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FOREWORD

Using reclaimed structural steel members on a project is an effective strategy to reduce the
environmental impact of a building by eliminating the energy required to recycle steelwork
into new products by melting the material. The research project PROGRESS (Provisions for
a greater reuse of steel structures) focused on single-storey steel buildings, and it identified
various reuse scenarios. It also showed how well thought out design measures can facilitate
reuse of the structure or its primary components. The scope of the work was to extend from
single- to multi-storey buildings within the research project ADVANCE (Accompanying
measure for dissemination, valorisation and collaborative exploitation of circularity of
constructional steel products) and the additional content is included in this second edition
of the Recommendations for Reuse of Reclaimed Steel Products.

These recommendations address the key aspects designers need to consider facilitating
greater reuse of steel structures and present examples of successful structural reuse. The
recommendations outline the requirements for functional reusability, but do not cover in full
detail the economic feasibility or environmental benefits of reuse.

The scope of reuse of structural steel is limited here to:

e Members to be reused should not be subjected to damages, inclusive plastic
deformations, and reduced cross sections (e.g. through holes, openings, cracks or
excessive corrosion),

¢ All members to be reused should come from a building structure built with elements
produced in or after 1970, which is about the time when the Limit State design
became common practice,

o All salvaged primary members are rolled steel sections. Welded and built-up
members are not included in the scope of this document,

e For the members to be reused, they must be recovered in as much of their original
shape as possible, although some additional fabrication and preparation work may
be required.

The recommendations are divided into three volumes:
Volume 1: Reusing existing steel products and buildings,
Volume 2: Building design recommendations to facilitate future deconstruction and
reuse,
Volume 3: Environmental aspects and practical implementation.
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Volume 1 discusses general technical issues related to the structural use of reclaimed steel
from existing steel and composite steel-concrete structures. It presents a brief description
of the anatomy of single- and multi-storey buildings, classification of different reuse
scenarios, an historical review of European codes of practice and product standards,
selection and acceptance of materials, and their classification for “new” designs in
accordance with the Eurocodes. It also discusses structural design aspects in terms of Limit
States principles. The protocol for condition assessment, sampling and testing of reclaimed
steel is given in Appendix A. The derivation of the modified partial factor for the buckling
resistance of the reused steel members is presented in Appendix B.

Volume 2 covers the design of new buildings with the goals of functionality, ease of
fabrication, demountability and future reuse, together with aesthetics. The general principles
for the design for disassembly and reuse of steelwork. It defines the loads and combination
of actions to be used in design calculations and proposes general improvements in
construction details that facilitate future reuse.

Volume 3 presents the assessment of the environmental benefits of reusing reclaimed steel
members and offers information on practical aspects of the fabrication and erecting of
structures from reclaimed steel. Several case studies are presented in the last section of
this volume, which illustrate the use of reclaimed steel structures in various EU countries
and some of the technical issues that were overcome.

The members of PROGRESS and ADVANCE project consortia who contributed to the
document are (order of the partners in the projects):

Petr Hradil Finland Véronique Dehan Belgium
Ludovic Fulop Finland Francis Grogna Belgium

Sirje Vares Finland Carlos del Castillo Belgium
Margareta Wahlstrom  Finland Helena Gervasio Portugal

Tiina Vainio-Kaila Finland Luis da Silva Portugal
Michael Sansom United Kingdom Ari lloméaki Finland

Ana M. Girdo Coelho  United Kingdom Teemu Tiainen Finland

Ricardo Pimentel United Kingdom Timo Koivisto Finland

Mark Lawson United Kingdom Jyrki Kesti Finland

Viorel Ungureanu Romania Bretislav Zidlicky Czech Republic
Raluca Buzatu Romania FrantiSek Wald Czech Republic
loan Both Romania André Beyer France

Dan Dubina Romania Amor Ben Larbi France

Markus Kuhnhenne Germany Peetu Hirvonen Finland
Dominik Pyschny Germany Maria Carrubba Germany

Kevin Janczyk Germany Jie Yang Luxembourg
Paul Kamrath Germany José Humberto Matias Luxembourg

de Paula Filho
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NOTATION
Lower case
fu Tensile strength
Iy Yield strength
fy(®) Yield strength based on plate thickness
ky Value taken from Table D1 of EN 1990
m Group mean value
n Exponent
w Deflection
Upper case
E Elastic modulus
F Action
G Shear modulus, permanent action
Gkjsup  Upper characteristic (superior) value of permanent action |
Gxjine  LOwer characteristic (inferior) value of permanent action j;
H, Vickers hardness value
Ky, Correction factor
Ps Probability of failure
Q Variable action
Qx1 Leading variable action
Qx,j Accompanying variable action i
Rey Yield strength from testing or relevant product standard
R, Ultimate strength from testing or relevant product standard
Rpo2 0.2% Offset Yield Strength
Sy Standard deviation
Vi Coefficient of variation
X Material or product property;
X Mean value of a material or product property
X4 Design value of interest

Characteristic value of interest
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Greek letters and symbols

a Coefficient of linear thermal expansion

oR Importance factor of a material property

yij Reliability index

16 Partial factor for actions (generic)

Jn Partial factor for a material property

M Partial factor for resistance (generic)

MO Partial factor for resistance of cross-sections

Mt Partial factor for resistance of members to instability

mimod  Modified partial factor for resistance of members to instability

M2 Partial factor for resistance of cross-sections in tension to fracture
IRd Partial factor covering uncertainty in the resistance model
& Elongation after fracture
14 Poisson’s ratio
el Air density
£ Reduction factor for unfavourable permanent actions
v Combination factor
Yo Combination factor for variable action
Woi Combination factor for variable action i
() Normal distribution
Subscripts
ad Adjusted
d Design value
inf Inferior
k Characteristic value
mod Modified
nom Nominal
sup Superior

Abbreviations
CEN European Committee for Standardisation

CEV Carbon equivalent value
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CFC
CHS
CoV
CPR
Do-a

Dic
Do

DCL
DoP
DT
EN
ETA
EU
EXC
FEM
H-CFC
hEN
LCA
LCC
LSD
MSB
NA
NAD
NDT
P-A
P-o
PU
RHS
SHS
SLS

Chlorofluorocarbon

Circular Hollow Sections

Coefficient of variation

Construction Products Regulation

In situ reuse scenario

Reuse scenario: same configuration and same site
Reuse scenario: different configuration and same site
Reuse scenario: same configuration and different site
Reuse scenario: different configuration and different site
Low ductility class systems for seismic design according to EN 1998-1-2
Declaration of Performance

Destructive Testing/Test

European Norm

European Technical Assessment

European Union

Execution class(es)

Finite element method

Hydrochlorofluorocarbon

European Harmonised Standard

Life-cycle assessment

Lifecycle cost assessment

Limit states design method

Multi-storey steel building

National Annex

National Application Document

Non-Destructive Testing/Test

Global second order effects

Local second order effects

Polyurethane

Rectangular Hollow Sections

Square Hollow Sections

Serviceability Limit State(s)
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SSB Single-storey steel building

STR Design values of actions for strength

ULS Ultimate Limit State(s)

z Zinc coating by immersing the prepared strip in a molten bath of zinc
ZF Zinc-iron coating by immersing the prepared strip in a molten bath of zinc

and a subsequent annealing

ZA Zinc-aluminium coating by immersing the prepared strip in a molten bath
of zinc-aluminium

ZM Zinc-magnesium coating by immersing the prepared strip in a molten
bath of zinc-aluminium-magnesium

AZ Aluminium-zinc coating by immersing the prepared strip in a molten bath
of aluminium-zinc-silicon

AS Aluminium-silicon coating by immersing the prepared strip in a molten
bath of aluminium-silicon

Axes
X Longitudinal axis along the member
y Major axis (parallel to flanges)

z Minor axis (parallel to web)



12 | Recommendations for Reuse of Steel Products. Volume 1

1 INTRODUCTION

The construction industry needs to develop more sustainable construction practices that
lead to a lower carbon footprint and contribute to the circular economy. The 9R circularity
strategies (Refuse-Rethink-Reduce-Reuse-Repair-Refurbish-Remanufacture-Repurpose-
Recycle-Recover) may be applied in structural engineering to help develop new design
approaches and systems that reduce environmental impacts and improve the overall
structural efficiency of construction. In the design, construction and maintenance of steel
structures, the 9R framework can be understood as follows:

o Refuse producing unnecessary steelwork. If there is a way to achieve the same
goals with already existing infrastructure, it should be preferred,

e Rethink the end-of-life options for your steel building. Demolition is not the only
solution,

e Reduce CO, emissions and energy demands associated with steel production
and/or recycling, reduce waste, and reduce material use by developing more
efficient structural systems,

¢ Reuse reclaimed steel products, where possible, to substitute the use of new steel.

e Repair the damaged components. Design the new steelwork so that the
components can be accessed, inspected and repaired,

o Refurbish the existing structure, verify its integrity, stability and serviceability to
extend its design life,

¢ Remanufacture recovered obsolete components to comply with the current
specifications instead of recycling them,

e Repurpose the steelwork if it is no longer needed. It may serve well in a less
demanding environment or in a different industrial application,

e Recycle steel components that cannot be repaired, refurbished, remanufactured, or
repurposed to minimise the depletion of primary resources and minimise environmental
impacts,

e Recover what is left and find the best circular solution to it. Steel is not the only material
in the building.

This publication focuses on the reuse of constructional steelwork, but the concepts of its
refurbishment, remanufacturing, repairing and repurposing are addressed as well, because
they are often overlapping. Refusing and rethinking strategies are not covered in this
publication, because they are related to the adaptive reuse and sharing of architectural
spaces, rather than technical solutions for dismantling and/or physical modifications of
existing steel structures.

The reduction of carbon emissions associated with the production of materials and the reduction
of waste are important drivers in construction. As part of the philosophy of circularity in
construction, Kibert [1] presented some basic steps necessary to obtain the use and recovery
of closed-loop materials and to reduce waste at the end of the life of a building. This means that
the building should be designed for flexibility in use and that at the end of its life, its materials
must be reusable or recyclable.

In the context of the reuse of steel structures, new steel sections are supplied with a
certificate that guarantees their properties. Reused steel sections need an equivalent
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guarantee of their performance, and in the absence of other information, material testing is
required for reuse of these sections.

There are significant challenges that must be addressed, particularly concerning the
assessment of the adequacy and reliability of reclaimed steel to ensure that:

e The reclaimed steel members meet the performance requirements for the
mechanical, physical, dimensional, and other relevant properties to ensure their
adequacy in design to EN 1993,

e The salvaged materials meet the quality requirements of the nominal specifications
to ensure their reliability for use. For structural steel, the relevant standard for
structural design is EN 1993 with its various parts,

e Structures made from reclaimed steel must have long-term integrity and long-
lasting durability in their subsequent use.

These are key aspects to solve in order to show that reclaimed steel can be an economically
and structurally viable alternative to the use of new steel in buildings. Reuse can be
considered at all structural levels, i.e. individual members, structural components, such as
a truss system, a frame or a sandwich panel and the whole structure or part of it.

The main purpose of this publication is to provide recommendations and practical
information on the fabrication and detailing of buildings made from reclaimed steel and on
the design of buildings for future demounting and reuse.

Other purposes of this guide are as follows:
e To establish acceptability criteria in terms of geometry, member condition, and
material properties to enable the potential reuse of steel products, according to
CEN /TS 1090-201 [2],
e To address the identified barriers to steelwork reuse [3], in particular the sourcing
and procurement of reused steel, the cost implications for reuse of structural steel
and recertification of steel members for reuse.

1.1 Scope of this publication

These recommendations provide design guidance on the improvement of existing
procedures for designs using reclaimed steel products, and provide information on design
for future adaptability, demountability and reuse. The recommendations are presented as
guidelines for steel reuse in the context of Eurocode design. For a specific location, the
relevant National Annexes may require use of country-specific design parameters that may
also affect the reuse of steelwork.

The main target audience of this guidance is structural engineers and architects who are
interested in reusing reclaimed structural steel today and designing new steel buildings that
can be deconstructed and reused more easily in the future. Mainstream reuse of structural
steel will require action by all parts of the steel construction supply chain and therefore this
guide may also be useful to the wider audience. It covers recommendations for single-storey
steel buildings, such as industrial halls and multi-storey steel and composite structures.

Single-storey steel buildings are particularly suitable for reclaiming and reusing structural
steelwork because:
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o They have a repetitive structural system that conforms to well defined structural
forms,

o They are readily assembled and disassembled,

. The structural members are usually visually exposed and accessible at a
relatively safe working height,

. They are usually low occupancy structures,

o Normally these structures do not have fire protection,

. They have a good potential for standardisation in their geometry and use of
the primary components,

. Each component is easy to document.

Reclaiming and reusing structural steelwork from multi-storey steel buildings, most of which
have steel-concrete composite structures, presents a difficult challenge, as the steel beams
are connected to the concrete composite floor through shear connectors with very limited
accessibility. Chen et al. [4] presents and discusses five potential reclaiming methods to
overcome the difficult challenge of accessing and cutting weld-through-deck shear
connectors to reclaim the structural steel section from composite beam for reuse, i.e. band-
saw cutting, wire-saw cutting, wall-saw cutting, laser drilling and diamond core drilling.
However, these reclaim methods were implemented in laboratory trial tests only to reclaim
steel sections from small-scale composite specimens. In practice, existing multi-storey steel
buildings are generally reused in situ (e.g., through major refurbishment) due to their
complex construction, composite systems, and context-specific engineering constraints.
Relocating them to new sites typically requires extensive redesign, which limits practical
feasibility. On the contrary, dry floor systems, when integrated into multi-storey buildings,
offer enhanced disassembly potential for individual components. Importantly, these
concepts have already been implemented in real-world projects - for example, dismountable
and reusable precast concrete frames have been successfully applied in several building
cases in Finland [5],[6]. Several innovations for the design of new, reusable, multi-storey
systems are presented in the second volume of this guide.

1.2 Design, execution and product standards

These Recommendations are prepared to assist in structural engineering work, and refer to
requirements and principles given in the following standards:

e EN 1090-1:2009+A1:2012 [7] - Execution of steel structures and aluminium
structures, Part 1. Requirements for conformity assessment of structural
components (incorporating CEN amendment A1:2012),

e EN 1090-2:2018+A1:2024 [8] - Execution of steel structures and aluminium
structures, Part 2: Technical requirements for steel structures (incorporating
CEN amendment A1:2024),

e CEN/TS 1090-201:2024 [2] - Execution of steel structures and aluminium
structures - Reuse of structural steel,

e EN 1990:2023 [9] - Basis of structural and geotechnical design,

e EN 1991-1-1:2002 [10] - Actions on structures, Part 1-1: General actions —
Densities, self-weight, imposed loads for buildings (incorporating CEN
corrigenda Dec. 2004 and Mar. 2009),
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EN 1991-1-3:2002+A1:2015 [11] - Actions on structures, Part 1-3: General
actions — snow loads (incorporating CEN corrigenda Dec. 2004 and Jun. 2009,
and CEN amendment A1:2015),

EN 1991-1-4:2002+A1:2010 [12] - Actions on structures, Part 1-4: General
actions — wind actions (incorporating CEN amendment A1:2010),

EN 1991-1-5:2003 [13] - Actions on structures, Part 1-5: General actions -
Thermal actions,

EN 1991-1-6:2005 [14] - Actions on structures, Part 1-6: General actions -
Actions during execution,

EN 1993-1-1:2022 [15] - Design of steel structures, Part 1-1: General rules and
rules for buildings,

EN 1993-1-3:2024 [16] - Design of steel structures, Part 1-3: General rules —
supplementary rules for cold formed members and sheeting,

EN 1993-1-8:2024 [17] - Design of steel structures, Part 1-8: Design of joints,
EN 1993-1-10:2005 [18] Design of steel structures, Part 1-10: Material
toughness and through-thickness properties (incorporating CEN corrigenda Dec.
2005, Sep. 2006 and Mar. 2009),

EN 1994-1-1:2004 [19] Design of composite steel and concrete structures -
General rules and rules for buildings.

The following product standards, which specify geometrical and mechanical requirements,
were used in the preparation of this document and should be used in conjunction with this

document:

EN 10025-1:2004 [20] - Hot rolled products of structural steels, Part 1: General
technical delivery conditions,

EN 10025-2:2019 [21] - Hot rolled products of structural steels, Part 2: Technical
delivery conditions for non-alloy structural steels,

EN 10025-4:2019 [22] - Hot rolled products of structural steels, Part 4: Technical
delivery conditions for thermomechanical rolled weldable fine grain structural
steels (incorporating CEN amendment A1:2022),

EN 10025-5:2004 [23] - Hot rolled products of structural steels, Part 5: Technical
delivery conditions for structural steels with improved atmospheric corrosion
resistance,

EN 10029:2010 [24] - Hot rolled steel plates 3 mm thick or above, Tolerances on
dimensions and shape,

EN 10034:1993 [25] - Structural steel | and H sections — Tolerances on shape
and dimensions,

EN 10051:2024 [26] - Continuously hot rolled strip and plate/sheet cut from wide
strip of non-alloy and alloy steels — Tolerances on shape and dimensions,

EN 10055:1998 [27] - Hot rolled steel equal flange tees with radiused root and
toes — Dimensions and tolerances on shape and dimensions,

EN 10056-1:2017 [28] - Structural steel equal and unequal leg angles, Part 1:
Dimensions,

EN 10056-2:1993 [29] - Structural steel equal and unequal leg angles, Part 2:
Tolerances on shape and dimensions,

EN 10204:2004 [30] - Metallic products — Types of inspection documents,
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EN 10210-1:2006 [31] - Hot finished structural hollow sections of non-alloy and
fine grain steels, Part 1. Technical delivery requirements,

EN 10210-2:2019 [32] - Hot finished structural hollow sections of non-alloy and
fine grain steels, Part 2: Tolerances, dimensions and sectional properties,

EN 10219-1:2006 [33] - Cold formed welded structural hollow sections of non-
alloy and fine grain steels, Part 1: Technical delivery requirements,

EN 10219-2:2019 [34] - Cold formed welded structural hollow sections of non-
alloy and fine grain steels, Part 2: Tolerances, dimensions and sectional
properties,

EN 10279:2000 [35] - Hot rolled steel channels — Tolerances on shape,
dimension and mass,

EN 10346:2015 [36] - Continuously hot-dip coated steel flat products for cold
forming — Technical delivery conditions,

EN 10169:2022 [37] - Continuously organic coated (coil coated) steel flat
products - Technical delivery conditions,

EN 10365:2017 [38] - Hot rolled steel channels, | and H sections — Dimension
and masses,

EN 14399 series [39] - High-strength structural bolting assemblies for preloading
(all parts),

EN 14509:2013 [40] - Self-supporting double skin metal faced insulating panels,
Factory made products, Specifications.

1.3 Terms and definitions

For the purposes of this guide, the following terms and definitions have been used.

Cladding

Component

Consequences classes

Constituent product

Constructional steel

Facade and roof elements that form the building envelope
and provide the required thermal and acoustic insulation,
water- and air- tightness, fire protection, aesthetic
appearance and have load-bearing capacity.

Part of a steel structure, e.g. truss, sandwich panel. May be
an assembly of several smaller components, e.g. joints etc.

Eurocode based classification of buildings, based on the
consequences of failure or malfunction on people,
economy, or the environment; different reliability indices
are associated with each consequence class.

Materials or products used in manufacturing building
structures, with properties used in calculations of the
mechanical resistance and stability of works and parts
thereof, and/or their fire resistance, including aspects of
durability and serviceability.

Generic term to denote the steelwork used in construction
(primary and secondary) and steel-based cladding.



Deconstruction
(or disassembly, or
demounting)

Demolition

Design working life

Distributor

Building envelope (or

Envelope)

Execution class

Facade

Floor

Importer

In-situ reuse

Manufacturer

Notified body
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Process of taking a building apart into its components in
such a way that they can be readily reused; it minimises
the destructive aspects of the process of demolition, by
preserving components and materials.

Process in which a building is taken apart with little or no
attempt to recover any of its constituent components for
reuse; materials resulting from demolition may, however,
be recycled.

Assumed period for which the component is to be used for
its intended purpose with anticipated maintenance, but
without major repair.

Any natural or legal person in the supply chain, other than
the manufacturer or the importer, who makes a
construction product available on the market.

Components or parts of the building that separate the
enclosed space from the external environment and provide
a range of structural and building physics functions.

Eurocode based classified set of requirements specified
for the execution of the works as a whole, of an individual
component, or of a detail of a component.

See cladding.

Part of the structure with the function of providing the
useful space in the building. Structurally, it transfers loads
to the columns and walls and provides stability in the
horizontal plane of the storeys, contributing to the global
stability of the structure.

Any natural or legal person established within the EU who
places a construction product from a third country in the
EU market.

Reuse of the component or structure, without relocation,
on the same site. For example, a building structure can be
retained and reused during building renovation.

Any natural or legal person who manufactures a
construction product or has such a product designed or
manufactured and markets it under their name or
trademark.

Independent  (non-governmental) third-party  body,
recognised by the EU/EEA and is authorised to carry out
conformity assessments for products that meet the
requirements of a harmonised standard (hEN) or
European Technical Assessment (ETA).
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Pre-demolition audit

Primary structure or Primary
steelwork

Provenance

Purchaser

Reconditioning

Recycling

Refurbishing

Relocated reuse

Remanufacturing

Repairing

Repurposing

Reuse

Secondary structure

Structural component

Qualitative and quantitative assessment of construction
and demolition waste streams prior to deconstruction,
demolition, or renovation of buildings and infrastructures.

Primary steel frame, comprising all main load bearing
elements, e.g. columns, beams and bracing.

Basic information on the previous use of a reclaimed
structural component

Company that purchases the steel products; generally, a
steelwork contractor that manufactures the structural
steelwork.

Process of returning a product to good working condition
by replacing components that are faulty and updating the
appearance of a product, such as by cleaning, painting, or
refinishing.

Process of converting discarded materials into new
materials and products; recycling steel involves remelting
of scrap to form new semi-finished products.

Renovation process of an existing building to suit a new
use, which can involve a range of processes from replacing
fitments and fittings to major structural alterations.

Reuse, when the process requires transport of the
structure or component to reuse it on another site.
Opposite to in-situ reuse.

Returning a product or component to the performance
specification of the original manufacturer.

Fixing a fault, but without a guarantee of the product as a
whole. In the context of steel structures, this can mean
strengthening a component.

Any operation that changes the function or purpose of a
component.

Use of old components with little or no modifications,
largely in their original form; they may be reused for the
original function or repurposed to a new function.

Secondary steelwork, consisting of side rails and purlins,
used to support the cladding/envelope. In some cases, it may
provide restraint to the primary structure.

Component within a structure designed to provide
mechanical resistance and stability and/or fire resistance,
including aspects of durability and serviceability.



Structural kit

Supplier

Test unit

Type 1 structural steel

Type 2 structural steel

Waste
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Set of standardised structural components that are
assembled and installed on site.

Company stocking and supplying steel products to the
market.

Group of individual reclaimed structural components with
identical geometrical properties and same function for
which relevant properties can be derived from testing a
single or a few representative member(s).

Structural steel material produced in or after 1970 and with
a set of relevant properties, including their variations
equivalent to one of the standard structural steel materials
listed in EN 1993-1-1

Structural steel material produced before 1970 and with
relevant properties that might significantly deviate from
those of standard structural steel materials listed in EN
1993-1-1

Unwanted or undesired material to be discarded.
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2 COMPONENTS OF SINGLE- AND MULTI-SOTREY BUILDINGS

2.1 Single-storey steel buildings (SSB)

Single-storey steel buildings (SSBs) are very versatile and commonly used in various
applications such as warehouses, retail spaces, industrial and agricultural facilities. Their
inherent properties, such as resistance and flexibility, make them ideal for a wide range of
design requirements.

SSBs are classified based on their structural systems, which are tailored to meet specific
functional requirements and exposure conditions. Primary structural systems employed in
SSBs include portal frames and trusses. Each system has different features that influence the
design, construction and overall performance of the building. SSBs generally feature long
spans and may provide office spaces in a connected structure or on a mezzanine floor.

The widespread use of SSBs demonstrates the adaptability of steel as a construction
material, offering a variety of configurations tailored to meet specific structural, aesthetic,
and operational demands while ensuring efficiency and safety. SSBs can be easily adapted
for different functionalities while providing a quick construction timeline and cost efficiency.
This modern construction method, characterised by its lightweight, fire resistant, and
sustainable materials, continues to evolve, offering improved designs and technologies for
better performance and durability in building applications.

The schematic arrangement of a typical single-storey building using a portal frame system
is shown in Fig. 2.1 [43].

There are three layers to the structure:
e Primary steelwork consisting of the frames and bracing system in the roof and walls,
e Secondary steelwork, consisting of side rails for the walls and purlins for the roof,
which are usually from cold rolled elements,
e Wall and roof cladding, typically in the form of sandwich panels (also called
composite panels) and double-skin built-up roof systems.

The loading comprises of:
e Self-weight of the structure and its components, including equipment, which is
supported by the structure,
e Variable load acting on the structure by the occupancy and use of the building,
e Loads from environmental effects e.g. snow, wind or thermal loads and seismic
actions.

Framing options for single-storey buildings are as follows:
¢ Simple beam/columns often referred to as braced-box structures,
e Portal frames and their variants for a range of medium span applications,
e Lattice structures (trusses) for longer spans or heavy roof loads.
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Profiled steel
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bracing

Wall cladding e 1] steel frame

Side rails

Fig. 2.1 Arrangement of a typical one-bay portal steel frame single-storey building [43]

2.1.1 Primary steelwork: structural frames and bracing system

Portal frame structures are one of the most common systems and can be pitched or flat.
These systems consist of a series of rigidly connected frames that typically comprise vertical
columns and beams in the transverse direction, a bracing system on the roof and
longitudinal walls and purlins, side rails, and roofing systems. The columns serve as vertical
supports, transferring loads from the roof to the foundation. The beams span the distance
between the columns, providing the necessary support for the roof. The members are often
made from rolled steel sections, welded sections, or hollow steel tubes. The rigidity of the
connections allows the frames to withstand lateral loads, making them particularly suitable
for areas exposed to wind or seismic forces. The design of the portal frame allows for wide-
open spaces and flexible interior layouts many times without the need for internal columns,
which is advantageous for warehouses or retail spaces.

Structural frames can be designed according to the principles of simple construction,
continuous construction, or semi-continuous construction. In simple construction, the joints
between the members are pinned, i.e. they have low rotational stiffness and do not transmit
significant bending moments. Horizontal loads are resisted by a bracing system. In
continuous construction, the joints are designed to provide sufficient stiffness to be
considered rigid and therefore transmit bending moments between the members. Semi-
continuous construction is designed to resist some moment, but not as much as in a fully
rigid (continuous) frame. This allows for more flexibility in design and can improve structural
performance and economy.
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Truss systems are another option in single-storey steel buildings, to create a lightweight yet
strong framework. Trusses efficiently support the roof while minimising material usage.
Depending on the design, the truss systems can be pitched or flat, allowing for various
architectural aesthetics and functional needs. Trusses distribute loads through the network
of connections, making them effective for spanning large distances without internal support,
which can be beneficial for sports facilities or outdoor pavilions.

Secondary elements provide support to the roofs and walls. The term secondary does not
refer to the importance of the element, but rather to its order in the construction process.
These elements consist of side rails and purlins or sometimes deep decking and cassettes
that transfer loads back to the main frame. The cladding essentially provides a controlled
internal environment to the building and includes components such as roof-lights and
ventilation outlets. Both the cladding and the secondary steelwork can provide buckling
restraint against buckling of the primary frame elements.

2.1.2 Roof structures

Roof systems are designed to transmit loads and form the enclosure to the building to
maintain the required internal environment and function. From a structural point of view, roof
systems are designed to support self-weight, permanent loads from secondary elements
and cladding, imposed loads, snow loads, and wind loads, including uplift. The roof also
provides acoustic and thermal insulation, so that the building envelope is airtight and
waterproof.

The common roof systems in single-storey structures are shown in Fig. 2.2, which are:

e Pitched roof portal frames (using inclined beams/rafters connected with rigid joints
to the columns) for spans up to ~50 m. They may have single- or multi-bay
configurations and the pitch or slope is generally about 6° to the horizontal;

e Trusses with a sloping top chord for spans up to ~100 m, or for heavy loads acting

on the roof.
Purlins '
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Fig. 2.2 Structural elements of typical single-storey steel buildings
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2.1.3 Bracing systems

Bracing systems used in single-storey buildings may be of three categories:
e Permanent bracing,
e Temporary bracing,
¢ Restraint bracing to compression flanges and column splices.

Permanent bracing is designed to provide overall stability to the structure. They often include
trusses (i.e., triangulated straight interconnected elements), or diaphragms provided by the
roof cladding. When cross-bracings are used, they may act as tension-only members,
allowing the compressed member of the cross-brace to buckle. Roof sheeting may act as a
diaphragm and considerably stiffen the building.

Temporary bracing may be required depending on the construction sequence.

The most common option is to rely on secondary steelwork and fly bracings to limit the
overall buckling of the primary members, as well as the buckling of compression flanges of
the primary members. However, for buildings of considerable size and/or for some types of
construction, an additional bracing system may be required.

2.1.4 Secondary steelwork

Secondary steelwork on the roof typically comprises a system of steel purlins spanning
between the primary beams. Traditionally, hot rolled profiles were used as purlins, but more
recently, cold formed purlins became very popular. Depending on the type of cladding, the
purlin spacings are usually between 1.2 and 2.5 m (1.8 m being a typical value). Secondary
steelwork may not be required in the case of long-span cladding that spans directly between
the primary frames. For typical portal frame applications, a continuous system with
overlapped or sleeved solutions is often used.

Roof purlins are usually I-beam hot rolled steel members, C- or Z-shape cold formed
members, with sigma or omega sections as alternative options. They are designed to:
e Transfer loads from the roof cladding to the primary steel frame, including
imposed loads due to snow and maintenance access,
e Transfer horizontal loads to the bracing system,
e Provide restraint to the beams of the primary frame.

The purlins and side rails are usually supplied as part of the cladding support system,
together with fittings, fasteners and other associated components.

The wall cladding is often supported by horizontal side rails that span between the columns
of the primary frame. Nowadays, cold formed C sections are a very popular option for side
rails, but cold formed Z- sections may be used if the side rail is designed to be continuous
over several columns. The side rails are designed to:

e Transfer load, including wind load, from the wall cladding to the columns,

e Transfer horizontal loads to the bracing system,

e Provide lateral restraint to the columns.

The cladding also stiffens the wall and transfers a significant proportion of the vertical load
to the columns directly, while also restraining the side rails against buckling.
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2.1.5 Cladding systems

The main function of the cladding system is to provide a controlled internal environment
depending on the intended use of the building. General requirements of the cladding system
are as follows:

e Provide the required level of thermal insulation,

e Resist wind pressure, and wind uplift through the fixings to the purlins,

e Prevent spread of fire,

e Provide an airtight building envelope,

¢ Include measures for ventilation of a building, e.g. by mechanical equipment,

¢ Provide acoustic insulation compatible with the intended use of the building,

e Stabilise secondary steel members, and sometimes primary steelwork, with

suitable restraints.

In single-storey buildings, short span claddings (spans up to 2 - 3 m) are usually fixed to the
secondary steelwork. As an alternative, long span cladding can be used, with spans up to
10 m. Long-span cladding can be in the form of deep trapezoidal sheeting or panels on roofs
and horizontally installed sandwich panels on walls that span between the frames. This
solution reduces the number of assembly elements and the number of building layers.

Typical cladding systems are as follows:
e Single-skin trapezoidal sheeting,
e Double-skin systems,
e Standing seam sheeting,
e Standing seam panels with liner trays,
e Composite panels often called sandwich panels.

2.1.6 Design guides for SSBs: additional documents

A set of design guides on single-storey steel buildings (SSBs) has been prepared under the
direction of Arcelor Mittal, Peiner Trager and Corus. The technical content was prepared by
CTICM and SCI, collaborating as the Steel Alliance. This is available at
https://constructalia.arcelormittal.com/en/news _center/articles/design _guides_steel buildi
ngs_in_europe [41]. It comprises of:

e Single-storey steel buildings - Part 1: Architect’s guide;

¢ Single-storey steel buildings - Part 2: Concept design;

e Single-storey steel buildings - Part 3: Actions;

e Single-storey steel buildings - Part 4: Detailed design of portal frames;

e Single-storey steel buildings - Part 5: Detailed design of trusses;

e Single-storey steel buildings - Part 6: Detailed design of built-up columns;

¢ Single-storey steel buildings - Part 7: Fire engineering;

e Single-storey steel buildings - Part 8: Building envelopes;

e Single-storey steel buildings- Part 9: Introduction to computer software;

e Single-storey steel buildings - Part 10: Model construction specifications;

e Single-storey steel buildings - Part 11: Moment connections.

Design guides on SSBs can also be found at https://steelconstruction.info/ [43]. These are:
e SCI P164: Design of portal frames for Europe. The Steel Construction Institute,

2001;
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SCI P313: Single storey steel framed buildings in fire boundary conditions. The Steel
Construction Institute, 2002;

SCI P252: Design of single span steel portal frames to BS 5950:2000. The Steel
Construction Institute, 2004;

SCI P346: Best practice for the specification and installation of metal cladding and
secondary steelwork. The Steel Construction Institute, 2006;

SCI P347: Single storey buildings - Best practice guidance for developers, owners,
designers & constructors. The Steel Construction Institute, 2006;

EP37: Best practice in steel construction — Industrial buildings. Guidance for
architects, designers & constructors. The Steel Construction Institute, 2008;

SCI P397: Elastic design of single-span steel portal frame buildings to Eurocode 3.
The Steel Construction Institute, 2012;

SCl P399: Design of steel portal frame buildings to Eurocode 3, The Steel
Construction Institute, 2015;

Target Zero: Guidance on the design and construction of sustainable, low carbon
warehouse buildings. Tata Steel and BCSA, 2011;

Scheme development: Selection of the external wall envelope system for single
storey buildings, SS019a-EN-EU. Access Steel;

Scheme development: Details for portal frames using rolled sections, SS051a-EN-
EU. Access Steel;

Scheme Development: Design of portal frames using fabricated welded sections,
SS052a-EN-EU. Access Steel;

Scheme development: Selection of the external roof envelope system for single
storey buildings, SS018a-EN-EU. Access Steel;

Scheme development: Overview of structural systems for single-storey buildings,
SS048a-EN-EU. Access Steel.

This list is not exhaustive, and additional documents specific to certain countries or products
may also be applicable.

2.2 Multi-storey steel buildings (MSB)

Multi-storey steel buildings are complex structures that employ various structural systems
designed to support the loads encountered during their lifespan. The design of these
buildings is based on the use of steel for its strength, versatility, and ability to be fabricated
in a wide range of shapes. Multi-storey steel buildings are often classified based on their
structural framework, which provide the necessary support and stability for the entire
system.

In a multi-storey steel building, the typical layers of the structure are:

Primary steelwork consisting of frames (a grid of beams, columns, floor decking and
the main bracing systems),

Secondary steelwork, consisting of edge beams, staircases, lighter bracing system
and secondary floor beams,

Cladding system for the roof, in the form of glass roofs, watertight roofs or built-up
roof systems, and for the walls, in the form of glazing systems, curtain walling,
brickwork, or insulated render or tiles.



26 | Recommendations for Reuse of Steel Products. Volume 1

One primary classification is based on the type of structural system used, which can include
moment-resisting frames, braced frames, and shear wall systems. The choice of framing
system is primarily influenced by the building’s height, with the following typical options:
e Moment-resisting frames — suitable for buildings up to approximately 4 storeys,
where horizontal loads are a key consideration,
e Braced frames — typically used for buildings up to around 12 storeys,
e Steel or concrete cores (shear wall systems) — appropriate for buildings up to about
40 storeys.

The framing for very tall buildings is influenced by their stabilising systems and is not
covered by this guide.

Moment-resisting frames are characterised by their ability to resist lateral forces through
rigid connections between beams and columns. The structural system allows the frames to
sway under lateral loads. Frames typically feature arrangements that promote flexibility
while maintaining strength. The rigidity of the connections allows the structure to maintain
its shape while evenly distributing the forces throughout the framework. Moment-resisting
frames help create open floor plans.

Braced frames, on the other hand, incorporate diagonal braces between the columns and
beams to create a triangulated arrangement that enhances stability. These diagonal braces
effectively counteract lateral forces, making this system especially suitable for tall buildings.
The design reduces the amount of steel needed compared to moment-resisting frames while
maintaining structural integrity. Braced frames can be configured in various styles, including
X-braces, V-braces, and knee braces, depending on the architectural intent and design
requirements.

Shear wall systems incorporate vertical walls made of reinforced concrete or steel,
strategically placed within the building to withstand lateral loads. Walls act as vertical
cantilevers, effectively transmitting forces to the foundation, making them ideal for buildings
designed to withstand high wind pressures or seismic activity, providing added stiffness and
stability to the structure. The integration of shear walls can significantly enhance the rigidity
of the structure while allowing for open floor plans.

The loading conditions applicable to multi-storey steel buildings are as follows:
e Self-weight of the structure and its components, including equipment,
e Variable loads from occupancy and use of the building, including movable partitions,
¢ Loads from environmental effects, e.g. snow, wind or thermal and seismic actions,
¢ Loads from accidental actions, e.g. impact from vehicles, explosions.

2.2.1 Structural frames

In multi-storey buildings, the support of the building's weight and the distribution of the loads
to the foundation are ensured by a main frame consisting of columns and beams. The
number of load-bearing points depends on the intended use, the loads that it will require to
bear, and the type of foundation chosen (which itself is influenced by the soil conditions at
the building site).

Columns in multi-storey buildings are subjected to significant compression, requiring design
considerations for buckling resistance. Depending on the grid size and layout, installation
costs, cost of the steel profiles, ease of connection to secondary components (ceilings,



walls, facades), degree of compliance with fire or corrosion resistance requirements or
architectural preferences, the main type of columns generally used in multi-storey structures
are H-section profiles (steel or composite) and circular hollow section profiles (steel or
composite).

The beams play a role in the transfer of vertical loads. Primarily subjected to bending
moments, these horizontal elements require sufficient stiffness and strength to ensure
structural integrity. There is a wide variety of beam sections available, such as hot rolled
sections suitable for small and medium spans, built-up sections welded from plates (usually
used for longer beams), cellular profiles built from hot rolled sections with circular or
hexagonal openings cut in the web (resulting in increased strength and openings for ducts)
and composite sections consisting of a steel profile jointly working with the concrete slab
through steel studs or steel decking.

Composite beams are suitable for large span floors (up to ~20 m) as they take advantage
of the large compressive area of the concrete slab and the high tensile strength of the steel
beam, showing exceptional mechanical performance in load-bearing capacity and stiffness.
Several types of composite beams are available: plain slabs that require temporary
formwork, precast concrete slabs with steel decking and encased beams, where the steel
profile is partially concrete encased for increased fire resistance. In multi-storey buildings,
slim floor designs are generally used to maximise usable space. This solution integrates the
steel beam directly into the height of the concrete slab, reducing the overall floor depth.

Fig. 2.3 shows the span ranges for different floor structural options.

Span (m)
6 8 | 10| 13 | 16 | 20
Reinforced concrete flat slab —
Slim floor beams and deep composite slab —’—r
Integrated beams with precast slabs e —(—
R.C. beams and slab e —

Post-tensioned concrete flat slab

F
Composite beams and slab —‘—'—

Fabricated beams with web openings e ———
Cellular composite beams
Composite trusses ——

Fig. 2.3 Span ranges for floor structural systems [41],[44]

2.2.2 Bracings for multi-storey buildings

The global stability of multi-storey buildings may be ensured by bracing systems, in addition
to the frame effect. Using bracing for stability jointly with rigid frames is a cost-effective
solution, as using solely rigid frames to maintain stability requires heavier columns and
beams, which leads to higher costs as the number of stories in the building increases.
Therefore, in an optimal economic solution, frames can provide primary support in one
direction, while bracing systems are located in the perpendicular direction to enhance
stability.
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Braced steel frames incorporate various bracing configurations within the walls, typically
concealed within fagade cavities or around stairwells and service areas. In seismic areas,
several steel framing systems can be used to improve resistance to seismic loads. These
systems include:

e Moment-Resisting Frames (MRF): These frames rely on the stiffness of the beams
and columns to resist lateral seismic forces,

e Concentrically Braced Frames (CBFs): CBFs use diagonal braces within the frame
to resist shear forces. In CBFs, the longitudinal axis of the braces is concentric to
the midpoint of the beam,

e Eccentrically Braced Frames (EBF): Similarly to CBFs, EBFs incorporate braces, but
these braces are designed to bend and dissipate energy during an earthquake. In
EBFs, the longitudinal axis of the braces is eccentric to the midpoint of the beam.

e Buckling Restrained Braced Frames (BRBF): BRBFs address a limitation of
traditional braces by incorporating buckling restraints that prevent brace buckling
under seismic loads,

e Special Plate Shear Walls (SPSW): These walls, constructed of steel plates, act as
rigid elements to resist shear forces induced by seismic loads.

The EBF system, which is a structural system that combines the MRF system and the CBF
system, providing high ductility (as does the MRF system) and high elastic stiffness (as does
the CBF system), includes several types of bracing configuration, as shown in Fig. 2.4.

Cross-bracing systems are used as well in multi-storey buildings to provide vertical stability,
as these buildings are commonly designed with pinned members. Cross-bracing systems
can be placed outside or inside the building.

L—  —l— —L— L

a) V-braces b) K-braces  c¢) EBF with vertical link d) Split K-braces  e) Inverted Y-braces

Fig. 2.4 Types of bracing configurations in EBF system

2.2.3 Floors in multi-storey buildings

In a multi-storey building structure, floors perform the function of transferring loads to the
vertical elements, and, at the same time, they provide stability in the horizontal plane due to
the diaphragm effect they bring, contributing to the global stability of the structure. In multi-
storey buildings, floor vibrations may be a critical factor in the design. Building services can
be integrated into the floor construction itself. Alternatively, services can be suspended
below the floor. In commercial buildings, raised floors allow for easy distribution of services
within the space beneath the floor surface. This facilitates future maintenance and
modification of these services without disrupting the building's operations.

The selection of a floor system is based on several factors, and the common options include
the following:
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Concrete slab with steel decking: a simple steel decking is installed as a permanent
formwork for a concrete slab that contributes to the bending resistance of the floor,
as a tension component. The good connection between the concrete and the
decking is ensured by the embossments of the steel sheet,

Composite slab and composite beams with steel decking: a steel deck is installed
as a permanent formwork for a composite slab, contributing to the bending
resistance of the beams. The good connection between the concrete and the steel
beam is ensured by steel stud connectors welded to the top flange of the steel beam,
Prefabricated composite slab: prefabricated slab elements with up to 7 m length and
1.20 m width,

Hollow core slabs: prefabricated hollow-core slab elements are commonly integrated
with the steel beams. Hollow-core slabs can be placed on the lower flange of the steel
beam or on L-shaped steel profiles welded to the web of the steel beam. To ensure
the diaphragm effect of the floor, a reinforced concrete layer is laid on top,

Precast slab with in-situ topping: plain slabs that use a combination of precast
concrete slabs and cast-in-situ concrete. During the pouring of the in-situ concrete,
temporary supports may be necessary to handle the combined weight of the precast
slab, fresh concrete and construction workers. By incorporating appropriate
connections, such as welded studs, between the slab and the supporting beams, the
slab can improve the resistance to bending and stiffness of the beams,

Dry floors: a floor made of assembled individual components such as plaster board,
wood board, profiled steel sheeting, and mineral wool. Profiled steel sheeting offers
a solution for incorporating building services.

2.2.4 Cladding systems

Typical cladding systems for multi-storey buildings are as follows:

Brickwork cladding: for buildings up to three stories, brickwork cladding can be
directly supported by the ground. Taller structures require additional support,
typically achieved with stainless steel angles, individual brackets, or bracket angles
connected to the structural frame,

Gazing cladding systems: these glazing systems, used for tall buildings, typically
involve triple glazing or double-layer facades. They are supported by aluminium
posts or glass fins, offering a variety of design options. Corner fixings are common,
and the panels often incorporate gaskets at their joints for weatherproofing. Also,
there are discrepancies between the tolerances of steel frames and glazing panels,
therefore, the connections need to allow for adjustments during installation. Thermal
expansion and contraction may also occur, requiring the support system to
accommodate movement effectively,

Curtain walling systems: these cladding systems involve aluminium or other
lightweight panels that are attached to the perimeter steelwork, stone cladding or
precast concrete panels. The cladding system may be able to support its own weight
and applied loads (the panel is hung at the top of the panel or supported at the base,
from the floor), or it may require additional support (support, which typically comes
in the form of mullions, vertical elements that can span multiple floors; in some
cases, horizontal members called transoms can be used to connect mullions at
intermediate levels, further enhancing stability). Every cladding panel system uses
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a unique fixing method designed to allow movement and adjustments in three
directions. As these fixing details connect the cladding to the building structure, the
design of the floor slab may require adjustments to handle the localised forces
exerted by the cladding. A common solution involves incorporating a dovetail
channel directly into the edge of the slab during casting, providing a secure and
compatible location for attaching the cladding fixings;

¢ Insulated tiles or render cladding systems: these cladding systems are supported on
light infill walls (insulation and render, or tiles, are supported by a secondary steel
frame). Tiles may be individual or preformed panels. This cladding system also
allows using brickwork as external skin.

2.2.5 Design guides for MSBs: additional documents

A set of design guides on multi-storey steel buildings (MSBs) has been prepared under the
direction of Arcelor Mittal, Peiner Trager and Corus. The technical content was prepared by
CTICM and SCI, collaborating as the Steel Alliance. This is available at
https://constructalia.arcelormittal.com/en/news_center/articles/design_guides_steel buildi
ngs _in_europe [41]. It comprises:
o Multi-storey steel buildings - Part 1: Architect’s guide;
e Multi-storey steel buildings - Part 2: Concept design;
e Multi-storey steel buildings - Part 3: Actions;
o Multi-storey steel buildings - Part 4: Detailed design;
e Multi-storey steel buildings - Part 5: Joint design;
o Multi-storey steel buildings - Part 6: Fire engineering;
e Multi-storey steel buildings - Part 7: Model construction specifications;
o Multi-storey steel buildings - Part 8: Description of member resistance calculator;
o Multi-storey steel buildings - Part 9: Description of simple connection resistance
calculator;
e Multi-storey steel buildings - Part 10: Guidance to developers of software for the
design of composite beams.

Other relevant design guides on multi-storey steel buildings can be found at
https://steelconstruction.info/ [44]. These are:

e SCIP332: Steel in Multi-storey residential buildings. The Steel Construction Institute,
2004,

e SCI P362: Concise Eurocode for design of steel buildings. The Steel Construction
Institute, 2009;

e SCI P365: Steel building design: Medium rise braced frames. The Steel Construction
Institute, 2009;

e BSCA 35/03: Steel buildings. The British Construction Steel Association, 2003;

e SCI P300: Composite slabs and beams using steel decking: Good practice for
design and construction, (3" Edition), The Steel Construction Institute and The Metal
Cladding & Roofing Association, 2023;

e SCI P355: Design of composite beams with large web openings. The Steel
Construction Institute, 2011,

e SCI P354: Design of floors for vibrations- A new approach. The Steel Construction
Institute, 2009;
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e SCI P166: Design of steel framed buildings for service integration. The Steel
Construction Institute, 1992;

e SCI P416: The design of cast-in plates. The Steel Construction Institute, 2017;

e SCI P101: Interfaces - Steel supported glazing systems. The Steel Construction
Institute, 1997;

e Best Practice in Steel Construction: Commercial Buildings. The Steel Construction
Institute, 2008;

e Target Zero - Guidance on the design and construction of sustainable, low carbon
office buildings. Tata Steel and BCSA, 2012.

e Scheme Development: Coordination of structural and architectural design for multi-
storey buildings with steel frames, SS001a-EN-EU. Access Steel,;

e Scheme Development: Composite slabs for multi-storey buildings for commercial
and residential use, SS010a-EN-EU. Access Steel;

e Scheme Development: Integrated beams for multi-storey buildings for commercial
and residential use, SS013a-EN-EU. Access Steel.

This list is not exhaustive, and additional documents specific to certain countries or products
may also be applicable.



3 CLASSIFICATION OF STEEL REUSE

3.1 Life cycle stages of constructional steel components

The life-cycle of a building or a product can be divided into several stages (called Modules)
according to CEN/TC 350 standards for the LCA (Life-cycle assessment) and LCC (Life-
cycle cost) assessment [45]-[47] (see Fig. 3.1):

A: Product and construction stage
Ao: Pre-construction stage
Ai1: Raw materials supply
Az Transport
As: Manufacturing
A4. Transport
As: Construction-installation process
B: Use stage
Bi: Use
B.: Maintenance
Ba: Repair
Bs: Replacement
Bs: Refurbishment
C: End-of-life stage
Ci: Deconstruction, demolition
Cz: Transport
Cs: Waste processing
C,4: Disposal
D: Reuse, recovery and recycling potential

SYSTEM
BOUNDARY
A B C : D
A1-3 : A4-5 |
A I A2 |[ A3 ||| A ][ A5 |
Steel l Transport and | Transport and Use End of I Recycling
making | manufacturing | construction life | andreuse
| |
Functional Functional
equivalence of equivalence of
recycling reuse

Fig. 3.1 Life-cycle stages of steel and steel-based components
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3.2 Reuse scenarios

As illustrated in Fig. 3.2, several basic cases of components reuse can be recognised
depending on the level of disassembly:
Do: Reuse of the entire steelwork or its part (e.g., several bays) in-situ without
disassembly,
Di: Reuse of the disassembled steelwork (may include the envelope),
Di: Reuse of the fabricated components (e.g. sandwich panels, columns),
Dui: Reuse of the constituent products (e.g. sections, plates).

MATERIAL FABRICATION
PRODUCTION > OF COMPONENTS AaliMELY @
REUSE OF THE REUSE OF THE REUSE OF THE
RECYCLING @ CONSTITUENT FABRICATED WHOLE STRUCTURE
® PRODUCTS COMPONENTS
D
STRUCTION

Fig. 3.2 Reuse scenarios in the value chain

From the deconstruction and transport point of view, several scenarios may exist:
Da: In-situ reuse without disassembly (retrofitting),
Ds: Reuse on the same site in the same configuration,
Dc: Reuse on the same site in different configuration,
Do: Reuse on a different site in the same configuration,
De: Reuse on a different site in different configuration.

This process is explained in Table 3.1 in terms of this classification.

Table 3.1 Classification of reuse cases
Relocated reuse
In-situ Same site Different site
Case , -
reuse Same Different Same Different
configuration | configuration | configuration | configuration

Entire steelwork Do -a - Do.p? -
Disassembled steelwork - Dis Dic Dio Die
Fabricated components - Dis Dic Dio Die
Constituent products - Du-s Diic Dui-o Dui-e

aThis scenario is unlikely since if the structure was deconstructed, it is unlikely that it would be re-erected in the
same configuration on the same site;

b Only the case of single-storey steel buildings.

In the case of in-situ reuse (Dn), the components are not disassembled and remain
connected to the steelwork. This approach, commonly referred to as retrofitting, involves
preserving the existing structure, which may be repaired, reinforced, or coated to avoid
disassembly and replacement and potentially to accommodate different loading conditions.
The structural resistance and serviceability must be verified in accordance with current
codes. This specific case is not covered by these recommendations.
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Relocated reuse (Dg to De) means that components are disconnected and reconditioned on
the building site or in the workshop. In many cases, the building site is redeveloped, and it
may be beneficial to consider integrating the steel components of the previous building in
the new project (Dg and Dc).

Relocated reuse to a different site (Dp and De) can be organised using the material dealer
(in the case of larger quantities of small components such as structural sections) or can be
negotiated directly between participants in the deconstruction and new construction
processes. In some small-scale structures, for example those in modular form, it is possible
to relocate the building or its major components without disassembly (Do) for a short distance
by use of cranes or crawler vehicles.

Different options regarding transport need are shown in Table 3.1, where index “A” means
that reuse takes place on the same building site and “B” means that components require
transport (e.g. between sites, to the dealer, storage or workshop).

The cladding is a more complex component that can be reused. If it is a double skin
trapezoidal system, attention should be paid to all the layers. Sandwich panels can be
reused if the screw holes are hidden or reused in the second use. To preserve the protection
by coatings is more of a challenge, especially if combined with longer-term deterioration,
pollution and UV attack. For different layouts, the sandwich panels may be reused, but in
combination with a new external layer.
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4 HISTORICAL REVIEW OF CODES OF PRACTICE AND
PRODUCT STANDARDS

Knowledge of the history of structural steel is important if the reuse of steel members and
other steel components is to be widely adopted. During the 1970s, which is taken as the
starting point for potential steel reuse within the scope of this document, detailed
descriptions of the chemical composition, physical, and mechanical characteristics of steel
members were required to meet country-specific standards. This is demonstrated in Fig. 4.1
for hot rolled structural steel members.

In 1961, the Comité Européen de Normalisation (European Committee for Standardisation,
CEN) was founded by the national standards organisations in Europe to produce and
implement common European standards. The adopted standards are implemented as
national standards by each CEN member country and any conflicting national standards
were withdrawn.

In this publication, the starting point is that the steel structure from which the steel members
are to be salvaged was originally designed and specified based on the standards given in
Fig. 4.1 or EN 1993. The design was based on the Limit State principles so that the
probability of each limit state being reached is somewhat constant for all members in a
structure and is also at an acceptable low level.

4.1 Hotrolled structural steels

4.1.1 Product standards

The designation of steel products in EN 1993 is in accordance with EN 10025-2:2019 [21].
Fig. 4.1 presents a list of corresponding former national designations and the former
designations in EN 10025:1990 and EN 10025:1990+A1:1993, which were superseded by
the 2004 edition and later by the 2019 edition. The material properties for structural steel
are defined in Clause 5.2.5 of EN 1993-1-1, and these properties do not degrade over time,
i.e., the elastic modulus of all steel grades is E = 210000 N/mm?, Poisson’s ratio v= 0.3 and
the coefficient of linear thermal expansion « = 12x10° per °C, at ambient temperatures.

Structural steel is specified by its yield strength (in N/'mm? or MPa) and there should be a
sufficient margin between the ultimate strength and the yield strength of the steel to allow
for plasticity and redistribution of internal forces within a structure. Common steel grades
are S235 (the default minimum value for design and development of design formulae in
Eurocodes), S275 and S355 steel.

Modern structural steels contain small quantities of carbon, typically 0.17% for S235 and
0.24% for S355 (in sub-grades JR). Their higher strength is achieved through alloys, e.g.
manganese, nickel, and niobium, which can affect other mechanical properties, e.g. ductility,
toughness, and weldability. Ductility can be improved by reducing the sulphur levels, and
toughness can be improved by the addition of nickel.

The chemical and mechanical properties are recorded in test certificates as part of the normal
quality control procedures of the steel manufacturer and as presented in the specifications for
manufacture of steel products. It should be recognised that the product specifications are a
set of requirements to be met and are not a label for a particular type of steel.
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The widely used steel grades, S235, S275 and S355, conform to common standards since the
1970s and possess comparable properties to the structural steels commonly used today. If a
hot rolled product is labelled as conforming to another specification, the difference may be only
in the type and amount of testing required by this other specification. Therefore, a closer
examination will show whether the structural components meet the user’s requirements.

4.1.2 Codes of practice and standards for design

The first European standard for the design of steel structures was issued in 1992, as a
prestandard ENV 1993-1-1 [48]. It was intended to be a framework for the preparation of
harmonised technical specifications for construction products in the various European
countries. These design standards were used in conjunction with a National Application
Document (NAD) valid in the country where the building was located. Later this ENV was
converted into a European Norm (EN), EN 1993 or Eurocode 3, and the NADs became
National Annexes (NA). From 2005-2010, Eurocodes have been widely applied in all
European countries and have generally replaced all National Structural Design Standards
(see Fig. 4.1). Eurocodes also provide a means of ensuring public safety throughout the EU.

Another important part of Eurocode 3 is the way in which it is integrated with product
standards to allow CE marking to support the Construction Products Regulation (CPR) [49].

4.2 Cold formed structural steels

In Europe, the ECCS Committee TC7 originally produced the European Recommendations
for the design of light gauge steel members in 1987 [51], followed by ENV 1993-1-3:1996
[52]. This recommendation was further developed and published in 2006 as the European
Standard Eurocode 3: Design of steel structures. Part 1-3: General Rules. Supplementary
rules for cold formed thin gauge members and sheeting [16]. EN 1993-1-3:2006 represents
the unified European Code for cold formed steel design and contains specific provisions for
structural applications using cold formed steel products made from coated or uncoated thin
gauge hot or cold rolled sheet and strip. It is intended to be used for the design of buildings
or civil engineering works in conjunction with EN 1993-1-1 and EN 1993-1-5. EN 1993-1-3
permits only the design using the limit states method (LSD).

EN1993-1-3 includes in Chapter 10 design criteria for the following applications:
e Beams restrained by sheeting;
e Linear trays restrained by sheeting;
e Stressed skin design;
o Perforated sheeting.

Cold forming technology enables the production of tailored sectional configurations.
However, analysis and structural design of unusual members may be complex. Structural
systems formed by different cold formed sections connected to each other (e.g., purlins and
sheeting) can also lead to complex design situations, not entirely covered by design codes.
Numerical FEM analysis is always an alternative for design, but for many practical situations,
modelling can be complicated. For such complex design problems, modern design codes
allow the use of testing procedures to evaluate structural performance. Testing can be used
to replace the calculation-based design or to be used in combination with calculations. Only
accredited laboratories can perform such tests and produce the relevant certification.
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5 EVALUATION OF STRUCTURAL REUSABILITY

The reusability of most of the structural components, assemblies or constituent products
can be estimated already during the pre-deconstruction audit. This will greatly affect
planning of the deconstruction including tools and techniques to be used on site. General
rules for the auditing are presented in the new EU construction & demolition waste
management protocol including guidelines for pre-demolition and pre-renovation audits of
construction works [50] and more specific guidance for the constructional steelwork is
provided by the PROGRESS project in Pre-deconstruction audit protocol (Chapter 3 of [42]).

5.1 Parameters influencing reusability

An important aspect when evaluating structural steel for reuse is that it should be free of
deterioration when salvaged from its previous use. Therefore, the structural members
should not have significant imperfections or permanent deformations, nor have local
damages, inclusive plastic deformations, and reduced cross sections (e.g., through holes,
openings, cracks, or excessive corrosion) and should not have been subjected to extreme
events such as impact, or fatigue, or be damaged by fire.

Deterioration is the reduction in material characteristics and/or size due to its exposure
conditions. For example, a steel member may suffer from corrosion under adverse exposure
conditions, which reduces its geometric properties. A defect is a reduction in structural
capacity in cases where loads have exceeded the structural capacity, or because of local
impact, drilling, or welding on the structural properties. Damage is the result of extreme
loads which could not reasonably be foreseen or designed for, e.g. extreme seismic loading,
impact (e.g. from a vehicle), blast or explosion.

Steel does not undergo major changes due to ageing, except for surface rusting and the
possible effect of inelastic deformations. Corrosion can be prevented by an appropriate form
of protection that includes the preparation and application of surface paint systems or
metallic coatings by means of thermal spraying or galvanising.

The ageing of the material is the gradual deterioration (because of time or use) mainly of
mechanical and physical properties. There are two basic types of ageing: thermal ageing
embrittlement, and strain ageing. Thermal ageing embrittlement represents a process of
change in material properties due to the disintegration of oversaturated solid ferrite solution
over a long period of time without any external mechanical load. This can occur especially
in low carbon steel, namely up to 0.2% Carbon, and gradually leads to decreased ductility,
notch toughness and fracture toughness of the material, an increased transition
temperature, and an increase in the lower and upper limit of notch toughness. Strain ageing
refers to a process consisting of changes in material properties after and/or during plastic
deformation. There are two types of deformation ageing: static strain ageing, e.g. foundation
settlement, where material properties change after elements suffer plastic deformations,
and dynamic strain ageing, e.g. after large-scale seismic events, when material properties
change rapidly during high deformation. Strain ageing affects the mechanical characteristics
in the sense that the yield strength measured after ageing is often higher, but the ductility in
the fracture decreases. The two phenomena are frequently considered in combination and
so the term ageing is often used interchangeably.
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Fatigue is defined as a process of cycle-by-cycle accumulation of damage in a material that
undergoes fluctuating stresses and strains. A significant feature of fatigue is that the load is
not high enough to cause immediate failure. Instead, failure occurs after a certain number
of load fluctuations, i.e. after the accumulated damage has reached a critical level. For
example, crane runaway girders are fatigue-prone structures.

In some circumstances, steel may creep due to slow plastic deformations at high
temperature, typically during a fire. The creep strength in the range of temperatures where
the creep applies is always lower than the material yield strength.

5.2 General approach

The overall process from reclamation to reuse of steel components is summarised in the
flowchart in Fig. 5.1.

The scope is limited to buildings constructed with elements produced after 1970 so that the
materials are generally consistent with modern product specifications and with limit state
design methods considered in the current standards.

If a building becomes available for salvage of the primary steel structure, and possibly its
secondary components and cladding, a pre-deconstruction audit should be carried out
before the building is demounted. This will enable identification of building components that
can be reused. Pre-deconstruction audits are described in Part 3 of this manual.

From this initial inspection of the building, a recommendation is made on whether the steel
components can be reused or if demolition is the more suitable option. If steel products can
be salvaged, it is important to define the expected reuse scenario. In the case of relocated
reuse, a decision may be made on the potential reuse of the entire structure, or its individual
elements. Guidance on the evaluation of the reusability of reclaimed elements is given in
Section 5.1. The materials should then be sampled and, if necessary, tested according to
the protocol in Appendix A. The structural reusability of existing elements is then evaluated
according to the test results.

If reuse is a viable option based on the dimensions, quality and quantity of the reclaimed
members, the building structure may then be demounted and all elements labelled and
batched. Components often have to be cleaned to remove coatings and accumulated dirt or
subjected to other reconditioning processes. Finally, the structural design and verification of
the reclaimed steel members and other components is carried out for the chosen reuse
scenario (see Section 6).
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Structures built with

elements produced in
or after 1970
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Preparatory activity with the purpose of collecting
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the materials that will be released during the
demolition, deconstruction or renovation works
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Pre-deconstruction audit

A

Assessment for reuse

recommendations regarding the demolition,
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™
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Fig. 5.1 Overall process: from reclamation to reuse and design of steel products
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5.3 Design procedure

The design of structures made from reclaimed steel members follows the same principles
of limit state design and verification using the partial factor method, as for “new structures”.
There are, however, some additional rules and provisions, which are given in this part of the
document. Specific provisions to check structural integrity are derived from the principles of
structural reliability [9].

Fig. 5.2 gives an overview of the Eurocode-based design philosophy.

Structural idealisation

Frame Joints
(Geometry, members, etc.) (Simple, continuous,
semi-continuous)
v . v
Representation of actions Design values of Characteristic value
Frepi = W Fki geometric data of material properties
(=1 o0r wo, yaor y) ad Xk
y A
Design value of Des!gn value c.)f
offects of actions material properties
Rda =R/ m
\ 4
Scheme design [«
y
Structural global analysis
(Sway/Non-sway, Elastic)
\ 4 NO
Structural response
Limit states Design criteria
(ULS, SLS) (Elastic/plastic sections,
Joint moment-rotation behaviour)

Eq< R4

YES
STOP

Fig. 5.2 Procedural overview of frame design
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The approach to design comprises the following steps depending on the type of
structure and the contractual role of the designer (on behalf of the client or the main
contractor):

e The designer chooses a viable structural framing scheme based on the spatial
requirements of the building;

e The design values of the effects of actions, based on the relevant standards, and
the geometry of the building are obtained;

e The design values of the material strengths are determined for the structural steel
members, see Section 5.4.1;

e The conceptual design of the structure is completed based on this input information
and various options are presented to the client;

o At this stage, it will become apparent whether the possible use of reclaimed steel
components is both practical and viable;

¢ The final design of the structure is then performed taking into account client feedback
to the proposed conceptual design;

e The designer decides the type of structural analysis to be adopted. The
recommendation for design using reclaimed steelwork is to adopt an elastic global
analysis;

o Limit state verifications are carried out to determine the structural response. These
consist of checking the Serviceability Limit States (SLS), i.e., deflections of the frame
and of the members under service loading conditions, and the Ultimate Limit States
(ULS), i.e., resistance of members, as well as member and frame stability;

When the structure does not meet the new design requirements, the structural system will
have to be modified or strengthened accordingly.

5.4 Structural steel for reuse

Reclaimed structural steel may be used in structural design according to the provisions of
EN 1993. For consistency with this design standard, the material should comply with specific
performance and quality requirements, which are described below.

The definition of structural steel in this context is the steel from members made of hot rolled
sections and their end connections, including trusses made from rolled members.
Fabricated (welded) sections, such as plate girders, may be included in this definition, but
they are often designed for specific loading conditions in terms of the weld size, web
stiffeners, etc. and so they require verifications for the specific reuse scenario. Secondary
members made from cold formed steel sections can also be reused, without modifications
or at cut-down lengths, although they are not normally considered under the definition of
structural steel.

CEN/TS 1090-201:2024 [2] provides complementary provisions to EN 1090-2 for the
assessment and testing of reclaimed structural components for the execution of steel
structures up to EXC3 (see EN 1090-2). The CEN/TS 1090-201:2024 provisions apply to
products used in structures to be designed (see EN 1993-1-1) for quasi-static loading and
not subject to fatigue loading. The document provides requirements for the evaluation of the
reusability of reclaimed structural components and constituent products. It also includes a
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general reusability assessment and a quality assessment for plates, hot rolled profiles and
hot finished or cold formed hollow sections in carbon steel used as constituent products.

The quality assessment includes the determination and declaration of mechanical and
geometrical properties, as well as weldability. These properties are those listed as required
to be specified for non-standard products according to Clause 5.1 of EN 1090-2. The
dimensions and tolerances of all reclaimed products have to be measured and documented.
The component can be declared with reference to a standard profile, if all geometrical
requirements are fulfilled. The mechanical properties can be investigated by non-destructive
hardness testing and finally the relevant properties are obtained by one or a few destructive
tests and the results are assigned to all members of the test unit. In the end, steel can be
declared according to the grades defined in product standards.

The document does not apply to cold formed structural steel sections and sheeting as
described in EN 1090-4, or to mechanical fasteners.

Document [53] outlines the most important issues in considering the design of new
structures with reclaimed structural steel according to EN 1993, including scope, proposal,
and action plans. The scope comprises the design of reclaimed structural steel components
for reuse (structural elements only). It also proposes 8 steps of the process downstream,
and detailed descriptions of the respective Process Chain Steps (PC Steps) are given.

5.4.1 Classification of reclaimed steelwork

In the frame of the RFCS PROGRESS project [54], reclaimed steel was classified according
to verification of its material performance requirements (adequacy assessment) and quality
assurance requirements (reliability assessment) in the following classes:

o Class A: steel materials that meet performance requirements and with approved
guality assurance from original certificates,

e Class B: steel materials that meet all performance requirements through
comprehensive material testing (see Appendix A) and with approved quality
assurance, i.e. certificates of compliance to the relevant European Product
Standards, by testing,

e Class C: steel materials classified as the most conservative grade according to the
age and location of the structure (unidentified steel).

The adequacy assessment is intended to justify the necessary/required material
characteristics according to the material/product standard or according to Clause 5.1 of EN
1090-2, while the reliability assessment is intended to justify that the reliability requirement
for the design procedures according to the Eurocodes are met.

CEN/TS 1090-201:2024 [2] proposes four testing protocols, A to D. The required destructive
testing is adjusted based on the information gathered during prospecting.
Recommendations for the choice of a specific protocol are given below and are illustrated
in Fig. 5.3. The provenance of the steel should be considered as known when at least the
geographical location, building year and former function of the components are known. Two
types of structural steel are included, i.e., type 1 and type 2.

Type 1 structural steel may be expected to have mechanical properties and weldability
similar to steel grades according to the European standards listed in Clause 5.3 of EN 1090-
2:2018+A1:2024. The variability of their mechanical properties may be assumed to be in
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accordance with Annex E of EN 1993-1-1. Products reclaimed from structures built with
elements produced in, or after, 1970 are seen as made of “modern” steel, so called Type 1
steel.

For Type 2 structural steel, the variability of the properties cannot be reliably assumed, and
more tests should be undertaken as well as a statistical analysis of the results, according to
protocol C in 5.3.4.5 of CEN/TS 1090-201:2024.

Structural components of unknown provenance shall not be grouped in test units and
comprehensive testing is required, according to protocol D in 5.3.4.6 of CEN/TS 1090-
201:2024.

CEN/TS 1090-201:2024 introduces a more detailed technical framework for the verification
of reused structural steel components. Unlike the A/B/C classification system presented in
the RFCS PROGRESS project [54], the CEN/TS 1090-201:2024 defines four testing
protocols (A-D), selected based on the provenance of the steel (known vs. unknown) and
its classification as either Type 1 (post-1970) or Type 2 (pre-1970). These protocols specify
requirements for testing, inspection, and declaration of mechanical properties in accordance
with EN 1090-2 and Eurocode 3. In this guide, the testing protocols defined in CEN/TS 1090-
201:2024 will be adopted.

5.4.2 Material performance requirements

EN 1090-2 for the execution of steel structures (i.e. fabrication and erection) allows steel
and sections not covered by European standards for constituent products to be specified.
The following mechanical properties have to be determined according to Clause 5.1 of EN
1090-2 [8]:

e Strength, i.e. yield strength, fy, and tensile strength, f,,

e Elongation after fracture, &, that gives information on how much the material

deforms,
e Heat treatment delivery condition.

The steel grade should be in the range of S235 to S700. The ductility requirements for the
design to EN 1993-1-1 are presented in Table 5.1 (recommended values that may be
modified by the NASs).

Table 5.1 Ductility requirements (CEN recommended values)
Yield ratio fu/fy Elongation at failure
For plastic global > 1.10 > 15%
analysis
For elastic global > 1.05 S 1204
analysis

EN 1090-2 also states that the characterisation of the following properties may be required,
although not mandatory:

e Stress reduction of area,

e Impact strength or toughness,

e Through-thickness requirements (Z-quality),

e Limits on internal discontinuities or cracks in zones to be welded.
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Where welding of the structure made from reclaimed steel is anticipated, the chemical
composition must be determined for use in preparing the welding procedure specification.
There are very simple non-destructive testing techniques to determine the steel
composition, such as the positive metal identification technique (see Appendix A.) The full
characterisation of the chemical composition is also required, and the reclaimed material
needs to be characterised, due to absence of original certificates. The steel weldability shall
be declared as follows [8]:
¢ Classification according to the material grouping system defined in CEN ISO/TR
15608 [55], or
¢ A maximum limit for the carbon equivalent, or,
e A declaration of its chemical composition in sufficient detail for its carbon equivalent
to be calculated.

5.4.3 Quality assurance requirements

Reclaimed steel has to meet certain quality and safety requirements in order to be
characterised to ensure its capacity to be used in structural design based on EN 1993. The
main question to be answered is “To which specific product standard was the material
manufactured to?”, to check the conformity, quality and traceability of the product.

Material traceability is the ability to trace back the source of a specific steel material to its
original identity as delivered from the mill, through a proper identification and quality
assurance system. Suppliers and fabricators who intend to reclaim structural steel materials
have to establish an in-house quality assurance system to ensure the traceability of these
materials. Each steel member shall be marked with a unique identification number for which
quality control checks are introduced and recorded. Such a unigue identification will facilitate
future reference to the factory production control certificate, manufacturer test certificate,
inspection record and/or test report without confusion.

If mill certificates are available, it is possible to trace back the reclaimed steel components
to verify that they meet the relevant material specifications and requirements.

New steel materials are sourced with a valid declaration of performance (DoP) and a
manufacturer test certificate based on the delivery specification. In contrast, the reuse of the
material is permitted with satisfactory verification against its reusability.

5.4.4 Steel properties to be declared for hot rolled steel reclaimed elements

This section summarises the steel properties that need to be assessed for reclaimed hot
rolled steel elements according to clause 5.1 of EN1090-2 (including hollow sections — Table
5.2). Further commentary on these properties is also provided.

Strength

The yield and ultimate strengths should be determined and evaluated according to Appendix
A. The declared yield and ultimate strengths for the reclaimed structural steel to be used for
the design shall be defined according to a steel grade specified by the reference product
standard (say S275) that ensure the reliability requirements (see Appendix A).
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Elongation

The use of reclaimed steelwork is limited to applications where significant ductility is not
required (i.e. elastic global analysis, no use in primary seismic system; DCL design).
However, elongation must be assessed according to Clause 5.1 of EN 1090-2, which needs
to be determined by destructive tensile testing. Based on historical data, there is no concern
that structural steel reclaimed from buildings erected after 1970 will not meet the design
requirements according to Eurocode 3 (see Table 5.1) - [56] to [58]. The minimum
elongation requirement for reclaimed steel is taken from Table 5.1 and not from the
reference product standard.

Table 5.2 Material properties to be declared according to Clause 5.10f EN 1090-2

To be

Property declared Procedure
Strength (yield and tensile) Yes Determl_ned by destructive and non-
destructive tests.
Elongation Yes Determined by destructive tests.
Stress reduction of area requirements If required Generally, not required to be
(STRA) q declared.
Tolerances on dimensions and shape Yes Based on dimensional survey.
If required, determined by destructive
Impact strength or toughness If required tests. Conservative assumption as
the default.
Heat treatment delivery condition Yes Conservative assumption as the
default.
Through thickness requirements . Generally, not required to be
: If required
(Z-quality) declared.
Limits on internal discontinuities or cracks . Generally, not required to be
If required

in zones to be welded declared.

In addition, if the steel is to be welded, its weldability shall be declared as follows:

To be
Property declared Procedure
Classification in accordance with the . .
materials grouping system defined in CEN |- ls\ltgteﬁlt)([))::(cable for reclaimed
ISO/TR 15608, or '
A maximum limit for the carbon equivalent Yes Maximum to be declared from

of the steel, or; manufacturer’s test certificates.

A declaration of its chemical composition in
sufficient detail for its carbon equivalentto |Yes
be calculated

Determined by non-destructive and
destructive tests.

Tolerances on dimensions and shape

Reclaimed elements can be checked against geometric tolerances according to the relevant
product standard (see Table 5.4). Elements within allowable tolerance are acceptable and
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satisfy the assumptions made in the design standard. However, there is no limitation to use
reclaimed steelwork with bespoke dimensions, i.e., members for which tolerances from
Table 5.4 are not met, as long as the design considers measured section properties rather
than tabulated standard section sizes. Member bow and cross section imperfections (as
out-of-squareness or out-of-flathess) imperfections still need to comply with the
requirements from EN 1090-2.

Through thickness requirements

Through thickness properties are generally not required for reclaimed sections, such as
beams or columns. Some joint details/components may require the steel plate to have
specific through thickness properties [62]. If through thickness properties are required, the
reclaimed plate must be tested as specified in EN 1993-1-10 [18].

Impact strength or toughness

Impact strength or toughness (commonly known as the Charpy value) might be required
for a specific project, such as for thick, highly stressed steelwork, especially when exposed
to low temperatures. For internal steelwork which is not subjected to fatigue, a
conservative assumption about the material toughness can be adopted, meaning that a
minimum Charpy V-notch impact value of 27J at 20°C can be assumed if no tests are
performed (JR subgrade) - [56] to [58]. If material toughness must be determined,
destructive tests are required in accordance with the relevant standard (see Appendix A).

Heat treatment delivery condition

Heat treatment delivery conditions have an impact on, for example, the grain size, residual
stresses, etc. For the scope of the current document, this condition will have implications
for reclaimed hollow sections. Hollow sections for structural applications are cold formed
according to EN 10219 or hot finished according to EN 10210. The heat treatment delivery
condition will influence the level of residual stresses in the hollow section, which in turn will
have implications on the buckling design of the member. As measuring such property is not
economically feasible, it is recommended that all reclaimed hollow sections are assumed to
be cold formed according to EN 10219.

Declaration of chemical composition

The chemical composition is necessary to establish the durability and weldability of reclaimed
structural steel. A declaration of chemical composition based on tests is necessary (see
Appendix A). The chemical composition must measure certain chemical elements according to
the relevant reference produce standard (EN 10025-2/3/4, clause 7.2 or EN 10219-1, clause
6.6), from which the carbon equivalent value (CEV) can be calculated.

5.4.5 Assessment of material properties

Generally, reclaimed steel is assessed for adequacy and reliability, which are closely
interrelated. Steel usually has to be assessed, i.e., actual material properties have to be
evaluated against the material performance requirements. In the absence of such
certificates, material testing must be performed using appropriate sampling and testing
methods, to demonstrate the adequacy of the material. The reliability assessment is to



ensure that the steel products are manufactured under a stringent quality assurance system
and that they meet the quality assurance requirements.

Materials can be classified upon completion of these assessments, which are obviously
interrelated, according to the system proposed above and in accordance with the flow chart
shown in Fig. 5.3. The classification is necessary to establish whether the reclaimed steel
material can be allowed for structural use according to EN 1993 with or without any
restrictions.

The four protocols [2], A to D, are defined for the assessment of material properties:
e Protocol A: Documentation available (Type 1 structural steel with original inspection
documents);
e Protocol B: Single sample DT (Type 1 structural steel with known provenance);
e Protocol C: Statistically representative DT (Type 2 structural steel with known
provenance);
e Protocol D: Comprehensive DT (Structural steel with unknown provenance).

[ The reclaimed structural components have a known origin? ]
M
yes ﬂ no
[ The material is considered as modern steel? ]

M
yes ﬂ no

The original inspection documents
are available and the components|
were fully traceable?

yes no
AV 4 AV 4

Protocol A Protocol B Protocol C Protocol D

Fig. 5.3 Flowchart for the choice of testing protocol [2]

Protocol A: Documentation available (Type 1 structural steel with original inspection
documents) covers the case of products that are traceable and for which the original
documentation is available. According to Protocol A, steel material can be designed
according to EN 1993, as the appropriate assessment of adequacy and reliability is justified
by existing documentation. Examples of steelwork classified as Class A include steelwork
reclaimed from a cancelled project (never erected) or steelwork reclaimed from different
sources, for which documentation is available. An optional minimal testing procedure for
Class A steel can be used to confirm the grade of the reclaimed steel.

Protocol B: Single sample DT (Type 1 structural steel with known provenance). An
important distinction is made regarding the age of the material that is assessed.
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Components that were produced more recently are indeed likely to have properties,
including their variability, matching those assumed in design with current steel grades.
These can be assessed based on a single test (Protocol B). When protocol B is applied, the
properties assigned to all members of a valid test unit can be declared as a reference to a
steel grade. The requirements on yield and ultimate strength above represent the 95%
fractiles based on the means and variances given in Annex E of EN 1993-1-1.

Alternatively, the yield and ultimate tensile strength may be declared by referring to an
equivalent steel grade for which the measured yield and ultimate tensile strength satisfy the
criteria in Table 5.3.

Table 5.3 Minimum yield and ultimate tensile strength in single sample testing for equivalent
steel grades

Equivalent steel grade Ren 2 Rm 2

(MPa) (MPa)
S235 267 397
S275 313 452
S355 391 505
S420 463 559
S460 490 560

The minimum yield and ultimate tensile strength in Table 5.3 are the 5% fractiles, assuming
material properties according to EN 1993-1-1:2022, Annex E.

Protocol C: Statistically representative DT (Type 2 structural steel with known provenance).
When protocol C is applied, the characteristic properties assigned to all members of a valid
test unit may be based on a statistical analysis in accordance with EN 1990.

For Protocols B and C, the material is shown to comply with the performance requirements
through comprehensive material testing (see Appendix A). The testing procedure comprises
a combination of non-destructive and destructive tests, e.g., to EN ISO 6892-1, together
with inspection of geometric tolerances.

Protocol D: Comprehensive DT (structural steel with unknown provenance). If the origin of
the reclaimed products is unknown, it is not possible to gather several components in a test
unit and assign them common properties. In this case, protocol D requires that the
components are tested individually with destructive methods. The test results can then be
used directly, as characteristic values, or compared with the nominal values in a relevant
product standard. When the provenance of the reclaimed products is known, components
can be sorted in test units and non-destructive hardness testing is performed on all members
of a test unit to safely select the members for destructive testing.

As an alternative, if the reclaimed steel material remains unidentified steel, free of defects,
it may be permitted to be used for non-safety critical structures, e.g. agricultural buildings.
In this situation, it should be assumed that the steel is of the weakest grade of structural
steel used at the time of its first use. Relevant material product standards and design codes
based on the structure erection date can be used.

After the adequacy assessment of the reclaimed steelwork is performed, a reliability assessment
is required to ensure that the reclaimed product can be used in structural design according to EN
1993. The basic requirement of this assessment is essentially related to the fact that EN 1993
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relies on known statistical distribution of the yield and tensile strengths to specify the partial factors
for cross sections and member resistances which meet the reliability requirements according to
EN 1990. To undertake such an assessment, the test results must meet certain minimum values
for the yield and tensile strengths.

Appendix A provides an assessment and testing protocol which includes the definition of
groups of elements for testing (test units), frequency of testing, types of testing procedures
to be used to undertake the adequacy assessment and a procedure to achieve adequate
reliability requirements (reliability assessment).

5.4.6 Assessment of reclaimed steelwork execution and certification

There will be no difference in the fabrication processes, procedures, standards, or tolerances
for either new steel or reclaimed steel. It is therefore appropriate that refabricated, reclaimed
structural steelwork can be CE Marked in accordance with EN 1090-1.

In addition to careful control of the fabrication process, material properties must be declared
according to Clause 5.1 of EN 1090-2 if no material certificates/documentation are available.
When using reclaimed steel, declaring such properties according to Clause 5.1 of EN 1090-
2 may be a stockholder’s responsibility. Stockholders who wish to trade reclaimed elements
back to the construction industry are responsible for providing material documentation as
expected from the manufacturers of “new” steel.

The previous statement is related to plain reclaimed elements without any welding
procedures. If reclaimed steel elements have welded parts, the welding procedures must be
inspected and tested to ensure that they meet the fabrication requirements of EN 1090-2.

5.5 Constituent products

5.5.1 Relevant properties

A constituent product in the reuse context represents an individual element extracted
from an existing structure selected for disassembly and then reused as a new product
for the fabrication and construction of another structure. This may include hot rolled and
cold formed steel profiles.

Steel sections, plates and bars used as members must have dimensions and tolerances
that comply with the standards of Table 5.4 and structural hollow sections with those listed
in Table 5.5.

Table 5.4 Rolled steel sections, plates or bar: material and dimension standards
Material quality
Form Dimensions | Tolerances Non-alloy Weathering
steels steels
| and H sections EN 10365 EN 10034

Hot rolled taper flange | sections | EN 10365 EN 10024 EN 10025-2@
EN 10025-3 | EN 10025-5®
Channels EN 10365 EN 10279 EN 10025-4
See manufacturers’
information.

Rolled asymmetric beams
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Angles EN 10056-1 | EN 10056-2
Rolled Tees EN 10055 EN 10055

Fabricated sections an(_j ) EN 1090-2
member bow imperfections

Plates (reversing mill) © - EN 10029

Plates (cut from coil) © - EN 10051

@ Steel grades S235, S275, S355 and S450. The steel grades $235 and S275 may be supplied
in qualities JR, JO and J2. The steel grade S355 may be supplied in qualities JR, JO, J2 and K2.
The steel grade S450 is supplied in quality JO.

®) Steel grades S235 and S355. The steel grade S235 may be supplied in qualities JOW and J2W.
The steel grade S355 may be supplied in qualities JOW, JOWP, J2W, J2WP and K2W.

© The scope of EN 10029 covers plates of 3 mm up to 250 mm rolled in a reversing mill process,
whereas EN 10051 covers plates up to 25 mm de-coiled continuously hot rolled uncoated flat
products.

Table 5.5 Structural hollow sections: material and dimension standards
Form® Dimensions and tolerances Material quality
Hollow sections (hot finished) EN 10210-2 EN 10210-1
Hollow sections (cold formed) EN 10219-2 EN 10219-1

@ Hollow sections for use in constructional steelwork (both hot finished and cold formed) are supplied in
steel grade S235 in quality JRH, steel grade S275 in qualities JOH and J2H, and S355 in qualities JOH,
J2H, and K2H.

Note: Selection of either EN 10210 or EN 10219 specifies whether structural hollow sections are to be hot
finished or cold formed. Hot finished structural hollow sections to EN 10210 cannot be directly replaced with
cold formed structural hollow sections to EN 10219 as the properties do not correspond directly.

Besides geometric properties, the material characteristics are of high importance for the
performance of the members. The steel grade can be obtained by using the testing protocols
given in 5.4.5. These protocols may also be used to define the fracture toughness of the
steel necessary to fulfill the requirements of EN 1993-1-10 [17].

EN 1993-1-10 gives requirements for the selection of steel qualities to avoid brittle fracture
by specifying toughness properties and to avoid lamellar tearing in welded elements by
specifying through-thickness properties.

Alternatively, Table 5.6 provides limited plate thicknesses for the UK practice assuming that
steelwork is welded with “moderate” and “very severe” details according to references [59]
and [60] for a stress level equal or more than 0.5 x fy(t).

Table 5.6 Maximum thickness (mm) for each steel grade and designation (UK)
\é\/e?gzillmg Steelwork S235 S275 S355
JR JO J2 JR JO J2 JR JO J2
Internal 45 825 115 40 70 1025 | 225 45 67.5
Moderate
External 275 | 675 | 975 | 225 60 85 125 | 375 | 55
Internal 275 | 45 67.5 | 225 | 40 60 125 | 225 | 375
Very severe
External 125 | 375 55 10 32.5 50 5 175 | 30
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Since the scope of the current guide is limited to the reuse of reclaimed steel, for structures
where fatigue is not a design consideration, the limiting thickness values proposed by SCI
P419 [61] can be used, see Table 5.7. The background document to EN 1993-1-10 [18]
confirms that the limiting thicknesses may be extremely safe-sided if used for non-fatigue
structures.

SCI P419 adopts the same procedures as Eurocode, based on the fracture mechanics
approach, but reduces the calculated crack growth for applications where fatigue is not a
design consideration. Table 5.7 follows the same format as Table 2.1 of EN 1993-1-10. The
values in Table 5.7 can be used in countries other than the UK, when fatigue is not a design
consideration, subject to any requirements of the specific National Annex of the country of
construction.

Table 5.7 Limiting thickness values when fatigue is not a design consideration [61]
Charpy energy CVN Reference temperature, Teq (°C)
Steel grade [Sub Grade] 0] o [-10]-20]-30]40]50[10] 0 [-10[-20]-30]-40]-50] 10 0o [-10]-20[-30]-40]-50
atT(0) | I 0= 0.75F,(t) ea=051,(t) ea=0.251,(1)
R 20 27 | 200] 200200195 125 87 | 63 | 200 [ 200 [ 200 | 200 | 200 [ 200 [ 161 | 200 | 200 | 200 | 200 [ 200 [ 200 | 200
5235 10 0 27| 200 | 200 [ 200 [ 200 | 200 | 195 | 125 | 200 [ 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200
12 -20 27| 200 | 200 [ 200 [ 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200
IR 20 27 [ 200200 | 200 | 133 | o1 | 64 | 47 | 200 | 200 | 200 [ 200 [ 200 | 170 | 121 | 200 | 200 [ 200 | 200 | 200 | 200 | 200
10 0 27 | 200|200 [ 200 [ 200 [ 200 | 133 | 91 | 200 [ 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200
$275 12 -20 27| 200 | 200 [ 200 [ 200 [ 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200
MN -20 401200 [ 200 [ 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200
MLNL | 50 27| 200 | 200 [ 200 [ 200 | 200 | 200 | 200 [ 200 [ 200 | 200 | 200 | 200 [ 200 [ 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200
R 20 27 200177 | 114 | 77 | 54 | 40 [ 30 [ 200 | 200 | 200 [ 200 [ 147 [ 104 | 76 | 200 | 200 [ 200 | 200 | 200 | 200 | 200
10 0 27 | 200 | 200 [ 200 [ 177 [ 114 | 77 | 54 | 200 [ 200 | 200 | 200 | 200 | 200 | 147 | 200 | 200 | 200 | 200 [ 200 | 200 | 200
5355 12 -20 27 | 200 | 200 [ 200 [ 200 [ 200 | 177 | 114 [ 200 [ 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200
K2M,N | -20 40 1200|200 [ 200 | 200 | 200 | 200 | 177 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200
MLNL | 50 27| 200 | 200 [ 200 [ 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200
Q -20 30 200200 [ 200 | 200 | 147 | 96 | 65 | 200 | 200 | 200 | 200 [ 200 | 200 | 187 | 200 | 200 | 200 | 200 | 200 | 200 | 200
MN [ -20 40 200 [ 200 [ 200 | 200 | 200 | 147 | 96 | 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 [ 200
$460 QL -40 30 | 200 [ 200 [ 200 | 200 | 200 | 200 | 147 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 [ 200
MLNL | 50 27| 200 | 200 [ 200 [ 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 [ 200 [ 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200
QL -60 30 | 200 [ 200 [ 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 | 200

The inspection documents (or test certificates) give enough evidence that the mill product
satisfies a required grade and subgrade. At the steel manufacturing plant, the quality control
system places markings in the form of stamped numbers or letters on each length or batch of
products so that it can be traced back to its particular cast and manufacturing route up to the
point of assembly of the members [63]. The inspection document for each batch of steel is the
most important document for the steel manufacturer, the fabricator, the erector, and to the
subsequent purchaser of the finished component or structure. In addition to the chemical
composition and mechanical properties, the inspection document should also record the
steelmaking route and any heat treatments applied to the material by the steel manufacturer.

Steel that is not readily identifiable as to grade has to be tested to determine conformity to
standards. A sampling protocol has to be established to provide the adequate knowledge of
the materials needed for a reliable evaluation (see Appendix A). Unidentified reclaimed steel
may be used in non-safety critical structures, for example in agricultural buildings.

The following procedure is proposed for the verification of the structural reusability of steel
members as constituent products:
¢ Documentation showing the location and building structure from where the members
were recovered, including the date of construction of the original building, should be
provided for all members,
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All products to be reused should come from a structure constructed with elements
produced in or after 1970 that was not exposed to extensive dynamic loading and
other severe conditions, e.g. fire,

All surfaces should be visually inspected, to ensure that the steel surfaces are free
of rust, and that there is no excessive corrosion. (Elements need to be visually
exposed, and therefore any fire protection should be removed). In the case of cold
formed sections, the weld seam has to be inspected for any defects,

Coatings containing toxic substances, e.g., lead, cadmium, asbestos, and surface
scaling need to be removed by preparing the surfaces according to EN ISO 8501-1 [64],
Members from reclaimed steel should not include welded splices (unless the welds
are tested) and should not have holes in locations where new holes are to be drilled
in the member (the minimum of 3 times the hole diameter or 100mm is a reasonable
detailing rule for the distance between new holes and splices),

Sectional dimensions (if not known) should be measured and the sections classified,
as in Table 5.4 and Table 5.5. At least three locations along the members should be
selected for comparison against nominal values,

For open cross-sections (wide flange H and I- section beams), EN 10034 specifies
tolerances on shape dimensions of these members. The following tolerances have
to be adopted: height of cross-section, flange width, web thickness, flange thickness,
out-of-squareness, and web off-centre,

For closed cross-sections that are Circular Hollow Sections (CHS) and Square
(SHS) and Rectangular Hollow Sections (RHS), EN 10219-2 specifies tolerances on
shape dimensions of cold formed structural hollow sections, while EN 10210-2
specifies tolerances on shape dimensions of hot finished structural hollow sections.
The following tolerances should be adopted: outside dimensions (CHS and RHS),
thickness (CHS and RHS), out-of-roundness (for CHS), concavity/convexity (for
RHS) and squareness of sides (for RHS),

Tolerances on the member straightness should comply with EN 1090-2 and for CHS
and RHS should comply with EN 10219-2 and EN 10210-2. Tolerances on older
sections may be different and therefore some straightening may be required, e.qg.
see Table 5.8 for historical data from the UK and Romania,

The members should have a smooth surface. However, bumps, cavities, or shallow
longitudinal grooves resulting from the manufacturing process are permissible,
provided the remaining thickness is within tolerance. Surface defects may be
removed by grinding, provided that the thickness(es) of the cross-section after the
repair is not less than the minimum permissible thickness. If the actual dimension
after blasting/grinding does not meet the nominal dimensions minus the nominal
tolerance, the section should be relegated to the next lighter section,

Diffuse necking (reduction in cross-section) is not permitted for example in
connections and elements in tension,

Reclaimed sections that are outside economic repair/reconditioning should be
scrapped,

Reclaimed structural steel should be classified for design purposes according to
CEN/TS 1090-201:2024 and presented in Section 5.4.1.
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Table 5.8 Review of geometrical tolerances for individual members
Tolerances
Products BS4 UK LDO?%“S?( NSSS UK EN é%go-z STAS 767
(1962) (1964) (1994) (2018) RO (1988)
[65] f66] [67] - [68]
Beam L/960 L/960 L/10n(1)210r 3 L/1000
Column up to (but not L/1000 or 3
including) 9.14 m L/714 L/960 mm L/1000 L/1000, but
L/1000 or 3 max. of 15
Columnupto 13.72 m L/960 L/960 mm L/1000 mm
Columns over and L/960 — L/960 + L/1000 or 3 L/1000
equal to 13.72 m 4.75 mm 9.5 mm mm

5.5.2 Reliability

The reliability of the Eurocode 3 design methods is guaranteed through the use of partial
factors. The recommended values of these factors are defined in the relevant part of
Eurocode 3 and in the respective national annexes. For reclaimed sections there are
currently no specific information provided.

If the testing protocols and requirements defined in CEN/TS 1090-201:2024 [2] it seems
reasonable to apply the same partial factors as long as there are no other provisions on a
national level.

It is also important to note that EN 1993-1-1:2022, Annex E, [15] provides the statistical
properties of geometric and material characteristics that were assumed during the
determination of the current values of the partial factors.

The assumed scatter bands (mean values, coefficients of variation) for the dimensional
properties are given in Table E.2 of EN 1993-1-1:2022. For dimensional properties not
specifically mentioned in Table E.2, it is assumed that the mean values are equal to the
nominal values and the standard deviations are equal to half of the interval between the
nominal value and the lower bound of the applicable tolerance interval in EN 1090-2 or other
relevant product standards. The values in Table 5.9 (Table E.2 of [15]) represent the
products currently available on the European market satisfying the relevant European
product standards.

Table 5.9  Assumed variability of dimensional properties [15]

Dimension Mean value | Coefficient Upper Lower
Parameter o reference value |reference value
type of variation
Xm Xs9 Xo0.12%
Depth h 1.0 hnom? 0.9 % 0.98 hnom? 0.97 hnom?
Outer Width b 1.0 bnom? 0.9 % 0.98 bnom? 0.97 bnom?
dimensions of |Outer diameter d of
cross-section |circular hollow 1.0 dnom? 0.5% 0.99 dnom? 0.98 dnom?
section
Rolled and welded I-
Thickness and H-sections: 0.98 tinom? 25% 0.95 tinom? 0.91 tinom?
flange thickness tt
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. . . Upper Lower
Dimension Mean value | Coefficient
Parameter L reference value|reference value
type of variation
Xm Xs9% X0.12%

Rolled and welded I-
and H-sections: web 1.0 tw.nom? 25% 0.96 tw.nom? 0.93 tw.nom?
thickness tw

Hot rolled (seamless)
or welded structural
hollow sections (acc.
to EN 10210 (all
parts)): wall
thickness t

0.99 thom® 2.5% 0.95 thom® 0.92 thom®

Cold formed sections
made from coils or
plates (acc. to EN 0.99 thom? 2.5% 0.95 thom? 0.92 thom?
10219 (all parts)):
wall thickness t

All other welded
sections made from

a 0, a a
heavy plates: 0.99 tnhom 25% 0.95 thom 0.92 thom
thicknesst

a Nominal dimensions according to the applicable product standard or specification.

Table 5.10 gives the statistical values assumed for the material properties, i.e. yield strength
and ultimate tensile strength.

Table 5.10 Assumed variability of material properties [15]

Mean value | Coefficient Upper Lower
Parameter Steel grade . reference value|reference value
of variation
Xm Xs% Xo0.12%
8235, 8275 1,25 ReH,min a 5,5% 1,14 ReH,min a 1,06 ReH,min
Y|e|d Strength, 8355, 8420 1,20 ReH,min a 5,0% 1,1 ReH,mina 1,03 ReH,min
fy 8460 1,15 ReH,min a 4,5% 1,07 ReH,min a 1,00 ReH,min
Above S460 1,10 ReH,min a 3,5% 1,04 ReH,min a 1,00 ReH,min
Ultimate S235, S275 1,20 ReH,min 2 5,0% 1,11 Rmmin? 1,03 Rm,min
tenSile 8355, S420 1,15 ReH,min a 4,0% 1,08 Rm,min a 1,03 Rm,min
Strength, fu S460 and above 1,10 ReH,min 2 3,5% 1,04 Rmmin 2 1,00 Rm,min
xggt‘:(':‘ﬂt; - Of| All steel grades 210000 MPa|  3,0% 200 000 MPa | 192 000 MPa
a Rex.min @and Rm min are the minimum yield strength Ren and the lower bound of the ultimate tensile

strength Rm, according to the applicable product standard, e.g. EN 10025 (all parts).

If the assessment of the properties of the elements gives similar statistical properties for
reclaimed members, it seems again reasonable to apply the values of partial factors
generally used for new elements provided that also geometrical tolerances, such as out-of-
straightness or out-of-flathess, comply with the product standards.

5.6 Structural components or entire primary structure

Steel structures and steel construction products are, in general, highly demountable.
Provided that attention is paid to deconstruction in the design stage, there is no technical
reason why almost all the steel building stock should not be regarded as components for
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future use in new applications. In some sectors, e.g., industrial and agriculture, reuse of
single-storey steel structures and cladding components is already relatively common.

According to EN 1090-2, a component represents part of a steel structure, which may itself
be an assembly of several smaller components. A steel structure represents an organised
combination of connected components designed to carry loads and provide adequate

rigidity.

The following selection and acceptance criteria for reuse of a steel component, i.e., part of
a structure, or entire primary structure, in the scope of the current project are proposed:

The structural components, or the entire primary structure, should belong to a steel
building constructed after 1970, using elements manufactured in or after that year,
and must not have been subjected to significant dynamic loading or other extreme
conditions,

All reclaimed steel shall be measured and certified for its geometric section
properties, and then classified according to the system proposed in Section 5.4.1 of
this document,

First, the individual structural members are evaluated according to Section 5.5. The
term “evaluation”, in this context, is as defined in EN 1090-1, i.e., to demonstrate
compliance with the requirements, such as material properties, geometry and
structural characteristics,

In addition to Section 5.5, all welds should be 100% visually inspected throughout
their entire length for surface imperfections according to EN 1SO 17637 [69]. The
visual inspection should be carried out before any other NDT inspection. If surface
imperfections are detected, additional surface testing by liquid penetrant testing or
magnetic particle inspection should be carried out on the inspected weld. Generally,
ultrasonic testing or radiographic testing applies to butt welds and liquid penetrant
testing, or magnetic particle inspection applies to fillet welds,

Existing bolts from previous applications should not be reused,

In case of remanufacturing, the reused steel component / detail / structural
component or module / primary structure can be CE marked to EN 1090-1 [7].

Fig. 5.4 presents the framework for the reuse process of a steel structure or structural
component.
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Fig. 5.4 Overall framework for reuse process of steel structure/components

However, some degree of uncertainty is inevitably associated with the use of reclaimed
steelwork. The overall framework for verification of the reusability of components, or entire
primary structures is presented in Fig. 5.5.

The flowchart in Fig. 5.5 identifies three possible classes, after checking the eligibility and
compliance with the tolerances in EN 1090-2:

e Class RSCL1.: the structural component has not been CE marked in the first life and
has to be certified as a new structural component/structure. Detailed investigations
are necessarily for this Class — steel materials meet performance requirements
through extensive testing,

¢ Class RSC2: the structural component has been CE marked in the first life according
to EN 1090-1 and the original documentation is available. Each component should
be reassessed to confirm compliance with EN1090-2 and the harmonised standards.
Steel materials meet performance requirements through limited testing and with
approved quality assurance from original certificates. The welding has to pass the
visual and other NDT inspections. The reclaimed structural component can be
reused in designs according to EN 1993-1-1 with some restrictions: (i) plastic global
analysis is not allowed when the reclaimed steel is reused; (ii) a conservative value
of the ym1 safety factor is recommended to address possible uncertainties as the
assessment processes are likely to be less reliable than those undertaken for the
new structural steel components,
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e Class RSC3: the structural component was not CE marked, or the CE marking
documentation is unavailable. The structural components have to conform with EN
1090-2 standard. Steel materials and welding can be evaluated through limited
material testing and the steelwork recertified. The reclaimed structural component
can be reused in designs according to EN 1993-1-1 with the same restrictions as for
Class RSC2.

Steelwork
built after 1970 and not

exposed to extensive dynamic
loading and severe conditions

Eligible
structure?

YES

Check the components for
damage and compliance with
tolerances given by EN 1090-2

steelwork is
re-certified

New CE
marking?

original CE marking is available and the
properties comply with EN 1090-2 and

. the current harmonized standards
Original CE
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individual
Class components Class
RSC1 | RSC2

|

|

| A

|| Re-assess replaced
components

Yy
Modify safety factors
according to the
remaining service life
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Modify safety factors according to
the measured properties and
remaining service life

.g. only elastic design,
v v e.g. only elastic design

no cranes, etc. \ 4
R Reuse with
euse restrictions Don't reuse

Fig. 5.5 Overall framework for verification of the reusability of components
or entire primary structures

5.6.1 Execution classes

The execution class required for the steelwork is a reliability differentiator for providing
choice of quality, testing and qualification requirements. The basis for CE marking is that
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the manufacturer declares that its products meet the specified performance characteristics
that are defined as essential to the application of the products in construction.

For any project, the required quality of fabrication or execution class (EXC) must be
specified. EN 1090-2 [8] requires the execution class to be specified for the works as a
whole, an individual component, or a detail of a component. In some cases, the execution
class for the structure, the components and the details will be the same, while in other cases
the execution class for the component and the details may be different from that for the
whole structure.

EN 1090-2 specifies requirements, which are mostly independent of the type and shape of
the steel structure (e.g. buildings, bridges, plated or latticed components), including
structures subjected to fatigue or seismic actions. Certain requirements are differentiated in
terms of execution classes.

According to EN 1090-2 there are four classes, ranging from EXC1, for which the
requirements are the least strict, to EXC4, for which the requirements are the most strict.
However, it should be noted that the requirements of EXC4 should be defined individually
but considering at least those applicable to EXC3. It is up to the designer to select the EXC
required for the structure, an individual component, or a particular detail of a component.

The selection of the execution class should be based on the following three factors:
¢ the required reliability;
¢ the type of loading for which the structure, component or detail is designed;
¢ the type of structure, component, or detail.

In terms of reliability management, the selection of the execution class should be based on
the required Consequences Class (CC). The consequences class are defined in EN
1990:2023 [9]. The provisions of Eurocodes cover design rules for structures classified as
CClto CCs.

In terms of the type of loading applied to a steel structure or component or detail, the
selection of execution class should be based on whether the structure or component or
detail is designed for static actions, quasi-static actions, fatigue actions, or seismic actions.

The selection of execution class (EXC) based on the type of loading is as given in Table
5.11 from EN 1993-1-1:2022.

Table 5.11 Selection of execution class (EXC) based on the type of loading

Type of loading
Consequence Class (CC) Static Seismic _
: t'ti Fatigue®
Quasi-static | pqa DC22 DC3?
CC3 EXC3¢ EXC3¢ EXC3¢ EXC3¢ EXC3¢
CC2 EXC2 EXC2 EXC2 EXC3d EXC3
CC1 EXC1 EXC2¢ EXC2 EXC2 EXC2

a Seismic ductility classes (DC’s) are defined in prEN 1998-1-1.
b See EN 1993-1-9.
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¢ EXC4 may be considered for special cases, including those typically covered by CC4 of EN
1990.

4 Only the primary seismic resisting system falls in EXC3; the gravity load resisting system may
fall in EXC2.

e If the seismic action index is not greater than 2,5m/s? (low seismic action class, see prEN 1998-
1-1), the execution class of structures in DC1 may be EXC1.

If the required execution class for particular components and/or details is different from that
applicable to the structure in general, then these components and/or details should be
clearly identified.

The National Annexes may specify the choice of execution class in terms of types of
components or details. The following is recommended [15]:
“If EXCL1 is selected for a structure, then EXC2 should apply to the following types of
component:
a) welded components manufactured from steel products of grade S355 and above;
b) welded components essential for structural integrity that are assembled by welding
on the construction site;
¢) welded components of CHS lattice girders requiring end profile cuts;
d) components with hot forming during manufacturing or receiving thermic treatment
during manufacturing.”

The present document focusses on the reuse of single- and multi-storey steel buildings and
their components. The reused components can be framed on Consequences Class CC1 or
CC2 according to Annex A of EN 1993-1-1, for static, quasi-static or seismic DC1 type of
loading. Consequently, execution class 2 (EXC2) is the most appropriate for the majority of
single- and multi-storey buildings, i.e. buildings or parts of buildings not covered by CC1 or CC3.
The list of requirements related to execution classes is given in Annex A.3 of EN 1090-2.

Reclaimed structural steel components must clearly be treated differently, as it might have
been manufactured to a withdrawn standard and is most unlikely to have any documented
test results from time of manufacture. EN 1090-2 sanctions the use of other materials by
stating that: “If constituent products that are not covered by the standards listed are to be
used, their properties shall be specified”. There will be no difference in the fabrication
processes, procedures, standards or tolerances for either new steel or reclaimed steel. It is
therefore appropriate that reclaimed structural steel components can be CE Marked in
accordance with EN 1090. In addition to careful control of the structural components,
material properties must be declared according to EN 1090-2.

Specification of EXC may not always be sufficient alone for the differentiation of the
acceptance criteria and the extent of inspection for welds/details of different importance or
criticality. This may result in the following:
a) the acceptance criteria may become too onerous for welds that are not important,
b) the extent of specified inspection may become too large for welds that are not
important,
¢) the specified inspection may miss the critical locations.

The use of weld inspection classes (WICs) (see Annex L of EN 1090-2) may be useful in
directing the scope and percentage extent of supplementary testing according to the
criticality of the weld. This may be beneficial both from a safety point of view and from an
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economic point of view, as unnecessary inspection and repair may be avoided. The initial
choice of weld inspection classes (WICs) should take into account the likelihood that defects
would arise for particular weld configurations (e.g., welds to be executed in difficult conditions
such as overhead welds, site welds, welds for temporary attachments). Subsequently, weld
inspection classes (WICs) may be reduced based on experience in production.

Weld inspection classes are to be used based on the following criteria for selection:
a) utilisation for fatigue,
b) consequence of failure of weld for the structure,
c) direction, type and level of stresses.

Annex A.3 of EN 1090-2:2018 lists requirements specific to each of the execution classes
referenced in this European Standard. “Nr” in the table means “No specific requirement in
the text”.

In the case of reclaimed components or reuse of the primary structure, the contractor or the
stockholder is responsible for specifying the Execution Class (EXC) for the structure as a
whole, as well as for individual components or details, where a different EXC is appropriate.
If a different EXC is assigned to a component or detail, it shall not be lower than the ECX
specified for the works as a whole. The EXC for any component or detail shall be clearly
identified in the new specification if it differs from the EXC class for the structure.

The organisation holding the reclaimed structural components or the entire primary structure
has important responsibilities involving the examination and testing of the steelwork, keeping
of comprehensive records and formal declarations of material properties when the reclaimed
structural components or the entire primary structure is distributed into the supply chain.

When reclaimed structural components or entire primary structure are distributed into the
supply chain, it must be accompanied by a formal declaration, following the requirements of
EN 1090-2. The declaration must make clear which properties have been assumed, and
which have been determined by test.

The following properties shall be declared:

e geometrical data (tolerances in dimensions and shape),

¢ weldability — If required, if not “No performance determined (NPD)" may be declared,

¢ fracture toughness of structural steel products,

e reaction to fire — To be declared that the materials are classified as Class Al; or if a
coating with organic content larger than 1%, the relevant class of the organic content,

¢ release of cadmium and its compounds —"NPD" to be declared,

e emission of radioactivity — "NPD" to be declared,

e durability — To be declared according to component specification,

e execution class (EXC),

o reference to component specification.

5.7 Cold formed structural steelwork elements

Purlins and side rails are usually proprietary cold rolled, thin-walled galvanised sections.
Currently, Z-, C- and Z- sections are used as purlins or side rails, the manufacturers offering
design data in terms of load/span tables or software. Purlins and side rails acting as
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secondary beams supported by primary beams (e.g. rafters) or columns are often restrained
by the building envelope (e.g. trapezoidal sheeting, cassettes, sandwich panels, etc.).

The shape and sign of the bending moment diagram depend not only on the type of loading,
gravity, or uplift, but also on the support conditions of the purlin, which can be simply
supported or continuous over two or more spans. When it is continuous, the purlin may have
uniform cross-section in the span and over the support, or stepped cross-sections, by
overlapping the profiles over the supports. In the latter case, the Z-sections can be selected
to adapt the purlin capacity to the moment variation along the member, and also to the
transverse load demand at the supports.

Manufacturers produce their own specific shapes, depths ranging from 100 to 350 mm and
thicknesses from 0.8 mm to 3.2 mm. These purlins are usually suitable for frame spacings
between 4 to 9 m and purlin spacing between 1.2 to 2.5 m.

All steels used for cold formed steel members and profiled sheeting shall be suitable for cold
forming and, if relevant, for welding. Steels used for the galvanised members and sheets
that are to be galvanised should also be suitable for galvanising.

EN 1993-1-3 [16] specifies that the materials in Table 5.1a are conform with harmonised
product standards, while the materials in Table 5.1b are conform to EN or ISO product
standards. For other steels, the suitability for cold forming shall be demonstrated by a bend
test according to EN ISO 7438 [70] or by an equivalent test.

For an effective design, when spans range from 6.0 m to 7.0 m, continuous purlins are
usually made with sections lapped and bolted on intermediate supports. Alternatively,
double sections can be used to strengthen the purlin at intermediate supports.

Sheeting itself can be used as a continuous restraint system to prevent lateral and torsional
deformations of purlins. To be effective, such restraint systems must possess sufficient
translational and rotational stiffness. When the restraint by sheeting is not fully effective,
non-continuous or discrete lateral bracing devices, spaced along the purlins, can be used.

The reclaiming potential of secondary cold formed steel elements is generally lower than
that of primary hot rolled steelwork. This is primarily due to cladding being typically fixed
with a high number of mechanical fasteners, which complicate the disassembly process and
increase the risk of damaging the elements during deconstruction.

Previous sections provided an overview of the process to reuse hot rolled structural steel
elements according to EN 1090-2. For cold formed structural elements, similar principles
shall apply, taking into account the recommendation of EN 1090-4 [71]. Alternative
specifications of source material similar to Section 5.2.5 are also possible. The following
sections clarify key aspects to allow for structural steel reuse of cold formed elements.

It is unlikely that within the scope of this guide welding of cold formed steel elements is found
or required for future application. Therefore, the assessment of execution processes may
only be related to geometric tolerances of the cold formed steelwork according to EN 1090-
4 and EN1993-1-3 recommendations.

5.7.1 Classification of cold formed reclaimed steelwork for reuse

Cold formed steel structural members and sheeting, used for load-bearing purposes in
structural engineering, shall be subjected to classification with regard to strength
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requirements and dimensions. In this sense, the assessment of the corrosion protection
system also constitutes a part of the overall classification.

According to Section 5.4.1, reclaimed steel should be classified according to the verification
against (i) material performance requirements (adequacy assessment) and (ii) quality
assurance requirements (reliability assessment), framing the steel in one of the following
classes, i.e., class A, class B or, class C [54]. For Class C reclaimed steelwork, as a wide
range of steel grades are likely to be available, it is not recommended to assume a yield
and tensile strengths of more than 120 MPa and 260 MPa respectively.

Cold formed steel members are usually protected against corrosion by means of metallic
coatings as specified in EN 10346 (designation of the coating mass Z, ZM, ZA or AZ) and,
if necessary, by means of an additional organic coating as specified in EN 10169 [37]. The
provisions of EN 10346 [36] shall apply to the determination of the coating mass. The type
and scope of the tests to be performed are given in Table E.8 of EN 1090-4.

5.7.2 Selection and acceptance criteria

The following selection and acceptance criteria are proposed for assessing the reusability
of secondary steelwork, i.e., purlins and side rails, in the scope of this guide:

1. The structural components (member composing the secondary structural system) or
the secondary structural system, should be a part of a building and should not have
been exposed to any extreme conditions,

2. Each element should be dismantled, while the stability is ensured. Elements
providing lateral stability shall not be dismantled prior to the removal of the main
elements or prior to the installation of the temporary bracing,

3. Structural steel components should be packed, handled, and transported in a safe
manner, so that permanent deformation does not occur, and surface damage is
minimised. Products that have been handled or stored in a way or for a length of
time that could have led to significant deterioration shall be checked before use, to
ensure that they still comply with the relevant product standard,

4. First, the individual structural members are evaluated according to EN 1090-1 [7],

5. All reclaimed steel should be certified to the section properties and classified
according to the system proposed in Section 5.4.1 of this document,

6. If the initial drawings are missing, all dimensions of the components/structure shall
be measured to check that they meet the tolerances, at the level of cross-section,
member, or structural system, EN 1090-4. All measurements, to verify the cross-
sectional shape and dimensions, shall be carried out at a distance of at least 250
mm from the end of the sections to exclude any influence of end-flare on measured
results. The thickness of the section shall be measured on the flat sides of the
section. The straightness and twisting of a section shall be checked over the entire
length of a section resting on a flat base. The length shall be measured along the
centreline of the largest surface:

a. Essential and functional manufacturing tolerances for press braked or folded
members are given in Annex D of EN 1090-4,

b. For roll-formed members, EN 10162 [72] applies. The minus tolerance on the
height of the lip of the edge stiffeners shall conform to the following: (1) the
minus tolerance on the height of the lip of each individual edge stiffener shall
not be larger than 10% of the nominal lip height, with a maximum of minus 2
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mm; (2) the average tolerance on the height of the lip of all the edge stiffeners
in each cross-section along the member length shall not be larger than half
of the permitted minus tolerance for outside dimensions limited by one radius
and a free edge. Positive tolerance is a functional tolerance,

c. The thickness may be measured at any point located more than 40 mm from
the edges. The tolerances on thickness shall be as given in Tables 1 to 4 of
EN 10143 [73] and apply throughout the whole length,

7. The product surface shall be visually inspected to verify compliance with the
requirements in Sections 7.4 to 7.6 of EN 10346 [36]. The coating surface can vary and
change to a dark appearance by oxidation. The available coating masses should be in
accordance with Table 11 of EN 10346. NDT tests have to be performed to check the
coating thickness. If necessary, the methods described in Annex A (Z, ZF, ZA and AZ)
or Annex B (AS) of EN 10346 shall be used,

8. The reused steel component or structural component can be CE marked according
to EN 1090-1.

5.7.3 Material performance requirements

The evaluation of constituent products not covered by referenced standards is allowed by
clause 5.1 of EN1090-4. It is stated that “If constituent products that are not covered by the
standards listed in Clause 5.3 are to be used, their properties shall be specified”.

The following properties were identified as required for an appropriate evaluation:
e Yield strength or 0.2% - proof strength (Ren/Rpo.2) in MPa;
e Tensile strength (Rn) in MPa;
e Elongation after fracture Aso mm in %;
e Bend radius to thickness ratio, if relevant;
¢ Adhesion of metallic coating;
e Tolerances on dimensions and shape, including minimal thickness;

If the steel is to be welded, its weldability shall be declared as follows:
¢ A maximum limit for the carbon equivalent of the steel, or;
e A declaration of its chemical composition in sufficient detail for its carbon equivalent
to be calculated.

In addition to the above properties, the coating mass and the coating thickness should be
evaluated.

Provided that the reclaimed steel meets all relevant material requirements and the fabrication
processes comply with EN 1090 standards, there will be no difference in the fabrication
procedures, standards, or tolerances between the new and the reclaimed steel. Therefore,
reclaimed steel structural steelwork can be CE marked in accordance with EN 1090-1.

The test regime for cold formed steelwork is intended to allow the necessary material
properties according to clause 5.3 of EN 1090-4 to be declared, based on dimensional survey,
by non-destructive tests, by destructive tests, or by making conservative assumptions.

For the scope of the current design guide, the nominal yield strength for cold formed
elements shall be in the range of 220 N/mm? and 550 N/mm?. The minimum nominal tensile
strength should be in the range of 300 N/mm? to 560 N/mm?. The ductility requirements for
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design to EN 1993-1-1 are presented in Table 5.1 (recommended values that may be
modified by the NASs).

5.7.4 Adequacy and reliability assessment

Regarding hot rolled elements, evaluations of adequacy and reliability are required for cold
formed steelwork to ensure that the reclaimed product can be used in structural design
according to EN 1993-1-3. A testing procedure to undertake the adequacy and reliability
assessment of cold formed elements is proposed in Appendix A.

5.7.5 Product properties to be declared for cold-formed reclaimed elements

This section summarises the steel properties that need to be assessed for reclaimed cold
formed steel elements according to Clause 5.3 of EN1090-4 (see Table 5.12). Further
commentary on these properties is also provided.

Table 5.12  Material properties to be declared according to Clause 5.3 of EN 1090-4

Property To be declared Procedure

Yield strength or 0.2%-proof strength | Yes Determined by non-destructive and

(Ren/Rpo,2) destructive tests.

Tensile strength (Rm) Yes Determined by non-destructive and
destructive tests.

Elongation after fracture Aso mmin % | Yes Determined by destructive tests.

Tolerances on dimensions and shape, | Yes Based on dimensional survey.

including minimal thickness

Bend radius to thickness ratio, if relevant| If required If required, determined by destructive
tests.

Metallic coating composition, Yes If required, determined by non-

designation and layer mass and destructive or destructive tests and

thickness visual inspection

Adhesion of metallic coating Yes Based on visual inspection

In addition, if the steel is to be welded, its weldability shall be declared as follows:

Property To be declared Procedure
A maximum limit for the carbon If required (usually Maximum to be declared from
equivalent of the steel, or not required as manufacturer’s test certificates.

welding procedures

A declaration of its chemical are often not used)

composition in sufficient detail for its
carbon equivalent to be calculated

Determined by non-destructive and
destructive tests.

Yield strength, tensile strength and elongation
According to EN 10346 [36], the tensile tests shall be performed without coating, in the test
direction given in Tables 7 to 11 and Section 7.2.5.2 of the same standard.

Geometric tolerances and limitations

The geometric tolerances on dimensional shape shall comply with EN 10143 [73]. EN 1993-
1-3 specifies minimum thicknesses for cold formed steel elements. Recommendation from
EN 1090-4 shall also be followed.
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Bend radius to thickness ratio and adhesion of metallic coating
As the reclaimed steelwork is already bent, a visual inspection to assess possible cracks

and the adhesion of the metallic coating near the bend region shall be undertaken for each
reclaimed element. The adhesion assessment has the objective of detecting any adhesion
less than “perfect” (see Appendix A for more details).

Metallic coating composition, designation and layer mass

The composition of the metallic coating needs to be specified according to EN 10346.
Section 3 of EN 10346 specifies the key chemical components for each coating type. For
the coating layer weight assessment, Section 7.3 from EN 10346 must be considered (see
also Appendix A).

Chemical composition

For cold formed products, EN 10346 may be used, where in Table 2 of the standard the
chemical composition of steels for construction is presented. The intent of this declaration
is to allow the calculation of the carbon equivalent value (CEV), which is a key measure of
weldability. If the reclaimed cold formed steelwork is not to be welded, the chemical
composition does not need to be assessed (see Appendix A for more details).

5.7.6 Durability

The disassembling process may cause damage to the steelwork, and especially to the
coating. The steelwork loses coating mass over time (at a rate that depends on the
building/steelwork environment). This means that the coating mass for subsequent life
cycles is reduced, thus reducing the durability of the steelwork system. Therefore, it is
necessary that the test protocol assesses the remaining/available coating mass for the
reclaimed cold formed steelwork.

5.8 Composite floor decking

Composite steel floor decking is widely used as a structural solution that combines the
complementary properties of steel and concrete. Its main advantage lies in its ability to
create a lightweight, strong, and durable system that speeds up construction while offering
high performance in terms of load-bearing and fire resistance. Due to the permanent
bonding of steel and concrete in current solutions, composite steel floor decking cannot be
reused in its original form after construction. However, both steel and concrete can be
recycled, allowing for an environmentally responsible disposal method, even if direct reuse
is not possible.

5.9 Claddings

Composite panels are covered by EN 14509 — Self-supporting double skin metal faced
insulating panels. Factory made products [74]. Specifications. For panels manufactured
after 2004, key information is available on a tape on the panel joist, which includes the
manufacturer, date of manufacture, and the panel data including the core type. Since 2000,
pentane has been used as the blowing agent for the core and does not contain CFC
(chlorofluorocarbon) or H-CFC (hydrochlorofluorocarbon).

Roofing and cladding sheets are covered by EN 14782 — Self-supporting metal sheet for
roofing, external cladding and internal lining. Product specification and requirements [75].
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Recommendations are proposed for evaluating the potential for reusing sandwich panels.
For the evaluation of safety aspects for reuse, the rules in EN 1990 (safety factors) and the
rules in the harmonised product standard EN 14509 are used for the type of testing of
essential properties. A basic requirement for a limited amount of testing is that the name of
the manufacturer is known and that a copy of the original declared values (values given by
the manufacturer) is also known. This might limit the use of a reduced testing program for
panels older than 25 years, because of the lack of commonly known rules, unless they have
been produced under national type approvals with an existing type testing and third-party
control. For other cases, a full testing program following the rules in EN 14509 is recommended.

The evaluation of potential to reuse sandwich panels is as follows:
e Architectural or aesthetical based,
e Performance based; evaluation of essential properties as in EN 14509.

For this purpose, colour change of the surface or damages in surface are visually observed.

5.9.1 Selection and acceptance criteria

The mechanical panel properties to be declared and to be determined based on Type
Testing are according to EN 14509:

e wrinkling strength,

e shear strength and shear modulus,

e creep coefficient (for permanent loads only),

e compression strength and compression modulus,

¢ tensile strength and tensile modulus,

e durability properties,

e tolerances.

The reference level of the mechanical properties are the values declared by the
manufacturer at the time of delivery of the panels. This reference level is further called the
zero level.

The evaluation of the possible degradation of the panel mechanical properties is first
evaluated by comparing the level of cross panel tensile strength to the zero level. If
considerable degradation (over 10% lower characteristic value compared to the declared
value) is noticed, the panel shear strength and compression strength is tested. The
characteristic value of the panel shear strength, determined on panels sampled from the
panels dismounted is the value used for design when reusing the panels.

The mean value of the shear modulus is measured from the panels to be reused. For the
wrinkling strength, compression strength and modulus, the originally declared values are
reduced with the ratio of the characteristic shear strength to the originally declared shear
strength. This procedure is conservative, as the experience shows that the ageing affects
mostly the cross panel tensile strength and panel shear strength. Results from testing
dismounted panels at the end of the 1990s indicate that the ageing rate of wrinkling strength
is approximatively half of the ageing in shear strength. The material safety factors are
suggested to be the same as based on original type tests.

It is suggested to test samples taken from the demounted panels for the cross panel tensile
strength as specified in section Al of EN 14509. The number of samples should be at least
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3, and up to 10, which will lead to greater accuracy of the results. The density of the samples
is measured from samples taken close to the samples for tensile strength.

5.9.2 Tensile strength and density

The characteristic value of the tensile strength is compared to the original declared value. If
there is degradation at a level of less than 10%, the panels can be reused using the
properties originally declared properties for all mechanical strength properties. If the
degradation is more than 10%, a set of samples for testing shear strength and modulus and
compression strength and modulus should be taken. At least 3 samples each should be
taken, preferably 5 for shear and 10 for compression tests.

5.9.3 Shear strength

The shear strength and shear modulus are tested for the samples taken from the
dismounted panels. If the degradation in tensile strength is not more than 10%, one shear
test is performed. The test result shall be at least the same as the declared value. The full
scale of tests is performed if the cross panel tensile strength has degradation more than
10% compared to original declared tensile strength. The characteristic value is calculated
for the shear strength. This value is used for the design of the panels to be reused.

5.9.4 Compression strength

The compression strength is tested for the samples taken from the dismounted panels. The
tests are performed if the cross panel tensile strength has degradation more than 10%
compared to original declared tensile strength. The characteristic value is calculated for the
compression strength. This value is used for the design of the panels to be reused.

5.9.5 Bending moment/wrinkling strength

For the bending moment or wrinkling strength, the originally declared value can be used if
the tensile strength has degradation less than 10%. If the degradation is higher, then either
the wrinkling strength is reduced with the same ratio as the shear strength in comparison to
the originally declared shear strength, or the wrinkling strength is tested for panels sampled
from the dismounted panels. The characteristic value of test results is then used in design
when reusing the panels.

5.9.6 Material safety factors

The material safety values determined by the original type testing is used. Alternatively, the
safety values determined form the tests on dismounted panels can be used calculated as
given in section A.16 of EN 14509.

5.9.7 Durability properties

It is necessary to repeat testing for durability only if there is a degradation of tensile
strength of more than 10%. In that case, only the short-term durability testing (14 days,
see EN 14509 Annex B, clause B.2.4, is required for all other core types than mineral
wool, and 7 days for mineral wool core, see EN 14509 Annex B, clause B.3.4). For
panels with core of mineral wool, the degradation of properties shall be less than 15%,
and for all other types less than 17%.
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5.9.8 Tolerances

The tolerances should be visually inspected, and if a deviation is noticed, the panels are
checked that they are fit for reuse.

5.9.9 Thermal behaviour

For sandwich panels with a polyurethane (PU) core, if there is reduction in closed cells ratio
(see ISO 4590) is decreased by more than 10%, the thermal conductivity shall be retested
and a new design value determined (EN 14509, clause A.10).

5.9.10 Fire safety

For panels with core materials using fire retardants shall be retested for the small flame
behaviour in order to check that the effect of fire retardants is still active. Otherwise, a
reclassification might be needed.

5.9.11 Certification for reuse
A summary of the evaluation and certification procedures for reuse of sandwich panels is
presented in Table 5.13.

Table 5.13  Summary on evaluation procedure for reuse of sandwich panels

Evaluation criteria | Property

Mechanical strength
Testing cross panel tensile strength 3 samples, a minimum (EN 14509, Al): Calculate characteristic
result for tensile strength. Testing one sample for shear strength (EN 14509, A.3 or A.4)

1. Tensile strength

Actual value > 0.9 x Declared
value, and

2. Shear strength

Actual value > 0.9 x Declared
value

If YES, no further testing is required. All declared values for
mechanical strength can be used.

If NO, new declared values to be determined with a test
programme according to EN 14509 for (i) tensile strength, (ii)
compression strength, and (iii) shear strength. The wrinkling
strength is reduced with the same amount that shear strength is
reduced.

Durability

Tensile strength
Actual value > 0.9 x Declared
value

If YES, no further testing is required. Panels are fit for use.

If NO:

For MiWo panels: The 7 days testing (see EN 14509 clause
B.3.4) is to be done. The reduction in tensile strength after ageing
shall not exceed 15% of the mean value of the tensile strength in
ambient temperature

For all other panel types: The procedure in EN 14509 Annex B.2
is followed so that the panels are tested 14 days in the
temperature as described in B.2.4. The reduction in tensile
strength after ageing shall not exceed 17% of the mean value of
the tensile strength in ambient temperature

Tolerances

Damage is evaluated by
visual inspections

If no serious damages or faults are found, then the panel can be
reused.
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If serious damages are found causing weakness in strength,
insulation behaviour or tightness of joints, then those panels are
rejected.

Moisture content

Wetness of core material

If no notable wetness of core material found, the panels can be
reused

Thermal behaviour

For PU panels:

1. Closed cell ratio

Actual value > 0.9 x Value
obtained by type testing and
2. Change in density < 10%

If YES, no further testing is required; original thermal conductivity
value can be used.

If NO, then new test for determining thermal conductivity is to be
done following the rules in Section A.10 of EN 14509.

Fire safety

Small flame tests, see clause
C.1.2 of EN 14509

Tests to be done with core material including fire retardants. The
classification is checked and if needed reclassified. The panels
are fit for use, fulfilling the requirements in the project for reuse.
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6 STRUCTURAL ANALYSIS AND DESIGN FOR EXISTING
STEELWORK

This section discusses several considerations that may affect the design of structures using
reclaimed steel members. The principles of Limit State design should be followed and the
rules for resistances and serviceability given in Parts 1.1 and 1.8 of EN 1993 may be applied,
using resistance partial factors y and the same methods of analysis and design.

Structures made from (or including) reused steel components have to satisfy the same basic
principles as given in EN 1990. For the “new” design life, the structure shall be designed
and constructed according to the following conditions:

¢ Resist all actions likely to occur based on the member resistance,

¢ Remain fit for use in terms of serviceability and durability,

e Satisfy modern regulations in terms of structural integrity.

In European practice, buildings other than agricultural, temporary and monumental buildings
are designed for an intended working life of 50 years, and this is reflected in the
characteristic values of actions found in EN 1991, and the partial factors applied to those
actions. The design service life affects the design values of the effects of actions but not the
resistance and serviceability verifications presented below.

Ductility and toughness must be adequate for the structure to perform as intended. Typical
design assumptions and Eurocode guidance assume a minimum level of ductility to allow
compact flexural members to reach the plastic capacity of the section and to allow localised
tensile yielding without rupture at stress concentrations, see Table 5.1. In fact, the designer
relies on ductility for a number of aspects of the design, including stress redistribution in the
ultimate limit state (ULS), in the design of bolt groups, and in the fabrication process for
welding, bending, and straightening. In structural design using reclaimed steel, potential
reductions in ductility and toughness can generally be neglected. This is because, under
normal building service conditions, the strain demands are typically less than 1.5%, and
these low strain levels do not significantly affect structural performance.

In most cases, reclaimed steel members can be expected to perform as intended for new
steel, without accounting for any material property changes. However, geometric
imperfections may affect the member buckling resistance and therefore it may be necessary
to increase the relevant partial factor.

6.1 Achieving reliability

The application of the partial factor method requires the definition of the design values of
the actions, material and product properties, geometrical data, and model uncertainties. The
design values for the actions, Qq, are obtained from the characteristic values, Qx, based on
a 50-year reference design service life and the corresponding target reliability. The target
value of the reliability index g is related to the probability of failure, Py, corresponding to a
specified reference period, as follows:

P; = @(—p) (6.1)

where @) is the standard normal cumulative probability distribution function.
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Actions on structures are defined in EN 1991-1-1 [10]. Self-weights and imposed loads are
not sensitive to the reference period, and therefore, the normal 50-year reference period
can still be used. For snow loads and wind actions, EN 1991 gives adjusted values for
reference periods other than the 50-year period in Annex D of EN 1991-1-3 [11] for snow
loads and Note 4 in Clause 4.2 in EN 1991-1-4 [12] for wind loads.

EN 1990 [9] defines five Consequence Classes (CC), depending on the consequences of
failure or malfunction of the structure, and provides design rules for three of them, as follows:
e CCO: very low consequence for loss of human life, or economic, social or
environmental consequences insignificant,
e CC1: low consequence for loss of human life, and economic, social or environmental
consequences small or negligible, fso-year = 3.3,
e CC2: medium consequence for loss of human life, economic, social or environmental
consequences considerable, fso.year = 3.8,
e CCa3: high consequence for loss of human life, or economic, social or environmental
consequences very great, fso-year = 4.3,
e CC4: extreme consequence for loss of human life, or economic, social or
environmental consequences huge.

It is also noted that designs with the partial factors given in the Eurocodes generally lead to
a structure with a g value greater than 3.8 for a reference period of 50-year.

The design service life of the structure is not explicitly linked to the consequence class in
EN 1990 and can be understood as a period for which a structure is to be used for its
intended purpose, with anticipated maintenance, but without major repairs. Annex A.1.4 of
EN 1990:2023 gives the following categories together with design service life for permanent
structures:
e Agricultural and similar structures / Replaceable structural parts with a design
service life of 25 years (category 2),
¢ Building structures not covered by another category, with a design service life of 50
years (category 3),
e Monumental building structures with a design service life of 100 years (category 4).

Structures or parts of structures that can be dismantled in order to be re-used should not be
classified as temporary structures.

Structures designed according to the Eurocodes are expected to perform and remain fit for
the appropriate design service life. For typical buildings, the working life is usually 50 years,
i.e., category 3, corresponding to a reliability index Ssoyear = 3.8, Of fiyear = 4.7,
corresponding to a failure probability of ~10* / year. If a structure is intended for a shorter
design service life, a lower target reliability index may be justified. This would correspond to
Pso-year < 3.8 for a 50-year period. However, according to ISO 13822 [76], a minimum value
of Bso = 2.3 should still be maintained to ensure human safety. On the contrary, if the design
life is extended, for example, to 100 years, a fso-year > 3.8 would be appropriate, reflecting a
greater reliability requirement over a 50-year reference period. It should be noted that these
B-values are target values used in the design to ensure a consistent level of reliability. They
represent theoretical benchmarks and do not necessarily reflect actual failure rates.
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Gulvanessian et al. [77] clearly explain that the gindices are used as operational values for
code calibration purposes and for comparison of reliability levels of structures that naturally
depend on the design working life and are used in the whole system actions — resistances
— partial factors.

Different measures to reduce the risk of failure may be interchanged to a limited extent,
provided that the required reliability level is maintained. When designing with reclaimed
steel, it may be necessary to compensate for a slightly lower partial factor by a high level of
quality management, control and inspection to the structure. This is an example of a
reliability differentiation by the requirements of the quality levels.

Reliability differentiation may also be applied through (i) the partial factors for actions j, or
(i) the partial factors for resistance, y, which is further elaborated next. The first option is
usually preferred.

6.1.1 Partial factors for actions

The partial factors for actions allow for the variability of loading to be considered in the
design. In most cases, the probabilities of failure increase by more than expected loads, but
less than intended self-weight load counteracting overturning moments may also have the
same effect of increasing failure probability.

The actions considered for persistent and transient (fundamental) design situations should
include:

¢ the design value of the leading variable action;

¢ the design combination values of accompanying variable actions.

When applying partial factors to actions, combinations of actions ZFd for persistent and
transient (fundamental) design situations should be calculated according to EN1990:2023,
by one of the following:

e formula (8.12) of EN1990:2023 or (6.2) below; or

e the most adverse of the two expressions in Formula (8.13) of EN1990:2023 or (6.3)

below; or
e the most adverse of the two expressions in Formula (8.14) of EN1990:2023 or (6.4)
below.
YFg= X, YeiGii+ V1@ + Z Ry Yo,k j (6.2)
j
or
2 Y6, Gii + Yo1¥o10Qk1 +2- Y. ¥o,jQx;
YFg = > (6.3)
> ;$i¥6i Gki T ¥QiQk1 + Zj>1 YQ,j Yo, 0k,
or
2, V6. G
Y Fy (6.4)

2661 Gri +¥Q1Q1 + Z]_>1 YQ,j ¥o,jQk,j

where
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Fa represents the design value of an action;

z denotes the combination of the enclosed variables;

YG.i is the partial factor for permanent action i;

Gui is the characteristic value of permanent action i;

You is the partial factor for the leading variable action 1;

Yoa is the combination factor for the leading variable action 1 (if applied);
Qx.1 is the characteristic value of the leading variable action 1;

Qx,j is the characteristic value of an accompanying variable action j;

Yo, is the combination factor for the variable action j;

Y0 is the partial factor for the variable action j;

¢ is the reduction factor applied to unfavourable permanent actions; the value is

0.85 unless the National Annexes gives a different value.

Provided its coefficient of variation is small, a permanent action, G, should be represented
by a single characteristic value Gy. If a single characteristic value of Gk is used, then its
value may be taken as the mean value of G. If the uncertainty in G is not small, or if the
structure is sensitive to variations in its value or spatial distribution, then the permanent
action G should be represented by upper and lower characteristic values Gisup and Gint
respectively. The upper (or "superior") characteristic value Gk suyp Should be selected as the
95% fractile and the lower (or "inferior") characteristic value Ggnr as the 5% fractile of the
statistical distribution of G.

Combination of actions for ultimate limit states with partial factors on actions should be
chosen depending on the design situation, according to EN1990:2023:

e Table A.1.3, when using Formula (8.12); or

e Table A.1.4, when using Formula (8.13); or

e Table A.1.5, when using Formula (8.14).

If design values of actions for persistent and transient (fundamental) design situations are
chosen according to Table A.1.4 or Table A.1.5 of EN1990:2023, then the most adverse of
the two expressions in the relevant formula for combination of actions shall be verified.

It is common practice to lower the required safety level when evaluating and upgrading
existing structures, as long as the limits for human safety are not exceeded, see refs. [78]
and [79]. This is justified by the fact that, for existing structures, a shorter design life is often
assumed and accepted. Similarly, for designs with reclaimed steelwork, it is reasonable to
consider the option to assume a shorter design life, say 15-30 years (category 2 above).

6.1.2 Feasible scenarios to adopt a lower design life

In the previous section, it was suggested that the combination factors for the actions could
be slightly reduced when designing with reclaimed steel assuming a shorter expected
service life. It is recommended that this option require a higher level of quality management
control and inspection to the structure.

For a new building, standard EN 1990 reliability requirements must be met (even if individual
reclaimed elements are used). Examples where the lower partial factors for a notional
design working life of 15-30 years can be used are: (i) retrofitting of existing buildings, or (ii)
the cases where the whole building is relocated to a different location.
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When designing a new structure while promoting steel reuse, it is possible to adjust the
structural layout, such as the spacing of floor beams or frames, to ensure that the load
effects on reclaimed elements remain within acceptable limits. By doing so, the structure
can meet the standard reliability requirements for a notional design working life of 50 years,
in accordance with EN 1990. This approach allows compliance with the Eurocode design
process while accommodating the variability inherent in reused steel components.

6.1.3 Partial factors for resistance

The partial factors on resistance defined in EN 1993-1-1 are summarised in Table 6.1. The
characteristic values of resistance are divided by the relevant partial factors to obtain their
design resistances. These values are nationally determined parameters and can be
modified in the National Annex used to implement EN 1993-1-1 in each country, see Table
6.2. The values in these Tables are given for new steels, and were obtained from test data
collected between 1969 and 1980, see [80] and [81], and later, in 2002 [82].

The use of reclaimed steel has been restricted to buildings fabricated and constructed after
1970. Thus, it is unlikely that the steel properties are different from those steels used in
calibrating the partial factors for cross-section verifications, s and .. Both factors
accommodate the variability of material strength, so that the steel strength in the actual
structure may differ from the strength used in calculations. Thus, the steelwork designer can
safely adopt the same values from Table 6.1 for yo and yu2 in designs using reclaimed steel.

Table 6.1 Partial factors m for resistance in EN 1993

Partial factor Recommended (CEN) value
MO Resistance of cross-sections 1.00
M1 Resistance of members to instability 1.00
M2 Resistance of cross-sections in tension to fracture 1.25
Table 6.2 Partial factors mu for resistance in the National Annexes*
2]
o
(2] c
S 8
¢ e |2 z £ T | & c
= © 55} o [0) Le] @ > c
T | |2 | |5 |c|¢ 22| 8|3 |&8|c |2
= [%)] oy [ — = ey > ‘_U () e hu IS ®© o
s | >|o ||| 8| @ |8 || c|S|c|c|lal|3z|X
a < m a) T | L O = = F | Z a x |»w | ® | D
smo | 1.00 | 1.00 | 1.10 | 1.00 | 1.00 | 1.00 | 1.05 | 1.00 | 1.00 | 1.05 | 1.00 | 1.00 | 1.05 | 1.00 | 1.00
a1 | 1.00 | 1.00 | 1.20 | 1.00 | 1.00 | 1.10 | 1.05 | 1.00 | 1.00 | 1.05 | 1.00 | 1.00 | 1.05 | 1.00 | 1.00
me2 | 1.25 | 1.25 | 1.35 | 1.25 | 1.25 | 1.25 | 1.25 | 1.25 | 1.25 | 1.25 | 1.25 | 1.25 | 1.25 | a | 1.10

0.9f,

a=min {1.10, j ; @ For nonlinear analysis, assume o = 1.10

y

*Partial factors for resistance correspond to the 2006 edition of EN 1993-1-1.

The partial factor yi is employed when designing members (beams and columns) for
stability. The problem of stability requires consideration of the material properties and also



76 | Recommendations for Reuse of Steel Products. Volume 1

a number of important factors usually grouped under the heading of imperfections, which
include initial lack of straightness, accidental eccentricities of loading, and residual stresses.
The design is usually based on the concept of buckling curves, which relate buckling
resistance to the member’s non-dimensional slenderness. Although reclaimed members
have to satisfy all geometrical tolerances, it might be reasonable, in some circumstances,
to consider a higher y1 value for stability verification when using reclaimed steel. This
provides an added margin of safety to account for uncertainties related to the material’s
history, potential imperfections, and variability not fully captured in standard design
assumptions. A possible approach is given in Appendix B.

If a structure is kept at its original location (in-situ reuse), there is no reason to increase the
required levels of safety. This means that values of the correction factor Kyu: for existing
carbon steel elements erected after 1970 may be taken as equal to 1 for such reuse
scenario. The value of Ky is also related to the uncertainty of multiple transportation,
disassembly, erection processes as well as in testing procedures to assess geometric
imperfections. As most of the uncertainties are not allowed for if the building remains at its
original location, the value of K ,,, = 1.0 can be used.

6.2 Structural (static) analysis

Global structural analysis for ULS shall be carried out in accordance with the principles from
EN 1993-1-1, with proper allowance for global (P-A effects, for the structure) and local (P-6
effects, for the member) imperfections and second order effects.

Global analysis may also be first- or second-order, depending on the horizontal flexibility of
the structure, which dictates if ignoring second-order effects may lead to an underestimation
of the internal forces and bending moments. For structures sensible to global second order
effects, it is recommended that global P-A effects are accounted for by a geometric non-linear
analysis (usually undertaken using software) or using the amplification factor according to
Section 7.2.2(12)-(13) of EN 1993-1-1:2022.

Global elastic analysis is recommended when designing with reclaimed steelwork to obtain
the internal forces and displacements in a structure. A geometrically linear analysis has the
advantage that the superposition of the internal forces from different load cases may be
used. Depending on the cross-section class, the design of members may be carried out
based on the plastic or elastic cross-section resistance, according to EN 1993-1-1.

The member resistances at the ULS limit states control the safety of the structure and must
be satisfied. The verification of whether a structure or member has satisfied this limit state
is a technical verification based on the provisions from the design standard EN 1993-1-
1:2022 (see Section 6.3).

The serviceability limit state, SLS, outlines the functional performance of the structure, and
is usually based on expectations of the building owner, who needs to specify the
performance criteria to be met. SLS are not safety critical, but they can impair the use and
durability of the building, for example, by causing cracking and leakage through excessive
deflection of cladding (see Section 6.5).
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6.3 Ultimate limit states

6.3.1 Design of members: resistance of cross-sections

The rules set out in Clause 8.2 of EN 1993-1-1:2022 may be applied without restrictions in
the design checks for cross-section resistance taking into consideration the cross-section
classes from Clause 7.5. The resistance models should be based on the net cross-section
properties. The steelwork designer can safely adopt the values for s and 2 according to
the appropriate national annex to EN 1993-1-1:2022 (see Section 6.2.3).

6.3.2 Design of members: stability

For stability verifications of members, account should be taken of local imperfections, in
accordance with Clause 7.3.3 of EN 1993-1-1:2022. Usually, this is treated implicitly within
the procedures for checking individual members in Clause 8.3. In the case of members
using reclaimed steel, it is recommended to substitute 1 for ymimed (S€€ Section 6.1.3).

In general, the gross cross-section of the structural members is used for determining the
buckling resistance. However, if bolt holes are located within the critical cross-section
(maximum internal section forces) and reduce the cross-section by more than 15% within
the critical member segment, the net cross-sectional properties should be used in the design
[58]. The relative (or non-dimensional) slenderness, however, should always be determined
for the gross cross-section.

6.3.3 Design of joints and connections

The design of joints and connections should be based on Part 1-8 of EN 1993 using the
specified partial factors y. For local buckling verifications, e.g. column web in transverse
compression for moment resisting joints, there is no need to update the partial factor yui.

If steel elements that will be reused are connected by welding, it may be assumed that the
weld material has the same strength as the base steelwork material [58]. However, it is
recommended that the existing welds should be carefully inspected.

The steel grade of connecting plates can be considered the same as that of the base
material of the structural elements which they are connected.

Best practice for connection design according to EN1993-1-8 can be found in references
[83] and [84].

6.3.4 Design of the main structure

The previous sub-sections addressed the behaviour of individual members assuming both
the loading and end conditions are known. The design of members in a structure naturally
depends on how they are joined together and leads to the following types (i) simple
construction, (ii) continuous construction, and (iii) semi-continuous construction.

In simple construction, the joints between the members are nominally pinned, so that they
have small rotational stiffness and do not transmit moments. This allows all members to be
designed essentially as simply supported.

In continuous construction, the joints are rotationally stiff and transmit substantial moments
between members. In this case, the members can still be designed separately, provided
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that the internal forces are calculated taking into account the moments that are transferred
among the members. This can be performed from a global elastic analysis.

Clause 7.2.2 of EN 1993-1-1:2022 permits all forms of geometrical and material
imperfections in a second-order global analysis of frames. This approach requires specialist
software and is rarely used in practice. Option b) of Clause 7.2.2(2) is the most likely choice,
and it allows for separate treatment of all imperfections, and considers global, i.e. frame
imperfections, in the global analysis, and local imperfections, in member checks. The details
of the ways in which global imperfections of frames should be included are provided in
Clause 7.3.2.

Permanent bracing systems are designed to resist:
¢ horizontal loads applied to the frame being braced,
e any loads applied directly to the bracing system, and
o effect of imperfections in the frames that it braces.

For design purposes, and in accordance with Clause 7.3 of EN 1993-1-1:2022, these
imperfections are replaced with equivalent horizontal forces.

For bracing in the vertical plane, all three effects should be combined. Equivalent horizontal
forces need to be considered for all ULS load combinations as their purpose is to represent
the initial imperfect geometry which leads to deflections under the applied loading. These
equivalent forces should be determined separately for each load combination as they
depend on the magnitude of the design vertical loads.

Bracing systems to compression flanges are designed according to Clause 7.3.5 of EN
1993:2022. Imperfections are considered using one of the following methods: either by
including an initial bow imperfection in the members to be restrained and designing for the
additional moments, or by using an equivalent stabilising force. Where beam or
compression members are spliced, there is an additional requirement that the bracing can
resist an additional local force at the splice location, see Clause 7.3.5.2(2).

There is no specific guidance to the design of temporary or erection bracing in EN 1993.
These systems ensure that the structure can be safely constructed. They depend on the
construction sequence and should be located to reduce the cumulative tolerance errors.

6.3.5 Design of secondary structural elements

Secondary steelwork typically takes the form of cold formed purlins that span between the
roof beams (rafters) and side rails than span between the columns. These elements support
the cladding and are designed for wind loads, and roofs for snow. The purlins and side rails
are also often used to provide restraint to the beams and columns and to transfer horizontal
loads to the bracing system.

Section 11 of EN 1993-1-3 provides guidance on the design of purlins and side rails.
Because these elements are usually proprietary, manufacturers have been developed and
tested suitable sections, providing design data in the form of design tables or software.

6.4 Seismic design considerations

Designers should note that the seismic design of single-storey buildings do not usually
require special design consideration according to Section 6 of prEN1998-1-2 [85]. Single-
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story buildings are generally treated as low-ductility class (DC1), which means that the
design requirements from EN1993-1-1 are sufficient. The trade-off in this practice is that
a smaller behaviour factor needs to be considered when assessing the design seismic
action. However, as single storey buildings have a low mass, the seismic action does not
usually govern the design. If a DC1 concept is assumed in the design, there is no concern
in utilising the reclaimed steel elements for structures subjected to seismic action, but a
behaviour factor g=1 is recommended in the design of the reclaimed steelwork.

The recommendations provided in this guide may be adapted for other structures, such as
multi-storey buildings, for which the seismic action has other significance (presence of
higher masses, building height, dissipative zones). Structures designed in accordance with
the dissipative structural behaviour concept shall belong to structural ductility classes DC2
or DC3. These classes correspond to an increased ability of the structure to dissipate energy
in plastic mechanisms. Depending on the ductility class, specific requirements on the class
of cross-sections and rotational capacity of the connections shall be met. For such cases, it
is only recommended to allow for reclaimed steel elements if those elements are used at
least under one of the following conditions: (i) as members of the columns or secondary
load resisting systems (not part of the lateral load resisting system, such as pin-ended floor
beams), or (ii) as elements that are part of a DC1 structure.

The assessment and testing procedures proposed in Appendix A, are in agreement with the
requirements proposed in EN1998-3 [86] for existing buildings. For the cases where an
assessment of an existing structure is undertaken and a dissipative behaviour (medium or
high ductility class) is required, the recommended testing procedures should follow the
recommendations for a CC3 structure according to Appendix A. Further guidance can be
found in references [87] to [89].

6.5 Serviceability limit states

6.5.1 Deflections and displacements

Serviceability limit state conditions (deflections, displacements, vibrations) are presented in
Clauses 5.4, 8.4 and Annex A of EN1990:2023 [9]. Serviceability criteria and limits are given
in Annex A of EN1990:2023 and can be used for designing structures using reclaimed steel
members. Serviceability requirements should be specified individually for each project.
Additional provisions related to serviceability criteria are given in the other Eurocodes. Other
maximum values should be as specified by the relevant authority or, where not specified,
may be agreed for a specific project by the relevant parties. Elastic analysis is used to
determine the deflections of the frame in the serviceability limit state.

In the following, some other conditions are discussed that may influence the serviceability
criteria.

Cladding

Differential deflection between adjacent frames needs to be limited to prevent the fixings of
the cladding elements from becoming overstrained, resulting in tearing and possible
leakage. For example, cladding sheets in single-storey buildings deflect significantly less
than the deformations calculated for the bare frame. This is due to the sheeting acting as a
stressed skin diaphragm, which provides a considerable stiffening effect on the structure.
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The actual deflection depends on the building proportions and cladding type, but reductions
in horizontal deflections of more than 50% (from those calculated for the bare frame) are
typically measured on as-built structures.

Gables

A sheeted and/or braced gable frame is very stiff in its own plane. The calculated differential
deflections between the end frame and the adjacent frame can be very high. This differential
deflection will always be modified by the presence of the building floor, roof sheeting and
roof bracing.

Masonry

When brick or blockwork side walls are constructed in such a way they receive support from
the steel frame, they should be detailed to allow them to deflect with the frame by using a
compressible damp proof course at the base of the wall. Suitable restraint should be
provided at the top of the brickwork panel and at intermediate points, if necessary. If the
brickwork is continued around the steel columns, forming stiff piers, it is unreasonable to
expect the panels to deflect with the frame. In this case, more onerous deflection limits
should be applied to the frame.

Ponding

On low slope pitched roofs and flat roofs, the possibility of ponding of water on the roof
should also be considered. The minimum recommended roof slope is 3° after taking into
account the vertical deflection. The recommended standard slope is 6° to the horizontal, for
which pounding can be disregarded. Trussed rafters typically have a slope of 3° to the
horizontal, but as they are much stiffer than solution with hot rolled/fabricated profiles,
ponding effects are not critical.
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Appendix A
Assessment, measurements, sampling, and testing

Al General

Quantification of the material properties and verification of the structure, or structural
components assessment, are necessary to evaluate the reusability. Testing programmes
will include a range of tests and should be carefully undertaken. A balance must be achieved
between obtaining enough information to make a reasonable judgement on risk, and
whether intrusive sampling damages the structure itself, as follows:

e Tests may be effective and may be interpreted in combination, e.g., a representative
sample of locations revealing a particular characteristic may be examined in greater
detail by a variety of more detailed tests,

e Performance evaluation procedures using Non-Destructive Testing (NDT) should
prevalil, if possible,

¢ In the case of Destructive Testing (DT), drilling or cutting must be carefully located,
specified and supervised to avoid potential damages to the structure,

e Where welding is foreseen, the chemical composition should be determined, so that
the welding procedure specification can be established. The suitability of the base
metal for welding has to be demonstrated by the Carbon Equivalent Value (CEV).

A2 Condition assessment and measurements

A.21 General

The assessment of the existing steelwork is described in Volume 3. The flowchart in Fig.
5.1 illustrates the overall framework for reclaiming existing structural steel elements. The
necessity to assess the fabrication processes of existing steelwork (mainly welds) was also
highlighted, to ensure that these processes are in accordance with the quality requirements
according to EN1090. The following section provides further guidance for the evaluation of
existing steelwork as well as for inspection of welds.

A.2.2 Inspection techniques

The inspection techniques appropriate to the current project are summarised in Table A.1.
These very simple techniques will assist in the determination of the general condition of the
structure and the definition of a suitable sampling and testing procedure. In practice, this is
combined with detailed measurements. The following information can be gathered:

e The age of the structure and possible madifications or repairs,

e The materials of which the structure is made (or were added later on),

e The geometry and structural configuration of the building, size of members and

details of the joints.

In the case when the entire primary structure is reused, the inspection of the building
includes further details. The dimensions of the components at critical locations should be
measured. Dimensions of joints and connectors should be recorded, including weld sizes.
Inspection of all welds needs to be carried out. Additionally, because buckling resistance is
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affected by geometric imperfections, detailed measurement of deviations should be made
according to EN 1090-2.

Table A1 Inspection techniques

Technique | Description Comments/Value

Visual Examination for corrosion, | Essential. General assessment of the physical

inspection cracks, deformities, condition of the structure. Will not reveal fine or
damage, etc. subsurface cracks. General provisions are given in

EN 13018 [91].

Field survey | Geometrical survey of Essential in absence of drawings, and to (i) check for
positions and sizes of modifications and repairs, (ii) determine the cross-
members and details. section dimensions, straightness, verticality,

deformation and deflection of members.

Dimensional | Measurements using Essential in absence of original structural drawings.

inspection Vernier callipers, Geometric data collection, size of members. For
micrometres, three- equipment and tools see e.g. EN ISO 13385-1 [92]
dimensional laser and EN ISO 13385-2 [93].
scanning, ultrasonic
measurements, etc.

A.2.3 Non-destructive testing of welds

NDT is generally carried out by operating equipment close to, against or fixed to the
surface of the structure, and has major advantages, namely it does not damage the
structure and also eliminates the need for time-consuming random sampling, and
subsequent laboratory testing. Table A.2 sets out some of the techniques that can be
used during this examination phase. NDT techniques can be useful to locate and/or
measure the size of defects.

Table A.2 Potential NDT techniques for welds
Technique | Description Comments/Value
Visual Covers the visual examination of | Ensures minimum quality control for every
inspection fusion welds in metallic materials. | welded connection. EN ISO 17637 [69].
The examination is normally
performed on welds in the as-welded
condition but exceptionally, the
examination may be carried out at
other stages during the welding
process.
Penetrant Dye highlights surface breaking | Indicates surface cracks in members not
testing cracks. otherwise visible to the naked eye,
approximately 25 um. Surface defects may
be accurately detected. EN ISO 3452-1
[94] gives the general principles for this
technique. For welds, see EN ISO 23277
[100].
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Eddy current | Eddy current methods are used for | Essential to detect surface and near-
welding non-destructively  locating and | surface cracks. Only applicable to simple
inspection characterising  discontinuities  in | geometries. Will not detect sub-surface
magnetic or nonmagnetic electrically | embedded defects. General principles are
conducting materials. given in EN ISO 15549 [95] and for welds
see EN ISO 17643 [96].
Ultrasonic Transducer  converts  electrical | Suitable for detecting embedded planar
testing energy into ultra-high frequency | defects, including cracks, lack of fusion of
sound waves which are reflected by | welds, lamellar tearing, hydrogen
defects and recorded. cracking. General provisions for this
technique can be found in EN ISO 16810
[97]. For welds see EN ISO 17640 [98].
Magnetic particle testing uses | This inspection method can be used for
magnetisation of questionable cross | detection  of surface cracks in
sections in electrically conductive | ferromagnetic materials only. Cracks in
Magnetic materials. For visualization of the | nonmagnetic material or in sandwiched
particle magnetic field, a suspension usually | elements cannot be detected. The method
testing with fluorescent steel splinters is | can be applied as quality control of precise
used. setting of drilled holes to stop active fatigue
cracks. EN 17638 [99] can be pointed out
as a reference.
Radiographic inspection (x-ray, y- | The radiographic or y-ray inspection is the
ray, e.g. with Iridium source) is | only method with validated feasibility
applied to detect cracks and flaws in | during laboratory tests and on-site for
built-up  sections to evaluate | detection of internal failure or of cracks in
Radiographic | sandwiched members. The | the middle of sandwiched elements. EN
inspection radiographic source is located on | ISO 17636 [101] can be pointed out as a
one side of the built-up element, the | reference.
radiosensitive film, detector or digital
storage unit on the other side of the
inspected cross section.
A.2.4 Inspection protocol for welds

The welds between plates of fabricated members (including cellular beams) are to be
inspected. The same amount of weld testing required by EN 1090-2 (see Table 24) should
be applied to reclaimed steel elements. A visual inspection of 100% of the welds is
mandatory. Table A.3 suggests a minimum number of welded connections to be inspected
by non-destructive tests. A connection may have different weld segments. In a typical rafter-
column connection, the welds between flanges and webs need to be assessed. Each of
these welds may be assumed as one connection according to Table A.3.

Table A.3 Suggested minimum percentage of welds to be tested [2] [102]
Total number of connections | Number of connections to be tested | Total %
6 3 (minimum) 50%
10 4 40%
15 5 33%
20 6 30%
30 8 27%
40 10 25%
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50 12 24%
75 16 21%
100 20 20%
200 30 15%
300 40 13%
500 60 12%
1000 100 10%
2000 150 8%

A.3 Definition of group of elements to be tested — test unit

Reclaimed steel members are to be considered as a group, provided that they come from
the same source structure and meet the following requirements:

e Structural steel erected after 1970,

e Are of the same serial size,

e Same structural function, e.g. rafters, floor beams, columns, bracings, etc.,

¢ Identical detailing (length, connections, etc.),

e Local stiffeners are not considered as detrimental for grouping.

If steelwork originally manufactured to an alternative specification/product standard (other
than the EN standards), is to be placed on the market, material manufactured to different
product standards should not be mixed within a group — the source and manufacturing
standard of all material in a group should be consistent.

A group should comprise a maximum weight of 20 tonnes. Several groups of 20 tonnes will
be required if large numbers of the same member are reclaimed. Defining a group of
elements to be tested in this manner allows certain material characteristics to be established
for the group by testing one or more representative members from the group. For cold
formed elements, a group should comprise a maximum weight of 4 tonnes.

In this protocol, the concept of a ‘group’ has a special significance, as outlined above. In
product standards such as EN 10025-2 or EN 10346 section, a similar term is ‘test unit’,
indicating a collection of steel products of a specified total maximum weight of the same
form, grade and quality, and delivery condition. A ‘test unit’ can contain products of various
thicknesses, whereas in this protocol, a ‘group’ is limited to members of the same serial
size. In product standards, tests are specified to be undertaken from samples in the test
unit; in this protocol, tests are specified to be undertaken from samples in the group of
reclaimed elements.

A4 Testing techniques for mechanical and chemical properties

A.4.1 General

There can be significant variability in the properties of steel in a building, even if all members
and connecting elements comply with the same specifications and grades of material. It is
only necessary to characterise the properties of material in a structure based on the likely
statistical distributions with mean values and coefficients of variation. Knowledge of the
material specification and grade to which a structural element complies, and its approximate
age, will be sufficient to define these properties for nearly all evaluations.
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If original construction documents are available, including drawings and specifications, it will
typically not be necessary to perform material tests. When material properties are not clearly
indicated on the drawings and specifications, or the drawings and specifications are not
available, the material grades indicated in Table 5.7 may be assumed. Alternatively, a
limited program of material sample removal and testing may be conducted to confirm the
likely grades of these materials.

If sampling is performed, it should take place in regions of reduced stress to minimise the
effects of the reduced area, such as the flange tips at the ends of simply supported beams,
the flange edges in the mid-span region of members of moment-resisting frames, and the
edges of the external plates.

A.4.2 Non-destructive and minimum invasive testing for material properties

Non-destructive hardness testing is suitable for estimating the ultimate tensile strength of
the steel. Table A.4 summarises some of the alternative non-destructive techniques that
can be used to assess the properties of reclaimed steel.

Table A4 Potential NDT techniques
Technique Description Comments/Value
Hardness Diameter of imprint measured when| Provides hardness number, e.g. Vickers according
testing hardened steel ball is pressed against a| to ISO 6507 [103] hardness, which is a guide to
smooth surface with known force. yield and ultimate strength of the material. Vickers
test method is stated on EN 1090-2. Other
alternatives are Rockwell ISO 6508 [104] and
Brinell ISO 6505 [105] test methods. See also
ASTM 1038:2017 [106].
Positive Uses X-ray Fluorescence and optical| Essential for characterisation of weldability of steel
metal emission spectrometry to establish the| structural members, as a function of the carbon
identification | metallic alloy composition, and grade | equivalent. Provides additional information on the
identification by reading the quantities by | type and associated physical properties of steel
percentage of its elements. and about its alloying materials. ISO 19272 [107].
See ASTM E572 [108] and ASTM 1476 [109].
Instrumented | Instrumented indentation apparatus uses | Output of the indentation test includes stress-
indentation similar technique as hardness test with| strain relationship, elastic modulus, hardness and
testing measured load and penetration in| stiffness. See ISO 14577-5 [110].
repeated loading and unloading cycles.
Small punch | Small punch test uses ceramic ball pressed | Calculation according to prEN 15627 [111], [112]
testing against the face of small circular specimen| can be used to predict yield and tensile strength of
(diameter 8 mm, thickness 0.5 mm). The| the steel. The equivalent stress-strain relationship
stress-strain relationship is then derived from | of the tensile coupon may be obtained by more
the measured load versus ball displacement. | advanced Finite Element Modelling.
A.4.3  Destructive testing for material properties

Destructive testing (DT) techniques require the extraction of small samples from the existing
structure. Potential DT techniques are identified in the table below (see Table A.5). The samples
for testing are extracted by cutting or drilling. It is important to consider the likely value of the
test results in relation to possible damage to the structure, e.g. embrittlement following heating
when the sample is removed by flame cutting, and whether indirect methods might be more
appropriate. Mechanical and metallurgical properties can usually be established by laboratory
testing on the same sample. Information about extracting steel samples can be found in relevant
standards, e.g., for steel see EN 10025.
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Table A5

Potential Destructive Testing (DT) techniques

Technique

Description

Comments/Value

Tensile
testing

Tensile tests on meaningful
samples providing vyield and
ultimate tensile strength,
modulus of elasticity, uniform
elongation, and elongation at
failure.

In the absence of material certificates. For
test details see EN 1SO 6892-1 [113].

Chemical
composition
analysis

Testing for
manganese,
phosphorus.

silicon,
and

carbon,
sulphur,

Essential for material identification and to
check the weldability of the steel as a function
of the carbon equivalent, as well as the
impurity levels. Tests are carried out on
drilling swarf or scrapings. It provides further
information on the type and associated
physical properties of steel. See EN I1SO
14284 [114].

Charpy
impact test

Brittleness and notch ductility at
a range of temperatures
determined by measuring the
energy required to fracture a
standard U- or V-notched sample
with a blow from a pendulum.

Allows characterisation of the steel sub-grade
when material certificates are not available.
For test details see EN ISO 148-1 [115].
Impact toughness can be also tested on sub-
sized specimen and the results recalculated
to match the behaviour of the full-sized tests.

Determination of internal structure of the
material by microscopic examination of a
sample with one flat surface. See ASTM E
112 [116].

Metallography | Determination of the average

grain size

A.5 Testing Protocols

Four testing protocols, A to D, are described in CEN / TS 1090-201 [2]. Recommendations for
the choice of a specific protocol are given below and illustrated in Fig. 5.3. If the donor structure
was executed according to EN 1090-2 and the grades and/or qualities of the structural
components can be identified, original inspection documents according to EN 10204 may be
used to declare the properties of the component, see testing protocol A in Section 5.3.4.3 of
CEN / TS 1090-201 [2]. Structural components which have a known provenance should be
grouped in test units according to Section 5.3.4.2 of CEN / TS 1090-201 [2].

The provenance should be considered as known when at least the geographical location,
building year and former function of the components are known. The measurements undertaken
for one or a few representative members of a test unit may be the basis of the declared
properties for all members of that test unit (see Sections 5.3.4.4 and 5.3.4.5 of CEN/ TS 1090-
201 [2)).

A distinction should be made between type 1 and type 2 structural steel.

Type 1 structural steel may be expected to have mechanical properties and weldability similar
to steel grades according to European standards listed in Clause 5.3 of EN 1090-

2:2018+A1:2024. The variability of their mechanical properties may be assumed to be according
to Annex E of EN 1993-1-1.
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The mechanical properties of type 1 structural steel may be determined by testing a single
representative sample according to testing protocol B in Section 5.3.4.4 of CEN/ TS 1090-201
[2].

For type 2 structural steel, the variability of the properties cannot be reliably assumed, and more
tests should be undertaken as well as a statistical analysis of the results, according to protocol
Cin5.3.450of CEN /TS 1090-201 [2].

Structural components of unknown provenance shall not be grouped in test units and
comprehensive testing is required, according to protocol D in 5.3.4.6 of CEN / TS 1090-201 [2].

An alternative testing approach for yield strength, ultimate strength, elongation and chemical
composition to Consequence class is presented in [117].

A.6 Comprehensive testing implementation for strength and elongation

A.6.1 Introduction

Material strength and elongation can be assessed by both destructive and non-destructive
tests. In the following section guidance is provided on both types of testing.

A.6.2 Reliability assessment — hot rolled and hollow section products

The results of non-destructive and destructive tests shall be compared with the minimum
values presented in Table A.6 in order to determine the steel grade. Minimum values are
established by reducing the mean value by 1.64 times the standard deviation for each steel
grade based on the data from Table A.7.

Table A.6 Recommended minimum values for yield and tensile strength to undertake the reliability
assessment of hot rolled and hollow section products
Yield strength Ultimate
2 2
S:ggle (N/mm®) strength(N/mm?®) In“!; Reference standard
g fy Min. | Mean fu Min. | Mean
Design Design
S$235 235 267 293 360 397 432 1.47 | EN 10025-2; EN 10219
S275 275 313 343 410 452 492 1.43 | EN 10025-2; EN 10219
S355 355 391 426 470 505 540 1.26 | EN 10025-2; EN 10219
S460 460 490 529 540 560 594 1.12 EN 10025-3/4; EN 10219
Table A.7 Steel properties data according to reference [118]
Yield Strength Tensile Strength
Steel grade Mean Mean
(X characteristic value) Cov (X characteristic value) Cov

S235 1.25 0.055 1.20 0.050

S275 1.25 0.055 1.20 0.050

S355 1.20 0.050 1.15 0.040

S460 1.15 0.045 1.10 0.035

A.6.3 Reliability assessment — cold formed products

The results of non-destructive and destructive tests shall be compared with the minimum
values presented in Table A.8 in order to determine the steel grade. Minimum values are
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established by reducing the mean value by 1.64 times the standard deviation for each steel
grade based on the data from Table A.7.

As buckling curves do not depend of the yield strength for cold formed steel elements
according to EN 1993-1-3, average values for mean strength (yield and tensile) and
coefficient of variation are proposed for all steel grades up to S450 in Table A.9.

Table A.8 Recommended minimum values for yield and tensile strength to undertake the reliability
assessment of cold formed steel products
Yield Strength Tensile Strength
Steel Grade [N/mm?] [N/mm?] full F;(ta;?]rggr(iﬂe
fy Min. Mean fu Min. Mean mean
Design Design
S220 220 226 242 300 303 330 1.364
S250 250 257 275 330 333 363 1.320
S280 280 288 308 360 364 396 1.286
S320 320 329 352 390 394 429 1.219
EN 10346
S350 350 360 385 420 424 462 1.200
S390 390 401 429 460 465 506 1.179
S420 420 432 462 480 485 528 1.143
S450 450 463 495 510 515 561 1.133
Table A.9 Steel properties data according to reference
Yield Strength Tensile Strength
Steel grades Mean Mean
(X characteristic value) Cov (X characteristic value) Cov
S220 to S450 1.10 0.04 1.10 0.05

A.6.4 Non-destructive hardness tests

Introduction

Every reclaimed member is to be subjected to a non-destructive hardness test in order to
establish a value for the yield strength and the ultimate strength of the steel. A relationship
exists between measured hardness and steel strength that is considered sufficiently
accurate to define the material grade. The relationship between measured hardness and
material strength depends on the type of hardness test performed.

Hardness testing should be completed on reclaimed elements, at locations of lower stress
in service. For simply supported beams, locations near the end of the element are
recommended. Any surface treatment must be removed from the area that is to be tested.

The material hardness result should be taken as the mean of three measurements in the
same location. Steelwork coating system must be removed to allow for the measurements.

Results from each member in a group should be assessed in accordance with EN 1990 to
determine the representative value for the whole group. Once the hardness value for the
group has been determined, the yield strength and tensile strength should be calculated and
compared with the minimum values from Table A.6 and Table A.8 to define the steel grade.
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Assessment of hardness test results

The hardness of an individual member should be taken as the average of ten
measurements. If this average value for an individual member differs by more than 10%
from the average value for the group of members, the inconsistent member should be
removed from the group.

The characteristic value of hardness H, of the entire group should be determined using
Table D.1 from EN 1990, assuming “Vx unknown” and calculated using the following
expression:

v =m—k,Sy, (A.1)
where:
H, isthe characteristic value of hardness for the group;
m is the group mean value (mean hardness of the members within the group);
Sy is the standard deviation of the results;
k, istaken from Table D1 of EN 1990 for “Vx unknown”, presented as Table A.10.

Table A.10  Values of kn for the 5% characteristic value (EN 1990, Table D.1)

Number of
members in the 1 2 3 4 5 6 8 10 20 30 00
group (n)
Vx unknown - —| 337 | 263 | 233 | 218 | 200 | 192 | 1.76 | 1.73 | 1.64

An ultrasonic hardness test can be used as testing method. All members are tested for
Vickers hardness according to EN ISO 6507 [103].

Correlation between hardness and material strength

EN ISO 18265:2013 [120], Annex A includes conversion tables from hardness to ultimate
tensile strength. The conversion involves considerable scatter, and the obtained ultimate
tensile strength is informative only.

As an alternative, reference [119] presents the relationship between Vickers hardness test
and strength to be used to estimate the properties of the material.

However, CEN / TS 1090-201 [2] does not recommend this approach.

A.6.5 Destructive tensile tests: non-statistical and statistical testing
Introduction

The location of the samples for destructive tests should be selected according to the
recommendations of the product standard. Appendix A of EN 10025-1 provides guidance
for hot rolled members and plates. Annex C of EN 10219-1 provides guidance for cold
formed welded hollow sections, while Annex C of EN 10210-1 provides guidance for hot
finished hollow sections.

Destructive tensile tests are used to determine the following properties of the steel:
e Yield strength;
e Tensile strength;
e Yield to ultimate ratio;
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e Elongation at failure.

The tensile destructive tests shall be performed according to EN ISO 6892-1 [113]. As a
reference, test sample locations may be defined according to ISO 377 [121]. Guidance from
the relevant product standard may also be followed, for example, EN 10025 or EN 10219.

The declared yield strength, tensile strength, and elongation should be based on the results
of the destructive tests, not on the non-destructive tests. The declared yield strength and
tensile strength should be the strengths given in the appropriate product standard for the
determined steel grade, which is identified using results of the destructive tests, not on the
non-destructive tests.

As a remark, it should be noticed that if a reclaimed element does not comply with a certain
product standard, such as EN 10025-2, the element can still be used as long as the relevant
material properties are declared, as requested by EN 1090-2, clause 5.1. As an example, if
the elongation at failure measured by a destructive test does not comply with the minimum
values of EN 10025-2 for a specific steel grade, but if the measured elongation is such that
the minimum values of EN 1993-1-1 for the elastic global analysis are fulfilled (see Table
5.1), the reclaimed steel can still be reused.

Non-statistical testing

In addition to the 100% non-destructive testing, a single destructive test (taken from any
member in the group) is required to respect the minimum values from Table A.6 or Table
A.8. A single test has no statistical value and is therefore described as ‘non-statistical’.

Non-statistical destructive testing (i.e. one single destructive test from a group) is
recommended for steel to be used in Consequence class 1 or Consequence class 2
structures. The mechanical properties of type 1 structural steel may be determined by
testing a single representative sample according to testing protocol B in 5.3.4.4 of CEN/TS
1090-201 [2].

Non-statistical testing procedure is not recommended for cold formed elements.

Statistical testing — assessment of tensile test results

In addition to the 100% non-destructive testing, a minimum of three destructive tests are
required, taken from members within a group. Increasing the number of tests will improve
the precision of the calculated values and will generally result in higher values.

The characteristic value of yield strength and ultimate strength of the entire group should be
determined using Table D1 from EN 1990, assuming “Vx known” and calculated using the
following expression:

Xd -m-— anX (AZ)

where:

X4 — is the characteristic value of interest (yield strength, or ultimate strength);

m — is the sample mean value;

S, — is the standard deviation;

k, — is taken from Table D1 of EN 1990 for “Vx known”, presented as Table A.11.
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Table A.11  Values of kn for the 5% characteristic value (EN 1990 Table D.1)

Number of DT 1 2 3 4 5 6 8 10 20 30 ©
Vx known 2311201189 |183|180 | 1.77 | 1.74 | 1.72 | 1.68 | 1.67 | 1.64

The use of “Vx known” is justified because the coefficient of variation for both yield strength
and ultimate strength is known.

If statistical testing is completed, the calculated values from the destructive tests should be
used to determine the steel grade from Table A.6 or Table A.8.

A.7 Impact toughness

Unless destructive tests are conducted, it should be assumed that the steel is subgrade JR
according to EN 1993-1-10. There may be economic benefits in completing destructive tests
to demonstrate that reclaimed steel is of a tougher sub-grade, particularly on thicker
sections.

If required, destructive tests should be used to establish the steel sub-grade of members
within a group, based on the testing of one representative member. According to EN 10025-
1, six samples are required for testing purposes, taken from locations identified in Annex A
of EN 10025-1.

For every 20 tonnes in a batch, one set of tests (six samples) from one single member
should be used to determine the Charpy value for all members in that batch. The Charpy
test should be performed according to EN ISO 148-1 [115].

A.8 Chemical composition

A.8.1 Introduction

The chemical composition of reclaimed steel should be determined so that the Carbon
Equivalent Value (CEV) can be calculated using the expression in Section 7.2.3 of EN
10025-1 or Section 6.6.1 of EN 10219-1.

The chemical composition should be assessed using non-destructive and destructive
techniques. The CEV for the group should be taken as the maximum CEV from any test,
including both the non-destructive test results and the destructive test results.

The chemical composition of each individual member should be tested and recorded. If the
measured carbon or manganese content for an individual member differs by more than 10%
from the average value for the group, the inconsistent member should be removed from the
group.

The anticipated chemical composition of a specific steel can be found in Section 6.6.1 of the
relevant part of EN 10025 and EN 10219. For cold formed products, EN 10346 may be
used, where in Table 2 of the same standard the anticipated chemical composition for steels
for construction is presented.

The declaration of the chemical composition of cold formed elements needs no to assessed
if the steelwork is not to be welded.
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A.8.2 Non-destructive tests to determine chemical composition

Optical emission spectroscopy can be used to determine the chemical composition of a
steel member. Although this technigue is considered to be a non-destructive test method, a
small burr is left on the surface of the steel.

The chemical composition may be assessed according to ISO 19272 [107].

A.8.3 Destructive tests to determine chemical composition

The chemical composition of the steel can be determined by analysing swarf from a drilled
cavity. The member should be drilled in a low stress location. The chemical composition
may be assessed according to EN 1SO 14284 [114].

A9 Geometric tolerances

A.9.1 Cross-section dimensions

The cross-sectional dimensions (depth, breadth, flange thickness, web thickness, wall
thickness etc.) must be measured for all members. A declaration of the measured
dimensions must be provided by the stockholder.

If the section dimensions fall outside the permitted deviations according to the product
standard, the measured dimensions should be used to determine the cross-sectional
properties.

A.9.2 Bow imperfections (lack of straightness)

The straightness of every member, in both axes, should be measured and compared with
the permitted deviations in EN 1090-2. Members falling outside the permitted deviations
should be straightened as part of the fabrication process.

A.10 Further guidance for cold formed steel products

A.10.1 Metallic coating composition, designation and layer mass

The composition of the metallic coating needs to be specified according to EN 10346 (say
Z, ZF, ZA, ZM, AZ, AS). Section 3 of EN 10346 specifies the key chemical components for
each coating type. All members must be tested by non-destructive test procedures.

For the coating layer weight assessment, Section 7.3 of EN 10346 must be considered. The
single spot minimum coating mass value may be used to assess the actual coating
designation. For coating thickness assessment, recommendations from EN 10346, Section
7, shall be applied. The film thickness of coil coated metals may be assessed according to
EN 13523-1 [122].

A.10.2 Bend radius to thickness ratio and adhesion of metallic coating

As the reclaimed steelwork is already bent, a visual inspection to assess possible cracks
and the adhesion of metallic coating nearby the bend region shall be undertaken for each
reclaimed element. There shall be no cracks at the bended areas visible by the naked eye
(EN1090-4 section 6.1). The adhesion assessment has the objective of detecting any
adhesion less than “perfect”. This may be prying, hammering, bending, beating, heating,
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sawing, grinding, pulling, scribing, chiselling, or a combination of such methods. If the
coating peels, flakes, or lifts from the substrate, the adhesion is less than perfect. EN 10346
Section 7.10 specifies that adhesion of the coating shall be testing by using “an appropriate
method”, referring that the selection of the method is “left to the discretion of the
manufacturer”. See also references [123] and [124].

A.11 Assessment of reclaimed steel according to Protocol D

A.11.1 Hot rolled and hollow sections products

For structural steel with unknown provenance, conservative assumptions about the material
properties may be used for the analysis and design. The conservative material properties
provided in Table A.12 may be assumed.

Table A.12  Recommended material properties for non-tested structural steel

. fy fu G E Euk p ar
Material IN/mm?] | [N/mm?] | [N'mm?] | [N/mm?]| [%] | Y | [kg/m3]| [10-6/°]

Steel - Members | 235 360 | 81000 | 210000 | 15+ | 0.30| 7850 10

Steel — Welds - 360 - — - - - —

Based on the building’s age and location, local standards may be used to establish basis
for the conservative value for yield and tensile strengths.

A.11.2 Cold formed products

For reclaimed cold formed steelwork, as a wide range of steel grades are likely to be
available, it is not recommended to assume a yield and tensile strengths of more than 120
MPa and 260 MPa respectively. See EN 10346, Section 7 and EN 1993-1-3, Section 3 for
more detalil.

A.11.3 Welded connections

If no testing is undertaken, the reuse scenario must ideally avoid welding procedures. For
the cases where welding procedures are required, a value for the CEV of 0.51 may be
assumed (based on BS 4360 from 1969 [57]). Minimal non-destructive tests may be used
to assess the assumed value for CEV.
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Appendix B
Material partial factor for member buckling to be used for reclaimed
steelwork

B.1 Background for material partial factors to EN 1990

This Appendix contains an approach for derivation of a modified partial factor yuimoed for
resistance of members to instability of the reused steel members. This is based on the
principles of EN 1990, and the references below are for this code. It defines a partial factor
ym for a material property also accounting for model uncertainties and dimensional
variations. Clause 8.3.5(2) gives:

M = Vrd¥m (B.1)
inwhich  ym is a partial safety factor for the material strength;
and IRd is a partial factor covering uncertainty in the resistance model, plus

geometric deviations if these are not modelled explicitly.

EN 1090 does not specify a value for jrq as it depends on the construction materials and
behaviour of the structural member. Typically, for steel structures, it varies between 1.05
and 1.15 [125]. The partial factor ym is obtained from Clause 8.3.6:

Xk
=Lk B.2
m =Y (B.2)
where Xk is the characteristic value of a material or product property;

Xd is the design value of a material or product property.

For the partial factor yu1, Xk is the nominal yield stress for a specific steel grade, fynom, and
Xq is defined in Clause C4.4.2(3), Eq. (C.14) for a normal distribution:

Xg=X(1-agBVy) (B.3)
where X is the mean value of a material or product property;
ar is the importance factor of the material property, reaching values

between 0 (no importance) and 1 (maximum importance); Clause
C4.4.2(3) suggests a value of 0.8;

p is the target reliability index;

Vx is the coefficient of variation of the material or product property.

B.2 Derivation of ym1,mod for design using reclaimed steel

The value of the partial factor depends on the value of the target reliability index and the
uncertainties of the parameters influencing the resistance of the member such as
uncertainties concerning dimensions and material properties.

If the assessment protocols of CEN TS 1090-201 [2] are applied, one may assume that the
uncertainty of the properties is at least similar to new profiles. Therefore, it is reasonable to
consider the same value of the partial factor than used for new profiles.
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In other cases, it might be necessary to proceed with a case-by-case assessment of
reliability.

In the RFCS project PROGRESS [54] a simplified approach is proposed leading to a
modified partial factor. On the safe side, one might assume that the partial factor for model
uncertainty and geometric deviation takes the maximum value of 1.15, if the expected
geometry deviations for reused steel members are a concern for stability verifications. Then
the modified partial factor yu1mod is calculated. This coefficient is defined as follows:

YM1mod = Ky, ¥Mm1 (B.4)

where K,, _ is a correction factor

Ym1

The correlation factor can take the safe sided value of 1.15.
K, =1.15 (B.5)

Ym1

Consequently, a modified value of the partial factor of 1.15 is obtained.
YM1imod = 1.15 (B.6)
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