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~ Patina formation process

Nl . LY

; - Frequent cycles of wet and dry weather conditions
 will speed up the patina formation process

o Tomaintain an even p’atih_a, it’s recommended that

_water can run off freely and not stay on the surface.

e sheltered location with damp conditions,
 COR-TEN® may not adopt the intended color

The co‘IO]erhang'e'vs frbm,fresh, newly developed
7 Q“r_:avng»e-'brown,'t'o Iight and eventually dark brown

FAQ
How long does it take the patina to fully develop?

The speed of change and the final color of the steel
depend on the atmospheric conditions of a site and
the surrounding air quality. Expect 2-6 years for

the patina to fully develop.
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Corrosion aspects of Weathering & steel

The corrosion resistance of weathering steels is based
on preventing the penetration of water and oxygen to
the steel surface.

COR-TEN® A

A more uniform and dense oxide layer, FeOOH, s }— —r ——
formed. Enrichment of alloying elements are beneficial
for oxide layer formation.

Amorphous Layer (Cu, Cr, P)

AN S I A A S B AN IS IS AR I\ SISV I ST O S DA TSI AN s I AN

The pores in the rust patina are plugged by the
formation of insoluble sulphates originating from
atmospheric pollutants [SO,].

Ordinary Steel
In ordinary steel the oxide layer is inhomogeneous.

Fractures and pores enable rust to proceed gradually. Fracture

Based on a 32-year long study by VTT Technical
Research Centre of Finland,2 COR-TEN® material loss has
been only 70um (meaning 0.07mm).

> VTT report: VTT-CR-05247-14, Saankestavien teraslevyjen korroosiotutkimus v. 2014, Leena Carpen




Factors to be considered before connecting weathering
steel with other materials

Avoid rust water
stain

Surface area of Avoid crevice
avoid connection corrosion

galvanic corrosion Bolts, welding

SSAB



avoid galvanic corrosion

Which materials can be combined with weathering steel?

| Most susceptible for corrosive attack

| Lessnoble Magnesium
I Anodic
e e e I

Aluminum

Patinated weathering steel

N RANNKN

Brass

Copper

| less susceptible for corrosive attack

Bronze

| Morenoble
| Cathodic

~ Most common SSAB




avoid galvanic corrosion

Which materials can be combined with weathering steel?

Painted carbon steel

Plastic

NENNLORNKN

Brick

Impregnated wood has some copper and can cause galvanic corrosion

When wood & weathering steel are connected, it is good to insulate with sealants
(rubber)

Appropriate corrosion allowance to be added when connecting with wood

Sealants recommended to be used with all materials to avoid crevice corrosion

Rust water run-off before stabilization of patina to be ensured to avoid rust stain

pa— SSAB




Relative Surface area of connecting materials

More noble than weathering steel

vy

E.g; Stainless steel

Surface area of weathering steel >>> surface area of connecting
Stainless steel

P Stainless steel & weathering steel sheets cannot be connected

together!
Less noble than weathering steel

» E.g; Galvanized steel

» Galvanized steel works with weathering steel

» Galvanized bolts — have enough coating to withstand the years
of rust patina development with only a minimal loss in coating
life

» With Galvanized bolts, there is a risk for zinc hydroxide runoff

= Vahdkangas Bridge, Ylivieska, Finland

Surface area of connection

» Galvanized corrugated bridge deck connected to weathering
steel girder

= Bridge constructed in 1981; 41 years old

SSAB



Avoid crevice corrosion

How to avoid crevice corrosion in lap joints?

» Avoid direct contact between steel surfaces

» Leave a ventilation gap of at least 1 mm between steel sheets to \ /
ensure |
INCORRECT jk

/

CORRECT

- Free airflow together with water and moisture escape from surfaces and
back side.

— Surfaces must not collect dirt and water

» In facade cladding, sufficient ventilation to be given. Ventailation
shall be full length and at least 30 mm wide.

SSAB



Avoid crevice corrosion

How to avoid crevice corrosion in bolted connections?

Minimum and maximum spacing, end and edge distances

P, P, &
e

| e, |e ande, <max.[81 125 mm]
' thickness (?- % -?

it 1| |p. |p,andp,<min.[14t ;175 mm]
force |7 min §—H—0-
direction | e

Tightness of the bolts is important to prevent crevice corrosion

Source: EN 1993-1-8, EN -1090-2- 5.6.6 SSAB
Reference: Crevice corrosion & bolt spacing - Brockenbrough, R.L., Considerations in the design of bolted joints for weathering steel, Engineering journal 20 (1983) pp. 40-45 >



Sealents

Fastening of a facade cassette’s horizontal seam
using acid-resistant stainless steel screws

Sealents are used to

1. Avoid tightness between bolts/screws and
connecting surface to prevent crevice
corrosion

2. Avoid direct contact between materials so as
to prevent galvanic corrosion

3. If stainless screws are used, use EPDM
(ethylene propylene diene terpolymer) or
neoprene "x” to avoid galvanic corrosion




How to avoid rust stains during initial years of
patina layer stabilization?

» Water fun-off to be collected and drained until patina layer

stabilization

P If this is not possible, substructures could be sealed with washable

organic coatings to facilitate cleaning

Stainless steel Concrete and Mortar
Aluminum Galvanized steel
Semi-matte / glossy enamel coating Matte enamel coating
Neoprene Stone

Glass Wood

Ceramic times/glazed tiles Unglazed brick

Source: ECCS guidelines —’Weathering steel for bridge construction, 2021”

Avoid rust water stain

> 50 cm

bearing stiffener

drainage pipe

drainage gutter loped abutment
7
/

s
7 777 platform
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Bolts — Materials

P Blast cleaning the surface — Faying surface quality has a role to play
» Tensioned / high strength friction grip bolts — to ensure close contact

» Slip resistant connections are needed when there are fatigue loads - to transfer of shear load
between two faying surfaces or structural connections.

» Even in patina surface slip resistant connections work and patina does not have effect of this.

» Weathering steel M24 & M30 bolts are available from manufacturers in UK.

Weather resistant bolts

As per EN 1090-2, Type 3 Grade A fasteners to ASTM standard A325 would be suitable
Their mechanical requirements as per EN 14399-1 or EN 15048-1

Source: EN 1993-1-8, EN -1090-2- 5.6.6
Reference: Crevice corrosion & bolt spacing - Brockenbrough, R.L., Considerations in the design of bolted joints for weathering steel, Engineering journal 20 (1983) pp. 40-45

Weathering steel

Stainless / other noble metals

Galvanized
Powder coated / painted

SSAB



Type of connection:

Weathering steel

» Weathering steel is weldable using common welding processes

» Welding is recommended between weathering steel, carbon steel &
weathering steel.
» Welding consumables recommendations as per EN 1090-2

— Alternative 1 recommends consumables to be similar to parent material,
typically with
0,5 % Cu + 0,5 % Ni in weathering steels (BA S2NiCu)

— Alternative 2 recommends using 2 % Ni when welding with SAW

Process Alternative 1 Alternative 2 Alternative 3

Manual metal Arc Welding (MMAW) Matching 2,5% Ni 1% Cr0,5% Mo
MAG welding Matching 2,5% Ni 1% Cr0,5% Mo
Submerged Arc Welding (SAW) with strip & multiple wired electrodes Matching 2% Ni 1% Cr0,5% Mo

Matching: 0,5% CU and other alloy elements

Welding consumables to be as per EN1090-2 SSAB



Typical connections in a Weathering steel bridge

SSAB



ECCS guide for the use of weathering steel in bridge
construction

S SRR GESIGH GUILE (G U USE G WA SIE ] UG GRSEUGUON | Vi

PREFACE
Weathenng steel provides many economic and ecological

benefits. The reason for this is an improved corrosion resistance
due to the formation of a protective oxide layer without the

need for an additional coating system. At the same time, D. Reitz Austria
weathering steel has similar matenal properties as non-alloyed .

structural steel Therefore, the same rules and regulations for P. Ryjacek (vice chairman) Czech Republic
dimensioning, fabrication and installation apply without any

significant additional effort. However, correct design and F. Santos Portugal

detailing, as well as suitable environmental conditions, are H. Zobel Poland
essential for the durable service of weathering steel

This document is intended to serve as a quide for the use of
weathering steel in bridge construction. For this purpose, in

addition to extensive basic information on the use of Corresponding members and guests, who contributed

weathering steel, many recommendations have been P. Collin Sweden
developed from the review of national and international
EURO PEAN DESIGN GUIDE FOR THE USE OF gu:dilmes (andd ;tandards Furthermore, latest research results J. Duarte Da Costa (guest) Luxembourg
REATOTCNE P. Lebelt (guest) Germany
WEATHERING STEEL IN BRIDGE e
CONSTRUCT'ON |. Palmer (guest) United Kingdom

M. Sayeenathan (guest) Finland

2% EDITION

Bridge Committee

E. Virolainen (guest) Finland

A big thank you goes to the authors Prof. Dieter Ungermann and Peter Hatke for the
excellent compilation of national guidelines and latest research results from different
European countries. Many thanks also to Walter Swann and Neil Tilley for the kind
linguistic review of the document. Furthermore, the preparation of this design guide
would not have been possible without the help of sponsors, primarily ECCS,
ArcelorMittal, Dillinger and SSAB. Special thanks go to the numerous active
contributors to this document for critical feedback, useful comments and reviewing.
g The discussions during its preparation has made this design guide a valuable and
promot t k extremely helpful asset for the design, execution and inspection of bridges with

ol in Europe. ii) prom . .
‘," steelin Europe, ii) promotes an weathering steel.
Confer:
,.

N° 143 | 2021

St
The AC3 is pa the PMB and consists of bridge experts such Dennis Rademacher
as steel producers, fabricators, de e Chairman of ECCS AC3 Bridge Committee
toits focus

A DILLINGER®

ArcelorMittal

https://www.steelconstruct.com/wp-content/uploads/ECCS-Design-Guide-Weathering-Steel-Bridges.pdf SS/\B
(3


https://www.steelconstruct.com/wp-content/uploads/ECCS-Design-Guide-Weathering-Steel-Bridges.pdf

The facade structure is a combination of concrete and
COR-TEN® weathering steel sheet cladding, perforated
steel sheet and rectangular hollow sections

®Photo: Ruukki Construction




COR-TEN® weathering steel perforated sheet in
combination with sheet cladding and sandwich panels.

©Photo: Ruukki Construction
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in
Sweden —Tullgarnsbro, Uppsala

=l - e %
= ?’ W Will be built with SSAB’s 355
; ‘;"- ‘;
Ay’ o

weathering steel




Norway — YA bru, Tynset
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SSAB Weathering 355 ML

1
‘ \
______ Desinger : Norconsult; Fabricator : Prodtex; Length :45 mtrs

IIW A

MAsK JTL

.Sou§ce 2 Prodtex' .



Norway — Eleverhgy bru, Sunndal

SSAB Weathering 420 ML

Fabricator : Prodtex; Length :600 mtrs
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SSAB WEATHERING PRODUCT PROGRAM

ickness: 5-100
- Max.width: 3300mm

‘ ngth: 13m
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Carbon emissions - ..

from the constructio

industry in Sweden
:‘ AT /

Concrete and
cement based
products 33%

21% e o

of carbon dioxide
emissions withint

LT TR e T
constfgggﬁ%g’é

Transport 13%

Construction
process 15%

Carbon emissions from the construction industry in Sweden.
Total: 9.5 million tonnes CO2 (2015) including imports.

N AR
erger Technical roadmap buildings and transport infrastructure. Mistra 2020. SSAB



Sustainable upgrading with SSAB weathering steel

€O, efficient Fossil-free steel 2026 USE BETTER STEEL
steel production AND GO FOSSIL-FREE

No or less painting High-strength USE STEEL BETTER




When a life cycle approach is cO‘n‘§i;de;r;ed (LCA, LCC)...

If the conditions are Weathering steel offers one of the most

Optim.al and dES|gn and . economical and environmental friendly
detailing are sufficient = - BEINICUER AN RNy




Thank you!

World's First Object

H Eosell oo Sted] For further information , pls contact:

Madhusoodhanan Sayeenathan (Madhu)

E-mail:madhusoodhanan.sayeenathan@ssab.com

Mobile: +358-(0)50-314 2970
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Candle holder A piece of the future SS/\B
@ 150 mm. Design: Lena Bergstrom. >
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