmbinari sunt proiectate in urmatoarele
conditii:

* sd aibd o rezistenta minim necesara la actiunea
unor forte hidrostatice mari (presiuni de apa
mari la adancimi mari)

* sd aiba o rezistentda minim necesara la eforturi
de compresiune si forfecare

* sd aiba o rezistenta minim necesara la cicluri de
umplere/golire si vibratii (in cazul centralelor cu
turbine mari)

* 53 asigurare o etanseitate totald (suduri 100%
continue si verificate).

1.1 Conditii si cerinte de proiectare si executie
Materialul de baza utilizat in proiectarea unui batar-
dou este otelul structural S355 sau superior (pentru
rezistentd mare la tractiune si coroziune). Pentru
zonele aflate In contact cu apa se mai utilizeaza otel
inoxidabil sau tabld tratata anticoroziv. Grosimile
cele mai des intalnite sunt cuprinse in intervalul 10-
40 mm, in functie de presiunile creata de apa.
Proiectarea va tine cont de etapele principale de
executie si anume:

1. prefabricarea modulelor in atelier, sudate complet

2. transportul la fata locului (modularitatea este

importanta)
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especially in civil, hydraulic or industrial construction
works, such as [1,2]:

e foundations of bridges, pillars, dams, locks

e construction of quays or hydroelectric power
plants

e underwater repairs

e installation of metal structures.

The functions that the cofferdam must perform are,
therefore, to isolate the work area from water, to
create a dry and safe environment for works below
water level, as well as to protect the works and work-
ers against infiltration and hydrostatic forces.

The cofferdam of a hydroelectric power plant (figure
1) is a welded structure composed of the main struc-
ture, consisting of modular metal panels, stiffening
frames made of laminated profiles and vertical col-
umns made of steel profiles, connected by braces.
The types of welded joints existing within a cofferdam are:

e butt joints with prepared joint (V, Y, 1/2Y, X) for
assembling large sheet metal panels.

e corner joints between panels and frames or
stiffeners, as well as between the profiles of the
load-bearing structure).

e lap joints for plates dedicated to sealing or an-
choring.

These joints are designed under the following condi-
tions:

e have a minimum necessary resistance to the ac-
tion of high hydrostatic forces (high water pres-
sures at great depths)

e have a minimum required resistance to com-
pression and shear stresses

e have a minimum required resistance to filling/
emptying cycles and vibrations (in the case of
power plants with large turbines)

e to ensure total tightness (100% continuous and
verified welds).

1.1 Design and execution conditions and requirements
The basic material used in the design of a cofferdam
is structural steel S355 or higher (for high tensile
and corrosion resistance). For areas in contact with
water, stainless steel or anti-corrosion treated sheet
metal is also used.
The most common thicknesses are in the range of 10-40
mm), depending on the pressures created by the water.
The design will take into account the main execution
stages, namely:

1. prefabrication of modules in the workshop, fully

welded.

2. transport to site (modularity is important).
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Figura 1. Sistemul hibrid rezistiv — laser de incalzire
Figure 1. Resistive — laser hybrid system for heating

asamblarea pe santier (suduri pentru imbinarea

modulelor si pentru ancorare)

4. etansarea finala si controlul sudurilor (ultrasu-

nete- UT, lichide penetrante- UP)

5. montaj etansari elastice pe margini (pentru con-

tact perfect cu albia)

dar si de conditiile de construire si montare:

e precizie ridicata in fabricarea modulara pentru a
garanta imbinarile etanse

e executarea sudurilor pe pozitii variate (pozitie
orizontald, verticala, plafon)

e incercari hidraulice dupa montare (verificarea
etanseitatii prin inundare controlata)

3. assembly on site (welds for joining modules and
welds for anchoring).
4. final sealing and weld inspection (ultrasonics -
UT, liquid penetrants- UP).
5. installation of elastic seals on the edges (for per-
fect contact with the bed)
but also, the construction and installation condi-
tions:
* butt joints with prepared joint (V, Y, 1/2Y, X) for
assembling large sheet metal panels.
e corner joints between panels and frames or
stiffeners, as well as between the profiles of the
load-bearing structure).
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e examinarea NDT a sudurilor (verificare 100% a
sudurilor prin UT si PT).

Aceste Imbinari sunt proiectate in urmatoarele conditii:

* sd aibd o rezistenta minim necesarad la actiunea
unor forte hidrostatice mari (presiuni de apa
mari la adancimi mari)

* sd aiba o rezistenta minim necesara la eforturi
de compresiune si forfecare

* 53 aiba o rezistenta minim necesara la cicluri de
umplere/golire si vibratii (in cazul centralelor cu
turbine mari)

® 53 asigurare o etanseitate totala (suduri 100%
continue si verificate).

1.2 Conditii si cerinte de proiectare si executie
Criteriile urmarite In procesul de proiectare a batar-
doului sunt:

In

e presiunea hidrodinamicd si hidrostatica exer-
citata de coloana de apa (functie de adancimea
si debitul apei curgatoare).

« fortele de Tmpingere orizontala si verticald gene-
rate de apa si eventual de materiale in suspensie
(trunchiuri, gheata).

e stabilitatea impotriva deplasarii (translatie, alu-
necare, rostogolire).

e rezistenta la presiunea de impact (in caz de
obiecte antrenate de apa).

* stabilitatea Impotriva flotabilitdtii (mai ales daca
presiunea apei se exercitd neuniform).

e etanseitatea fatd de infiltratii (fundare pe pat de
apa neregulat).

e rezistenta sudurilor si a elementelor structurale
la forte de compresiune, tractiune si forfecare.

cazul unui batardou de pe Dunare datele de in-

trare in procesul de proiectare sunt:

-adancimea maxima, h=35m

- greutatea specifica a apei, y = 9.81 kN/m?

- materialul din care este confectionata structura:
otel structural $355, fy = 355 N/mm?

- coeficientul de siguranta, CS=1.5

- tensiune admisibild, o 44m =

Iy
CcS

Presiunea hidrostatica devine Tn acest caz:
p=yxh=9.81x35=343.35kN/m? (1)
rezultand o forta totald pe metru de lungime egala

CuU:
F =X _ G839 _ 6008 625 kN/m (2)

2 2

Momentul Tncovoietor maxim este:

Mpox = 5 =

_pxh? 343.35x35°

=70100,625 kNm/m (3)

. Y 6 . v
iar, succesiv, modulul de rezistenta este:
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e lap joints for plates dedicated to sealing or an-
choring.

These joints are designed under the following condi-
tions:

e High precision in modular manufacturing to
guarantee leak-proof joints.

e performing welds in various positions (horizon-
tal, vertical, ceiling).

e hydraulic tests after installation (tightness verifi-
cation by controlled flooding).

e NDT examination of welds (100% verification of
welds by UT and PT).

1.2 Design and execution conditions and requirements
The criteria followed in the cofferdam design pro-
cess are:

e the hydrodynamic and hydrostatic pressure ex-
erted by the water column (depending on the
depth and flow of the flowing water).

e horizontal and vertical thrust forces generated
by water and possibly suspended materials
(trunks, ice).

e stability against displacement (translation, slid-
ing, rolling).

e resistance to impact pressure (in the case of ob-
jects carried by water).

e stability against buoyancy (especially if water
pressure is exerted unevenly).

e tightness against infiltration (foundation on ir-
regular waterbed).

e resistance of all welds and all structural ele-
ments to compressive, tensile and shear forces.

In the case of the cofferdam on the Danube, the in-
put data in the design process are:

- maximum depth, h =35 m

- specific gravity of water, y = 9.81 kN/m?

- the material from which the structure is made:
structural steel S355, f = 355 N/mm?

- safety coefficient, CS=1.5
- permissible voltage, g 44m =

2y
CcS

The hydrostatic pressure in this case becomes:
p=yxh=9.81x35=343.35kN/m?(1)
resulting in a total force per meter of length equal

to:
F =820 _ 683539 _ 6008 625 kN/m (2)

2 2

The maximum bending moment is:

_pxh®

Mooy = - 333965 = 70100,625 kNm/m (3)

6 6

and, successively, the modulus of resistance is:



_ Mpgy10°  (70100,625%10°)

~ 3
W=="- CETIT 296,210 cm? (4)
unde tensiunea admisibila se calculeaza in functie de
coeficientul de siguranta aplicat limitei de curgere a
materialului:

355

Guam = 15 =236.66 MPa (5).

Verificarea unghiului de deformare:
Satm = 50== =2 =175 mm (6).

Tn tabelul 1 sunt prezentate rezultatele numerice.
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_ Mpgy10°  (70100,625%10°)

W = —me e~ 296.210 cm? (4)

where the allowable stress is calculated according to
the safety factor applied to the yield strength of the
material:

Ouim = —= =236.66 MPa (5).
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Deformation angle determination:
Sagm === 220 =175 mm (6).

200 200

Table 1 presents the numerical results.

Tabelul 1. Fluxul termic si valorile temperaturilor pentru diverse reglari ale parametrilor sistemului hibrid
Figure 1. Heat flux and temperatures for various adjustments of the hybrid system

Parametru

Valoare Estimativa

Presiune maxima

343,35 kN/m?

Forta totala pe metru

6008,63 kN/m

Moment incovoietor maxim

70100,63 kNm/m

Moment de rezistenta minim 296210 cm?

Tabla estimativa 20-30 mm + rigidizari
Deformare maxim admisa 175 mm

Material Otel S355

Modalitate prindere

Garnituri + ancorare

2. Conditii generale pentru fabricarea
prin sudare a unui batardou

2.1 Conditii pentru pregdtirea in vederea suddrii
Asamblarea prin sudare a unui batardou necesita o
abordare extrem de riguroasd, conform normelor
europene, care sa garanteze:

e integritatea structurala la presiuni hidraulice mari

e etanseitatea

e durabilitatea in medii corozive si expuse la
solicitari ciclice.

Procesul tehnologic de executie a batardoului cu-
prinde urmadtoarele etape:

e se vor realiza cotele pentru fiecare reper;

e se vor stabili si aplica procedeul de sudare
si tehnologia de sudare, inclusiv numarul de
treceri si ordinea de aplicare a acestora;

e se vor asigura materialele de baza si de adaos in
calitatile si cantitatile necesare

e se vor derula procesele de croire si prelucrare
a muchiilor pentru fiecare reper cu asigurarea
adaosului tehnologic;

e se vor asigura detaliile de realizare a muchiilor,
in special a rosturilor de sudare;

e se vor stabili si se vor aplica modul si ordinea de
asamblare a reperelor in cadrul subansamblului;

e se va stabili si aplica ordinea de executie a su-
durilor astfel incat sa fie diminuate tensiunile si
deformatiile remanente la sudare, asigurandu-

2. Conditii generale pentru fabricarea
prin sudare a unui batardou

2.1 Conditions for preparation for welding

The welding assembly of a cofferdam requires an ex-
tremely rigorous approach, according to European
standards, to guarantee:

e structural integrity at high hydraulic pressures

e tightness

e durability in corrosive environments and ex-
posed to cyclic stress.

The technological process of executing the coffer-
dam includes the following stages:

e designing the dimensions for each landmark;

e designing and applying the welding process and
technology, including the number of passes and
the order of their application;

e ensuring the base materials and the filler metals
on required qualities and quantities

e the processes of cutting and processing the edg-
es will be carried out for each reference, ensur-
ing the technological allowance;

e ensuring the details of the edges, especially the
joints that will participate in welding;

e designing and applying the method and order of
assembly of parts;

e the order of execution of the welds will be es-
tablished and applied so as to reduce the resid-
ual stresses and deformations during welding,
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se astfel geometria subansamblului;

e se va stabili si asigura temperatura intre straturi;

e se va stabili si aplica modul de prelucrare al su-
durilor dupa executia acestora;

e se va stabili si aplica planul de inspectie al su-
durilor;

e se vor stabili si aplica procedeele de verificare a
geometriei subansamblelor, dupa executare.

2.1.1 Conditii generale privind materialele

a. Pregatirea materialelor

Materialele de baza vor fi conforme standardelor de
aplicare. Corpul batardoului va fi confectionat din
otelul S355J2, certificat conform EN 10025.
Admiterea tablelor si profilelor la trasaj se va face
numai dacad abaterile de forma se Tncadreaza in di-
mensiunile finite ale produsului. Nu vor fi utilizate in
procesul de fabricatie materialele cu abateri dimen-
sionale (mai mari decat cele admise de standardul
de produs) sau cu defecte ca fisuri, incluziuni neme-
talice, stratificari etc. Suprafetele componentelor
vor fi curate, straturile de rugina fiind indepartate;
nu se folosesc materialele a caror suprafata prezinta
degradari in profunzime prin coroziune.

Croirea materialelor (table si profile) destinate
fabricarii se realizeaza cu mijloace performante care
sa elimine eventuale rectificdri ulterioare suplimen-
tare. Zgura rezultatd pe suprafata tdieturii, la prelu-
crarea cu oxigen, se indeparteaza prin polizare.
Piesele care se deformeaza la debitare vor fi indrep-
tate prin procedee mecanice sau termice, dupa caz.
Prelucrarea muchiilor rostului va fi conforma cu de-
taliile de executie.

b. Materialele de adaos folosite la realizarea imbinarilor
sudate vor fi cele corespunzatoare pentru sudarea
reperelor din otelul S355J2. Ele vor fi alese astfel incat
sa asigure clasa de calitate a imbindrii mentionata in
proiect. imbinarea sudati va asigura cel putin caracte-
risticile mecanice ale otelului reperelor imbinate.

2.1.2 Conditii de proiectare a imbindrilor sudate

Tn structura unui batardou se pot regési imbin3ri de
tip T, in colt, cap la cap sau suprapuse in functie de
zona constructiva.

Pregatirea rosturilor conform SR EN ISO 9692, cu
specificarea modului de prelucrare pentru realizarea
rostului (V, X, dublu V) si a grosimii sudurii. La taierea
sisudarea reperelor se vor respecta indicatiile tehno-
logice specifice marcii de otel (SREN 1SO9013:2017).
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ensuring the geometry of product;

e ensuring the interpass temperature;

e the welding processing method will be estab-
lished and applied after their execution;

e designing and applying the inspection plan;

e procedures for verifying the geometry of subas-
semblies will be established and applied after
their execution.

2.1.1 General conditions regarding materials

a. Preparation of materials

The base materials will comply with the application
standards. The body of the cofferdam will be made
of S355J2 steel, certified according to EN 10025.
Sheets and profiles will only be accepted for draw-
ing if the shape deviations fall within the finished
dimensions of the product. Materials with dimen-
sional deviations (greater than those allowed by the
product standard) or with defects such as cracks,
non-metallic inclusions, stratifications, etc. will not
be used in the manufacturing process. The surfaces
of the components will be clean, with rust layers re-
moved; materials whose surfaces show deep corro-
sion degradation will not be used.

The cutting of materials (sheets and profiles) in-
tended for manufacturing is carried out with high-
performance means that eliminate any additional
subsequent rectification. The slag resulting on the
cut surface, during oxygen processing, is removed
by grinding. Parts that deform during cutting will be
straightened using mechanical or thermal processes.
The processing of the joint edges will be in accord-
ance with the execution details.

b. The filler materials used to make the welded joints
will be those suitable for welding the parts made of
S355J2 steel. They will be chosen so as to ensure the
quality class of the joint mentioned in the project.
The welded joint will ensure at least the mechanical
characteristics of the steel of the joined parts.

2.1.2 Design conditions for welded joints

In the structure of a cofferdam, T-type, corner, end-
to-end or overlapping joints can be found depending
on the construction area.

Edge preparation according to SR EN ISO 9692, specify-
ing the type of bevel (V, X, double V) and the bead thick-
ness. When cutting and welding sheet metal parts, the
instructions specific to the steel grade from which the
part is made will be followed (SR EN ISO 9013:2017).
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2.1.3 Conditii tehnologice de sudare

Procedurile de sudare vor fi calificate (WPQR) con-
form SR EN ISO 15614, iar sudorii calificati conform
EN ISO 9606-1. In baza procedurilor de sudare care
au fost calificate se vor extrage specificatiile proce-
durii de sudare (WPS) personalizate pentru sudurile
din proiect, cu parametrii detaliati: curentul de su-
dare, tensiunea arcului, viteza de avans, pozitia de
sudare, precum si celelalte elemente specifice.

2.2 Conditii pentru asamblarea prin sudare
2.2.1 Conditii de executie a imbindrilor
La realizarea sudurilor se va tine seama de preve-
derile SR ISO/TR 581:2011 — , Sudabilitate. Materia-
le metalice. Principii generale”. Fara a avea caracter
limitativ, executia si inspectia sudurilor vor respecta:
SR EN ISO 6520-1:2007, SR EN ISO 15614-1:2020,
SR EN ISO 15614-12:2021, SR EN ISO 5817:2015,
SR EN ISO 10675-1:2022, SR EN 1011-3:2019 (pen-
tru otelul inoxidabil), SR EN ISO 23277:2015, SR EN
ISO 3059:2013 si, in mod particular pentru aceasta
structurda metalicd, elementele legate de procesul
de-10: destramare lamelara SR EN 1993-12006. Fie-
care lot de material trebuie Tnsotit de certificate de
calitate (EN 10204- tip 3.1 sau 3.2).
Tolerantele structurii vor fi stricte pe lungimi, un-
ghiuri, planeitate, conform SR EN SO 13920:2023
,Sudare. Tolerante generale pentru constructii su-
date. Dimensiuni pentru lungimi si unghiuri. Forme
si pozitii.”
Pregatirea rostului imbindrilor sudate se va executa
conform SR EN ISO 9692-1:2014 ,Sudare si proce-
dee conexe. Tipuri de pregdtire a imbinarii”. De ase-
menea, se vor evita deschideri ale rostului sau deca-
laje mai mari decéat cele din WPS.
Fixarea pieselor in pozitia de sudare se va face cu
dispozitive speciale, imbinari pentru prindere provi-
zorie executate corect, care se indeparteazd sau se
incorporeaza conform WPS.
La sudurile executate Tn straturi succesive zgura se
curata numai dupad rdcirea partiald a stratului ante-
rior, iar imperfectiunile vizibile se corecteaza inainte
de aplicarea stratului urmator.
Sudurile cu prelucrare (ex. %2”Y”) se completeaza la
radadcind dupa curatarea rostului de sudare.
O atentie deosebita se va acorda executiei fiecarui
subansamblu, urmarindu-se 1n special aspectele
urmatoare:

e calitatea tablelor si a profilelor utilizate;

e compatibilitatea intre natura materialului de

adaos si a materialelor de baza (de ex: otel-otel;

2.1.3 Welding technological conditions

Welding procedures will be qualified (WPQR) ac-
cording to SR EN ISO 15614, and welders qualified
according to EN ISO 9606-1. Based on the qualified
welding procedures, customized welding procedure
specifications (WPS) will be extracted for the welds
in the project, with detailed parameters: welding
current, arc voltage, feed speed, welding position,
as well as other specific elements.

2.2 Conditions for welding assembly
2.2.1 Conditions for execution of joints
When performing welds, the provisions of SR ISO/TR
581:2011 — “Weldability. Metallic materials. General
principles” shall be taken into account. Without be-
ing limiting, the execution and inspection of welds
shall comply with: SR EN ISO 6520-1:2007, SR EN ISO
15614-1:2020, SR EN ISO 15614-12:2021, SR EN ISO
5817:2015, SR EN ISO 10675-1:2022, SR EN 1011-
3:2019 (for stainless steel), SR EN ISO 23277:2015,
SR EN ISO 3059:2013 and, particularly for this me-
tallic structure, the elements related to the lamellar
detachment process SR EN 1993-1-10:2006. Each
batch of material must be accompanied by quality
certificates (EN 10204- type 3.1 or 3.2).
Structural tolerances will be strict on lengths, an-
gles, flatness, according to SR EN 1SO 13920:2023
"Welding. General tolerances for welded structures.
Dimensions for lengths and angles. Shapes and posi-
tions."
The joint preparation of welded joints shall be car-
ried out in accordance with SR EN ISO 9692-1:2014
"Welding and allied processes. Types of joint prepa-
ration". Joint openings or offsets greater than those
in the WPS shall be avoided.
The fixing of the parts in the welding position will
be done with special devices, executed temporary
clamping joints, which are removed or incorporated
according to the WPS.
In welds performed in successive layers, the slag is
cleaned only after the previous layer has partially
cooled, and the visible imperfections are removed
before applying the next layer.
Welds with bevels (e.g. %4”Y”) are completed at the
root after cleaning the weld joint.
Particular attention will be paid to the execution of
each sub-assembly, paying particular attention to
the following aspects:

* the quality of the sheets and profiles used;

e compatibility between the nature of the filler

material and the base materials (e.g. steel-steel;
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otel-otel inoxidabil; etc.);
e croirea reperelor si prelucrarea muchiilor dupa
debitare;
e executia sudurilor si prelucrarea acestora;
e coplanaritatea reperelor, in special dupa sudare;
e geometria subansamblului, n corelatie cu
ansamblul general.
Toate sudurile de rezistenta se executa cu patrundere
completa.

2.2.2 Conditii privind deformarea si tensiunile
reziduale
* Plan de secventiere a sudurii: pentru a minimiza
deformarile printr-o ordine corecta de realizare
a trecerilor de sudare.
e Sistem de rigidizare provizorie: pentru a preveni
deplasarile pieselor.
* Posibile tratamente termice post-sudare: pentru
eliminarea tensiunilor reziduale la imbinarile de
mare grosime sau la oteluri sensibile.

2.3 Conditii pentru inspectarea sudurilor
Inspectia sudurilor presupune un complex de
investigatii nedistructive, compus din:
e inspectie vizuala (VT) aplicatd pe tot parcursul
lucrarii si dupa finalizarea sudurilor
e examinare cu lichide penetrante (PT) pentru
fmbinadrile la care exista risc de aparitie a unor
fisuri superficiale
 examinare ultrasonicd (UT) si/sau radiografica (RT) in
cazul intersectiilor sudurilor, precum si al imbinarilor
critice, necesar a rezista la presiuni mari
e control dimensional: verificarea exactd a cotelor
finale si a eventualelor deformatii dupa sudare.
a. Tratarea abaterilor dimensionale
Tn cazul in care la imbinarea reperelor apar erori di-
mensionale manifestate din considerente de croire,
pozitionare incorecta, deplasare accidentald din
pozitia reglata pot rezulta variatii dimensionale ale
subansamblelor, cu valori ce depasesc abaterile ad-
mise stabilite prin tehnologia de executie.
Prin mdsurare se va determina marimea abaterii in
vederea corectarii ei si se va stabili modul optim de
corectare. Solutionarea se va face Tnhainte de trans-
portarea la locul de montare, in interiorul facilitatii
unde a fost fabricat batardoul, pentru a se beneficia
de posibilitatile mai riguroase de executie si inspectie.
b. Tratarea imperfectiunilor de sudare
Craterele, fisurile, incluziunile nemetalice, scurge-
rile, arsurile, abaterile de forma si dimensiune se
remediaza prin polizare sau craituire arc-aer urmata
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steel-stainless steel; etc.);
e cutting of parts and processing of edges after
cutting;
e execution of welds and their processing;
e coplanarity of marks, especially after welding
e the geometry of the subassembly, in correlation
with the overall assembly
All resistance welds are performed with full penetra-
tion.

2.2.2 Conditions regarding deformation and resid-
ual stresses
e Weld sequencing plan: to minimize deforma-
tions through a correct welding sequence.
e Temporary stiffening system: to prevent parts
from moving.
e Possible post-weld heat treatments: to elimi-
nate residual stresses in thick joints or sensitive
steels.

2.3 Conditions for inspecting welds
Weld inspection involves a complex of non-destruc-
tive investigations, consisting of:
e visual inspection (VT) applied throughout the
work and after completion of welds
e penetrant examination (PT) for joints where
there is a risk of superficial cracks
e ultrasonic (UT) and/or radiographic (RT) exami-
nation of weld crosses and critical joints, neces-
sary to withstand very high pressures
e Dimensional control: exact verification of final
dimensions and possible deformations after
welding.
a. Dealing with dimensional deviations
If when joining the parts dimensional errors occur
due to cutting considerations incorrect positioning,
accidental movement from the adjusted position,
dimensional variations of the subassemblies may
result, with values exceeding the permissible devia-
tions established by the execution technology.
The measurement will determine the size of the de-
viation in order to correct it and the optimal correc-
tion method will be established. The solution will be
done before transportation to the installation site,
inside the facility where the cofferdam was manu-
factured, in order to benefit from more rigorous ex-
ecution and inspection possibilities.
b. Treating imperfections and welding defects
Craters, cracks, non-metallic inclusions, leaks, burns,
deviations in shape and size are remedied by grind-
ing or air-arc gouging and re-welding in the respec-



de refacerea sudurii in zona respectiva, utilizandu-se
acelasi procedeu ca la sudarea initiala.

Patrunderea incompleta la sudurile care asigura
rezistenta mecanica si care au prelucrare a rostului
constituie imperfectiune inadmisibild, adica defect;
portiunile depistate prin examinare nedistructiva
vor fi remediate.

Se va asigura racordarea sudurii refacute cu cea
initiala si cu materialul de baza.

2.4 Conditii pentru incercarea produsului
Tncercarile functionale ale produsului vizeazd fin
primul rand verificarile etanseitatii, a rezistentei la
presiune, a posibilitatii de montare, dar si verificari
din punct de vedere al sigurantei.

Batardoul trebuie sa fie incercat la presiune similara
celei reale (presiune hidraulica simulata), pentru a se
verifica etanseitatea Imbindrilor. Trebuie apoi efectuat
un test de etanseitate la nivelul sudurilor cu spray cu
bule de sdpun, cu detector de scurgeri de heliu, prin
presiune hidraulica sau prin presiune pneumatica.
Ulterior, se va verifica functional la montaj, pentru a
asigura ca toate componentele (etrieri, nervuri, an-
core) sunt sudate si montate corect.

Tn ceea ce priveste conditiile de sigurantd, trebuie
respectate standardul SR EN ISO 3834-2 (exigente de
calitate ridicata pentru sudare).

3. Analiza unor suduri din componenta
structurii batardoului

in continuare se vor discuta doud tipuri de imbin3ri
avand o caracteristica comuna: sunt realizate intre doua
materiale cu grosimi diferite, fiind necesara prelucrarea
componentei mai groase pentru realizarea rostului.

3.1 Descrierea imbindrilor

Prima Tmbinare este o Tmbinare unilaterald cap la
cap intre doua componente care realizeaza intre
ele un unghi de 160°. Este parte a panoului exte-
rior de inchidere (figura 2.a), avand o componenta
cu grosimea de 30 mm formand frontul, cea de-a
doua componentad avand grosimea de 20 mm si fiind
pozitionatd in retragere (figura 2.b). In continuare se
va face referire la Sudura#1. Cea de-a doua imbinare
este tot o Tmbinare de formare de panou (figura 3.a),
panoul avand pe suprafata centrald o grosime de 40
mm, iar pe capete o grosime de 20 mm (figura 3.b).
Data fiind posibilitatea de a executa bilateral aceasta
imbinare, ea a fost proiectatd cu rost simetric, K. in
continuare se va face referire la Sudura#2.
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tive area, using the same procedure as for the initial
welding.

Incomplete penetration in welds ensuring mechani-
cal resistance and having bevel machining consti-
tutes an unacceptable imperfection, i.e. a defect;
portions detected by NDT examination will be rem-
edied.

The connection of the repaired seam with the initial
one and with the base material will be ensured.

2.4 Conditions for product testing

Functional product tests primarily aim to verify tight-
ness, pressure resistance, installation possibilities,
but also safety checks.

The cofferdam must be tested at a pressure similar
to the real one (simulated hydraulic pressure), in or-
der to verify the tightness of the joints.

A leak test must then be carried out on the welds
with soap bubble spray, helium leak detector, hy-
draulic or pneumatic pressure.

Subsequently, functional checks will be carried out
during assembly to ensure that all components (stir-
rups, ribs, anchors) are welded and assembled cor-
rectly.

Regarding safety conditions, the SR EN ISO 3834-2
standard (high quality requirements for welding)
must be respected.

3. Analysis of some welds in the struc-
ture of the cofferdam

Next, we will discuss two types of joints with a com-
mon characteristic: they are made between two ma-
terials with different thicknesses, requiring the pro-
cessing of the thicker component to create the joint.

3.1 Description of joints

The first joint is a unilateral butt joint between two
components that form an angle of 160° between
them. It is part of the external closing panel (figure
2.a), having a 30 mm thick component forming the
front, the second component having a thickness of
20 mm and being positioned in the recess (figure
2.b). Hereafter, reference will be made to Weld #1.
The second joint is also a panel forming joint (fig-
ure 3.a), the panel having a thickness of 40 mm on
the central surface and a thickness of 20 mm on the
ends (figure 3.b). Given the possibility of executing
this joint bilaterally, it was designed with a sym-
metrical joint, K. Hereafter, reference will be made
to Weld #2.
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Figura 2. Sudura#1 in structura sudata a batardoului
Figure 2. Weld#1 in the welded structure of cofferdam
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Figura 3. Sudura#2 in structura sudata a batardoului
Figure 3. Weld#2 in the welded structure of cofferdam

3.2 Detalii privind forma si dimensiunile sudurilor
Sudura#1 este o imbinare dificil de evaluat din
punct de vedere al modului de comportare in tim-
pul sudarii. Are o componenta avand grosimea de
30 mm si una de 20 de mm, asadar intr-o directie
(tabla de 30 mm) cdldura se va disipa mai repede.
Din acest motiv, deschiderea rostului ar trebui sa fie
mai mare in aceastad directie. Se alege astfel forma
nesimetrica de rost prezentatd in figura 4. Compo-
nenta de sudat, avand o grosime dubla fata de pere-
chea sa, este prelucrata pe o distantd de aproxima-
tiv 50 mm in adancime de la capatul care participa
la realizarea imbinarii. Pentru calificarea procedurii
de sudare nu este nevoie a se utiliza grosimile din
proiect, fiind suficienta realizarea unei imbinari pe o
tabld de 15 mm, domeniul de calificare acoperind de
la 7,5 mmla 30 mm (figura 4).

Schema de realizare a trecerile de sudare este
prezentatd in figura 5.
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3.2 Details of the shape and dimensions of welds
Weld#1 is a difficult joint to evaluate in terms of how
it behaves during welding. It has one component
with a thickness of 30 mm and one with a thickness
of 20 mm, so in one direction (the 30 mm sheet)
the heat will dissipate faster. For this reason, the
joint opening should be larger in this direction. The
non-symmetrical joint shape shown in figure 4 is
thus chosen. The component to be welded, having a
thickness double that of its counterpart, is machined
at a distance of approximately 50 mm in depth from
the end that is welded.

To qualify the welding procedure, it is not neces-
sary to use the thicknesses from the project, it is
sufficient to make a joint on a 15 mm sheet, the
gualification range covering from 7.5 mm to 30 mm
(figure 4).

The welding pass realization scheme is presented in
figure 5.
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Figura 4. Forma si dimensiunile rostului pentru sudura de
calificare a WPS - Sudura#1
Figure 4. WPS qualification weld joint shape and dimensions
- Weld#1

Sudura#2 este o imbinare simetrica la care diferenta
dintre grosimile celor doua materiale de baza este mai
mare decat in cazul anterior. in figura 6 este prezentat
proiectul formei si dimensiunilor rostului de sudare,
la dimensiunile de 20-40 mm fiind necesar un rost si-
metric pentru controlarea pe cat posibil a evolutiei si
a valorilor tensiunilor si deformatiilor remanente.
Componenta de sudat, avand o grosime dubla fata de
perechea sa, este prelucrata pe o distanta de aproxi-
mativ 80 mm in adancime de la capatul care participa
la realizarea imbindrii. Prelucrarea se realizeaza bi-
lateral cu o panta care sa produca un capat avand
grosimea de 20 mm. Cealaltd componenta de sudat
este prelucrata bilateral prin aschiere sub un unghi
de aproximativ 50°. Aldturarea celor doua compo-
nente realizeaza un rost K, cu o departare la radacina
de 1-2 mm. Umarul central al prelucrarii pe grosime
este de aproximat 2-3 mm, astfel incat sa fie topit
doar partial la prima trecere.

Depunerea trecerilor in rostul de sudare se va face
conform schemei din figura 7.
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Figura 6. Forma si dimensiunile rostului pentru sudura de
calificare a WPS - Sudura#2
Figure 6. WPS qualification weld joint shape and dimensions
-Weld#2

3.3 Procedeul de sudare si materialele de adaos

Ambele Tmbindri sunt realizate utilizand procedeul
MIG/MAG 135. Materialul de adaos este o sdrma
compatibila cu materialul de baza S355J2+N, SR EN ISO
10025-2 (grupa 1.2) sianume: G4Si1, SR EN ISO 14341-
A/ G 46 4 M21 4Sil. Diametrul recomandat al sarmei
este 1,2 mm, putand fi utilizate si dimensiuni mai mici.
Gazul de protectie utilizat este M2.1, conform SR EN

20+2

Figura 5. Succesiunea trecerilor de sudare pentru sudura de
calificarea WPS - Sudura#l
Figure 5. WPS qualification welding sequence - Weld#1

Weld#2 is a symmetrical joint in which the difference
between the thicknesses of the two base materials
is greater than in the previous case. Figure 6 shows
the design of the shape and dimensions of the weld-
ing joint, at dimensions of 20-40 mm a symmetrical
joint is necessary to control as much as possible the
residual stresses and deformations.

The component to be welded, having a thickness
double that of its counterpart, is machined for a
distance of approximately 80 mm in depth from the
end participating in the joint. The machining is per-
formed bilaterally with a slope to produce an end
having a thickness of 20 mm. The other component
to be welded is machined bilaterally by chipping at
an angle of approximately 50°. The joining of the two
components produces a K joint, with a root distance
of 1-2 mm. The central shoulder of the machining in
thickness is approximately 2-3 mm, so that it is only
partially melted in the first pass.

The passes in the welding joint will be done accord-
ing to the diagram in figure 7.

BWEN

10-14

Figura 7. Succesiunea trecerilor de sudare pentru sudura
de calificarea WPS - Sudura#2
Figure 7. WPS qualification welding sequence - Weld#2

3.3 Welding process and filler materials

Both joints are made using the MIG/MAG 135
process. The filler material is a wire compat-
ible with the base material S355J2+N, SR EN ISO
10025-2 (group 1.2), namely: G4Si1, SR EN ISO
14341-A/ G 46 4 M21 4Sil. The recommended
wire diameter is 1.2 mm, although smaller sizes
can also be used.
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ISO 14175:2008, la debite de 12-15 |/min pentru
sudarea radacinii si a trecerilor de umplere, acestea
putdnd fii crescute la 15-17 |/min pentru sudarea
trecerii de inchidere, unde pendularea poate ajunge
sila 10 mm latime.

3.4 Preincdlzirea si temperatura interstrat

Tn ambele cazuri, date fiind grosimile mai mari de 20
mm, este necesara efectuarea unei preincalziri pe o
|atime de aproximativ 200 mm in stanga si in dreapta
rostului. In acest fel, curgerea céldurii din zona de su-
dare dupa cele trei directii va fi incetinita si racirea va
fi, la rdndul ei, mai lentd. Temperatura de preincalzire
va fi cuprinsa in intervalul 80-100°C, valorile superioa-
re ale domeniului fiind utilizate atunci cand tempera-
tura ambientald este mai mica de 10°C.

De asemenea, temperatura interstrat ar trebui
mentinutd la valori cuprinse intre 200-220°C.

3.5 Realizarea trecerilor de sudare

3.5.1 Sudarea imbindrii Sudura#1

Pe cat posibil, trecerile 1-4 se vor face filiform, fara
pendulare. Restul trecerilor se pot executa si cu o
pendulare minim necesard, singura exceptie facand-o
trecerea de inchidere (ultima trecere) care se poate
executa si cu pendulare mai mare. Trecerile filiforme
sau cu pendulare redusa au rolul de a mentine ener-
gia liniara spre o valoare minima, controlandu-se ast-
fel nivelul tensiunilor si al deformatiilor remanente.

3.5.2 Sudarea imbindrii Sudura#2

Dupa primele doua treceri efectuate pe una dintre
parti (trecerile 1 si 2) se vor executa in continuare
dousd treceri pe partea opusd (trecerile 3 si 4). Tn fe-
lul acesta se va corecta, cel putin partial, deformarea
unghiulard produsa dupd primele doud treceri. Tnainte
de executarea trecerii cu numadrul 3 raddcina primei
treceri se va poliza pana la luciu metalic pe toata
lungimea rostului. Primele patru treceri de sudare se
vor efectua filiform, fara pendulare sau cu maxim 2
mm pendulare (doar pentru trecerile 2 si 4).

3.5.2 Aspecte comune privind realizarea imbindrii
Dupa fiecare trecere de sudare se indeparteaza peli-
cula de zgura formata.

in figura 8 sunt prezentate imagini din timpul
realizarii structurii batardoului. Important este sa nu
se utilizeze mai mult de patru sudori sudand simul-
tan pe structura, ordinea de sudare (figura 9) fiind
extrem de importantd pentru nivelul tensiunilor si
deformatiilor remanente.
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The shielding gas used is M2.1, according to SR EN
ISO 14175:2008, at flow rates of 12-15 |/min for
welding the root and filling passes, which can be
increased to 15-17 I/min for welding the closing
pass, where the oscillation can reach 10 mm wide.

3.4 Preheating and interlayer temperature

In both cases, given the thicknesses greater than 20
mm, it is necessary to carry out preheating over a
width of approximately 200 mm on the left and right
of the joint. In this way, the heat flow from the weld-
ing area in the three directions will be slowed down
and the cooling will be, in turn, slower. The preheat-
ing temperature will be in the range of 80-100°C,
the upper values of the range being used when the
ambient temperature is lower than 10°C.

Also, the interlayer temperature should be main-
tained at values between 200-220°C.

3.5 Making welding passes

3.5.1 Welding the joint Weld#1

As far as possible, passes 1-4 will be made thread-
like, without pendulum. The rest of the passes can
be executed with a minimum necessary pendulum,
the only exception being the closing pass (last) which
can be executed with a greater pendulum. Filiform
or low-sway transitions have the role of maintaining
linear energy to a minimum value, thus controlling
the level of residual stresses and deformations.

3.5.2 Welding the joint Weld#2

After the first two passes on one side (passes 1 and
2), two more passes will be made on the opposite
side (passes 3 and 4). This will correct, at least par-
tially, the angular deformation produced after the
first two passes. Before performing pass number
3, the root of the first pass will be ground to metal
along the entire length of the joint.

The first four welding passes will be made filiform,
without pendulum or with a maximum of 2 mm pen-
dulum (only for passes 2 and 4).

3.5.2 Common aspects regarding the realization of the joint
After each welding pass, the formed slag film is re-
moved.

Figure 8 shows images from the construction of
the cofferdam structure. It is important not to use
more than four welders welding simultaneously on
the structure, the welding order (figure 9) being ex-
tremely important for the level of residual stresses
and deformations.
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Figura 8. Imagini din timpul procesului de asamblare prin sudare

e

Figure 8. Images from the welding process
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Figura 9. Ordinea de sudare
Figure 9. Welding sequence

La final, se va intocmi si atasa produsului
documentatia de executie si inspectie, continand
cel putin jurnalul de realizare a sudurilor, rapoartele
de inspectie, certificate materiale, rapoarte de
examinadri NDT, specificatiile WPS si WPQR.

4. Concluzii

Analiza comparativa a imbinarilor Sudura#1 si Sudu-
ra#2 evidentiaza complexitatea tehnologica speci-
fica sudurilor intre materiale cu grosimi diferite, cu
implicatii directe asupra comportamentului termic,
al tensiunilor reziduale si al calitatii finale a cusaturii.
Sudura#1, de tip cap la cap unilateral, prezinta o
configuratie asimetrica ce impune o adaptare atentd
a rostului pentru a compensa disiparea inegald a
caldurii, cauzata de diferenta de grosime dintre
cele douda componente (30 mm si 20 mm). Forma
nesimetricd a rostului, prelucrarea profunda a com-
ponentei mai groase si controlul precis al prime-
lor treceri filiforme sunt critice pentru evitarea
deformarilor siacumularii de tensiuni. Energia liniara
redusa si succesiunea corectd a trecerilor sunt deci-
sive pentru integritatea Tmbinarii.

Sudura#2, de tip simetric bilateral, implica o diferenta

Finally, the execution and inspection documentation
will be prepared and attached to the product, con-
taining at least the welding log, inspection reports,
material certificates, NDT examination reports, WPS
and WPQR specifications.

4. Conclusions

The comparative analysis of the joints Weld#1 and
Weld#2 highlights the technological complexity spe-
cific to welds between materials of different thick-
nesses, with direct implications on the thermal
behaviour, residual stresses and final quality of the
seam.

Weld #1, a one-sided butt weld, has an asymmetri-
cal configuration that requires careful adaptation of
the joint to compensate for the uneven heat dissipa-
tion caused by the difference in thickness between
the two components (30 mm and 20 mm). The non-
symmetrical shape of the joint, the deep machining
of the thicker component and the precise control of
the first thread passes are critical to avoid deforma-
tion and stress accumulation. Low linear energy and
the correct sequence of passes are decisive for the
integrity of the joint.
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si mai pronuntata de grosime (40 mm si 20 mm), dar
beneficiaza de o geometrie de rost echilibrata (tip
K), menita sa distribuie uniform energia termica si sa
reduca efectele de distorsiune. Prelucrarea bilaterala
a componentelor si simetria rostului contribuie la
obtinerea unei suduri mai stabile din punct de ve-
dere geometric si mai predictibile in comportament.
Strategia de alternare a trecerilor pe cele doua fete
dupa fazele initiale este esentiala pentru reducerea
deformarii unghiulare.

Din punct de vedere al materialelor de adaos, sar-
ma G4Sil utilizata Tmpreuna cu gazul de protectie
M2.1 corespunde perfect cerintelor de sudare pen-
tru otelul S355J2, asigurand o buna patrundere, o
protectie eficienta a bdii de fuziune si o compatibili-
tate mecanica si metalurgica optima.

in ceea ce priveste conditiile termice, ambele su-
duri au necesitat preincalzire si controlul strict al
temperaturii interstrat, pentru a preveni aparitia
fisurilor la rece si pentru a asigura o microstructura
corespunzdtoare in zona afectatd termic. Res-
pectarea domeniilor de temperatura (80-100°C
preincalzire, 200-220°C interstrat) este cruciala pen-
tru calitatea Imbinarilor.
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quired preheating and strict control of the interpass
temperature, to prevent cold cracking and to ensure
a proper microstructure in the heat affected zone.
Respecting the temperature ranges (80—100°C pre-
heating, 200-220°C interpass) is crucial for the qual-
ity of the joints.
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Plata online a cotizatiilor membrilor ASR

Tncepand din anul acesta achitarea cotizatiei ASR se poate face online, pe site-ul ASR prin intermediul platformei
securizate.

Plata poate fi efectuata pe site-ul www.asr.ro sectiunea Pldti online urmand pasii necesari. Acesta este un proces
rapid si comod care permite membrilor sa achite cotizatia direct din confortul casei. Pentru informatii suplimen-
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asr.ro.
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