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The definition of main steel as used in this book is the structure that is designed to
withstand the global load, both static gravity loads, dynamic loads from environmental
forces and dynamic loads from accelleration of the masses.

E
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Secondary steel is made to transfer loads from different areas and onto the main steel.
Secondary steel capacities are not included in the main strength analysis of the
platform.

Ouitfitting steel has some of the functions of secondary steel, but is specialised (seatings
for equipment etc, or ladders, handrails or other specialities)



Subsea Structural and Mechanical tasks

Structural/marine (Mechanical) Design Piping

eStructural design basis eFunctional Design Specification (FDS) *Piping design basis /specification
*Geotechnical design basis Mechnical layout eStandard details/solutions
*Material selection eStandard details/solutions *Piping layout

sStandard structure/marine details/solutions Interfaceing products *Piping Documentation
*Foundation design *MCS products (includes connection +++) Piping costumer drawings
*Protection structures sCustomer models/drawings Piping fabrication drawings/models
eTransport equipment (slings, padyes, heavy lift methods) *Machining drawings and tolerances MTO

*Geotechnical eHydraulics, control systems etc. *Welding register

*Marine and dynamic evaluations *Valves

eStructural, Marine and Geotechnical Documentation *Tools

eWelding inspection category *ROV access intervention report

*Modelling and drawing production and method *Customer drawings

eStructural steel MTO and weight *FAT procedures

eUser manuals



Statically defined or undefined?
What are the advatages?
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Module 7 Common structural shapes
anc
russes and Frames

Jomar Torset, Hggskolelektor




3 Principles of Load Carrying Structures

3.1 Structure types

In offshore engineering, we mainly use three basic types of structures:

1. Trusses
2. Frames
3. Plates



3.1.1 Trusses

Trusses consist of structural beams that carry axial load only. These truss members are
tied together in joints that do not transfer moments. These joints are hinges, and
stiffness has to be achieved by introducing truss members in all directions that is
necessary to constrict the movements of the joints in the truss.

Truss




3.1.2 Frames

Frames are made up from beams and columns that are connected in joints that can and
do take moment. The beams in a frame can transfer load transverse to their axial
directions. In addition, the beams in a frame can transfer moments. Geometrical
freedom of the design is increased compared to a truss design.

Frame

AN AN =1



In general, a frame structure is most efficient when it has a structural layout like a truss,
utilising the axial stiffness of the beams.

When the structural layout of a frame differ from that of a truss, increased section
dimensions has to be used for that location. This means that all joints where the
centerlines of the beams do not meet, additional material has to be added in order to
obtain sufficient resistance to take shear and moment.

Beware also of deformation controlled bending in a truss-like frame structure due to the
axial deformation of the members.



3.1.3 Section properties recommendations

Since frames has the capabilities to take moment and shear, we can customise the
beam types of the frames according to the loading.

As a general rule: we should opt for as much material as practically possible in the
fluxline of the primary force that the section has to take:

A beam where the shear force is dominant is typically made as an open section with a
high web.

A beam where the bending moment is dominant is typically made as an open section
with voluminous flanges. The higher section we make, the more bending moment
resistance we get.

A beam that has high torsional loading should be made as a hollow section, so that a
continous shear flow is possible around the section. If this section is welded, the
smallest weld should at least have a throat thickness equal to the thinnest plate in order
to fully utilise the steel of the section.
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Fig. 3.1.3.1, Types of sections and their characteristic qualities
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The high and slender beam will need stiffeners along the web in order to be fully utilised.

The section to the left is mainly suitable for shear loading. Its slenderness makes it
necessary to stiffen it locally in order to keep the web and flanges from buckling locally.
The section to the right has the same stiffness as the slender section. The compactness
makes it less weight efficient for all applications exept of predominantly axial loading.



3.1.4 Arches and other specialised frame types

Arches are suitable for situations where the loading is dominated by hydrostatic
pressure. This means that the loading along the arched beam is normal to the
longitudinal axis of the beam, and parallel to the strong axis of the beam. Arched beams
are not very suitable for point loads.

The same is typical for the traditional barrel band, which is actually a circumferal arch
going all the way around a barrel. The idealised barrel band need only axial rigidity,
since it has already reached its most stable form statically.

If we introduce a rigid structure into a barrel, fixing the barrel bands at certain locations,
then the barrel band will be exposed to shell moments upon loading. This is because the
radial deformation of the barrel band is restricted at the fixations. We then have a
situation similar to what we see in a column stringer (transverse beam around the
circumference of a steel column in for instance the column of a semi submersible.



As an example, we can take a barrel with internal pressure. At first, we have a

conventional barrel, where the barrel skin and the barrel bands are in equilibrium with
the internal pressure.

The total reaction force of the pressure sums up to 0, and the shape of the barrel is
restricted only by the barrel band or barrel skin taking axial load.

If we introduce internal stiffening to this situation, the forces in the barrel band will
change dramatically, by the introduction of shear forces and moments.



We can conclude that the arch, or barrel, is most suitable for evenly distributed
loadings. In columns of offshore structures, we have no choice but to have internal
restrictions like tank division bulkheads. The round outer shape is to minimise wave
loading. The column stringers (barrel bands of the column) then has to be made
continous with stringers in these internal bulkheads. It is however wise to keep in mind
that our most intense design effort has to focus on the detailing around where the
arched stringers are connected to the stringers of the internal bulkheads. At these
points, both shear forces and moments are at the highest. At the same spots we have
welded connections we have to consider for fatigue loadings.

Introducing moments in a barrel band subjected to internal pressure by implementing internal stiffening.

Fig. 3.1.4, The effect of internal stiffening of a barrel subjected to evenly distributed load



The internal pressure may be pressures in a process tank or pipe. The pressure may be
internal or external, the point is that the arch is ideal for evenly distributed loading, not
pointloads.



3.1.5 Plates

Plates carry loads by in-plane stress and plate bending. The primary stiffness of a steel
plated structure comes from in-plane stress stiffness. The strength/stiffness ratio of steel
(o/E) usually results in very thin plates that between girders act more like a membrane
structure. The transverse stiffness of a stiffened steel plate field comes from the
stiffeners/girders with the plate contriouting as effective flange. The plate itself can carry
transverse loads only in the short span between stiffeners.



For other materials like sandwich plates of reinforced plastics, or reinforced concrete,
the stiffness/strength ratio is different and the plates carry also bending and transverse
shear without stiffeners due to a higher thickness/length ratio.

Curving plates also increases the shell-like load carrying, i.e. can take certain loads on
shell bending without transverse stiffening.



Plated structures gives us lots of freedom in the design. But it is worthwile to keep in
mind that the flow of forces in plated structures has many similarities with that of
trusses:

Shearloaded bulkhead principal stresses, max compressive (right) and tensile (left).
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Fig. 3.1.5, Principal stresses of shear loaded bulkhead

The bulkhead shown is a typical example of a bulkhead that carries predominant shear
loads. Differing boundary conditions and loads generate different patterns of principal
stresses. The stress pattern does however often correspond to that of a truss.

After having clarified the dominant flow of stresses through a bulkhead, the results
should be considered when reinforcing, or when positioning penetrations etc.



3.2 Basic load types of integrated structures

An integrated structure are basicaly loaded by two types of loading: Force driven and
deformation driven.

Force driven loading is the type of load that is normally considered. It consists of forces
external to the structure, forces that can be isolated and treated in a traditional manner.
In general, structural rigidity gives resistance to isolated forces.

Deformation driven loads are more complex to design for. A deformation driven load
occurs when our structure is squeezed, stretched or bended by deformations of its
foundations. Remark: For an integrated structure, the structure surrounding it, on which
it is seated, is ofcourse its foundations. So when this "mother structure" deforms,
deformation driven loads can be imposed on the integrated structure:
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When designing for deformation driven loads, we aim at reducing the amount of force
that flow through the structure we are designing, letting the mother structure deform as
unrestricted as possible.

This might lead to the avoidance of bracings, and to the establishment of hinges to an
extent where the structure to be analysed is still stable. An example of how this can be
done is shown on in fig. 3.5.2






As can be seen in this example, the softening up of joints and the omittance of braces
has led to a considerable reduction in the forces that was transferred through the
structure that is to be designed.

A further reduction of the stiffness of the structure to be designed will lead to a further
reduction of the forces it has to transfer. We will however have to keep in mind that the
structure to be analysed has to have structural integrity on its own, and that we have to
balance its stiffness also with that issue in mind.

In this example, the top section of the structure to be designed is held by a separate A-
brace tied to the upper part of the mother structure.

Note the bracket end connection that replaces a stiff joint. This type of joint may have
stiffness in one direction at the sama time as it operates as a hinge in the other direction
as shown here.



For a given angular forced deformation, a low section gets lower stresses than a high
section. This is practical to see by visualising fundamental elastic theories to the
situation, and the reason is similar to the effect we get when we soften up the structure
to be analysed above:
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Fig. 3.2.3: 52>61 for similar angular deformation that has to be taken over a similar length

We therefore see that we sometimes achieve a dramatic reduction of stress due to a
reduction of structural dimension. This should be well known basics of structural design,
but we all too often experience that the only medicine that is tried is to increase sectional

dimension.
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3.3 Keeping structures stable

We have now seen that sometimes we can benefit from softening up structures that are
engulfed in a mother structure in order to reduce forced deformations and all the
problems that are associated with those.

This can of course be done only if we keep our structure stable, so that it works well for
the masses that it supports.

We seek the most rational way of holding our structure, and at the same time we try to
minimise co-axial stiffnesses to the mother structure in such a way that the stiffness of
the structure we design is low in the directions between its supports in the mother

structure



unstable

unstable

stable

Fig. 3.3.1 stabilising a small frame structure

The key is to ensure that the deck of the frame can not rotate about its primary support
(where it is held against translations in all directions). The stable situation can be
obtained in several ways. Common for all of them is that the deck/plate is restricted
along a line that does not go through the point of its primary support (the near-end
corner in the figure above).



Figure 3.3.2 common “mistake”, the tween deck is supported sideways by bending and
shear of the members only. This can cause high stresses during transport or on
topsides with significant lateral motions in the in-place conditions.



Typical joint in offshore jacket




The tasks of the joint
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Transmit axial forces from one brace to another.

This is done by a complicated composite action between shell
bending, membrane forces and shear stresses in the chord.

e A shell analysis will often result in local stresses at the welds
(hot-spot stresses) which is larger than f,.

e Normally not so critical because yielding stops after some time
due to elastic redistribution of stresses (shakedown).



Resistance of joints
e Traditionally based on experimental data (relatively large
uncertainties).

e Alternatively, non-linear finite-element analysis (FEA) when
the empirical code formulas are insufficient.

e The code formulas are based on experimental data for planar
joints even though most joints are multiplanar.

e This is solved by looking at the plane for which the forces are
transmitted for the given load case.

e This is normally conservative since braces in other directions
most often will be positive for the resistance.
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Typical joint in offshore jacket




Stub

JaCket Kort (minimum 600 mm Ianfg) del av rgret som
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Some examples
of design challen

Okay Preferable If detail critical
solution solution and already build
for fatigue solution




Some examples
of design challenges

Such details have to be
more fatigue frendly




Some examples
of design challenges

To avoid weld on weld



Some examples
of design challenges

Alternative solution



Some examples
of design challenges

Can you check Implementation Or implement a gusset plate
this critical detail? Alternative 1 solution?
SHS Infill?
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Some examples
of design challenges




Some examples
of design challenges




Big pipesupport load

Only HP-profile can give local
failure in the to plate if the >
pipe support load is big




Big pipesupport load

Even with a flange you will have the
same problem



Situation Solution 1

F1 F1

F2 F2 Solution 2

a M a M F1

Solution 3

F1
F2
a
M
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This leads to the following solution

F1

F2




Big pipesupport load

Hollow section is better in order to
to take the horizontal shear force and moments
at the horizontal direction.



But this can be replace with the following (see sketch below)
which efficent with respect of less welding and less complex
end solutions

F1
F2

vveld



If the hp stiffener is not strong enough the most efficent is to strengthen
the profile as shown below:

F1
F2

vveld



Fixed (welded)
connection

Figure: Fixed piperack support

Fleksibel end platé

Teflon bearing

Figure: Sliding piperack support
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Typical Topics «Design Basis Offshore Steel Structure»
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In-place SLS Analysis for Crane Support Structure .
In-place SLS Analysis for Piperacks......
Fatigue (FLS) Analyses PAUs .......
Fatigue (FLS) Analyses for Crane Support Structu
Fatigue (FLS) Analysis of Piperacks
Accidental (ALS) Analysas PAUs
Accidental (ALS) Analysas for Crane Supporl Structure .
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Node Design....... A — -
Bulkheads and Deck Plates
GOVERNING LOAD CONDITICNS / STRUCTURAL RESPONSE
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NON-CONFORMANCES
IMPORTANT AREAS .........
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Static Utilisation.......... -
Progressive Collapse...
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DESIGN DOCUMENTATION
Design Reports....
Design Drawing ..
TOPSIDE SUPPORTING STRUCTURES ON THE VESSEL
Fabrication ...
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Welding
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In service inspection
Fabrication documentation ..
Fabrication Summary
Transport and Installation .
Weight & Centre of Gravity
Specifications, Regulations, Slandards, Codes etc
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The definition of main steel as used in this book is the structure that is designed to
withstand the global load, both static gravity loads, dynamic loads from environmental
forces and dynamic loads from accelleration of the masses.
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Secondary steel is made to transfer loads from different areas and onto the main steel.
Secondary steel capacities are not included in the main strength analysis of the
platform.

Ouitfitting steel has some of the functions of secondary steel, but is specialised (seatings
for equipment etc, or ladders, handrails or other specialities)



e Main steel
e Secondary steel
e Qutfitting steel — more muiltidisipline. Smaller structures.
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Subsea Structural and mechanical tasks

4 Protection
. l structures
1. Template Steel structures

Fabrication
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Codes / Design Basis and Design Briefs / Certifier

N

The design basis for the project consists of Parts

A.Band C:

The Design Basis Part A includes:

«  Part A.1: General design requirements

«  Part A.2: Hydrodynamic and morphological
design basis

«  Part A.3: Geophysical and geotechnical
factual data reports

+  Part A 4: Site specific wind data

The Design Basis Part B consists of:

+  Part B: Northwind OWF

The Design Basis Part C consists of:

+  Part C: Integrated data for detailed design

INTERFACE REPORTS:
to WTG SUPPLIER

The Design Briefs are:

3-1 Design Brief - Geotechnical Data Interpretation
3-2 Design Brief - Extreme Operational Event

3-3 Design Brief - Fatigue Analysis

3-4 Design Brief - Natural Frequency

3-5 Design Brief - Grouted Connection

3-6 Design Brief - Ship Impact

3-7 Design Brief - Transportation

3-8 Design Brief - Installation

3-9 Design Brief - Dismantling

3-10 Design Brief - Design Primary Structures

3-11 Design Brief - Design Secondary Structures

3-12 Design Brief - Design Provisional Structures
3-13 Design Brief - Design Elastomeric Bearings

3-14 Design Brief - Corrosion and Cathodic Protection
3-15 Design Brief - Scour Protection

3-16 Design Brief - Fabrication

3-17 Design Brief - Operation & Maintenance

3-18 Design Brief - Quality Control (Fabrication and mstallation)
3-19 Design Brief - Hydrodynamic Coefficients

3-20 Design Brief - Driveability and Driving-Induced Fatigue
Analysis

3-21 Design Brief - Damping Ratio
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Figur4.11 Definisjonsskisse for tynnvegget rortverrsnitt

Figur 4.11 viser at momentbidraget fra skjzrstrommen g pé et infinitesimalt element ds om et
vilkarlig punkt D er

dM_ =gqds-r
hvor r er avstanden fra D (il elementet. Arealirkrementet dAw=ds-ri2, og integrasjon langs
wverrsnittets periferi gir for et tverrsnitt med vilkiilig form og veggtykkelse
M,=qq¢-r:ﬁrvd9=q-2¢ (4.13)

Her er A, arcalet omsluttct av tverrsnittets senterlinje Ligning (4.14) gir Bredts 1 formel:

4 q:f.;=;’_A: | (4.14)
L

B



== (4.15)

onstanten /r finnes ved en cnergibetraktning hvor arbeidet av det ytre moment M,
lik det indre arbeid av skjerstrommen 4. Den tangenticlle forskyvning av et infinitesi-
element dx-dis er gitt ved dv = y-dk, ogmnﬁrdmned

-M dw-—éqab dv--c}(ﬂ -ds)(r- dr) =%%4_¢

(4.16)
& M, G1 al,

\ @.17)




begge sideflatene s ..
hjomet heller ikke ha noen kompanent i tverrsnitiets pla. ...

Figur 4.4 Skjerspenningens fordeling og retning i rektangulaert v




maksimale skjErspenning fumae, 0g St Venants torsjonskonstant /1 kan bestemmes nume-
eller ved hjelp av elastisitetsteorien [4.2], og er tilnmrmet gitt ved

M
o =p g7 (0>7) (4.6)
I=k-b' (b>1) 4.7

ientenc ky og k; er gitt i figur 4.5, som viser at koefTisientene — 1/3 nér b/t— o, og at
verdien i praksis kan benyttes ndr b>>1,

03
0.2

01

Figur 4.5 Torsjonskocffisienter for rektangulaere tverrsnitt




De vanligste profiler i stilkonstruksjoner er sammensatt av en rekke retie cller krumme, tynn-
veggede plateelementer, figur 4.6. Torsjonsegenskapene av slike tverrsnitt bestemmes ved at
man antar at tverrsnittsdel nr " opptar andelen M, av M,. Da tverrsnittsformen oppretthol-
des under deformasjonen fir samtlige plateclerrenter samme rotasjon £ =¢. Hvis alle clemen-
tene ogsi har samme skjermodul G fir man fra ligning (4.8)

M

| ———r = 49




Snitt B-B

-

dx

Figur 4.10 Skjerspenningsfordeling i dpent og lukket tverrsnitt
For et lukket, tynnvegget tverrsnitt defineres skjeerspenningsstrommen q ved

g=1-1 (4.12)




Torsjonskonstanten for en stav som bestir av to plater ned tverrsnittsdimensjoner b og 7 lagt
flate mot flate er lik summen av delplatenes bidrag, dvs Fr=2+br'/3. Samvirke mellom platene
kan oppnis dersom kontaktflaten mellom platene kan overfore skjerspenninger, for cksempel
ved hiclp av friksjon. | dette tilfellet er Fr=2-5(24)*/3=16br'/3, Samvirke kan oppnds ved hjelp
av forspente skruer cller ved sveising, som vist i figur 4.3,

Figur 4.8 Samvirke mellom plateclementer
Dersom forspente skruer benyties for & skape samvirke er det vanlig & anta at den delen av
platene som ligger mellom forsie og siste skrue virker som en homogen plate, mens de
wistikkende deler mi antas i virke vavhengig av hverandre.

| 1
I = ;b.l: e et

Dersom platene er sveist til hverandre er det vanlig 4 betrakte platene som en homogen plate
midlere bredde by, og tykkelse lik summen av platene [4.6]. Her overforer sveisene
mellom platedelene.
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Eksempel 4.2 Torsjon av rektangeltverrsnitt

Figur 4.12 Tynnvegget kassetverrsnitt

Det tynnveggete kassetverrsnitt i figur 4.12 er belastet med et torsjonsmoment M, = 120
Da veggtykkelsen er konstant langs hver av de fire sidekantene er linjeintegralet i Bredt's
mel enkel & utfore.

A_=%4r.dg=396-243=96,2-]0’m’

B



Ligning (4.16) gir |
1 M, 1 120-10°

=—i = =156 N ’
T =24, 42:96,2-10° o
Videre has
ds 396 396 _243
—= +2—=237
RN s Mo
og torsjonskonstanten er dermed
4-4  4.96,2°10°
= —— = .10‘ 4
= (};‘_’; 237 15610 mm
!
Med G = 0.8:10 N/mm” er torsjonsratasjon pr lengdcenhet
6
M, 12010 =0,96-10"* rad/mm

" Gl, 0,8-10°-156-10°

Lukkede tverrsnitt har vesentlig bedre torsjonsegenskaper cnn dpne tverrsnitt. Dette ill
ved 4 sammenligne et tynnvegget sirkulert rer med et identisk rer med en langsgdende
figur 4.13.




Figur 4.13  Apent og lukket sirkulart rertverrsnitt

(1) o = 5 (25R)P =S 2R

4 A 4(3R2)2 .
{I,)w=c}d;‘= SaR - 2R
1

)

Eller

1)

Med R/t = 10 gir dette et forhold pa 300 i torsjonsstivhet. Forholdet mellom tg. for de to
tverrsnittene bestemmes fra ligningenc (4.12) og (4.16)

B



Ved full plastifisering vil volumet under mem-
branen vere lik det volumet vi fidr ndr man drysser terr sand med friksjonsvinkel
ry pa en flate lik stavtverrsnittet. Dette er bakgrunnen for sandhaugana-
logien for beregning av plastisk torsjonskapasitet /5.5/. Ved denne analogien er
fortsatt skjsrspenningen rettet tangensielt til nivalinjene, og den plastiske

torsjonskapasiteten er lik volumet av sandhaugen multiplisert med 2.0.




Eksempel 5.5

Fig 5.21 - Sandhauganalogien for rekangulart tverrsnitt

Sandhauganalogien skal benyttes for 4 bestemme den plastiske torsjonskapasiteten
av et rektangulert tverrsnitt med sidekanter 2a og a. Fig 5.21 viser formen pd

sandhaugen, samt snitt gjennom de to symmetriaksene i tverrsnittet. Heyden pi
haugen er bestemt ved:

-k
}ﬁﬂ'ty T af?

eller




Momentkapasiteten er lik to ganger volumet av sandhaugen.
_ o1 1
Mx = 2(a-a 3 h + 3

eller i1nnsatt for h:

31 2 _ 5 _ 3 _ 3
Mx =37 rya a = g TV a = 0.83 v a
Den elastiske kapasiteten er gitt ved Tmaks = TV 1 det kritiske punkt i tverr-
snittet. Fra lign (5.4) féis:
M =k -(2a) a° 1 x0.252a° 1t =0.50 v a
x T2 teelrd " Taaks T U N2 y

For dette tverrsnittet gir altsd en plastisk beregning ca 66% sterre kapasitat

enn en elastisk analyse.




Ved anvendelse pd hule tverrsnitt m3 sandhauganalogien modifiseres, slik at
grunnflaten for sandhaugen (dvs stavens tverrsnitt) utstyres med et reor som

feores gjennom flaten. Reret gis samme tverrsnittsform som det indre hulrom

0g en heyde lik rv-t over grunnflaten, hvor t er den minste avstand mellom indre 0g
ytre periferi for tverrsnittet. Den plastiske torsjonskapasiteten er lik to ganger
volumet av sandhaugen pluss et volum

AV = Ai-[rv-tl

hvor Ai er tverrsnittsarealet av reret.




Snitt langs y-akse

itt med hull

rektangeltverrsn

for

Fig 5.22 - Sandhaug-analogien

sandhau

Volum av

Volum a ]




Eurokode 3: Prosjektering av stalkonstruksjoner
Del 1-8: Knutepunkter og forbindelser

Eurocode 3: Design of steel structures
Part 1-8: Design of joints



1. giffer = f /100 (N/mm®)
A U nom

5 s1fter = [fv nom/fu nom]'lu

Produktet av de to sifre gir 1/10 av nominell flytespenning.

Tabell 11.1 - Fasthetsdata for skruemateriale

Fasthetsklasse
4.6 8.8 10.9
fu [N/mm2] Nominell | 400 800 1000
Min 400 830 1040
fv eller f0 5 Nominell 240 640 300
(N/mn>) Min 240 660 940
65[1] s 12 9




(3) Flytegrensen fy;, og strekkfastheten f, for fasthetsklassene 4.6, 4.8, 5.6, 5.8, 6.8, 8.8 og 10.9 er gitt i

tabell 3.1. Disse verdiene bar brukes som karakteristiske verdier ved dimensjoneringen.

Tabell 3.1 — Nominelle verdier av flytegrensen f, og strekkfastheten f, for skruer

Fasthetsklasser for

skruer 4.6 4.8 5.6 5.8 6.8 8.8 10.9
fo (N/mm?) 240 320 300 400 480 640 900
fuio (N/mm?) 400 400 500 500 600 800 1000

MERKNAD

Det nasjonale tillegget kan utelukke visse fasthetsklasser for skruer.



(a) Definisjon av gap (b) Definisjon av overlapp

Figur 1.3 — Knutepunkter med gap og med overlapp



1 Tyngdepunktakser

2 Festemidler
3 Referanseakser

Figur 2.1 — Definisjon av akser



3.1.2 Forspente skruer

(1) Bare skrueforbindelser av fasthetsklasse 8.8 og 10.9, som er i samsvar med kravene gitt i 1.2.4,

Referansestandarder, gruppe 4, kan brukes som forspente skruer til konstruksjonsformal. Det forutsettes
kontrollert tiltrekking i samsvar med kravene i 1.2.7, Referansestandarder, gruppe 7.



1.2.7 Referansestandarder, gruppe 7: Utforelse av stalkonstruksjoner

NS-EN 1090-2 Utfarelse av stélkon_struksjoner og aluminiumkonstruksjoner
Tekniske krav for stalkonstruksjoner



Tabell 2.1 — Partialfaktorer for knutepunkter

Kapasitet for konstruksjonsdeler og tverrsnitt 0 » a1 09 a2, 5€ NS-EN 1993-1-1

Kapasitet for skruer

Kapasitet for nagler

Kapasitet for bolter i bolteledd M2

Kapasitet for sveis

Kapasitet for hullkanttrykk

Friksjonskapasitet:

- i bruddgrensetilstanden (kategori C) 3

- i bruksgrensetilstanden (kategori B) 3 ser
Kapasitet for hullkanttrykk for en injeksjonsskrue 4

Kapasitet for knutepunkter i en fagverkskonstruksjon av hulprofiler | s

Kapasitet for bolter i bruksgrensetilstanden M6 ser

Forspenning av hoyfaste skruer w7

Kapasitet for betong %, s NS-EN 1992
MERKNAD Numeriske verdier av i kan gis i det nasjonale tillegget. Folgende verdier anbefales:

w2=125 m3=12500 Mwaser=1,1; e =1,0; s = 1,0; Mg ser = 1,0; a7 = 1,1
(3)P Knutepunkter som utsettes for utmatting, skal ogsa oppfylle kravene gitt i NS-EN 1993-1-9.



1)

3)
4)

Stoerste verdier for hullavstand, kantavstander og endeavstander er ubegrenset, bortsett fra | felgende tilfelle:

- for trykkdeler for a unnga lokal knekking og hindre korrosjon i eksponerte konstruksjonsdeler (starste verdier er gitt i
tabellen) og;

- for eksponerte strekkdeler for @ unnga korrosjon (stoerste verdier er gitt i tabellen).

Lokal knekkapasitet for en plate under trykk mellom festemidlene ber vaere beregnet etter NS-EN 1993-1-1, der 0,6 psbeor
brukes som knekklengde. Det er ikke nedvendig a pavise for lokal knekking mellom festemidlene hvis p+/f er mindre enn 9 €.
Kantavstanden normalt pa kraftretningen for en trykkpakjent konstruksjonsdel bor ikke overskride kravene mot lokal knekking
for en ensidig innfestet flens, se NS-EN 1993-1-1. Endeavstanden berores ikke av dette kravet.

t er tykkelsen til den tynneste ytre konstruksjonsdelen som festes.
Grenseverdiene for aviange hull er gitti 1.2.7, Referansestandarder, gruppe 7.

For skruerader som er innbyrdes forskjevet, kan minste hullavstand reduseres til p; = 1,2d,, forutsatt at minste avstand L
mellom to festemidler er storre enn eller lik 2,4d,, se figur 3.1b).




2.6 Skjeerpakjente knutepunkter utsatt for stet, vibrasjoner og/eller lastreversering

(1) Hvis et skjaerpakjent knutepunkt utsettes for stot eller betydelige vibrasjoner, ber én av felgende
festemidler brukes:

— sveiser;

— skruer med laseinnretninger:;

— forspente skruer;

— injeksjonsskruer;

— andre typer skruer som effektivt hindrer bevegelse av de delene som forbindes;
— nagler.

(2) Hvis det ikke er akseptabelt med glidning i et knutepunkt (for eksempel fordi det utsettes for laster
som reverserer), ber enten forspente skruer av kategori B eller C (se 3.4), passkruer (se 3.6.1), nagler
eller sveis brukes.

(3) | vindavstivninger- og/eller andre avstivningskonstruksjoner kan skruer i kategori A brukes, se 3.4.



3.4.1 Skjarforbindelser
(1) Skrueforbindelser pakjent av skjeer ber dimensjoneres som én av felgende kategorier:

a)

Kategori A: Forbindelser med avskjaring/hullkanttrykk

Denne kategorien omfatter skruer fra fasthetsklasse 4.6 til og med fasthetsklasse 10.9. Det kreves
ingen forspenning eller spesielle tiltak for kontaktflatene. Dimensjonerende skjaerkraft ber ikke
overskride dimensjonerende avskjeeringskapasitet beregnet etter 3.6, eller dimensjonerende
hullkanttrykk beregnet etter 3.6 og 3.7.

Kategori B: Forbindelser med glidningsforhindring i bruksgrensetilstanden

| denne kategorien bgr forspente skruer i samsvar med 3.1.2(1) brukes. Glidning ber ikke
forekomme i bruksgrensetilstanden. Dimensjonerende skjaerkraft | bruksgrensetilstanden bor ikke
overskride dimensjonerende friksjonskapasitet beregnet etter 3.9. Dimensjonerende skjaerkraft i
bruddgrensetilstanden bar ikke overskride dimensjonerende avskjaeringskapasitet beregnet etter
3.6, eller dimensjonerende hullkanttrykk beregnet etter 3.6 og 3.7.

Kategori C: Forbindelser med glidningsforhindring i bruddgrensetilstanden

| denne kategorien bgr forspente skruer i samsvar med 3.1.2(1) brukes. Glidning bar ikke
forekomme i bruddgrensetilstanden. Dimensjonerende skjeerkraft i bruddgrensetilstanden bor
ikke overskride dimensjonerende friksjonskapasitet beregnet etter 3.9, eller dimensjonerende
hullkanttrykk beregnet etter 3.6 og 3.7. For en forbindelse med strekk ber i tillegg
dimensjonerende plastisk kapasitet for netto tverrsnitt ved skruehullene, Ng;rq, (5€ 6.2 1 NS-EN
1993-1-1) pavises i bruddgrensetilstanden.

De nedvendige pavisningene for disse forbindelsene er sammenfattet i tabell 3.2.



3.4.2 Strekkforbindelser
(1) Strekkpakjente skrueforbindelser ber dimensjoneres som én av felgende kategorier:

a) Kategori D: ikke forspent
| denne kategorien benyttes skruer fra fasthetsklasse 4.6 til og med fasthetsklasse 10.9. Det
kreves ingen forspenning. Kategorien bgr ikke brukes der forbindelsene ofte utstettes for
varierende strekkpakjenning. Kategorien kan imidlertid brukes i forbindelser dimensjonert for
normale vindlaster.

b) Kategori E: forspent
| denne kategorien benyttes forspente skruer fra 8.8 og 10.9 med kontrollert tiltrekking | samsvar

med 1.2.7, Referansestandarder, gruppe 7.
De ngdvendige pavisningene for disse forbindelsene er sammenfattet i tabell 3.2.



Tabell 3.2 — Kategorier av skrueforbindelser

Kategori Kriterier Merknader
Skjaerforbindelser
A FyEd < FuRrd Det kreves ingen forspenning.
Avskjeering/hullkanttrykk FyEd < Furd Fasthetsklasser fra 4.6 til 10.9 kan brukes.
B FuEdser< FsRa.ser Forspente skruer fra 8.8 eller 10.9 ber brukes.
Glidningsforhindret i Fued < Furd For friksjonskapasitet i bruksgrensetilstanden,
bruksgrensetilstanden Fipa 2 Fow se 3.9.
B o 2 Ea Forspente skruer fra 8.8 eller 10.9 ber brukes.
o ) ) E < F For friksjonskapasitet i bruddgrensetilstanden,
Glidningsforhindret i v.Ed = "N se 3.9.
bruddgrensetilstanden
¢ 2 Fued S Nretra Noet ra, S€ 3.4.1(1) c).
Strekkforbindelser
Det kreves ingen forspenning.
D Fed < Fird .
Fasthetsklasser fra 4.6 til 10.9 kan brukes.
Ikke forspent Fied < Bprd
B; ra, se tabell 3.4,
£ Fieq < Frd E;:Jlfg:nte skruer i klasse 8.8 eller 10.9 ber
Forspent Fies < Bora By o, se tabell 3.4.

Dimensjonerende strekkraft Figq bor inkludere krefter fra hevarmvirkning, se 3.11. For skruer som er pakjent av bade
skjeerkraft og strekkraft, gjelder ogsa kriteriene i tabell 3.4.

MERKNAD

Forspenning kan brukes av utforelsesmessige grunner eller som kvalitetstiltak, f.eks. for a

oppna bedre bestandighet. Det nasjonalle tillegget kan gi regler med krav til forspenningsnivaet for slike tilfeller.




Failure mode Bolts Rivets
Shear resistance per shear | .  _ a, fu 4 T o g 0.6 1, 4,
1 v.Rd — v.Rd —
plane 4% Y m2

- where the shear plane passes through the
threaded portion of the bolt (4 is the tensile stress
area of the bolt A4,):

- for classes 4.6, 5.6 and 8.8:

o, = 0,6
- for classes 4.8. 5.8. 6.8 and 10.9:
o, =05

- where the shear plane passes through the
unthreaded portion of the bolt (4 is the gross cross
section of the bolt): a,=0.6




% %W LAWAL WA LiLlw U\J].l}- AT W WS l

Bearing resistance

1).2).3)

kia, f, dt
Va2

Fora =

f;:b

where oy 1s the smallest of ayg: —— or 1.0;

u

i the direction of load transfer:

" e . p, 1
- for end bolts: Oy = . for inner bolts: gg= —— ——
3d, 3d, 4
perpendicular to the direction of load transfer:
. e
- for edge bolts: k; is the smallest of 2.8—= —1.7 or 2.5
0
2B _ ; P> :
- for inner bolts: k, is the smallest of 1.4 =—= —1.7 or 2.5

d,




. L py,212d
Py i‘ i =1 A‘ ’ ’
L 224%
b —4-—4] -
e L 0 ol b o 6 b
} 2 —t—> OOQ@—:;‘——#
—$ - _? _? @--@---@---@--—@---_L?
Forskjovede hullrader
b) Symboler for hullavstander der hullradene er
a) Symboler for hullavstander forskjovet
L |
+—P1 ‘ P
R e S g st sivim. « B

Tn gl | — |
4 2— -4 -—- -




1)

3)

The bearing resistance Fi,grq for bolts
- 1n oversized holes is 0.8 times the bearing resistance for bolts in normal holes.

- 1n slotted holes. where the longitudinal axis of the slotted hole is perpendicular to the direction of
the force transfer, is 0,6 times the bearing resistance for bolts in round. normal holes.

For countersunk bolt:

— the bearing resistance Fi,gq should be based on a plate thickness 7 equal to the thickness of the
connected plate minus half the depth of the countersinking.

— for the determination of the tension resistance Figrq the angle and depth of countersinking should
conform with 1.2.4 Reference Standards: Group 4. otherwise the tension resistance F;gg should
be adjusted accordingly.

When the load on a bolt is not parallel to the edge. the bearing resistance may be verified separately
for the bolt load components parallel and normal to the end.




. . 2)
Tension resistance

Fira=

where

k.’l f;ib ‘—15

Y
k> = 0,63 for countersunk bolt,

otherwise k&, =0.9.

0' 6 ﬁn- ‘40

Fira=

},_M’

Punching shear resistance Byrd 0.6 T dmtpfu! yre2 o ghedkneaded
, : F F
: - ) .Ed t.Ed
C 011'1b111ed shear and S <10
tension Fopa LAF z;




Tabell 3.3 — Minste og sterste hull-, ende- og kantavstander

Ende-, kant- og Minste Storste' )
hullavstander,
se figur 3.1 Stalkonstruksjoner av stalsorter i samsvar med Stalkonstruksjoner av
NS-EN 10025, unntatt stal etter NS-EN 10025-5 stal i samsvar med
NS-EN 10025-5

Stal som utsettes for Stal som ikke utsettes
klimatiske pavirkninger eller | for klimatiske Stal som brukes
andre korrosive pavirkninger eller andre | ubeskyttet
pavirkninger korrosive pavirkninger

Endeavstand 12dy |4t+40mm Do, tiness MeRcen

Den sterste verdien av

Kantavstand e; 1,2do 4t + 40 mm 8t eller 125 mm

Avstand esi avlange 4)

hull 1,5do

Endeavstand es i 1.5d, 4)

avliange hull
Den minste verdien av 14t | Den minste verdien av Den minste verdien av

sy 2,20 eller 200 mm 14t eller 200 mm 14tmin eller 175 mm

Hullavstand Den minste verdien av 14t

P10 eller 200 mm
_ Den minste verdien av 28t
Hullavstand P1i eller 400 mm
Hullavstand p> 5) 2.4k Den minste verdien av 14t | Den minste verdien av Den minste verdien av

eller 200 mm

14t eller 200 mm

14t5in eller 175 mm




Pi—

4‘»4
—?_?

a) Symboler for hullavstander

F———P1

4yt 4
e i

p1 <14 tog <200 mm p2 <14 tog <200 mm

c¢) Hullavstander i trykkpakjente deler med
forskjevede hullrader

L pp 2124,
L 2244,

ip"’ -—
P2

b) Symboler for hullavstander der hullradene er
forskjovet

——puo

é(f@@@
OB

-G-GO

Forskjovede hullrader

P

pio< 14 tog <200 mm p1i< 28 tog <400 mm

1 ytre rad 2 indre rad

d) Hullavstander i strekkpakjente deler med
forskjevede hullrader



Eurokode 3: Prosjektering av stalkonstruksjoner
Del 1-8: Knutepunkter og forbindelser

Eurocode 3: Design of steel structures
Part 1-8: Design of joints



(3) Flytegrensen fy;, og strekkfastheten f, for fasthetsklassene 4.6, 4.8, 5.6, 5.8, 6.8, 8.8 og 10.9 er gitt i

tabell 3.1. Disse verdiene bar brukes som karakteristiske verdier ved dimensjoneringen.

Tabell 3.1 — Nominelle verdier av flytegrensen f, og strekkfastheten f, for skruer

Fasthetsklasser for

skruer 4.6 4.8 5.6 5.8 6.8 8.8 10.9
fo (N/mm?) 240 320 300 400 480 640 900
fuio (N/mm?) 400 400 500 500 600 800 1000

MERKNAD

Det nasjonale tillegget kan utelukke visse fasthetsklasser for skruer.



1.2.7 Referansestandarder, gruppe 7: Utforelse av stalkonstruksjoner

NS-EN 1090-2 Utfarelse av stélkon_struksjoner og aluminiumkonstruksjoner
Tekniske krav for stalkonstruksjoner



Tabell 2.1 — Partialfaktorer for knutepunkter

Kapasitet for konstruksjonsdeler og tverrsnitt 0 » a1 09 a2, 5€ NS-EN 1993-1-1

Kapasitet for skruer

Kapasitet for nagler

Kapasitet for bolter i bolteledd M2

Kapasitet for sveis

Kapasitet for hullkanttrykk

Friksjonskapasitet:

- i bruddgrensetilstanden (kategori C) 3

- i bruksgrensetilstanden (kategori B) 3 ser
Kapasitet for hullkanttrykk for en injeksjonsskrue 4

Kapasitet for knutepunkter i en fagverkskonstruksjon av hulprofiler | s

Kapasitet for bolter i bruksgrensetilstanden M6 ser

Forspenning av hoyfaste skruer w7

Kapasitet for betong %, s NS-EN 1992
MERKNAD Numeriske verdier av i kan gis i det nasjonale tillegget. Folgende verdier anbefales:

w2=125 m3=12500 Mwaser=1,1; e =1,0; s = 1,0; Mg ser = 1,0; a7 = 1,1
(3)P Knutepunkter som utsettes for utmatting, skal ogsa oppfylle kravene gitt i NS-EN 1993-1-9.



3.4.1 Skjarforbindelser
(1) Skrueforbindelser pakjent av skjeer ber dimensjoneres som én av felgende kategorier:

a)

Kategori A: Forbindelser med avskjaring/hullkanttrykk

Denne kategorien omfatter skruer fra fasthetsklasse 4.6 til og med fasthetsklasse 10.9. Det kreves
ingen forspenning eller spesielle tiltak for kontaktflatene. Dimensjonerende skjaerkraft ber ikke
overskride dimensjonerende avskjeeringskapasitet beregnet etter 3.6, eller dimensjonerende
hullkanttrykk beregnet etter 3.6 og 3.7.

Kategori B: Forbindelser med glidningsforhindring i bruksgrensetilstanden

| denne kategorien bgr forspente skruer i samsvar med 3.1.2(1) brukes. Glidning ber ikke
forekomme i bruksgrensetilstanden. Dimensjonerende skjaerkraft | bruksgrensetilstanden bor ikke
overskride dimensjonerende friksjonskapasitet beregnet etter 3.9. Dimensjonerende skjaerkraft i
bruddgrensetilstanden bar ikke overskride dimensjonerende avskjaeringskapasitet beregnet etter
3.6, eller dimensjonerende hullkanttrykk beregnet etter 3.6 og 3.7.

Kategori C: Forbindelser med glidningsforhindring i bruddgrensetilstanden

| denne kategorien bgr forspente skruer i samsvar med 3.1.2(1) brukes. Glidning bar ikke
forekomme i bruddgrensetilstanden. Dimensjonerende skjeerkraft i bruddgrensetilstanden bor
ikke overskride dimensjonerende friksjonskapasitet beregnet etter 3.9, eller dimensjonerende
hullkanttrykk beregnet etter 3.6 og 3.7. For en forbindelse med strekk ber i tillegg
dimensjonerende plastisk kapasitet for netto tverrsnitt ved skruehullene, Ng;rq, (5€ 6.2 1 NS-EN
1993-1-1) pavises i bruddgrensetilstanden.

De nedvendige pavisningene for disse forbindelsene er sammenfattet i tabell 3.2.



3.4.2 Strekkforbindelser
(1) Strekkpakjente skrueforbindelser ber dimensjoneres som én av felgende kategorier:

a) Kategori D: ikke forspent
| denne kategorien benyttes skruer fra fasthetsklasse 4.6 til og med fasthetsklasse 10.9. Det
kreves ingen forspenning. Kategorien bgr ikke brukes der forbindelsene ofte utstettes for
varierende strekkpakjenning. Kategorien kan imidlertid brukes i forbindelser dimensjonert for
normale vindlaster.

b) Kategori E: forspent
| denne kategorien benyttes forspente skruer fra 8.8 og 10.9 med kontrollert tiltrekking | samsvar

med 1.2.7, Referansestandarder, gruppe 7.
De ngdvendige pavisningene for disse forbindelsene er sammenfattet i tabell 3.2.



Tabell 3.2 — Kategorier av skrueforbindelser

Kategori Kriterier Merknader
Skjaerforbindelser
A FyEd < FuRrd Det kreves ingen forspenning.
Avskjeering/hullkanttrykk FyEd < Furd Fasthetsklasser fra 4.6 til 10.9 kan brukes.
B FuEdser< FsRa.ser Forspente skruer fra 8.8 eller 10.9 ber brukes.
Glidningsforhindret i Fued < Furd For friksjonskapasitet i bruksgrensetilstanden,
bruksgrensetilstanden Fipa 2 Fow se 3.9.
B o 2 Ea Forspente skruer fra 8.8 eller 10.9 ber brukes.
o ) ) E < F For friksjonskapasitet i bruddgrensetilstanden,
Glidningsforhindret i v.Ed = "N se 3.9.
bruddgrensetilstanden
¢ 2 Fued S Nretra Noet ra, S€ 3.4.1(1) c).
Strekkforbindelser
Det kreves ingen forspenning.
D Fed < Fird .
Fasthetsklasser fra 4.6 til 10.9 kan brukes.
Ikke forspent Fied < Bprd
B; ra, se tabell 3.4,
£ Fieq < Frd E;:Jlfg:nte skruer i klasse 8.8 eller 10.9 ber
Forspent Fies < Bora By o, se tabell 3.4.

Dimensjonerende strekkraft Figq bor inkludere krefter fra hevarmvirkning, se 3.11. For skruer som er pakjent av bade
skjeerkraft og strekkraft, gjelder ogsa kriteriene i tabell 3.4.

MERKNAD

Forspenning kan brukes av utforelsesmessige grunner eller som kvalitetstiltak, f.eks. for a

oppna bedre bestandighet. Det nasjonalle tillegget kan gi regler med krav til forspenningsnivaet for slike tilfeller.




Failure mode Bolts Rivets
Shear resistance per shear | .  _ a, fu 4 T o g 0.6 1, 4,
1 v.Rd — v.Rd —
plane 4% Y m2

- where the shear plane passes through the
threaded portion of the bolt (4 is the tensile stress
area of the bolt A4,):

- for classes 4.6, 5.6 and 8.8:

o, = 0,6
- for classes 4.8. 5.8. 6.8 and 10.9:
o, =05

- where the shear plane passes through the
unthreaded portion of the bolt (4 is the gross cross
section of the bolt): a,=0.6
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Bearing resistance

1).2).3)

kia, f, dt
Va2

Fora =

f;:b

where oy 1s the smallest of ayg: —— or 1.0;

u

i the direction of load transfer:

" e . p, 1
- for end bolts: Oy = . for inner bolts: gg= —— ——
3d, 3d, 4
perpendicular to the direction of load transfer:
. e
- for edge bolts: k; is the smallest of 2.8—= —1.7 or 2.5
0
2B _ ; P> :
- for inner bolts: k, is the smallest of 1.4 =—= —1.7 or 2.5

d,
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Forskjovede hullrader
b) Symboler for hullavstander der hullradene er
a) Symboler for hullavstander forskjovet
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. . 2)
Tension resistance

Fira=

where

k.’l f;ib ‘—15

Y
k> = 0,63 for countersunk bolt,

otherwise k&, =0.9.

0' 6 ﬁn- ‘40

Fira=

},_M’

Punching shear resistance Byrd 0.6 T dmtpfu! yre2 o ghedkneaded
, : F F
: - ) .Ed t.Ed
C 011'1b111ed shear and S <10
tension Fopa LAF z;




Tabell 3.3 — Minste og sterste hull-, ende- og kantavstander

Ende-, kant- og Minste Storste' )
hullavstander,
se figur 3.1 Stalkonstruksjoner av stalsorter i samsvar med Stalkonstruksjoner av
NS-EN 10025, unntatt stal etter NS-EN 10025-5 stal i samsvar med
NS-EN 10025-5

Stal som utsettes for Stal som ikke utsettes
klimatiske pavirkninger eller | for klimatiske Stal som brukes
andre korrosive pavirkninger eller andre | ubeskyttet
pavirkninger korrosive pavirkninger

Endeavstand 12dy |4t+40mm Do, tiness MeRcen

Den sterste verdien av

Kantavstand e; 1,2do 4t + 40 mm 8t eller 125 mm

Avstand esi avlange 4)

hull 1,5do

Endeavstand es i 1.5d, 4)

avliange hull
Den minste verdien av 14t | Den minste verdien av Den minste verdien av

sy 2,20 eller 200 mm 14t eller 200 mm 14tmin eller 175 mm

Hullavstand Den minste verdien av 14t

P10 eller 200 mm
_ Den minste verdien av 28t
Hullavstand P1i eller 400 mm
Hullavstand p> 5) 2.4k Den minste verdien av 14t | Den minste verdien av Den minste verdien av

eller 200 mm

14t eller 200 mm

14t5in eller 175 mm




Pi—

4‘»4
—?_?

a) Symboler for hullavstander

F———P1

4yt 4
e i

p1 <14 tog <200 mm p2 <14 tog <200 mm

c¢) Hullavstander i trykkpakjente deler med
forskjevede hullrader

L pp 2124,
L 2244,

ip"’ -—
P2

b) Symboler for hullavstander der hullradene er
forskjovet

——puo

é(f@@@
OB

-G-GO

Forskjovede hullrader

P

pio< 14 tog <200 mm p1i< 28 tog <400 mm

1 ytre rad 2 indre rad

d) Hullavstander i strekkpakjente deler med
forskjevede hullrader



Tabell 3.4 — Dimensjonerende kapasitet for individuelle festemidler pakjent av avskjaering og/eller
strekk

Bruddform Skruer Nagler

Avskjaeringskapasitet per snitt Furs = a, fp A Fung= 06 f, Ag
M2 ' Ym2
- dersom avskjaeringssnittet gar giennom den
gjengede delen av skruen (A settes lik
spenningsarealet for skruen, As):
- for fasthetsklasse 4.6, 5.6 og 8.8:
oy=06
- for fasthetsklasse 4.8, 5.8, 6.8 og 10.9:
o,=05
- dersom avskjaeringssnittet gar gjennom den
ugjengede delen av skruen (A er skruens brutto
tverrsnitt): o, = 0.6

_ k1(1bfudt

Kapasitet for hullkanttrykk "
2,3) Ford =

Ym2

. b y
der ap er den minste av =~ e, —— eller 1,0

A

e .
3dg |

- for innvendige skruer: as = P _l

3d, 4

i kraftretningen:

- for endeskruer: oy =

normalt pa kraftretningen:

e
- for skruer langs randen: k1 er den minste av 2,8d—2 -17 ,14 P2 -17 ,eller25
0 0

- for innvendige skruer: k; er den minste av 14 Z—z —17 eller2,5
0




Strekkapasitet 2

k2 fub As
M2

Ftrd =

der k> = 0,63 for senkskrue, ellers k2 =0.9.

061, Ay

YMm2

Ftrd =

Gjennomlokking

Bp!Rd = 0,6 T dm tp fu / }MQ

Pavisning ikke nedvendig

Kombinert avskjaering og
strekk

= =
V,Ed s t,Ed < 1’0

Ford 14Fips

1)

Kapasitet for hullkanttrykk Fyrs fOr skruer

- i overstore hull er 0,8 ganger kapasiteten for skruer i normale hull.

- i avlange hull, der hullets lengdeakse er normalt pa kraftretningen, er 0,6 ganger kapasiteten for skruer i runde, normale hull;

2) For senkskruer:

- beregnes kapasiteten for hullkanttrykk Fy rs pa grunnlag av tykkelsen av den innfestede platen t minus halve dybden av

forsenkningen,;

- for bestemmelse av strekkapasiteten Figq bor vinkelen og dybden av forsenkningen vasre i samsvar med 1.2.4

Referansestandarder, gruppe 4 | motsatt fall ber strekkapasiteten F,gq4 justeres tilsvarende.

3)

parallelt med og vinkelrett pa randen.

Hvis lasten pa en skrue ikke er parallell med randen, kan kapasiteten for hullkanttrykk pavises separat for skruens lastkomponenter




Secondary IPE270 beam connected to main HE340A beam

The secondary beam is assumed to be simply supported to the main beam,
i.e. no moment is to be transmitted. According to the action effect analysis

a shear force Vgg = 200 kN is to be transmitted by the connection.

M20-8.8 bolts
S355 steel do=20+2=22mm

I 45 / 2-1.80x8

| J [
[ < I
$ PR W QI - E f
e |[—3-= S
- a r m‘l—- $ ‘@'
‘$\ - r IPE 270 1
.

) HE 340A
|
I 2-L80x8



Necessary checks

1. Resistance of bolts IPE270

- Shear resistance of bolts (two shear planes)

- Bearing resistance of bolts
2. Resistance of bolts HE340A

- Shear resistance of bolts (one shear plane)

- Bearing resistance of bolts

3. Resistance of reduced section IPE270
- General yield

4. Block tearing of bolt group IPE270

5. Resistance of weld (not considered)



Resistance of bolts in IPE270

Distributes the shear force equally on all three bolts:

| ].._.‘:a_j?
- | o k
=20 ‘N 20(
V k,oll | j; : Fy = 220 = 66.7T kN
| '1;,. -

yi]

The shear force is eccentric with respect to the system line of the bolt
oroup. This results in an eccentricity moment:

M=V. 200-0.045 = 9.0 kNm




The eccentricity moment is balanced by a horizontal force couple in the
top and bottom bolt:

Fm .
e —
v ri
0
‘? N _ 0.0 i
" Far = Ggp = L2EA
-—.i?—?ha S
fy

The resulting force in the top and bottom bolt is:

Fvpa = \/F5 + F2 = v/66.72 + 752 =[100 kN



Shear resistance of M20-8.8 bolt with two shear planes:

Oy fubA 5 — 0.6 - 800 - 245
VM2 1.3

-2 =|181 kN

Fy pa =




The edge and end distances are different for £y and Fyr. We calculate £y
and o, for both and use the smallest value:

40 60 1 800
5 = T - 1.0 = 0.61
@ i (3-22 3.22 47510 )

. 45 . .
k1 = min (2.8 55 1.7, 2.:)) = 7.0

: 45 800
(p, = 1min | - s ==y Ll

40
ki = min (2.8 59 T 1.7, 2.5) = 0.5

Bearing resistance of bolt (tye, = 6.6mm < > tr, =2 x 8 = 16 mm):
2.5-0.61-510-20-6.6
1.3 -

0.68

Fypra =

79.0 kN




We have a bearing type shear connection (i.e. Category A):

F’U,Ed — 100 L‘\T = F’U,Rd — 181 ]I‘\T




Resistance of bolts in HE340A

Distributes the shear force equally on all four bolts:
200 = =
FyEd = = 50.0 &N

Shear resistance of M20-8.8 bolt with one shear plane:

afupA  0.6-800 - 245
YM2 1.3

Fv,Rd —



We observe that all distances except p; are above the ‘optimal” distances

= /II_II'-_;I’ : e;1 = 70mm > 3d,
& & [l _3 p1 = 60mm < 3.75 dy

= -m-— e y ~

= Y | 9 es = 36mm > 1.5dy
\‘E " i —sb pe = 95mm > 3d
- 95- HE 340A

. 60 1 800 10) = 061
ap = min 390 150 L = 0.6

Bearing resistance of bolt (t; = 8.0 mm < tep = 9.5 mm >):

ko fudt  2.5-0.66-510-20- 8.0
w2 1.3 a

103 kN

Fypa =
























Fin plate connection

Design requirements for sufficient rotation capacity

(I)available
A
: B - - = - h 4
h = Centre of
P 9// rotation ' dy, | Iy
@]
o .
h. + | 4
i = —— — 4
- — — I
L &n
—
Z

¢avai1ablc

Centre of
~” rotation

LT




Single sided beam-beam connections

BB3

e Free in major axis bending since the main girder do not have
torsional stiffness enough to provide fixation.

e The connections do not have rigid end plates that can prevent
warping and are not rigid enough to withstand minor axis bending.



Continuous beam-beam connection

BB4

e (Can transfer moment about the major axis with help of the splice
plate welded to the beams top flanges.

e The bottom flanges of the secondary beams are not fixed to the
main girder. The resistance to lateral bending is therefore limited
and a conservative assumption of a free minor axis bending is

reasonable.



Rigidity of common beam/beam connections

e
A
BB2 BB3 BB4
Boundary conditions BBI1-BB3 BB4
Major axis bending Free Fixed
Minor axis bending (k) Free Free
Warping (k) Free Free/Fixed'

'Dependent on the rigidity of the connecting structure and the end plates




Rigidity of common beam/column connections

BCl1 BC4 BC5 BC6 BC7
Boundary BC1 BC2 | BC3 & BC4 | BCS BC6 BC7
conditions
Major axis Free Free Fixed Fixed Fixed Fixe

bending d
Minor axis Free Free Fixed Fixed Free Fixe

bending (k) d
Warping (k,) | Free/Fixed' | Free | Free/Fixed' | Fixed | Free/Fixed' | Free

'Dependent on the rigidity of the connecting structure and the end plates




Possible joint configurations

Beam-to-beam

L +

Un-notched supported beam Single notched supported beam Double notched supported beam



Possible joint configurations

Beam splice

joint l
position 1\

N (/'

=b i for
N ! =s
-




Beam-to-column connections

Header plate

A .
Supporting
element

S

Supported beam

Plate

Fillet |
weld

Single vertical
~ bolt line

se
/- s
—

Double vertical
bolt line

A

]

NN

]

\/\

e A header plate is welded to the supported member in the shop
and bolted to the supporting member on site.

e The height of the header plate should not exceed the clear
depth of the supported beam.




Beam-to-column connections
Fin plate

N Single-vertical
Supporting row bolt group
element | //

I/
‘ Fin plate
. S
L
N— Supported beam
| AN
Fillet
i weld

/

Double-vertical
row bolt group

[ Vi

—
e
o
o

[

e A fin plate is welded to the supporting member in the shop
and bolted to the web of the supported member on site.

e The fillet weld should be laid on both sides of the fin plate.




Beam-to-column connections

Web cleats
A Single vertical
Supporting bolt line
element .
7
-+ .
4. S
ne i\‘ Supported beam
\
N Web cleat
OR
A
He e
tHHe o .9
+ bl
X
AY
A \ Double vertical bolt

line

WITH

Web
cleat™]

A

—
N @ It e
e 11 @
® e

:\A_—.

Single vertical
bolt line

VN

OR

ik

—  —1

seiiee
eseit1e e
LR X K ’

=1

Double vertical
bolt line

™




Beam-to-column connections

Semi-rigid connections

e The connections above used to be considered as hinges, but
nowadays Eurocode 3 Part 1-8 classifies them as semi-rigid.



Header plate connection

| « ACTUAL » PINNED CONNECTIONS |



Fin plate connection

« ACTUAL » PINNED CONNECTIONS



Web cleat connection

« ACTUAL » PINNED CONNECTIONS




Types of joint modelling

To identify whether the effects of joint behaviour on the analysis
need be taken into account, a distinction should be made between
the three following types of joint modelling:

e Simple - the joint may be assumed to not transfer bending
moments — hinge support.

e Continuous - the behaviour of the joint may be assumed to
have no effect on the analysis.

e Semi-continuous - the actual behaviour of the joints needs to
be taken into account — rotational spring support.



Local joint modelling

TYPE OF JOINT SINGLE-SIDED DOUBLE-SIDED = .
MODEL CONFIGURATION CONFIGURATION REANMRELICE
::::;?ﬂ:e E:HE.::::: s o b i SIS - e b e ===
Simple Lg- Pt o
T::::T: :ET"“ - -—:-J
Continuous l'. '—"—m:
wekzdzzzz===
Semi-
continuous

In the global structural analysis, the hinge or spring which models
the joint is assumed to be located at the intersection of the axes of
the connected elements.



Boundaries for stiffness classification of joints

7/

—— Stiffness boundaries

——— Initial rotational stiffness



Boundaries for strength classification of joints

Mj‘

Full-strength

Partial-strength

Pmned
- O

— Strength boundaries

——— Jomt moment resistance



Single sided beam-beam connections

BB3

e Free in major axis bending since the main girder do not have
torsional stiffness enough to provide fixation.

e The connections do not have rigid end plates that can prevent
warping and are not rigid enough to withstand minor axis bending.



Continuous beam-beam connection

BB4

e (Can transfer moment about the major axis with help of the splice
plate welded to the beams top flanges.

e The bottom flanges of the secondary beams are not fixed to the
main girder. The resistance to lateral bending is therefore limited
and a conservative assumption of a free minor axis bending is

reasonable.



Rigidity of common beam/beam connections

e
A
BB2 BB3 BB4
Boundary conditions BBI1-BB3 BB4
Major axis bending Free Fixed
Minor axis bending (k) Free Free
Warping (k) Free Free/Fixed'

'Dependent on the rigidity of the connecting structure and the end plates




Rigidity of common beam/column connections

BCl1 BC4 BC5 BC6 BC7
Boundary BC1 BC2 | BC3 & BC4 | BCS BC6 BC7
conditions
Major axis Free Free Fixed Fixed Fixed Fixe

bending d
Minor axis Free Free Fixed Fixed Free Fixe

bending (k) d
Warping (k,) | Free/Fixed' | Free | Free/Fixed' | Fixed | Free/Fixed' | Free

'Dependent on the rigidity of the connecting structure and the end plates




Eurokode 3: Prosjektering av stalkonstruksjoner
Del 1-8: Knutepunkter og forbindelser

Eurocode 3: Design of steel structures
Part 1-8: Design of joints



Secondary IPE270 beam connected to main HE340A beam

The secondary beam is assumed to be simply supported to the main beam,
i.e. no moment is to be transmitted. According to the action effect analysis
a shear force Vgg = 200 kN is to be transmitted by the connection.

M20-8.8 bolts
S355 steel do =204+ 2 =22mm

| 45 / 2-1L80x8

[

—7
&
iy

IPE 270

AN

-

HE 340A
]
l 2-1L80x8

|
i
60 60
- 100 1
60
R




(3) For en skruegruppe pakjent av en eksentrisk kraft er dimensjonerende kapasitet mot blokkutriving
Verorae Qitt ved:

Verrora = 0,5 fy Ant /a2 + (1 / \/3) fy Anv /a0 (3.

| %r INE 2

1 liten strekkraft
2 stor skjeerkraft
3 liten skjeerkraft
4 stor strekkraft



Block tearing of bolt group IPE270

According to NS-EN 1993-1-8 3.10.2(3). for a bolt group subject to eccent-
ric loading, the design block shear tearing resistance is:

U 4‘471 ; 44-72-1"
f t + f Y

Verrapra =05 = ‘
fM?2 \/EA,PJ\IO



Block tearing consists of failure in shear at the row of bolts along the shear
face of the hole group accompanied by tensile rupture along the line of bolt
holes on the tension tace of the bolt group.

\H
!
|







The net area subject to tension is:

Ape = (45 — 11) - 6.6 = 224 mn?

The net area subject to shear is:
A, =(2-(60—-22)+ (40 —11)) - 6.6 = 693 mm

Design load corresponding to tearing of bolt group:

o 05, 10224 355693
e JRd — Y.0 - :
P 13 VB3

= 167TAN < Vg; — |not OK!

Conclusion
The bearing resistance of the bolts in the IPE270 1s too small., the stress
in the reduced section 1s above the yield strength. and block tearing of bolt

ogroup 1s critical.
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11.4.3 Strekkforbindels%r med beyedeformasjoner ﬁs;ﬂgﬁf;ii“ ?&“Q} Brudel « sbaruar;
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Fig 11.34 - Deformasjoner og krefter i T-forbindelse
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4.5.3.2 Retningsmetode

(1) | denne metoden dekomponeres kreftene som overfagres per lengdeenhet av sveisen opp i
komponenter parallelt med og pa tvers av sveisens lengdeakse, og normalt pa og pa tvers av sveisens

kilsveisareal.
(2) Dimensjonerende areal av sveisesnittet, Ay, seftes lik: Ay, = > a {u.
(3) Dimensjonerende sveisesnitt forutsettes a vaere konsentrert i rotpunktet.

(4) Spenningen forutsettes jevnt fordelt over sveisesnittet. Dette gir falgende normal- og skjeerspenninger
vist pa figur 4.5:

— 0oL er normalspenning normalt pa sveisesnittet;
- g er normalspenning parallelt med sveisens akse;
— TL er skjeerspenning (i sveisesnittets plan) normalt pa sveisens lengdeakse;

- I er skjaerspenning (i sveisesnittets plan) parallelt med sveisens lengdeakse.



Figur 4.5 — Spenninger i sveisesnittets plan



b) Why simplified method results in larger a
The strength of a weld depends on the angle between the direction of
the forces and the orientation of the weld.

1 Ju
\/§ .‘3w'\)ﬂ12
1 .fu
\/§ ,‘jwﬂ)J\IQ

irrespective of the direction of the

a = 07 gives 7 — strength

a = 90° gives o, and 7, — strength

fu

w YM?2
forces, i.e. a conservative strength value. In question a) the stresses o

. 3 g . 1 .
Simplified method uses A

and 7, totally dominates and the directional method results in about

V3

lower resistance.
\/5 (@8
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(5) Ved fastsettelse sveisens kapasitet ses det bort fra normalspenningen o) parallelt med aksen.

(6) Dimensjonerende kapasitet for en kilsveis er tilfredsstillende hvis begge felgende betingelser er
oppfylt:

[0 + 3 (12 + 1) *° s £,/ (Bw #az), 09 015 0,9 f, / a2 (4.1)
der

f, er nominell strekkfasthet i den svakeste delen i forbindelsen;

B er en korrelasjonsfaktor fra tabell 4.1.

(7) Sveiser mellom deler med ulike stalsorter bar dimensjoneres pa grunnlag av egenskapene til godset
med den laveste fastheten.



Tabell 4.1 — Korrelasjonsfaktor B, for kilsveis

Standard og stalsort

Korrelasjonsfaktor 8.,

NS-EN 10025 NS-EN 10210 NS-EN 10219
S 235
S235H S235H 0,8
S235W
S 275 S275H
S275H
S 275 N/NL S 275 NH/NLH 0,85
S 275 NH/NLH
S 275 M/ML S 275 MH/MLH
S 355
S355H
S 355 N/NL S355H
S 355 NH/NLH 0,9
S 355 M/ML S 355 NH/NLH
S 355 MH/MLH
S355 W
S 420 N/NL
S 420 MH/MLH 1,0
S 420 M/ML
S 460 N/NL
S 460 NH/NLH
S 460 M/ML S 460 NH/NLH 1,0

S 460 Q/QL/QL1

S 460 MH/MLH
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T-FORBINDELSER :

Forstevalg : Kilsveis,
(se sveis nr. 502 pa side 6)

Andrevalg : Delvis innbrenning dersom A-malet overstiger
10mm. (se sveis nr. 422 pa side 6)

Tredjevalg : Fuger med full gjennombrenning.
a. Platetykkelse < 17,9 mm = %2 V-fuge
(se sveis nr. 312/313 pa side 6)
b. Platetykkelse > 18 mm = K-fuge
(se sveis nr. 412 pa side 6)



Fillet weld (kilsveis)

THROAI REINFORC 10
THICKNESS /
‘ .
EFFECTIVE \ LEG LENGTH
THROAT /

e e

D HEAT AFFECTED |
ZONEHAZ)  ROOT  LEG LENGTH DEPTH OF PENETRATION

Throat thichness = a-mal (NO)



) U

T -joint Lap joint Corner joint







WELD NUMBERING

vetcoaibel
THE FOLLOWWG NUMBERSYSTEM IS LSED ON TROLL-A PRECOMPRESSION PROJECT

INSPECTION CATEGORES

(ROSS & T-JOINT WELD,
PART PENETRATION AND |300-399) 700-79%]870-899] 998
FILLETWELD ‘

A 8 C 0 E L U e
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CROSS ¢ T-8UTT Wil
L PEALTEATENELD, (20099 ] cao-em9{020-069] 997 | w99 M -
999
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mnmunma&smmwmmtm
THE NUMBERING STARTS OVER AGAN ON EACH DRAWNG
MMSIMMUMMMBWRWNMWRS'MA

MAN WELDS SHALL BE IDENTIFIED ON THE DRAWING WITH “Mw™

WELDS THAT ARE PERFORMED DURNG MOUNTING OF SECTIONS SHALL BZ IDENTIFIED
ON THE DRAWING WITH "M~

THROAT THIXNESS
#.mzma —_ / MOUNTING WELD
W0 \ M/ /mm
6
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Eurokode 3: Prosjektering av stalkonstruksjoner
Del 1-8: Knutepunkter og forbindelser

Eurocode 3: Design of steel structures
Part 1-8: Design of joints
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I figurene exr vist en bjelke av profil HE 300A festet til en stiv vegq ved bruk
av en plate med tykkelse t = 30 mm og seks bolter M20 av fasthetsklasse 8.8.
Profilet er sveist til platen med dobbeltsidig kilsveis bade langs flensene og
steget. Det effektive rotmidl for sveisene langs flensene er a,¢y = 5 mm 0g langs

steget a = 3 mm.

Materialet i bjelken og platen er av stdlfasthetsklasse med fy = 225 N/mn?

og f, = 400 N/mm?.

Bjelken er belastet med skjerkraft og bgyningsmoment med retninger som vist 1
figuren. I bruddgrensetilstanden er stgrrelsen av kreftene i innspenningen:
skjerkraft V = 250 kN, bg¢yningsmoment M = 250 KNm.

Kontroller om alle deler av forbindelsen, inkludert bjelken, har tilstrekkelig
kapasitet.

Oom noen del av forbindelsen har for liten kapasitet, endres utfgrelsen slik at
fornyet beregning viser at kapasiteten er tilstrekkelligq. Endr;ng kap 1kke
foretas av bjelkeprofil eller av stdlfasthetsklasse for materialet i bjelken og

platen.

Boltene regnes som avskjeringsforbindelse.

Det benyttes materialfaktor y, = 1.1.
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Eurokode 3: Prosjektering av stalkonstruksjoner
Del 1-8: Knutepunkter og forbindelser

Eurocode 3: Design of steel structures
Part 1-8: Design of joints
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Strekkkapasitet pr. bolt:

m2= 11 kpi= 09 fupi= 800MPa  Ag := 245-mm”

= . Ko- fub-As ,
t.Rd - ~M2 Fit Rq = 160.364 I(N:

Kapasitet ma gkes. 1



Kombinert avskjaering og
strekk

= =
v.Ed + t Ed <10

Fora 14Fips




Fi Eq = 341.7-KN

FyeEd = 41.7kN
ko-fup-A
FiRg = 2-lub-Mg
M2

Fvrd =

-

-

(”u fub-Askrue ]

FvEd
FvRrd

T2

i

Ft Ed
1.4F; pyg

|

ko =09

fup = 1000-MPa
2

Ag = 459.mm-

vz = 1.1

Fit pd = 375.545kN
oy, = 0.6

2
Agkrue = 3‘53 'mm_

FyRd = 192.545kN

UF = 0.866



UF = 0.816



Punching

Gjennomlokking Bp ra = 06 mdmitpfu/ me

d, er middelverdien av avstanden mellom hjgrner (e) og avstanden mellom de rette sideflatene
(nokkelvidden s) av skruehodet eller mutteren, der den minste av de to middelverdiene (for
henholdsvis skruehode og mutter) benyttes;

t, er underlagsplatens tykkelse (under skruen eller mutteren);

Bpra er skruehodets eller mutterens dimensjonerende kapasitet mot gjennomlokking;

——————————————

.................



Eurokode 3: Prosjektering av stalkonstruksjoner
Del 1-8: Knutepunkter og forbindelser

Eurocode 3: Design of steel structures
Part 1-8: Design of joints
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Figur 4.3 — Effektivt halsmal a for en kilsveis

A

Figur 4.4 — Effektivt halsmal a for en kilsveis med dyp innsmelting
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Tebell 4.1 — Korreleajormfaktor £, for kilsvals

Standard og stiisort
Korrelasjonsfaktor S,
NS-EN 10025 NS-EN 10210 NS-EN 10218
S$2%
S235H S2¥%H 08
8235w
s2rs 873 s 273 an -
8275 ML oo o 8 275 MHMLH
8;:6:101 S¥M3H ks
8 355 ML B 355 NHNLH ::::HMLH 0.9
S3ow
S 420 N/NL
8420 £ 420 MHMWLH 1.0
::::m S 460 NHNLH SRR s 1.0
8 480 MHMLH '
S 480 QQLOL1




Spenninger pa flenssveis:
FEc:i.Flerus
Nyinkelrettpaa = F
Y %maal
Nyinkelrettpas = 271.61 ‘MPa

nvinkelrettpaa
Ovinkelrettpaa =
/2

ovinkelrenpaa = 177.915MP3

nvinltelrettpaa
Tvinkelrettpaa =
32

Tyinkelrettpaa = 177.915-MPa



(5) Ved fastsettelse sveisens kapasitet ses det bort fra normalspenningen oy parallelt med aksen.

(6) Dimensjonerende kapasitet for en kilsveis er lilfredsstillende hvis begge folgende betingelser er
oppfylt:

[0+ 3 (1 + 1)) s 1,/ (Ba 32). 09 015 0.9,/ Jir (4.1)
der
f, er nominell strekkfasthet i den svakeste delen i forbindelsen;

B er en korrelasjonsfaklor fra tabell 4.1.

(7) Sveiser mellom deler med ulike stdlsorter bor dimensjoneres pa grunnlag av egenskapene til godset
mead den laveste fastheten.



Forenklet metode: ;

2
O sveis - \/ O vinkelrettpaa + 3"'vinkelrettpaa

ORd == — )
R g~ By = 0.8

0.9-f,

O normaltpaa.Rd =
Ym2

O normaltpaa.Rd = 288-MPa

O vinkelrettpaa = 177.915-MPa
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Cantilevered beam welded to stiff wall

A cantilevered beam with USP200 profile is fixed to a stiff wall by a con-
tinuous weld along the entire cross section. The actions act through the
centre of area of the cross section. The steel is S355.

Sveis
—
y
Ml
| V
—t’




a) Necessary throat thickness?
The action effects at the fixed end are:

V, = 10kN

The design throat area is approximately:

St
15
[@lays

2] o




Total area:

A= ((70 +80) -2 + 175+ 200) - a = 675 a

Centre of area:

(70 - 35+ -80 - 40) - 2 + 175 - 70 + 200 - 80

=59 mm

UNA =

675



Second moment of area:

703
I, = (“ +a-70-(59 — 35)2) .9

) 12

1 - 807
+ (“ T -I—a-80-(59—40)2) .2

+175-a- (70 = 59)* + 200 - a - (80 — 59)* = 390 - 10° a




The stresses acting on the design throat section are:

y_ N _80-10° 119

TAT 650 a
v, V, 10-10° 333

T — —_—
|

A, (7T04+80)-2a «a
v M, 10105 1513




The stresses actine on the throat section are:
)

ny 119 + 1513 1154

T I f— \/§ »
33.3

= /
A7




These stresses are mserted into the interaction formula:

Ju

,.*3w M2

\/G_QL +3(7f + 777) <



7 1s small and may be neglected such that:

1154\ ° /1154\° 510
—I_ '3 * S
a a 0.9-1.3




The equation may be rewritten as:

5 . 1154 _ 436

(1

The throat thickness is then given by:

1154

a= 2

= H.3mm — choose|a = 6mm

436
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Skjzersenter - Hovedpunkter

Utkragerbjelken pa figuren til hoyre er utsatt
for en punktlast P ytterst.

Det viser seg at lasten P ma angripe et
spesielt punkt i tverrsnittet, nemlig
punktet S, skjersenteret, hvis bjelken skal
boeye seg uten samtidig a vris (fa torsjon)
om lengdeaksen x.

Angriper lasten P 1 punktet S, blir det altsa
kun skjerkraft (V = P) og vanlig S|C
boyemoment (kalt My 1 figuren t.h.), ikke noe M,
torsjonsmoment. | VP




Hvordan finne hvor skjersenteret er?

Dobbeltsymmetriske tverrsnitt Enkeltsymmetriske tverrsnitt  Usvmmetrisk
Skjaersenteret S ma ligge 1 Skjersenteret ma ligge pa den tverrsnitt
arealsenteret C. ene symmetriaksen vi har, dvs. lly
y y-aksen 1 tilfellet under.
) b 4 {i
L U ] '
" C.S I8 U
\P : NP I %
’ P
]
Det er komplisert a
— — tfinne skjaersenteret S

Vi kommer tilbake til hvor pa
symmetrisaksen S ligger.

tor slike tverrsnitt, og







For tynnveggede tverrsnitt vil skjerspenningene vil ha samme retning som tverrsnittsdelene.

Skjersenteret S ma vere plassert slik at det totale torsjonsmomentet om S fra alle
skjerspenningene blir lik null.

V1 har sett 1 eksempler at t varierer !
parabelformet (altsa som en 2.gradsfunksjon) gﬂﬂ% »
over tverrsnittsdeler som har lengderetning
parallelt med V. (Dette ser vi ogsa av a sette
opp uttrykk for S som funksjon av y.) T vil
altsa variere parabelformet pa steget i et typisk
staltverrsnitt (som pa figuren til hoyre) — og
variere /inecert pa flensene.




V1 skal na se mer pa hvordan vi finner
skjzersenteret for tvnnveggede. enkeltsvmmetriske tverrsnitt (kap. 6.9 i Gere/Goodno).

Metode:
1) Beregn skjerspenningene som oppstar ved boyning om symmetriaksen,
vha. formelen |7 = F e
I-t

(Statisk moment S skrives Q 1 Gere/Goodno.)
2) Beregn hvor resultanten (V) av disse skj@rspenningene ligger.
3) Skjersenteret S ligger pa angrepslinjen til resultanten av skjerspenningene.

Kanal-tverrsnitt

|y
- m y 1y
| L) Iwmmlﬂmm Fi
— e oy T | R U
Iy ._ir T h %% { ‘; ‘
] | 2 | 1 |
s |
—h . 4 =] s T
. g Ei '- v e L
—l—-o—— S ] Re————— SR

T | L TR

(a) (b) ©) (d)




Symmetri = S er pa z-aksen.

_V-§
It
2) Av dette kan vi beregne F; og F,. men uten a regne forstar vi uansett at F, =V

Derfor er det egentlig ikke nodvendig a beregne 1, 0g Tyax hvis vi bare er ute etter a

lokalisere skjaersenteret.
De to kreftene F, og kraften F, danner til sammen en resultant lik V.

1) Spenningene T;. T, 0g Tmax beregnes vha. formelen |7

b’h’t .
e =
3)F,-h-F,-e=0=> 41,
Arealmomentet I, er oppgitt 1 likning (6-62) s. 499 1 Gere/Goodno. For ovrig pleier det

a veere oppgitt 1 profiltabeller (tverrsnittstabeller).
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Buckling

(www.eqclearinghouse.org/2011-03-11-sendai/2011/08/03/eeri-steel-structures-reconnaissance-group/dsc_0399/)
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(www.students.uwosh.edu/~piehld88/ndcweb/ndcprojl.htm)

@ NTNU



(http://en.wikipedia.org/wiki/Sun_kink) (www.startribune.com/blogs/125895788.html)
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Stabilitetsfenomener

| ||
J ’Y} !
Knekking Torsjonsknekkin Vipping
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Eulerstaven

N X El N
S |
ZW
Y =0
Diff. lignins:; W™ oy W
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N - 7 El
Eulerlast: cr I

Forutsetninger: O Rett stav uten formfeil

@ Ledd i begge ender

@ Linezert elastisk materiale (Hooks lov)
@ Sentrisk last

® Sma forskyvninger

® Konstant tverrsnitt (E])
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Table 6.1: Imperfection factors for buckling curves

EN 1993-1-1: 2005 (E)

Buckling curve ay a b C d
Imperfection factor o 0,13 0,21 0.34 0,49 0,76
1.0 1
09+ 8o
N }bk\\
N\
g 00 :\\\V
=
5 ANANNN
g \\\Q$
o
§ 0.4+ \\\
0.3 \§%ﬁ
024+ H\H‘
0.1+
0,0 - - - . i - ; i
0.0 02 0.4 0.6 0.8 1.0 T 1.4 1.6 8 2.0 2.2 24 26 2.8 3.0

Non-dimensional slendernsss i

Figure 6.4: Buckling curves
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6.3.1 Uniform members in compression

6.3.1.1 Buckling resistance

(1) A compression member should be verified against buckling as follows:

N
Bd_<10 (6.46)
N

b.Rd
where Ngy 1s the design value of the compression force:

Nyra 1s the design buckling resistance of the compression member.

(2) For members with non-symmetric Class 4 sections allowance should be made for the additional

moment AMg4 due to the eccentricity of the centroidal axis of the effective section, see also 6.2.2.5(4), and
the interaction should be carried out to 6.3.4 or 6.3.3.

®@NTNU



EN 1993-1-1: 2005 (E)

(3)  The design buckling resistance of a compression member should be taken as:

Af,
N,z = oty for Class 1. 2 and 3 cross-sections (6.47)
Y M1
A f
spg = xyﬁ for Class 4 cross-sections (6.48)
Ml

where 7y is the reduction factor for the relevant buckling mode.
NOTE For determining the buckling resistance of members with tapered sections along the member
or for non-uniform distribution of the compression force second order analysis according to 5.3.4(2)

may be performed. For out-of-plane buckling see also 6.3.4.

(4) Indetermuning A and A holes for fasteners at the column ends need not to be taken into account.

®@NTNU



6.3.1.2 Buckling curves

(1) For axial compression in members the value of y for the appropriate non-dimensional slenderness A
should be determined from the relevant buckling curve according to:

1
¥ = ———— but =10 (6.49)
O+VD -

where © = {]jb * ﬂ'(; B D=2)+ E:J

—  |Af, |
A= \lﬂ_ for Class 1. 2 and 3 cross-sections
| I
|
A 1. _
L= _| - for Class 4 cross-sections
\l N-::r
o 15 an imperfection factor

N, 18 the elastic critical force for the relevant buckling mode based on the gross cross sectional
properties.

(2)  The imperfection factor o corresponding to the appropriate buckling curve should be obtamed from
Table 6.1 and Table 6.2.
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Table 6.2: Selection of buckling curve for a cross-section

Bnci:]jn; curve

Buckling [ 5233
Crass section Limits abouat 5275
amiz 5335 S
5 410
=] tr= 40 mm 1;:1:; 3 :
n L3
k r— b
E 4 40 mm < ;< 100 :; ¥ i :
%
o T
= | G100 mm Bre 4 .
e = g
= _
A > 100mm vy A £
Z-Z d C
¥-F B
w3 e bl Z-Z c C
= f
R
E " V=¥ 4 C
Eilmm Z-Z d d
. hot finizhed any a -1
:
=]
R
o cald formad any c G
genarally (emcapt as
= 4 any i b
E p below) -
=3
E § thick wealds: a > 0,58
= bite< 30 any C E
Wit =30
LR
Pl @ Ay C C
|
B E
d
=
o any b b
o
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Tabell 6.1 - Basistilfeller for

stavknekking

N N il
l " ,gl BNSSVSU O
\ L 'Hi 1:_ l\\
S S el O N (O (P B L
/ /
i 7 |7
: —— e R —F
Knekkings— _ L _ kL _ _
betingelse coskL= 0 sinkL =0 tokL 1 coskL =1
Laveste b
egenverdi kL=> kL =7 kL= 4.493 kL = 2m
Knekklengde Lk =20L Lk = L l..k“'= 0.71L Lk =051L

Knekklengden L, for en stav eller et stavsystem er definert slik at Eulerlasten
for en leddlagret stav med lengde L, er 1ik Eulerlasten Np for den gitte stav.

®@NTNU




T
STt rtrrrrg
Ti_ r_E.w. 4 | .|_|_|_ |Im-|_ |_ m
e N
_ | | | e
T8 1 1 |
= i
L RN
f

@ NTNU



(www.laufsed.com/teaching_engineering.html)
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N, =7,

N.~at

5 ~\% ..',?.".'.3:\' =
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TBYG3018 Design of Ocean Space Structures

Module 3 — Introduction to design of steel structures
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Classification of beam sections
NS-EN 1993-1-1 Clause 5.5

Class 1:

Class 2:

Class 3:

Class 4:

Can form a plastic hinge with the rotation capacity required from
plastic analysis without reduction of the resistance.

Can develop their plastic moment resistance, but have limited
rotation capacity because of local buckling..

Can reach the yield strength in the extreme compression fibre, but
local buckling is liable to prevent the development of the plastic
moment resistance.

Local buckling will occur before the attainment of the yield stress in
one or more parts of the cross-section.




Classification of beam sections
NS-EN 1993-1-1 Clause 5.5

Class 1 - high
rotation capacity
My bt N ———-
My ool N s s s Class 2 — limited

rotation capacity

Class 3 — local buckling prevents
attainment of full plastic moment

Applied moment, M

Class 4 — local buckling prevents
attainment of yield moment

Rotation, @




6.1.4.2 Classification

(1) Four classes of cross-sections are defined, as follows:

- Class 1 cross-sections are those that can form a plastic hinge with the rotation capacity required for
plastic analysis without reduction of the resistance.

NOTE Further information on class 1 cross-sections is given in Annex G.

- (Class 2 cross-sections are those that can develop their plastic moment resistance, but have limited rotation
capacity because of local buckling.




EN 1999-1-1:2007 (E)

- Class 3 cross-sections are those in which the calculated stress in the extreme compression fibre of the
aluminium member can reach its proof strength, but local buckling is liable to prevent development of the
full plastic moment resistance.

- Class 4 cross-sections are those in which local buckling will occur before the attainment of proof stress in
one or more parts of the cross-section.




Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression

parts

Internal compression parts

_ ‘_{C - - TIC - ¢ - _ __  Axisof
bending
L] tfed t-{f- t
—
t
C *I C *J
g ] 't e Axis of
C C C 4
— bending
Class e PN Part subject to bending and compression
bendmg COmpression
f f f
Stress — — —
distribution # ¥ + | |oe
n parts c c ¢
(compression - R
positive) E— —=] —
1Y fY 17
3
whena >0.5: ¢/t < 1;9681
1 c/t< 72 c/t<33¢ %6(1_
36
wheno €0.5: ¢/t£—
o
456
whena >0.5: ¢/t < T rl
2 c/t<83¢ c/t<38¢ =
41.5¢
when @ €0.5: ¢/t<
o
f
Stress f ,
distribution ¥
In parts - c c
(compression _ /
sitive !
PO ) f, y iy
42
whenwy >—1: ¢/t < —
3 c/t<124e c/t<42e 0.67+0.33y
wheny <-17: ¢/t < 62e(1— 1|r)J(-—qr)
£ = ,"\3; f f, 235 275 355 420 460
CoNTTT Oy £ 1,00 0,92 0,81 0,75 0,71

*) w < -1 applies where either the compression stress ¢ < f, or the tensile stramn €, > f/E




Table 5.2 (sheet 2 of 3): Maximum width-to-thickness ratios for compression

parts

Outstand flanges

-C. C.. G .
':?t t :%t — t -
e .
Rolled sections Welded sections
Class Part subject to compression — Part suby e::t fo bending and CosnpTeSeron
Tip i compression Tip in tension
Stress ac oC
distribution ; ;
m parts I e o o
(compression | | |~—-| T : i) Ij
positive) 2 P & € 7
%¢ 9¢
1 c/t<9e c/lts— e/t —
o o o
10e 10z
2 c/t=10¢ e elfs—=
L Ol Ot
Stress 1 P
dl?ﬁjﬂsm Z_"_— R D o w
- 1 c 2 '
(compression L |——'| o C . s __H
positive) -
t < 21g,/k
3 c/t<l4e © N¥a
For k, see EN 1993-1-5
S 22 235 275 355 420 460
g=./235 f‘,
v : £ 1,00 0,92 0,81 0.75 0,71




Table 5.2 (sheet 3 of 3): Maximum width-to-thickness ratios for compression

parts

Refer also to

Angles
h

| |
I # |
t Does not apply to angles in
“Outstand flanges” b contmuous contact with other
(see sheet 2 of 3) components

Class Section in compression
Stress
distribution f
across ——————
section W
(compression U
positive)
b+l
3 h/t<15¢: —— <11.5¢
2t
Tubular sections
@ °'
Class Section 1 bending and/or compression
1 d/t<50¢>
2 d/t<70g’
. d/t<90e?
] NOTE For d/t > 90g” see EN 1993-1-6.
£, 235 275 355 420 460
£=,/235/1, £ 1,00 0,92 0.81 0,75 0,71
£ 1,00 0,85 0,66 0,56 0,51
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Von Mises yield criterion

e Von Mises yield criterion is commonly used to establish the
elastic resistance of metallic structures. For a two-dimensional
stress state it may be written as:

f'
2 2 T S
\/O'x + 0y — 0x0y + 3:xy = f4 = —
MO
or in principal stresses:
2 2 fy
/MQ

e The material factor vyo is taken as

1.05 for buildings (Ns-EN 1993-1-1 NA 6.1)
1.10 for bridges (Ns-EN 1993-2 NA6.1)
1.15 for offshore structures (NOrRsOK N-004 6.1)




Von Mises yield criterion

e Von Mises yield criterion is commonly used to establish the
elastic resistance of metallic structures. For a two-dimensional
stress state it may be written as:

f'
2 2 T S
\/O'x + 0y — 0x0y + 3:xy = f4 = —
MO
or in principal stresses:
2 2 fy
/MQ

e The material factor vyo is taken as

1.05 for buildings (Ns-EN 1993-1-1 NA 6.1)
1.10 for bridges (Ns-EN 1993-2 NA6.1)
1.15 for offshore structures (NOrRsOK N-004 6.1)




Yielding under biaxial stresses

[ ] Uniaxial tension

'

7 \ Dy1re ~ T
@, Pure shear

)
|

=
o
- |- &I
O
Uniaxial Ela 1.0

compression | ' T |

Principal stress E

8

=

Maximum distortion-energy
criterion
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Moment-curvature relationships for steel beams

d w ‘
|
(D Elastic Q) First Q@ Elastic- (@) Fully () Strain-
yield pldb[l(. plastic hardened

(c) Stress distributions

M T Rigid plastic assmnptionﬁ/




Lower-bound theorem
A chosen (assumed) distribution of stresses in a structure which

satisfies equilibrium between internal and external forces and
nowhere exceeds the plastic resistance, results in a resistance less or

equal to the correct value.




Basis of section classification

e Some parts are outstand:
- Flanges of | beams

- Legs of angles and tees
- Flange part of welded sections

e Some parts are internal:
- Webs of | beams
- Walls of hollow sections
- Flange part/web of welded box sections

Internal Qutstand

” _Outstand

Rolled section Hollow section Welded box section

Internal

Outstand Qustand Internal Outstand Infernal
Oustand l]é D - nterna




Section classification

Element
C C
S =2l Class 1 Class 2 Class 3
o [ ]
Flange c/t; < 9¢ c/t; < 10¢ c/t; < 14¢

Web subject to

bending dty <72¢ | dit, <83 | dit, <124

Web subject to

compression d/ty, < 33¢ | di, =38 /ity < 42¢




Evolution of the direct stress distribution

!1§%5

(b) (c) (d) (e)

Elastic First Elastic Fully Strain
po. yield plastic plastic hardening
distribution Stress distribution at several stages of loading
MeI,Rd
Class 3 (full section)
Class 4 (effective section for bending) M, g

Class 1 or 2 .l




Residual stresses

e Due to differential cooling during hot-rolling or welding.
e Above distribution is typical for a hot-rolled section.

o Peak residual stresses are larger (approaching f,) for welded
sections.




Effect of residual stresses

T
Y YYVYVYY
"
o
=
|

+ ]
— i

N/A oy <f

0, reaching f,

e Cause early yielding when combined with axial stresses.

e Reduces the flexural stiffness.




ldealised stress-strain behaviour

Stress A Up/per yield stress
Ju
,p/
h [ T Strain-hardening £,

/A+
Plastic Tensile rupture

\ Elastic £

&y Est Strain

Not to scale
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Moment resistance

The design value of the bending moment Mg, at each cross-section

shall satisfy
Mp/.Rd = M Class 1 and 2
/MO
Meg < Mcgd = Mej.ra = W'T"’Ofy Class 3
M, rg = Wef—"""ﬁ’ Class 4

/MO
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TABELL 4.1 SYSTEMDEFINISJON AV ELASTISK INNSPENTE STAVER

Basissystemer:

! k L} L
Dimensjonslgse parametre: 8 |l_" = ‘T

ol

(For k, og v: Indeks a og b indikerer stavenden)

wEI, ®El,

Elastisk knekklast (Eulerlast): N,
(BL)
M M M P
Ely. Ly L [ e ;
3El, 6EI, 3EI,
ky = —— by & — " ,'
Ly Ly L
— —
M M M
i Y : Ly | -
_2E 4El Gl
k T ky = = k = T
8 ® 1 b

TABELL 4.2 STAVSYSTEM I OG Il

P i g i iyt aieil

TABELL 43 STAVSYSTEM II

-

U

@ NTNU



mEI, TwEI
L, L)

Elastisk knekklast (Eulerlast): N =
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M M M P
Ely, Ly, T J
e ?—\; Q— 2 |
3EI, 6EI, 3EL
ky = — k= —— = —s
b L, Ly
M M M T
| i Y |H
(= AN = 2 |1 S
1 k, = 4EI b = GI,
; L, L, ¢ L,
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Dimensjonslgse parametre: § = = A

(For k, og v: Indeks a og b indikerer stavenden)
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o=

Y
A ¢ sl | 2N b
L =L
- 6
(S 2
L L
L | v
A 7 7l









Lo
L
J

N 2T
- - :e
CL -I‘/'; = rb
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2¢l
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k2 |
e
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Tabell 6.1 - Basistilfeller for stavknekking
N N N N
l //l — l —A 11—-}6\1—1}‘ m,\m' —F
/ — |\
lzl L K ’} N L
: L |
L4 E /
Sy —— '«'«QL\\'& — T
Knekkings— _ L = kL _ =
betirigelse coskL=0 sink L takL 1 coskL =1
Laveste 7 B
egenverdi kL =5 kL = kL= 4.493 kL = 27
Knekklengde Ly=20L Lk = Lk% 0.7L L, =05L
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Lecture notes
TKT 4230 Steel structures 2

Buckling load for common plates

Ole Andre @iseth

Department of Structural Engineering
Faculty of Engineering Science and Technology
Norwegian University of Science and Technology

Normal stresses

Simply supported plate with uniform stress in x direction

Ny

~

y
zZw

25.08.2012



Normal stresses

* The buckling factor

Snitt

a=3b

a) Knekkform for plate med a=3b under konstant aksialkraft
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Normal stresses
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Normal stresses
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Normal stresses

2 2 Ko

= t 10}

o = 2 o =k .o met 2 3 4 s
e IZ(I—VZ)(bJ cr o Oe R

a=24

Normal stresses

o _”27'5(3)2 o =k ‘o
fo2(i-vip) T

a=2.5




Normal stresses

o _L(LT
e_12(1—‘/2) b)’

a=10

Normal stresses

e Simply supported plate with linear stress distribution

-Np

Np

Np

10
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Normal stresses
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a=0.7

Normal stresses
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a=145
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Normal stresses

O, —L(Ejz
e_12(1_V2) b/

a=2

N

Nb

14
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Normal stresses

o —7”2E (3)2 o, =k, .o
©o2(i-vip)
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Normal stresses

o, —7”2E (EJZ o, =k -o
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a=2
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Normal stresses

o —7”2E (3)2 o, =k, .o
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Normal stresses
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Normal stresses
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Normal stresses

*  Summary
— The asymptotes are used in design
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Shear

e Simply supported plate subjected to uniform shear

T l,r b
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Shear
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Shear
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Shear
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Shear
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© Figure1 ] ]
Lateral torsional buckling of an open section steel beam
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LTB sensitive beams

L]

Low flexural stiffness about minor axis (El;).

Low torsional stiffness (G/t).

Low warping stiffness (El,).

High point of load application.

Long unrestrained spans.
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Influence of cross section

e Lateral torsional buckling is only possible in major axis
bending.

e |f the flexural stiffness is high enough about the weak axis or if
the stiffness is equal about both axes, LTB will not occur.

e The figure show sections that are safe with regard to lateral
torsional buckling.

| L

®@NTNU




TPITE STIISILIVILY O 5CCLIOIS

(1) Warping free sections

O
O

(2) Sem1 warping free sections

%

i

e

(3) Warping sections

o
| =

E\_\_\_\_‘L\_\_\E




Influence of point of load application

e |f a low point of load application is used the load helps to
stabilise the beam.

e A high point of load application contributes to twisting
moments and makes the beam less stable.







Section slenderness

The elastic critical moment M, is used as basis for determining the
slenderness (similar to the Euler load for flexural buckling).

Load &

A
squash

Moment

Slenderness
pl

Slenderness
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3-factor formula

Expands the reference case to be valid for single-symmetric cross sections
with arbitrary moment distributions by introducing correction factors Cy,
Cg and C3.

7y El,GI,

L

M =l

where relative non-dimensional critical moment g,.,. 1s

L ,
I =k_'[\/l+ic§,[ +(Cy6, —C3§j)2 —(C24, —C3§‘j)} ’
Z

r |El
ko L\ GI,

non-dimensional torsion parameter i1s Ky =

®@NTNU



Factors that decrease the capacity of real beams

Non-linear material response (gradual plastification).

Initial out-of-straightness.
Residual stresses from manufacturing.

Local buckling of beam sections in class 4.

e Piercings, asymmetry and defects.
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Factors that decrease the capacity of real beams

Beam without imperfections, linear elastic at large deformations
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Reference case (NS-EN 1999-1-1 Annex )

The elastic critical moment of a beam of uniform symmetrical cross
section with equal flanges, under standard conditions of restraint at each
end, subject to uniform moment in plane going through the shear centre

is given by:
y _7El, |L*GI, A _ m[E1,GI, | TEL,
T2 \2E, I, L L>Gl,
where:
_E
2(1+v)

I; 1s the torsion constant

I, 1s the warping constant

I, is the second moment of area about the minor axis

L is the length of the beam between points that have lateral restraint
v 1s the Poisson ratio

®@NTNU



Correction factors

k, is related to restraint against lateral bending.

k, is related to restraint against warping.

(g is related to point of load application.

¢ is related to section symmetry.

C; account for the shape of the moment diagram.

(, account for the point of load application.

(3 account for the asymmetry about the y-axis.
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What is lateral torsional buckling?

e LTB may occur in an unrestrained beam, i.e when its
compression flange is free to displace laterally and rotate.

e The compression flange tries to buckle laterally, whereas the
tension flange tries to keep the member straight.

e This causes both lateral displacement and twisting of the
member, i.e. lateral torsional buckling.

Lateral load
rom compression

Lateral load
from tension

®@NTNU




-

e Location of the applied load: load applied above the shear
centre destabilises the beam; load applied below the shear

centre has a stabilising effect on the beam.

e End support conditions: more restraint than fork support
increases the resistance, less restraint has the opposite effect.

e Shape of the moment diagram: uniform bending moment
distribution result in the smallest resistance.

F

uﬁ',_: ——
"I sh sh
ear ear
f centre centre*
ZQ
——— —

=

Positive values Negative values
of z. of Z,




A fork support have the following boundary conditions:

- Translation in x, y, and z (fixed)

Rotation about x-axis (fixed)

Rotation about y-axis (free)

Rotation about z-axis (free)

Warping (free)

//
-

Stiffener

When considering ordinary beams on two supports, translation in y- and

-~
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TABELL 4.1 SYSTEMDEFINISJON AV ELASTISK INNSPENTE STAVER

Basissystemer:

! k L} L
Dimensjonslgse parametre: 8 |l_" = ‘T

ol

(For k, og v: Indeks a og b indikerer stavenden)

wEI, ®El,

Elastisk knekklast (Eulerlast): N,
(BL)
M M M P
Ely. Ly L [ e ;
3El, 6EI, 3EI,
ky = —— by & — " ,'
Ly Ly L
— —
M M M
i Y : Ly | -
_2E 4El Gl
k T ky = = k = T
8 ® 1 b

TABELL 4.2 STAVSYSTEM I OG Il

P i g i iyt aieil

TABELL 43 STAVSYSTEM II

-
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mEI, TwEI
L, L)

Elastisk knekklast (Eulerlast): N =
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M M M P
Ely, Ly, T J
e ?—\; Q— 2 |
3EI, 6EI, 3EL
ky = — k= —— = —s
b L, Ly
M M M T
| i Y |H
(= AN = 2 |1 S
1 k, = 4EI b = GI,
; L, L, ¢ L,
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Dimensjonslgse parametre: § = = A

(For k, og v: Indeks a og b indikerer stavenden)
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Tabell 6.1 - Basistilfeller for stavknekking
N N N N
l //l — l —A 11—-}6\1—1}‘ m,\m' —F
/ — |\
lzl L K ’} N L
: L |
L4 E /
Sy —— '«'«QL\\'& — T
Knekkings— _ L = kL _ =
betirigelse coskL=0 sink L takL 1 coskL =1
Laveste 7 B
egenverdi kL =5 kL = kL= 4.493 kL = 27
Knekklengde Ly=20L Lk = Lk% 0.7L L, =05L
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NOTE 2 In case the conditions of application expressed in (1) and (2) are not fulfilled, see 6.3.4.

(3) For members of structural systems the resistance check may be carried out on the basis of the
individual single span members regarded as cut out of the system. Second order effects of the sway system
(P-A-effects) have to be taken into account, either by the end moments of the member or by means of
appropriate buckling lengths respectively, see 5.2.2(3)c) and 5.2.2(8).

(4) Members which are subjected to combined bending and axial compression should satisfy:

Nes My + AM, +k Mopa + AM, g, <1 (6.61)
Xy Ny ” - M, = M, g

Y M Ymi Y
New Ly Mﬂ”+NMﬂd+k Nhﬁ+AMﬂ“gl (6.62)
%z Npy = ix My,R.k “ Mz,Rk

Y Ymi Y1
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Figur 1 viser en portalramme belastet med to punktlaster samt momentdiagrammet
som fremkommer ved en flyteleddsberegning. Med utgangspunkt 1 denne beregningen
velger man 4 dimensjonere s¢ylen iht beregningsmodellen i fig. 2. Ved bgpyning

om sterk akse, benyttes systemet i fig. 2a, mens bgyning om svak akse utfgres
iht systemet i fig. 2b. (Merk at det er innfg¢rt en ekstra avstivning for bgyning
om svak akse.)

Bestem den maksimale last P, systemet kan bazre.

Materiale: fy = 240 MPa

Y. = 1.0
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where Ngg, Mygs and M, g4 are the design values of the compression force and the maximum moments
about the y-y and z-z axis along the member, respectively

AM, g4, AM, g4 are the moments due to the shift of the centroidal axis according to 6.2.9.3 for
class 4 sections, see Table 6.7,

%y and y, are the reduction factors due to flexural buckling from 6.3.1

YLT is the reduction factor due to lateral torsional buckling from 6.3.2

Kyvs oy Kooy Koz are the interaction factors
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Annex A [informative] — Method 1: Interaction factors k; for interaction formula

in 6.3.3(4)

Table A.1: Interaction factors k; (6.3.3(4))

Design assumptions
Interaction factors elastic cross-sectional properties plastic cross-sectional properties
class 3, class 4 class 1, class 2
}J'\' u)r ]
C C  .——— G
kyy my — mLT ~ NEd my — mLT 1_ NEd Cw
Ncr,y NCT,Y
ul
o I o e Lgg B
kyz 1— N _N_EdCyz W,
Ncr,l Ncr,z
M, M 1
Cm CmLT C C £ Ow6 -
kzy y 1— NEd my —mLT 1_ NEd Czy WZ
Ncr,y Ncr,y
M H 1
o™ ™ g
kzz Y NEd P NEd Cu
N.., Ny




Auxiliary terms:
Neg
Ncr,y
; L 1 N,
xy Ncr.y
1= NEd
NCI’.Z
’ NCI’.Z
w, =—2 <15
Wel,y
W
w, =—22 <15
We],z
n N
pl —
Nge /Yy
Cpy see Table A.2
|
a,,.=1--—L>0
I

% 5 & we '
Cﬂ' :l'|'(\/\/.v —l)[(z _ﬁc;ﬁ lmax = ]’6 Ciy ?\.rznax)npl = bLT]2 .

w W

’ ’ / ply
with b, =0,5a,; o y.Ed 2,Ed
Xir Mpl.y.Rd Mpl,z,Rd
e X,z,m w. W,
O, =1l+{w, -l 2-14 =" ln, —Cn | 20,6 | —=—5
yz ( E ) { Wi J pl LT wy Wpl‘z
—2
Ao M, 54

with ¢, . =10a, -
5+ Az Cmy %er Moy rd

e
(2 N

c, =1+(w, -1)||2-14 2= d,p |06 |22 Vay
ATy w3 Dy —0ur (=6 w—W—p,y
A M., M
with dyy =28, —2 = =
0,1+ A, Coy Xur Mpyra Coz My ra
] - - \\Y
C, =1+(w, —])[(2— o C2, Amax — L, el }npl —eLT}z =
w W W
z ] pl,z
7\'0 My.Ed

with e, =1,7a,, —
0,1 + 7\.: Crny it Mpl,y,Rd
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M A
y,Ed .
€, = for class 1, 2 and 3 cross-sections
N, VV(?Ly
My,Ed Acff .
g = for class 4 cross-sections
. N W
Ed eff,y

N..y = elastic flexural buckling force about the y-y axis
N.:., = elastic flexural buckling force about the z-z axis

N..r = elastic torsional buckling force

It = St. Venant torsional constant
I, = second moment of area about y-y axis
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Table 6.7:

Values for Ngi = fy Aj, M r¢ = fy, Wi and AM; g4

Class 1 2 3 4
A; A A A A
WY Wpl.v Wpl.v Wel.v Wef’.gx
W Wiz Wiz Wi, Weg,
AMy,Ed 0 0 0 CNy NEd
AM, k4 0 0 0 enz Ned

NOTE For members not susceptible to torsional deformation ¥+ would be 311 =1,0.
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NOTE For members not susceptible to torsional deformation y; 1 would be 1 = 1,0.

(5)  The interaction factors kyy , ky. , ks , k. depend on the method which is chosen.
NOTE 1 The interaction factors kyy, ky,, ky and k, have been derived from two alternative
approaches. Values of these factors may be obtained from Annex A (alternative method 1) or from
Annex B (alternative method 2).

NOTE 2 The National Annex may give a choice from alternative method 1 or alternative method 2.

NOTE 3 For simplicity verifications may be performed in the elastic range only.
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Table A.1 (continued)

Romax = max{&y

z

Ao = non-dimensional slendemess for lateral-torsional buckling due to uniform bending moment,
i.e.y, =1,0 in Table A.2

Art = non-dimensional slenderness for lateral-torsional buckling

L[‘XD ﬁO,Z-,ﬁCiA l—h l—h . Cmvﬁcmyn
N Ncr,‘I'F )

er,z

Cinz = Crnzp

CmLT = ],0

= N, N \/C_al.'r
fho>0.24C af| - =24 | 1——2d|. c_=C_,+l-C_ J>X—
I o>, ﬁ#( N ][ “‘,H,J my my,0 +( my.O)I_{’J;aLT

o,z

Cpp=Cl dur >1

M. .
/ Ed .
g, = 2 for class 1, 2 and 3 cross-sections
N Ed Wc'\,)
M A
 Ed 2
g, = Y <t for class 4 cross-sections
N Ed eff,y

N,y = elastic flexural buckling force about the y-y axis
Ner. = elastic flexural buckling force about the z-z axis
N1 = elastic torsional buckling force

Ir = St. Venant torsional constant

I, = second moment of area about y-y axis

®@NTNU



Xmax = max &y
Az

Ao = non-dimensional slenderness for lateral-torsional buckling due to uniform bending moment,
i.e. Yy =1,0 in Table A.2

ALt = non-dimensional slenderness for lateral-torsional buckling

- N N
If %o < 0,2,/C, 4\/[1_ = Ed II __]\.]_Ed_] : ™ Clag
or,z cr,TF
sz_CmZO
CmLT: 1,0
= N N €. a
i Lo 5 0,2JC af] T2 | 1B | CmY:Cmyoﬂ-(l—Cmvo)—\/-—_i-H—-
Ncr,z Ncr,TF ' B 1+ gy aLT
sz = mz,0
CmLT=C2 it 21

LW |



Table A.2: Equivalent uniform moment factors Cpio

Moment diagram Cio

Y — N,

Coio =079+ 0,21y, +0.36(y; —033)_

Cr.1

X

n’EL |5
M(x) C_.,=1+ _ i . N,
’ Mg )| N,

\_/ Mi g4 (X) 1 the maximum moment My g4 Or M, g4

8, is the maximum member displacement along the member
Ngqy

\/ CmiO:'l_O’18
' N

N

\/ Cio =1+0,03
’ N

cr.i

er.1
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Annex B [informative] — Method 2: Interaction factors k; for interaction
formula in 6.3.3(4)

Table B.1: Interaction factors k, for members not susceptible to torsional

deformations
Interaction Type of Design assumptions i .
factors sactions clastic cross-sectional propertics plastic cross-sectional properties
class 3, class 4 class 1, class 2
< I = N, \ ([ N \
C | 140,60y ——E— c,, |1+, —02)—2— ‘
K I-sections \ AyNpy / %N/ an )
RHS-sections { N_ ) / N \
<C, I+O.é%‘ <C,, 1‘0.3%‘
\ %y N /T L Ly Ysa )
I-sections '
Ky RHS-sections ks 06k,
" I-sections )
ka RHS-scctions 0.8 ky, 0,6k,
( ~ \ N |
(‘”| 1+ (2%, "U'(’)N—U" |
I-sections .\ Nf-. u." Yaar /
$Cu 14 14— — |
K %:Nu / fan
- ‘ : = :
‘ / e 1+ (- 02)——H—|
RHS-sections v Ti ™ '-J'w /
<C_|1+08——B—
\ LN /T

For I- and H-sections and rectangular hollow sections under axdal compression and uniaxial bending M, g,
the coefficient k,, may be ky, = 0.

Table B.2: Interaction factors k, for members susceptible to torsional

deformations
Interaction Design assumptions
factors elastic cross-sectional propertics plastic cross-sectional propertics

class 3, class 4 class 1, class 2
ke Ky, from Table B.1 i ks, from Table B.1
ky; k., from Table B.1 | Ky, from Table B. 1
0,13, N,, W

(Coar ""25} % Na /o

wls 0,05 N, | S
' [ (Car —025) %Ny

M

ko
for }_., <0DA4:

k 06+%; <1

-

0dh, Ny
(Crr —0.25) %, Ny /

T

@ NTNU



Table B.1: Interaction factors k; for members not susceptible to torsional

deformations
T _— Type of Design assumptions
ficions 3 e’gt)l s elastic cross-sectional properties plastic cross-sectional properties
' class 3. class 4 class 1. class 2
= N — N
C.|1+060, —E— C‘m‘_[l + (). y —O.2)¢]
K I-sections ’ Xy Nee /Yo ) LyNre /Y
el RHS-sections N N
.. % 6.1 1+0.6—=— L£C 1+08——H—
' Xy Nre ' Yan %y Nre /Y
i I-sections i :
Kz RHS-sections Kz 0.6k
i I-sections . 1
Kay RHS-sections 0.8 kyy 08k,
= N
C‘m(l +(2n. - 0.6)—5‘{]
. XzNee /Y
I-sections N
& [1+0.6i, L} SC“’{HH_N e J
K %LNee /Yy KzVre /Y
) <C,|1406—Nes y N
SCu{1+0,6—— c,.|1+(R.—02)——E
; KeNre M Yan g XNee /Y
RHS-sections N :
< C’m[l + O.S—Ed‘)
%zNre / Ya
For I- and H-sections and rectangular hollow sections under axial compression and uniaxial bending M, g4
the coefficient k., may be k,, = 0.
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[ k. ] k,, from Table B.1 k,, from Table B.I |

Table B.3: Equivalent uniform moment factors Cr, in Tables B.1 and B.2

Cuy and Cp; and Crir

Moment di i
oment diagram range uniform loading | concentrated load

lgy<l 0,6 +0,4v>0,4
-l<y<l 0,2+0,8c;=204 0.2+0,8x,204
D=sy<l1 0,1 -0,80,=0,4 -0.80,2>04
@, = M /M, A<y<0 | 0,1(1-y)-0,80,>04 | 02(-y)-0,8c,>04
M th 0<op<l | -1gy<l 0,95 + 0,05a;, 0,90 + 0,100z,
h
0<y<l 0,95 + 0,050, 0,90 + 0,100,
-l1<a, <0
@y, = M/ M, -l <y <0 0,95 + 0,050,(1+2w) 0,90 - 0,100,(1+2yr)

For members with sway buckling mode the equivalent uniform moment factor should be taken C,,, = 0.9 or
Chiz = 0,9 respectively.

Cuy » Cinz and Cr should be obtained according to the bending moment diagram between the relevant
braced points as follows:

moment factor  bending axis  points braced in direction

Cony y-y Z-7Z
sz Z-Z Y¥
Crit i y-y
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Annex AB [informative] — Additional design provisions

AB.1 Structural analysis taking account of material non-linearities

(1)B In case of material non-linearities the action effects in a structure may be determined by incremental
approach to the design loads to be considered for the relevant design situation.

(2)B In this incremental approach each permanent or variable action should be increased proportionally.

AB.2 Simplified provisions for the design of continuous floor beams

(1)B For continuous beams with slabs in buildings without cantilevers on which uniformly distributed loads
are dominant, it is sufficient to consider only the following load arrangements:

a) alternative spans carrying the design permanent and variable load (ys Gy + Yo Qx), other spans carrying
only the design permanent load yg Gy

b) any two adjacent spans carrying the design permanent and variable loads (yg Gy + yvq Qy), all other spans
carrying only the design permanent load yg Gy

NOTE 1 a) applies to sagging moments, b) to hogging moments.

NOTE 2 This annex is intended to be transferred to EN 1990 in a later stage.
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Classification of beam sections
NS-EN 1993-1-1 Clause 5.5

Class 1:

Class 2:

Class 3:

Class 4:

Can form a plastic hinge with the rotation capacity required from
plastic analysis without reduction of the resistance.

Can develop their plastic moment resistance, but have limited
rotation capacity because of local buckling..

Can reach the yield strength in the extreme compression fibre, but
local buckling is liable to prevent the development of the plastic
moment resistance.

Local buckling will occur before the attainment of the yield stress in
one or more parts of the cross-section.




Classification of beam sections
NS-EN 1993-1-1 Clause 5.5

Class 1 - high
rotation capacity
My bt N ———-
My ool N s s s Class 2 — limited

rotation capacity

Class 3 — local buckling prevents
attainment of full plastic moment

Applied moment, M

Class 4 — local buckling prevents
attainment of yield moment

Rotation, @




6.1.4.2 Classification

(1) Four classes of cross-sections are defined, as follows:

- Class 1 cross-sections are those that can form a plastic hinge with the rotation capacity required for
plastic analysis without reduction of the resistance.

NOTE Further information on class 1 cross-sections is given in Annex G.

- (Class 2 cross-sections are those that can develop their plastic moment resistance, but have limited rotation
capacity because of local buckling.




EN 1999-1-1:2007 (E)

- Class 3 cross-sections are those in which the calculated stress in the extreme compression fibre of the
aluminium member can reach its proof strength, but local buckling is liable to prevent development of the
full plastic moment resistance.

- Class 4 cross-sections are those in which local buckling will occur before the attainment of proof stress in
one or more parts of the cross-section.




Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression

parts

Internal compression parts

_ ‘_{C - - TIC - ¢ - _ __  Axisof
bending
L] tfed t-{f- t
—
t
C *I C *J
g ] 't e Axis of
C C C 4
— bending
Class e PN Part subject to bending and compression
bendmg COmpression
f f f
Stress — — —
distribution # ¥ + | |oe
n parts c c ¢
(compression - R
positive) E— —=] —
1Y fY 17
3
whena >0.5: ¢/t < 1;9681
1 c/t< 72 c/t<33¢ %6(1_
36
wheno €0.5: ¢/t£—
o
456
whena >0.5: ¢/t < T rl
2 c/t<83¢ c/t<38¢ =
41.5¢
when @ €0.5: ¢/t<
o
f
Stress f ,
distribution ¥
In parts - c c
(compression _ /
sitive !
PO ) f, y iy
42
whenwy >—1: ¢/t < —
3 c/t<124e c/t<42e 0.67+0.33y
wheny <-17: ¢/t < 62e(1— 1|r)J(-—qr)
£ = ,"\3; f f, 235 275 355 420 460
CoNTTT Oy £ 1,00 0,92 0,81 0,75 0,71

*) w < -1 applies where either the compression stress ¢ < f, or the tensile stramn €, > f/E




Table 5.2 (sheet 2 of 3): Maximum width-to-thickness ratios for compression

parts

Outstand flanges

-C. C.. G .
':?t t :%t — t -
e .
Rolled sections Welded sections
Class Part subject to compression — Part suby e::t fo bending and CosnpTeSeron
Tip i compression Tip in tension
Stress ac oC
distribution ; ;
m parts I e o o
(compression | | |~—-| T : i) Ij
positive) 2 P & € 7
%¢ 9¢
1 c/t<9e c/lts— e/t —
o o o
10e 10z
2 c/t=10¢ e elfs—=
L Ol Ot
Stress 1 P
dl?ﬁjﬂsm Z_"_— R D o w
- 1 c 2 '
(compression L |——'| o C . s __H
positive) -
t < 21g,/k
3 c/t<l4e © N¥a
For k, see EN 1993-1-5
S 22 235 275 355 420 460
g=./235 f‘,
v : £ 1,00 0,92 0,81 0.75 0,71




Table 5.2 (sheet 3 of 3): Maximum width-to-thickness ratios for compression

parts

Refer also to

Angles
h

| |
I # |
t Does not apply to angles in
“Outstand flanges” b contmuous contact with other
(see sheet 2 of 3) components

Class Section in compression
Stress
distribution f
across ——————
section W
(compression U
positive)
b+l
3 h/t<15¢: —— <11.5¢
2t
Tubular sections
@ °'
Class Section 1 bending and/or compression
1 d/t<50¢>
2 d/t<70g’
. d/t<90e?
] NOTE For d/t > 90g” see EN 1993-1-6.
£, 235 275 355 420 460
£=,/235/1, £ 1,00 0,92 0.81 0,75 0,71
£ 1,00 0,85 0,66 0,56 0,51
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Moment-curvature relationships for steel beams

d w ‘
|
(D Elastic Q) First Q@ Elastic- (@) Fully () Strain-
yield pldb[l(. plastic hardened

(c) Stress distributions

M T Rigid plastic assmnptionﬁ/




Lower-bound theorem
A chosen (assumed) distribution of stresses in a structure which

satisfies equilibrium between internal and external forces and
nowhere exceeds the plastic resistance, results in a resistance less or

equal to the correct value.




Basis of section classification

e Some parts are outstand:
- Flanges of | beams

- Legs of angles and tees
- Flange part of welded sections

e Some parts are internal:
- Webs of | beams
- Walls of hollow sections
- Flange part/web of welded box sections

Internal Qutstand

” _Outstand

Rolled section Hollow section Welded box section

Internal

Outstand Qustand Internal Outstand Infernal
Oustand l]é D - nterna




Section classification

Element
C C
S =2l Class 1 Class 2 Class 3
o [ ]
Flange c/t; < 9¢ c/t; < 10¢ c/t; < 14¢

Web subject to

bending dty <72¢ | dit, <83 | dit, <124

Web subject to

compression d/ty, < 33¢ | di, =38 /ity < 42¢




Evolution of the direct stress distribution

!1§%5

(b) (c) (d) (e)

Elastic First Elastic Fully Strain
po. yield plastic plastic hardening
distribution Stress distribution at several stages of loading
MeI,Rd
Class 3 (full section)
Class 4 (effective section for bending) M, g

Class 1 or 2 .l




Residual stresses

e Due to differential cooling during hot-rolling or welding.
e Above distribution is typical for a hot-rolled section.

o Peak residual stresses are larger (approaching f,) for welded
sections.




Effect of residual stresses

T
Y YYVYVYY
"
o
=
|

+ ]
— i

N/A oy <f

0, reaching f,

e Cause early yielding when combined with axial stresses.

e Reduces the flexural stiffness.




ldealised stress-strain behaviour

Stress A Up/per yield stress
Ju
,p/
h [ T Strain-hardening £,

/A+
Plastic Tensile rupture

\ Elastic £

&y Est Strain

Not to scale




fu | \
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fy A 1’
[
Fastning Innsngring |
- >
og brudd
Plastisk ’l
—1| ~—Elastisk ll
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- >
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Moment resistance

The design value of the bending moment Mg, at each cross-section

shall satisfy
Mp/.Rd = M Class 1 and 2
/MO
Meg < Mcgd = Mej.ra = W'T"’Ofy Class 3
M, rg = Wef—"""ﬁ’ Class 4

/MO




S355

- IPE 450 -
- — . PE
- | &=
o - C.r-;;s - s;Z*Ho-A. o
P * o)
L Ty RO 7 30 F*
|
A
- +




Gitt ei bru med lengde | = 12 m. Brua holdes oppe med 3 IPE 450 bjelker og
2 IPE 600 bjelker. Materialkvalitet S355 og materialkoefisient y m= 1.05.

Det antas at sveisene har tilstrekkelig kapasitet og at tverrskottene er
tilstrekkelig stive til ikke a deformeres i sitt plan nar tverrsnittet belastes. Det
er 3 meter mellom hvert tverrskott. Lasten N er en ren sentrisk last.

1), Beregn bruas elastiske kapasitet

ii). Beregn bruas plasiske kapasitet.




Jevnt fordelt last: kN

g =30-—
m
Maternal factor: “m = 1.05
_ i
Bridge length: L = 12000-mm

Det antas at dekket pa brua ikke bidrar til kapasiteten. Bjelkene er
koblet til dekket slik at de far samme defleksjon og identisk kurvatur.
Spenningene blir sterst | bjelkene med starst hayde siden tayningen
@kes lineaert med hayden.

[




B

TABELL 1.1 VARMVALSEDE IPE - BIELKER

Dimensjoner etter NS-EN 10 034
Materiale etter NS-EN 10 025

Betegnelse f.eks.: Bjelke NS-EN 10 034 IPE 200
Stdl NS-EN 10025 ....
It
Dimensjoner A y-y Z-2 It Sy Cy Hullavstand /
IPE (milimm) Masse | -10° [10% | W-107 i 1106 W-10? i -107 102 -10° | hulldiam. (i mm)
h b s t r kg/m | mm? | mm mm? mm mm* mm’ mm | mm* [ mm® | mm® [ w | w; d
80 80 46 38 | 52 5 6,00 | 0,764 | 0,801 20,0 324 0,085 3,69 10,5 7,00 11,6 | 0,118 | 26 - -
100 100 55 4,1 3.7 7 8,10 1,03 1,71 34,2 40,7 0,139 5,79 124 12,1 19,7 | 0,351 30
120 120 64 44 6.3 o 10,4 1,32 3,18 530 49,0 0,277 8,65 14,5 174 304 | 0.890 | 36
140 140 73 4,7 6,9 ? 129 1,64 541 713 574 0,445 12,3 16,5 24,5 442 1,981 40
160 160 82 50 74 9 158 2,01 8,69 109 65.8 0,683 16,7 18,4 36,2 61,9 3,959 a4 - 13
180 180 91 53 80 9 18,8 2,39 13,20 146 742 1,01 22,2 20,5 48,0 83,2 | 7431 50 - 13
200 200 100 56 8,5 12 24 285 194 194 82,6 1,42 28,5 224 70,2 110 12,99 56 13
220 220 110 59 9.2 12 26,2 334 27,7 252 91,1 2,05 37,3 24,8 91,0 143 22,67 60 - 17
240 240 120 62 | 98 15 30,7 391 389 324 99,7 2,84 47,3 26,9 129 183 3739 | 68 - 17
270 270 135 6,6 | 10,2 15 36,1 4,59 579 429 112 4,20 62,2 30,2 160 242 70,58 72 - 17
300 300 150 Tl 10,7 15 4272 538 83,6 557 123 6,04 80,5 33,5 202 314 ['1259 30 - 23
330 330 160 7.3 11,5 18 49,1 6,26 117,7 13 137 7.88 98,5 35.5 283 402 199,1 86 - 25
360 360 170 80 | 12,7 | 18 57,1 727 162,7 904 150 10,4 123 379 375 510 | 3136 | 90 - 25
— e e — s ——— = e e
450 450 190 94 | 14,6 21 716 9,88 3374 1500 185 16,8 176 41,2 671 851 791,0 | 106 - 28
L L - 27 e B2 T 2.2 e B e R E e sl
BV BN R B A P B B B L B B B L s o e e e e
600 600 220 | 12,0 | 190 | 24 122 15,6 9208 3070 243 33,9 308 46,6 1660 | 1760 | 2846 | 120 - 28




Cross sectional area: H, = 600-mm ty = 12-mm
B = 220-mm tg = 19-mm
S I S A S TR = S S |
Faya L =" lg JiH T Lrig--
2
A = 15104-mm

Cross sectional Inertia strong axis :

-

2
) 1 W3 H—tEI -
|X = _tH-(H—E'tBJ +2B'tB'L 5 ] Wx =

12 ' 2

| TE4Ee

4

ly, = 8.83 = 108-mm 5 3
W, = 2943 = 10" mm

Cross sectional Inertia weak axis:
1 3 1 v, 3

- R _"_r —_ — .
by = |: tg-B -2+ " [H 2tg )-tH :|

E.

I}r = 338x lritl?-rnrnJr




< (pF LoD

S i 61F€"-j'§-ﬂ:
Hipe4sp = 450-mm
Hipegog == 600-mm
Hipe4s0
QIPE450 = pE4sn = 0.75

Hiresoo




Momentbelastning midt | spennet:

WalrEson = 3070- IDS-H"IH'IE

WyipE450 = 1500-10"-mm~
Maipesoo == Wairesoo-fd

MgipeEsop = 1.038 = 103 kN-m

Maipeaso == Waipeaso-fd
Mapeacn = 807 143kN-m

Miap = 2-MaipEs0o + 3-cupE450-MaipE450




Dvs. at kapasiteten til brua er:

2
¥
{Mkap— QTJ‘i
P 3 P = 892325kN

Momentkapasitet:

ke = 7390 23
-~




Plastisk momentkapasitet:

s

2

Aipeeoo :

- 15.6-10°-mm>

Afiens = B-tg
Ageg = (H - 2tg)ty

6 3

WleEOOO = 3408 x 10"-mm

H - 2tg -tn-[(H - ta)} e [_
- ens




,t.'!.,:
MBN:

450-mm
190-mm

}&:= 14.6-mm
fu=94-mm

Apeaso = 9.88-10°-mm

Agegs.= B-te
Aseg = (H- 2tg)-t,

2

| = wdlpseoo -300-mm

9

|=1.022 x 10°-mm"

Afiens = 2')74-mm:Z

Asteg = 395¢S-mm2

...................



s P2 25 [855],

Wiipgaso = 1.638 x 105-mm’

Mageaon, = Wareeoo fs
MdIPEGOO = 115228-kN-m

Magesza,~ Wareaso fs
MleE450 = 553.921-kN-m

M = 2'Md|PEGOO + 3'Md|PE450 fd = 338.095-MPa

Mhp = 3966-kN-m




Dvs. at kapasiteten til brua er: q.[_2
Map -4

8
P = P = 1142-kN
i L
3 3
SXIPEGOO = 1760-10"-mm
m:ﬁ 2'S)upseoo 'fd MleEGOO = 115228 kN-m
3 3
Sx|pg45o = 851-100-mm
m\.:- Z‘Sx|p545o 'fd MdIPE450 = 575438kN-m

Miaa.= 2-Sxipeeoo-2-fs + 3-Sxipgaso-2-f

2
-L
[an - qT)-‘lv

L

P = 1189-kN

...................
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