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Aluminium is a material of choice for strucaliapplication, i.e. for parts contributing to the mechanicedistance and
stability of buildings, constructions, engineering works and transport applications. Roofs for sport arenas, industrie
halls, silos, bridges, trains, ships and oil platformguestea few examples of where aluminium structures can be found

To help consumers in getting reliable, consistent and improved product experience, European Aluminium is heav
involved in the development of standards at both international and Europeaah I©n top of more than 120 European
standards for aluminium ral its alloys in various forms, which have already been published by the European
Committee for Standardization (CEN) with the support of the aluminium industry, many other standards offensolu

for the use of aluminium in various sectors.

When lookimg at structural design for aluminium, Eurocode 9: Design of aluminium structures (often abbreviated as
EN 1999 or EC 9) describes the principles and requirements for the proper design ofuastuatioy structures. While

in general standardisation supposdza i 2 YSNR& OK2A 0Saz 9ndtNByO2 REI QAR A (I i €
choices for aluminium productbut also serves aspromotion tool for using aluminium in structures.

This pblication is a&compendium of basic information on such aspects of aluminngtuding:

- The reasons to use aluminium for structural purposes

- The description of main aluminium alloys available for structural use
- The design of joints

- Worked examples on thepalication of Erocode 9

- Sustainability of aluminium

Developedby European Aluminiumwith the contributiors of Prof. Dr. Ing. Federico MazzolanGhairmanof CEN
Technical Committee (TQpO Sib-Committee (8§ 9 on Eurocode 9: Design of aluminium strues)Prof. Dr. Ing.
Torsten HoglundConvenor of thelfC 250 SCWorking Group for all Parts of Eurocode) Dipl. hg. Reinhold Giér
andDipl. hg. WernerMader (German representatives @EN TC 250 SCthis documentvill be of particular interest
to structural engineers designing infrasttures, means of transport, offshore constructionglamore generally, to
anyone with an interest in thapplications and development of aluminium for structural uses.

The information in this publication is geméin nature and is not intended for direct applicatiof
to specific technical or specific projects. European Aluminium cannot be held lialaleyfo
damage, costs or expenses resulting from tke of the information in this publication. For
additional inbrmation please contact your aluminium supplier to discuss details directly with
relevant experts.




Almost three centuries have passethee 1722, when Friedrich Hoffman, professor at theversity of Halle
(Germany), announced the baseabfimto be an individual substance. At the end of the eighteenth century the French
chemist Guyton De Morveasuggested to call this substanakimina,which is derived from the Latin woaluminis

used inEgypt in the sixteenth century B.C. for indicating a material of dubious compaosition.

Following its isolation as an element and owing to the interest for the lightness and the brightness of sucktagw m
efforts were therefore made to produce it induiHy. A first step in this direction was done during the 1850s by the
French chemist éhry SainteClaire Deville, professor at the Sorbonne University in Paris. But it was only later, when
Paul Louig oussaint Héroult (1863914) in France and Charles ttlia Hall (18631914) in the USA selp at the same

time the electrolytic process thataved the way for the industrial production of aluminium. As a result of theaied
HallHéroult process a 200mes cheaper price for Aluminium was achieved. That fumdamental to launch large
scale production of such material. In 1900 the induspralduction of aluminium reached 8000 tons.

The properties of this new material impressed not only techniciansalso literates. Charles Dickens (181&70)
wrote: & 2thin the course of the last two years a treasure has been divined, unearthed andhbiolight. What do

you think of a metal as white as silver, as unalterable as gold, as easily melted as asgpeagh as iron, which is
malleable, ductile, and witlthe singular quality of being lighter that glass? Such a metal does exist and that in
considerable quantities on the surface of the globe. The advantages to be derived from a metal endowed with su
qualities are easy to be understood. Its future placa esv material in all sorts of industrial applications is undoubted,
andwemayexpeé@ 22y (G2 aSS AGX Ay &a2YS akKlILIS 2N 20KSNE Ay

/ KI NI S& 5 A O Bay aofrectl IbddyRaluditidm is the second largesttah used worldwide and its
production is higher than the one of all nderrous metaldogether. The idea of Jules Verne may be associated to the
further applications in the modern aeronautic and agpace industry.

The beginning of twentieth centurysaisted to the construction of
extraordinary structures: the airships (Fig. 2.1 and).2.2hey
consisted of a huge internal structure framework made of aluminit
in the shape of a cigar,
surrounded bya series of
cells filled with helium gas.
The most famas was the
Zeppelin, however the firstFe
example was the Schwarz
built in 1897. The digible aluminium structure is composed by transversal
rings connected by longitudinal beams; both have a reticdateucture: a
modern design concept now applied for agmple large sparroofing
constructions.

Figures 2.1 and 2.2The most famoudglirigibles



I £ dzY A ¥y A dzY

A W

(@2 eJdAR

in London's Piccadilly, 1893 (Figure 2.3),
aluminum sheets installed to clad the dome of thi.:
San Gioaccho church in Rome, 1911 (Figure 2.4
and the aluminium components installed irew

York's Empire State Building, 1931, the first buildi
to use anodised aluminium.

More recently in 1958, an extoadinary structure
was built for the Universal Exhiluiti of Brussels
and clad with aluminium: the Atomium, a 102
meter tall structure, which is half way between
sculpture and architecture, symbolising a ferrite
crystal madeof 9 iron atoms, magnified 164llion
times. Figure 23 - The Eros statue in Piccadilly circus, London

The aluminium claddinginitially conceived to last six montlgshas
served its purpose for almost 50 years. After tAtomium was
undergoing renovatin (20042007): the original aluminium skin was
used fa new purposes. A thousand aluminium triangular panels are
available for sale with a certificate of authenticity for collectors and
Atomium fans. The remaining 30 tonne§ aluminium have been
made avdable for recycling.

Today aluminium is the matial of choice in many fields, ranging
from packaging, furniture, window, cladding of the buildings, to
automotive, airplane and offshore industry as well as to bridges
civil engineering structue In many of these fields, aluminium is out
of compettion: one cannot fly, enjoy high speed trains, high
performance cars or fast ferries without it.

Figure2.4{ I y DA2l OOKAY2Q& OKdzZNOKSEZ Ay w2YS$S
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Figures 2.6 and 2.7Production of aluminium train wagons



Engineers responsible for the design of an aluminium structurdaaed with two peculiarities. The first is the large
number of aluminiumalloyscombined with the different availablempers The second is the fact that either as sheet

or as a standardestion, only a limited range of alloys are available from stock. rfElason for this is, while steel
structural sections i@ usually manufactured through rolling processes, aluminium sections for structural purposes are
often produced by means of hot exsion. Rolling is characterised by high roll die costs in combimatiibh
considerable changeover times and therefore netatge production quantities to keep costs as low as possible. When
looking at aluminium extrusions, die costs are low for smallieestand increase only moderately for larger shapes.
The quantitiedo produce aluminium sections in a cexffective wayare relatively small and lie between 28§ and

3000 kg depending on the size of the section. Consequently, many engineers and cantlesige specific sections

for their own projects in order to ense high functionality. Ninety percent of all sectionguced by aluminium
extruders are individually designed and are therefore only available for the use by the designer/purchaser of th:
specific section.

This may explain why designing aluminium stowes requires a deep knowledge of the material, esgbciahen
compared to the design of steel structures. This chapter will investigate the properties of the most important alloys
the system of designations of alloys and tempers and will dig into trelability of semfinished products and their
relative costs.

3.1 Hardening of aluminium

Pure aluminium itself is a metal with relatively low strength. Aluminium in its purest form hessie strength of
around 40 N/mmz2 and gield strengthof about 10 N/mmz2. Aluminium alloys however have been developéth
mechanical properties beyond those of the base material.

A very efficient means of producing material with greater resistande introduce suitable foreign elements into the

aluminium matrix (alloying). By introducing

" strength and yield strength as function of nominal Mg-Content min suitable foreign metals it the aluminium
250 +— values, Temper O; acc. EN 485 (alloying element Mg only) matrix it is possible to produce lattice

300 +

imperfections that allow better mechanical
L performance of the material. One ofhe
E 150 elements which best suits the requirement to
) Rm min ; ; i i
Z improve strengthis magnesium (see Figure
100 Rpo,2min | 3.1). Aluminiuramagnesium atlys were indeed
50 ° _ the predominant choice for structural
aluminium applications 100 years ago and
0 - ' many years later.
0 1 2 3 4 5

Mg-Content (nominal)

Figure 3.1: Hardenig effect as a function of the content of alloying element, here Mg



3.2 Strain hardening

Plastic deformation producemperfections in the lattice by markedly increasing the number etateddislocations
particularly along the sliplanes. With increasing load and deformation, additional slip planes continuousijogev
so that, with the reulting increase in dislocatiodensity, the material increases its mechanical strength. Parallel to
this increase in strength, ductility decreases until ultimately the deformation process has to be stopped. When col
rolling, thisso called Work hardenigé 2 NJ b & (i NJ A ynue$ bnilRhS ghatefia begir® foydévalop cracks.
However, the hardening process can be reversed using
HISng heat. Depending on temperature and time, the gain in
material strength can be reversed and brougack to its
starting leel before cold working. The rexial also
recovers its original ductility. This thermal process is
1y26y a dalyySFEtAy3aeéd CNRY
working processes can be restarted. Fig. 3.2 shows the
effect of cold working ath annealing on strengtthere as
a function of time atonstant temperature.

Ultimate/proof strength

Degree of cold working % 100 Annealing time

Figure 3.2: Work hardening and annealing

3.3 Precipitation hardening

One or more suitable elements can form intermetallic compounds, i.e. particles bonded together witlinhiaiam
matrix. As seen dfore, such elements also cditste lattice imperfections and, depending on the size of these
particles as well as on their distribution, are responsible for considerable increase in strength. Thpretipiéation
hardening preess begins with the aljobeing heated above a referem temperature and saturated there until a
homogeneous (solid) solution is produced. Thguenchings necessary to get a uniform distribution of all elements
also at ambient temperature. After thahgeingensures that the kements involved begin to difse in the aluminium
matrix, while numerous nucleation sites and precipitates grow and form intermetallic compounds.

3.4 Artificial ageing

Natural ageing begins immediately after quenching at a nedit high speed but degssively and then asymptotidal
approaches an upper limit (T4 in Figure 3.3). Depending on the alloy, the ageing process might take weeks, but
most alloys this can be considered to be already concluded after one week. #rtifieing can start hou(but also

days, depending omanufacturing needs) later. The material to be artificially aged is placed in a furnace, which allows
the ageing to be carried out under different temperature conditions. Typical for all temperatigeguick hardening

that progressively reaches a maximyT6). If the material is exposed to high temperatures for a longer time, the effect
of the precipitations on strength decreases and we get an-aged temper (T7). In general, ovaged tempers are
characterised by betteruttility, corrosion resistancgsome copper and/or zinc containing alloys) and better electrical
conductivity.

10



@ It must be emphasised that today
+ @ @ precipitation hardening alloys are
{én dominating in many areas (e.g. extruded
5 o e 2 sections) They present a significatower
»n £ = | b deformation resistancduring the (warm)
§ / working processes, while gaining their
= often-remarkable strength on a later
! =4 : stage through precipitation hardening
o~ Begin of artificial hardening Time
a. Agehlg at rooim tempe;atme
»-—Begin of natural hardenjng b: Ageing at elevated temperature e.g. 170°C

Figure 3.3: Strength in function of time at ambient and elevateanperature

3.5Influence of Heat

The strength of alumium, similarly to other materials, decreases when temperature increases. Up to certain
temperatures this phenomenon is still reversible, i.e. after cooling down the material has the same properties a
before. With tanperatures up to 80 degrees Celsius drop in strength is negligible for all alloys and tempers. Over
80 °C some design situations could require creep effects to be considereelrétgable alloys begin to lose strength
with temperatues over 110 °Capending on time. Noimeattreatable dloys in work hardened tempers begin to lose
strength with temperatures over 150 °Calso depending on time. In 'O temper' nbeattreatable alloys, no
permanent loss in strength occurs.

350 [MPa] Welding cagses much more seve losses in the strength of the
3001 material. In case of welding, the temperatures are so high that the
g) effects of a decrease in strength in the vicinity of the weld (the so called
§ 250+ Heat Affected Zone HAZ) must be taken into account, asoftes
‘i o0l constitutes an important aspect of the verifidah of the design of a
= structure. The heatreatable alloys in temper T6 (Fig 3.3) have a loss of
E: 150 approximately 40% of their strength with the single exception of the
%’ alloy EN AWr020, which loses onl20% of its initl strength. To
E 100 2 ' ) facilitate design caldations, the area of strength losses is replaced by
5 50 a rectangular area with the widthnk, which is standardised and may
depend on the material thickness in a range of some ten millimetres.
] t——t——1  The stremth value in thiszone is also standardised and deperuts

] ) alloy and temper.
Distance from bead center in mm y P

Figure 3.4: Reduction of strength in the heat affected zone
(HAZ) (typical for EN AW082)

11



3.6Alloys

In practice, only a few elements have proven to be suitablallyingadditions in aluminium wrought and cast
materials for structural applications. These are:

Copper (Cu);  Manganese (Mn); Silicon (Si); Zinc (Zn)

They can be used as single elements as well eambination.When working with aluminium alloys, it is necessary
to know the nomenclature used with this material. This refers to the designation of the alloys in use and to the
temper states in which they are supplied to the market.

Magnesium (Mg);

The numerical system developed by The Aluminiusogisition in the USA is today the most recognised system to
design wrought alloys worldwide. European Aluminium is among the signatories to the Declaration of Accord on &
International Albby Designatin System for Wrought Aluminium and Wrought Aluminiutioys".

Consequently, European standards also follow this nomenclature which makes usedifiantimber to further
designate the alloy. Wrought alloys are designated with the prefik A&\". The frst digit gives basic information
about the principahlloying element(s):

2xxx= Cu; 3XxXX=Mn; 4AXXX=Si; 5xxx=Mg; 6xxx=Mg+Silicon; TXXX=2Zn

The designation system also characterizes the hardening of the alloys beltmgirigmily. The 1xxx, 3xxx and 5xxx
series are so called ndreattreatablealloys; they gain their strength by alloying (e.g. increasing content of Mg) and
work hardening. The 2xxx, 6xxx and 7xxx series arethesthble alloys, which gain their strerfigby alloyingout
make use of precipitation hardening as the maincmanism.

In the past, several national standards used to designate alloys based on chemical symbols. For the engineer who \
not familiar with aluminium alloys, this was an advantagd asade possile to identify the characteristics of a given
alloy moe easily (see Table 3.1 below).

Non heattreatable alloys Heat treatable alloys
(Precipitation hardening alloys
Numerical| Chemical Form of Products Numerical | Chemical Form of products
Desig Desig desig Desig
nation nation nation nation
EN AW |EN AW sheet |extru |forging |[EN AW EN AW sheet | extru |forging
sions sions
3004 AIMn1Mgl |X 6060 AlMgSi X
3005 AlMn1MgO0,5 | X 6061 AlMg1SiCu | X X
3103 AlMn1 X 6063 AlIMgO0,7Si X

I https://www.aluminum.org/sites/default/files/Teal%20Sheet.pdf
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5005/500 | AIMg1(B)/(C)[ X 6005A | AISiMg(A) X
5A
5049 AIMg2Mno0,8 | X 6082 AlSiIMgM [ X X |X
5052 AIMg2,5 X 6106 AIMgSiMn X
5083 AlMg4,5Mn0,| X X |X 7020 AlIZna5Mgl [X | X

7
5454 AMg3Mn | X X
5754 AlMg3 X X X
8011A  |AlFeSi X

Table3.1. Wrought alloys listed in EN999-1-1

This is the reason why the European aluminitandards still use two principles for aluminium alloy designation:
numerical system specified in EN 572nd chemical symbols system specified in ENSBbthsystems are used in
EN 5733 that provides the detailed chemical composition and form of prouof wrought aluminium alloys.

The elements used for casting alloys are basically the same as for wrought alloys. Héorevastings different
compositions argreferred. Casters prefer type 4xxxx alloys with Higiicon content, since it ensures a good quality
production. Casting alloy designations have the prefix "EN' &&Cdistinguish them from wrought alloys and have
digits in total. This system is Eusgm and not used in the USA.

Non heat treatable alloys Heat treatable alloys
(Precipitation hardening alloys)
Numerical Chemical Numerical Chemical
designation designation designation designation
EN AC EN AC EN AW EN AW
51300 AlMg5 42100 AISi7TMg®3
44200 AlSi12(a) 42200 AISi7Mg0,6
43000 AISi10Mg(a
43300 AlSi9Mg

Table 3.2. Casting alloys listed in EN 1999

The most frequently used alloys are EN4®T00,-43000 and-44200. The alloys preferred by the foundries are EN
ACG43000,-43300 aml -44200 due to their good castability. The alloy ENSAQIO (AIMg5) is difficult to cast and

13



therefore not popular at foudries and is therefore used quite occasionally despite the fact that engineers like to make
use of it due to its bright surface amahodisability (other alloys are more or less greyispeeially when anodised).

For more details, please refer to EN 17BEN 178& and EN 1788.

3.7. Tempers and designation of tempers
3.7.1Tempers of nonheat-treatable alloys

Figure 3.2 explainge system in use for the definition of tempers for Rbeattreatable alloys. By increasing the
degree ofcold working ultimate strength and proof strength also increase. Nevertheless, there is a limit. For example
for temper H18- fully hardened or 4/4 brd. The cold working process can be stopped earligetdhe tempers strain
hardened between O and H18, e.g. H14 or ¥z hard. However, it is also possible to produce tempers with lower streng
than 4/4 hard, by annealing fully hardened rteaial, i.e. H18In this case, the material will be characterised by lower
strengthvalueswith a modified designation e.g. H24, i.e. "Strain hardened and partially anndafetard”. In the
system is so that e.g. H14 and H24 have the same strength,Jaltithe prod strength of H24 is a little lower (see
Figure 3.2), but itformabilityis better. Some more differentiations for the designation of tempers exist.

For the most relevant for neheattreatable alloys, see tables 3.1 and 3.2. For othenger please radr to the
standard EN 515.

Symbol | Description

@] Annealed (sft)

H 111 |[Annealed and slightly straimardened (less than H1
during subsequent operations such as stretching
levelling

H12 Strainhardened, 1/4 hard

H22 Strainhardened and partially arealed, 1/4 hard

H32 Strainrhardened and stabilized, 1/4 hdr

H42 Strainhardened and painted or lacqueretl/4 hard

H14 Strainhardened, 1/2 hard

H18 Strainhardened, 4/4 hard (fully hardened)

Table 3.3: Tempers inse for structural application of wrk hardened semproducts
(typical examples to explain theystem)

3.7.2 Tempers of hedteatable alloys

The complete heatreatment consists of a solution heateatment, a quenching process and subsequent ageing,
where the actual hardening occurs. lust be said that, unlike steel, aluminium alloys are not hamthediately after
quenching.

To get the highest strength values it is important to keep the material at the correct solution heat temperature for
enough time ad to follow the correct quenchingrocedure(see Figure 3.3 aboveepending on the alloy, thimay
14



be carried out using water or air. Hefneatable alloys are produced in many tempers. For structural engineering only
a limited number is important andsted in

Symbol |Descrigion

T4 Solution heatireated and then naturally aged

T5 Cowled from an elevated temperature shaping process
then artificially aged

T6 Solution heatireated and then artificially aged
T61 Solutionheattreated and then artificially aged in undageing
conditions in order to improve formability (T64 beten T6]
T64
and T6)
T66 Solution heattreated and then artificially ageq mechanicg

property level higher than T6 achieved through special co
of the process 6000 series alloys

T7 Solution hat-treated and artificially oveaged

Tx51 |Thesesuffixes stand for a controlled stretching to relig

internal stresses coming from manufacturing
Tx510

(the fourth digit characterises onlariantsg no influence o

511 characteristic values!)

Table 34: The main tempers in use for structural application of gigitation hardened semi
products (T7 only listed to explain the system)

3.8 Alloys and tempers of alloys listed

Considering their applicability for structural application avwailability on the market, only a limited number of alloys
are included in the Eurocode 9. This is also true for the tempers of kbygsall herefore, only the tempers which were
most frequently used in the past are listed, i.e. tempers H12, H14 andahegsponding partially annealed tempers
for work hardened raterials. Higher strength tempers such as H16 and H18 are less comnengeivd forming
behaviour isften desired.

In EN 1999-1 (Part-1-1 of Eurocode 9), 17 wrought alloys are listétieyare used for products that have been
circulating for a longitne on the European market and that have been approved by several natiothalrities.

EN 19991-1 offers a wide range of alloys and tempers to be used for structural applications. The ratgagth, in
the sense of proof strength, varies from BMA5005 O with 35 N/mm2 up to EAW-7020 T6 with 290 N/mma2.

For structural egineering the most commonly used alloys are:

1 ENAW-6082, ENAW-6061 and EN AWY020 (less frequently) for structures anongponents from sheet and
extrusions of the same alloy
1 ENAW-5083 and EM\W-5754 for structures and components from sheet (also incttmes mixed with
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sections of other alloys)
1 EN AW6060 and EN AW063 for structures and components from extrusions (&sstructures mixed with
sheet of other alloys)

3.9 Practial viewpoints for the selection of materials

3.9.1 Sheet and plate

When cesigning aluminium structures, one must consider that sheets in small andineid formats up to 1500x3000

mm are easyd obtain but the availability of more complex alloys and temspis limited. EN A¥Y083,-5754 and-

6082 are commonly available. Sonpesialised shipyard suppliers may also have larger dimensions on stock, but in
this case delivery time must be carefulBken into account. Sheets of namommonly used aluminium als need
significant amount of orders with quantities of around-30 tons

For structural engineering projects, it is often very important to know what the geometric limits are for the existing
production facilities of serqroducts. Sheets and plates cha produced with widths of more than® and lengths

of up to 22m. The exat limits may depend on thickness and alloy. Most of the manufacturers deal with lengths under
10 m and widths up to gproximately 2m. When designing in sheets, it is also importankmow that folding presses

with working widths up to 16m are not very comon although facilities with more than 260 do exist.

3.9.2 Extrusions

For aluminium extrusions, die costs are mad&se changing needs only short times and therefore productidoHzes
can be ordered for smaller quantities, normally between 200 8680 kg. This makes it possible for engineers to
design special sections, optimally adapting their requirements to theds of each structural application. The
advantages are remarkableeduced costs, low weight, transport facility, functional structsedtions.

These specifities give tremendous advantages to extruded aluminium. In any case, it is recommended taheheck
stock availability of serinished products whenever startingith the design of aluminium for structurapplications.

In principle, extrusion works like squeezing paste out of a tube (Figure 3.5), a process the aluminium industry
accustomed to prforming on a daily basis all over the world by means of an armusress (Figure 3.6). Here, a
preheated alminium billet (400 to 550 °C, depending on the alloy) is positioned in a preheated container. Under the
forces of the stem the material begins flow through the die and so acquires the form defined by the Wigile
aluminium is an extremely good materfar extrusion, steel cannot be extruded.

Stem Container Die

\

—

— - — Billet

Extruded
section

Platen/
Die holder

Figure 3.5: Extruding toothpaste Figure 36: Extruding an aluminium bar
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3.9.3 Castings and forgings

Cast andorged parts are always individually designgarts and ordered directly from the manufacturer (if they are
not part of a system distributed via stockists). If no special experience ,exisssecommended that the engineer
contacts and collaborates dely with the manufacturer to determine theebt design in combination with the alloy.

Depending upon alloy, foundry and size of the casting, the usual minimum quantity is in the dB@€1Gf00 pieces

but in special circumstances it may be possiblelitain somewhat smaller amounts. Sand castgare possible in
much lower quantities, depending on size and alloy. Production lots of 10 or 50 are not unusual. The procurement |
the casing alloys listed in EN 19991 is no problem for the
foundry, andsmall quantities can be supplied.

IIII] Vavaviaq
A similarsituation applies to forged parts. In generalbatch of FTTITTTTY
1000 workpieces is required for an economically vial

manufacturing process Some mdacturers may produce smalle
gquantities in case the customer agpts the typically higher costs
associated. bwever, it may be a problem for the forging shop i
get the prematerial from the semproduct manufacturer in the
form or quantity needed. Thalloys listed in EN 199B1 are all
commonly used.

Figure 3.7 give an idea of extruded aluminium sections used
structural purposes. For the engineer not familiar with the desi
it is recommended to get in contact with a manufacturer and ¢
adviceabout suitable alloys to be chosen, possible tolerances
the cros section, straightness etc. (e.g. based d&h B5, EN
12020)

For structural engineering, it may also be important to know wt
the geometric limits are for the existing production faaitifor
the semiproducts. Figure 3.8 shows the limits for produatim
Europe. Depending on cross section anidya profiles can be
produced with lengths up to 30 m. Normal stock length is 6 m.

Solid shapes Solid shapes Figure 3.7: Multiple possibility for sections

El
E
] - f
v £
Q @<800mm =

3 s

W

Hollow shapes

o

G-800mm

Hollow shapcs

<6mm

’4 B<600mm

Figure 3.8: Upper dimensional limits fohe design of extrusions
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4.1 Basic prerequisites

The main difference between aluminium and steel is clearly emphasized by the compaeiseeen the typical
products which characterize these materiéfsgures 4.1 and 4.2). Steel hot rolledtgets look strong, heavy and
rough; contrary aluminium extruded profiles which are various, light and elegant.

Figures4.1 and 4.2: Typical eel and aluminium profiles

The success of aluminium alloys asstouctional material and thus beingpmssible competitor to steel are based on
some prerequisites, connected to the physical properties, the production process and the technologicakfdaiare
commonly recognised that aluminium alloys can be ecowaimiand therefore competitive, in thesapplications
where full advantage is taken of the following properties:

A. Lightnessdue to the low specific weight of aluminium alloys, which is dvirel tof steel, it is possible to:

simplify the assembly phases;

transport fullyprefabricated components;

reduce the loads transmitted to foundations;

economize energy either during assembly and/or in service;
reduce the physical labour.

Significant exampk of the advantages of this property are given in Figures 4d34ah which sbw a floating dock
and a bridge span respectively moved by a crane and by a truck.

18
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Figures 4.3 and 4.4: Examples of transportation of fully prefabricated structures.

B. Coriosion resistancedue to the formation of a protective oxide filon thesurface, it is possible to:
- reduce the maintenance costs;
- provide good performance in corrosive environments.

C. Functionalityof structural shapes, due to the extrusion process, matkpsssible to:
19
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- optimise the geometrical properties of the cressctionby designing a shape which simultaneously gives the
minimum weight and the highest structural efficiency;

- obtain stiffened shapes without using builp sections, thus avoiding weldjror bolting;

- simplify connecting systems among different compat¢husimproving joint details;

- combine different functions of the structural component, thus achieving a more economical and rational profile.

Examples of extruded aluminium profiles at®wn in Figure 4.5. It can be observed that the double sectande
adapted introducing bulbs and stiffeners to reduce local buckling effects. However, also by introducing a rail in th
middle of flanges for functional reasons. The T sections caralsoproved by bulbs and stiffeners for strengthening
purpose, buithe web can be doubled for improving the connecting system. Other sections, like L, Y and C are design
with bulbs and stiffeners, which avoid local buckling.

Izt LYl

Figure 4.5: Examplesf extruded shapes

Figure 4.6 shows the nodal details of a craridge made of aluminium; each node is designed in such a way to improve
the connection with the bars. Node 1 is an upstlievn T section which web is bifurcated to accommodate the
diagonal lars. The flange supports the two rails Node 2 is the tubulai@eof the upper chord with two expansions

for connecting the transversal bars. Node 3 is a stiffened C section with three expansions to connect both, the bottol
and the transversal bars, waithe rail runs on the top flange.

Figure 4.6: Nodaletails of a crane bridge
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4.2 Fields of application

Some typical cases where aluminium can compete with shall be mentioned. They highlight the benefits of usir
aluminium compared to steglespecially because of its main basic properties: lightnesspgion resistance and
functionality.Used in civil engeering, aluminium can be successfully used for:

a) Longspan roof systems in which live loads are small compared with dead loads, asdagh of lattice space
structures and geodetic domes (Figureg dnd 4.8), covering large span areas, like hallsj@iudins.

b) Structures located in inaccessible places far from the fabrication shop, for which transport costs and ease
erection are ofextreme importance, such as electrical transmission towers, wtéchbe carried by helicopter
already assembled (Figue9).

¢) Structures situated in corrosive or humid environments such as swimming pool roofs, river bridges, hydrauli
structures and offsbre superstructures (Figure 4.10).

d) Structures having moving pattsuch as sewage plant crane bridges and moving Isjidgeere lightness means
economy of power under service (Figure 4.11).

e) Structures for special purposes, for which maintenance operagoaparticularly difficult and must be limited, as
in case of msts, lighting towers, antennas, tower signs, motorweyns, etc.

In general, the same mainpiéB |j dzZA 8 A G S& | NB FNHAGFdzAf £ & SELX 2A0SR Ay
Table 4.1 illustrates a series of structural applications whielgeouped according to the three basic propertiefor
lightness;C for corrosion resistancel- for functionality. The seven lists correspond to the main influence of one
property (L, C, Beparate) or to the combination of tw&C¢F, C+L, Ftdr three(C+L+}:

All together, they represent the choices in iah the use of aluminium is potentially advantageous and, therefore,
competitive with steel.

Figure 4.7: ENEL aluminium dome, Rorttaly)
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Figure 4.8: A typical geodetic dome (Epcot Centre, iy

Figure 4.9: Arefabricated bridge transported by helicopter Figure 4.10: The superstructures of an offshore platform
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C . C+L L
. Lighting control
. Storage vessels : towers
. Lamp columns . Flag poles
. Profiled roof and wall . Aircraft access . Crane booms
cla dding H bridges . Lorry mounted cranes
. Suppert for railway e Transmission . Pit props
over head electrification towers . Bridges
. Enclosure structues for . Bridge inspection . Mobile bridge
sewage works | ga n tries inspection gantries
. Sound barriers L. Offshore structures . Scaffolding systems
. Vehicle restraint . (living quarters. . Ladders
systems ! bridges) . Cherry pickers
. Sewage plant bridges . Tank flotation . Telescopic platforms
. Silos covers . Masts for tents
. Traffic signal gantries |
. Traffic signal poles™ |
e : C+F+L
|+ Gratng planks F+L
C+F [ Heude&p . Access ramps
: . Support for shuttering
*  Domes over sewage * Track ways (temporary)
tanks : . Elevators for building
rrrrrrr e Marina landing stages | . | - matemls
. Roof access staging . Scaffold planks
- Dam logs : F . Trench ;up]_:orts
«  Curtain walling : *  Gravedigging
. Overcladding st : supports
grem D L
. Pedestrian parapets % g mats for
. Chicken house : * g;lefabt.mated aircraft
structures - Ca;:ﬁ;asr belt Qﬁﬁ;ﬁiﬁ“g‘“&
i i : sU
*  Wood drying kilns : structures beame £ supp
* Space structures L. Monorails . ili i
(domes, reticular, lattice, etc.) . Robot st Military bridges
«  Exhibition stands pport . Radio masts
¢ Swimming pool fo structures *  Shuttering
MINg paol fossa - Shuttering form . T i P
. Canopies ; g elescopic conveyor
. Bus shelters . work belt structures
. Green houses/Glass houses ' * Tuanel shuttering . Grandstand structures
: (temporary)
. Building maintenance
: ga n tries
: . Fabric structure frames

Table 4.1: Stratural applications grouped according to the prevalence of

the three basic properties lightness (L), corrosion resistance (C), functionality (F)
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5.1 Introduction

The current version (200 as amended in 2009) of Eurocode 9: Design of aluminium structures is composed of five
documents:

- Part 11: General structural rules

- Part 1:2: Structural fire design

- Part 1-3: Structuies susceptible to fatigue
- Part 1-4: Coldformed structures

- Part 1-5: Shell structures

Part 11 General structural rules

/| 2y 0N NB (G2 GKS 20KSNJ 9dzNRPO2RSaz 9/ ¢ O2yarada 2F 2
& (0 NJzO (i dzahd four Shbeffidoduinents, which are related to the basic ofiéere are no separate documents
RSFfAY3 6AGK AaLISOAFAO GelLlSa 2F adNHOGAZNBax tA1S Ay
items which are applicable nonty to the range othe scO f £t SR &/ A @At 9 yidelk iy &nP Kdd ffI £ 3
A0 NHZOGdzNT £ | LILJX AOFGA2ya Ay GKS GARSNI FASER 2F a{ iGN
industries. Some rules for bridges and lattice sgdabof structuresare given in annexes to Partll

The main fatures of the calculation methods in PartLlare given in the following sections.

Part 12: Structural fire design

As in all Eurocodes, Parlis devoted to fire design. For aluminiumustiures, fire desig has been codified for the
first time accordig to general rules, which assess the fire resistance based on three criteria: Resistance (R), Insulati
() and Integrity (E).

Aluminium alloys are generally less resistant to high tempeest than steel andeinforced concrete. Nevertheless,

by introdwcing rational risk assessment methods, the analysis of a fire scenario may in some cases result in a mc
beneficial timetemperature relationship and thus make aluminium more competitive dnedthermal propeties of
aluminium alloys (e.g. high thermalrmuctivity) may have a beneficial effect on the temperature development in the
structural component.

Part 13: Structures susceptible to fatigue

The knowledge on the fatigue behaviour of alniam joints has ben consolidated during the last 30 years. 892,

the European Recommendations on Fatigue Design of Aluminium Alloy Structures were published, representing
fundamental basis for the development of EC9. In its P&t Structures susptible to fatigue,it is possible to find
general rules applicaé to all kind of structures under fatigue loading conditions with respect to the limit state of
fatigue induced fracture. Three design methods have been introduced:

T Safe life design;
I Damageolerant design;
T Design assisted by testing.
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Eight basic groupsfaletail categories have been considered, including:

I non-welded details;

I members with transverse and longitudinal welded joints and attachments;

I bolted joints;

i special aluminium mechanicaljlyints such a®olt channel joints and screw groove joints;
I adhesvely bonded joints

The use of finite elements and the guidance on assessment by fracture mechanism have been suggested for str
analysis. The importance of quality control onleileg hasbeen particularly emphasised in generahd specific
NEFTSNByOS (2 9b wmndn a9ESOdziazy 2F &a0G§S8SSt FyR I dzvA
Chapter 7).

Part 14: Coldformed structures

Part 24 is mainly referred to these of tragzoidal sheeting. It is similar as thernesponding steel part ECI33, but
the effective thickness method is used instead of the effective width one.

Part 15: Shell structures

Part 15 has been builtp by following the same format of the silar docunent EC31L-6, but the calculation methods
are based on appropriate buckling curves which are obtained on the bases of the experimental evidence on aluminiu
shells.

5.2. Main aspects to consider when designing aluminium structures

This is a sumng of themain aspects to be considered when desng aluminium structures, as they are very different
from steel.

Weight

Low weight(g = 2 700 kg/rd) is particularly important where the weight of the structure is a dominant factor and
where the lomweight permitsa vehicle to carry a greater load. Laweight is also important during the transport and
assembly of a structure. Examples of weight savings are given in Tables 5.1 and 5.2.

Deflection

As the modulus of elasticity of aluminium is Id&=(70000 MPa), thaleflection check is a priority issueeflection
requirements are often critical in aluminium structures, for example when the deflection should not be greater than
four-hundredths of the span of a beam. Often the strength is not fully équoand simpt approximations are
adequate for the chck of the resistance. A simplified method to allow for local buckling and softening Heiie
Affected Zone (HAB given in EN 19981, 6.4.

If the deflection of a beam in bending is the critifadtor, the siffnessElmust be the same as in ste®ecause the
modulus of elasticitfof aluminium is one third that of steel, the moment of inertg@for the aluminium beam must
beo@g alf the height of the beam is not increased, flenge area must be increased by a factor of three &edause

the density of aluminium is one third of that of steel, this means that the aluminium bedrhave the same weight

as the steel beam. If, on the other hand, it is acceptable to increaseelght of the beam, a considerable weight
saving can benade by choosing aluminium. This is illustrated in Table 5.2, where an IPE 240 steel beam is compar
with some alternative aluminium beams.
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Material steel aluminium | aluminium | aluminium
Moment of inertia @'Y o @ot pmt p p@ptpmt | p pSptpm | p pHipm
o by 8,17 8,17 8,17 8,17
Y'Y 240 240 300 330
on i 120 240 200 200
0 KYY 6.2 12 6 6
OKYY 9.8 18.3 12,9 10
WeightTE C T | 30,7 30,3 18,4 15,8
Weight in % of steel beam 100% 99% 60% 51%

Table 5.1: Beams with same stiffness

Strengthto-elastic modulus ratio
a2al 2F (GKS &0NHzO0dzNI £+ £ dzvigthyloASdzYr akGEAT Q2 8Ya2 Rkdif IS NN | GUAA2
clear when the aluminium alloy is straiardened or heatreated. Structural aluminium alloys have roughly twice the

strengthto-elastic modulus ratio than standard steels. However, when compaittdhigh strength steels, structural
aluminium alloys have about the same ratio.

This large strengtiio-elastic modulus ratio means that, if an aluminium structure is designed accordirgjléztibn
criteria, the stress is very often low. It also meanattii the design of the structure is based on strength it is often
possible to save weight by usiatpminium. This is illustrated in Table 7, where it can be seen that the weight is not
very much depending of the height of the section in these examples.
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Material steel aluminium | aluminium | aluminium
"QorQk at | 355 260 260 260
Moment resistance /kNm 108 108 108 108
QY'Y 240 240 300 330
oY Y 120 120 120 120
0 KYY 6.2 8.0 7.0 6.0
OKYY 9.8 14.2 115 11.0
Weight /kg/m 30.7 13.8 12.9 12.3
Weight in % of steel beam 100% 45% 42% 40%

Table 5.2c Beams with same moment resistance

Strength reduction after welding

Aluminium alloys used in structural applications are strengthened by-tneaing or cold working. This means that
the strength of the alloy is reduced locally by wetgihotstraightening or hoforming.

6xxx alloys in T6 temper lose roughly half aditlstrength in the heat affected zone when welded. Alloys in T4
temper generdly retain their strength. See Chapter 3.6

The strength of alloys can be restored by arng@fi@ageing after welding.

To avoid reduction of the loadearing resistance, welds @hld - if possible- be situated in areas where stresses are
low, such as thaeutral axis of a beam in bending.

Fatigue

When fatigue may be a key design factor, it mustconsidered that the fatigue strength of a welded part is roughly
40% of that of stel. No problems arise for not welded structural members.

Relatively low harthess

It is suggestable to avoid unnecessary transport and components that, because afzbaind shape, are prone to
deformation or surface damage. For hardness valuesCéegpter 3.6.

Not prone tobrittle fracture at low temperatures

Contrary to stel, aluminium does not become brittle at low temperatures, as it does not have a brittisiti@n
temperature. Aluminium tends to become tougher, stiffer and stronger at lonpieratures.

Lowdamping factor

Where oscillation is induced by varying impddgrequencies, such as gusts of wind, the structure should be made
stiff enough to ensurehat the natural frequency is considerably higher than the largest imposed frequency.
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High thermal expansion

The coefficient of thermal expansion is twice thastdel. i.e. 0.000023/°C. Changes in ambient temperature and
other temperature variations mude considered, if the corresponding movement could result in significant forces.
However, because of the low modulus of elasticity, the stresses caused by mesteipansion are moderate. For
instance, if a beam is rigidly fixed at the ends, a tempgmthange produces a stress state in an aluminium beam,
which is 2/3 of that in a st beam.

High thermal conductivity

The high thermal conductivity means fostance that the temperature differences on both sides of a profile equalize
quickly.

High @rrosion resistance

Corrosion resistance is often a key reason for choosing alumifBemChapter 4. Aluminium normally does not require
corrosion protection. Agntion should however be given to the risks of standing water and crevice corrosion.

Extrudability

Extrusion technology offers many possibilities for creating taflade profies. It is often profitable to produce a
special profile even for moderate queties. See Chapter 3.9.2.

Formability and machining

Aluminium is easily worked even in tigeld state, especially in low states of temper. Aluminium can be formed in
pressbrakes and roll presses and can be delegwn, deeppressed, hydroformed, etc.

Tight crosssectional tolerances

Extruded profiles with open crosctions are produced toght tolerances and can be produced in very straight
lengths by stretching after énusion. Crossectional tolerances for hollow profiles can be slightly larger.

Low residual stress

In contrast to hotrolled steel profiles, extruded aluminium profilesvgalow residual stresses in the longitudinal
direction. This advantage respect steel can be found also in builp aluminium sections, despite of heaffected
zones, due to the low elastic modulus and the high thermal conductivity.

5.3. Limit state dsign

Limit state design and partial safety factor are the methods which the Waségndards are based upon. In Europe the
EN 19xx standards (Eurocodes) are theid#or the structural design of all structural materials in civil engineering. For
the desgn of aluminium structures, the complete standard package to be followed is libgviiog:

T EN 1990 Eurocode @Basis for structural designvhich gives the partiagdafety factor on loads and rules for
combination of loads to give the different action efts.

T EN 1991 EurocodeclActions on structuresyhich gives the characteristicdds for structures and buildings such
as selweight, live loads (Part-1), windloads (Part #4), snow loads (Part-3), action during execution (Part 1
6), traffic loads o bridges (Part 2) etc.

T N 1999 Eurocode®@Design of aluminium structureghichgives the design rules for aluminium structures.
National Annex

National standardsmplementing the European standards have a National Annex containing Nationally Determined
28



Parameters to be used for the design of building and civil engineering struatuthesrelevant country. These National
Annexes can give other values of relevpatameters (e.g. of partial factors), than the ones which are recommended
in the EurocodedNotes in the Eurocodes indicate where national choices are allowed.

Limit states

According to the Eurocodes, calculations should be carried out for the two liatésst
i Serviceability limit state;

i Ultimate limit state.

Theserviceability limit statesets the requirements for normal use. For aluminium structures it imposes requirements
on deflection and, in some cases, vibration. As mentioned above, this lirtétistaften the critical design situation
for aluminium structures because of the alumimi's low modulus of elasticity. Normal loads (i.e. without partial safety
factors and also low combination factors) are used in this check.

Theultimate limit stateis used to check that the structure has adequate strength regarding material failure, imgtabi
(torsional, lateral torsional and flexuredrsional buckling) and collapse. Fatigue and strength when exposed to fire are
further ultimate limit states.

5.4. Serviceability limit state

As already mentioned, it is important to check deflection atttko deformations in aluminium structures. It is often
required to check that the calculated deflection for a beam is less than a value which depends on tHECspaoes

not give any limits for deflection. According BN 199Q; Basis of structural deg, limits for deflections should be
specified for each project and agreed with the owner of the construction work. The National Annex to the code ca
specify linits for deflections and limits for vibration of floors.

Examples of limits for deflections agésen in Table 5.3. A deflectiord®00 can usually be seen with the naked eye.

Design situation Deflection limit,0 = span

Floor beams in buildings 0 /400 + vibration requirements

Road bridge 0 /600

Railway bridge 0 /800

Spectator stands 0 /400

Beams carrying plaster or othbrittle finish 0/400

Purlins and sheeting rails on roofs Typicallyp /200 and 25 mm to avoid ponding
(damming up water to form a small pool)

Glass facades and roofs 0/200

Table 5.3: Examples of vertical deflection limits

Calculation of deflectionand deformations in the serviceability limit state are elastic calculations and normally
based on the moment of inertia for the gross cra@estion of the member. However, for members in cresstion
class 4 (cf. Chapter 5.6 moment of inertia sholdl be reduced according to 7.2.4 in EN 19998.
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5.5. Ultimate limit state method

The ultimate limit state is the situation where the safety of the structure is checked. A structure shall not collapse an
design in accordance thi the ultimate limit staé shall avoid structural failure. The partial safety factor for the
resistancel( ) shall take care of the scattering of the strength properties and the geometry of theszosen.

The partial safety factor for the load eftef and[ ) shall take care of the scattering in the determination of the
loads and of the probability in the combination of different loads. The partial safety factor is different for the different
types of loads, their uncertainty and how they amnbined. Dead lods (i.e. selveight of the structure) have a low
partial safety factor, while the live loads (i.e. all forces that are variable during operation, e.g. snow loads, wind loa
AYLI2aSR t2FRa Ay o0dzZAf RAyJalBafefyMitcgFFAO f 21 Ra X0 KIF @S |
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Figure 5.1 lllustration of the partial factor method

The condition to be fulfilled is (see Figure 5.1):

R

IoE, ¢ —

QK 9u
where:

O is the characteristic value of the load effects; it may be axial tensicompression, bending moment, shear or a
combined load effect on a crosgction or on a connection.

'Y is the characteristic value of the resistance; it may be axial tensiooropi@ssion, bending moment, shear or a
combined resistance.

[ is thepartial safety factor for the resistance, also called material factor.
[ is the partial safety factor for the load effects, also called load factor.

Typical values for thpartial safety factor for the resistance are 1.1Q () for members and..25 [ 5 ,andr ) for
bolt and rivet connections and welded connections.

These are the material factors for building and civil engineering structures and may also be useduictatbkt
design because the material, the geometrical dimensiortsthe fabrication of connections are almost similar in all
aluminium structures.

Typical values for the load effect factors in buildings and civil engineering aredt 32or dead loadsral 1.5 for live
loads. These factors may also be used for the desigomponents for other structures, like commercial vehicles.
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5.6. Ultimate limit state for members
5.6.1 General

Buckling class for materials, cressction class, effectiviickness to allow for local buckling and HAZ as well as
methods for memberé compression and bending are specific to Eurocode 9. These are therefore presented in
more details in the following paragraphs. Further rules and methods are listed, and redsrare given in Tables 5.4
and 5.5.

The resistance of a member in compressitepends on material properties, cressction type and dimensions and
member properties. Material properties like strength and Buckling Class (BC) (see 5.6.2), togetherssthation
properties constitutes the crossection class which depends orethlendernesb/t of the crosssection parts, see
Figure 5.2.

The crosssection class defines the stress distribution at the ultimate limit state and thus how thesgolssn
resistance is calculated.

Material Buckling Class and HAZ define which mgkliirve should be used and, together with member length,
support conditions and crossection resistance, the resistance of the member can be calculated.

5.6.2 Crosssection class

Crosssections are classified in 4 classes. In Figure 5.2, the stra#isutiisn for the different classes are shown
which identify how the crossection behaves during bending. This is directly linked to the resistance of the cross
section. Limits fobb/t for the different classes are given Table 6.2 of EC 9. For Bucklgsy €lénderneds't and
crosssection class, see also items 3, 4 and 5 in the overview in 5.6.6 A).

Class 1, "ductile": The resistance may be calculated basethetic behaviour taking the hardening of the material
into account. Plastic hinges can deygin a continuous beam or frame.

Class 2, "compact": The resistance may be calculated based on plastic behaviour without hardening. Elastic theory
used for cotinuous beams or frames.

Class 3, "semiompact": The crossection can develop elastic ornpig plastic resistance. Elastic theory is used for
continuous beams or frames.

Class 4, "slender": Thin parts of a crkssstion may buckle before attainment dfe proof stress. The resistance is
based on an effective crosection. Elastic theory is usdor continuous beams or frames. Usually the reduction of
the stiffness due to local buckling in the calculation of the moment distribution is omitted.

Qoss section class
0,2%proof strength I 1

2 3 4
Material ~ Ultimate strength >
properties BC( - ®-diagram) —— S
HAZ |
= f j
!

Internal/ outstand parts

00$‘ Symmetric/ asymmetric Mre=afoner  foWo  XKfoWer  fo Wert
section  open/ closed Yy !
Qenderness b/t Buckling Qross section resistance
curve J'
Member Length (§pan) | >
supports Smple/fixed support

Part of frame Resistance

Figure 5.2: Scheme to calculate member resistance
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5.6.3 Material BucklgnClass (BC) and buckling curves

The buckling resistance of aluminium columns depends merely on initial bow (geometrical imperfection), residual
stresseqstructural imperfection) and stresstrain relationship. Furthermore, size and position of HAZ duestd
introduction during welding affect buckling resistance of longitudinally welded columns.

For steel members the residual stresses are the most inapofactor and, as the magnitude and distribution of the
residual stresses depends on the crssstin type, there are different buckling curves for different crgsstion
types in the Eurocode for steel. As already mentioned, the residual stressedriasdtexd aluminium profiles are very
small. However, the stresstrain relationship is strongly ndimear from the origin, which is the reason why, in the
case of aluminium, the choice of buckling curves for extruded profiles depends on the alloy and exmgssed by
the Buckling Classes A and B. In Figure 5.3 examples ofsttaascurves for the tw Buckling Classes are shown.
The corresponding buckling curves are designated 1 and 2 (see Figure 5.4).

For longitudinal welded aluminium members, howeuiere are residual stresses where the distribution is similar
as in welded steel members. Althougtompared to yield strength, the magnitude in aluminium is smaller than in
steel. Nevertheless, the influence on the buckling resistance is similar steébrso the resistance should depend
on the crosssection type. However, as aluminium members camehmany different crossection shapes and, for
sake of simplicity, a reduction factdr is given in Table 6.6 in EC9 for classd class B materials.
3001

B,

B

A

v

200—

100—

| | 1
0 0,01 i 0,02

Figure 5.3: Example of a stresfrain curves fo Buckling Class A and two curves for Buckling Class B

1 —
\\\\\
c 09 ~~—
0,8 ™~ \\\ 1
0,7 NN 2
' N
AN
05 N N
' NN
04 ~~

0,3 ~
0,2
0,1

0

0 05 1,0 15 7 2,0

CAIdzNB podnY wSRdzOGAZY FFOG2NI . F2N Ff SEdzNJ €

32



I £ dzY A ¥y A dzY

A W

(@2 eJdAR

5.6.4 Effective thickness dueltxal buckling and HAZ softening

Contrary to steel, the effective thickness method instead effective width oakik used to take reduction of
resistance due to local buckling into account. Besides simpler calculations, the advantage is that combitiation wi
local reduction of the 0,2% proof strengi® s and of the ultimate strengths «ip HAZ is simpr (see Figure 5.5).

r o,haztf

| “
+5

——————————— 1 T~~~ —————J—r R N 1 L——"\———— f
z .l N z | N A -
% | : 5 et = 1l j[ :_c'z*_ ' tetﬁ el
. . I
mln(fo,haztw rewtw) g mln(fo,haztw; rcywtw) | o o,hazl
(| |
i |
il s i b )
0yl
ty—>T e ty,—>
a. The reduction in HAZ is less than the reductic b. The reduction in HAZlarger than the reduction
due to local buckling due to local buckling

Figure 5.5 Effective crosssection of class 4 comprs®n part of welded member

The severity of softening in HAZ is generally larger in BC A than in BC B mdteriafor some material the

reduction is null or very smalFor example, the 0,2% proof strength in HAZ is half the strength in the baseahateri
for ENAW 6082T6, whereas for temper T4 of the same alloy the reduction is just 10% according to Table 5.2 a) of
Eurocode 9.

5.6.5 Bending and axial compression

The procedure and formulae for bending and axial compression are different from theste&. In Eurocode 9,
there are two special means to cover the influence of local buckling, plastic strain and second order effects:

T expments—,T and] on the terms in the interaction formulae to account for plastic strain and local
buckling, wheréQ wor adepending in buckling direction (formula below);

i factor w, , and v, 1 to take the second order moment distribution along the member into account.

= g

y T Mg(X)  + Nexy = MgaX) A
Ed

Figure 5.6: Moments and ,-diagram for a member in bending and compression

33



As an example, the formula ftateraktorsional buckling is:

& % a % a e
%,z GNRy 9 EEWXVLT @LTMde 0 B, 2

With these exponents and factors, the same interaction formulae can be used for alseigm classes 1 to 4.

The three terms in the formula are measures of how much the respective resistances are used due to axyay{force,
axis bendindincluding influence of laterdbrsional buckling) and-z-axis bending. They are therefore called
utilization gradesThe fist term includes the influence of the bending moment of the axial force times the
deflection.

The exponents, which are dependiog the shape factos and| , result in different shape of the interaction

curves for different crossections (see Figars.7). For compression and strong axis bending, the shape factor is up to
1,15 with rather small plastic reserve in thebvafter that plastic strain started in the flanges. For weak axis bending
the reserve is larger with shape factor up to 1,5 and #iigarger. This results in curves which are strongly convex
upwards. For crossection class 3 the curves start with sgfat lines for shape factor £to strongly convex curves

for class 2 crossections. As the exponents are functions of the shapefathere is a smooth transition between

class 2 crossections to class 4 crosections represented by the curves foosssection class 3.

1,0 1,0
N T DEl N
No, 1 Ny,
Por P Class 2
r r Class 3
a,=1,0
0,5 1,03 0,5 _ 1,5
106 Class 2 a,=10 11 12 13
r 1,09 r
L 1,12 L class 4
1,15
| e Class 3 L
Y-z E‘ y Class 4 \\\\ z_
0 1 1 1 1 1 1 1 1 O 1
0 0,5 My 1,0 0 1,0
Moy Mpl,z

Figure 5.7: Interaction diagrams for strong axis and weak axis bending
and compression of Hheams in different crossection classes

The factor taking the distribution of the second order moment alongmfeenber into account is included in the
interaction formula which, for strong axis buckling, is

C
A Ngg )%+My£d

® ¢1,00

EEWX CyNrRd @ MyRrd
where the factor is

1 pf ... p .01 Q¢

ONJ
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| is the shape factor;
.. is the reduction factor for flexural buckling.

The factor is smallest in the middle of the span, whegglfeing the bucklindength)
@ I so] p¥ ... p ...i Q=1 and

Neg  _ Ngg
Wy€yNrd  gNRd

which is theutilization grade for buckling.
At the support
W T (ol p7Z... and

Neg  _ Neg
Wy€yNRrd NRd

which is the utilization grde for section resistance as it is no second order bending moment in a simple support.

In between the utilization grade difie axial force followpZl  which is the inverse of a sine curve. This is illustrated
in Figure 5.8 a), where the grey part @sponds to the influence of the moment of the axial force times the
deflection.

‘*ﬂ «~My—~> M _Neg
N — ‘ Mg
l = N @ Moy + Ny
x¥ |
| Prlwet) + —>| |+
_— NEd
. NEd
_— c Cli =
= Nrd + Ry
— Ney M2 &
[ | Ne My R
»‘ . N 14/— M 2=y M 1
@) (b) @ (b) ©
Figure 5.8 Compression and bending according to the Figure 5.9: Compressiomd bending according
Eurocodes 9 for aluminium to the Eurocodes 3 for steel

This utilization grade due to the axial forcadded to the utilization grade of the bending moment with arbitrary
distribution, as shown in Figure 5.8 (b). (The exponents on the utilization gradebdmvemitted for clarity). The
sum of the utilization grades should be less than 1 in every seakiog the member. In the example in Figure 5.8
maximum of (a)+(b) occur where a line parallel to the moment diagram is a tangent to the sine curve.
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In the Eurocode for steel, the principle is to find a constant moment which gives correct result together wi
constant utilization gradég & ...0,, g, Which means that a lot of factors are needed. This is illustrated in Figure 5.9
where the actual moment diagram (a) is transferred to an equivalent constant moment (b) which is then combined
with the utilization grade due to the @&l force (c). It is then necessary to check the resistance at the ends (d)
separately.

As the exponent in this case is depending on the reduction factor the interaction curves will be convex
downwards for largeelative slenderness. Sexample in Figure 5.1@).

With this estimation of the utilization grade along the member, it is possible to check reduction of localized HAZ due
to transverse weld in any section along the member.

1,0 1,0
Neg 7y=0 Neq \ f
Nrgd Nrd
— Eco " 7,=062 — Ec
L - yy = 1,0 B yy: 0
[y=06 Class?2 Class3
05 05
B | 7y=123
0 1 1 1 1 1 1 | | 1 0 1 1 1 1 1 1 1 1 1
0 0,5 M}{,Ed 1,0 0 0,5 M;g,Ed 10
My,Rd IVly Rd
@ (b)

Figure 5.1@ Interaction curves for flexural buckling for (a) uniform moment and (b) variable moment

5.6.6 Overview of the main design

Relevant rules and design formulae according to Eurocode 9 are summarizedaliaveng, divided in groups of
topics. The numbers of reference of Sections, Figures and Tables correspond to the 2007 version of Eurocode 9, a:
amended in 2009.

A) Material strengths, partial factors, Buckling Classes, cresstion classes, local buckirand HAZ

Subject Reference to Notations and limits
EN19991-1
1. Material strengths 3.2 "Q s the characteristic 0,2% proof strength for bending and

overall yielding in tension and compression
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"Q ischaracteristic ultimate tensile strength for the local
capacity of a net section in tension or compression

"Q is characteristic sength of the weld metal

Table 3.2 (40 €) g

Values for sheets, strips and plates are given in Table 3.2a an

Table 3.3 values for extruded profiles in Bl 3.2b. For forgings values arg
given in Table 3.2c and for gravity castings in Table 3.3.
6.2.1 If formulae in 6.2.2 to 6.2.10 do napply, formula (6.15) can be
used.
2. Partial factors 6.1.3 [ a w IS used for the resistance of cressctions and resistae of
members to instability based dt. Recommended value is
1,1.

[ a u IS Used for the resistance of cressctions to fracture and
resistance of joints in tension, shear and beatiaged orfiQ
or Q. Recommended value is 1,25.

3. Material Bucklig Class| 3.2.2, 6.1.4.4, The resistance if instability is involved (local, flexural, lateral

BC 6.1.5,6.3.1 02 NRA2YI fis depeddiron thé sfiabe of the stress
300 strain curve. As this curved#ferent for different materials, the
B materials and tempers are divided into two Buckling Classes A
U B and B.
A
2001 The Buckling Class for the alloys are given in Table 5.2 a) ang

Effective thickness and buckling curve are depending on the
'tl)';able 5.2 a) and Buckling Class, batso if a member is longitudinally welded or
100+ not.

G 1 1 1 ]
0 001 ; 002

4. Slenderness 6.1.4.3 1 __

w is the width of a crossection part

0 is the thickness of a crosection part
— is the stress gradierfactor

- mxmmenr  p [ p

- mpEp | P

[ isthe ratio of the stresses at the edges of the plate under,
consideratia related to the maximum compressive stress
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Slenderness limits

6.1.4.4, Tablé.2

Limits for the crossection classes denotéd,! andf are
given in Table 6.2.

5. Crosssection class

Limits for crossection
parts of members in
bending

6.1.4.2

6.1.4.4

Class 1 crossections are those that can develop their plastic
moment resistance forming a plastic hinge with the rotatiq
capacity required for plastic analysis.

The hardening effect may be taken into account according to
Annex L.

[

Class Zrosssections & those that can develop their plastic
moment resistance but have limited rotation capacity
because of local buckling.

The resistance is based on perfectly plastic behaviour.

[

Class 3 crossections are those in which tlealculated stess in
the extreme compression fibre can reach its proof strengf
but local buckling is liable to prevent development of the {
plastic moment resistance.

The resistance is based on elastic or partly plastic behaviour.

Tt

Classt crosssections are those in which local buckling will occ|
before the attainment of proof strength in compression in
any part of the crossection.

The resistance is based on an effective cisession.

[

6. Local buckling

6.1.5

6.1.5,Table6.3

Loal buckling in class 4 members should be taken into accou
replacing the true section by an effective section, obtained by
employing a local buckling factor to reduce the thickness.

Factor” is depending on the material Buckling€d andhould
be computed from formulae (6.11) or (6.12), separately for

different parts of the section. The factor is different for internal
crosssection parts and outstand parts and depends on whethg
the member is longitudinally welded or not.

7. HAZ

6.1.6

The characteristic value of the 0,2 % proof strerigth and of
the ultimate strength'Qs «ip the heat affected zone should be
taken from Table 5.2, which also gives the reduction factors
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6.1.6.3

" 23S KLL 4 CdzE KT
25 k1 I——and” g5 k1 1

Local buckling effects and effects dioeHAZ softening should beg
included by means of the effective thickness.

The extent ofix | ¢f HAZ depends on the plate thickness and tf
welding method.

8. HAZ and local buckling 6.2.5.2, for

example see
Figure 5.5 above

For class 4 part with HAZedts, the effective thickness is taken
as the lesser of that corresponding to the reduced thickrigssy
and that corresponding to the reduced thicknésss gijn the
softened part, and a&; i the reg of the compressed portion off
the crosssection.

9. Transverse welds 6.3.1.1, 6.3.3.3

At a section with transverse weld s «is feplaced by 4,5 « The
reduction due to local welds is depending on where the reduct
is located along the member, less reduction at the end thathet
span of a member in compression. This is accomplished with
1 gexpression.

10. Holes 6.2.2.2,6.3.3.4

The resistace is based on the net area through the section wit
the holes.

B) Resistances for different design situations

Design Regrence to
situation EN19991-1

Resistance

1. Tension 6.2.3

The smallest of:

general yielding along the member 0z 5 g0 "OIf 4

local failure at a section with holes 0,5 = V@ﬁuﬁy SOT 4w
local falure at a section with transverse weld,s w 20dzs $%a n

05 s either the gross section or a reduced crssstion to take into
account HAZ softening due to longitudinal welds. In the latter
caselyis found by taking a reducedes equal td’ 2 5 gtimes
the area of the HAZ;

Oy ¢ s the net section area, with deection for holes and a deduction
if required, to take into account the effect of HAZ softening in
net section through the hole. The latter deduction is basad o
the reduced thicknessy,s ©; i

045 dsrthe effective crossection area based on theduced thickness
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2.
Compression
with no

buckling

6.2.4

The smallest of:
in sections with unfilled holesly gy & Oy S@T 4 &

in sections with transverse weld Odzs wOdzs Sa n

in other sections U2 5 wrOs 73 2 m

Oy sig the net section area, with deductions for unfilled holes and H
softening, if necessary. Fboles located in reduced thickness
regions the deduction may be based on the reduced thickness,
instead of the full thickness;

0 7is the effective section area based on reduced thickness taking
account local buckling and HAZ softening due o§itudinal welds
but ignoring unfilled holes;

04,5 g5 gffective section area, obtained using a reduced thickhess
for class 4 pads and reduced thickness,,s «fprithe HAZ
material, whichever is smaller.

3. Bending
moment

6.2.5

6.2.5.2

6.2.5.1

The smallest of:

in a net section

Uy Siswry S an
in section with transverse weldl 4,5 \ gW4zs EHMFa «

in any crosssection Daswi W 4w

wg¢ Is the elastic modulus of the gross section;

wy & ¢ I the elastic modulus of the net section taking into account
holes and HAZ softening, if weldéithe latter deduction is
based on the reduced thickness"§, ©i4

W70 § #Srthe effective section modulus, obtained using a reduced

thickness” ¢! for class 4 parts and reduced thicknéss © i
for the HAZ material, whichever is smaller;

is the shape factor given in Table 6.4. If elad#isign is used
for class 1, 2 and 3 crasections, them =1 (for members
with longitudinal welds  wg¢ sAis)-

(Some notations are here not the samas in the code for clarity, e.g
02 5 gre andd z ip the code)

4, Shear and
transverse
load

6.2.6

The design shear resistance for relender sections
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L5 0
1 v 0gis the shear area
6.7.4, °
For slender webs and stiffened webs, the resistance for plate girder
6.7.5
webs should be used.
6.7.6 . . . .
The design resistance for transverse loads are given in 6.7.5 and
interaction in 6.7.6.
5. Torsion 6.2.7 The design St. Venant torsion moment resistance without warping (|
, closed sections)
(i% vy ¥ Q
L) bzwiW s LIEIIC_)T—
@ 5 (g the plastic torsion modulus.
For torsion with warping the torsion moment is the sum of two interr
effects’Y "V Yo
SC|| GC , . . .
+ Where the torsional moment is combined with a shear force, the
resistance is given by a reduced shear strength.
Torsion can be avoided by shaping the creegion so that the shear
centre SC is located in the plane of the loading. Closed-sems®ns
can resist large torsion moments.
6. Bending | 6.2.8 If the shear force is less than half the shear resistance its effect on {
and shear moment resistance cabe neglected, otherwise the shear force will
reduce the moment resistance.
7.Bending | 6.2.9 Interaction formula are given in 6.2.9. Theg ¢he ground for the
and axial 6.3.3 formulae for buckling resistance of members in bending and
force e compression in 6.3.3.
8. Bending, | 6.2.10 If the shear force is less than half the shear resistance, its effect on
shear and combined axial force and momentgistance can be neglected,
axial force otherwise the shear force will reduce the bending anxial force
resistances.
9. Web 6.2.11 The design of wstiffened or longitudinally stiffened webs subjected t
bearing 675 localised forces ased by concentrated loads or reactions applied to

=2

beam is based on formulaerfplate girders.
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10. Buckling | 6.3.1 Members subject to axial compression shouldcbesidered to fail in
resistance of one of three ways:
member in

1 flexural

compression ) .
9 torsional or flexural torsional

1 local squashing

The design buckling resistance of a compression member without
transverse welds is

GOZwﬁl--a b

is the reduction factor for the relevamuckling mode, material
Buckling Class;

03 7 s the effective area taking into account local buckling and HA]
softening of longitudinal welds. For torsional and torsienal
flexurd buckling see Table 6.7. (For class 1, 2 and 3-ssut®ns
without longtudinal welds0g 5 70 );

I is the a factor to allow the weakening effect of longitudinal

See also welding given in Table 6.5. If there are no welds, then p8
6.6.5 above.

Table 6.5

The reduction faair ..is a function of the relative slenderness

6.3.1.2 o

-

_ONJ _SF

ONJ

Two curves are given, designated 1 and 2.

1

Figure 6.11 c 09

0.8 g \‘\ 1
\ N
0.7 . 2
N

0.6

05 NS

04 ~

0.3 \

0.2 =

0.1
0

<\\
T

//V
/A

0 0.5 1.0 15 7 2.0

For a member with localised welds, the resistance dsiced at the
section with the weld. The resatce is depending on where the weld
located along the member defined by the functiop
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6.3.3.5

11. Lateral
torsional
buckling of
member in
bending

6.3.2

Table 6.4
6.33.5

Lateral torsional buckling may Imeglected in any of the following
cases:

a) bending takes place about the minor principal axis;

b) the member is fully restrained against lateral movement through
its length;

c) the relative slendernesi detween points of effective lateral
restraintis less than 0,4.

The design buckling resistance moment of a laterallyastrained
member should be taken as

Uoswirle W5t PR am

Wg ¢ 5 ds the elastic section modulus of the gsasection, without

reduction for HAZ softening, local buckling or holes;
| is the shape factor subject to the limitation @ 7w f;

. ¢ Iisthe reduction factor for lateral torsional buckling.

12. Members
in bending
and axi&
compression

6.3.3

6.3.3.1

6.3.3.2

Members subject to bending and axial compression may fail in one
the two modes

w FtSEdNIf 6dz01f Ay3
wlateraktorsional buckling

Interaction formulas argiven for members with axial compression in
combination with bending about one or two axis and fail for flexural
buckling. These formulas are given for:

w 2LI8Y R2dzof Ssedidiy YSGNAO ONE & &
w &2f sRtio®O NP a &

w K2t f BegtiorCaNPtubé

w 2 LIS ysynvhieidal crossection

Interaction formula for lateraltorsional buckling of open crosction
symmetrical about major axis, centrally symmetric or double symme
crosssection is given.

Formulasare also given for the following effects:
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6.3.3.3 w YSYOSNRBR O2yidl AyAy3 sediddl f AT SR
6.3.3.4 w dzySldztf SYyR Y2YSyida FyRk2NJ i
6.3.3.5
13. Plate 6.7 A plat girder is a deep beam with a tension flange, a compression
girders flange, and a web plate. The web is usually slender and may be

reinforced by transverse or/and longitudinal stiffeners.

Webs buckle ishear at relatively low applied loads, but considerably
amount of postbuckled strength can be mobilized due to tension fiel
action.

r— Plate girders are sometimes designed with transverse web
reinforcement in form of corrugations or closely spaced transeer
stiffeners (extrusions).

Plate girders can be subjected ¢combinations of moment, shear, and
axial loading, and to local loading on the flanges. Because of their
slender proportions they may be subjected to lateral torsional buckl
unless properly gpported along the length.

Failure (buckling) modes may be:
6.7.2, w 650 0dzO1fAy3 o6& O2YLINBaargs
6.7 3 ®w aKSFN) 6dzO01fAy3
6.7.4,6.8 w AYGSNI OlAz2zy 0SU6SSYy &aKSIN F2
676 ©w 0d01tAy3a 2F 680 RdS G2 20kt
6.7.5 w T tindyeadSveb buckling
6.7.7 wtorsional buckling of flange (local buckling)
6.15 w f I GSNI Gcklidg2 NEA2Y Ff 6
6.3.2
14. Stiffened | 6.6 Un-stiffened plates as separate components undepliane loading is
panels given in 6.6 and 6.7.

The same applies for stiffened plates undeplane loadng. Outof-

6.7 plane loading is not treated in EC9.
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15. Cold EN19991-4 Provisions for coldormed structural sheeting are given in EN 1999.
formed

structures

16. Shells EN19991-5 Provisions for shell structures are given in EN 1B89

C)Design of joints

1. Basis of
design

8.1.2

Annex M

The forces and momenggpplied to joints at the ultimate limit state
should be determined by global analysis including:

T second order effects;
T the effects of imperfections;

T the effects of conneatin flexibility.

D) Connections made with bolts, rivets and pins

2. Spacings | 8.5 The rules for bolted connections are given in 8.5, where minimum,
regular, and maximum spacing, end and edge distances for bolts af
Table 8.2 .
given.
3. Slotted, 8.5.1, Long and short slotted holes and ovieesd holes are treated.
oversized
8.5.7 Countersunk bolts and rivets.
holes, etc
Table8.4, pi i
8.5.14 in connections.
4. Categories| 8.5.3.1 Category A: Bearing type;
for shear Cat BSli istant at iceability limit state-
connections ategory BSlipresistant at serviceability limit state;
Category C: Shgesistant at ultimate limit state.
5. Categories| 8.5.3.2 Category D: Connections with npreloaded bolts;
for tension _ _ )
. Category E: Connections with preloaded high strength bolts.
connections
6. Failure Table 8.5 Failure modes for bolted connections may be:
modes

w 0f 2071 (S| Mariy a@mdw OF bolisfaldaiBe shefr fate
a bolt group and tension failure along the tension face of the bolt
group;

w aKSINI FILAfdz2NB Ay (KS 20T
w a@i’l failure of the bolt hole;
w GSyaArzy FlLAfdNB 2F (GKS o602t dT
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w Llzy OKAy3a aKSFNIrhut2 dzyR GKS 02

w O2Y0AYSR aKSINJIFIYyR GSyaazy 7
7. Prying 8.5.10 Connection details that carry tensilerces, and where the tensile
forces, forces do not go directly through the bolts, additional forces in the b
equivalent T have to be accounted for. These forces are called prying forces (Q)
stub in they can be considerable large. See the Figure 5.11. Prying action i
tension important for T-stub in tension. See Annex B.

Annex B
A

{

/
/

S
[ &

NAN
P P

BN

Figure 5.11:Prying action for Tstub in tension

E) Welded connections

1. General |3.34 The rules given in EC9, clause 8.6, appstriectures welded by MIG ot
TIG and with weld quality in accordance with EN 1B9Qertified
welders are higly recommended. Recommended welding consumal

3.3.4 can be found in the references to the left.
EN 10134
2. Strength | Table 5.2 When weldig hardened aluminium alloys, part of the hardening effe
values will be destroyed. In a welded connection it cantbeee different
strengths:
w GKS a0dNBy3iK Ay (KS LINByia
w 0KS AadNBYy3IOIK AYyQikSuKSEHadG +FF
Table88 |, (kS aGNBy3IGKQ2F GKS 6StR YS
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3. Check in
weld and
HAZ

Table 5.2

Table 8.8

Normally it will be necessary to check the stresses in the HAZ and i
welds. he strength in HAZ is dependent on the alloy, the temper, th
type of product and the welding procedure.

The strength in the weld (weld metal) is dependent on the fillerahet
(welding consumables) and the alloys being welded.

4. Single
sided butt
welds

8.6.3.2.2

Single sided butt welds with no backing is practically impossible to v
in aluminium. If single sided butt welds cannot be avoided, the effeq
seam thicknessam be taken as:

w 0KS RSLIK 2F GKS 22Ayd LINBLI

w U K & of & jhitit preparation minus 3 mm or 25%, whichever i
the less for V or bevel type.

In addition to the single sided butt weld, a fillet weld may be used to
compensate fothe low penetration of the butt weld.

5. Practical
precautions

8.6.1

When deggning a welded connection some few practical precaution
should be taken into account.
w t NPGARS JI22R | 0O0Saa G2 GKS ¢
equipment useddr welding aluminium is rather large, so there must
enough space around the wekl

w D22R | 0O0Saa Aa lfaz2z ySSRSR ¥
100 % visually examined in addition to some +ui@structive testing
(NDT).

w Cdzf £ LISy Sdedduttiwes/are ampossible & weld
without any backing.

w LT LI tioa thedwel8sin atelds avhiere the stresses are low.

6. Butt welds

8.6.3

Heavy loaded members should be welded with full penetration butt
welds. The effectivéhickness of a full penetration butt weld should b
taken as the thickness of the thinnest contieg member. The
effective length should be taken as the total length if4amand runroff
plates are used. If not, the total length should be reduced byethe
effective thickness. (Figure 5.12).

7. Design
formulae for
butt welds

8.6.3.2

Normal stres, tension or compression, perpendicular to weld axis:
” “Q7r a é
T@‘QW ag

Combined normal and shear stress: ot

Shear stress: t

Yoy
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8. Fillet 8.6.3.3 I FAEESG 6StR Aada RSTAYSR gAlK
welds Figure 5.12 shows how to rasure the throat thickness. The effective
length should be taken as the total length of the weld if:

w GKS f Sy 3dleadtB tindektBe thicatithRkndss;

w UKS fSyaikK 2F (GKS 4SftR R2Sa
with a norruniform stress distribution;

w GKS a0GNBa3d RAZGNROdzIiAZY |2y

9. The forces The forces shall be resolved into stress components with respect to
acting on a throat section (see Figure 43)
fillet weld

These components are:

normal stress perpendicular to the throat section;
» Normal stress parallel to the weld axis;
t shear stress acting on the throat section perpendicular to the we

ts shear stress acting on the throat section parallel to thédnais.

Lo
/ A N
N \\\
g Y h
Q
A
Y

Fgure 5.12
10. Heat Figure 8.21 | The stress in the heat affected zone has to be checked. The stress
affected calculated for the smallest failure plane for both butt welds #ielt
zone welds. The sketches in Figure 5.13 indicate the failure plarnsofoe

welds:
W: weld metal, check of weld,;
F: heat affected zone, check of fusion boundary;

T: heat affected zone, check of cressction.
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Figure 513

F) Friction Stir Welding, FSW

1. Friction 8.9 With thefriction stir welding process, the weld is produced by a
Stir Welding rotating tool which plastically softens the material at both sides of th

weld line which preferably should be long and planepé&nding on the
material thickness, the process requires stiff and strovelding fixtures
and supports. Full penetration butt welds and lap joints can be
produced, but not conventional fillet welds. Because the temperatur
are below the melting point, wding problems which may occur with
MIG or TIG welding are avoided.

2. Alternative| Figure 5.14 | a) Single sided weld welded from one side, Figure 5.15 (1);

structures
b) profiles welded from top (2) and bottom (3);

c) profile welded with half overlaprém top (2) and bottom (3).

Figure 5.14Friction Stir Welds, FSW

No design provisions are given for Friction Stir Welding in the 2007 version of EC9, as amended
However, these will be available in the new versiokGfexpected to be published in 302

G) Bolt-channel joints andscrew grooves
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1. Bolt 8.9 The boltchannel joining system consists of an extruded profile with
channel groove that is shaped to host the head or the nut of the bolts
connecting the profiléo the other components, see Figure 5.15 (a).
When the connectioris composed by more bolts arranged at a certa
distance, a plate with threaded bolt holes can be inserted in the guic
see Figure 5.15 (b).

€Y (b)

Figure 5.15: Bolthannels

(@ (b)

Figure 5.16: Scregrooves

No design provisions are given for bolt channels and screw grooves the 2007 version of EC9, as
amended in 2009. However, these will be available in the new version of EC expected toisteegubl

2023.

H) Adhesive bonded joints
1. Structural | Annex M Adhesive bonding needs an expert technique and should be used w
adhesive great care. The design guidance in Annex P should only be used ur
bonded joint the condition that:
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T the joint desgn is such that only shear forces have to be
transmitted;

T appropriate adhesives are applied;

T the surface preparation procedure before bonding do meet the
specifications as required by the application.

The use of adhesive for main structural joints wldonot be
contemplated unless considerable testing hasbkshed its validity,
including environmental testing and fatigue testing if relevant.

2. Use

Annex M.4

Adhesive joining is very much used in specific structures (aeroplang
vehicles) and can bsuitably applied for certain building and civil
engineering structures such as plate/stiffener combinations and oth
secondary stressed conditions.

3. Loaded
area

Annex M.4

Loads should be carried over as large an area as possible. Increasi
width of joints usually increases the strength pro rdtacreasing the

length is beneficial only for short overlaps. Longer overlaps result in
more severe stress concentrations, in particular at the ends of the I

4. Strength

Annex M.5

The strength of an dtesive joint depends on the following factors:
a) the specific strength of the adhesive itself;

b) the alloy, and especially its proof strength if the yield stress of t
metal is exceeded before the adhesive fails;

c) the surface preareatment: chemical cnversion and anodising, us
of primers;

d) the environment and the ageing;
e) the configuration of the joint and the related stress distribution;

Laboratory tests taking into account the whole assembly, i.e. the
combinations of alloy/prdareatment/adhesiwe, and the ageing or
environment arémportant.

) Fatigue

1. General

Structures with repeating loads may be susceptible to fatigue when
number of load cycles is high, even when the loads give low stresse
the structure. Fatigue failure starts wittevelopment of a crack at a

point with stress concentrations. With continuous repeating loads th
crack will grow, this will be shown as one striation in the failure surfg
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for each load cycles. The distance between the striations is depend
on the stess range and that is giving the giag speed.

2. Standards | EN 19991-3 | Rules for fatigue design are given in EN 1990 The rules are based
EN 10963 on quality levels given in EN 19938 and EN 109G.
3. Fatigue EN 19991-3, | The fatigue strength depends on:
strength 6.1,6.2 ) )
g wtype of detail (design);
w aidNBaa N¥y3aST
w YdzYoSNJ 2F 0OeOf SarT
w aGNBaa NrdaAzT
w ljdzFr tAdGe 2F YIFydzZFl Ol dzNRAy I
4. Stress EN 19991-3, | The stress range is defined as the algebraic difference between the|
range 51.1 stress peak ahthe stress valley in a stresgete (Figure 5.17). At low
stress ranges the crack grows slowly and with high stress range it g
fast.
A 3 >
s
M S max
1 0
/ A X Sm
0 T 2 _I_' u)m
~ Smin
Figure 5.17: Stressrangg @ { G NB&a LIS 12 vod { I NBEANIANFISIS e zplo df G NIONERaS

5. Fatigue
strength

EN 199491-3,

6.2

The properties of the parent material have very little influence on th
fatigue strength in practical structures and components. For
connections, the properties of the parent material haxe@influence at
all. For a plee or extrusion with no manufacturing or only holes and
notches the standard deviate between EN AW 7020 and all other
structural alloys.

The fatigue strength is given as SN curves for the different details. £
detail categoies given in EN 19983 havetheir own SN curve. A
typical SN curve is shown in the Figure 5.18.
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Figure 5.18: a. Fatigue strength curve; b. Reference fatigue strength; c. Constant amplitude fatigue limit:-offf Guorit

6. Detail
Category

Annex J

EN ISO
10042

EN 109eB

EN19991-3,

Some typical details categories are shown in the Table J.1 The first
column in the table gives the detail type number, the second row gi
the detail category, the third gives a sketch loé tdetail and also
showing the initiation site and the direction of the stress, the fourth
gives the weld type, the fifth gives the stress parameter, the sixth gi
the welding characteristics, the seventh gives the quality level for th
internal imperfetions and the eightiges the quality level for the
surface and geometrical imperfections. The requirements for the
quality levels are found in EN ISO 10042 and additional requiremen
are given in EN 1098

Detail Types 5.1 and 5.2 are examples wherestirae detail has
different fatigue strength depending on the weld method. Detail type
13.1 and 13.2 show that an attachment (especially a long attachme
can have a detrimental influence on the fatigue strength.

The SN curves that correspond to these deatategories are shan in
Figure 5.19.
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Figure 5.19 Example of fatigue strength curves
L) Examples of detail categories

Part of Tal# J.5 in EN 19983

Continuous
automatic Bl C
welding

At weld discontinuity
5.1 | 634,3

5.2 | 564,3

caps ground flush

Nominal stress at

initiation site

Full penetration
butt weld. Weld

Transverse
attachment,
thickness < 20
mm, welded on
one or both sides

13.1( 233,4

02y OS8y NI
2F O02yyS$S

Longitudinal
attachment
length2 100 mm,
welded on all
sides

aa
ue

L2 Ay ¢

13.2| 183,4

NB

Stiffening effect ofttachment /

ad

Weld toe

For webto-flange fillet welds, see
Table J.5\Mpe no. 5.4 or 5.5

Net section
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The low value of the elastic modul&has a big influence on the deformations of aluminium structures, which means

that the deformation at the serviceability limit state is often governing the desidpe designer should not forget to
check the deformatin before the final check of the strength at the ultimate limit state.

References talause, Table or formula italicrefer to EN 19949-1 (2007 version, as amended in 2009). For reference
to another EurocodeEN numbers also given in ltalic.

Example 1Vertical deflection and resistance of a simply supported beam

Design data

A simply supported glass roof beam of span 4.2 m (Figure 6.1) is subjected to the folloviaatpued loads:
Dead load 8.6 KN/m

Imposed roof load  10.5 kN/m

Snow load 6.8 KN/m

Serviceability limit state

Design an-beam for the vertical deflection limit = span/360 (beam carrying plaster or other brittle finish).

Fromclause 5.2.5ve find E =70000 MPa (N/mr?l .

The charateristic combination of action according E&N 1990s used with all partial factors = 1.

O O Oghp [ ROEMR

where the permanent actiorG, is unfavourable and the imposed roof logy , is the leading variable action.

FromEN 1991 for snow loads at altitude > 1000 pg =0.7. Therefore

n W pd TieP ¢ @@E. T

o

IIIIIIIIIIIIIII(1IIIIII *I'

= 0 < — < tw
‘ L

Figure 6.1: Simply supported beam and beam crgsstion

Under a unibrm distributed load, the maximum deflectiomof a simply supported beam is given by
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For a deflection limit of span/360 for brittle finish wget
v RO v C @ttt q¢mr

oYolL oYX MAITC HaTP T P® prt | |

Ban

As there are no standardbleams in aluminium, the flange slenderness is chosen to avoid reduction due to local
buckling. For EMW 6063T6,Q p ¢ 710 Ahss A, without weld, the slenderness limit is

I ¢ xd&for- qufp @ mpg v
Choose flange slemtdness- ¢ =15.0.

An approximate formula for the second moment of area is

O ™ ¢ Q, whered @ drom which, for a chaan valueh = 308 mm of the beam depth,

] Bar PP pr :
o] ® W T® §om ¢ puTk

As @ ¢ o6 p 8D, itresults

6 — — op@iianddd ¢ o pdip@ pymi 8
Chose web thicknesg, =6 mm and check the resulting second moment of area:

"0 ¢cwo- — cipuwipdpu LA pP Xpr 010 @ 4 faccepted.

Ashis the distance between the centres of the flanges, then the total heighbail08 + 12 = 32Gm.
Ultimate limit state

Check the resistance with the simplified analysis method accordioigatse 8.4

The design load combination accordingghN 1990s used

O 0 @0y @ jOgmpewherethe partial factors afe =1,2 and =1,5.

It results

n PRIAD pdp B pdIOXte o@E. T

Doy C &ETEK 7Y T @kNm

As— — X® 1 crosssectionclassis3arid =1.0

t

b Al 808 t — PH i1 pplB. >P0ys T @&E . I, passed.
.p —

56



I £ dzY A ¥y A dzY

N

a
RdzOUA2Yy (@2 NJdBR O

Example 2: Bending moment resistance of a class 4-sexd®n

Aluminium profiles may have very different and complicated shapes. Examplesridsacf profiles used in curtain
walls and windows are shown in Figure 6.2.

o

LI
CHEOTHT THT TR

1 2 3 4

Figue 6.2: Examples of typical aluminium profiles for curtain walls and windows

Design data

The crosssection may have bolt channels and screw grooves, which may work as s#ftdribe slender parts of the
crosssection. Number 3 profile of Figure 6.2 i®shn as an example of a class 4 cisesstion for bending.

Zuk

E

a) actual crossection (b) effective crossection (simplified)

Figure 6.3: Extrudedluminium profiles: (a) actual crossection; (b) effective crossection
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The ain is to calculate the major axis bending moment resistance for the upper flange in compression. The material
ENAW 6063T6 which, according tdable 3.2belong to Bucklim Class A and has a proof strendfh=160 MPa. The

partial factorof strength isgy; =1.1.

The crossi SOGA2Y Aa O2YLX AOFGSR® | 246SAPSNE ¥t constantsd LINE 3
prixid ,'O o8tripmii ,®fajo8dpm i1 andeca x &I 1.
To check loal buckling, also the following geometrical data are necessary:

w vt i,0 o®i1,Q ptimi,o «¢ii,oa x®i I,andfor the bottom flang® xi i and
Q p XN I, seeFigure 6.3.

The influence of the web stiffeners (screw portgse to the centre of the webs is small and omitted when calculating
the major ax¢ moment resistance. Contrary, for axial force they may have noticeable influence.

Crosssection classification

InTable 6.2- ¢ ufp @ T P& &

For theflange, clause 6.14.3(1):T w ¢o To v qtg fo® p @8
Slenderness limifTable 6.21 Pe® p@pg v ¢ mTandf pp pApg L p @
flange is Class 1.

For theweb, clause 6.1.4.3(1}the stiffeners are neglected. As the tension flange is very mstiffened, the web is
supposed to start at the middle of the bottom screw port. Then

i A PCULUX®
[ ; - T
or o x@ om TS

I ™ T8y i 0 f0O ™ Tt TTCPCULUOR T O’/
T pe p¢dp8uv ¢mandt ce cdpgu ¢ ®;

web is Class 4.
Shape factor

The section classification is Class 4 and the shape factor is then bageslaifective crossection according tdable
6.4in clause 6.2.5.1As the compression flange is Class 1, only tHetivekness needs to be reduced.

For the material Buckling Class A accordinBeable 3.2bthe coefficients in formula (6.12) ate ¢ @ndd ¢ ¢,Tt
o)

6Qt6 — 8 — 8t oecs CQR:  T®O0.Q (6.12)

The effective thickness of the compression part of the webs is

GRag O TOOHL p X
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where the width of this part is
@ QO GcxpTTod X v@iis

Again, the CAD program is used. The section madoluthe upper edge (ue) and bottom edge (be) of the section are
found to be almost identical

wsa o cipr (I andwas opgipm I 1 8
Sometimes an iteration procedure is needed to assure that the width of the compression part oéltheoimcides

with the calculated neutral axis for the effective cregstion, seelause 6.2.5.2(Zndclause 6.7.2(5However, this
is not necessary ithis case as the overall cressction is almost symmetric. The shape factor is then

a R Oskas ofG X
WA j o800

T X &

Bending moment resistance

Bending moment resistance is accordind@®5)

Ofhoal QA . , QA ., oR¢iom ip od uvd . | (6.25

Example 3Bending moment rastance of a welded member with a transverse weld

Design data

Two extruded channel sections are welded together to a rectangular hollow section according to Figure 6.4. Calcule
the major axis bendingioment resistance for

a) section without transverse wejd

b) section with transverse butt welds across part of the web.

The material is EIAW 6082T6, which, according tdable 3.2bbelong to Buckling Class A and has a pstreingth
fo, = 260 MPa. The partial factor of strengthgig, =1.1.

Width b =100 mm, heighth = 300 mm, flange thickness =10 mm and web thicknesg, =6 mm.

Resistance of section without transverse weld
Ciosssection classification¢lause 6.1.4

Classificationased on limits iTable 6.4or BC Awith weldsgives crossection class 3 for the flange. For the web for
BC Awithout welds crosssection class is also 3.
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Figure 6.4: Welded aluminium profile

Heat affected zones;lause 6.1.6

The reduction factor for the strength in HAZ is found@able 3.2band the extent is found idlause 6.1.6.3
"i ke AT @ndcg 4 o 1t 1 for t =10mm.

The effective thickness within HAZ will be

Ao i neko T8 gp ot 0.

The elastic section modulus allowing for HAZ is found by deleting the difference between the flange thickness and tl
effective thickness within the widt2b, 5, from the gross crossection.

For the gross crossecion O usogipm i
For the reduced crossection Qe A/ CGEAQ EAG — x& dor i1
The section modulus WA | EA@R X9 vt yprt 01

The plastic section modulus allowing for HAZ

0 p Ty, 5 \ i \ 5 \ \ ”, " e
waiﬁz@wﬁ w ¢o Q ¢o CUEAQ GA®) @dtwpr | |
Shape factorglause 6.2.5.1

For crosssection class 3 the shape factor = 1.0 or may alternatively be calculated(62iy. As the web area ia
large part of the crossection, formulg6.27)in clause 6.2.5.1s used.
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(6.27)

2
=
R
Q
Sy
wl
S
:%‘i
=3
=
D
N
&
=
R
L O:ow

where the crosssection part with the smallest value of the rat{@z - §/( 3b- ,)iis the critical part. The web is
decisive so

azw=0.937. (6.27)

Bending moment resistance

Bending moment resistance is accordind@®5)

OfRoal orRATM. , pok. | (6.25)
Resistance of section with transverse weld, clause 6.2.5.1

The resistance in section with the transverse weld is given by formula (6.24).

0ok 2 Ao/ A% . (6.24)

where g Asegffective section modulus, obtained using a reduced thickhesdor class 4 parts and reduced
thickness’ ¢, ©fay the HAZ material, whichever is smaller.

Crosssection classification and effective thickness are the same as for the sedgtiaut transverse weld (Class 3),
so there is no reduction due to local buckling.

The reduction factor for the ultimate strength in HAZ is according to Table 3.1 fAY\EBD82T6
"OREAT T

So, the section modulus with allowance for HAZ, duengitudinal weld and localized transverse weld, is
BrALR QG AL P "OHE‘AL’;? P "oReGY & O  Tp g @@ wipm I

Go A £ 2 oy dpm 1 |

Bending moment resitance at section with transverse weld

Bending moment resistance is accordind@®4)

Ooh2alorn Kfe. PTE. I 8 (6.24)

This is actually larger than the resistance of the member with longitudinal welds only, whith 4§ =132 kNm.
Therefore, in this case the HAZ in the welds does not reduce the bending moment resistance of the member.

The strength in the weld, accordingTable 8.8or filler metal 5356, i&) ¢ p 410 Awhich is larger than the strength
in HAZ, thushot critical.
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Example 4: Laterdbrsional buckling of member in-aixes bending and compression

Design data

The beamcolumn according to Figure 6.5 is loaded by an eccentric axial load, main axis eccentricity at one end al
minor axis eccentrity at bothends. At the top, the load is inserted via a rigid rectangular hollow section beam. There
are simply support at the load points A and C. In this example latasabnal buckling is checked accordingt8.3.2
formula (6.63 and flexural buclng accoding t06.3.3.1, formula (6.59).

IIoeam

H
PR A (B)
NEed

Figure 6.5: General arrangement, loading and crgsstion

- Geometrical data:

Beam length Ibeam= 2500 mm
Eccentricity at the top ey, =400 mm, e, =30 mm
Eccentricity at thdottom e,=0 mm, e;=30 mm

- Crosssection data:

Section height h= 200 mm, flange widthb = 100 mm
Web thickness tw =6 mm, flange thickness ti=9 mm
Fillet radius r=14 mm
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Web height © Q¢ ¢ pufti
Material ENAW 6082T6 fo =260 MPa
Partial safety factor .o PP

- External forces:
Axial compression force Opp O E.

Bending momentatend C 0y 0,400 @ mHmM8 ¢ BE. |

Bending momentat Aand C 0 g 500, @ TiTBrI O pYE . |

Crosssection classification under axial compraes (clause 6.1.%

The classification according to clause 6.1.4 gives class 2 for the flange and class 4 for the web, which means the
compression, the overall crosection ¢ass is 4. The resistance is therefore based on the effective-seation fo
the member in compression.

Crosssection classification for gy axis bendingglause 6.1.%

In yqy axis bending, the overall cresgection classification is Class 2. The rasist is therefore based on the plastic
section modulus of the member.

Crosssection class under@ axis bendingdlause 6.1.%

The web is in the neutral axis sozqz axis bending, the overall crasection classification is Class 1. The resistance is
based on the plastic section modulus of the member.

Design resistance forqy axis bending ¢lause 6.2.%

Although the resistance is based on the plastic section modulus, the elastic section modulus is needed to calculate t
shape factors and the exponeritsthe interaction formulae. If the fillets are omitted, then the elastict&ecmodulus

is

WaAj | OF¥q  c8uytpri i

Usually the plastic section modulus is not given by the CAD program. Including fillets and using the notations (s
Figure 6.5). Being

N Q0 powpl andQ Q co p yYicl
it results in

¥ T . L.
Wpi h W'Q ?6"9 ¢gi Q@ i i Q qiop Fg ¢® otprti I 8

The shape factor is, therefore:
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and the resistance foyqy axis bending

0 pa | ©ar"QM., p® THCSX TP Tc oM v BE. |
Design resistance for¢z axisbending ¢lause 6.2.%

If the fillets are omitted, then (including fillet®® p&® ptprti | )

P
pC

The elasticection modulus is)g;  ‘OF g o8t tpri | 8

co oX¢) p® miprti i 8

Although the influence of the fillets can be neglecteds included here

5 T o e
aDiﬁgqow TEno i o 1 i 6 dop 072 & qtprl |

The shape factor and the resistance fqr axis bending are:
| wpiFOAI R PR X Y

0 pa Q omf., p@E. 18

Axial force resistance forgy axis buckling ¢lause 6.3.)

To calculate the effective csgsection area, the gross cressction area is first calculated and then the reduction due
to local buckling is made.

bco GQ ® o0 t Qg 1 T * omgi
The bucklig length iSk o g v T T,

so, the buckling load and the slenderness are given by

¢ ¢ ojaand_ STT o YT (6.51)

Oone — -
OMNJ ONZX

The reduction factor for flexural buckling wigh=0.2 and / = 0.1, from Table 6.6or Buckling Class A,.is 1@ (.7t

Buckling resistance according(@&49)for no welds and leaving is

O haroa OaZe, Opt. 8 (6.49)

Crosssection resstance is needed in the interaction formulae

U 4 "QOA Az p X mE . 8

Axial force resistance forqz axis bucklingglause 6.3.)

The buckling length & ¢ ¢ U ¢l i . The buckling resistance according®49) based on.. 1@ wis given by
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Laterattorsional buckling of beam in bendinglause 6.3.2.1

The elastic lateraiorsional buckling load is found Annex | The brsion constant is found iAnnex &nd the warping
constant inAnnex J, Figure J.2 case Which gives:

O Qo Ot p@ipddpnTt p® xipmw I

The last term inJ.]) is not needed so the torsion constant, including the fillets, is

"0 B o 1 mBO B0 (J1.9
where D is found inAnnex G, Figure J.1 case 2:

o 1 p 1 ™ 0T0 076 O0Fq p

With t; =t,, ¥ mmandt, =t ®# mmthen d=r/t, 44/9 %£55¢€(see Figure 6.5)

and| 8 8 1@ 1T ITherefore:
O pa@ii8
Now, from equation(J1.a)the value ofl, , for two flanges with fillets, i®© «8 mipmn i | 8

It is important to notice that:

if the fillets are omitted thenk, 8 t [ I ; by adding just 5% material, the torsion constant is increased
51%!

The elastic critical moment for latertdrsional buckling is given by the general formula

VAo "Ao— (1.2)
where the relative nordimensional critical momentry, is found inAnnex |

Without presenting it in detail, their values arg 5 ¢& x @dOzo T @E . |
The relative slendernesd and the bending moment restiance is found i6.3.2,which gives

= g

=
N
2]
3
m

0 fa
Interaction formulae

Both flexural buckling according ttause 6.3.3.and lateraitorsional buckling according tause 6.3.3.2eed to be
checked, se€.3.3.2(2)

For major axisygaxis) benthg

& s
abNed & MyEd g, o (6.59)
&yNrd 2 MyRd

For lateraltorsional buckling
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aw, Ngqg Qg g'/’/xLTMyEd 8+aMzEd zd:loo (6.63)
ngNRd + ¢ €rMyRrd * gi;isz ks

To shorten the formulae, the following notations are introduced

0 2 — mrygwand 6 —2 — Mm@ o.m
2 A R A 8

The exponents ,— and] in the interaction formulae are given in 633L(1)and6.3.3.2(1)

Conservatively, all exponents may be taken as 0.8. To show the complete procedure, the formulae for tiemtsxpo
are shown.

- .. El @ but— p81 0 - pdT
- ... El v but— p8t © - m@TM
i ..I ET1 plv @ butt  p8t O f 0B @
1 ..I ET Iph ¢ but mhp O @) 10

Laterattorsional buckling checkdlause 6.3.3.2

The formula for defining the design section is according.803.5(2)

¥ . %A h p %A f
WE i— bANhp %ANE_2 A
2 A %A

whered Gy Do h p0 maDowai [ U mea Trand the ratio between the moments at the endsis 1t

,but x,2 0 (6.71)

Formula(6.71)can now be evaluated

GéEb— ———— T@Yhutx20

AOh T
— AAMOYY pp x0AAand @ pPpxix vl wolti 8

AOR

The interaction formulag and] according t6.3.3.5(1)are

=18 - c)s,mpl"S (B.1)

c [

WxLT—lla,cLT+(1 QT)smplxS (6.70)
¢

[

The three terms in the interaction formula (6.63) can be evaluated separately.
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lateraktorsional buckling check is accepted.

For lateraltorsional buckling, the design section is close to the centre @béam due to large second order bending
moment (Figure 6.6 a). Figure 6.6 shows the behavioural differences between-tatsiahal bucklingg) and flexural
buckling (b).

I—

-

—
L)
e LLLLTTETE T
N I

K, B, K, B,

(a) Lateratorsional buckling (b) Flexural buckling

Figure 6.6K- and B-diagram and design sections (daslotted)

Flexural buckling checl6(3.3.1)

The brmula(6.71)for defining the design section according&®.3.5(2)or y¢ycaxis buckling is evaluated as fer-z
axis buckling, except thag oisgeplaced byx o grd ... is replaced by... As the reduction factor.. is close ® 1.0

(0.880) the top section will be the design section. See Figure 6.6 (b).
Formula (6.59%hould then be checked with  — and]

Being

0 6 mWoeEenNME oNT8 WT ,p

67



I £ dzY A ¥y A dzY

N

au
RdzOd A2y (@2 NJdAR O2 R

flexural buckling check is accepted.

Example 5: Wlided connection between diagonal and chord member
Design data

Referring to Figure 6.7, calculate the tensile resistance of a welded connection-diagobal into a chord member.
The material in the diagonal and chord is/EW 6005A, with ultimate stregth™Q ¢ X 710 And” ¢ ¢ 4 T® pF|IIer

metal is 5356, havin®2 p Y410 According taTable 8.8 The angle between the diagonal and the chorfijs= 42 °
. The distance from edge to centre of gravity of the angle section 57 mmxi8 ggm17 mmand thicknesg; =6 mm

Figure 6.7: Connection of diagonal into chord of builp member

The resistance of the four welds is derived with form{@a&1)and the correspondingalues are given in Table 6.1,
where also the moment due to the eccentricity is calculated. By reducing the weld 1 to 75 mm, the moment value i
practically 0. The resistance of the oblique weld 4 is derived from forrB84) (and he stresses according tigure

6.8. The result is a factor

Q) ¢OEfl cAi DO

for QX _ « to get the strength of the weld, whefe T in Figure 6.8

———

I I I
ha

Figure 6.8: Stresses in oblique fillet weld
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In practice the weld 3 and 4 are extended over the whole width of the angle section. Alternatively weld 2 is completed
with a weld Da, (a) and the length of weld 1 is increased.

Weld L /mm A /mm f E /mm fw/gaw MPa | f(0) Fra /kN Me /kKNm
1 75 3 0 17 144 0.577 18,7 0,318
2 32 3 -40 144 0.577 8,0 -0,319
3 34 3 90 0 144 0.707 10,4 0
4 51 3 42 0 144 0.626 13,8 0

Sum 50.8 -0.001

Table 6.1: Weld data

From Table 6.1 the sum of the resistance of the weltd®js. v BJE . 8

The resistancenithe heat affected zone HAZ is based on the net section area of the angle section, considering H/
extended all over the flange in the joint plane and g, in the perpendicular flange, being the extentig ¢ U |
according taclause 6.1.6.and the reduction factot ¢, ¢ 4 7@ pThe net section, according 62.3,is then

01 A60Q0 Gray 0® @au0"srea@f UX cU @tux U @imdp T Xl

It is supposed that the tension force is acting in the plahthe joint. Then a bending moment is acting on the angle
section, which is carried by plastic distribution of stresses in the s@s$on according to Figure 6.7. The comprassio
part zis derived in such a way that the moment in the plane of thet jmmd of angle leg) is zero (notézdn the right

end side of the equation). Then

00 Ofc 1o O0Gapolc Tt p "oreaucd @ OfC

from which

@ O O & oI Tq GaAgOlc p "sredy p @i 8
The design resistance is therefore

Qs B & X T otp @t S X T, g
A IAT_O_ F‘— Xp&U(PP & U ®

which is Iarger than the resistance of the wel@s; , L ®E . (Table 6.1).

Example: Resistance of equivaleifitstub

Design data
Calculate the resistance of astlib corresponding to a pair of bolts within carding to Figure 6.9.
Material properties and dimensions are the following:

ENAW 6005A, Table 3.2d, =200 MPgand f, =250 MPe

HAZ properties: fonaz=115 MPgand f, ,,,,=165 MPa

Thickness of flange gie: t; =15 mm
Lever arm: g=20 mm
Edge distance: €min =20 mm
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Bolt distance: c=30 mm

Steel bolt 8.8: d =10 mr.

g
«o 8a\/2 (or 0.8r) : i
A i i

o] s o

Sleff >

oty e
c
@
©

Figure 6.9: Equivalent-Stub

According t@8.10(2)

Ultimate strain: €, =8% from Table 3.2a
Elastic strain: €= ~fo 200 6:0028¢
E 70000

-15 @ _0.08- 1.50.00286

15chu " 15(@08 000286 O

Strain relation:

f, & - o
Stress relation: % =f—°aé “f fo 200;1 016543—8—0 0 0.93
uc o

Edge distance: & = Mmin(&yi,,1.259) =20 mn

8.8 steel bolt: Q=10mmQ Q pi 1 pgd I, f =640MPzand f,, =800 MPa
Yield strength: B, =0. 9'%— =0.9 —8—0 26.7 kb

92 12
Ultimate strength: B, = 0.9% Fou =0.9 58@00 334 kM (=F Rrq)

9v2

Effective length 2:  lgg, =30 mm
Effective length 1 lgg1=lego do 30 11 19mn

Moment resistances in section 1 and 2:

(B.9)

(B.8)

(B.10)

(8.17)
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1 5 sn 1 1, o A, )
Myq== f) S & 6t 152210 050 0B3LE  ©.199 K B.5
u,l 4 é aneﬂ,l u) K o 4 1.25 ( )
Myp== f = 91— 52230 (65 0M3LA-  (©.207 ki B.6
u,2 4 é a.Qleff,Z uh K Iz 1.25 ( )
1 115 6176
Mo2=7 é A o1 of oha; 2 152 301158 ©.1760Nr (B.7)
Ri Fu
B || B
2 Q Tt
/ i i Y H ! i H i
(Mu)p M

Figure 6.10: Failure maes

If there are no welds in section 2, repladgy,,, with f, and f; ., with f;.
Mode 1: Flange failure by developing two hardening plastic hinges at theavitddnge connection (w)

(=M, 2) and two at the bolt location (b) (4, ;) (for g and &, see Figure 6.9)

_2My2)wt2Mydp 207 £ 199
FuRd™ g 20

40.6 kN (B.1)

Mode 2a: Flange failure by dewging two hardening plastic hinges with bolt forces at the elastic limit

2My,+nd B, 236 20 26060

38.5kN (B.2)
g+& 20 +20

Furd=

Mode 2b: Bolt failure with yielding of the flange at the elastic limit

2M,,+nd B, 2476 20 20832

Furd= 42.2 kN B.3
wRd g+e 20 420 (B.3)

Mode 3: Bolt failure

Fu,Rdzé. B, 2 304 66.8 kN (B.4)

Design resistance is the smallest value of the four faituneles

Fu,ra=38.5 kN for Mode 2a.
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A milestone for the harmonisation of the marketing of construction products in the EU wasP€@hstruction
Products Directive (EEC) No 89/106, issued 1989tlaed replaced in 2011 by the CRRnstruction Products
Regulation (EU) No 305/2011. In the framework of the current legislative framework (the CPR), a set of harmonist
standards are curmly in use to assess and declare the performance of metallic pteduntl ancillaries. Among these

we have:

T EN 10961:2009+A1:201Execution of steel structures and aluminium structw&art1: Requirements for
conformity assessment of structural compenmnts; supported by:

o EN 109638:2019 Execution of steel structures and aluminium structureBart3: Technical
requirements for aluminium structures; 2008, revised and amended 2019;

o EN 10966:2017 Execution of steel structures and aluminium structurePart 5: Technical
requirements for cad-formed structural aluminium elements and coltbrmed structures for roof,
ceiling, floor and wall applications;

T EN 15088:200%luminium and aluminium alloysStructural products for construction worksTechnical
condtions for inspection and delivery.

The implementation of EN 109Dhad always been one of the biggest challenges for the manufacturers of aluminium
(and steel) structures since, in many countries, manufacturers were not accustomed to follow strict pyodubts
under the control ohewly established control authority (the s@lled notified bodies).

Concerning the manufacturing of aluminium structures or aluminium structural components, the manufacturer has
generally to follow and fulfil the provisionaidl down in EN 1090, while BN 10903 specifies requirements for the
execution of aluminium structural components and structures made from rolled sheet, strip and plate, extrusions, col
drawn rod, bar and tube, forgings, castings.

Annex A of EN 19981 defines four execution class€@&XC), i.e. a product characteristic linked to the manufacturing
of a component which defines the engineering effort required to realise specific project parameters. EXC2 is the mo
common specification; complexity increasesthe number rises.

EN 19991-1 helps for the determination of the Execution Class:

Consequence class cC1 ccC2 CC3

Service category SC1 SC2 SC1 SC2 SC1 SC2
Production| PC1 EXC1 EXC1 EXC2 EXC3 EXC3 EXC3
category | pC2 EXC1 EXC2 EXC2 EXC3 EXC3 EXC4

3 EXC4 should mpplied to special structures or structures with extreme consequences of a structural faill
the indicated categories as required by national provisions.

Where:
with Service Category differentiation is done between static deSiga) andatigue design (SC2)
with Production Category differentiation is done between not welded (PC1) and welded components (PC
with Consequence Class is meant the provisions defined in EN 1990 Table B.1
Table 7.1: Determination of execution class fl@A.3 in EN 19949-1)
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Consequences clag Description Example of buildings and civil
engineering works

CCs3 High consequence for loss of human | Grandstands, public buildings whe
life, or economic, social or conseque@ces of failures are high
environmental consequence very grea (e.g. a concert hall)

cC2 Medium consequence for loss of humg Residential and office buildings,
life, or economic, social or public buildings where
environmental consequence consequences of failure are medh
considerable. (e.g.an office building)

CC1 Low consequence for loss of human li{ Agricultural buildings where peopl€
or economic, social or environmental | do not normally enter (e.g. storage
consequence small or negligible. buildings), greenhouses

Table 7.2: Defiition of consequences classes (Table B1 in EN 1990)

In order to avoid the choice of unnecessarily high execution classes by designers, some countries have decidec
define individually the applicable EXC depending of the kind of the structure, e.gteuydfstructural examples in
the National Application Documents (NAD).

The consequences of the different EXCs defined by the designing engineer or the customer for the manufacturir
consist essentially in different requirements concerning the amountesting and documentation. But also,
consequences concerning the personnel exist and their economical aspect may not be underestimated, see the Ta
7.3 about the required technical knowledge of welding coordination personnel.

Execution class | Parent .
. Type of welding consumables
material
Type 3, Type 4 Type 5
Nominal thickness of Nominal thickness of
material in mm material in mm
t=122 t>12 t<122 t=12
EXC2 3, DX B
B S S
Other S
EXC3 3xxx, bxxx S S
S C
Other C C
EXC4 all C
B Basic technical knowledge according to EN ISO 14731;
S Specific technical knowledge according to EN IS0 14731;
C Comprehensive technical knowledge according to EN ISO 14731.
NOTE This table gives no recommendation about possible combinations of constituent
materials (parent materials and filler metal) to be welded. For allowed and recommended
combinations, see EN 1999-1-1.
&  Endplates up to 25 mm.

Table 7.3Required technical kawledge of welding coordination personnel (Table 9 in EN 1430
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Seeking for an almost lifelong maintenarfcee material, aluminium is the material of choice. Its durability combined
with its resistant coatingand typical finishessuch as anodization, makes aluminium structures extremely easy to
maintain. Maintenance work for aluminium products is almost unnecessary, due to the excellent corrosion behaviou
of this element. While protective measures might cent those elements tht are used to assemble structural
members (e.g. bolts), most aluminium structures can remain unprotected if the environmental conditions allow that.
Nevertheless, we see more and more structures (e.g. pedestrian bridges) which @ icomany attractie colours,
although this is not strictly necessary to protect from corrosion but adds aesthetic value to the structure itself. Coatin
of aluminium with organic materials is a means to improve the attractiveness of alumbased stragtural solutions.

The durability of organic coatings on aluminium is excellent. Uniform colours as well as personalised designs
patterns can be applied to it.

Another way of treating aluminium surfaces is done through a very specific processccaligigatiore @ Ly OF

O2ylGAydz2zdza | y2RAT I GA2Y S (KA& LINRPOSaa ltft2ga G2 ONBI
top of a natural oxide surface layer of a few nm. The stable oxide layer guarantees additional resistance to U
scratching and corrosn of the product. Indeed, this additional layer is very resistant against weathering agents and
often appreciated for its decorative versatility (see Figure 8.1). Thicker anodized protective layers can be achievi

through batch anodition.

Figure 8.1Example of pallet of colours from anodization process (Coil, Aloxide products)

|
L
E

As structural materials are often exposed to outside weather conditions, soiling can ruin the original decorative
appearance of the surfaces. At the sammadisoiling increasethie risk of corrosion. Therefore, cleaning at least once

a year ,using neutral cleaning agents, is recommended to preserve the original look. Acids or alkaline cleaning age
should be avoided while neutral solutions (pH 5 to 8) imlemations with mechaical cleaning are to be privileged.
Organic coatings may be removed by organic solvents, which make no harm to aluminium.

In general, it is recommended to visually inspect structures that are not frequently used or checked, ttheerify

major alteraions have taken place, such as damaging parts of the structure by accident, vandalism or deliberately &
unauthorized persons. The state of coatings and possible deposition of dust, soil or leaves are to be checked as tt
might influence the appearance ahe structure or create corrosion risks.
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Structures that are exposed to cyclic loads are prone to fatigue. Mandatory regular checks are necessary, as fatic
fractures can occur under much lower stress compared to static load comslittN 1999-3 disthguishes two cases:

Safe life method/principle

This method is applied in case the structure has been designed, or a priori can be assumed, to perform sa
for a specific period of time with an acceptable small probability of failyfatigue cracking.

Damage tolerant design/method

This method can be applied in case the structure is designed damage tolerant, which means the structu
withstands local defects safely until maintenance work is carried out.

For the safe life method, astgmatic inspectiondr fatigue cracks is negligible, which is why this method is
typically applied where inspections are generally considered as not possible. In case of an applied dama
tolerant design, a systematic inspection system of the structaue iisherent part othis method. Critical spots
must be checked with respect to fatigue cracks and measures must be taken to repair or to replace tt
respective component. Details about the frequency, the beginning of inspections in combination weéhtdiffe
safety factors ad for different consequence classes are given in EN-1:399

In order to support the decision what methoddsbe preferred, a Note inEN199% O A ®S® H ®H dthed M 0
damage tolerant design method may beitable forapplication where aafe life assessment shows that fatigue has a
significant effect on design economy and where a higher risk of fatigue cracking during the design life may be justifi
than is permitted using safe life design princigies ch{meéthod isntended to result inthe same reliability level as
obtained by using the method of safe life design.

For engineering structures in connection with roads (e.g. bridges, traffic sign structures, etc.) a higher frequency
inspections is recomanded as acdents can happen atrgy time. However, this does not only concern aluminium. In
this case, regulations about the frequency of inspections given by national or local authorities (in some cases even
insurance companies) are to be followed.
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9.1.The aluminium cycle

Aluminium is a material that shows its value at every stage of its life cycle, from production till the end of use.
Aluminium can rightfully claim to be a material with "peanent" charateristics or properties, maning the inherent
properties do not change during use and following repeated recycling into new products. Obviously, used aluminiun
has to be collected and sorted properly to make it available for its next use phase

DECONSTRUCTION
& COLLECTION

CONSTRUCTION |3

ALUMINIUM
RECYCLING

ELECTROLYSIS ALUMINA BAUXITE
FINISHING & R

MANUFACTURING

TRANSFORMATION METAL SOURCING PRIMARY ALUMINIUM

Figure 91: the aluminium cycle

A way to acquaint environmental information of aluminium products is by the means -caléed Environmental
Product Declarations (EPD). An independently verified and registered document that communicates transparent ar
comparablemformation about the envisnmental lifecycle impact of products.

9.2. Metal sourcing

More than half of the aluminium currently produced in the European Union originates from recycled raw materials,
and this trend is increasing. As the energguired to ecycle aluminium is aboli% of that needed for primary
production, the ecological benefits of recycling are obvious. Due to the long lifespan of buildings and transport vehicle
the available quantity of endf-life aluminium scrap today Isnited to what was put on the market amy years ago.

This volume being much less than the current demand, the missing quantity needs to be supplied by the primal
aluminium industry. Bauxite, the ore from which primary aluminium is produced, originategynieom Augralia,

Brazil, West Afreeand the West Indies, as well as from other tropical anetsytical regions. Rehabilitation of existing
mining areas balances out the commissioning of new mining areas. 98% of mines have rehabilitation pldres, and t
area retuned to native forests is)@ected to be higher than the original vegetation before mifing

2 4th Sustainable Bauxite Mining Report. International Aluminium InstitR6©8
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Primary aluminium is obtained by the electrolysis of alumina (aluminium oxide) that is extracted from bauxite. Total
greenhouse gas emissions from &pean aluminim were reduced by 45% beégn 1990 and 2005.

9.3. Transformation

Aluminium flat products are obtained through the rolling process, whereby large aluminium slabs are fed into rolling
mills that turn aluminium into sheets of various thicknessBse processormally begins with a hablling method,
moving the block back and forth through a reducing roller. Final rolling is a cold roll process, and the sheet can |
reduced to a thickness of 0.1Bm. The sheet can be further thinned into foil @fthickness 00.007mm. Further
information of the availability of sheets and plates for structural purposes can be found in chapter 3.9.1.

Aluminium is one of the few metals that can be casted in all metal casting processes. The most common metho
include die castingpermanent mould castingnd sand casting. Castings can be made to virtually any size.tfidéus
material has little restrictions in design and is of great advantage for architects.

Aluminium profiles are obtained through the extrusion preseA hot cytidrical billet of aluminim is pushed through

a shaped die (for more information, refer to chapter 3.9.2). The ease with which aluminium alloys can be extruded int
O2YLX SE aKlILSa +ft26a G§KS RS&A Iy anidkbiso 2ontddulzinuitfBdiongdl S E
features. In construction, aluminium extrusions are not only used for structural purposes, but are also commonly use
in commercial and domestic buildings for windows, doors and curtain wall frame systems and hergppicatios.

9.4. Use phase

Aluminium is highly appreciated for its very longdgervice life, low maintenance and other assets like light weight,
corrosion resistance and functionality. These assets are explained more in detail in chapte& 4 and

9.5. Deconstration

AsttRe o0& 5StFl0 | YAOSNERAGE 2F ¢S OKYy aflifd Béovelyd B khé GiRling: f d
sector. Aluminium collection rates taken from a large sample of commercial and residential buitdéig&uropean
countries were found to babove 92% (on average 96%), demonstrating the value and preservation of the material at
the end of the aluminium product life cycle.

9.6 Recycling

The high intrinsic value of aluminium is a major economic ingerftr its recyéhg. Indeed, aluminium sap can be
repeatedly recycled without any loss of value or properties. Furthermore, the energy required is a mere fraction o
that needed for primary production, often as little as 5%, yielding obvious ecolbgicafits.

In manyinstances, aluminium ismbined with other materials such as steel or plastics. Mostly they are mechanically
separated from aluminium before being molten: shredding followed by eddy current andlsatkseparation.
Aluminium can then & melted either ly remelters or refiners.

wRemelters mainly process wrought alloy scrap. They produce extrusion billets or rolling slabs.
w WSTFAYSNBR YStdG Fftf 1AYyRa 2F aAO0ONI LI AyOfdzZRAYy3I Y

for foundries.
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As tecmology evolves, a growingumber of remelters are now able to process coated and polymer containing scraps
with no or limited preparation processes. One solution is the use of ectvamnber furnace: finishes to the aluminium
(e.g. coatingare burnt awayn the first chamber and gaemissions are collected in efficient fume capture equipment
while aluminium heating mainly takes place in the second chamber. Alternatively, plants using pyrolysis technolog
use the organic particles attached the aluminium srap as fuel for the pyrgsis process that takes place in rotating
drums while the heat burns away the organic material off the metal.

Liquid aluminium can then be transported directly to foundries, casted into ingots, extrusion billedflimg slabs
ready to get reused. ConsdzS y (i f 82 GKS tAFS 0e0ftS 27F |y | {f4xANYIEE
4S1jdzSyO0Sz o daio-ONF RK SEIPa ONI R S

All the examples of readtructures shown hergepresent relevant caseshere the aluminium has been selected
because it has been demonstrated that this solution was more competitive than the one in steel. In all cases, the ba:s
pre-requisites already defined in Chapter 4 haveméundamental for deiding the aluminium choice

When the incidence of the structural weight is fundamental, the utilization of the aluminium can represent a valid
alternative to steel. In addition, the complete absence of maintenance, due to corrosiisiamce, increases ¢h
advantages for those sictures situated in humid environments.

10.1. Lattice space structures

Several applications of lattice space structures can be found in South America (Brazil, Colombia, Ecuador). T
historical background ithis field is represeted by a very spectaculapace structure which has been erected for the
Interamerican Exhibition Center of San Paulo in Brazil in 1969 (Fig. 10.1). This structure covers an area of about 67
m? with a mesh 60x60 m. The depth of thatice layer is 2,38n. It was entirely sitéolted on the ground and after

lifted at the final level of 14 m by means of 25 cranes located in the corners of the mesh, in the position of the actu:
supports. The weight of the lattice structure was 16rkg/{ the number of bargvas 56820 and their totdéngth one

after another was 300 km. The erection time was extraordinary quick (27 hours!), by using a number of 550000 bol
in 13724 nodes. The materials were: aluminium alloys of 6063 and 6351 series dirfdrical bars; 1A99,5 for
trapezoidal sheting and galvanized steel bolts for connections. Very similar is the case of the International Congres
Centre in Rio de Janeiro, where the same mesh 60x60 m has been used, covering in total’3509Q08).

Among many diffegnt applications, mentioran be given to lattice system covered by aluminium sheeting for roofing
the Sport Hall of Quito, Ecuador (Fig. 10.3) and to the lattice vault for roofing the swimming pool of the Country Cluk
of Hatograndeand Guymaral in Bogot&olombia (Fig. 10.4).

10.2 Reticulated domes

The reticulated domes represent the most challenging application of aluminium alloys in the structural field, allowin
the realisation of important constructions (sporting houses, exiwbitentres, congredsalls, auditoriums, etc)hese
applications are very interesting for the rapidity of erection, the connection systems and the remarkable dimensions

¢CKS FANRG FLILX AOFGA2ya 2F GKAA | A tBdireLenden foNtHEDutdBdika ¢
Exhibition duing the Festival of Britain (1951), composed by three directional reticulated arches, with a diameter of
110mand 24 kg/Aw SAIKG oCAIdmndpy YR GKS 3AS2RSGAO iPansSoy S NJ
using tre Kaiser Aluminium systemith 61 m diameter and 20 m height (1959) (Fig.10.6). Both were like prototypes
in their field, being the largest and the first, respectively.
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10.3 Geodetic domes

More recently, interesting structural systerfar geodetic domes nde of aluminium have beesetup in U.S.A. The
Temcor, Conservatex and the Geometrica systems are used both for roofing industrial plants with ecological purpos:
(Fig. 10.7) and for large roofing public buildings (Fig.10.8). A faaqplication in USAlwa G KS & { LINHzO S

in Long Beach (California), which contaiedairplane claiming the largest wingspan of any aircraft in history and
being still the largest flying boat ever made in 198ince 2009, it was the largest doiinghe World with a éameter

of 126 meters (Figl0.9).

I AAIYAFAOLIYG FLIWIX AOFGA2Yy 2F 3IS2RSGA0O R2YS KI & 06SSy
Rome (Fig. 10.10), by using a special aluminiumidgi2 RS a4 & a4 G S Yo| (BIYtét SR ShakBRNG. NI C «

Many geodetic dmes are used for industrial applications, like for roofing coal storage plants (Fig. 10.11). The
transformation into coal of the thermelectrical power plant of ENEL in Torrevaldaliga North (Civitavecchia) required
a complete chnge in hadling and stomg systems, as the fuel is passed from liquid (oil) to solid (coal). The prevention
of the dispersion of dust into the environment resulted in a total confinement system for handling the coal from the
harbour to the boiler througltonveyor lelt network. Fao this purpose, two geodetic domes with the diameter of 144
meters have been designed and built by using the MERO system (Fig. 10.12, designer F.M. Mazzolani). Today, the)
the largest aluminium domes in the World and in 2012yt receive the Europeamluminium Award with the
following statement of the jury:

G¢KS 2dzNBE 41 a FRYANARY3I GKS 2@0SNIftt ljdatAde 2F GKS a
large constructions. This dome is bothianovative environmentally friendly Y R | SE G KSGA O &2 dzi j

10.4 Special structures

There are special structures having the function to support fixed elements, the prevalent dimension being horizonte
(i.e. portal frames for traffic sig Fig. 10L3) or vertical (i.e. a®innas, lighting towers and electrical transmission, Fig.
10.14). For these structures, the elimination of maintenance represents a fundamental prerequisite. At the same time
the extrusion process can improve the geondt propeties of crosssections insuch a way to obtain the minimum
weight and the highest structural efficiency. In addition, the lightweight of aluminium allows prefabricated systems.
very easy for transportation and erection, giving rise to competisolutiors in comparison with othematerials.

Many towers for electrical transmission lines have been erected in Europe (Fig.10. 14). Two important aluminiut
towers have been erected in Naples. The first is the tower for parabolic antennas of théecBl&xtpaiment of Naples
erected in1986 (Fig. 10.15, designer Fal T 1T 2f F yAO ® ¢ KA & RSaA3Iy NBOSAGBSR i
I f dzZYAYAdzYé ® ¢KS NBlFazy 2F (GKS FfdzYAyAdzy OK2A0S 41t a
top of anexisting einforcedconcrete staircasé¢ and corrosion resistance (no problems of maintenance). Its height is
35 m from the top of thestaircasg(in total 50 m about). It is composed by a cylinder 1800 mm internal diameter and
20 mm thickness. Ehfabricaton was shopwvelded, by diiding the total height in three parts, which were fididlted

during the erection.

¢tKS aS02yR SEFYLXS A& GKS GLYF2NXNIGAZ2Y ¢26SNE ySI N
antennas and screens imder to fdlow from outside the staium games (Fig. 10.16, designer F.M Mazzolani). It was
built for the Score International Games of 1990.

A field, where the aluminium properties play a determinant role, is the one of the hydraulic applications (ipeline
reservar). The rotating crane lmges for large settling circular pools in water sewage treatment plants is a typical case.
In particular, the corrosion resistance allows to eliminate any protection also in presence of corrosive environmen
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while thelightnesscorresponds to energy sang during the operating phases of the plant. Eight rotating crane bridges
have been erected in the FRangone sewage plant of Torino (Italy) in 1985 (Fig. 10.17, designévi&zkblani).

10.5 Oftshore applications

It seems impag@ant to underline that novadays the offshore applications can be considered the main future trend for
aluminium alloys. In fact, they offer to this industry enormous benefits under form of cost savings, ease of fabricatio
and proven performace in hostileenvironments (Fig. 10.18Btair towers, mezzanine flooring, access platforms,
walkways, gangways, bridges, towers and cable ladder systems can all be constructedlmipated units for simple
assembly offshore or at the fabrication gaig.10.19Mobility and ease of inallation are maintained even for large
structural elements, such as link bridges and telescopic bridges. Helidecks have been made by using aluminium a
since the early seventies, so they have now a fully triecee&pce. Moreeer, they are designed tbe modular and
bolted connections, allowing quick erection, easy shipping and handling. In addition, they offer weight reduction of u|
to 70% over steel, meeting the highest safety standards and proving up to 12%avciog (Figl0.20). Complete crew
quarters and utilities modules, from large purpebailt modules to flexible prefabricated units, have been recently
developed. The modules may be used singly or assembled in group to fornstogliticomplexes, linkely central
transverse corridors and staiowers (Fig. 10.21).

10.6 Bridges

All kind of structural schemes typical for steel bridges have been experienced in aluminium alloys. Also, the technolo
based on the use of composite structures made of aluminipgams and conete decks has been apptien some
bridges built since the sixties in USA and later in France.

The Arvida Bridge in Quebec, Canada (1950), the challenging prototype of motorway bridge made of aluminium allc
was built according to the Miif | NIi Qw&ith & tOt& Sp¥rSof 156n, an arch of 87 m of span and total weight of
200000 kg (Fig.10.22). Other motorway bridges have been built in France and in The Netherlands (Fig.10.23).

Thefootbridgeis a structural typology where the aluminiurtioys are suaessfully employed; exampeof aluminium
foot bridges can be easily found all over the world (Fig. 10.24).

Owing to the low live load, additional advantages due to lightness are evident in case of moving bridges, which fir
example was thenoving bridgeat the entrance of the Alrgleen harbour in Scotland (Fig. 10.25). More simple and
easy to manage are the moving aluminium bridges for pedestrians (Fig.10.26).

Prototypes for new floating bridges, composed by floating units, have been rgcailitiated ad built so to allow
crossng of water straits (Fig.10.27).

A new important field of application is the one of military bridges in which lightness and corrosion resistance play
fundamental role. At present, it is possible to reach 40 metrspan wittprefabricated elements ey to transport
and to erect. The main applications have been developed in Great Britain, Germany, Sweden and Canada (Fig.10.z

A lightweight system for replacing damaged concrete bridge decks has been develdpeskdrin Sweeh, based on

an orthotropic plate of aluminium hollow extrusions (Fig.10.29). This solution can be in many cases very competitiv
as an alternative to the conventional solutions. When it substitutes a concrete deck, a reduction in weighitisG
times,going from 600 to 700 kgfuare meter to 50 o 70 kg/square meter. This weight reduction has made it possible
to increase the service load and use the existing foundations without any consolidation operation.

During the seventies, a rehabitton programfor ancient suspension higes of 19 Century have been developed in
France. Aluminium alloy deck and girders have been successfully applied in the refurbishment of three bridges: tl
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Montmerle (Fig.10.30) and the Trevoux (Fig.10.31) bricdiethe Soaneiver with two bays of 80n; the Groslée
bridge on the Rhéne river with a single bay of 174 m (Fig.10.32).

More recently, in the context of a wider rehabilitation programme of the zone, the structural retrofit project has been
done for the oflest ltalian dz4 LISy 4 A 2y ONARISSRAVKERAWSRY (GKS DFNAIf AL
and was destroyed in 1944 during the World War Il by the German army in retreat. The restoration criteria were chose
in order to satisfy several requim@nts: a) histrical preservation, b) gfening of the deck, c¢) respect of the modern
design code provisions, d) adoption of innovative technologies and materials. Comparing other materials, the use
aluminium alloy has been selected for the main arahsiversal girers of the new deck, allowg the conservation of

the original geometrical configuration and appearaii€ey.10.33, designer F.Mlazzolani).

Aluminium has proven to be the material of choice also for the BITSCHNAU toolbridge system, which was develor
to take advantage of the nracharacteristic of the material, such as low maintenance needs, resistance to corrosion,
very long operational life persistent and higiquality sustainability and best prigeerformance ratio. The system is
made with sea wateresistant aluminium alloywhose surface can be decorated through anodizing or varnish coating.
This type of special bearing constructiongg(ED.34 and 10.35) make it possible to equalize level differences of
abutment up to 20mm and are arranged for thervice vehicle up to 7 fmetric tons (with the possibility to increase
transport load up to 12,5 metric tons or more)

10.7 Architectural buildings

Going from structural to architectonical applications, a significant aluminium building is the formeinAlom
Centrum in Utrecht KS bSGKSNI I yRav:I RSaAdIySR o6& aAlOKI RS 1L}
tubular mlumns, part in the water and part in the bank side (Fig. 10.36).

10.8 Other applications

Aluminium proved to be a suitable matatialso for other speciabpplications such rear underrun protection
components for mobile cranes and heavy trucks (Fig. 10388 and 10.39), whose main purpose is to limit as much
as possible the intrusion of cars in case of road accidents. Alsisinabe, the selection ain aluminium beam was
the best costtechnicalweight compromise when compared to other existing siolus. The beam weight could be
significantly reduced in comparison to a steel beam solution, while benefitting at the samedimetimal corrosion
protection and functional integration.
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Figurel0.1 The lattice space structure of the Interamerican Exhibition Center of San Paulo (Brazil): erection phases.
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Figure 10.4: Hatogranddeft) and Guymaralr{ght) Country Clubs in Bogota (Colombia)
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Figure 10.5 Dome of Discovery (London)
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Figure 10.7: Geodetic domdsr industrial applications

NEN A'A

w5

d) Baylor University Ferrell Events Ceat(Waco,

¢) Bell County Arena (Temple, Texas, USA)
Texas, USA)

Figure 10.8: Tercor geodetic domes.
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Figure 10.11: Aluminium domes for coal storage plants
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Figure 10.12:

Figure 10.13: Traffic sign portal
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Hgure 10.15: The ENEL antennas tower (Naples, Italy)
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Figure 10.17: The sewage plant pool of-Bangone (Torino, Italy)
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Figure 10.18: Ofthore platform

'Figure 10.19: Prefabricated unit for oféhore platform
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Flgure 10.21: Complete crew quar{elnm qlﬂhtform
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Figures10.24
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Pedestrian bridges
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Figure 10.25 The opening bridge of the Aberdeen harbour (Scotland) Figure 10.26 A singdteothoidge (DE)
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Figure 10.27 Bhting bridge
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Figure 10.29 Extrusion plates for bridge decks
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Figure 10.30 The Montmerle bridge on the Saéne river (France)

Figure 10.31 The Trevoux Bridge on the Sadne rivear(€e)
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