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ACTIVIDADES DO PROJECTO

Actividade 3

Reparacao de
Estruturas de
Betdo Armado e
Pré-Esforcado

Actividade 4

Reparagao de
Estruturas
Metalicas
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Working Group 4

>Maintenance and repair of steel structures
e Part 01- Durability Factors

e Part 02 - Degradation

e Part 03 - NDT Techniques
e Part 04 - Repair methods

e Part 05 - Protection methods

Parceiros activos: LNEC, U.Nantes, REFER, LCPC, EP, BEL
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MECANISMOS DE
DEGRADACAO
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> Defeitos

e Podem ser usados 3 critérios para a classificagao dos
defeitos:

o Causa

o Causa-efeito
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Contaminacao Deformacao
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Mecanismos

Mecanismos de degradacao de Degradagio

Quimico Fisico Bioldgico

- The mass transport of the oxidant or of the reaction products;
- The anodic or cathodic charge transfer;
- The properties of the passive film.

When this limiting step is accelersted, the term "depolarizstion” is sometimes used, we then spesk
of cathodic oranodic depolarzation sccording to the partial reaction considered (Crolet, 1998).

The products of reactions (4.4.1) and(4.4.3) are ions dissolvedin water and can respond by giving Corrosao SUJldade
a precipitate given by the reaction:
W+ nOH — M(OH 4.14)

The comosion process is of the electrochemical type, because it is both a chemical reaction
(precipitation, eic, ), but also an electron transfer. The precipitate is a hydmoxide which covers the
metalsurface. In the case of products containing iron, it is rust. This reaction is eslled "recovery” or
the old terminology "passivation”. If this layer is completely sesled from the time of the smallest
thickness, less than 10-8.m, passivation is called perdect (Rahannaivo, 1998).

Altas Organismos
temperaturas Vivos

Solution
4] OH-

Fendilhacao

| .\
Crodssanes du film solide ™ % Film procipats

Fig. 4.1.2 Widespread comoaion processinvoivingphenomens of change fransfer fiim formation
and transport procezzes, from ASM Handbook (1387)).

~
_ _ o ASE _ Penetragdo de
Figure 4.1.2 ilustrates the differentsites (numbered 1 to 7) on the surface of a metal Mimmersed

agua

in an sersted electrolyte solution in which the reactions occur, influenced by the formation of a
precipitate on the one hand, and solid comosion products on the other

When comosion products are soluble enoughnot to precipitate at the metal surfsce, allowing free
access of the liquid st anypointon the metal surface, then the reaction of anodic diszolution of
metal {site 1) orthe cathodic reduction of oxygen (site 2) generally controls the overall reaction. If
these reactions are rapid and the oxygen concentration is low, then its rate of diffusion to the
cathodic site (site 3) will be the limiting factor of comosion.

In a liquid, convectionrepresents an infinite capacity of transport in relation to flows involved in
comosion reactions. However, between the comeedive fluid and metsl, there is & laminar boundary Ca rga S
lsyerwhich can only be penetrated by diffusion. But the spread, even in the liquid phase, is &

relatively slow transport process. The laminar boundary layer will have two effects:

- Forthe removal of comozion products, this may leadto local ennchment leading to precipitation; EXCQSSlva S
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STEEL STRUCTURES

Crack tip
LQ
STOP HOLE Cracktip : Stophole
O: Fatigue crack
Stop hole
Descrioti Stop hole consists in driling a hole at or close to the crack tip to reduce the local stress concentration and prevent crack
iption propagation.
Small through-thickness cracks subjected to low stress ranges in plates or plate components of
Defect(s) structural elements, and to arrest the crack tip of large cracks provided that the remaining length of
the crack is repaired by either welding or bolted splice plates.
. Fatigue life extension technique of cracked structural elements, in both welded and bolted/riveted
Generic
sfructures.
Advantages| ) ) )
Disadvantages Simple, economic and used as a temporary or emergency repair method.
Applicability In welded structures, stop hole is good for fatijue cracking due to lack of fusion, cold cracks,
. restraint and web breathing and may also be applied for causes such as: vibration, web gaps and
Effectiveness geometrical changes. In bolted and riveted structures, this method is excellent for out-of-plane
bending, good for problems such as secondary stresses, and fair for local stress concentration.
Should be usad togather with other repair methods but it can be considerad parmanent if specfic
Limits conditions are fuffiled. It very dependent on the operator skill and experience. Special care is also
required when crack fronts are not uniform through the thickness.*
Control Visual inspection and NDT such as liquid penetrant testing, according to EN 571-1 [49] and EN
150 23277 [30]. If the crack tip was not intercepted, the hole should be slightly enlarged
Specific equipment | Driling machines, such as a portable magnetic dril machine. Protective clothing and equipment.
Social Servicedisruption | YesO No &
Environmental Health Yes O No =
& | and heafth Ecology YesE | NoO | Thewastecaused bydriing shoud be collected.
:E Preliminaryworks | Yes O No B
~§ Specialized labour | Yes® | NeO
“ | Economical Time consumption Low & ‘ Medium & ‘ High O
Posteriorworks Yes & | No O ‘ Restoration of protective system depending on the material
Cost Low = ‘ Medium O ‘ High O
Standards Noavailable Europeanstandards. Literature referred inthe manual text.
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detect, but it may be prevented by adopting
suitable quslity control procedures.

many types of paints.

Good resistance to acidic
conditions, unlike metal costings,
and different materials avsilable

for different requirements.

Mo limits on size and type of

structure. The expected iife is difficult to predict, even with
standards and specifications, unlike metal
Generslly, spplication is coatings.
straightforward.

4.3 Protective coating systems

4.31 Paintcoatings
Genersl

The most spplied protective system o metslic stuctures is paint costing. This type of
protective system provides seversl sdvanisges such a5 "™: easy applicability, no limitation
on the size of protected steelwork and decorstive finishing.

Peint and paint costing are 2 difesnt ms where paint is the liquid meternsl and paint
coating is the poiective film formed sfier drying. Peint is normally constituted by binder,
pigment and solvent. The pmoiectie fim is formed by solvent evaporston and binder
conversion into a solid paint film. The paint may slso have other constiuents, e.g. diluents,
depending on the required properties which are best preserved when sekcting an
appropriate application fechnque. Both igud psint and pant coatng require diflerent
properties '™,

The properties of pant should incude '™ capsbility of applicaton and dryng under
specifed conditions; capacity to provide good adhesion and requird decomtion; and ability
1o provide a dry film with suitable properies, e.g. hardness, gloss, e,

Standard EN IS0 12944-5 """ dascribes ssveral types of peintused n the protedion of sieel
structures sganst comoson. Annex A from the ssme stendard contsins numerous tsbes
where some of the most common paint systems ae chamcierzed and divided sccoding o
theircomosivity categorny.

Paint poperties are defermined manly by the type of binder uzed. Tabke 16 fom Annex C,in
Standard EM IS0 12844-5 "7 provides the main physical and mechanical propertes of
different generic types of paint.

Takle 16, Genersl properties of different genernc fypes of paint 7

Suna:allltyd _ = E E E _E
..L Li::'rbed gé‘ E o |2 g% g% N - E
- Poor EE E % % E' % E %E‘- EE 2 gg
Lo o2 |4 <L [ [ W |W W
Not relevant gF‘VC §CR gﬁ.\' g.&K ‘[aF'r:nI:.atb) x[aFI‘i:'Ealtic) gESI gEF gEF‘C
Gloss retention A A A (A& |w [ ] O - -

N

Eolour retention A A n A |= n O - -
Resistance ]

chemicals:

Waterimmersion A L] A |» s . A L] ]
Rain/condensation |m L] ] A |m A L] L] L]
Solvents . . . A |m A ] ] r'y
Sohvents (splash) - . - [ ] [ ] n [ ] [ ] [ ]
Acids A ] A | & |m & - A |m
Agids (splash) n n A | & (m n - [ ] [ ]
Alkalis A ' A [4& |4 ' - [ ] ]
Alkslis (splash) L] n A A (m n - [ ] u
Resistance o dry|

heat:

up to 70*C - - A |m [ ] ] L] L] L]
T0*Cto 120°C = = A |m ] ] ] ] ry
120°C 1o 150°C O O A |= & . ] A | &
150°C 1o 400°C O O O = O O [ ] O O
Physical properties:

Abrasion resistance | & . . A |m A ] ] r'y
Impact resistance A A A | A (m A A [ ] A
Flexibility n n n A |4 n - A | A
Hardness A A A |m ] A ] ] ]
Mote: This nformation has been dewn from a wide cross-secton of sources and is intended
to provide a genersl indicaton of the poperies of the difemnt generc types of paint|
gvailable. Vanastons will ocour within resin groups, and some products are specifically
formulsted to provide exceptional resistance i cermin chemicals or conditons. Abways
consultthe paint manufacturerwhen any given paint is chosenfora particularapplication.

The main rquirement for profective paint costings is o provide protection against the type of
environment to which it will be exposed. Other geneml requirements for paint costings are
=% possibility to be repsinted; essy application; ressonabe stomge life and prica; dumbility
in the specified environment; formation of 8 coherent film with good adhesion; resistance o
impact and mechanical damage: etc In oder to meet these requirements, suitsble bindars,
pigments, and other additionsl constituents should be provided.

Protection of steelwork by paintng is ususlly sssured by seveml coatings, forming a
protective paint sysiem. The difierent types of coating are '™ the priming coat or primer, the
undercoat, and the finishing coat.

The primer is applied 1o the substmte and there is no sgnificant dfference compared fo other
cosgtings. The main functon of the primer is i “wet” the sieel surflace and to provide good
adheson with the sieel substete. Standad EN IS0 129445 7 defnes 2 man categones
of primer:
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