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>Reparacao de estruturas metalicas reader u.nantes

e Actividade 4.1 - Mecanismos de Degradacao
REFER, Rede Ferroviaria Nacional

e Actividade 4.2 - Ensaios Nao Destrutivos. Aplicabilidade
pratica
LCPC - Laboratoire central des Ponts et Chaussées

e Actividade 4.3 - Reabilitacao e Sistemas de proteccao de
aco estrutural
LNEC - Laboratdrio Nacional de Engenharia Civil

Parceiros activos: U.Nantes, REFER, LCPC, EP, BEL

AN ATL[ANTICH)A’REA




Sessao DURATINET — REABILITAR 2010

d“ratluet LNEC, Lisboa 24 de Junho de 2010 " . N

4.1 MECANISMOS DE
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> Defeitos

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

o Causa do defeito

o0 Causa-efeito
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Mecanismos

Mecanismos de degradacao de Degradagio

- The mass transport of the oxidant or of the reaction products;

ORTTITLE

- The anodic or cathodic charge transfer;
- The properties of the passive film.

When this limiting step is sccelersted, the term "depolarizstion” is sometimes used, we then speak
of cathodic or anodic depolarizetion according to the partial reaction considered d

~
The products of reacfions (4.4.1)and (4.4 3) are ions dissolved in waterand can respond by giving Corrosa O
& precipitate given by the reaction:

N +nOH = M{OH). 414

The comosion process is of the electrochemicsl type, becsuse it is both & chemical reaction
(precipitation, et but also anelectron transfer. The precipitate is 8 hydroxide which covers the
metal suface. In the case of products containing iron, itis rust. This reactionis called "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 perfect (Rahannaio, 1958).

Altas Organismos
temperaturas vivos

Solution

Fendilhacao

| \
Croissanee du Blm solide * & Film précipité

Fig. 4.1.2 Widespmeag comosion proceszinvoiving phenomens of charge transfer film formation
~
and transport processes, from . Penetragao de
Figure 4.1.2 illustrates the differentsites (numbered 1 to 7) on the surface of a metal M immersad

in an sersted eleciolyte solution in which the reactions occur, influenced by the formation of 2 £

precipitate on the one hand, and solid comosion products on the other agua

When comosion products are soluble enoughnotto precipitaste st the metal suface, allowing free
access of the liquid at anypointon the metal surface, then the reaction of anodic dissolution of
metal(site 1) orthe cathodic reduction of oxygen (site 2) generally controls the overall reaction. I
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 & liquid, convection represents an infinite capacity of transport in relation to flows invobleed in
comosion reactions. However, between the convedtive fluid and metal, there is a laminar boundary Ca rgas
layerwhich can only be penetrated by diffusion. But the spread, even in the liquid phasze, s a

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

-Forthe removalof comosion products, this may lead to local enrichment leading to precipitation; EXCeSSIVaS

[l

o
o
0
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4.3 REPARACAO E PROTECCAO
DE ESTRUTURA METALICA
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7& STEEL STRUCTURES
dupatiNet

Crack tip
$Q
STOP HOLE Cracktip < Stop hole
0: Faligue crack
Stop hole

0 Stop hole consists in driling & hole at or close to the crack tip to reduce the local stress concentration and prevent crack
Description p g p p

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
. Fatique life extension technique of cracked structural elements, in both wekled and bolted/riveted
Generic
structures.
Advantages| ) ) )
Disadvantages Simple, economic and used as a temporary of emergency repair method.
Applicability In welkded structures, stop hole is good for fatique cracking due to lack of fusion, cold cracks,
Effectiveness restraint and web breathing and may also be applied for causes such as: vibration, web gaps and

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 used together with other repair methods but it can be considered permanent if specfic
Limits conditions are fuffiled. It very dependent on the operator skil and experience. Special care is also
required when crack fronts are not uniform through the thickness.*

Visual inspection and NDT such as liquid penetrant testing, according to EN 571-1 [48] and EN

Control 130 23277 [50]. If the crack fip was not interoepted, the hole shoud be sighty enlarged.

Specific equipment | Driling machines, such as a portable magnetic dril machine. Protective cothing and equipment.

Social Servicedisruption | YesO No X
Environmental Health YezO No
& | and health Ecology Yes®E | NoDO | Thewastecaused bydriing shoukd be collected
% Preliminaryworks | Yes O No
‘E Specialized labour | Yes® | NoD
® | Economical Time consumption Low X | Medium & | High O
Posterior works Yes & ‘ NoO | Restoration of protective system depending on the material
Cost Low = | Medium O | High 0
Standards No available European standards. Literature refierred in the manual text.
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ECHNIQ ONOF STRUCT

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 available

for different requirements.

Mo limits on size and type of

structure. The expected life is difficult to predict, even with
standsrds and specifications, unlike metal
Generslly, spplication is costings.
straightforwarnd.

4.3 Protective coating systems

4.31 Paintcoafings
Genersal

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
cogting is the pmiective film formed sfier drying. Paint 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 techngue. Both igud peint and pant costng require diflerent
properties '™,

The properties of paint should incude "™ capabilty of applicaton and drying under
specified conditions; capacity to provide good adheson and requird decomtion; and ability
to provide a dry film with suitable properiies, e.g. hardness, gloss, efc.

Standsrd EN ISC 12944-5 "7 dascribes ssveral types of paintusad n the protedion of sizel
structures sgainst comoson. Annex A from the same standard conmtains numerous bes
where some of the most common paint systems are chamcienzed and divided sccording o
theircomosivity category.

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

Takle 15, Genersl propertizs of different genenc fypes of paint 7

Suitabiiity _ E E E =
oo Eg e, g2 | % :
A Limited %E 3 L; = EE g: ;g g g--_E
5 R 52|z |3 | 25 £% [EE|d |as
= Motrelevant gF‘VC §CR gﬁ.\' g&K Lp:nsétic) [al:l‘it'l?altic) gESI gEF }EEPC
Gloss retention A A A (& |w [ ] O - -

N

Ealour retention Iy A n A |= n

mi - -
Resistance ]
chemicals:
‘Waterimmersion A ] A | = r . ry ] ]
Rain/condensation |m ] ] A (m A ] ] ]
Solvents . . . A |m ' ] ] 'y
Sohents (splash) . . . [ ] [ ] L] ] ] ]
Acids A L] A (& |m A L A (m
Acids (splash) L] L] A | A (m L] - [ ] ]
Alkalis ' ' ' A ' ' - u u
Alkalis (splash) n n A | & (m n - [ ] [ ]
Resistsnce o dry
heat:
up to 70%C . . A |m [ ] L] ] ] ]
T0*Cto 120°C = = A |m ] ] ] ] ry
120%Cto 150°C u A |= & . ] A | &
150°C to 400°C O O O = O O [ ] O O
Physical properties:
Abrasion resistance | & . . A |m A ] ] r'y
Impact resistance A A A | & (m A A [ ] A
Flexibility n n n A |4 n - A | &
Hardness A ' A (m L] ' L] L] L]
Mote: This nformation has been dewn from & wide cross-secton of sources and is intended
to provide a general indicaton of the properies of the difemnt genenc types of paint|
available. Venatons will ocour within resn groups, and some products are specifically
formulsted to provide exceptional resistance i cermin chemicals or conditons. Abways|
consultthe paint manufacturerwhen any given paint is chosen fora particularspplication.

The main mquirement forprotective paint costngs is o provide protection agsinst the type of
environment to which it will be exposed. Other geneml requirements for paint costings are
"= possibility to be repsinted; easy application; ressonabe stomge life and price; dumbility
in the specified environment; formation of 8 coherent film with good sdheson; resistence o
impact and mechanical damage; etc In oder to meet these requirements, suitsble binders,
pigments, and other additional constituents should be provided.

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

The primer is applied o the substmte and there is no sgnificant dfference compared fo other
cogtings. The main functon of the primer is fo “wet” the sieel surface and to provide good
sdheson with the steel substete. Standad EN IS0 129445 " dafnes 2 man categornies
of primer:

L

European Union

ATLANTIC AREA

Transnational Programme

European Regional
Development Fund

REFER &

K




- Sessao DURATINET — REABILITAR 2010
d“ratl “el LNEC, Lisboa 24 de Junho de 2010 INK

N\_J ATLANTIC AREA



