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Abstract

Eurocode provides two different methods to design steel structures in cross section
class four which is the effective width method and the reduced stress method. The
first mentioned method is the most common method in Sweden and consists of a
rather time consuming calculation procedure. The second method results in a rather
conservative design. The aim with this thesis is to achieve a better understanding
of when and how to use either of the methods, and to achieve an effective design
process with the help of a developed design tool.

The thesis is conducted by a literature study about the two methods and the existing
studies of improved versions of the methods. The literature study is followed by a
parametric study where the methods are compared. The reduced stress method is
both calculated analytically and combined with the FE-programme Sofistik with its
geometry generated with Grasshopper, whereas the effective width method consists
of hand calculations.

Keywords: structural engineering, bridge engineering, steel cross section class 4,
parametric design, reduced stress method, effective width method.






Sammanfattning

Eurocode foreslar tva olika berdkningsmetoder for att rdkna pa tvérsnitts klass fyra
stalkonstruktioner. Den forsta metoden ar flitigt anvand i Sverige och kallas for den
effektiva bredd metoden. Ett Problem med metoden ar att den i vissa fall kan bli
tidskravande. Den andra metoden kallas for den reducerade spannings metoden och
ar kand for att vara den lite mer koncervativa utav de tva. Malet med arbetet ar att
identifiera var och nar ena metoden kan vara mer fordelaktig &n den andra samt att
uppna en tidseffectiv design process med hjalp av ett genomarbetat design verktyg.

Examensarbetet bestar av en litteraturstudie for att forst och framst erhalla en djup
forstaelse kring de tva undersokta metoderna, men aven kunskap om studier som
har gjorts kring forbattringar av metoderna. Tre olika konstruktioner dr undersokta
i det hir examensarbetet dar konstruktionernas kapacitet med de olika metoderna
ar jamforda. Parametriska studier har genomforts pa ett ladtvéarsnitt for att under-
sOka vilka parametrar som paverkar resultaten och hur metoderna béast anvéinds.
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1

Introduction

When designing a steel structure according to FEurocode, regards needs to be taken
for the risk of it’s compressed parts to buckle. This is accounted for in Eurocode by
a cross section classification with four different classes. Cross section class 4 means
that local buckling will occur before the yield stress is reached. The capacity of
class 4 cross sections shall consequently be limited with regard to this. [SIS, 2011a]
Modern steel bridges are often very slender in order to achieve a slim design and
save material. As a result their cross section tends to be in class 4 which reduces
their capacities.[Zizza, 2016]

1.1 Background

Eurocode provides two different methods to design steel structures in cross sec-
tion class 4, "Effective width method"(EWM) and "Reduced stress method"(RSM).
[SIS, 2011b]

EWM is a frequently used method to calculate the strength of steel plates in bridge
designs. Mostly the method corresponds quite well to the post buckling capacity
which is why the method often is preferred [Gren et al., 2019]. Plates subjected to
compression has capacity left after the plate starts to buckle. The EWM accounts
for this effect by calculating an effective width and introducing the effective cross
section.[Hansen et al., 2010] Some parts remains active whereas some parts of the
cross section are considered not to withstand load efficiently.[SIS, 2011b)]

RSM, which is briefly described in EC3-1-5 Chapter 10, does not consider redistribu-
tion of stresses within the element which in some cases under predict the capacity of
the cross section which then gets over conservative. On the other hand, calculating
the effective cross sections is not needed which is a rather time consuming process.
Another benefit compared to EWM is that the method allows for calculating the
buckling capacity of multiaxially loaded structures which often is the case for mod-
ern bridges with a slender design.[Reis et al., 2019]

A problem is that the national application of Eurocode, [TSEFS 2018:57, 2018] chap-
ter 19, does not recommend to use the RSM in Sweden. However, the method is
not used to the same extent whereas the EWM is well developed and used in design
of steel plates. Despite this, the RSM in combination with a FE-programme and
parametric design could lead to an optimized and more efficient design procedure.
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1.2 Aim

The aim of this thesis is to investigate how the two calculation methods for calcu-
lating steel structures with cross section class 4, differ with regard to capacity and
calculation time. How the already existing improvements of the methods influences
this and if they are safe and reliable in design. To elaborate further with calculation
time and capacity a parametric design tool based on RSM will be created. The idea
of the tool is to quickly generate a geometry to implement into a FE-software. The
outcome of this thesis should be a better understanding of when and where to use
either of the methods and a quick and effective design process with the help of the
design tool.

1.3 Objectives

A literature study and a parametric study, both with the focus on comparing the
two methods, will be made to investigate differences in capacity and calculation
time. To further reduce the calculation time and to optimize the parametric study,
a parametric design tool made in grasshopper will be created. During this process
a couple of questions shall be answered:

Is there any difference between the methods? And if so when and where?
What are the pros and cons of the methods?

Could capacity be gained by combining RSM with FE?

Will the parametric tool save time for a designer?

1.4 Limitations

The thesis will focus on steel structures with cross-section class 4 only. The calcu-
lations will only consider buckling capacity. The aim of this thesis is to compare
but not further improve the methods in Eurocode, or any existing improvements of
them in relevant litterateurs. LT-buckling will not be within the scope of this thesis
and the FE-analyses will not cover any non-linear behavior.

1.5 Method

The thesis is conducted by a literature study to receive an overview of the current
state of the art and help identifying possible problem formulations within the in-
vestigated area. Moreover the literature study will be followed up by a parametric
study where the two methods will be compared to each other on real case structures
to investigate the capacity. The case study will be preformed by Mathcad calcula-
tions and FE-analyses which will result in a parametric design tool with the purpose
of optimizing the design process. The idea of the design tool is to create a program
in the design software Grasshopper that generates a geometry into the FE-software
Sofistik where design- and critical stresses are automatically calculated.
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State of the art

Steel plates in cross section class four can be designed with two suggested design
methods, the effective width method and the reduced stress method. Research and
numerous experiments have been performed over years which resulted in updated
versions of the methods. This chapter will contain background information regard-
ing the two methods, different improvements of the methods and real examples of
structures calculated with the RSM.

2.1 Design models

The methods originates from investigations by different scientists, like von Karaman,
Winter and von Mises. The following chapter contains background information
regarding the two earlier mentioned design models.

2.1.1 Effective width method

The width of the cross section which can resist load efficiently is established accord-
ing to figure 2.1 in case of uniform compression and internal compression elements

[ORI, 2019].
y ¥ ;i

ber/2 . |Peg/2

Figure 2.1: Plate subjected to compression [ORI, 2019]
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The EWM is based on Von Karaman’s investigations in 1932. His findings lead to a
formula which enables to calculate an effective width, which does not depend on the
total width nor the magnitude of the compressive stress. Karaman concluded that
there are stiffer parts along the edges because of redistribution of stresses. The mid
part in between the stiff edges can not resist load efficiently in case of plate buckling
whereas the stiffer parts can.[ORI, 2019] Several experiments was performed and a
modified formula regarding the effective width taking imperfections into account was
developed by Winter.[Structures and Ii, 2008] The equation was further modified in
the 1968 for cold formed steel which ended up with the same equation as eq. 4.2 in
EC3-1-5.

Formula by Von Karaman[Hansen et al., 2010]:

E
be = ————ty| — (2.1)
\/3(1—0v2) VO
Formula by Winter[Hansen et al., 2010]:
E t | B
be = 1.9ty —(1 — 0.574—-4/ — 2.2
205752 2:2)

The updated version according to EC3-1-5 equation 4.2 [SIS, 2011b] when the plate
is subjected to uniform compression is:

be O-C’I’ O’CT‘
— =,/—[1-0.22,/| — 2.3
c =702, %) (23)

The calculation process regarding stiffened plates in CSC four starts with the check
of the local buckling of the plate fields between stiffeners under the assumption that
the stiffeners are stiff enough. Parts of the steel plate are reduced due to buckling
which leads to an ineffective part in between.

However, checks needs to be performed regarding the stiffeners since the stiffeners
could buckle itself locally or globally. If the stiffeners are not stiff enough, a part
of the plate and the stiffener can behave like a column exposed to axial forces with
transverse stiffeners as supports. The transverse stiffeners need to be stiff enough
to ensure a rigid support to the longitudinal stiffeners. The behaviour can however
also be somewhere in between column like or plate like behaviour which is explained
in detail in chapter 2.1.3. [SIS, 2011b]
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2.1.2 Reduced stress method

The reduced stress method is inspired by the Von Mises yield criterion where the
properties from the gross cross section is calculated. A reduced stress limit which
is lower than the yield stress is calculated based on the stress distributions of the
gross cross-section. Both the properties and the stress limit are calculated sepa-
rately for every part of the cross section and the weakest part with regard to this
will govern the whole cross section. This means that a large difference in capacity
between elements will be disadvantageous since no load shedding is accounted for.
[Gren et al., 2019

The method is considered as a conservative method since the weakest section is
decisive when calculating the resistance of the whole cross section. The allowable
stress in the plate is reduced and a combination formula established from von mises
yield criterion enables RSM to check multiaxially loaded structures. The resistance
is checked according to the following formulas. [Zizza, 2016]

Cross section class three can be assumed if the condition in EC3-1-5 eq.10.1 is
fullfilled regarding multiaxially loaded plates. Unlike the EWM, the slenderness in
the RSM is calculated with a global slenderness formula according to [SIS, 2011b]

Chapter 10(3);
A — /Oéoq:lt,k _ Ufy (2.4)
cr eq,cr

To calculate the global slenderness, o, and ., needs to be estimated with the
following formulas, taken from [SIS, 2011b] Chapter 10(4) and 10(6) respectively.
Alternatively using a FE-program to obtain eigenvalues and von mises stresses to
calculate ., and oy,

TEd

1 Oz Ediy  O2Edyg (OxEd; Oz Ed 9
=[]+ - [—F—l——]+ 3] (2.5)
a%lt,k Ty Ty [y y y
— 2 (2.6
ey A0y o + Aoy, + A0y o + Aoy, I+ 20@@ + 20@7,Z + ozgm] (2:6)

The reduction factor is the smallest value of p,(c,), p.(cy,) and xq, () calculated
with the slenderness, \,, according to EC3-1-5 chapter 4.5.4 (1) and chapter 5.2(1).
The interpolation between column- and plate buckling to calculate the final reduc-
tion factor, p., is calculated according to chapter 2.1.3. Equation 2.7 is used to
verify if the condition is met which leads to the final reduction factor [SIS, 2011b]:

OzEd 19 OzEd 2 OzEd OzEd ] +3[ TEd
fy/7M1 fy/'YMl fy/7M1 fy/7M1 fy/7M1
An alternative method is to use the following interaction equation (Equation 2.8)
instead of the smallest reduction factor. The reduction factor is calculated with the
interaction formula in chapter 2.1.3 for each direction.

> <p’ (2.7)

OzEd 2+ OzEd 2 OzEd OzEd [ TEd
Pxfy/7M1 pzfy/7M1 Pxfy/%vn szy/%m way/%m
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2.1.2.1 Von Mises yield criterion

Reduced stress method is based on von mises yield criterion[Gren et al., 2019]. It
can be concluded that yielding in a material will occur in case von Mises stress ex-
ceeds or is the same as the yield limit of a material loaded in tension. The condition
can however be investigated experimentally to determine whether the material is
yielding.

Von Mises yield criterion [Palaniswamy, 2012]:

1
7= \/2[<‘7m — Oyy)? + (0yy — 022)% + (022 — 002)* + 6(73, + 7, + 72,)] (2.9)

The condition regarding von Mises formula leads to a surface or a elliptical curve in
case of plane stress(figure 2.2 ).

Yield surface

o,

Figure 2.2: Figure of von Mises yield criterion [Palaniswamy, 2012]

2.1.3 Column- versus plate like behaviour

Different behaviour occurs depending on the plates geometry and dimensions. Ac-
cording to [SIS, 2011b], two types of behaviours are the plate buckling and column
buckling with an interaction equation in between to achieve a behaviour closer to
reality. Sometimes the stiffened plates behaves in a manner in between column and
plate like buckling depending on how stiff the plate is(figure 2.3). A large plate with
several stiffeners can buckle like a orthotropic plate even though the stiffness in dif-
ferent directions will differ. The interaction equation is however used in the EWM
and the RSM in the same way to obtain a final reduction factor. [Matsumoto, 2000]
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Vo

Figure 2.3: Plate like- vs column like behaviour of an stiffened rectangular plate
[Matsumoto, 2000]

Regarding calculation of the reduction factor for a plate with plate like behaviour,
the critical buckling stress needs to be calculated according to EC3-1-5 annex A.1
which is dependent on the degree of stiffening. A stiffer orthotropic plate can how-
ever possibly lead to column like behaviour or affect the reduction factor in the
interaction formula in SS-EN 1993-1-5 equation 4.13 (figure 2.4).[Matsumoto, 2000]

P
h 4
Pec
A /
e ER-E)p-e)
24 v ‘ Plate
behaviour
Column 3
behaviour ” Transition
domain
&0 & g=1

Figure 2.4: Interaction column- and plate like behaviour [Johansson et al., 2007]

The factor p is the reduction factor in accordance with the plate like behaviour
whereas x. is the reduction factor in case of column buckling. The factor £ depends
on the width and length of the plate since the dimensions affects the behaviour of
the plate. A length much shorter than the width will lead to a behaviour similar to
column buckling and if the width increases the plate will successively behave more
in accordance with the plate buckling theory.[SIS, 2011b)]

2.2 Scientific studies

Numerous papers has been written with focus on comparing and/or improving the
two methods. The common opinion is that RSM is in most cases more conservative
and therefore not as material efficient. A general conclusion is also that the EWM is
more tedious and not as general as RSM. It’s for example not possible in Eurocode to
combine multiaxial stresses in one calculation with EWM.[Samvin and Skoglund, 2016]
This section will go through interesting findings in relevant literature to get a

7
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better picture of what has been investigated and what conclusions that has been
drawn from it. The literature are scientific papers from 2007 to as recent as 2019
which gives a hint on how relevant this subject is, for example scientific papers like
[Braun and Kuhlmann, 2012], [Zizza, 2016] and [Reis et al., 2019].

2.2.1 Elaboration with load shedding

EC 1993-1-5 Chapter 10 (1) states that the resistance for buckling of a cross section
in CSC 4, calculated with RSM, shall be governed by the weakest element within it.
This is conservative since load shedding between elements is disregarded. In 2007 a
formulation of different resistance levels where proposed in [Johansson et al., 2007]
to achieve a more realistic stress distribution between elements. The resistance level
that can be utilized depends on the amount of strain that can be allowed within the
weakest element. The resistance levels are listed below and illustrated in a stress
strain diagram in Figure 2.5

Level 1 is as the original method in Eurocode where no shedding between elements
is allowed so that the buckling resistance depends on the weakest element.

Level 2 allows a limited stress distribution where load shedding up to the capacity
of the strongest element is considered.

Level 3 allows to increase the resistance of the cross section up to the yield strain of
the weakest element.

il
L I e

further increase of resistance
due to the formation of stress
blocks on the tension side

GUMm

7 i O S

Elimith Eimith1

]
Guwm

Figure 2.5: Recistance levels according to [Johansson et al., 2007]

A master thesis from 2016 that was carried out at KTH compared EWM and RSM
to a non-linear FE analysis [Samvin and Skoglund, 2016]. The RSM calculations
where made with all three resistance levels as well as a proposed forth option. This
proposed option used interpolation between the stress limits of the weakest and the
strongest element to calculate the resistance of the cross section. The comparison
was performed by parametric studies of an I-girder and a box-shaped column where

8
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load cases and slenderness alternated.

They concluded that RSM with level 3 resistance as well as the interpolated resis-
tance both gave similar results to EWM for the cases studied in the report. Although
problems aroused when axial compression and bending moment where combined, the
level 3 resistance calculations for RSM requires an iterative and tedious procedure
to calculate the neutral axis for that case. The interpolation formula is based on
bending resistance for axial stresses and the cross sectional area for uniform com-
pressive stresses respectively. The interpolation option is therefore not possible to
use when bending and axial compression is combined.

Another conclusion, which is quite generally known but nonetheless interesting for
this thesis is that it is very suitable to calculate the resistance using reduction factors
obtained from a FE-analysis in stead of analytically. The capacities gets closer to
reality and the calculations can be preformed fast once the model is built up. The
understanding of the designer becomes important as the governing resistance must
be interpreted from the analysis which can be hard for an inexperienced designer.

For further work on the subject, the authors suggest a similar investigation but on
a whole bridge instead of isolated beams and columns. If a whole bridge is analysed
it will be possible to get a better understanding of how much this deviation in ca-
pacities between methods can affect for example material use.

2.2.2 Improvement of the interaction formula

A couple of papers has been written regarding the conservative capacity prediction

when multiaxial loads are combined according to the interaction formula in Eu-
rocode. Benjamin Brown wrote two articles [Braun, 2010] and [Braun and Kuhlmann, 2012]
where a modification of the formula was proposed and compared to existing stan-

dards. Antonio Zizza suggested an addition to Brown’s modification in [Zizza, 2016]

which later on where tested for high strength steel by [Reis et al., 2019]

2.2.2.1 The V factor

Benjamin Braun proposes an alternative way to the verification equation for mul-
tiaxial loading in Eurocode regarding the reduced stress method. The proposed
change is due to the fact that reduced stress method does not consider redistri-
bution of stresses within elements. The modification should however lead to less
conservative results, by adding a V according to the following formula:[Braun, 2010]

OzEd 2 OzEd 2 OzEd OzEd TEd 2
+ _ 7] <1 (2.10)
P fy/ VM1 Pz fy/Van pxfy/ v p=fy/van Xuwfy/ V1
Where

V' = p.p. if the stresses, 0, and o, are in compression. [Braun, 2010]
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Another developed concept is the German standard DIN18800-3 (2) which was com-
pared to EN1993-1-5 and equation 2.10. In the German standard, the slenderness
and reduction factors are calculated discrete by the stresses from each direction,
and the reduction factor depends on the calculated slenderness r,(A;p), £2(Asp),
Krp(Arp). [Braun and Kuhlmann, 2012]

’%Ed\ es ’UzEd’ es ’UxEdO—zE‘dl TEd
Coldl e el A s
[0—:0, Rd] Oz,Rd Ox,Rd0 z,Rd ] [TRd

|8 <1 (2.11)

Where

Ox,Rd — /ixfyd

Oz,Rd — ffzfyd

TRd = K7 fyd

e1 =1+ /{i

€y — 1+ /{;1

e3 = 1+ Kypr K2

V = [kzk,]% if 0, pa and o, g4 are in compression.

V = ZzBd%.Ed {51 other cases.
|Uz,EdUz,Ed|

As can be seen in figure 2.6, the result from the modified formula (equation 2.10)
does not differ significantly from the German standard DIN 18800-3 except for
very slender plates. Hence, the proposed formula needs to be more conserva-
tive in case of slender square plates. If the geometry differ from a square, the
modified formula is beneficial since it can account for that effect whereas DIN
18800-3 and EN1993-1-5 can not which leads to conservative and favourable re-
sults respectively.[Braun and Kuhlmann, 2012]

o /f, o/, T Equivalent stress hypothesis
' ’ EN 1993-1-5
————— DIN 18800-3
g " '\.\ L"/-' 5\\\ Proposal, Eq. (11)

a) b/t =30 b) b/t = 65

Figure 2.6: Comparison different methods, o = 1 [Braun, 2010]
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Gz/fv thfv ----- Equivalent stress hypothesis
5 ’ —— EN 1993-1-5
—-—-— DIN 18800-3
L"//’ T 1 ,_/“; R Proposal, Eq. (11)
- b = X

a) b/t =30 b) b/t =45

Figure 2.7: Comparison different methods, = 3 [Braun, 2010]

The article concludes that the improved interaction formula entails reasonable re-
sults which corresponds quite good to the experiments. Moreover, Benjamin Brown
points out that the tensile effect for plates or some part of the plates loaded in
tension is not enough studied.[Braun and Kuhlmann, 2012

2.2.2.2 Addition to the V factor

Antonio Zizza came up with an improved application to Benjamin Brauns formula
by introducing a "c¢", a changed es3, a square root and another equation for "V" when
the plate is subjected to tension. The improved interaction formula was developed
from experiments, proposed changes from the past, numerical analysis and compar-
ison between the buckling rules in Germany and the current design rules EC3-1-5.
[Zizza, 2016]

V3T

Xwfy

Tr 1 Or 4y o, o, .
J[pc,xfy]ﬂpc,zfy] V[pc,zfy“pc,zfyH?’[ ]38 < 1 (2.12)

Where
€3 = 1, 25 + O, 75X12u

V' = peape if the stresses, o, and o, are in compression. [Braun, 2010]

V= ppﬁ if at least one of the stresses,o, and o, are in tension. [Zizza, 2016]

Pz = C[Tlp DY
c=1,25-0,25¢ < 1,25
Pez = Xz + [0z — Xeya) f
f=XrIn[g, + 1%

g
é‘z — cr,p,z 1

Ocr,c,z
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A recently published paper that focuses on design with high strength steel points out
the lack of availability to account for the positive effects of tensile stresses in buckling
calculations of slender plates subjected to multiaxial stresses.[Reis et al., 2019] This
is an important aspect when it comes to material use especially when high strength
steel is being used. High strength steel is expensive so the design must be as slim
as possible to make it economically advantageous to use it. The paper investigates
how well the improved interaction formula from [Zizza, 2016] describes the positive
effects of tension stresses for high strength steel. The investigation was conducted
by a lab test and a numerical analysis to compare to RSM. It could be concluded
from the investigation that it is beneficial to consider the positive effects of tension
stresses in the reduction factor. The results from RSM and the numerical analysis
agreed well which proves that the improved reduction factor gives a precise and
material efficient prediction of the capacity for the studied example.

2.2.3 RSM in structural design

There are two interesting papers that present cases where RSM have been used

in design of steel structures. A high velocity railway station roof in Florence
[Majowiecki and Pinardi, 2010] and the Queensferry Crossing in Scotland [Gren et al., 2019].
Eurocode did not allow the use of EWM in any of the cases but in the second paper

a proposed approach where applied in order to compare the methods.

2.2.3.1 RSM on a high velocity railway station roof

There are cases when EWM is not applicable, for example when the geometry of the

structure is complex so that multi-axial stresses occurs. The paper [Majowiecki and Pinardi, 2010]
mentions a real case where RSM has been used to verify the design of a railway

roof. The roof is located in Florence and has the shape of a cylindrical vault which

is formed with a grid of romboids as in figure 2.8 below. The roof cantilevers at

the openings and the usage of slender plates imposes reduction of the capacity with

regard to buckling which made RSM suitable for the verification.

Longitudinal view

Figure 2.8: Arch roof, high velocity railway station [Majowiecki and Pinardi, 2010]
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2.2.3.2 A combination formula for EWM

A recently published paper from "The Nordic Steel Construction Conference" in
Copenhagen suggests a combination formula to combine transverse and longitudinal
stresses for EWM. [Gren et al., 2019] The formula is presented below in equation
(2.13). It is very similar to the one for RSM but with some minor changes.

T ) L I b
\/[Pxfy/m] +[pzfy/7M1] +3[way/7M1] <1 (2.13)

The paper is written by Ramboll employees in an attempt to optimize the design of
the Queensferry Crossing which is a stay cable bridge with an orthotropic compos-
ite deck over three internal supports. The location of the stay cable planes creates
transverse stresses in the steel part of the bridge. The transverse stresses in combi-
nation with the global longitudinal stresses "forced" the designers to use RSM as it’s
not possible to preform multiaxial calculations in eurocode with EWM. A bottom
plate from the used design was compared to the same calculated by EWM and a
non-linear FE-analysis. Their findings where that EWM with the combination for-
mula describes a correct physical behaviour and generally leads to a higher capacity
compared to RSM. This combination formula is not yet tested for other cases nor
approved in design but if that will be the case then the attraction for EWM will
increase. It should however be pointed out that the earlier mentioned improvements
on the combination formula from [Braun and Kuhlmann, 2012] and [Zizza, 2016] for
RSM is not used in this investigation since that’s not added into Eurocode either.

2.2.4 Conclusions from the literature study

As of now it is not possible to account for load shedding between plates, stress
distribution within plates and the positive effects of tensile stresses in multiaxialy
loaded plates with RSM in Eurocode. This makes the method over conservative
compared to EWM but as these papers has shown there are suggested improvements
to account for these effects which can make it more appealing and material effective
to use. The method is known to be less tedious, more general and suitable to use
in combination with FE-analyses so it would be advantageous if it’s precision could
match EWM. It would be interesting to compare the EWM with the combination
formula proposed in [Gren et al., 2019] to the RSM with the modification to the
interaction formula in [Zizza, 2016]. This should preferably be done on a whole
bridge structure where some plates are subjected to multi-axial stresses where one
is in tension.
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3

Single plate

3.1 Method

To justify the calculation procedures on the more complex geometries a single plate
is first studied. The plate is loaded in pure compression on the short edges so the
two methods should give the exact same result for this case. The measurements of
the plate and the loading is presented in figure 3.1 and table 3.1 below.

3.1.1 Description

The single plate is three metres long and two metres wide with a thickness of 20
millimetres. It is loaded with a uniformly distributed load (@) on the short edges on
both sides so that a continuous stress field along the length of the plate will occur.
Because of the dimensions and since there is no stiffeners there will only be plate
like buckling. A figure sketch of the plate along with it’s geometrical- and material
properties is presented below in figur 3.1 and table 3.1.

Figure 3.1: Figure of the studied plate

L b t fy E V. Mo YM1
3m 2m 20mm 235 MPa 210 GPa 0.3 1 1

Table 3.1: Measurement of the plate

The calculation procedure for the two methods looks a little different but some parts
coincide. Critical stresses are used to some extent in both methods and the reduc-
tion factors uses the same equations but with different slenderness approaches. An
attempt to express the two procedures with a flow chart is presented in figure 3.2
below. Note that this is the procedure for this particular example, the general idea
is always the same but some parts gets a little more complicated with more complex
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3. Single plate

structures. An example is that the first assumption in the reduced stress method
calculation is that the transverse stresses and the shear stresses are set to 0. If that’s
not the case, then these stresses need to be interpreted in the amplification factors
along with the longitudinal stress, a formula for this is presented in chapter 10 in
[SIS, 2011b]. The parts that consider column-like behaviour is unnecessary for this
plate since it won’t behave like that but the calculations are needed to be able to
conclude that that’s the case.

[Effective width method| 'Reduced stress method|

Plate like - Governing
slenderness Critical stresses stresses
| -9
>\p = 284% Plate like Collumn like Ix.Ed T t
4
i Oppe=———— Op=—""7— Oy.Ed =
Effective 12,(1 _ UZ).az 12.(1 - 1/2)~b2 —
width Tgq=0
b= pb Interaction Oer.p = Ko'OE
eff = P0p factor Amplification
u ' K- o J? factors
Aeff = befftp g=—L 4 Oorx
Oecr.c Oprx = maX(Ucr.p’Gcr.C)_D Bop = - o
Column like Ox Ed
slenderness .
IReduction factors| \
- Aefr fy ty
N Plate lik =
D N, ate like Cultk o pq (—
S A — 0.055-(3 + )
- —_P K—
Effective p= 5 Slenderness J7
width >‘p o
Itk
begr = Pby, L? Ap.RSM = -
g Collumn lik -
At = bttty ollumn like
¢ = 0.5-[1 +o(A-02) + xz] Capacity
Capacity verification
verification 1 o 2
e ¥ = ————— x.Ed
B4~ 0p Jo2 %2 =1
X-Aetf-fy P+vo —A Pty
NbRd = ”
X Mo Interaction M1
Ed Ki—
=1 Pe=(P-XEER-§+Xx|___ ==
Nb.Rd

Figure 3.2: Flow shart of the calculation procedure with both methods

The idea with the flow chart is to follow the blue segment for the Effective width
method and the green for the Reduced stress method. The yellow and red parts are
for critical stresses and reduction factors respectively, these parts are relevant for
both methods why they need to be considered separately for both.
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3. Single plate

Calculating the effective width is a bit iterative when column like behaviour is
considered. An effective width considering plate like behaviour is needed to calculate
the slenderness for column like behaviour. Both the plate like- and column like
reduction factors are then used in the interaction formula where a new reduction
factor is calculated and used to calculate the final effective width. This is why the
effective width is calculated twice in the flow chart.

3.2 Result

The results are for both methods obtained from analytical calculations of the original
plate according to the procedure presented in section 3.1. The resulting capacity
is the ultimate capacity, in other words, the load that corresponds to at least 99%
utilization of the plate.

3.2.1 Capacity comparison

The capacity comparison between the two methods resulted in almost exactly the
same capacity with a difference of about 0.04 % which is a neglectful difference.
Notable is that the slenderness’s also are close with a difference of 0.03 %. Yet
the slenderness in the EWM is based on geometrical- and material properties of
the plate while the RSM bases it’s slenderness on the two amplification factors
which in turn are based on the governing- and critical stresses. The slenderness is
used to calculate the reduction factor in both methods but the reduction factors
are interpreted diferently in the two methods. The reduction factor in the EWM
is multiplied with the width to obtain an "effective width" which then determines
the normal force capacity. The reduction factor in RSM on the other hand is used
directly into the final verification calculation along with the governing stress to
obtain a "reduced stress". The results from both methods are presented in table 3.2
below.

EWM RSM

Ap 1.76 0x.mq4 | 116.85 MPa
Pp 0.497 Oy.Ed 0 MPa
Ocre | 8.4356 MPa TEd 0 MPa
Ocrp 75.92 MPa Qi 0.6497
f >1 Oyt k 2.011
beff 0.994 Ap 1.7594
Ny.Rd 4672 kN Pp 0.4973

qEd 2336 kN/m qea | 2337 kN/m

Table 3.2: Results from analysis of the single plate with the EWM and the RSM.
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3. Single plate

3.3 Discussion

The methods uses different approaches to calculate slenderness and capacity, yet
they obtain almost the exact same result for both. There is a reason for this, the
methods are mathematically the same for this case. Some criterion’s needs to be
fulfilled for this to occur which is the case in the analyzed plate. The structure should
only be conducted by one plate, stresses should only occur in one direction and
normal steel material properties should be used. When this occurs the expressions
for calculating slenderness and capacity contains the same variables and constants
that adds up to the same value. This wont be the case in the structures analyzed
in the following sections. The reason for the difference, which is very small but yet
a difference, is most likely because of rounding within the constants in the methods
or in our calculations.

18



4

I-Beam with two longitudinal
stiffeners

4.1 Method

To investigate a more complex structure with the two methods, an I-beam is studied.
The studied I-beam is an existing bridge girder which has already been checked for its
buckling capacity by Ramboll by using the EWM. The capacities from the existing
calculations will be compared with the results calculated with the RSM. The purpose
is to investigate how the capacities differs with the EWM and the RSM. Since the
beam will not only contain stresses in one direction, the capacities with the two
methods are expected to not give exactly the same results.

4.1.1 Description

The thin-webbed beam has symmetrical flanges and two longitudinal stiffeners in
the compression zone on one side as shown in figure 4.1a. The beam is actually part
of a bridge girder with vertical stiffeners at a distance of 8.914 m but here simplified
as a simply supported beam with four vertical stiffeners at distance 8.914m with
stiff ends which can be seen in figure 4.1b and 4.1c. The comparison is conducted
by applying an evenly distributed load ()p which corresponds to the utilization ratio
one, i.e. maximum capacity with regard to buckling. The material properties of the
different elements are presented in table 4.1 and the measurements of the beam in
table 4.2 along with figure 4.1a.

Part f, [MPa] E [GPa]
Web and Stiffeners 390 210
Flanges 380 210

Table 4.1: Material properties of the beam

Measurement w; ty h, t, ws hy ts di ds S
Length [mm] 560 25 2000 12 200 90 12 500 500 8914

Table 4.2: Measurement of the beam
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4. I-Beam with two longitudinal stiffeners

Wre
j t
|
hs
Ss
(a) Cross section of I-beam (b) Section of I-beam

T T I T T T T 1T

L=Ss

(c) Simplification of I-beam

Figure 4.1: Cross section and section of the I-beam

4.1.2 FE-Model

The FE-model is built up as a 3D structure with both triangular and quadrilateral
shell elements to be able to catch the whole stress flows of the different plates. The
FE-model is presented along with boundary conditions in figure 4.2. The beam is
fixed for translation in y- and z-directions along the line at the left support (Se
figure 4.2b) whereas the right side is fixed in all directions (Se figure 4.2c).

20



4. I-Beam with two longitudinal stiffeners

The top flange is fixed in y-direction along the whole beam length to prevent insta-
bility of the beam. The actual girder would be prevented to move in that direction
by the bridge deck which makes it a fixation close to reality. At the lower part of
the transverse stiffeners, the beam is fixed in y-direction as the actual bridge would
be stayed by bracing (Se figure 4.2d). The longitudinal stiffeners and the rest of
the transverse stiffeners are not fixed in any direction but merely prevented by their
own moment of inertia as well as connection to other elements.

The beam is subjected to an evenly distributed load along the length that is placed
at the web center on top of the top flange. The centred placement of the load is in
this case not really necessary because of the fixation of the top flange but would in
other cases prevent instability problems.

—

(a) FE model of I-beam

\

(b) Left BC (c) Right BC (d) Mid BC at transverse
stiffeners

Figure 4.2: FE-Model
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4. I-Beam with two longitudinal stiffeners

4.1.3 Convergency study

In order to get satisfying accuracy in the calculated results, a mesh convergence
study is performed. The maximum deflection in the middle of the beam from an
arbitrary uniform load is measured for different mesh sizes and a plot of the variation
is presented in figure 4.3 below.

Convergency
-3.7
-3.8

-3.9

-4.1
-4.2

-4.3

Max mid deflection [mm]

4.4

-4.5
Mesh size [m]

Figure 4.3: Maximum mid deflection of the beam versus mesh size

A maximum tolerance of 1 % difference in deflection between mesh sizes is set as
a limit for convergence. What can be seen is that the deflection does not vary as
much with meshes finer than 0.4m and the difference for finer meshes is below 1%
why a mesh of 0.4m is chosen for the analyses.

4.2 Result & Discussion

The results are based on entirely analytical calculations for the EWM where both
moment capacity as well ass shear capacity are accounted for. Interaction between
moment- and shear capacity is also calculated with EWM. All according to chap-
ter 4-7 in [SIS, 2011b]. The results for RSM is based on FE- calculations where a
linear stress analysis and an eigenvalue buckling analysis are preformed and then
accounted for in the hand calculations according to chapter 10 in [SIS, 2011b].

To investigate the I-beam further, it is of interest to study how the capacity is
influenced by the type of behaviour of the I-beam. If there is any relationship
between the capacity of the beam and the type of behaviour, i.e column like versus
plate like behaviour. For this purpose the two methods are calculated and compared
with different widths on the longitudinal stiffeners. The idea is to achieve more or
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4. I-Beam with two longitudinal stiffeners

less support for the web to make it behave more or less as a plate. The results are
presented in section 4.2.1 and 4.2.2

4.2.1 Capacity comparison

The two methods are quite close to each other with the biggest difference at about
8% if interaction between moment- and shear capacity is considered in EWM. If
instead moment- and shear capacity are to be calculated separately in EWM the
results will differ more for some stiffener widths. The moment capacity is higher by
a lot in all cases so shear capacity will be governing when separated from moment
capacity. The results are ploted in figure 4.4 below.

Load capacity

260
—@—EWM, interaction
240
RSM, with values from
SOFiSTIK
—@—EWM, shear capacity
220

—@— EWM, moment capacity

~

£ 200

~

=

=

>

=

£ 180

(18]

[« 8

1]

(]

e
140
120
100

50 100 150 200 250 300 350 400 450 500

Length of stiffener [mm]

Figure 4.4: Load capacity of the I-beam with EWM and RSM

The capacity increases with wider stiffeners regardless of method which is reason-
able since the beam, but mainly the web gains stiffness and support. What is more
interesting is that the moment capacity in EWM is barley changed while the shear
capacity increases a lot. The initial guess would be the other way around since the
stiffeners should increase the webs resistance to normal stress buckling rater than
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4. I-Beam with two longitudinal stiffeners

shear buckling. The answer to this irregular behaviour is that the beam is, even for
the most narrow stiffeners, sufficiently supported in terms of pure moment capacity.
So an increase in stiffness from the stiffeners will not increase the moment capacity
substantially. The behaviour that is visualized in the figure is that the stiffeners
becomes more and more rigid so that most of the beam action occurs below the
lower stiffener. In a way the beam behaves more and more as an unstiffened, half
as high beam. The bottom stiffener, and possibly some part of the web above it,
acts as the top flange. A verry stiff top flange indeed, as all the part above it is
practically unbendable. The beam stays more or less the same in the context of mo-
ment capacity but is now increasingly robust against shear as the beam approaches
the smaller beam behaviour. The smaller beam doubles in height to width ratio
which explains this high increase of shear capacity. At a stiffener width of 400 mm,
it seems that the behaviour is totally in accordance with the small beam and not
much more shear capacity is left to be gained.

When the RSM curve is compared to the Interaction curve of EWM they are fur-
thest away from each other in the middle of the section where the beam changes
behaviour as previously explained. Almost as if one of the methods fail to capture
the transition between the original beam and the half as high one properly. If so,
could it be EWM that is unnecessarily conservative or RSM that is over predicting?
That would indeed be interesting to test in a lab on actual stiffened beams. The
answer might as well lie in the fact that the interaction calculation is a little bit over
conservative since the maximum shear and moment wont occur at the same section
of the beam.

Another finding is that the RSM curve seems to follow the inclination of the shear
curve at the lower stiffener widths and the moment curve with the wider stiffeners.
which is further investigated by comparing slenderness in figure 4.5 below. The RSM
uses a global slenderness for all elements regardless of buckling behaviour wheras the
EWM uses a different slenderness equation depending on the behaviour and element.
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4. I-Beam with two longitudinal stiffeners

Slenderness
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RSM, global
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Figure 4.5: Slenderness

A lot of slenderness calculations are made in EWM but two of them are governing
depending on the stiffener width. Its the slenderness for column buckling of the
stiffeners and normal stress buckling of the top flange that are governing at different
occasions. What is interesting about this is that the slenderness curve for RSM
seems to change inclination at the point where the two EWM slenderness curves
overlap. As if the global slenderness for RSM is influenced by the change in be-
haviour of the beam. Even though the inclination of the column buckling curve in
EWM is a lot steeper than the part of the RSM curve in the same section.

Even more interesting is that this point is close to the point where the inclination
of the RSM curve in Figure 4.4 changes from one that follows the shear capacity
curve to the moment capacity curve in EWM. So it seams that there is a relation
between slenderness and buckling behaviour in both method as well as a relation
between buckling behaviour and capacity growth in RSM. The FE buckling analysis
is presented in the next section to see if the slenderness is describing the buckling
behaviour correctly.

25



4. I-Beam with two longitudinal stiffeners

4.2.2 Buckling analysis

The width of the stiffeners are changed in order to achieve different buckling modes,
which resulted in two governing buckling modes as presented in figure 4.6 below. The
first buckling mode, which occurs for smaller stiffener widths, is however buckling of
longitudinal stiffeners with the traversal stiffeners as supports. The next buckling
mode is buckling of the top flange in compression and it occurs when the longitudinal
stiffeners are wider. This is in agreement with the two governing stiffness parameters
in EFW.

(a) Buckling mode a

(b) Buckling mode b
Figure 4.6: Two different buckling modes of the bridge with varying stiffener
height.

Buckling mode Buckling behaviour Long. stiffener width [mm]
(a) Column buckling 50, 100, 150, 200, 250
of stiffeners.

(b) Normal stress buckling 300, 350, 400, 500
of compression flange.

Table 4.3: Buckling modes of the I-beam with varying stiffener heights.
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4. I-Beam with two longitudinal stiffeners

The change in buckling behaviour seems to occur between the 250 and 300 mm
stiffeners which coincide quite well with the stiffness curves in Figure 4.5. Note that
the calculated slenderness values are in no way interpreted in the FE analysis which
makes it even more interesting that they are so closely related. The visualized
buckling behaviours in 4.6 makes it easier to understand why the capacity curve
for RSM follows the EWM shear capacity curve for smaller whidts and the EWM
moment capacity curve for wider stiffeners. Not only beacuse buckling mode a
occurs in the web and buckling mode b in the top flange but mode a looks a lot like
shear buckling as well. It might even be that the mode contains some shear buckling
behaviour since combined buckling modes are possible in the analysis. This will be
the case in the next analysed structure where a lot of sub plates and behaviours are
close to each other.
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Box section

This chapter covers the method comparison on the third and final structure. It is
a section of an actual walking bridge which is under development at Ramboll as
this report is being written. The bridge is called Oceanpiren and will be located in
Helsingborg, Sweden. It is a curved box girder bridge which is stayed with cables
connected to two steel pylons. Some simplifications will be made in the design and
structural behaviour to be able to preform a parametric study within the time frame.

5.1 Method

The box girder bridge is studied with the the EWM analytically and compared with
the RSM in combination with FEM. A stress- and buckling analysis with the FE-
program SOFiSTiK is preformed just as with the I-beam in chapter 4. The analyses
generates dimensionless eigenvalues and Von Mises stresses which are used as input
data in the RSM hand calculations. The uniformly distributed load, @4, is then
changed until the utilization is just below one. The bridge is then investigated with
varying measurements of the sub parts of the bridge in order to achieve a deeper
understanding of how the two methods are related to each other with different
geometries. This parametric study is preformed with a parametric design tool in
Grasshopper.

5.1.1 Description

The box girder bridge planned at Oceanpiren in Helsingborg is a walking and cycling
bridge. A cable-stayed bridge with a s-shaped bridge deck as in figure 5.1

29



5. Box section

i1 ™I
- -Mr.. I_

Figure 5.1: Oceanpiren

A cross section of the box girder bridge is presented in figure 5.2 below. There are
vertical stiffeners both in the top plate and the inclined web plates to stiffen for both
positive and negative bending moments. The top plate and the webs are extended
past the side plates and connects with the end inclined end plates. Transverse
stiffeners connects the top plate, side plates, webs and transverse stiffeners along the
span. The holes in the transverse stiffener at the side plate corners and longitudinal
stiffener ends are there to prevent stress concentrations and therefore increase the
fatigue life. The top plate is inclined by 1.5% from the middle to the side ends for
drainage purposes.

A , Lot N

Figure 5.2: Cross section of box girder

The actual cross section dimensions varies along the span but a typical section is
used as starting point for the calculations. The layout of the cross section is as previ-
ously mentioned simplified, the extensions of the top plate and webs are drawn back
to the side plates. The holes in the transverse stiffener and the inclination of the
top plate is ignored. These simplifications will not affect the structural behaviour
with regard to short time buckling strength which is covered in this thesis.

The bridge span is reduced to a 18 meter, straight, simply supported box girder
with dimension as presented in figure 5.3 and table 5.1 below. The inclination of
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5. Box section

the webs are 21.12° from the bottom plate as the actual design. The transverse
stiffener distance s;s is constant at 2 meters through out the span except for by the
supports where an extra stiffener is placed at a distance, s;50 0.5 meter from the

support. The material properties which varies with the thickness are presented in
Table 5.2.
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Figure 5.3: Simplification of cross section
Measurements of the beam
Length [mm] Length [mm]
ba 3500 Seu0 20
Sso 350 Ssu 440
tq 10 tou 12
Lso 16 hsu 120
hiso 140 by 1000
h 389.2 ty 16
Ls 12 tis1 18
tw 12 tiso 12
R 1340 tiss 8
Py 482.8 Sis 2000
hwx 1250 Sts0 500

Table 5.1: Measurements of the beam

Plate with thickness: f, [MPa] E [GPa]
t<40mm 390 210
t>40mm 335 210

Table 5.2: Material properties of the beam
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5. Box section

5.1.2 FE-Model

The geometry and boundary conditions are generated with Rhino with its algo-
rithmic modeling plugin Grasshopper. The line along the supports are fixed in all
directions on both sides except for one side which is free to move along the bridge
in x-direction. The geometry is then interpreted in SOFiSTiK as a 3D system with
a combination of quadrilateral and triangular shell elements for the analyses.

The structural model as well as boundary conditions are presented in 5.4 below.
The supports are created with support lines placed at the very end of the sort edges
of the bottom plate. No other boundary conditions are needed on this structure
in order to obtain sufficient stability in the structure and prevent from instability
problems; in contrary to the I-beam in Chapter 4. The layout of the transverse
stiffeners along the span can be seen trough the transparent plate element in Figure
5.4a below.

(a) FE model of the box girder

(b) Left BC (c) Right BC

Figure 5.4: FE-Model of the bridge girder

The stress analysis is a linear elastic analysis where the maximum Von Mises stresses
are calculated for the most critical parts of the structure. An advantage of using a
linear analysis is that a unit load can be applied to the structure and the final load
capacity can be interpolated without rerunning the program. The buckling analy-
sis is a material-linear (but geometrical-non-linear) eigenvalue calculation which is
solved with a simultaneous vector iteration. The linear nature of this procedure
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makes it possible, just as the stress analysis, to use a unit load which is then inter-
polated up to the ultimate capacity.

5.1.3 Convergence study

The convergence study on the box section is preformed by studying both the Von
mises stress in a single point in the middle of the girder as well as the buckling
eigenvalue as the mesh size decreases. The same load is applied for every mesh
refinement and the outcome is plotted and presented in Figure 5.5 and 5.6 below.

342
341
340
339

338

Von mises stress in the middle [MPa]

337
0.1 0.09 0.08 0.07 0.06 0.05 0.04 0.03 0.02

Mesh size [mm]

Figure 5.5: Von mises convergency of the boxsection

An average element size of 60 mm seems to be sufficient for the Von mises stresses by
just analysing the slope of the curve since no significant change in the result occurs
below that. The percentage difference is although below 1 % already between 90
and 80 mm which indicates that the stress analysis is not that sensitive to the mesh
size. It is indeed important in this model to not refine the mesh more than necessary
because of the already vast computational time so a mesh size of 90 mm is sufficient
for the stress analysis. The analyses are computed on the same model so the other
convergence study could be governing.
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Figure 5.6: Egenvalue convergency of the boxsection

The buckling eigenvalue does not show much of a convergence pattern before the
50 mm element size. The calculation time reached about 40 minuets for the 40 mm
mesh size which should be regarded as a maximum limit since the analysis should
run about 50 times so the refinement stopped there. The slope does decrease a bit
between the element sizes 50 and 40 mm but the percentage change is 1.3%. The
1% convergence limit is not reached but the computational time limit is, hence a
mesh size of 40 mm has been chosen for the model.
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5.1.4 Parametric study

Rhino and the plug-in tool grasshopper is used to effectively generate a geometry
where parameters easily can be changed. The geometry is then analyzed with a
stress analysis and a buckling eigenvalue analysis in the software Sofistik. Both an-
alyzes are linear so that a unit less load can be applied. Since the geometry most
often changes during projects there is a need of a general code with the possibility to
make easy changes regarding for example its measurements and amount of stiffeners.
A parametric tool which can be used for different box girder bridges can streamline
a designers workflow significantly and more room for optimization is possible.

The design tool made in grasshopper is not fully generalized but merely quite
adapted to the parametric study preformed in this project. Other design changes
are possible but the following parameters will be investigated in this thesis:

1. Top plate thickness 2 Top plate stiffener thickness

3. Side plate thickness

[ N N I = B B

4. Side plate height

5. Vertical stiffener distance

Figure 5.7: Illustration of the studied parameters

Figure 5.7 illustrates which parameters that will be investigated and in what order.
Since the structure is simply supported and subjected to a uniformly distributed
load only the plates above the center of gravity will be in compression. The study
is concentrated on those plates since they will affect the capacity directly which is
not the case for example the bottom plate.

The measurements that should be investigated for every parameter are presented in
table 5.3 below. The parameters are investigated one by one while the others are set
to the original measurements. The original measurements are presented in bold in
the table. The top plate is in cross section class 4 in the original design but as the
thickness increases the class changes to 3 for the whole section. That means that

35
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the calculation methods are unnecessary since no reduction will be needed. That
investigation is only meant to verify that the two methods approaches each other
in that section. The top plate is in cross section class 4 for all other studies so the
whole cross section is to, regardless of the other measurements.

1. Thickness of the top plate [mm]
4 6 § 10 12 14 16 18

2. Thickness of the top plate stiffeners [mm]|
2 4 6 8 10 12 14 16 18

3. Thickness of the side plates [mm)]
1 3 4 6 8 10 12 14 16

4. Height of side plates [mm]
389.2 470 550 630 710 790 870 950 1030

5. Amount of vertical stiffeners
5 6 7 8 9 10 11 12

Table 5.3: Investigated parameters and thicknesses

5.2 Result & Discussion

The already mentioned parameters with different measurements in table 5.3 are in-
vestigated with the EWM and the RSM. Generally the methods coincides quite well,
but for some thicknesses there are a significant difference in capacity and a changed
behaviour in the buckling analysis. The results from the different parameters are
presented one by one in section 5.2.1 to 5.2.5 below. Both the capacity and the
buckling analyses are discussed thoroughly for every parameter.

5.2.1 Top plate thickness

The thickness of the top plate has quite a large impact on the capacity of the
bridge and the buckling behaviour. The capacities of the box girder are compared
with varying top plate thickness calculated with the EWM versus the RSM with
eigenvalues and von mises stresses from Sofistik.

5.2.1.1 Capacity comparison

The original box section consist of a 10 mm thick top plate which resulted in a
lower capacity with the RSM compared to the EWM according to figure 5.8. Both
moment- and shear capacity are plotted for EWM as with the I-beam in chapter 4
but the interaction is not relevant for in this structure so that is left out. The plot
includes vertical lines which marks the boundaries of the different buckling modes,
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a, b and c¢. The buckling modes and their influence will be presented in the next
section.

Load capacity - different top plate thickness
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Figure 5.8: Load capacity of the box girder bridge with the EWM and the RSM
with varying top plate thickness.

The yellow curve which represents the capacity with the RSM is, as mentioned be-
fore, lower bound for all thicknesses of the top plate. The curve does follow the blue
moment capacity curve from the EWM for thinner top plates and the green shear
capacity curve for thicker top plates. This seems reasonable since the two EWM
curves cross each other in the middle. But the yellow RSM curve is furthest away
from the two EWM curves close to that intersection as if the method is less accu-
rate when the governing force changes. This less accurate part also happens to be
within the limits of buckling mode b so the answer might be in the behaviour of the
structure. The I-beam in chapter 4 had a close relation between its buckling mode
and governing slenderness curve. The slenderness curves have been compared for
this structure as well and the result is presented in figure 5.9 below. Just as with the
capacity plot, two vertical lines are added to show where the buckling mode changes.
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Two slenderness curves are very close. One of them is corresponding to plate like
buckling of an equivalent plate, which basically means a fictional plate which is
equvalent to the combination of the top plate and all longitudinal stiffeners conected
to it. The other slenderness curve is corresponding to column buckling of the lon-
gitudinal stiffeners. It does not matter mathematically which one is used in the
calculations since they are almost the same but the buckling analysis will reveal
which one that corresponds to the actual behaviour.

Slenderness

2
(a) (b) (c)
1.8
EWM, slenderness column
buckling Ac, ekv plate
Le RSM, Global slenderness
— 1.4 —®— EWM, slenderness deck
o platelike Apd
[ %]
%‘ —@— EWM, slenderness plate
T 1.2 like Ap, ekv plate
gs!
=
<G
v 1
0.8
0.6
0.4
0 5 10 15 20 25

Top plate thickness [mm]

Figure 5.9: Slenderness with varying top plate thickness. Buckling mode a, b and
c.

Besides the two very close slenderness curves in the EWM there are a third which
is governing for the thinner top plates. This is a slenderness that corresponds to
a situation where a part of the top plate buckles between two stiffeners. This is a
quite special situation which occurs when the top plate is so thin compared to the
stiffeners that they wont help stiffen it up. The stiffeners acts in stead as supports
where the top plate is free to move in between.

The non-governing parts of the EWM slenderness curves has been removed in figure
5.10 below to make it easier to compare them to the RSM slenderness curve. The
grey curve that represents column buckling of the stiffeners is entirely removed due
to its similarity to the slenderness curve of the equivalent plate.
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Figure 5.10: Slenderness with varying top plate thickness. Buckling mode a, b, c

The combined EWM curve and the RSM curve are now looking very similar to each
other. The RSM curve is, just as the capacity, below EWM for every thickness but
a little bit closer for thicker top plates. The increased difference in capacity that
occurred in the middle of the span earlier observed in figure 5.8 does not seem to
have much to do with the slenderness. No such patterns occurs in the slenderness
comparison and the slenderness curves does not change between buckling mode b
and c. It might therefor be that the slenderness and the buckling modes arent
that close related for this structure and that the actual buckling mode can tell more
about why there is a gap in the middle of the capacity plot.

5.2.1.2 Buckling analysis

The structure buckles in three different ways through out the parametric study of
the top plate thickness. The buckling modes are presented in figure 5.11 below. For
the thinnest top plates (4-10 mm) the top plate buckles locally between stiffeners
by plate like buckling (figure 5.11a). The second buckling mode (figure 5.11b) at
the thicknesses 12 and 14 mm is global plate like buckling of the top plate and the
longitudinal stiffeners together. The third and final buckling mode (figure 5.11c)
occurs at top plate thicknesses 16 mm and over. It is shear buckling of the web
between the two end stiffeners by the support.
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(a) Buckling mode a

~

(b) Buckling mode b

\'

(c) Buckling mode ¢

Figure 5.11: Three different buckling modes with varying top plate thickness.

To get a clear view of the results, the buckling behaviour for each top plate thickness
with its respective buckling mode are presented in table 5.4 below.

Buckling mode Buckling behaviour Top plate thickness
(a) Local normal stress buckling 4,6, 8, 10 [mm]
of the top plate.

(b) Global normal stress buckling 12, 14 [mm]
of the top plate and stiffeners.

(¢) Shear buckling of the web. 16, 18 [mm]

Table 5.4: Buckling modes with varying top plate thickness.
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Buckling mode a and b corresponds well to the governing slenderness curves obtained
by the EWM but mode ¢ does not. No slenderness that corresponds to shear buckling
is governing in the EWM calculations. It is though within buckling mode c that the
shear capacity is starting to be governing so it would be logical for the shear buckling
slenderness to be governing in that area. But shear capacity, shear buckling and
shear buckling slenderness are three different things that not always relates entirely.
The buckling analysis seems, in this case, to have anticipated a buckling mode where
the hand calculated did not. The calculations are based on stiff end supports which
the design assures according to the codes but the buckling mode should maybe not
occur between the end stiffeners in that case. The two methods agrees quite well
within this buckling mode after all so even though this is odd, the capacity miss
match can not depend on this. A guess could instead be that the methods differ the
most when the behaviour of the structure changes vastly. In this case, from buckling
in the top plate in the middle of the span to shear buckling in the web in the end of
the span. The moment- and shear capacity are calculated separate in the EWM but
in the RSM a combined capacity, based on the whole structure, is calculated. This
could be an affecting factor to why the method is more conservative in the section
where the change of behaviour occurs.

5.2.2 Top plate stiffener thickness

The original thickness of top plate stiffeners is 16 millimetres. In this section thick-
nesses between 5-18 millimetres are studied. The top plate stiffener thickness has
a large impact on the behaviour of the box girder bridge because of it’s stiffness
contribution to the top plate which is the weakest part in the original design.

5.2.2.1 Capacity comparison

The stiffness contribution from the stiffeners to the already weak top plate decreases
as they decrease in size which is presented in figure 5.12 below. The shear capacity
is never governing in this study because its not effected by the decrease of stiffener
thickness. As for the previous investigation the RSM is lower bond for every cal-
culation in the study. It occurs three different buckling modes which are further
discussed in the next section but the boundaries are presented in figure 5.12 and
labeled a, b and c.

The capacity difference between the methods differs from 24 to 14% from a 6 to
a 18 mm stiffener thickness which indicates that the methods gets closer when
the stiffeners increase in thickness. There are two reasons to this, firstly the cross
section gets closer to a class 3 section so that the reduction with regard to buckling
approaches zero in both methods. This was the same case in the previous section
where the section actually reached class 3 for the thickest top plate measurements.
The methods did in fact not receive the exact same capacity within the class 3 cross
section. The other reason is that the top plate, with its connecting stiffeners, is
the weakest part of the cross section in the original design. So an increase in both
top plate thickness and stiffener thickness should result in a equalization in capacity
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between the sub plates within the section. As mentioned in section 2.2.1 the EWM
lack the ability to account for load shedding between sub plates within the section
so a more even capacity distribution would decrease the impact of this inability.

Load capacity - different top plate stiffener
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Figure 5.12: Load capacity with EWM and RSM with eigenvalues from Teddy for
different top plate stiffener thickness.

The capacity drops significantly in the RSM calculation compared to the EWM
when the top plate stiffener is set to a 4 mm thickness. This might be related to
the buckling mode since this thickness is the only one within buckling mode a. The
slenderness have been plotted in figure 5.13 for both methods to compare and see
if this might explain this capacity drop. The EWM has two governing slenderness
curves for this investigation. The blue curve which is governing from 4-12 mm
stiffener thickness is related to local buckling of one stiffener. The orange curve
which is governing for 14 mm stiffeners and thicker is related to buckling of the
equivalent plate. The later of the two correlates well with the RSM slenderness
curve except for a flatter inclination between 4 and 6 mm stiffeners. The blue curve
which is a lot steeper is governing through all three buckling mode changes so the
capacity drop at 4 mm stiffener thickness does not seem to have much to do with the
slenderness. The difference in the slenderness between the two methods does in fact
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not seem to correlate with the over all difference in capacity. A high slenderness
should result in a weak section with high reduction due to the increased risk of
buckling. So the very high slenderness in the EWM for lower thicknesses does not
affect its capacity very much since the capacity in the EWM is quite steady through
out the whole study. Since the slenderness doesn’t correlate very well to the buckling
modes the answer could lay within the buckling analysis in the next section.
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Figure 5.13: Slenderness with different top plate stiffener thicknesses.

5.2.2.2 Buckling analysis

The buckling analysis resulted in three buckling modes as mentioned before, these
are presented in figure 5.14 and table 5.5 below. All three modes occur in the center
of the span. The first buckling mode, mode a, is local buckling of one longitudinal
top plate stiffener. The second mode, buckling mode b, is local buckling of several
top plate stiffeners and the third mode, mode ¢, is normal stress buckling of the
top plate. This correlates to the two slenderness curves obtained in the previous
section but the slenderness related to buckling of one or several stiffeners is governing
through out all three of the buckling mode so the overlaps does not match each other
very well. The mesh is kept in figure 5.14a and 5.14b to be able to see the contours
of the top plate stiffeners which otherwise blends in with the surrounding plates.
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(a) Buckling mode a

(b) Buckling mode b

(c¢) Buckling mode ¢

Figure 5.14: Three different buckling modes of the bridge with varying top plate
stiffener thickness.

Buckling mode Buckling behaviour Thickness [mm]
(a) Normal stress buckling 4
of one longitudinal stiffener.

(b) Normal stress buckling 6
of all longitudinal stiffeners.

(c) Normal stress buckling 8,12, 14, 16
of the top plate.

Table 5.5: Buckling modes with varying top plate stiffener thickness.
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One could argue that buckling mode a and b are the same buckling mode but
since something changes in the capacity between these two modes it may be wise
to separate them. Both modes only consist of one thickness each and the rest of
the thicknesses belongs to mode ¢ so this only occurs when the stiffeners are very
thin in comparison to the rest of the cross section. A possible reason for the big
capacity difference when the stiffeners are as thin as possible actually has to do
with how it buckles. In the EWM a check for the stability of the stiffener it self
needs to be fulfilled. The stiffener needs to be prone to torsional buckling which is
not the case for the 4 mm stiffener since the check is not passed and it’s clear in
the buckling analysis that the stiffener experiences torsional buckling. The check
is actually not passed for the 6 mm stiffener either but since the buckling mode is
spread out through all stiffeners, it seems that the instability problem does not really
come in to play so to speak. The EWM does however not account for this instability
of the stiffener so the capacity should maybe be decreased but this is not suggested
in [SIS, 2011b] since a stiffener that does not pass the check is quite useless and
should be avoided. In the RSM however there is no such suggested design check to
be made so the weak stiffener is accounted for which probably is the reason for the
earlier mentioned difference change between the two methods capacities.

5.2.3 Side plate thickness

The original side plate thickness is 12 millimetres. The capacity is compared for
thicknesses between 1-16 millimetres. The side plates has great impact of the shear
capacity so this investigation will probably result in a change of governing capacity
in the EWM calculation.

5.2.3.1 Capacity comparison

The results from the side plate thickness study is different compared to the previ-
ous results since the RSM is higher bond for some thicknesses which has not been
the case before. The result is presented in figure 5.15 below. Vertical lines have
been included to show the buckling mode changes throug out the study, just as
for the previous results. Once again three different buckling modes has been iden-
tified, thieve been labeled a, b and ¢ and will be further discussed in the next section.

The RSM gives higher capacity for almost all thicknesses where the shear capacity
is governing in the EWM, which is at side plate thicknesses from 1 to 8 mm. The
moment capacity is governing for side plates thicker than that and the EWM gives
higher capacity in that section. The shape of the RSM curve follows both EWM
curves quite well which has been the case for the previous investigations as well. In
section 5.2.1, where the top plate thickness where investigated, a change in governing
capacity where also the case. But an inconsistency between the two method where
identified in the section where the overlap between shear- and moment capacity
occurred. This inconsistency does not occur in this investigation. The slenderness
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curves or buckling analysis in this investigation may explain why that is not the
case.

Load capacity - different side plate thickness
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Figure 5.15: Load capacity of the box girder bridge with the EWM and the RSM
with varying side plate thickness.

The slenderness are plotted for both methods and presented in figure 5.16 below.
The EWM has two governing slenderness curves, slenderness for plate like buckling
of the side plate for thinner side plates and slenderness for plate like buckling of
the equivalent plate (top plate and longitudinal stiffeners) for thicker side plates.
The side plate slenderness is almost governing for all thicknesses but slenderness of
the equivalent plate is just a little bit higher from 10 mm side plates and higher.
The yellow RSM slenderness curve is following the shape of the two EWM curves as
it should but it’s usually lower than EWM which is not the case in this investigation.

An extremely high slenderness factor of about 15 is measured at the thinnest side
plate (Imm). The slenderness factor usually lays below 2 but both methods receives
higher values than that for thicknesses below 3 mm. That is perhaps not very
surprising since 3mm is very thin for a plate that is 2 m long. The capacity for
those measurements are quite low as well so there is no doubt that such thin side
plates are quite ineffective. There is not much of a change in the slenderness when
the side plates are set to thicknesses at 8 mm and higher. This is also visualized in
the capacity plot where no significant change to the capacity occurs when the side
plates are thicker than 8 mm in both methods. This is interesting since they are 12
mm thick in the original design. It is although important to ad that this thesis only
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focuses on short time buckling capacity and no other lode case than a uniformly
distributed load is calculated so there is probably other affects to the side plates
that governs the design.
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Figure 5.16: Slenderness with varying side plate thickness.

There is no inconsistency to the slenderness curves except for the very high slender-
ness in RSM for very thin side plates. But there seems to be nothing that explains
the difference from this investigation to the top plate investigation where an in-
crease in the capacity difference between the methods occurred in the overlap from
moment- to shear capacity. perhaps the buckling analysis can reveal why this case
is different to the top plate study.

5.2.3.2 Buckling analysis

An interesting buckling behaviour is achieved with an varying side plate thickness
as presented in figure 5.17 and table 5.6. Shear buckling near the support occurs
with side plates thicknesses below 4 mm (mode a). Normal stress buckling of the
side plate in the middle of the span occurs at thicknesses within 6-8 mm (mode b).
The third and final buckling mode (c) occurs at thicknesses higher than 8 mm and
is local buckling of the top plate between stiffeners in the middle of the span but
towards one of the side plates. The third buckling mode moves towards the middle
of the section as the side plate gets thicker but it is still normal buckling of the top
plate.
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(a) Buckling mode a

(b) Buckling mode b

(c) Buckling mode c

Figure 5.17: Three different buckling modes of the bridge with varying side plate
thickness.

Buckling mode Buckling behaviour Thickness [mm)]
(a) Shear buckling of the side plate. 1,2, 3,4
of the side plate

(b) Local normal stress buckling 6, 8
of the side plate.

(c) Local normal stress buckling 10, 12, 16
of the top plate.

Table 5.6: Buckling modes with varying side plate thickness.

There are some differences to the top plate study to be observed. Firstly the shear
buckling mode occurs in the side plate in stead of the web. The side plate is totally
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in compression and the web is mostly in the tension zone so the transition from shear
buckling to normal stress buckling is quite abrupt. The web is also further away
from the top plate where the next buckling mode occurs than the side plate. The
buckling mode occurs after the second vertical stiffener from the support in stead
of in between the two end stiffeners. This out rules the possible scenario where the
assumption of a rigid end support in the EWM does not account for that buckling
mode. Another difference is that the transition between buckling modes seems a
little bit more smooth. In this case the change from shear buckling near the sup-
port to normal force buckling in the middle happens in the same sub plate. In the
top plate study the change of buckling mode type was combined with a change of
buckled sub plate. All buckling modes are local in this study as well which indicates
some type of consistency.

All of the observed differences above can have more or less impact to why the side
plate study gets a more consistent RSM capacity curve than the top plate study.
These indications is of course hard to observe without a parametric study and a
typical designer might not change the design to this extent. A designer is probably
not able to see these transitions between buckling modes and weather they are
smooth or not. It is therefore hard to conclude any guidance for where to use any
of the methods from this particular study. But the methods are quite close in both
the top plate study and the side plate study when shear force is governing in the
EWM which could be a more helpful finding for this purpose. Perhaps the next two
studies can be helpful to further investigate this.

5.2.4 Side plate height

The side plate height study is unique in the context since the change of side plate
height results in a change of the total height of the cross section. The height ratio
between the web and the side plate changes and the neutral axis moves from the
web to the side plate. So the side plate which until now has been entirely in the
compression zone will experience some tension as well. The original side plate height
is 389.2 millimetres and this study covers heights up to 1030 millimetres which is
almost three times as high.

5.2.4.1 Capacity comparison

The capacity curves are plotted and presented in figure 5.18 and as for most of
the previous results, the RSM is lower bond for all calculated measurements. the
boundaries of the buckling modes are once again added to the plot but this time
there are four different buckling modes, a, b, ¢ and d along the studied designs. The
moment capacity in the EWM is governing for lower side plate heights but increases
in a linear manner as the side plate increases because of the increase of moment of
inertia within the cross section. The shear capacity in the EWM however behaves
quite irregular where an increase in the capacity occurs for the lower side plates.
The capacity starts to decreases as buckling mode b emerges and then flattens out
along mode ¢ and then increases a little bit again by mode d. So it seems that the
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shear capacity in the EWM is quite close related to the governing buckling mode in
this study, this will be further analyzed in the next section. The RSM curve, on the
other hand, do not seem to be as influenced by the buckling mode. The inclination
of the curve does changes by buckling mode b where the capacity flattens out a
bit so there is some relation to the buckling mode there as well. The methods are
closest when the side plate is as short as possible and furthest away when the EWM
changes from moment- to shear capacity. Maybe the methods approaches each other
again for side plates higher than 1030 mm but the capacity increase wearers of in
both methods so the design gets less material effective for higher side plates.

. Load capacity - different side plate heights
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Figure 5.18: Load capacity of the box girder bridge calculated with the EWM and
the RSM for different height of the side plates.

A comparison between the slenderness has been made for this study as well to be able
to identify any difference in the methods there. The result is plotted and presented
in figure 5.19. The EWM received two different slenderness curves. Slenderness
related to plate like buckling of the equivalent plate (top plate and stiffeners) is
governing at the original side plate height (398.2 mm) and at 470 mm. All side
plates higher than that has a governing slenderness related to plate like buckling of
the side plate.

The RSM curve follows a bi linear relation that is very close to the inclination of
the two EWM curves. The inclination change occurs at about one side plate height
later than the intersection of the two EWM curves. This inclination change happens
to be where the buckling mode changes from a to b which was the case with the
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5. Box section

capacity curve as well. This indicates that the change from buckling mode a to b is
quite critical for the RSM calculations. The EWM does not have the same relation
between capacity and slenderness but the buckling mode seems to affect more in
this case. Note that the result from the buckling analysis is only used in the RSM
calculations but the behaviour should apply for the EWM as well and the relation
between them gets even more interesting because of this fact.
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Figure 5.19: Slenderness with different side plate heights.

5.2.4.2 Buckling analysis

The buckling analysis resulted, as earlier mentioned, in four different buckling modes
which are presented in figure 5.20 and table 5.7 below. The first buckling mode,
mode a, is local normal stress buckling of the top plate between stiffeners in the
middle of the span. This buckling mode is known by now since it occurs in the
original design which is a part of all parametric studies. It’s governing at the side
plate height 389.2, 470 and 550 mm. The second mode, mode b, the same as mod a
but in combination with local normal stress buckling of the side plate in the middle
of the span. This mode occurs at a side plate height of 630 mm solely. Buckling
mode ¢ (at 710 and 790 mm) and d (above 790 mm) is one and two shear buckling
modes respectively. Even though the two last modes are different modes there are
not much of a difference between them. They occur at the same location as well
as element and both are in fact shear buckling but since the EWM capacity curve
seemed to change direction in this area they are kept separated.
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5. Box section

(a) Buckling mode a

(b) Buckling mode b

(c) Buckling mode c

(d) Buckling mode d

Figure 5.20: Three different buckling modes of the bridge with varying side plate
height.
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Buckling mode Buckling behaviour Thickness [mm)|
(a) Local normal buckling 389.2, 470, 550
of the top plate.

(b) Local normal stress buckling 630
of the top- and side plate.

(c) Shear buckling 710, 790
of the side plate.

(d) Shear buckling of the side plate 870, 950, 1030
in two end sections.

Table 5.7: Buckling modes with varying side plate thickness.

The capacity in the RSM seems to be affected as soon as the side plate is involved
in the buckling analysis since that’s the major difference between buckling mode a
and b. The change from normal stress buckling to shear buckling does not seem
to change the resulting RSM capacity significantly. The same goes for the moment
capacity in the EWM which does not seem to be affected by any buckling mode.
Another situation is identified in the shear capacity with the EWM. The capacity
increase is affected by the entrance of side plate buckling but the capacity decrease
occurs when shear buckling is governing the structure. But the decrease wears off,
and even changes to an increase as one extra mode is added. It’s quite reasonable
that the capacity can decrease when the structure changes element, location and
type of the governing buckling mode. But that the capacity increase again when the
same buckling mode spreads out more is perhaps not an intuitive guess. Maybe the
post buckling reserve increases as the possible tension bands increases in numbers.
In that case, the capacity won’t increase further if not a third buckling mode will
appear and increase the post buckling capacity even more. The increase wont be
very high and the design not particularly material effective though. This is not very
important to the comparison since both methods probably will behave the same with
those high side plats. The most interesting part of this investigation is how the two
methods cope with different buckling modes and overlaps from moment capacity as
discussed earlier.

5.2.5 Distance between vertical stiffeners

Last but not least the capacity with a bridge with changed vertical stiffener distance
is studied. The original distance is two metres which results in 8 equally spaced
stiffeners along the span. The study consists of distances from 1.38 to 3.6 meters
which means 12 to 5 equally spaced stiffeners respectively. One increase in space
between the stiffeners means one less vertical stiffener along the span. This will
result in a wider and wider span for the top plate and it’s connecting longitudinal
stiffeners.
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5. Box section

5.2.5.1 Capacity comparison

The comparison between the two methods in the vertical stiffener study is presented
in fig 5.21 below. The boundaries for the buckling modes are added as for the other
studies. Three buckling modes occurred for this study where the first two, a and
b, alternated for the shorter distances and a third, mode ¢, where governing for the
wider spans. The buckling modes will be further discussed in the next section. The
EWM calculation resulted in a moment capacity curve as the shear capacity where
never governing. The EWM result were extended below 1.35 m and above 3.6 m
as the calculations where not as tedious as the FE-computational time in the RSM
calculations. The RSM result however is lower bond as for every other comparison
where moment capacity is governing in the EWM. The RSM curve seems to be
more constant through the shorter stiffener spans than the EWM curve which is
decreasing quite linearly through out all calculated distances. A sudden increase in
the capacity occurs in the RSM at a stiffener distance of 2.25 m which is just before
the change to buckling mode c¢. Through out the wider stiffener distances, within

buckling mode ¢, the RSM capacity starts to decrease in about the same manor as
the EWM curve.

Load capacity - different vertical stiffener
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Figure 5.21: Load capacity with EWM and RSM with eigenvalues and stresses
taken from Teddy for different vertical stiffener distance.

There are two odd things about the RSM capacity, the first constant part of the
curve and the sudden increase by the 2.25 m distance calculation. A decreasing
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5. Box section

slope like the EWM capacity seems more reasonable as an increasing span should
lower the capacity. Hopefully an answer to this can be found in the slenderness
curves or the buckling analysis.

The result from the slenderness calculations are presented in figure 5.22 below. The
EWM has three governing slenderness curves, two of them which are almost the
same and a third which is governing for the lower distances. The two very similar
curves are slenderness for both plate like- and column like buckling of the equivalent
plate, in orange and green respectively. The third slenderness is plotted in blue
and corresponds to plate like buckling of the stiffener solely. The EWM capacity
is rather unaffected by the fact that the slenderness changes from a constant to a
rapidly increasing curve but then again the slenderness does not always correlate
very well with the capacity. The RSM slenderness curve on the other hand has a
shape that is almost an exact upside down reflection of the capacity curve. The
slenderness is constant until 2.25 m stiffener distance where it drops down a bit
to then increase. The drop at 2.25 is not as big as the increase in the capacity
in the same point but it’s not a one to one relation so a small slenderness change
can result in a bigger capacity increase. But it’s still not very clear why there is a
slenderness drop at that distance nor why the slenderness is constant before that.
The question will be saved to the buckling analysis but it can be concluded that the
slenderness curves of EWM does not match the capacity as good as for the RSM.
The Slenderness curves match each other’s shape quite well however, besides where
the slope change occurs.
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Figure 5.22: Slenderness with different vertical stiffener distance.
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5.2.5.2 Buckling analysis

As earlier mentioned, the buckling analysis resulted in three different buckling modes
which are presented in figure 5.23 and table 5.8 below. The two first ones are
both local normal stress buckling of the top plate but mode a occurs when there
is a transverse stiffener in the middle of the span so that it buckles on both sides.
Buckling mode b is of course when there are an even amount of stiffeners so that it
only buckles in one section of the beam. Mode ¢ is a global normal stress buckling
of the top plate along with the longitudinal stiffeners. Mode a and b occurs up to a
2.25 m stiffener distance and mode ¢ above that.

(a) Buckling mode a

(b) Buckling mode b

(c) Buckling mode ¢

Figure 5.23: Three different buckling modes of the bridge with varying distance
between transverse stiffeners.
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Buckling mode Buckling behaviour Distance[m]
(a) Local normal buckling of the top plate 1.5, 1.8, 2.25
in two mid sections.
(b) Local normal buckling 1.38, 1.64, 2
of the top plate.
(c) Global normal stress buckling 2.57, 3, 3.6

of the top plate.

Table 5.8: Buckling modes with distance between vertical stiffeners.

The only difference between mode a and b is the geometry and the difference does
not seem to affect the capacity in any of the methods. The capacity drop in the
RSM occurs when the buckling mode becomes global, as in mode ¢, but the EWM
capacity stays unaffected by this to. The reason for the little peak in capacity in the
RSM at a 2.25 m stiffener distance remains uncertain as the buckling mode don’t
seem to give an answer to that. It could just be a rounding error in the calculations

since it’s only a matter of one extra kN/m?.
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Conclusion

After comparing the two methods on a single plate, a stiffened I-beam and a box-
girder some conclusions are to be drawn. The four questions in the objective along
with the results and discussions will be the building blocks of this chapter. The
questions are turned in to headers which divide the sections and a fifth section is
added with suggestions for further studies.

6.1 Observed differences

The RSM is lower bond in almost all cases, there are a few exceptions through out
the different studies. Firstly when the structure consists of one uni-axially stressed
plate, as the single plate study. The methods are in fact mathematically the same so
the capacity are as well. The methods was about equally time consuming so there
is actually no difference between the methods in this case.

Another case where the EWM is not higher bond is where interaction between
moment- and shear capacity is governing within the EWM. This was only the case
in the I-beam so this hypothesis has not been tested on other structures. The RSM
was though higher bond when this was the case but as mentioned before the assump-
tion that interaction being needed in the I-beam could have been too conservative.

A more certain conclusion is that the methods are close when shear capacity is gov-
erning in the EWM. In on case, the side plate thickness study, the RSM gives even
higher capacity than EWM. So there seems to be potential for the RSM in designs
where the shear capacity is governing.

6.2 Pros and cons

The RSM proved to result in a high capacity which of course is a major advantage
when it comes to design where a more material efficient structure is obtained. This
with a fully analytical calculation procedure without any involvement of FEM. The
method where equally, or in some cases less, time consuming compared to the RSM
for the studied cases within this thesis. The general opinion from the state of the
art literature study where in fact the opposite which is quite interesting. It should
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be mentioned that the interpretation of FEM with the RSM played a big role in
the time consumption of the calculations. The analytical part where experienced
as more troublesome than whats revealed in a first glance in Eurocode so it’s not
just the FEM part that takes time. A disadvantage with the RSM is however it’s
inability to be combined with FEM which where not a big problem for the studied
cases but can definitely be for larger and more complex structures. Also when many
load cases should be calculated for a structure which is the normal case in a real
bridge design this makes it unnecessarily time consuming.

The obvious advantage with RSM is in stead the possibility to combine it with
FEM for the reasons mentioned above. If the method is combined with FEM the
structures behaviour is better visialized than a solely analytial calculation which
results in a gained understanding for the designer which is always good. The ability
to analyze multi actually loaded structures is another thing that is exclusive for
the RSM. This is not further studied in this thesis but mentioned in the literature
review. The often lower bond solution makes this method less attractive compared
to the EWM which of course is a disadvantage. The method is quite general and
shortly explained in Eurocode which makes it hard to adapt to a specific structure
if the designer is not experienced with the method. These disadvantages may be the
reason why the Swedish road administration advises not to use the method in the
Swedish annex to Eurocode.

6.3 FEM-implementation and the parametric tool

When combining RSM with FEM capacity is most often gained compared to the
fully analytical solution which is of course great. The capacity is however not gained
enough to compete with the EWM in most cases as this study has proven. The
extra time spent on building a FEM model, running the analysis and validating
the results may therefore not be worth it if the final capacity is lower than that
of the EWM. But for cases where the FEM calculation is favourable in the time
aspect as mentioned earlier the lower capacity may be worth it. The parametric
tool built up in Grasshopper can actually be crucial in this case since changes to
the design becomes very smooth compared to rebuilding the model in the FEM
software. The experience in this study where however that the time saved by the
parametric tool where lost in the very tedious FEM analysis which for the box
section took over 40 minutes with the sufficient mesh. So the conclusion is that
both FEM implementation and a parametric tool can be effective in combination
with the RSM but weren’t for the studied cases in this thesis.

6.4 Recommendations for further studies

Throughout this study a lot of knowledge and understanding where gained in the
calculation methods for steel structures in cross section class 4 but some questions
where left unanswered or at least not fully answered. Some suggestions for further
studies that may clear this out are presented below.
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Since RSM is the only method that can be used for multi axially loaded structures in
Eurocode it could be interesting to do a similar parametric study on such structures
and compare to the procedure suggested in [Gren et al., 2019] to do so with the
EWM. The design should have a big impact in this cases and the comparison can
be more complex since the load cases can be alternated as well as the designs.

Time consumption aspect did not really come in to play in this thesis so it should
be interesting to study cases where it may. Such cases could be larger and more
complex structures with a lot of sub plates. In those cases the EWM can be tedious.
Another case could be similar structures but with a lot of load cases which makes
the EWM somewhat more troublesome. The load cases could include both positive
and negative bending moments so that different parts are in compression at different
times.

A third and final suggestion is to look at continuously supported structures where
large bending moments and shear forces can occur in the same area e.x. close to sup-
ports. The I-beam study indicated that the methods where close when interaction
between these two occurred so a further investigation to this would be interesting.
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A. Singel plate calculation

Plate calculation
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B. I-beam

Design resistance for shear:

I-beam - EWM 50mm Moment capacity check
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B. I-beam

o o " . 4
Vbw.Rd, EWM with different stiffener widths Mpl.Rd.ZSO := 1.429 x 10" kN[
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- 0.996
"No interaction" if V4 < 0.5V, = =0
© imteraction™ 1 YEd bw.RD MpiRd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
"Interaction needed” otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86. 3
MgRgq = 8978 x 107 (&Nl From EWM calculations Ramboll

Mpg:= 1_4|9jg4kN—m From EWM calculations Ramboll
EC1993-1-5 Ch. 7.1(5)
MpLRd.SO = 1.364 x I(]4 kN

. 4 M
My Rq.100 = 1:389 % 10” kN , Mird

4 MpiRd
MpLRd.]Sﬂ 1= 1.407 x 10" kN[

M
2
M1 Rd.200 = Mpg = 1419 x 10 NG Jqﬁzﬁh -1) =126

VII



B. I-beam

I-beam - EWM 50mm Shear capacity check

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM
some calculations are performed as a complement to the EWM calculations.

Geometry

Flange:

tp = 25mm
b = 560mm bg, = 560mm

Distance between vertical stiffeners:
S = 8.914m
= 303, =26.742m

Theam :

Measurements web plate between stiffeners:

dj = 05m dy = 05m

Horizontal stiffeners:

by st = S0mm by st = S0mm tg = 12mm
ty = 12mm hW:= 2m
Total area:

2
Agop = tyglly, + belfe + st"Ob]‘st + bzbs‘) = 544[6m

Load:
Q= 161 XN
q -
2
Q313
Mg = @ = 1439 10° NG
Q35
Fa= a) 22153 10°BN
Material
v E = 210GPa
390MP; 235MP:
£(0)= |22 if t< 16mm 0= 4
Y bt
M
380MPa 4t i < 1 < 40mm
™
360MPa )
———— otherwise
™
Capacities:

MR = 897800°KNI From EWM calculations

From EWM calculations
SS-EN 1993-1-35.2(5.2)

Vpwrd = 2-51300°kN

M
B 03 p.86 BK
MgRq
The contribution from the flanges:
Vg,
b = 6.708[MPa
Ihcam

VbfRd.ored = 95.143kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

ME,

2
d
] if Mpg<Mgpq =0EN

VbfRd = | VbfRdored ! ~| 37
fRd

0 otherwise

Design resistance for shear:

VIII

nmy(‘w)mwmw
Vow.Rd * VbfRd S \/3— =1 EC1993-1-5 Ch.5.2(1)
Bim
Shear capacity stiffened web
3
VRd = Vbw.Rd * VbfRd = 2513 % 10" ®N
VEd
nyi= — =0857 EN-1993-1-5 equ (5.8)
VRrd
200mm stiffener
3
Viw.Rd.200 = 2513 % 10" kN
V
Ed =0.857
Vow.Rd
400 mm stiffener 300 mm stiffener

3
= 3 Vow = 2.736010°kN
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

- , 6 -
VRd.400 = Vow.Rd.400 * VbfRd = 3-138 X 10°N VR4 300 = Vbw.Rd300 * VbfRd

V) v,
_Ed =0.686 _kd =0.787
VRd.400 VRd300
150 mm stiffener 250 mm stiffener

. 3
Vbw.Rd.150 == 2-40700°kN Viw RA250 = 2.60900°kN

3
\ =V + Vigpq = 2407 x 107N -~ _ 3
Rd.150 = Vbw.Rd.150 * VbfRd VRA.250 = Vow Rd.250 * VbrRd = 2:609% 10

V)

ViEd =0.894 Ve _ osos
R0 VRd.250

350 mm stiffener 100 mm stiffener

= 3 - 3
Viw.Rd.350 = 2.93700°kN VowRd 100 = 228900%N

3 3
VRA350 = Vbw.Rd.350 * VbfRd = 2937 % 107KN VRq 100 = Vhw Rd.100 + Vbf.Rd = 2289 % 10

V V,
Ed =0.733 _ B4 =0.94

VRd350 VRd.100

50 mm stiffener 500 mm stiffener

. 3
Viw.Rd.50 = 2-1600°kN _ s
Viw.Rd.500 1= 3-18600°kN

— _ 3
VRd.50 = Vbw.Rd.50 * VbtRd = 216 X 107N

VRd500 = Vbw.Rd.500 * VbrRrd = 3-186 % 10

\
v Ed 0997 N
E
s —E o6
VRd.500
550 mm stiffener 600 mm stiffener

3
= 3 Y = 3.186010°kN
Viw.Rd.550 = 3-18600°kN bw.Rd.600

- _ 3o N =V, + Viprd = 2:609 % 10
VRaas6= VowRd250 * VbfRd = 2:609 % 10°EN AWRda56T Vbw.Rd250 * Vbf.Rd
v
Ed
VEa _ 0825 T o
VRazs0 Rd.250



B. I-beam

VE
= 4 =007
Vow.RD
- ’ ) My Rrg 2
V.bw.Rd, EWM with dirrerent stiffener widths ny*[1-— [QZE’B = 1) <1=0
My Rd
pl.
VowRD = | Vowrd.s0 if bpg =50mm  =2.16x 10’ &N ;
. £Rd 2
Vow.Rd.100 if by g = 100mm 1= foms - 1) = 1392
Mpird

Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by g¢ =200mm
Vbw.Rd.250 if by g¢ =250mm
Vow.Rd300 if by gt =300mm
Vbw.Rd.350 if by g¢ =350mm

Vow.Rd.400 if by =400mm

Vow.Rd.500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgq <MgRq =0
VEd < Vow.RD = !
No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.
Check := | "No interaction” if Mgy <Mgpg O Vgg < Vi, rp = "Interaction needed"
"No interaction” if Vg < 0.5V ppy

"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

Mpg:= 141900 kN From Typ 1, rambolls EWM
calculations
M = 1364 x 10" KNG
pl.RA.50 = 7 From Typ 1 EWM Ramboll

My Ra 100 = 1389 % 10 kN
4
My Ra.150 3= 1407 % 10* kNt
. 4,
My Ra.200 = Mg = 1419 % 10 BN
4
My R 250 = 1429 % 10* kNt
. 4,
My R 300 = 143000 kNG
4
My R 350 = 1448 % 10* kNG
. 4,
My Ra.400 = 145400 kNG

My Rd.500 = 1:465 % 10* kNG

M.Rd, EWM with different stiffener widths

My Ra= [Mpiraso if bpg=50mm = 1364x 10'NG
MpiRd.100 if by ge = 100mm
MpiRd.150 if by gt = 150mm
My Rd.200 If by gt = 200mm
My Rd.250 If by gt =250mm
My Rd300 if by gt = 300mm
Mp1Rd350 if by g = 350mm

MpiRd.400 if by gt = 400mm

Mpl.Rd,SOO otherwise

Mg
= B =1.055
My Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
Mgpq = 8978 x 1(]3 [ENh From Typ 1, rambolls EWM

berékningar

EC1993-1-5 Ch. 7.1(5)

MgRrd
o LR _
My rd

IX



B. I-beam

. 3
I-beam - EWM 50mm Interaction VRd= Vow.Rd * VbrRd = 2-513 % 10"EN

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM

some calculations are performed as a complement to the EWM calculations. VEd
M3 = — =0.697 EN-1993-1-5 equ (5.8)
VRrd
Geometry
Flange:
200mm stiffener
tp = 25mm
3
V = 2513%x 10" kN
bg = 560mm bpy = S60mm bw-Rd.200
v
: o Ed__ o607
Distance between vertical stiffeners: Vow.Rd
S = 8.914m
400 mm stiffener 300 mm stiffener

Ibeam = 3315 =26.742m

3
_ Vow Rdo0 = 313870°kN Viw.Rd.300 = 2.73600°kN
Measurements web plate between stiffeners: -

d; =05 dy =05 - - 3 -

1 m 2= m VRd.400 = VbwRd.400 * VbfRd = 3138 % 10°EN VR 300 = Vi Rd300 * VbR
Horizontal stiffeners: VEq ~ VEq B
by ¢ 1= 50mm by ¢ = 50mm tg = 12mm Voo T 08 Voo Toe

: . Rd.400 Rd.300
ty, = 12mm hy = 2m

150 mm stiffener 250 mm stiffener

Total area:

3
\% = 240700 kN - 3
bw.Rd.150 Viw.Rd.250 = 2-60900°kN

2
Atot = tyyllly, + belfe + zmsl—ob].st * bz.m) = 5440m

3
VRd.150 = Vbw.Rd.150 * VbfRd = 2407 x 107N

- _ 3
Load: VRd250 = Vow.Rd.250 + VfRd = 2:609 X 10° &N
KN v,
Qq=131-= B s VEd
" VRd.150 Yoo toen
o VRd.250
2
Q31
Mg = @ = 1171 x 10*mNG
QyIf35s
Ved= M = 1752 1°EN
Material 350 mm stiffener 100 mm stiffener
- 3 - 3
=l - Viw.Rd.350 = 2:93700°kN Viw.Rd.100 = 2:28900°kN
-~ _ 3 -~ _ 3
f= |30OMPa - VRd.350 = Vow.Rd.350 * VbfRd = 2937 % 10BN VR 100 = Vow.Rd.100 * Vbf.rd = 2289 107
y(1) = . if t < 16mm /ﬂ!) =
M
V, Vi
380MP: _ Bd
20 i 16mm < t < 40mm T =05% T =076
™ Rd.350 Rd.100
360MPa )
2 otherwise
™M
Capacities: 50 mm stifener 500 mm stiffener
3
Vv, = 2.1600°kN
Mg Rq = 8.978010°kNG From EWM calculations bw.Rd.50 Vow Rds00 = 31860108
3
Fr EWM calculatiot v =V +V =2.16x 10" KN
VowRd = 2.51300°kN rom calculations Rd.50 = Vbw.Rd.50 * Vbf.Rd R
SSEN 1993-1-35.2(5.2) VRd.500 = Vbw.Rd.500 * Vbf.Rd = 3186 % 107k}
2(5. v
Ed
Mgq =0811
=1.304 VRd.50 VEd
My Rrg ——— =055
VRd.500
The contribution from the flanges:
V, . 600 mm stiffener
E
_Ed 5.458[MPa 550 mm stiffener
Theam 3
Viw Rd.550 = 318600°kN Vow.Rd.600 = 318600°KN
VpfRdored = 95-143kN Rd.
3
3oy =V, + Vpppq = 2:609 x 10"
The contributon from the flange EC1993-1-5 Ch. 5.4(1) eq.5.8 VRa250:= Vow.Rd.250 * VbrRd = 2-609 X 10°RN ~R&A56:™ Tbw.Rd.250 © “bfRd
2 ¢
Mg c ® b E Vi =0.671
Vieo = |V, 1- if Mpg <M = 0kN Voo
bf.Rd bf.Rd.ored Mg Ed <MfRd VRd250 Rd.250

0 otherwise

Design resistance for shear:

n=1

EC1993-1-5 Ch.5.2(1)
Shear capacity stiffened web

Vow.Rd * VbiRd




B. I-beam

Vow.RD = | Vow.Rd50 if by g =50mm

Vbw.Rd.100
Vbw.Rd.150
Vbw.Rd 200
Vbw.Rd.250
Vbw.Rd300
Vbw.Rd.350
Vbw.Rd.400

Vbw.Rd.500

if by ¢ = 100mm
if by g = 150mm
if by g =200mm
if by g =250mm
if by g =300mm
if by ¢ =350mm
if by ¢ =400mm

otherwise

=216 x 10°EN

No interaction is needed because the load can be carried with the flanges contribution and the

following conditions are met.

Mgq <MgRq =0

VEd < Vbw.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following

conditions are met.

Check := | "No interaction” if Mpg<Mgpq 0 VEg < Vi pp = "Interaction needed"

"No interaction" if Vgq <0.5Vp ppy

"Interaction needed" otherwise

. 4,
Mgq = 1.41900 kN[

Myt Ra.50 1= 1364 x 10* kNG

My R 100 = 1389 % 10°

MpLRd.]Sﬂ = 1.407 x |U4

kN[

kNl

My Ra 200 = Mg = 1419 % 10'0N G

MpLRd.ZSﬂ = 1.429 x IU4

kNl

SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

From Ramboll EWM calculations

MpiRd300 = 1.430010*N i
4
M) Rd350 = 1448  10° kNI
4
M) Rd.400 = 145400 KNG

M1 Ra.s00 = 1465 % 10* kN

Mpird = |Mprraso if byg =50mm
M Rd.100 if bpge = 100mm
M Rd.150 if by = 150mm
My Rd.200 if by g =200mm
MpiRd250 if bpgp =250mm
Mp1Rrd.300 if by g =300mm
M Rd3s50 if bpge =350mm

My Rd.400 if by g =400mm

MyiRq.500 Otherwise

M
E
= B 0.859

=1.364 % I()4FRNGh

Mp1Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

My pg = 8.978 x 10° &N

From Ramboll EWM calculations

EC1993-1-5 Ch. 7.1(5)

M¢Rrd
12— =1
My Rd

XI



B. I-beam

I-beam - EWM 100mm Moment capacity check Design resistance for shear:
n=1
The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM I]Ty(t )
some calculations are performed as a complement to the EWM calculations. w) Bt

VowRd+ VbfRdS — ——— EC1993-1-5 Ch5.2(1)
V3G

Shear capacity stiffened web
Geometry 3
VRd*= Vpw.Rd * VbfRd = 2513 % 10°EN
Flange:
tp = 25mm
VEd
Ny = — =0825 EN-1993-1-5 equ (5.8)
b= 560mm b, = 560mm VRd
Distance between vertical stiffeners: 200mm stiffener
St = 8.914m
Vbw.Rd.200 = 2513 % 10° kN (From Ramboll EWM calculations)
lpeam = 36 =26.742m
VEd
=0.825
Measurements web plate between stiffeners: Vbw.Rd
d; = 0.5m dy = 0.5m ’ )
400 mm stiffener 300 mm stiffener
Horizontal stiffeners: 3
3 Vi 1= 2.73600 kN
by ¢ = 100mm by = 100mm tg:= 12mm Viw.Rd.400 = 3-13800°kN bw.Rd.300
- - 6 -
ty:= 12mm hy = 2m VRA.400 = Vbw.Rd.400 * VbRd = 3-138 X 10°N VR4 300 = Viw Rd300 * VbeRd
Total area: VEd VEgq
— =0.66 — =0.757
) VRd.400 VRd300
Agop = tyglBy, + belfe + st"Ob]‘st + bzbs‘) 568[3m
Load: 150 mm stiffener 250 mm stiffiener
kN = 3
=155 — \¢ = 240700°kN _ 3
Q4 55 - bw.Rd.150 Vbw.Rd.250 = 2:60900°kN
3
2 v, =V +V =2.407 % 10" &N 3
QuIf3 s, Rd.150 = Vbw.Rd.150 * VbfRd v =V, 4 Ve = 2.609 % 10° RN
Mpg = Eqs ) 1386 x 10* 0NN Rd250 = Vbw.Rd250 * VbfRd
V,
Vi =0.861 VEd 0704
Q{3 Rd.150 o
Ved= Q) =2073 % 10°RN VR4250
. 100 mm stiffener
Material 350 mm stiffener
- 3 — 3
) Viw.Rd.350 == 293700°kN VowRd.100 = 228900 kN
MF 210GPa
- _ 3 - _ 3
VRd350 = Vbw.Rd350 + VbfRd = 2937 107N VRq 100 = Vhw.Rd.100 + Vbf.Rd = 2289 107EN
. 390MPa
ty(t) = | ——— if t<16mm /ﬂ!) =
™ VEd VEd
R0MP T =070 T =090
2222 i 16mm <t < 40mm Rd.350 Rd.100
M
360MP: . ’
200MPa - therwise 50 mm stiffener 500 mm stiflener
™
3
ViwRd.50 = 2.1600°kN 5
Vow.Rd.500 = 3-18600°kN
Capacities: - - 3
P VRd.50 = Vbw.Rd50 * VbfRd = 216X 107EN ,
MfRg = 8,978L103kNL|h From EWM calculations VRA.500 = Vbw.Rd.500 T VbfRd = 3-186 % 107 &N
i Ve
Ed
. 3 From EWM calculations =0.959
Viw.Rd = 251300°kN VRd50 Ved oo
SS-EN 1993-1-35.2(5.2) VRdsoo
M
E
_Ed s p.86 BK
Mira 600 stiffe
550 mm stiffener mm stitener
- ) - 3
The contribution from the flanges: Viow Rd550 = 3.186010°kN Vbw.Rd.600 = 3-18600°kN
Ved 3o, =V, + Vpprg = 2609 x 10 >
I = 6.458[MPa v, = Vpw.Rd.250 * VprRrd = 2609 x 10" &N MRE250 ™ Ybw.Rd.250 T Ybf.Rd T <
cam Bd256
Vi
- Ed
VbtRd.ored = 95:143kN VEd _ (704 —— =0.7%
v ’ VRd.250
Rd.250

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

2
~ MEq ) _
Vberd = [VbfRdored! T| T | | if Mpa<Mgrg =0EN
Mg Rrd

0 otherwise

XII



B. I-beam

Vbw.Rd, EWM with dirrerent stiffener widths

VowRD = | Vow.Rd50 if bjgt =50mm  =2.289x 103N
Vpw.Rd.100 if by g¢ =100mm
Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by 5t =200mm
Vbw.Rd.250 if by g =250mm
Vow.Rd.300 if by gt =300mm
Vpw.Rd.350 if by g¢ =350mm

Vow.Rd.400 if byt = 400mm

Vow.Rd.500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgg <MgRq =0
VEd < Vow.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check := | "No interaction” if Mg <Mgpg O VEg < Vpy rp = "Interaction needed”
"No interaction” if Vg <05V, pp

"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1)

Bérande K. Ch.S5.4 S86.
Mpq = 141 9!’104kN!’m From Ramboll EWM calculations

Myt .50 1= 1364 x 10* kNG

My R 100 = 1389 % 10* kN

My Rd.150
M1 Rd.200
My Rd.250 °
My Rd.300
My Rd.350
My Rd.400 *

My Rd.500 *

= 1407 x 10 KN
= Mpg = 1419 10" &N
= 1429 10* KN
4
= 1.43000*kNh

= 1448 % 10° KNG

= 145400 N

= 1.465x 10" kN

M.Rd, EWM with different stiffener widths

My Rd =

My R

Mgy = 8978  10°ENGn

Mgq

MpiRd.50 if by g =50mm - =1.389x 10N
My Rd.100 if by g =100mm
My Rd.150 if by = 150mm
My Rd.200 if by g =200mm
My Rd.250 if by g =250mm
Mp1Rd300 if bpge = 300mm
My Rd3s50 if bpge =350mm
MpiRd.400 if by g =400mm

Mpl.Rd.SOU otherwise

=0.998
d EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

From Ramboll EWM calculations

VEd
=0905
v - EC1993-1-5 Ch. 7.1(5)
bw.RD
M M
ny+ 1—Mf‘Rd [@2@13—1)251=0 nlefﬂﬂ
pLRd pLRd

XIIT



B. I-beam

I-beam - EWM 100mm Shear capacity check

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM
some calculations are performed as a complement to the EWM calculations.

Geometry

Flange:

tp = 25mm

b= 560mm b, = 560mm

Distance between vertical stiffeners:
S = 8.914m
= 303, =26.742m

Theam :

Measurements web plate between stiffeners:

dj = 05m dy = 05m

Horizontal stiffeners:

by ¢t = 100mm by ¢ = 100mm tg = 12mm
ty = 12mm hW:= 2m
Total area:

2
Atot = tyyllly, + belfe + zmsl—ob].st * bz.m) 568(6m

Load:
Qq:=171 N
d m
2
Q318
Mgq = M =1.529 x IOAFRNﬁh
Ed 8
Qq {315
Vgg= Q) =2286x 10°EN
Material
vl 210GPa
390MP:
0= 22 < 16mm 0=
™M
380MPa if 16mm <t < 40mm
M
360MPa .
——— otherwise
™
Capacities:
Mgpg = 8,978L103kNL|h From EWM calculations

- 3 From EWM calculations
VwRd = 2:51300°kN

SS-EN 1993-1-35.2(5.2)

M
E
_Ed _ 203 p.86 BK
MiRd
The contribution from the flanges:
A%
b =7.125[MPa
Tocam

Vbt Rd.ored = 95-143kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

~ MEq ) _
Vberd = [VbfRdored! T| T | | if Mpa<Mgrg =0EN
Mg Rrd

0 otherwise

XIV

Design resistance for shear:

n=1
ty, |0
ViwRd* VbfRd € M 1 EC1993-1-5 Ch5.2(1)
il i 3
Bm Shear capacity stiffened web
3
VRd = Vbw.Rd * VbfRd = 2513 % 10" ®N
VEd
nyi= — =091 EN-1993-1-5 equ (5.8)
VRrd
200mm stiffener
Vpw.Rd.200 = 2:513 % 103 kN (From Ramboll EWM calculations)
v
Ed =091
Vow.Rd
400 mm stiffener 300 mm stiffener

3
= 3 k¢ = 2.73600°kN
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

- , 6 -
VRd.400 = Vbw.Rd.400 + VbfRd = 3138 % 10°N VR4 300 = Vbw.Rd.300 * VbtRd

V, v,
B4 =0.729 _kd =0.836
VRd.400 VRd300
150 mm stiffener 250 mm stiffener

o 3
Vow.Rd.150 = 2:40700°kN Viw Rd.250 = 2.60900°kN

3
v =V + Vigpg = 2407 x 107N -~ _ 3
Rd.150 = Vbw.Rd.150 * VbfRd VRA.250 = Vow Rd250 * VrRd = 2:609 % 10 &N

V,
_Bd _pos VEd
VRA.150 T =087
) Rd.250
100 mm stiffener

350 mm stiffener

- 3 . 3
Viw.Rd.350 = 2:93700°kN Viw R 100 = 228900°kN

- _ 3 — _ 3
VRd350 = Vbw.Rd.350 + VbrRd = 2937 % 107N VRq 100 = Viw Rd.100 + VbrRd = 2289 % 107EN

v, v,
E E
B 0.778 B 0.999

VRd.350 VRd.100

50 mm stiffener 500 mm stifener

_ 3
Viw.Rd.50 = 21600°kN B s
Viw.Rd.500 = 3-18600°kN

— _ 3
VRd.50 = Vbw.Rd.50 * VbrRd = 216 107N ,
VRd.500 = Vbw.Rd.500 * Vbf.Rd = 3186 X 107k

v,
E
v d =1.059 v
Rd.50 Bl _ o
VRd.500
550 mm stiffener 600 mm stfener

3
- 3 v = 3.18600°kN
Viw.Rd.550 = 3-18600°kN bw.Rd.600

3
-~ _ 3oV =V, + Vpgpg = 2609 x 10° T
YRd2sm= Vow.Rd.250 * Vbf.Rd = 2:009 x 10 kN MRASON bw.Rd.250 bf.Rd
v,
E
VEd _ 76 Vid =0.876
VRd.250 Rd.250



B. I-beam

V.bw.Rd, EWM with dirrerent stiffener widths

- ) _ B s
VowRD = |Vow.Rd.50 if byg =350mm  =2.289x 10N i
Vow.Rd.100 if bjg¢ = 100mm

Vbw.Rd.150 if by g =150mm m *[1 -
Vbw.Rd200 if by g =200mm

Mg Rrd
My Rd
Vbw.Rd.250 if by g =250mm
Vbw.Rd.300 if by g = 300mm

Vow.Rd.350 if by gt = 350mm

Vbw.Rd400 if by gt =400mm

Vbw.Rd.500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgq <MgRq =0
VEd < Vow.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check := | "No interaction” if Mg <Mggy O Vgg < Vpy rp = "Interaction needed"
"No interaction” if Vg < 0.5V, rp

Interaction needed" otherwise SSEN1993-1-5 Ch.7.4(1)

Bérande K. Ch.S5.4 S86.
Mpq = 141 9]ﬂ4kNIh From Ramboll EWM calculations

MpiRa.s0 = 1364 % 10 kNG

M 1t mn = 1380 x 107 kN
My Rd.150 1= 1407 % 10* kN

Myl Rd.200 = Mg = 1419 10° BN
4
M| Rd.250 = 1429 % 10 KNf
4
M1 Rd.300 = 1:43000 kNG
4
My Rd.350 = 1448 X 107 KNl
4
Mp| Rd 400 = 1.45400"kNln
4
M| Rd.500 = 1465 % 10 KNf

M.Rd, EWM with different stiffener widths

MpiRd = [MplRd.50 if bygp =50mm  =1.389x 10* &N
MpiRd.100 if by g = 100mm

My Rd.150 if by gt = 150mm

MpiRd200 if bt =200mm

My Rd.250 if bysp = 250mm

My Rd300 If by gt = 300mm

MpiRd350 if by g =350mm

MpiRd.400 If by gt = 400mm

M Rd500 Otherwise

M
ny = —2 = 1ol
M1 Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

_ 3
Mg =8.978 x 107 RNl From Ramboll EWM calculations

v,
Ed - 0999 EC1993-1-5 Ch. 7.1(5)

=
Vbw.RD

ny o+ (1 - Irmd ][@2@13 - 1)2

JEQZEH:, -1 =145

My Rrg
> =1

12
MpiRd
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B. I-beam

. L
I-beam - EWM 100mm Interaction ViwRd * VbfRd S Wy‘(ﬁ—) =1 EC1993-1-5 Ch5.2(1)
Bim Shear capacity stiffened web
The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM

3
some calculations are performed as a complement to the EWM calculations. VRd= Vbw.Rd * VbfRd = 2-513 x 107 RN
Geometry
VEd
ny=— =072 EN-1993-1-5 equ (5.8)
Flange: VRd
tp = 25mm
200mm stiffener
b= 560mm b, = 560mm
VowRd200°= 2513% 107 kN (From Ramboll EWM
i calculations)
Distance between vertical stiffeners: v
Ed
Sy 1= 8.914m VoL, D07
bw.Rd
1 1= 3, =26.742m
beam s 400 mm stiffener 300 mm stifener
Measurements web plate between stiffeners: = 3
Vi Rad00 = 313810k Viw.Rd.300 = 2.73600°kN
dy = 05m dy = 05m Rd-
- _ 6 -
Horizontal siifleners: VRd.400 = Vow.Rd.400 * VbfRd = 3138 % 10°N VR4 300 = Vhw.Rd.300 * VbfRd
b = 100mm b, = 100mm ty == 12mm
Lst 2.5t st Vi v
Ed Ed
T =0T T =066
- - Rd.400 Rd.300
ty = 12mm hy, = 2m
Total area:
150 mm stiffener 250 mm stiffener
2
Agr = tyyBy, + bedp2 + 20 [{by  + b = 568[¢m - 3
ot = el + b + 2001y ¢+ by ) Viw.Rd.150 = 240700°kN Vi R 250 = 260900k
Load: 6
% =V, + Vi ppy = 2407 x 10°N -~ _ 6
N RA150° Tbw.Rd150 7 TbERd VRd.250 = Vbw.Rd.250 * VbrRd = 2:609 % 10°N
Qq = 136—
m V,
Ed
— 20755 VEd 0697
2 VRd.150 v =
QIf35y) 4 Rd.250
Mpq:= — - 1.216 x 10" KNl
Qq31s
= @ = 1818x 10°EN
Material i
350 mm stiffener 100 mm stiffener
- - 3 - 3
RIVER 210GPa Viw.Rd.350 == 293700°kN VowRd.100 = 228900°kN
6 6
. 390MPa VRd350 = Vbw.Rd350 * VbRd = 2937 10°N - VRq 100 = Vow.Rd.100 + VbfRd = 2289 X 10°N
f(t) = | ——— if t<16mm /ﬂ!) =
Y bl
M
\%
380MP d__
2222 i 16mm <t < 40mm S =0.794
M Rd.100
360MPa .
———— otherwise .
M 50 mm stiffener 500 mm siffener
3
ViwRd.50 = 2.1600°kN 5
Capacities: Vpw.Rd.500 = 3-186007kN
6
V, =V +V =216x 10°N
My rq = 8,978L103kNL|h From EWM calculations Rd.50 bw.Rd.50 bf.Rd B
VRd:500 = Vow.Rd.500 * VbtRd = 3-186 ¥ 10°N
Fi EWM calculatio Vg
Vpw R = 2:51300°N rom =M caleuialons B _ 80
p.86 BK VRd.50 VEd ol
Mg SSEN 1993-1-35.2(5.2) VRas00
— =1.354
Mg Rd
550 mm stiffener 600 mm stfener
The contribution from the flanges: 3
Vi S50 = 318610k Viw.Rd.600 = 3-18600°kN
VEd
T 5.667MPa 5
b — _ 6 NA =V + Vippg = 2609 x 10N
cam YRé250:= Vbw.Rd.250 T VbfRd = 2:609 X 10°N MRS bw.Rd.250 bf.Rd
Vi = 95.143kN
bf.Rd.ored v VEq
—E9 07 Vong 87
VRd250 Rd.250

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

M

2
v if Mpg<Mgpq =O0EN
f.Rd

VbfRd = | VbfRd.ored 1’(

0 otherwise

Design resistance for shear:

n=1
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B. I-beam

Vbw.Rd, EWM with dirrerent stiffener widths

Vow.RD = |Vbw.Rd50 if by g =50mm
Vpw.Rd.100 if by g¢ =100mm
Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by 5t =200mm
Vbw.Rd.250 if by g =250mm
Vbw.Rd.300 if by gt =300mm

Vow.Rd3s50 if byt =350mm

Vow.Rd.400 if byt = 400mm

Vow.Rd.500 Otherwise

=2.289x% IOBFRNV'rh

No interaction is needed because the load can be carried with the flanges contribution and the

following conditions are met.

Mgq <Mgrg =0

VEd < Vbw.RD = 1

No interaction is needed if the load can be carried with the flanges contribution and the following

conditions are met.

Check := | "No interaction” if Mgy <Mgpy O Vgy< Vbw.RD = "Interaction needed"

"No interaction" if Vg <0.5Vpy pp

"Interaction needed" otherwise

- 4,
Mggq:= 1.41900 kNG

My Ra 50 = 1364 107 kN
4

MplARd.]‘]ﬂ = 1.389 % 10" kN[
4

My Ra 150 = 1407 % 10* kN

Mp1.Rd200 = MRg = 1419 10* &N

SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

From Ramboll EWM calculations

— 4
Mp].Rd.ZSO := 1.429 % 10" kN[
_ 4
Mp1.Rd300 = 1:43000° kNI
- "
Mp].Rd.}SO := 1.448 x 10 kN[
_ 4
Myl Rd.400 = 145400 kNI
- "
Mp].Rd.SOO := 1,465 % 10" kN[h
M.Rd, EWM with different stiffener widths

My Rd = |MpiRd.s50 if by s¢ = 50mm
My Rd.100 if by g = 100mm

My Rd.150 if by g = 150mm
My Rd200 if By =200mm
M Rd.250 if by =250mm
My Rd.300 if by g =300mm
My Rd.350 if by g =350mm

Mp1Rd.400 if by gt =400mm

My Ra.500 Otherwise

M
Ed
1= =0875

= 1.389 x 10°ENm

Mpl.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

_ 3
Mg = 8.978 10’ kNI

From Ramboll EWM calculations

VEd
=0.794 EC1993-1-5Ch. 7.1(5)
Vbw.RD
M M
np+[1- =2 w121 =1 ne—2d o
M M
pLRA pLRA

M

£Rd

|1 r(lzrﬁ,3 - 1)2 =0.998
MpiRrd
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B. I-beam

I-beam - EWM 150mm Moment capacity check Design resistance for shear:
n=1
The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM I]Ty(t )
some calculations are performed as a complement to the EWM calculations. ) By EC1993-1-5 Ch.5.2(1)

V, +V, < — " —
bw.Rd ™ YbfRd
™ N30Bny Shear capacity stifened web

Geometry 3
VRd*= Vbw.Rd T VbfRd = 2513 x 10" [N
Flange:
tp = 25mm
V,
Ed EN-1993-1-5 equ (5.8,
Ny = —< = 0.835 u (5.8)
b= 560mm b, = 560mm VRd
Distance between vertical stiffeners: 200mm stiffener
Sig = 8.914m 3 5
Vpw.Rd.200 = 2:513 % 107 kN (From Ramboll EWM calculations)
]beam = 3315 =26.742m VEd
=0.835
; Vow.Rd
Measurements web plate between stiffeners:
dp = 0.5m dy 1= 0.5m 400 mm stiffener 300 mm stiffener

Horizontal stiffeners: ) .
= 3 k¢ = 2.73600°kN
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

by gt = 150mm by ¢ = 150mm tg = 12mm
- _ 6 -
- - VRd.400 = Vbw.Rd.400 + VbfRd = 3138 % 10°N VR4 300 = Vbw.Rd.300 * VbtRd
ty = 12mm hw.— 2m
Vi
Total area: VB e —E 767
VRd.400 VRd.300
2
Agog = tylhy, + belfp2 + zmst!'ﬂbls‘ + bzls() = 592[dm
Load: 150 mm stiffener 250 mm stiffener
3
N Y = 240700 kN _ 3
Qq= 157 — bw.Rd.150 Viw.Rd.250 = 2:60900°kN
m
3
% =V + Vpprg = 2407 x 10° &N _ _ 3
lej@3@[5)2 . RA.150 = Tbw.Rd.150 © TbERd VRd.250 = Vbw.Rd.250 * VbfRd = 2609 x 107EN
Mpgi= ———— = 1.403 x 10" &Nl
8 VEd v
——=0872 Ed  _
VRa150 T =008
Q{35 5 g Rd.250
B =2.099 x 10°&N
Material 350 mm stiffener 100 mm stfener
3 3
- Vv, = 2.93700°kN Vv, = 2.28900°kN
YS! 210GPa bw.Rd.350 bw.Rd.100
- - 3, - - 3,
390MPa VRA350 = Vbw.Rd.350 * Vb Rd = 2:937 X 107N Vg 190 = Vbw.Rd.100 * VbfRd = 2-289 107N
fy(t) = | ——— if t<16mm &=
™ v, v,
Ed Ed
380MPa ———=0715 —=0917
2222 if 16mm < t < 40mm VRd350 VRd.100
™ . .
360MPa

otherwise :
o 50 mm stiffener 500 mm stiffener

- 3
Viw.Rd.50 = 2-1600°kN i s
Viw.Rd.500 1= 3-18600°kN

Capacities: N
5 VRd:50 = Vow.Rd.50 * VbfRd =216 107EN

M = 8.9780010" kN[ From EWM calculations - _ 3

fRd ! VRd:500 = Vbw.Rd.500 * VbrRd = 3-186 > 107k}

\
From EWM calculati Bd _

Vi ra = 2.51300°KN rom EWM calcuiations =0.972

bw.Rd v Vi

Rd.50 Ed
SS-EN 1993-1-35.2(5.2) —— =0.659
M VRd.500
Ed
— =1.563 p.86 BK
My Rrg
550 mm stiffener 600 mm sfiffener
The contribution from the flanges: - 3
- 3 Viw. = 3.18600°KkN
Viw.Rd.550 = 3-18600°kN bw.Rd.600
Ved 6.542[MP: 3
=6. a a _ 30V = Vi + Viprq = 2609 x 10° M

[ VRaaso:= VowRd250 + VbiRd = 2:609 x 1°RN ~WRéas6:= Vbow.Rd.250 * Vbi.Rd
% = 95.143kN VEd

bf.Rd.ored VEd ~ - 05805

=080 VRd250

VRd.250
The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

~ MEq ) _
Vberd = [VbfRdored! T| T | | if Mpa<Mgrg =0EN
Mg Rrd

0 otherwise
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B. I-beam

MrRrd 2
V.bw.Rd, EWM with different stiffener widths ny+ [1 ™ T E@ZEIU - l) =1.198
pl.

VowRD = | VowRdso if bl =S0mm  =2.407x 10° &N
Vpw.Rd.100 if by g¢ =100mm
Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by 5t =200mm
Vbw.Rd.250 if by g =250mm
Vbw.Rd.300 if by gt =300mm
Vpw.Rd.350 if by g¢ =350mm

Vow.Rd.400 if byt = 400mm

Vpw.Rd.500 Otherwise
Interaction not needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgg <MgRq =0
VEd < Vow.RD = !

Interaction not needed if the load can be carried with the flanges contribution and the following
conditions are met.
Check := | "No interaction” if Mpg<Mgpg O Vgg < Vi, pp = "Interaction needed”
"No interaction” if Vg < 0.5Vpy ppy

"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

— 4.
Mpq = 1419010 kN Ramboll EWM calculations

MplARd.SO = 1.364 I(]4 kNl
4
Myi Rq.100 = 1:389 % 10° kN

MpLRd.]Sﬂ = 1.407 x I(]4 kN

My Rd 200 = Mg = 1419 % 10'0NTn
4
M1 Rd250 = 1429 % 10" kNI
4
My Rd 300 3= 143000 KNG
4
M1 Rd.350 = 1448 % 10" kNI
4
My Rd.400 = 1454010 KNt

Mp1Ra.s00 = 1465 % 10* kN

M.Rd, EWM with different stiffener widths

My Ra = [Mpiraso if bpg=50mm = 1407 10'GNG
MpiRd.100 if by g = 100mm

My Rd.150 if by gt = 150mm

MpiRd200 if by gt =200mm

My Rd.250 if bysp = 250mm

My Rd300 If by gt = 300mm

MpiRd350 if by g =350mm

MpiRd.400 If by gt = 400mm

M Rds500 Otherwise

M
n = B _ 0.997
M1 Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

— 3
Mg = 8.978 10" ‘N

Ramboll EWM calculations

=B _osn EC1993-1-5Ch. 7.1(5)
Vbw.RD
> M
my+| 1 - —Rd EQZWB‘I)ZS‘:" 2L
v M
pLRd pLRd
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B. I-beam

I-beam - EWM 150mm Shear capacity check

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM

some calculations are performed as a complement to the EWM calculations.

Geometry

Flange:

tp = 25mm

b= 560mm b, = 560mm

Distance between vertical stiffeners:
S = 8.914m
= 303, =26.742m

Theam :

Measurements web plate between stiffeners:

dj = 05m dy = 05m

Horizontal stiffeners:

by gt = 150mm by ¢ = 150mm tg = 12mm
ty = 12mm hW:= 2m
Total area:

2
Atot = tyyllly, + belfe + zmsl—ob].st * bz.m) 592(6m

Load:
Qq:= 150N
d .
2
Q3
Mpg = Q) _ 1609 x 10*EN
8
Qqf3
Fa= ) =2.407% 10°RN
Material
vl 210GPa
390MP
0= 22 < 16mm 0=
™
380MPa if 16mm <t < 40mm
™
360MPa .
——— otherwise
™M
Capacities:
Mgpg = 8,978L103kNL|h From EWM calculations
From EWM calculations

— 3
Viw.Rd = 251300°kN

SS-EN 1993-1-35.2(5.2)

M
Eq
_Ed _ 99 p.86 BK
My Rrg

The contribution from the flanges:

VEd

Iheam!Thy

=7.5MPa

Vbt Rd.ored = 95-143kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

M

Ed
VbfRd = | VbfRd.ored! ’(7] if Mpg<Mppq =0EN

M Rrg

0 otherwise

XX

Design resistance for shear:
n=1

Wy(‘ )m iy EC1993-1-5 Ch.5.2(1)

W) W ...

VowRd* VofRdS T o 7!
V3

Shear capacity stiffened web

3
VRd = Vbw.Rd * VbfRd = 2513 % 10" ®N

v,
N3 = —Ed_ 958 EN-1993-1-5 equ (5.8)
VRd

200mm stiffener
Vpw.Rd.200 = 2:513 % 103 kN (From Ramboll EWM calculations)
v
Ed =0.958
Vow.Rd
400 mm stiffener 300 mm stiffener

3
= 3 k¢ = 2.73600°kN
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

- , 6 -
VRd.400 = Vbw.Rd.400 + VbfRd = 3138 % 10°N VR4 300 = Vbw.Rd.300 * VbtRd

V, v,
B4 =0.767 _kd =0.88
VRd.400 VRd300
150 mm stiffener 250 mm stiffener

o 3
Vow.Rd.150 = 2:40700°kN Viw Rd.250 = 2.60900°kN

3
v =V + Vigpg = 2407 x 107N -~ _ 3
Rd.150 = Vbw.Rd.150 * VbfRd VRA.250 = Vow Rd250 * VrRd = 2:609 % 10 &N

v,
o Vea | 0.922
VRd.150 e

VRd.250

350 mm stiffener 100 mm stiffener

3 3
Viw.Rd.350 = 2.93700°kN Vow Rd 100 = 228900°kN

- _ 3 — _ 3
VRA:350 = Vbw.Rd.350 + VbrRd = 2937 % 107N VRq 100 = Vhw.Rd.100 + VbfRa = 2289 % 107EN

VEd
= 1051

VRd.100
50 mm stiffener 500 mm stiffener

3
Vow.Rd.50 = 2.1600"kN 3
Vow.Rd.500 = 3-18600°kN

- _ 3
VRd.50 = Vbw.Rd.50 * VbrRd = 216 107N ,
VRd500 = Vbw.Rd.500 * VbR = 3-186 x 107E}

VEd
= 1114
VRd.50 VEd s
VRd 500
600 mm stiffener

550 mm stiffener

. 3
Vi Rs50= 318600 Viw.Rd.600 1= 3-18600°kN

3
3 v = Vpw. + VipgRrg = 2-609 x 107 KM
VRe256:= Vow.Rd.250 T VbRd = 2:609 x 10” RN AMARAISON bw.Rd.250 bfRd
Vi
Ed
_VEd ~0922 TS0
VRd.250 Rd.250



B. I-beam

Vbw.Rd, EWM with different stiffener widths

Vow D= | VowRds0 iF by g =50mm  =2407x 10°BNG
Vbw.Rd.100 if by g¢ = 100mm
Vbw.Rd.150 if by g¢ = 150mm
Vow.Rd.200 if by gt =200mm
Vpw.Rd.250 if by g¢ =250mm
Vbw.Rd.300 if by g =300mm
Vbw.Rd.350 if by g =350mm

Vow.Rd.400 if by gt = 400mm

VowRds500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the

following conditions are met.

Mgg <MgRq =0

VEd < Vow.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following

conditions are met.

Check := | "No interaction” if Mg <Mgpg O VEg < Vpy rp = "Interaction needed”

"No interaction” if Vg <05V, pp

"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

Mpg:= 1_4|9jg4kN—m From EWM calculations Ramboll

364% 10 kNG

My Rd.50 =
4

Myi Rq.100 = 1:389 % 10° kN
4

MpLRd.]Sﬂ 1= 1.407 x 10" kN[

My Ra 200 = Mg = 1419 % 10'0N G

My Ras0 = 1429 % 10 kN
4
MpiRa.300 = 143000 kNt
4
Mp].RL‘.350 := 1.448 x 10" kNI
4
MpiRa.400 = 145400 kNt

Mp)Rd 500 = 1:465 % 10* KN

M.Rd, EWM with different stiffener widths

MpiRd = |MplRd.50 if byge =50mm  =1.407x% 10°ENE
My Rd.100 if by g = 100mm

My Rd.150 if by g = 150mm

Mp1Rrd.200 if by g =200mm

My Rd2s50 if by g =250mm

M Rd.300 if by =300mm

My Rd.350 if by g =350mm

My Rd.400 if by g =400mm

MpiRd.s00 Ofherwise

M
= k. 1.144

MpI.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

From EWM calculations Rambol
Mjpq = 8.978 x 10° &N rom =i caluiatons Ram

EC1993-1-5 Ch. 7.1(5)

M¢R, My R,
my+{ 1 - =B oy 1) <120 n2—=d o
MpiRd MpiRd

Mg

fRd

o[- EQZEI}—l)Z:l.sos
My Rd
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B. I-beam

I-beam - EWM 150mm Interaction capacity check o
Design resistance for shear:

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM n:=1
some calculations are performed as a complement to the EWM calculations. EB
I:ﬁy(lw) W

EC1993-1-5 Ch.5.2(1)

V, +V, < — " —
bw.Rd ™ YbfRd
™ N30Bny Shear capacity stifened web

Geometry
= — 3
Flange: VRd= Vow.Rd * VbERd = 2-513 X 10"EN

tp = 25mm

Vj
b= 560mm bg, = 560mm 3= Ed _ o7 EN-1993-1-5 equ (5.8)
VRd

Distance between vertical stiffeners:

200mm stiffener
Sy 1= 8.914m
Vbw.Rd.200 = 2513 % 103 kN (From Ramboll EWM calculations)
Tpeam = 305 =26.742m
VEd
=0.74
Measurements web plate between stiffeners: Vbw.Rd
dy = 0.5m dy = 0.5m ' '
400 mm stiffener 300 mm stiffener
Horizontal stiffeners: 3
3 \Y 1= 2.73600°kN
by g = 150mm by g = 150mm tg = 12mm Vbw.Rd.400 = 3-13800°kN bw.Rd.300
- - 6 -
ty = 12mm hy, = 2m VRA.400 = Vbw.Rd.400 * VbRd = 3-138 X 10°N VR4 300 = Viw Rd300 * VbeRd
Total area: V, v
B s B om0
2 VRd.400 VRd300
Agot = tyBy + bellp2 + zmsl—ob].st * bz.m) 592[em
Load: 150 mm stiffener 250 mm stiffener
kN - 3
=139 — Viw.Rd.150 = 2:40700°kN ~ 3
R m b-RA-130 Vbw.Rd.250 = 2.60900°kN
3
2 \ =V, +V, =2.407x 10°RN 3
Q438 Rd.150 bw.Rd.150 bf.Rd V, =V, + Vien1=2.609x% 10° &N
Mg = @ = 1243 % 10° KN Rd.250 = Vbw.Rd.250 * VbfRd
\%
Ed
T com VEd —o7
Qg3 Rd.150 e
Ed= dtg [5) =1.859 x IOSFRN VRd.ZSO_
. 350 fiffe 100 mm stiffener
Material mm stiffener
; VowRd 350 = 293700°KN Vow Rd 100 = 228910°KN
M=l 210GPa
- _ 3 - _ 3
VRA:350 = Vbw.Rd.350 + VbrRd = 2937 % 107N VRq 100 = Vhw.Rd.100 + VbfRa = 2289 % 107EN
R 390MPa
ty(t) = | ——— if t<16mm /ﬂ!) =
™ VEd VEd
380MPa Erap =0.633 Er— =0.812
=——— if 16mm <t < 40mm Rd.350 Rd.100
™
360MPa ) ’
T otherwise 50 mm stifiener 500 mm stiffener
- 3
Vpw.Rd.50 = 2-1600°kN s
Vow.Rd.500 = 3-18600°kN
Capacities: - - 3
P VRd.50 = Vbw.Rd.50 * VbrRd = 216 107N \
MfRg = 8,978L103kNL|h From EWM calculations VRA.500 = Vbw.Rd.500 T VbfRd = 3-186 % 107 &N
: v
Ed
From EWM calculatio —— =086
Vpw R = 2:51300°N rom =M caleuiatons VRds0 Vid
’ SS-EN 1993-1-3 5.2(5.2) ———— =0.583
VRd 500
M
E 86 BK
—Ed s P
Hikd 600 mm stiff
550 mm stiffener mm stifener
P— . 3
The contribution from the flanges: Vow RA.550 = 3.|86!’103kN Vbw.Rd.600 = 3-18600°kN
Ved 920M 3 v, =V +V, 22609 10°T>
= 5.792[MPa - _ = Vi ‘R4 = 2
lpeam ¢ VRaase:= VowRd250 * VbrRd = 2:609x 10°EN ~RE2560.= Ybw.Rd250 * VbfRd
Vi
= Ed
Vbf.Rd.ored = 95-143kN VEd o712 = o2
Vv, e VRd250
Rd.250

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8
M

2
— Ed -
VofRd = | VbfRdored! T[T | | if Mpg<Mgpg =0EN
M Rrg

0 otherwise
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B. I-beam

V.bw.Rd, EWM with different stiffener widths

Mg R,
. . 3 n1+[l— 4d][€25h3-1)251=1
VowRD = | Vow.Rd.50 if b g =50mm =2.407 x 10° N Mplde
Vbw.Rd.100 if by g¢ = 100mm
Vpw.Rd.150 if by g =150mm
M Rrd

Vbw.Rd.200 if byt =200mm - [1 K
Vbw.Rd.250 if byt =250mm ke
Vbw.Rd.300 if by g =300mm
Vbw.Rd.350 if by g =350mm

Vow.Rd.400 if by gt = 400mm

Vbw.Rd.500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgq <MgRq =0
VEd < Vbw.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check := | "No interaction” if Mgy <Mgpy O Vgy< Vbw.RD = "Interaction needed"
"No interaction" if Vg <0.5Vpy pp

"Interaction needed”  otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

. 4
Mg = 141900 kN Ramboll EWM calculations

My Ra 50 = 1364 107 kN

ar 4

— 1 n0nw rat i

MpiRa.150 = 1407 % 10* kN
4
My Rd.200 = Mg = 1419 x 10 NG
. 4
MpiRa2s0 = 1429% 10* kN
4
Myt Ra.300 = 143000 kNG
. 4
MpiRra3s0 = 1448 % 10* kN
4
Myt R.400 = 145400 kNG

MpiRa.s00 = 1465 % 10* kN

M.Rd, EWM with different stiffener widths

MpiRd = [MplRd.50 if bygp =50mm = 1.407x 10 &N
My Rd.100 if by gt = 100mm

My Rd.150 If b gt = 150mm

MpiRd200 if by g =200mm

My Rd.250 if bygp =250mm

My Rd.300 if By s¢ = 300mm

My Rd.350 if bpsp = 350mm

Mp].Rd,400 if by g =400mm

Mp].Rd.SOO otherwise

Mgg
= =0.883
MpRd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
Mgpg = 8978 x 103 [KN[h From EWM calculations Ramboll
VEq EC1993-1-5Ch.7.1(5)
= =0.772
Vow.RD

Jiea- =0

M¢Rrd
>——C =
MpiRd
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B. I-beam

I-beam - EWM 200mm Moment capacity check Design resistance for shear:

n
The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM I]Ty(t )
some calculations are performed as a complement to the EWM calculations. w) Bt

EC1993-1-5 Ch.5.2(1)

V, +V, < — " —
bw.Rd ™ YbfRd
™ N30Bny Shear capacity stifened web

Geometry 3
VRd = Vbw.Rd * VbfRd = 2513 % 107 ®N
Flange:
tp = 25mm
VEd EN-1993-1-5 equ (5.8)
n3i= — =084
b= 560mm b, = 560mm VRd
Distance between vertical stiffeners: 200mm stiffener
Sig = 8.914m 3 5
Vpw.Rd.200 = 2:513 % 107 kN (From Ramboll EWM calculations)
]beam = 3315 =26.742m VEd
=0.841
; Vow.Rd
Measurements web plate between stiffeners:
dp = 0.5m dy 1= 0.5m 400 mm stiffener 300 mm stiffener

Horizontal stiffeners: ) .
= 3 k¢ = 2.73600°kN
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

by ¢ = 200mm by ¢ = 200mm tg = 12mm
- _ 6 -
= 12mm b= 2m VRd.400 = VowRd.400 * VbfRd = 3138 % 107N VRq 300 = Vbw.Rd.300 * VbeRd
W W
: v, v,
Totalarea: —E o6 —E _om
VRd.400 VRd.300
2
Agot = tyBy + bellp2 + zmsl—ob].st * bz.m) 616[cm
Load: 150 mm stiffener 250 mm stiffener
3
KN Y = 240700 kN _ 3
Qq:= 158— bw.Rd.150 Viw.Rd.250 = 2:60900°kN
m
3
% =V + Vpprg = 2407 x 10° &N _ _ 3
Qfs Ets)z 4 RA150° Tow.Rd150 7 TbERd VRd.250 = Vbw.Rd.250 * VbfRd = 2:609 % 107EN
Miggi= ———— = 1412 10"GNn
A\
ViEd =0.878 VB _oq
Qulf35ys) 3 Rd.150 VRd.250
Ed= =2.113% 10°&N
Material 350 mm stiffener 100 mm stifener
3 3
= Y = 2.93700°kN Vv, = 2.28900°kN
hiVean! 210GPa bw.Rd.350 bw.Rd.100
- - 3, - - 3,
390MPa VRd350 = Vbw.Rd350 * VbfRd = 2937 % 107EN VR 100 = Vow.Rd.100 + Vbf.Rd = 2289 107EN
fy(t) = | ——— if t<16mm &=
™ v, v,
Ed Ed
380MPa ——=0719 — =023
T if 16mm <t < 40mm VRd350 VRd.100
360MPa - herwise ;
M 50 mm sifener 500 mm stiffener
~ 3
Viw.Rd.50 = 21600°kN y U
tios: bw.Rd.500 = 3-
Capacities: ~ B 3
5 VRd.50 = Vbw.Rd.50 * VbfRd =216 % 107N
M = 8.9780010" kN[ From EWM calculations - _ 3
fRd " VRd.500 = Vbw.Rd.500 * Vbf.Rd = 3-186 X 107k
v,
From EWM calculati Ed _
Vi Rd = 251300°kN rom EWM calculations =0978 v
: VRd.50 Ed
SSEN 1993-1-35.2(5.2) ——— =0.663
Mgq VRd.500
— =1573 p.86 BK
Mg Rd

550 mm stiffener 600 mm stifener

The contribution from the flanges: B .
= } Vow = 3.18600°kN
Vbw.Rd.550 = 3-186000°kN bw.Rd.600

v,
Ed
= 6.58304Pa 3y, =V, + Vpppy = 2.609 % 10°EN
N v, = Viw Rd250 + VbrRa = 2609 % 1°EN ARd250: VbwRd250 * VbiRd
VbfRd.ored = 95-143kN Vid _VEd _ 038
— =081 v, :
Vraas Rd.250

Flansarnas bidrag enligt EC1993-1-5 Ch. 5.4(1) eq.5.8

M

2
— Ed -
VofRd = | VbfRdored! T[T | | if Mpg<Mgpg =0EN
M Rrg

0 otherwise
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B. I-beam

V.bw.Rd, EWM with different stiffener widths

VowRD = | Vbw.Rd50 if by g =50mm

Vbw.Rd.100 if by g¢ = 100mm
Vbw.Rd.150 if by g¢ = 150mm
Vow.Rd.200 if by gt =200mm
Vpw.Rd.250 if by g¢ =250mm
Vbw.Rd.300 if by g =300mm
Vbw.Rd.350 if by g =350mm

Vow.Rd.400 if by gt = 400mm

VowRds500 Otherwise

=2.513 % 10°ENI

Interaction not needed because the load can be carried with the flanges contribution and the

following conditions are met.

Mgq <MgRq =0

VEd < Vow.RD =1

No interaction is needed if the load can be carried with the flanges contribution and the following

conditions are met.

Check := | "No interaction” if Mgy <Mgppq O VEg < Vi rp = "Interaction needed”

"No interaction” i Vg < 0.5V, rpy

"Interaction needed" otherwise

— 4
MRgq = 1.41900 kN[

364% 10 kNG

My Rd.50 =
4

Myi Rq.100 = 1:389 % 10° kN
4

MpLRd.]Sﬂ 1= 1.407 x 10" kN[

My Ra 200 = Mg = 1419 % 10'0N G

SSEN1993-1-5 Ch.7.1(1)

Bérande K. Ch.S5.4 S86.

From EWM calculations Ramboll

My Ras0 = 1429 % 10 kN
4
MpiRa.300 = 143000 kNt
4
Mp].RL‘.350 := 1.448 x 10" kNI
4
MpiRa.400 = 145400 kNt

Mp)Rd 500 = 1:465 % 10* KN

M.Rd, EWM with different stiffener widths

MpiRd = |MplRd.50 if byge =50mm  =1.419x% 10°ENE
My Rd.100 if by g = 100mm

My Rd.150 if by g = 150mm

Mp1Rrd.200 if by g =200mm

My Rd2s50 if by g =250mm

M Rd.300 if by =300mm

My Rd.350 if by g =350mm

My Rd.400 if by g =400mm

MpiRd.s00 Ofherwise

Mgq

=0.995

_ 3
Mg g = 8.978 x 10" kNLh From Ramboll EWM calculations

VEd
= =0.841 EC1993-1-5 Ch. 7.1(5)
Vow.RD
M M
1= LR [@2@13—1)251=0 nlz—f‘Rd=1
Mpi.Rd MpiRd
M
P foms —1)2:1.166
MpiRd

XXV
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B. I-beam

I-beam - EWM 200mm shear capacity check

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM
some calculations are performed as a complement to the EWM calculations.

Geometry
Flange:
tp = 25mm
b= 560mm b, = 560mm

Distance between vertical stiffeners:
S = 8.914m
= 303, =26.742m

Theam :

Measurements web plate between stiffeners:

dj = 05m dy = 05m

Horizontal stiffeners:

by ¢ = 200mm by ¢ = 200mm tg = 12mm
ty = 12mm hW:= 2m
Total area:

2
Atot = tyyllly, + belfe + zmsl—ob].st * bz.m) 616(6m

Load:
Qq:= I87ﬂ
d m
2
Q318
Mg = @ = 1672 10° NG
Qyf31s
Ved= Q) =25% 10°&N
Material
M= 210GPa
390MP:
0= 22 < 16mm 0=
™M
380MPa if 16mm <t < 40mm
M
360MPa .
——— otherwise
™
Capacities:
3 From EWM calculations
Mg = 8.978010 KNI
From EWM calculations

3
Vi ra = 2.51300°KN
bwRd
W SS-EN 1993-1-35.2(5.2)

Mg, .86 BK
B 86 P
Mg Rd
The contribution from the flanges:
A%
b =7.792[MPa
Tocam

Vbt Rd.ored = 95-143kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

~ MEq ) _
Vberd = [VbfRdored! T| T | | if Mpa<Mgrg =0EN
Mg Rrd

0 otherwise

XXVI

Design resistance for shear:

n=1
(1) PRy
W)W
Vow.Rd * VbfRd S \ﬁT 1 EC1993-1-5 Ch.5.2(1)
M Shear capacity stiffened web
3
VRd = Vbw.Rd * VbfRd = 2513 % 10" ®N
VEd
nyi= — =0995 EN-1993-1-5 equ (5.8)
VRrd
200mm stiffener
Vpw.Rd.200 = 2:513 % 103 kN (From Ramboll EWM calculations)
v
Ed =0.995
Vow.Rd
400 mm stiffener 300 mm stiffener

3
= 3 k¢ = 2.73600°kN
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

- , 6 -
VRd.400 = Vbw.Rd.400 + VbfRd = 3138 % 10°N VR4 300 = Vbw.Rd.300 * VbtRd

V, v,
B4 =0.797 _kd =0.914
VRd.400 VRd300
150 mm stiffener 250 mm stiffener

o 3
Vow.Rd.150 = 2:40700°kN Viw Rd.250 = 2.60900°kN

3
v =V + Vigpg = 2407 x 107N -~ _ 3
Rd.150 = Vbw.Rd.150 * VbfRd VRA.250 = Vow Rd250 * VrRd = 2:609 % 10 &N

v,

B o VEd

Veais0 T =098
: Rd.250

350 mm stiffener 100 mm stiffener

3 3
Viw.Rd.350 = 2.93700°kN Vow Rd 100 = 228900°kN

- _ 3 — _ 3
VRA:350 = Vbw.Rd.350 + VbrRd = 2937 % 107N VRq 100 = Vhw.Rd.100 + VbfRa = 2289 % 107EN

VEd
—— =035 — =109
VRd.350 VRd.100

VEd

50 mm stiffener 500 mm stiffener

3
Vow.Rd.50 = 2.1600"kN 3
Vow.Rd.500 = 3-18600°kN

- _ 3
VRd.50 = Vbw.Rd.50 * VbrRd = 216 107N ,
VRd500 = Vbw.Rd.500 * VbR = 3-186 x 107E}

VEd
— =188
VRd.50 VEd s
VRd 500
600 mm stiffener

550 mm stiffener

. 3
Vi Rs50= 318600 Viw.Rd.600 1= 3-18600°kN

3
3 v = Vpw. + VipgRrg = 2-609 x 107 KM
VRe256:= Vow.Rd.250 T VbRd = 2:609 x 10” RN AMARAISON bw.Rd.250 bfRd
Vi
Ed
_VEd ~0958 T =09ss
VRd.250 Rd.250



B. I-beam

Vbw.Rd, EWM with different stiffener widths

VowRD = | VowRdso if big=50mm  =2513 10°ENG
Vbw.Rd.100 if by g =100mm
Vow.Rd.150 if by g = 150mm
Vbw.Rd.200 i by g =200mm
Vbw.Rd.250 if by st = 250mm
Vow.Rd.300 if by gt =300mm
Vow.Rd.350 if by g =350mm

Vow.Rd400 if by g =400mm

Vpw.Rd.500 Otherwise

Interaction is not needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgq <Mgrg =0
VEd < Vbw.RD = 1

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check := | "No interaction” if Mgy <Mgpy O Vgy< Vbw.RD = Interaction needed"
"No interaction" if Vg <0.5Vpy pp

"Interaction needed" otherwise

Mpq = 141900 kN From EWM calculations Ramboll

My Ra 50 = 1364 107 kN
4

MplARd.]‘]ﬂ = 1.389 % 10" kN[
4

My Ra 150 = 1407 % 10* kN

Mp1.Rd200 = MRg = 1419 10* &N

SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

Mpi1Rd250 =
Mp1 Rd.300 =
MpiRd350 =
M Rd.400 =

Mp1Rd.500 =

1.429 x 10% KNI
4
1.43000 kN[
4
1.448 x 10" kN[
4
1.45400 kN

1.465 x 104 kN[

M.Rd, EWM with different stiffener widths

MpiRd = |MplRrd.50 If bpgt = 50mm

M Rd.100 if by g =100mm
My Rd.150 if by g = 150mm
My Rd200 if By =200mm
M Rd.250 if by =250mm
My Rd.300 if by g =300mm
My Rd.350 if by g =350mm
M Rd.400 If by g =400mm

My Ra.500 Otherwise

Mgq

My Rd

3
Mg = 8.978 x 10" kN

VEd

=1.178

= 1.419 % 10°ENm

EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

From EWM calculations Ramboll

EC1993-1-5Ch. 7.1(5)

=0.995

Vbw.RD

n1+[1—

M¢Rd 2
2m; - 1)°<1=0
"’Ipl.RdJEG 3-1)

M
fRd
n |- fomy - 1) = 1538
MpiRrd

12
My Rd

XXVII
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B. I-beam

I-beam - EWM 200mm Interaction Design resistance for shear:
n=1
The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM I]Ty(t )
some calculations are performed as a complement to the EWM calculations. ) By EC1993-1-5Ch.5.2(1)

V, +V, < — " —
bw.Rd ™ YbfRd
™ N30Bny Shear capacity stifened web

Geometry 3
VRd = Vbw.Rd * VbfRd = 2513 % 10" ®N
Flange:
tp = 25mm
V,
Ed EN-1993-1-5 equ (5.8,
n3 = — =0.756 qu (5.8)
b= 560mm b, = 560mm VRd
Distance between vertical stiffeners: 200mm stiffener
Sig = 8.914m 3 5
Vpw.Rd.200 = 2:513 % 107 kN (From Ramboll EWM calculations)
]beam = 3315 =26.742m VEd
=0.756
; Vow.Rd
Measurements web plate between stiffeners:
dp = 0.5m dy 1= 0.5m 400 mm stiffener 300 mm stiffener

Horizontal stiffeners: ) .
= 3 k¢ = 2.73600°kN
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

by ¢ = 200mm by ¢ = 200mm tg = 12mm
- _ 6 -
- - VRd.400 = Vbw.Rd.400 + VbfRd = 3138 % 10°N VR4 300 = Vbw.Rd.300 * VbtRd
ty:= 12mm hy = 2m
v,
Total area: VB s —Ed 60
VRd.400 VRd.300
Atgr = tylBly, + bplil + 20 (fb) ¢ + by ) 6160m”
Load: 150 mm stiffener 250 mm stiffener
3
KN v, = 2.40700°kN ~ 3
Qq= 12— bw.Rd.150 Viw.Rd.250 = 2:60900°kN
m
3
v =V + Vigpg = 2407 x 107N -~ _ 3
Qlfs @ts)z . RA.150 = Tbw.Rd.150 © TbERd VRd.250 = Vbw.Rd.250 * VbfRd = 2609 x 107EN
Mg = ——— = 1269 10 &NGn
Vv,
Ed
—=0.789 VEd
VRA150 T 0T
Qulf35ys) 5 : Rd.250
Vigi= =5 = 1899 100N
Material 350 mm stiffener 100 mm stiffener
3 3
= v, = 2.93700°kN v, = 228900°kN
EVES! 210GPa bw.Rd.350 bw.Rd.100
- - 3, - - 3,
390MPa VRA350 = Vbw.Rd.350 * Vb Rd = 2:937 X 107N Vg 190 = Vbw.Rd.100 * VbfRd = 2-289 107N
fy(t) = | ——— if t<16mm &=
™ v, v,
Ed Ed
380MPa ——— =0.646 ——— =0829
——— if 16mm <t < 40mm VRd.350 VRd.100
™ . .
20OMPE  herwise ;
M 50 mm stifener 500 mm stiffener
_ 3
Viw.Rd.50 = 2-1600°kN y 1150y
Capacites: s bw.Rd.500 = 3
N ! VRd.50 = Vbw.Rd.50 * VbfRd =216 % 107N
Mg g = 8978010 kNl From EWM calculations VRa500 = Vow.Rd.500 * VbERd = 3-186 % 10°m
\
From EWM calculatio Bd _
Vpw R = 2:51300°N rom =M caleuatons L L v
g Rd.50 Ed _
SS-EN 1993-1-35.2(5.2) v =0.596
M Rd.500
Ed
— =1414 p.86 BK
My Rrg
550 mm stiffener 600 mm stffener
The contribution from the flanges: - 3
- 3 Vow = 3.18600°KkN
Viw.Rd.550 = 3-18600°kN bw.Rd.600
Vg ,
=5.917(MPa 3y =V, + VpgRrd = 2609 x 10"
lpeam YRéas6:= Vow.Rd.250 * VpfRd = 2609 x 10" &N MRS bw.Rd.250 bf.Rd
VbfRd.ored = 95-143kN Vig VEd —oms
v =0728 VRd2s0
The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8 Rd.250
— MEd -
VbrRd = | VbfRdored! 7| 3 if Mpg<Mppq =0EN
£Rd
0 otherwise
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B. I-beam

V.bw.Rd, EWM with different stiffener widths

MR,
) 5 m’r[l- 'dtgzﬁib—l)zsl:l
VowRD = | Vow.Rd50 if by =50mm  =2.513x 10°ENM My Rd
Vow.Rd.100 if b g = 100mm
v if by g = 150 ny o+ 1 MeRrd ey - 1) =099
1 = 'mm 1 - 3~ =0
bw.Rd.150 1.st MplARd

Vow.Rd.200 if by gt =200mm
Vpw.Rd.250 if by g¢ =250mm
Vbw.Rd.300 if by g =300mm
Vbw.Rd.350 if by g =350mm

Vow.Rd.400 if by gt = 400mm

VowRds500 Otherwise

Interaction not needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgq <MgRq =0
VEd < Vbw.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check := | "No interaction” if Mpq<Mgpq 0 VEg < Vi pp = "Interaction needed"”
"No interaction" if Vgq <0.5Vp ppy
"Interaction needed"  otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

Mpqg= 1.41900*kNm From EWM calculations Ramboll

My Ra 50 = 1364 107 kN

Mp1Rd.100 = 1-389 % 10* KNI From EWM calculations Ramboll

MpiRa.150 = 1407 % 10* kN
4
My Rd.200 = Mg = 1419 x 10 NG
. 4
MpiRa2s0 = 1429% 10* kN
4
Myt Ra.300 = 143000 kNG
. 4
MpiRra3s0 = 1448 % 10* kN
4
Myt R.400 = 145400 kNG

My Rd500 = 1465 % 10* kNG

M.Rd, EWM with different stiffener widths

MpiRd = |MplRds0 if Py g =30mm  =1419x 10* &N
M1 Rd.100 if by g = 100mm

My Rd.150 If b gt = 150mm

MpiRd200 if by g =200mm

My Rd.250 if bygp =250mm

My Rd.300 if By s¢ = 300mm

My Rd.350 if Bpsp = 350mm

Mp].Rd,400 if by g =400mm

Mp].Rd.SOO otherwise

Mgg
m =0.895
My Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
MgRg = 8.978 x 10° RN From Typ 1, rambolls EWM
calculations
VEd
= =0.756 EC1993-1-5Ch.7.1(5)
V,
bw.RD

Mird _
MpiRd
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B. I-beam

I-beam - EWM 250mm Moment capacity check Design resistance for shear:
n=1
The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM I]Ty(t )
some calculations are performed as a complement to the EWM calculations. ) By EC1993-1-5Ch.5.2(1)

V +V, < ——
bw.Rd ™ YbfRd
™ ﬁBIM Shear capacity stiffened web

Geometry 3
VRd*= Vbw.Rd T VbfRd = 2513 x 10" [N
Flange:
typ = 25mm
VEd

nyi= — = 0846 EN-1993-1-5 equ (5.8)
by := 560mm b, = 560mm VRd

200mm stiffener
Distance between vertical stiffeners:
St = 8.914m Vow Rd.200 = 2513 % 10° kN (From Rambol EWM calculations)
1 = 38, =26.742m Vi
beam ts Ed - 0.846

Vbw.Rd
Measurements web plate between stiffeners:
dp = 05m dy = 0.5m 400 mm stiffener 300 mm stiffener

3
Horizontal stiffeners: Vbw.Rd.300 = 2.73600°kN

— 3
Viw.Rd.400 = 3-13800°kN

by gt = 250mm by ¢ = 250mm tg = 12mm
: g 6
VRA.400 = Vbw.Rd.400 * VbRd = 3-138 X 10°N VR4 300 = Viw Rd300 * VbeRd
ty,:= 12mm hy, 1= 2m
vV, v,
Ed Ed
Total area: —=0.677 ——=0777
VRd.400 VRd300
2
Agop = tyglly, + belfe2 + st"Ob]‘st + bzbs‘) = 640[ém
150 mm stiffener 250 mm stiffener
Load:
3
V, = 2.40700°kN _ 3
kN bw.Rd.150 Viw.Rd.250 = 2:60900°kN
Qqi= 159 —
m 3
\ =V, +V, =2.407 x 10° &N _ _ 3
e )2 Rd.150 = Vbw.Rd.150 * VbfRd VR4250 = VowRd250 + VbiRrd = 2:609 X 10°RN
Mpgi= — L - 8L =421 % 10* N Vig
T S0 VEd —o0sls
. Rd.150 VRd250
Qdi ls) 3
Vigi= ——— =2126% 10°&N
Material 350 mm stiffener 100 mm stfener
- 3 - 3
= 1 Viw.Rd.350 = 2.93700°KN Viw.Rd.100 = 2-28900°kN
3 3
\ =V, +V =2937x 10°E&N V, =V +V =2289 % 10°&N
X 390MPa 235MPa Rd.350 = Vbw.Rd.350 * VbfRd Rd.100 = Vbw.Rd.100 * VbfRd
ty(t) = | ——— if t<16mm
M ) v v
Ed Ed
380MPa —=0.724 ———=0.929
=—— if 16mm <t <40mm VRA350 VRA.100
P . .
20OMPE  herwise ;
M 50 mm sifener 500 mm stiffener
Viw Rd50 = 2.1600°kN s
Viw. = 3.18600°kN
Capactes: s bw.Rd.500
N ) VRd.50 = Vbw.Rd.50 * VbfRd =216 % 107N
Mg g = 8978010 kNl From EWM calculations VRa500 = Vow.Rd.500 * VbERd = 3-186 % 10°m
\
i Ed
v, =251 3]03kN From EWM calculations =0.984
bw.Rd VRd.50 VEd
SS-EN 1993-1-35.2(5.2) v = 0667
M Rd.500
Ed
B s p.86 BK
Mg Rd
550 mm stiffener 600 mm stffener
The contribution from the flanges: . 3
Viw Rd.550 = 318600°kN Vow.Rd.600 = 318600TkN
Vg ,
= 6.625[MPa 30V =V, + VpgRrd = 2609 x 10"
lpeam YRéas6:= Vow.Rd.250 * VpfRd = 2609 x 10" &N MRS bw.Rd.250 bf.Rd
Vbf.Rd.ored = 95-143kN Vid Vea | 0815
= 0815 VRa250

VRd.250
The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

~ MEq ) _
Vberd = [VbfRdored! T| T | | if Mpa<Mgrg =0EN
Mg Rrd

0 otherwise
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B. I-beam

V.bw.Rd, EWM with dirrerent stiffener widths

Vow.RD = |Vow.Rd50 if by =50mm  =2.609 10° NG
Vpw.Rd.100 if by g¢ =100mm
Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by g =200mm
Vbw.Rd.250 if by g =250mm
Vbw.Rd.300 if by s¢ =300mm
Vbw.Rd350 if byt =350mm

Vow.Rd.400 if byt = 400mm

Vow.Rd.500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgg <MgRq =0
VEd < Vow.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check := | "No interaction” if Mg <Mgpg O VEg < Vpy rp = "Interaction needed”
"No interaction” if Vg <05V, pp

"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

Mpg:= 141900%NE  The EWM calculations Rambol

Myt Ra.50 1= 1364 x 10* kNG
4

My R 100 = 1389 % 10* kN
4

MpLRd.]Sﬂ = 1.407 x 10" kN[

My Ra 200 = Mg = 1419 % 10'0N G

Mp) Rd250 = 1429 % 10* kNt
4
My Rd.300 = 143000 kN
4
Mp) Rd350 = 1448 % 10 kKNG
4
My Rd.400 = 1454010 kN

Mpi Ra500 = 1:465 % 10" KNG

M.Rd, EWM with different stiffener widths
My Rd = |MpiRd.s50 if by s¢ = 50mm
M Rd.100 if by g =100mm
My Rd.150 if by g = 150mm
My Rd200 if By =200mm
M Rd.250 if by =250mm
My Rd.300 if by g =300mm
My Rd.350 if by g =350mm

MplRd.400 i bysp =400mm

My Ra.500 Otherwise

M
= L. 0.995

My Rd

3
Mg = 8.978 x 10" kN

o+ (1 - XﬁRd]Eszb - 1)25 1=0

pLRd

Mg

£Rd

ny 1= femy - 1) = 1142
My Rd

= 1.429 % 10*ENm

EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

Ramboll EWM calculations

EC1993-1-5 Ch. 7.1(5)
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B. I-beam

(1) Bty

I-beam - EWM 250mm shear capacity check Vow.Rd * VbfiRd Pty EC1993-1-5 Ch.5.2(1)
M Shear capacity stiffened web
The I-beamiis calculated with EWM at Ramboll. To be able to compare the RSM and the EWM i 3
some calculations are performed as a complement to the EWM calculations. VRd= Vbw.Rd * VbfRd = 2513 X 107N
Geomet
ry VEd
N3 = — =1.038 EN-1993-1-5 equ (5.8)
Flange: VRd
tf = 25mm 200mm stifiener
b= 560mm bg, = 560mm Viw Rd.200 = 2513 107 kN (From Rambol EWM calculations)
Distance between vertical stiffeners: VEd - 1.038
St = 8.914m VpwRd
lpeam = 3(8ig =26.742m 400 mm stiffener 300 mm stiffener

3
Measurements web plate between stiffeners: Vbw.Rd.300 = 2:73600°kN

VowRd400 = 313800°kN
dj = 05m dy = 05m

- - 6 -
VRA.400 = Vbw.Rd.400 * VbRd = 3-138 X 10°N VR4 300 = Viw Rd300 * VbeRd
Horizontal stiffeners:

- - - v, v
by g = 250mm by g 1= 250mm ty:= 12mm B e B o5
VRd.400 VRd300
ty = 12mm hy = 2m
Total area: 150 mm stiffener 250 mm stiffener
3
- 2 Vv, = 2.40700°kN 3
Aot =ty + belpl2 + 208 oy ¢ + by ) = 640Em bw.Rd.150 VpwRd 250 = 2.60900°kN
Load: VRA.150 = VowRd.150 * VofRa = 2407 % 10°EN = - 3
: Rd. - VRA:250 = VowRd250 * VbfRg = 2609 107EN
Qq= 195N
1= 195— v,
m B s VEd _
VRd.150 Vg, D09
> 1 VRd.250
Qs .
Mg = ————" = 1.743 10" KNfn
8
Q355
Ed= ) 22,607 10°EN
Material ;
350 mm stiffener 100 mm stffener
LIV — 3 - 3
210GPa Viw.Rd.350 = 2.93700°kN Viw.Rd.100 = 2:28900°kN
390MPa v =V, + Vyppg = 2937 10°EN V, =V, + Vyppq = 2289 % 10°EN
£(1) = [—— if t<16mm 0= Rd.350 = Vbw.Rd.350 * VbfRd = 2 Rd.100 = Vbw.Rd.100 * VbfRd = 2
Y .
380MP; Vv, v,
38OMPA it 6mm < t < 40mm B s )
™M VRd.350 VRd.100
360MPa )
2 otherwise
IM i
50 mm stiffener 500 mm stifener
~ 3
Copaction Viw.Rd.50 = 2-1600°kN
apacities:

— 3
Viw.Rd.500 1= 3-18600°kN

i - _ 3
Mg = 8978010’ KNGn From EWM calculatons VRd.50 = Vbw.Rd.50 * VbfRd = 2:16 % 107EN \
s From EWM calculations VRd.500 = Vow.Rd.500 * Vbf.Rd = 3186 107K
% = 2.51300°kN VEd
bw.Rd _
" SS-EN 1993-1-35.2(5.2) v =1.207 v
Rd.50 Ed _ o1
Mea _ 1.942 P86 BK VRd 500
Mg Rd
550 mm stiffener 600 mm stffener
The contribution from the flanges:
3
~ 3 \¢ = 3.18600°KkN
VE Viw.Rd.550 = 3-18600°KN bw.Rd.600
. =8.125[MPa .
beam Veaase:= VowRd250 + Vprra = 2609 x 10°N ~Ra2507= VbwRd250 * VbeRg = 2609 X 107N
Vi Rd.ored = 95-143kN
Vg VEd
Ed _ 909 T 09
The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8 VRd.250 Rd.250

2
VbRrd= | VofRd.ored ! = if Mpq<Mppq =0EN
My Rrg

0 otherwise

Design resistance for shear:

n=1

XXXII



B. I-beam

Vbw.Rd, EWM with dirrerent stiffener widths

Vow D= | VowRds0 iF by g =50mm  =2.609x 10°BNG
Vbw.Rd.100 if by ¢t = 100mm
Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by g¢ =200mm
Vpw.Rd.250 if by g¢ =250mm
Vbw.Rd.300 if by g =300mm
Vbw.Rd.350 if by g =350mm
Vow.Rd.400 if by gt = 400mm

VowRds500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgq <MgRq =0
VEd < Vbw.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check := | "No interaction” if Mpg<Mgpq 0 VEg < Vi pp = "Interaction needed"”
"No interaction” if Vg < 0.5V rp

"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1)

Bérande K. Ch.S5.4 S86.

- 4
Mggq:= 141900 kNl Rambol EWM calculations

My Ra 50 = 1364 107 kN
4

MplARd.]‘]ﬂ = 1.389 % 10" kN[
4

My Ra 150 = 1407 % 10* kN

Mp1.Rd200 = MRg = 1419 10* &N

My Ras0 = 1429 % 10 kN
4
MpiRa.300 = 143000 kNt
4
Mp].RL‘.350 := 1.448 x 10" kNI
4
MpiRa.400 = 145400 kNt

Mp)Rd 500 = 1:465 % 10* KN

M.Rd, EWM with different stiffener widths

MpiRd = |MplRd.50 If byge =50mm  =1.429% 10°ENE
My Rd.100 if by g = 100mm

My Rd.150 if by g = 150mm

Mp1Rrd.200 if by g =200mm

My Rd2s50 if by g =250mm

M Rd.300 if by =300mm

My Rd.350 if by g =350mm

My Rd.400 if by g =400mm

MpiRd.s00 Ofherwise

EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

Mg g = 8.978 x 10° kN Rambol EWM calculations

Veg EC1993-1-5 Ch. 7.1(5)
= =0.999
Vbw.RD
MR, MgRr,
my+{ 1 - =B oy 1) <120 n2—=d o
MpiRd MpiRd

M
n o+ [1 - Mf'Rd ]EQZEJB -1 =101

plRd
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B. I-beam

I-beam - EWM 250mm interaction

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM
some calculations are performed as a complement to the EWM calculations.

Geometry

Flange:

tp = 25mm
b= 560mm bg, = 560mm

Distance between vertical stiffeners:
S = 8.914m
= 303, =26.742m

Theam :

Measurements web plate between stiffeners:

dj = 05m dy = 05m

Horizontal stiffeners:

by g = 250mm by ¢ = 250mm tg = 12mm
ty = 12mm hW:= 2m
Total area:

2
Atot = tyyllly, + belfe + zmsl—ob].st * bz.m) 640(6m

Load:
Q= 145N
g -
2
QuIf3,
Mgy = Q) 1296 x 10* &N
Ed 5
Qf313,
Vpgi= L) =1.939 % 10°EN
Ed B
Material
M= 210GPa
390MP
0= 22 < 16mm 0=
™
380MPa if 16mm <t < 40mm
™
360MPa )
R otherwise
™M
Capacities:

3
Mg g = 8.97800 kN

From EWM calculations

— 3
Viw.Rd = 251300°kN

SS-EN 1993-1-35.2(5.2)

Mg, 86 BK
4 s P
Mg Rd
The contribution from the flanges:
\%
b = 6.042[MPa
Tocam

Vbt Rd.ored = 95-143kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

M

v if Mpg<Mppq =O0EN
fRd

VbfRd = | VbfRd.ored 1’(

0 otherwise

XXXIV

From EWM calculations

Design resistance for shear:
n=1

1) By By

v Ve < EC1993-1-5 Ch5.2(1)
bw.Rd " YbfRd =
ﬁBIM

Shear capacity stiffened web

3
VRd = Vbw.Rd * VbfRd = 2513 % 10" ®N

v
Ed EN-1993-1-5 equ (5.8
Ny = —= = 0772 au (58)
37y,

Rd

200mm stiffener

Vbw.Rd.200 = 2513 % 10° kN (From Ramboll EWM calculations)
_Ved =0.772

Vbw.Rd

400 mm stiffener 300 mm stiffener

3
= 3 % = 2.73600°kN
Viw.Rd400 = 3-13800°kN bw.Rd.300

- - 6 -
VRA.400 = Vbw.Rd.400 * VbRd = 3-138 X 10°N VR4 300 = Viw Rd300 * VbeRd

V, A%
_ B4 =0.618 B =0.709
VRd.400 VRd.300
150 mm stiffener 250 mm stiffener

3
\% = 240700 kN - 3
bw.Rd.150 Viw.Rd.250 = 2.60900°kN

3
V =V +V =2.407% 10" [EN o — 3
Rd.150 bw.Rd.150 bf.Rd VRd.250 = Vow.Rd.250 * Vpf.Rd = 2609 x 10" &N

v,

B os0s VEd

VRa 150 —— =043
- VRd.250

350 mm stiffener 100 mm stiffener

3 3
Viw.Rd.350 = 2.93700°kN Vow Rd 100 = 228900°kN

- _ 3 — _ 3
VRA:350 = Vbw.Rd.350 + VbrRd = 2937 % 107N VRq 100 = Vhw.Rd.100 + VbfRa = 2289 % 107EN

VEd
=0.66
VRd.350

50 mm stiffener

500 mm stiffener

3
Vow.Rd.50 = 2.1600"kN 3
Vow.Rd.500 = 3-18600°kN

- _ 3
VRd.50 = Vbw.Rd.50 * VbrRd = 216 107N ,
VRd500 = Vbw.Rd.500 * VbR = 3-186 x 107E}

VEd
v =0.898 v,
Rd.50 Ed o coo
VRd.500
600 mm stiffener

550 mm stiffener

. 3
Vi Rs50= 318600 Viw.Rd.600 1= 3-18600°kN

3
3 v = Vpw. + VipgRrg = 2-609 x 107 KM
VRe256:= Vow.Rd.250 T VbRd = 2:609 x 10” RN AMARAISON bw.Rd.250 bfRd
Vi
Ed
_VEd ~0743 T =0
VRd.250 Rd.250



B. I-beam

Vbw.Rd, EWM with dirrerent stiffener widths

= : = _ 3
VowRD = | Vow.Rd.50 if Ppg =50mm  =2.609 x 10" &N

Vbw.Rd.100
Vbw.Rd.150
Vow.Rd.200
Vow.Rd.250
Vow.Rd.300
Vbw.Rd.350

Vbw.Rd.400

Vbw.Rd.500

if by ¢ = 100mm
if by ¢ = 150mm
if by ¢ =200mm
if by ¢ =250mm
if by g = 300mm
if by ¢ =350mm
if by ¢ =400mm

otherwise

Interaction is not needed because the load can be carried with the flanges contribution and the

following conditions are met.

Mgq <MgRq =0

VEd < Vbw.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following

conditions are met.

Check := | "No interaction” if Mpg<Mgpq 0 VEq < Vi pp = "Interaction needed"”

"No interaction" if Vgq <0.5Vp ppy

"Interaction needed" otherwise

o 4
Mg = 141900 kNG

Ramboll EWM calculations

My Ra 50 = 1364 % 107 kN

MpiRa.100 = 1:389 % 10* kNG

My Ra 150 = 1407 % 10* kN

Mp1.Rd200 = MRg = 1419 10* &N

SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

My Ras0 = 1429 % 10 kN

M1 Ra 300 = 143000 kNG

My Raaso = 1448 x 10 kN

M1 Rd400 = 143400 kNG

My Ra.s00 = 1465 % 10 kN

M.Rd, EWM with different stiffener widths

— s = _ 4
MyiRd = |Mpira.so if bjg=50mm = 1429x 10" ENG

My Rd.100
Mp Rd.150
Mp1Rd.200
My Rd.250
My Rd.300
My Rd.350

M1 Rd.400

Mp) Rd.500

M
B _ 0.907

My rd

Mg = 8978  10° NG

if by g = 100mm
if by ¢ = 150mm
if by ¢ =200mm
if by ¢ =250mm
if by g = 300mm
if by g = 350mm
if by ¢ =400mm

otherwise

EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

Ramboll EWM calculations

VEd
= =0743 EC1993-1-5 Ch. 7.1(5)
Vbw.RD
M M
ny+ | 1- =B o — 1)< 1= n2—=d o
Mpird Mpird
M
|1 - —Rd tfom; - 1)Z=0.995
Mpi rd
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B. I-beam

I-beam - EWM 300mm Moment capacity check Design resistance for shear:
n
The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM ( )[ﬂ
some calculations are performed as a complement to the EWM calculations. VowRd * VbiRd € Nty By Ty EC1993-1-5 Ch.5.2(1)
w. ’ \/EB(M Shear capacity stiffened web
Geometry 3
VRd = Vbw.Rd * VbfRd = 2513 % 10" ®N
Flange:
tp = 25mm
VEd
nyi= — =0851 EN-1993-1-5 equ (5.8)

b= 560mm b, = 560mm VRd

Distance between vertical stiffeners: 200mm stiffener

St = 8.914m 3 )

Vpw.Rd.200 = 2:513 % 107 kN (From Ramboll EWM calculations)
! = 308, =26.742m
beam 'ts v
Ed =0.851
) Vow.Rd
Measurements web plate between stiffeners:
dp:=0.5m dy 1= 0.5m 400 mm stiffener 300 mm stifener

Horizontal stiffeners: ) .
= 3 k¢ = 2.73600°kN
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

by ¢ = 300mm by ¢ = 300mm tg = 12mm
- _ 6 -
¢ = 12mm b= 2m VRd.400 = Vow.Rd.400 * VbfRd = 3138 % 10°N VR4 300 = Vhw.Rd.300 * Vbf.Rd
W W
: \ v,
Total area: —E e —E o
VRd.400 VRd.300
Agot = tyBy + bellp2 + zmsl—ob].st * bz.m) 664om”
Load: 150 mm stiffener 250 mm stiffener
3
KN Y = 240700 kN _ 3
Qq:= 160— bw.Rd.150 Viw.Rd.250 = 2:60900°kN
m
3
% =V + Vpprg = 2407 x 10° &N _ _ 3
Qfs Ets)z B RA150° Tow.Rd150 7 TbERd VRd.250 = Vbw.Rd.250 * VbfRd = 2:609 % 107EN
Miggi= —— o = 143 % 10" BN
A\
ViEd =0.889 VBl o
Qqlf35y) 3 Rd.150 VRd.250
Vig= ——— =2.139x 10°&N
Material 350 mm stiffener 100 mm stifener
- 3 - 3
=l - Viw.Rd.350 = 2:93700°kN Viw.Rd.100 = 2:28900°kN
- _ 3 - _ 3
390MPa VRA.350 = Vbw.Rd.350 * Vbf.Rd = 2:937 X 107N Vg 100 = Vbw.Rd.100 * Vbf.Rd = 2:289 % 107N
fy(t) = | ——— if t<16mm &=
™ VEd VEd
380MPa —— =028 —— 20935
202 if 16mm <t < 40mm VRd350 VR.100
™
20OMPE  herwise ;
M 50 mm sifener 500 mm stiffener
~ 3
Viw.Rd.50 = 21600°kN y .
tios: bw.Rd.500 = 3-
Capacities: ~ ~ 3
5 VRd.50 = Vbw.Rd.50 * VbfRd =216 % 107N
M = 8.97800 kN From EWM calculations - _ 3
£Rd VR500 = Vow.Rd.500 * Vpfrg = 3186 10°7kN
v,
i Ed
v, = 2A513D03kN From EWM calculations =099
bw.Rd VRd.50 VEd
SSEN 1993-1-35.2(5.2) ——— =067l
Mgg VRd.500
— =1.593 p.86 BK
MgRd

550 mm stiffener 600 mm stifener

The contribution from the flanges: B .
= } Vow = 3.18600°kN
Vbw.Rd.550 = 3-186000°kN bw.Rd.600

%
E
= 6.6674Pa 3y, =V, + Vpppy = 2.609 % 10°EN
N v, = Viw Rd250 + VbrRa = 2609 % 1°EN ARd250: VbwRd250 * VbiRd
VbfRd.ored = 95-143kN Vid _VEd _ 08
— =082 v, :
Vraas Rd.250

Flansarnas bidrag enligt EC1993-1-5 Ch. 5.4(1) eq.5.8

M

2
— Ed -
VofRd = | VbfRdored! T[T | | if Mpg<Mgpg =0EN
M Rrg

0 otherwise
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B. I-beam

4
V.bw.Rd, EWM with different stiffener widths Mp) Rd.250 = 1429 10° kNI

— P - _ 3 4
Vow.RD = | Vbw.Rd.50 if Py g =50mm - =2.736x 10" kN[ My Rd.300 = 143000 kNG

Vow.Rd.100 if byt = 100mm

4
M := 1.448 x 10" kNh
. " 1.Rd.350

Vow.Rd.150 if b = 150mm L

. - 4
Vow.Rd.200 1 byt =200mm My Rd.400 = 1454010 kNG

Vow.Rd.250 if by g =250mm y .
=1 X
Vow.Rd.300 if by gt =300mm pL.Rd.500

N _ M.Rd, EWM with different stiffener widths
Vow.Rd:350 if by g =350mm

4
L Mo Rd = |Mpirdso if by g =50mm = 1.43 x 10 kNG
Vow.Rd.400 if byt = 400mm plRd pl.Rd.50 st

MpiRd.100 if by g = 100mm

Vbw.Rd.500 Otherwise .

MpiRd.150 if by g = 150mm

No interaction is needed because the load can be carried with the flanges confribution and the M Rd200 if by g =200mm

following conditions are met. e :

e ! My Rd2s50 if by g =250mm
Ed <MfRd = ‘ .

M1 Rd300 if by =300mm

VEd < Vow.RD = ! MyiRg.350 if bj g =350mm
MpiRd.400 if by g =400mm

No interaction is needed if the load can be carried with the flanges contribution and the following

conditions are met. M) Rd.500 Otherwise

Check := | "No interaction” if Mg <Mgpg O VEg < Vpy rp = "Interaction needed”

M
"No interaction” if Vpq < 0.5V, rp m B _ EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
- M
L.Rd
"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1) P
Bérande K. Ch.S5.4 S86. 5 From rambolls EWM calculations
Mg g = 8.978 x 10° &N
Mgg:= 1.41 91041(7\131 From Rambolls EWM calculations
EC1993-1-5 Ch. 7.1(5)
VEd
4 = =
Mp1Rd.50 = 1:364 % 10" kNl T 0.782
4
M = 1.389 % 10" kN
1.Rd.100
" Mgrd 2 Mgrd
4 1= foms -1)"<1=0 n 2 =1
Mp1Rd.150 = 1:407 % 10" kN My rd MpiRd

My Ra 200 = Mg = 1419 % 10'0N G
o+ [] -

::lf'Rd ]EQZEJB S =19

plRd
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B. I-beam

Design resistance for shear:

I-beam - EWM 300mm Shear capacity check

n=1
The I-beamiis calculated with EWM at Ramboll. To be able to compare the RSM and the EWM tw)EBwEW
some calculations are performed as a complement to the EWM calculations. Vow.Rd * VbfRd S ‘E—EI =1 EC1993-1-5 Ch.5.2(1)
M
Shear capacity stiffened web
Geomet - - 3
24 VRd = Vow.Rd * VbrRrd = 2-513 % 107N
Flange:
tp = 25mm Vi
nyi= g = 1085 EN-1993-1-5 equ (5.8)
b := 560mm bg, = 560mm Rd
200mm stiffener
Distance between vertical stiffeners:
3 "
St ©= 8.914m Viw.Rd.200 = 2-513 % 10" kN (From Ramboll EWM calculations)
v
= - Ed
Tpeam = 3 = 26.742m —— = 1.085
Vow.Rd
Measurements web plate between stiffeners:
400 mm stiffener 300 mm stiffener
d; = 0.5m dy = 0.5m
3
3 V = 2.73600°kN
Horizontal stiffeners: Vbw.Rd.400 = 3-13800°kN bw.Rd.300
by ¢ = 300mm by ¢ = 300mm tg = 12mm 6
VRd.400 = Vbw.Rd.400 * VbfRd = 3138 X 10°N Vg 300 = Vbw.Rd.300 * Vbf.Rd
ty = 12mm hy = 2m v v
A B o6 —E 997
Total area: VRd.400 VRd.300
— 2
Agop = tyglBy, + belfe + st"Ob]‘st + bzbs‘) 6648m
150 mm stiffener 250 mm stiffener
Load: 3
Vi = 2.4070010°kN = 3
o bw.Rd.150 Viw.Rd.250 = 2.60900°kN
Qq = 204—
m v, =V, + VipRa = 2407 x 10°KN 3
) RA.150 = Tbw.Rd.150 © TbERd VRd.250 = Vbw.Rd.250 * Vbf.Rd = 2609 x 107EN
Q318
Mpg = Q) _ 1.824 % 10* NG Vid v
8 v =1.133 B4 oas
Rd.150 VRd250
Qqf31s
Ved= diz W) 2728 % 10°&N
Material 350 mm stiffener 100 mm stffener
- 3 — 3
=1 - Viw.Rd.350 = 2-93700°KN Viw.Rd.100 = 2-28900°kN
- - 3 - - 3
390MPa VRA.350 = Vbw.Rd.350 * Vbf.Rd = 2:937 X 107N Vg 100 = Vbw.Rd.100 * Vbf.Rd = 2:289 % 107N
fy(t) = | ——— if t<16mm &=
™M
VEd VEd
380MPa | — =0.929 — =1.192
=/ if 16mm <t < 40mm VRd.350 VRd.100
M
SOMPL - herwise ;
M 50 mm sifener 500 mm stiffener
- 3
Viw.Rd.50 = 2-1600°kN y 1150y
Capacites: s bw.Rd.500 = 3
% =V +V, =2.16 x 107 kN
o . g73u03kNm From EWM calculations Rd.50 bw.Rd.50 bf.Rd 5
fRd - ! VRd.500 = Vbw.Rd.500 * Vbr.Rd = 3186 X 107k}
From EWM calculations VEd
- 3 =1.263
Viw.Rd = 251300°kN m -
SS-EN 1993-1-35.2(5.2) Rd.50 ~ 0856
M VRd.500
Ed p.86 BK

— =2.031
Mg Rd
550 mm stiffener 600 mm stifener

The contribution from the flanges:

3
= 3 Vi, = 3.18600°kN
Viw Rd.550 = 318600°kN bw.Rd.600

\
Ed
———— =8.5[MPa 3 v, =V, + V) =2.609 x IOBFR}
Toeam T v = Vpw Rd250 * VrRd = 2609 % 10°EN AvR&256:= VowRd250 * VbrRd
v og = 95.143kN VEd
bf.Rd.ored VEd Lods —— =1.045
=h VRd250

VRd.250
The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

M

Ed
VofRd = | VbfRdored! T[T | | if Mpg<Mgpg =0EN
M Rrg

0 otherwise
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B. I-beam

M
Vbw.Rd, EWM with different stiffener widths n [1 - _fRd ]EQZEB - 1)2 =1.643

) 5 MpLrd
VowRD = |Vow.Rd50 if Dpgg =50mm  =2.736x 10" KN

Vpw.Rd.100 if by g¢ =100mm
Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by g =200mm
Vbw.Rd.250 if by g =250mm
Vbw.Rd.300 if by s¢ =300mm
Vbw.Rd350 if byt =350mm

Vow.Rd.400 if byt = 400mm

Vow.Rd.500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgg <MgRq =0
VEd < Vow.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.
Check := | "No interaction” if Mpg<Mgpg O Vgg < Vi, pp = "Interaction needed”
"No interaction” if Vg < 0.5Vpy ppy
"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

Mpgq:= 141 9!’104kN!’xh From EWM calculations Ramboll

Myt .50 1= 1364 x 10* kNG
4
My Rd.100 = 1389 % 107 KN
4
M| Rd.150 = 1407 % 10 KNG
4
Mp1.Rd.200 = Mpq = 1419 % 10 kNl
4
M| Rd.250 = 1429 % 10 KNf
4
M1 Rd.300 = 1:43000 kNG
4
My Rd.350 = 1448 X 107 KNl
4
Mp| Rd 400 = 1.45400"kNln

My Rd 500 1= 1465 % 10* kN

M.Rd, EWM with different stiffener widths

MpRd = [MplRd.50 if by g = 50mm 143 x 104FRNm1
My Rd.100 if bys¢ = 100mm

My Rd.150 if by gt = 150mm

My Rd200 if by gt = 200mm

MpiRd250 if by g =250mm

MpiRd300 if by ge = 300mm

My Rd.350 if bpsp = 350mm

MpiRd.400 If by g =400mm

Mp].Rd,SOO otherwise

M
= s . T 1.275

Mpi Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

From EWM calculations Ramboll

My pq = 8.978 x 10°ENGh

EC1993-1-5 Ch.7.1(5)

M,
fRd
Eh—l)251=0 12— =1
My Rd
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B. I-beam

I-beam - EWM 300mm interaction Design resistance for shear:

=1
The I-beamiis calculated with EWM at Ramboll. To be able to compare the RSM and the EWM "
some calculations are performed as a complement to the EWM calculations. nl]g,(tw)tﬂwmw
V, + VippqS ————— =] EC1993-1-5 Ch.5.2(1)
bw.Rd bf.Rd ‘/55‘
M Shear capacity stiffened web
Geometry
_ _ 3
. VRa= VpwRrd * VbfRrd = 2-513 % 10°EN
tp = 25mm
= Ved = EN-1993-1-5 5.8
bg = 560mm bg, = 560mm pET = 0.787 -1993-1-5 equ (5.8)
Rd
Distance between vertical stiffeners: 200mm stiffener
St = 8.914m
Vbw.Rd.200 = 2513 % 10° kN (From Ramboll EWM calculations)
lpeam = 35 =26.742m
VEd
— =0.787
Measurements web plate between stiffeners: Vow.Rd
d; = 0.5m dy = 0.5m ’ )
400 mm stiffener 300 mm stiffener
Horizontal stiffeners: 3
3 Vi 1= 2.73600 kN
by g = 300mm by g = 300mm ty:= 12mm Vbw.Rd 400 = 3-13800°kN bw.Rd-300
. - 6 .
ty:= 12mm hy = 2m VRd.400 = Vow.Rd.400 * VbrRrd = 3138 X 10°N VR 300 = Viw.Rd.300 * VbERd
Total area: VEd VEgq
— =0.631 — =0.723
2 VRd.400 VRd.300
Atot = tyyllly, + belfe + zmsl—ob].st * bz.m) 664(0m
Load: 150 mm stiffener 250 mm stiffener
kN = 3
= 148N V, = 2.40700°kN ~ 3
Qq= 148 — bw.Rd. 150 Vow Rd 250 = 2:609010°kN
3
2 % =V +V =2.407 % 10°&N 3
Q438 Rd.150 bw.Rd.150 bf.Rd V, =V, + Viepg=2.609x 10° RN
Mg = dtqs tS) = 1323 x 10° &N Rd.250 = Vbw.Rd.250 * VbfRd
V,
Ed
T cos» VEd 0758
Q{3 Rd.150 o
Fa= a5 =1979% 10°KN VRA250
. 100 mm stiffener
Material 350 mm stiffener
- 3 - 3
- Viw.Rd.350 = 2:93700°kN Viw.Rd.100 = 2-28900°kN
M 210GPa
- _ 3 - _ 3
VRd350 = Vbw.Rd350 + VbfRd = 2937 107N VRq 100 = Vhw.Rd.100 + Vbf.Rd = 2289 107EN
. 390MPa
ty(t) = | ——— if t<16mm /ﬂ!) =
™ Ved VEd
SROMP TS0 o =086
2222 i 16mm <t < 40mm Rd.350 Rd.100
M
360MP: . ’
200MPa - therwise 50 mm stiffener 500 mm stiflener
™
3
Viw.Rd.50 = 2-1600°kN 5
Vbw.Rd.500 = 3-18600°kN
Capacities: - - 3
P VRd.50 = Vbw.Rd50 * VbfRd = 216X 107EN ,
3 From EWM calculations - -
Mg rq = 8.978007kNIn VRd.500 = Vbw.Rd.500 * Vbf.Rd = 3186 X 107k
. Vi,
s From EWM calculations Ed _ o016
\ = 2.51300°kN \Y ’ V,
bw.Rd Rd.50 Ed
" SS-EN 1993-1-35.2(5.2) — =0.621
VRd.500
M
E .86 BK
Y P
Merd 600 stiffe
550 mm stiffener mm stiiener
- - 3
The contribution from the flanges: Vow RA.550 = 3.|86!’103kN Vbw.Rd.600 = 3-18600°kN
Ve 1670 3oy =V, + Vg = 2.609 % 10 RN
= 6.167[MPz - - = Viw. FRd = 2
TocamTor a VRaasa= Vow.Rd.250 * VbfRd = 2:609 x 10" kN MREA50: ™ Ybw.Rd.250 T Ybf.Rd
cam
Vi,
- Ed
Vif.Rd ored = 95-143kN VEd — =058

=0.758

_Ed v
VRd.250 Rd.250

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

M

Ed
VofRd = | VbfRdored! T[T | | if Mpg<Mgpg =0EN
M Rrg

0 otherwise

XL



B. I-beam

Vbw.Rd, EWM with different stiffener widths - 4
My Rd250 = 1429 10 kNI

— P - _ 3 4
Vow.RD = | Vbw.Rd.50 if Py g =50mm - =2.736x 10" kN[ My Rd.300 = 143000 kNG

Vow.Rd.100 if byt = 100mm

4
M := 1.448 x 10" kNh

. - 1.Rd350

Vbw.Rd.150 if by g =150mm PR

. - 4
Vow.Rd.200 1 byt =200mm My Rd.400 = 1454010 kNG

Vow.Rd.250 if by g =250mm y .
=1 X
Vow.Rd.300 if by gt =300mm pL.Rd.500

N _ M.Rd, EWM with different stiffener widths
Vow.Rd:350 if by g =350mm

4
L Mo Rd = |Mpirdso if by g =50mm = 1.43 x 10 kNG
Vow.Rd.400 if byt = 400mm plRd pl.Rd.50 st

MpiRd.100 if by g = 100mm

Vbw.Rd.500 Otherwise .

MpiRd.150 if by g = 150mm

No interaction is needed because the load can be carried with the flanges confribution and the M Rd200 if by g =200mm

following conditions are met. e :

e ! My Rd2s50 if by g =250mm
Ed <MfRd = ‘ .

M1 Rd300 if by =300mm

VEd < Vow.RD = ! MyiRg.350 if bj g =350mm
MpiRd.400 if by g =400mm

No interaction is needed if the load can be carried with the flanges contribution and the following

conditions are met. M) Rd.500 Otherwise

Check := | "No interaction” if Mg <Mgpg O VEg < Vpy rp = "Interaction needed”

M
No i ot i Ed _
No interaction" if Vg < 0.5y rp KAV, =0925 EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
"Interaction needed”  otherwise SSEN1993-1-5 Ch.7.1(1) P
Bérande K. Ch.S5.4 S86.
My pg = 8.978 x 10° &N From EWM calculations Ramboll
. 4
Mpq = 1419010 kN From EWM calculations Ramboll
EC1993-1-5 Ch. 7.1(5)
4 S Ve 0.723
My Rd.50 = 1.364 x 10" kNGh VowRD
. 4
My R.100 3= 1:389 10" kN = =
4 1= LR [@2@13—1)251“ n 2 fRd _,
Mp1Rd.150 = 1:407 % 10" kN MpiRd MpiRd
. _ 4
My 200 = Mg = 1419 x 10* NG Mirg ,
ny+[ 1= ——— |f2my - 1) =099
Mpi rd
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B. I-beam

I-beam - EWM 350mm Moment capacity check

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM
some calculations are performed as a complement to the EWM calculations.

Geometry

Flange:

tp = 25mm

b= 560mm b, = 560mm

Distance between vertical stiffeners:
S = 8.914m
= 303, =26.742m

Theam :

Measurements web plate between stiffeners:

dj = 05m dy = 05m

Horizontal stiffeners:

by ¢ = 350mm by ¢ = 350mm tg = 12mm
ty = 12mm hW:= 2m
Total area:

2
Atot = tyyllly, + belfe + zmsl—ob].st * bz.m) 688(0m

Load:
Qq:= 162N
d m
2
Q318
Mg = sy 1448 x 10* BN
Ed 8
Qq {315
Vgg= Q) =2166% 10°EN
Material
M= 210GPa
390MP:
0= 22 < 16mm 0=
™M
380MPa if 16mm <t < 40mm
M
360MPa .
——— otherwise
™
Capacities:
3 From EWM calculations
Mg = 8.978010 KNI
From EWM calculations

3
Vi ra = 2.51300°KN
bwRd
W SS-EN 1993-1-35.2(5.2)

Mg 86 BK
B eis P
My Rrg

The contribution from the flanges:

VEd
Iheam!Thy

=6.75MPa

Vbt Rd.ored = 95-143kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

M

2
— Ed -
VofRd = | VbfRdored! T[T | | if Mpg<Mgpg =0EN
M Rrg

0 otherwise

XLII

Design resistance for shear:
n=1

() By,

EC1993-1-5 Ch5.2(1)
Vow.Rd * VbERd S
N

Shear capacity stiffened web

VRa= VpwRa + Vorra = 2513 % 10°EN

VE
= —2 = 0862

VRd EN-1993-1-5 equ (5.8)
200mm stiffener
Vpw.Rd.200 = 2:513 % 10° kN (From Ramboll EWM calculations)
Ved =0.862
Vow.Rd
400 mm stiffener 300 mm stiffener

3
= 3 k¢ = 2.73600°kN
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

- , 6 -
VRd.400 = Vbw.Rd.400 + VbfRd = 3138 % 10°N VR4 300 = Vbw.Rd.300 * VbtRd

V, v,
B4 =0.69 _kd =0.792
VRd.400 VRd300
150 mm stiffener 250 mm stiffener

o 3
Vow.Rd.150 = 2:40700°kN Viw Rd.250 = 2.60900°kN

3
v =V + Vigpd = 2407 x 107N -~ _ 3
Rd.150 = Vbw.Rd.150 * VbfRd VRA.250 = Vow Rd250 * VprRd = 2:609 % 10°EN

VEd

v,
—— =09 Ed
Vv —— =08
Ra1s VRd.250
350 mm stiffener 100 mm stiffener
= 3 - 5
Viw.Rd.350 = 2:93700°kN Vow Rd 100 = 228910°KN

- _ 3 — _ 3
VRA:350 = Vbw.Rd.350 + VbrRd = 2937 % 107N VRq 100 = Vhw.Rd.100 + VbfRa = 2289 % 107EN

VEd
=0.946

VRd.100

50 mm stiffener 500 mm stiffener

3
Vow.Rd.50 = 2.1600"kN 3
Vow.Rd.500 = 3-18600°kN

- _ 3
VRd.50 = Vbw.Rd.50 * VbrRd = 216 107N ,
VRd500 = Vbw.Rd.500 * VbR = 3-186 x 107E}

VEd
— = 1003
VRd.50 VEd e
VRd 500
600 mm stiffener

550 mm stiffener

. 3
Vi Rs50= 318600 Viw.Rd.600 1= 3-18600°kN

3
3 v = Vpw. + VipgRrg = 2-609 x 107 KM
VRe256:= Vow.Rd.250 T VbRd = 2:609 x 10” RN AMARAISON bw.Rd.250 bfRd
Vi
Ed
VEd g TR
VRd.250 Rd.250



B. I-beam

Vbw.Rd, EWM with different stiffener widths

Vow D= [ VowRds0 i by g =50mm  =2.937x 10°BNG
Vbw.Rd.100 if by g¢ = 100mm
Vbw.Rd.150 if by g¢ = 150mm
Vow.Rd.200 if by gt =200mm
Vpw.Rd.250 if by g¢ =250mm
Vbw.Rd.300 if by g =300mm
Vbw.Rd.350 if by g =350mm

Vow.Rd.400 if by gt = 400mm

Vbw.Rd.500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgq <MgRq =0
VEd < Vbw.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check := | "No interaction” if Mpg<Mgpq 0 VEq < Vi pp = "Interaction needed"”
"No interaction" if Vgq <0.5Vp ppy

"Interaction needed"  otherwise SSEN1993-1-5 Ch.7.1(1)

Bérande K. Ch.S5.4 S86.

Mpq = 1.41900*kNT From EWM calculations Ramboll

My Ra 50 = 1364 % 107 kN
4

MplARd.]‘]ﬂ = 1.389 % 10" kN[
4

My Ra 150 = 1407 % 10* kN

Mp1.Rd200 = MRg = 1419 10* &N

My Rd.250 = 1429 % 10* kNG
4
Mp1.Rd300 = 1.43000° kNG
4
M) Rd350 = 1448  10° kNI
4
M) Rd.400 = 145400 KNG

M1 Ra.s00 = 1465 % 10* kN

M.Rd, EWM with different stiffener widths

- B _ _ 4
MpiRd = |Mpird.s0 if bpg =50mm = 1448x 10° NG

MyiRq.500 Otherwise

M Rd.100 if bpge = 100mm
M Rd.150 if by = 150mm
My Rd.200 if by g =200mm
MpiRd250 if bpgp =250mm
Mp1Rrd.300 if by g =300mm
M Rd3s50 if bpge =350mm

My Rdd00 if by g = 400mm

— MEd -
Mp1.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
My R = 8978 x 10 BNGn From EWM calculations Rambol
VEd
=0.738 EC1993-1-5 Ch. 7.1(5)
Vow.RD
MeR Mgg,
my+ | 1 -~ oy 1) <120 > —=d o
My Rd My Rd

M
m +[| - _IRd ]r(lzrﬁ,r 1) = 1086

MpiRrd
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B. I-beam

. () By, EC1993-1-5 Ch.5.2(1)
I-beam - EWM 350mm Shear capacity check VowRd* VofRdS T o 7! -
ﬁBIM Shear capacity stiffened web
The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM 3
some calculations are performed as a complement to the EWM calculations. VRd*= Vbw.Rd * VbrRrd = 2:513 x 10°[RN
Geomet
i VEd EN-1993-1-5 equ (5.8)
n3i= — = 1165
Flange: VRd
tp = 25mm
200mm stiffener
b= 560mm bg, = 560mm
Vpw.Rd.200 = 2:513 % 103 kN (From Ramboll EWM calculations)
Distance between vertical stiffeners: V.
Ed _
St = 8.914m T C e
bw.Rd
! = 308, =26.742m
beam ts 400 mm stiffener 300 mm stiffener

Measurements web plate between stiffeners: . . _ 7}6]03“\’
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

dj = 0.5m dy = 0.5m
6
N =V + Vpprg = 3138 100N V =V +V,
Horizontal stifleners: Rd.400 = Vbw.Rd.400 * Vbf.Rd Rd.300 = Vbw.Rd.300 * Vbf.Rd
b = 350mm b, = 350mm ty == 12mm
Lst 2.5t st Vi V
— B33 vl =1.07
ty = 12mm hy, = 2m VRd.400 Rd.300
Total area:
150 mm stiffener 250 mm stiffener
2
Agot = ty By, + b2 + 20 by o + b ) = 688%m - 3
tot = twy + bp Liby.st * bast Vi = 2.40700°KN -~ 3
bw.Rd.150 Viw.Rd.250 = 2.60900°kN
Load: 3
N =V + Vpprq = 2407 x 10°&N -~ _ 3
N RA.150 = Tbw.Rd.150 © TbERd VRd.250 = Vbw.Rd.250 * Vbf.Rd = 2609 x 107EN
Qqi=219—
m vV,
Ed
T VEd L
N — =1
Quf3y) 4 Rd.150 VRd.250
Mpqi= ———— = 1.958 x 10 kN[
Ed 3
Qqlf35,
Ved= Q) =2928x 10°EN
Material 350 mm stiffener 100 mm stfener
3 3
= v, = 2.93700°KN v, = 2.289000°KN
ppi= 1 210GPa bw.Rd.350 bw.Rd.100
- - 3, - - 3,
390MPa VRA350 = Vbw.Rd.350 * Vb Rd = 2:937 X 107N Vg 190 = Vbw.Rd.100 * VbfRd = 2-289 107N
fy(t) = |——— if t<16mm &=
™ v, v,
Ed Ed
380MPa —— =0.997 ——=1279
= if 16mm <t < 40mm VRA350 VRA.100
. . .
360MPa - i erwise i
M 50 mm sifener 500 mm stiffener
- 3
Viw.Rd.50 = 2-1600°kN y s
Capactes: s bw.Rd.500 = 3-
N ! VRd.50 = Vbw.Rd.50 * VbfRd =216 % 107N
Mg g = 8978010 kNl From EWM calculations VRa500 = Vow.Rd.500 * VbERd = 3-186 % 10°m
\
~ 3 From EWM calculations Ed =1.356
VwRd = 2:51300°kN Veas " Vig
SS-EN 1993-1-3 5.2(5.2) — =0919
M VRd.500
Ed
=2.181 p.86 BK
Mg Rd
550 mm stiffener 600 mm stffener
The contribution from the flanges: - 3
- 3 Viw. = 3.18600°kN
Viw.Rd.550 = 3-18600°kN bw.Rd.600
Ved 9.125MP; 3
— =9 a = _ 3 V. = Vi +V, =2.609 x 10" k)
lpeam VRé250:= Vbw.Rd.250 * Vb Rd = 2:609 X 10" RN MRS bw.Rd.250 bf.Rd
V] = 95.143kN v,
bf.Rd.ored VEd . o
= VRd250

VRd.250

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8
M

2
VbfRd = | VbfRdored ! = if Mpg<Mppq =0EN
M Rrg

0 otherwise

Design resistance for shear:

XLIV



B. I-beam

V.bw.Rd, EWM with different stiffener widths

Vow.RD = |Vow.Rd50 if bpg =50mm  =2.937x 10° NG
Vpw.Rd.100 if by g¢ =100mm
Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by g =200mm
Vbw.Rd.250 if by g =250mm
Vbw.Rd.300 if by s¢ =300mm
Vbw.Rd350 if byt =350mm

Vow.Rd.400 if byt = 400mm

Vow.Rd.500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgg <MgRq =0
VEd < Vow.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check := | "No interaction” if Mpgq <Mgppq O VEg < Vi rp = "Interaction needed”
"No interaction” i Vg < 0.5V, rpy

"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1)

Bérande K. Ch.S5.4 S86.

Mpg:= 1_4|9jg4kN—m From EWM calculations Ramboll

Myt Ra.50 1= 1364 x 10* kNG
4

My R 100 = 1389 % 10* kN
4

MpLRd.]Sﬂ = 1.407 x 10" kN[

My Ra 200 = Mg = 1419 % 10'0N G

M Rd.250 °
Mp1Rd300 ¢
Mp1Rd.350 °
Mp1Rd 400 ¢

M Rd.500 °

= 1.429x 10* kNI
4
= 1.43000* kNG
4
= 1.448 % 10* kNI
4
= 1.454010 kN[

= 1.465 % 10* kNI

From EWM calculations Ramboll

MpiRd =

Vow.

VEd

My Rd.50 if by = 50mm
M Rd.100 if bpge = 100mm
My Rd.150 if by = 150mm
My Rd.200 if by g =200mm
MpiRd250 if bpgp =250mm
Mp1Rrd.300 if by g =300mm
M Rd3s50 if bpge =350mm
M Rd.400 if by =400mm

MyiRq.500 Otherwise

=1.448 x I()4FRNV—lh

=1.352 EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

From EWM calculations Ramboll

=0.997
RD

M¢Rd 2
2m; - 1)°<1=0
"’Ipl.RdJEG 3-1)

M
£Rd
oy - 1) = 1727
MpiRrd

ny 2

EC1993-1-5Ch.7.1(5)

Mfrg .
My Rd
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B. I-beam

. Design resistance for shear:
l-beam - EWM 350mm Interaction ¢

n=1
The I-beamiis calculated with EWM at Ramboll. To be able to compare the RSM and the EWM nl]g,(tw)tﬂwmw
some calculations are performed as a complement to the EWM calculations. VowRd " VbfRd S \E—EI EC1993-1-5Ch.5.2(1)
M Shear capacity stiffened web
Geomet - - 3
24 VRd= Vow.Rd * VbrRd = 2-513 % 10°EN
Flange:
tp = 25mm Vg
n3 = V_ =0.809 EN-1993-1-5 equ (5.8)
b := 560mm bg, = 560mm Rd
200mm stiffener
Distance between vertical stiffeners:
St = 8914m Vow Rd.200= 2513% 10° kN (From Ramboll EWM calculations)
v
= - Ed
Ipeam := 35 =26.742m ——— =009
Vow.Rd
Measurements web plate between stiffeners:
400 mm stiffener 300 mm stiffener
d; = 0.5m dy = 0.5m
3
3 V = 2.73600°kN
Horizontal stiffeners: Vbw.Rd.400 = 3-13800°kN bw.Rd.300
by ¢ = 350mm by ¢ = 350mm tg = 12mm 6
VRd.400 = Vbw.Rd.400 * VbfRd = 3138 X 10°N Vg 300 = Vbw.Rd.300 * Vbf.Rd
ty = 12mm hy, = 2m v v
B4 =0.648 _kd =0.743
Total area: VRd.400 VRd.300
- 2
Agop = tyglBy, + belfe + st"Ob]‘st + bzbs‘) 688[3m
150 mm stiffener 250 mm stiffener
Load: 3
Vi = 2.4070010°kN = 3
o bw.Rd.150 Vbw.Rd.250 = 2.60900°kN
Qq = 152—
m 3
v, =V + Vpeng = 2407 x 10° RN = _ 3
) RA.150 = Tbw.Rd.150 © TbERd VRd.250 = Vbw.Rd.250 * Vbf.Rd = 2609 x 107EN
Qs
Mg = Q) = 1359 10* NG Vid v
8 =0.844 B4 _ o079
VRd.150 v =
[g ) Rd.250
Qd 3|3[S 3
V4= f =2.032x 10" KN . 100 mm stiffener
i 350 mm stiffener
Material
- 3 - 3
» Vpw.Rd.350 = 2.93700°kN Vow.Rd.100 = 228900°kN
M= 210GPa 5 5
VRd.350 = Vbw.Rd350 + VbrRd = 2937 107N VRg 190 = Vhw.Rd.100 + VbfRd = 2289 107EN
390MP:
£0)= [ if ¢ < 16mm 0=
Y ™M Ved Ved
T =06 T T 0sss
380MPa if 16mm < t < 40mm Rd.350 Rd.100
M
OMP. ’ .
360MPa otherwise 50 mm stifener 500 mm stiffener
™M 3
Vpw.Rd.50 = 2-1600°kN 5
Viw.Rd.500 1= 3-18600°kN
Capacitis: VR.50 = VowRd 50 * VbrRd = 216 < 1°RN
_ _ 3
MgRg = 8.978010° kNl From EWM calculations v VRd.500 = Vbw.Rd.500 * Vbf.Rd = 3-186 x 107D
8 Ed
) — =094l
o 3 From EWM calculations V, vV
VwRd = 2:51300°kN Rd.50 _Ed 638
SS-EN 1993-1-35.2(5.2) VRd.500
M

Ed
M7:1'513 p.86 BK

fRd i

550 mm stiffener 600 mm stfener
3 v, = 3.186010°KkN
The contribution from the flanges: Vpw.Rd.550 = 3-18600°kN bw.Rd.600 -~ -

\Y = = 3
_Ed ¢ a33mapa v, = VowRd250 * Vofrd = 2609 % 1°EN ~R&256= Vow.Ra.250 * Vorrg = 2609 107EY
Tocam

A%
- \Y% Ed _
VbfRd.ored = 95-143kN _ 'Ed =0.779 7VRd o =0.779
VRd.250 -

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

~ MEq ) _
Vberd = [VbfRdored! T| T | | if Mpa<Mgrg =0EN
Mg Rrd

0 otherwise
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B. I-beam

MpR,
n o+ [1 “ : d][@zmb - 1)2:0.994
VbwRd, EWM with different stfiener widths pLRd

VowRD = |Vbw.Rd50 if P =50mm  =2.937x 103 &N
Vbw.Rd.100 if by g¢ = 100mm
Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by g¢ =200mm
Vpw.Rd.250 if by g =250mm
Vow.Rd.300 if by g¢ =300mm
Vbw.Rd.350 if by g =350mm

Vow.Rd.400 if by gt =400mm

Vow.Rd.500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgq <MgRq =0
VEd < Vow.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check := | "No interaction” if Mgy <Mppy 0 VEq < Vpy rp = "Interaction needed”
"No interaction” i Vg < 0.5V, rp

"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

Mpq = 1.419]04kNB| From EWM calculations Ramboll

My Rq.50 = 1364 % 10* kNG
4

My Rd.100 = 1389 % 10" kN
4

My Rq.150 = 1:407 % 10° kN

w e et
My R.250 = 1:429 % 10” kNG

M1 Ra 300 = 143000 kN
4
MR350 = 1448 % 10* kNG
. 4,
My Ra.400 = 145400 kNI
4
My Ra.s00 = 1:465 % 10" kNTin

M.Rd, EWM with different stiffener widths

MpiRd = [MplRds0 if Byg=50mm = 1448 x 10°ENGn
My Rd.100 if by gt = 100mm

MpiRd.150 if by g = 150mm

M Rd.200 if bygp =200mm

MpiRd2s0 if byt =250mm

My Rd.300 if bpsp = 300mm

My Rd350 If by gt = 350mm

Mp1Rd400 if by gt = 400mm

Mpl.RdASOO otherwise

Mgq

Kk va =0938 EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
pl.

3 From EWM calculations Ramboll
Mg = 8978 x 10” KNl

EC1993-1-5 Ch.7.1(5)

M
fomy - 1)Ps1=1 ne—2d oy
MpiRrd
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B. I-beam

I-beam - EWM 400mm Moment capacity check Design resistance for shear:
n=1
The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM I]Ty(t )
some calculations are performed as a complement to the EWM calculations. w) Bt

Vi + Vprpgs —t T8
bw.Rd * VbfRd
W V3G EC1993-1-5 Ch5.2(1)

Geometry 3 Shear capacity stiffened web
VRd*= Vbw.Rd T VbfRd = 2513 x 10" [N

Flange:
tp = 25mm
V
Ed
M3 = — =0.862

b 1= 560mm by = 560mm VRd EN-1993-1-5 equ (5.8)

200mm stiffener
Distance between vertical stiffeners:
Sig 1= 8.914m Vow Rd.200 = 2513 % 10° kN (From Rambol EWM calculations)
! = 308, =26.742m Vi
beam 'ts Ed - 0362

Vbw.Rd
Measurements web plate between stiffeners:
dj = 0.5m dy = 0.5m 400 mm stiffener 300 mm stiffener

3
Horizontal stiffeners: Vbw.Rd.300 = 2.73600°kN

— 3
Viw.Rd.400 = 3-13800°kN

by ¢ = 400mm by ¢ = 400mm tg = 12mm
. 4 B B B ~
VRA.400 = Vbw.Rd.400 * VbRd = 3-138 X 10°N VR4 300 = Viw Rd300 * VbeRd
ty, = 12mm hy = 2m
vV, v,
Ed Ed
Total area: ——— =069 ——=0.792
VRd.400 VRd300
2
Agop = tyglBy, + belfe + st"Ob]‘st + bzbs‘) 7126m
150 mm stiffener 250 mm stiffener
Load:
-~ 3
o Viw Rd.150 = 2-40700°kN VowRdas0 = 5 60910°KkN
Qqi= 162—
m 3
\ =V, +V, =2.407 x 10° &N _ _ 3
e )2 Rd.150 = Vbw.Rd.150 * VbfRd VR4250 = VowRd250 + VbiRrd = 2:609 X 10°RN
Mpgi= — =) aagx 10% N V.
8 Ed v
—— =09 B _ g3
V. —=0.
. Rd.150 VRd250
_ Qdi ls) _ 3
Ed= =2.166 x 10° kN
Material
350 mm stiffener 100 mm stiffener
- 3 3
M= 210GPa Viw.Rd.350 == 293700°kN VowRd.100 = 228900°kN
- _ 3 _ _ 3
o | 3oompa - VRA:350 = Vbw.Rd.350 + VbrRd = 2937 % 107N VRq 100 = Vhw.Rd.100 + VbfRa = 2289 % 107EN
f(t) = | ——— if t<16mm /ﬂ!) =
Y bt
M
\
d
380MPa 4t i < 1 < 40mm v =0.946
P Rd.100
360MPa )
22 otherwise '
M 50 mm stiffener 500 mm siffener
Vow Rd 50 = 21600°N s
Capacities: Vpw.Rd.500 = 3-186007kN
3
From EWM calculations v, =V +V =2.16 x 10" [EN
Migg = 8.978010° KN Rd.50 = Vbw.Rd.50 * Vbf.Rd x
- % = Vi + Vippg = 3186 % 10° M
. From EWM calculations v Rd.500 = Vbw.Rd.500 * Vb Rd
- Ed
VwRd = 2:51300°kN B o3
SS-EN 1993-1-35.2(5.2) VRd50 Vig
: ——— =068
MEg p.86 BK VRd:500
— =1613
My Rrg
550 mm stiffener 600 mm stffener
The contribution from the flanges: 3
Vow R ssp = 31860108 Vpw.Rd.600 = 3-18600°kN
VEd
Py =6.75MPa 3
b -~ _ 300V, = Vi, + Vpppg = 2609 x 10° T
cam VRaasa= Vow.Rd.250 * VbfRd = 2:609 x 10" kN AMARAISON bw.Rd.250 bfRd
VifRd.ored == 95-143kN Vg
VEa _ 08 TR
VRd.250 Rd.250

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

M

2
v if Mpg<Mgpq =O0EN
f.Rd

VbfRd = | VbfRd.ored 1’(

0 otherwise
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B. I-beam

Vbw.Rd, EWM with different stiffener widths

VowRD = | VowRdso if bl =S0mm = 3.138x 10° &N
Vpw.Rd.100 if by g¢ =100mm
Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by 5t =200mm
Vbw.Rd.250 if by g =250mm
Vbw.Rd.300 if by gt =300mm
Vpw.Rd.350 if by g¢ =350mm

Vow.Rd.400 if byt = 400mm

Vow.Rd.500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgq <MgRq =0
VEd < Vbw.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check := | "No interaction” if Mpg<Mgpq 0 VEq < Vi pp = "Interaction needed"”
"No interaction" if Vgq <0.5Vp ppy

"Interaction needed"  otherwise SSEN1993-1-5 Ch.7.1(1)

Bérande K. Ch.S5.4 S86.

. 4
Mg = 141900 kNl From EWM calculations Ramboll

My Ra 50 = 1364 107 kN
4

MplARd.]‘]ﬂ = 1.389 % 10" kN[
4

My Ra 150 = 1407 % 10* kN

Mp1.Rd200 = MRg = 1419 10* &N

Mp) Rd250 = 1429 % 10* kNt
4
My Rd.300 = 143000 kN
4
Mp) Rd350 = 1448 % 10 kKNG
4
My Rd.400 = 1454010 kN

Mpi Ra500 = 1:465 % 10" KNG

M.Rd, EWM with different stiffener widths

MpiRd = |MplRd.so if byg =50mm - =1.454x 10* ENGR
M Rd.100 if by g =100mm

My Rd.150 if by g = 150mm

My Rd200 if By =200mm

M Rd.250 if by =250mm

My Rd.300 if by g =300mm

My Rd.350 if by g =350mm

MpiRd400 if by g =400mm

My Ra.500 Otherwise

M
L= — — 0906 EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
My Rd
MpRq = 8978 x 10° NG From EWM calculations Ramboll
a= =0.69 EC1993-1-5 Ch. 7.1(5)
Vow.RD
M M
1= ERE Eszb—l)zsl:o nlz—f‘Rd=1
M M
pLRd pLRd

Mg

£Rd

ny 1= tfmy - 1) = 1051
Mpird
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B. I-beam

I-beam - EWM 400mm Shear capacity check

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM
some calculations are performed as a complement to the EWM calculations.

Geometry

Flange:

tp = 25mm

b= 560mm b, = 560mm

Distance between vertical stiffeners:
S = 8.914m
= 303, =26.742m

Theam :

Measurements web plate between stiffeners:

dj = 05m dy = 05m

Horizontal stiffeners:

by ¢ = 400mm by ¢ = 400mm tg = 12mm
ty = 12mm hW:= 2m
Total area:

2
Agop = tyglBy, + belfe + st"Ob]‘st + bzbs‘) 7126m

Load:
Q= 234 1N
= 234
2
QuIf3,
Mggq = Q) 2092 x 10" kNG
Ed 5
Quf35,
Ed= Eﬂz 3 =3.129% 10°EN
Material
M= 210GPa
390MP:
0= 22 < 16mm 0=
™
380MPa if 16mm <t < 40mm
™
360MPa )
2 otherwise
™M
Capacities:

3 From EWM calculations
Mg = 8.978010 KNI

5 From EWM calculations
Vi = 2.51300°kN
bw.Rd
W SS-EN 1993-1-35.2(5.2)

Mgq p.86 BK

The contribution from the flanges:

VEd
Iheam!Thy

=9.75MPa

VbfRd.ored = 95-143kN
The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

~ MEq ) _
Vberd = [VbfRdored! T| T | | if Mpa<Mgrg =0EN
Mg Rrd

0 otherwise

Design resistance for shear:
n=1

Voot Ve S ) Bty
bw.Rd bf.Rd ‘IEEIM

EC1993-1-5 Ch.5.2(1)

Shear capacity stiffened web

VRa= VpwRa + Vorra = 2513 % 10°EN

VEd
N3 = —— =1.245 EN-1993-1-5 equ (5.8)
VRrd
200mm stiffener
Vbw.Rd.200 = 2513 % 10° kN (From Ramboll EWM calculations)
Vi
Ed =1.245
Vbw.Rd
400 mm stiffener 300 mm stiffener

3
= 3 % = 2.73600°kN
Viw.Rd400 = 3-13800°kN bw.Rd.300

- - 6 -
VRA.400 = Vbw.Rd.400 * VbRd = 3-138 X 10°N VR4 300 = Viw Rd300 * VbeRd

V, A%
_ B4 =0.997 B =1.144
VRd.400 VRd.300
150 mm stiffener 250 mm stiffener

3
\% = 240700 kN - 3
bw.Rd.150 Viw.Rd.250 = 2.60900°kN

3
V =V +V =2.407% 10" [EN o — 3
Rd.150 bw.Rd.150 bf.Rd VRd.250 = Vow.Rd.250 * Vpf.Rd = 2609 x 10" &N

v,
B VEd 199
VRd.150 =

VRd.250

350 mm stiffener 100 mm stiffener
- 3 ~ 3
Viw.Rd.350 == 293700°kN Viw.Rd.100 = 2:28900°kN

- _ 3 — _ 3
VRA:350 = Vbw.Rd.350 + VbrRd = 2937 % 107N VRq 100 = Vhw.Rd.100 + VbfRa = 2289 % 107EN

VEd VEd
= 1.065 — = 1367

VRd.350 VRd.100

50 mm stiffener 500 mm stiffener

3
Vow.Rd.50 = 2.1600"kN 3
Vow.Rd.500 = 3-18600°kN

- _ 3
VRd.50 = Vbw.Rd.50 * VbrRd = 216 107N ,
VRd500 = Vbw.Rd.500 * VbR = 3-186 x 107E}

VEd
=1.449
VRd.50 VEd ) om
VRd 500
600 mm stiffener

550 mm stiffener

. 3
Vi Rs50= 318600 Viw.Rd.600 1= 3-18600°kN

3
3 v = Vpw. + VipgRrg = 2-609 x 107 KM
VRe256:= Vow.Rd.250 T VbRd = 2:609 x 10” RN AMARGSON bw.Rd.250 bf.Rd
Vi
Ed
VEd 199 T =1
VRd.250 Rd.250



B. I-beam

Vbw.Rd, EWM with different stiffener widths Mp].Rd.ZSO = 1.429 x 104 kNI

- B = _ 3
VowRD = | Vow.Rd.50 if bpgp =30mm - =3.138 x 107 RNl M Rd300 = 1.43000* N

Vbw.Rd.100 if by g¢ = 100mm )
Vow.Rd.150 if by g¢ = 150mm Mp| Rd.350 = 1448 X 10" kNI
VowRd.200 if b g =200mm Mol Ra.400 = 1.45400*kNGEn

Vow.rd.250 if byt =250mm )
M = 1465 10" kNI

Vow.Rd.300 if by =300mm pl.Rd.500 x

Vbw.Rd.350 if by gt =350mm M.Rd, EWM with different stiffener widths

V, if =400
bw.Rd.400 if b1t mm MpiRd = |MpLraso if by =50mm = 1454 10* N

v, otherwise
RA.500 : _
b MpiRd.100 if by g = 100mm

No interaction is needed because the load can be carried with the flanges contribution and the My Rd.150 if by g = 150mm

following conditions are met. . -
My Rd.200 if by g =200mm

Mgg <Mggq =0 MpiRd2s50 if by g =250mm
M if b =300mm
- 1.Rd.300 1.st
VEd < Vow.RD 7 ! P )
MpiRd350 if by s¢ =350mm
No interaction is needed if the load can be carried with the flanges contribution and the following MpI.Rd.4OU if by g =400mm

conditions are met.

MyiRq.500 Otherwise

Check := | "No interaction” if Mgy <Mgpy O Vgy< Vbw.RD = "Interaction needed" "
"No interaction" if VF,d<0-5]/bw.RD = Ed =1439
; . Mp1Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.
Mgpq = 8978 |(]3 (N[ From EWM calculations Ramboll
Mpq = 141900 kN From EWM calculations Ramboll
4 VEd EC1993-1-5 Ch. 7.1(5)
M1 Rd.50 = 1364 % 107 kN v =0.997
o bw.RD
- 4
Mp1Rd.100 = 1:389 X 107 kN[ anen= Mird fomy - 1)< 1 =0 e Mird _|
- 4 MpiRd MpiRd
Myl Rd.150 = 1:407 x 10" kNI
M
_ _ 4 _ _"fRd 2
Mp1.Rd200 = MRg = 1419 10" kNl n +(1 Moine FQZH}B |) =1817
pl.
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B. I-beam

I-beam - EWM 400mm Interaction

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM

some calculations are performed as a complement to the EWM calculations.

Geometry
Flange:
tp = 25mm
b= 560mm bg, = 560mm
Distance between vertical stiffeners:

St = 8.914m

Ibeam = 3315 =26.742m

Measurements web plate between stiffeners:

dj = 05m dy = 05m

Horizontal stiffeners:

by ¢ = 400mm by ¢ = 400mm tg = 12mm
ty = 12mm hW:= 2m
Total area:

2
Agop = tyglBy, + belfe + st"Ob]‘st + bzbs‘) 7126m

Load:
Qq:= ISSka
d m
2
Q318
Mg = Q) 1386 % 10* NG
Ed 8
Qyf31s
Ved= Q) =2073% 1°EN
Material
M= 210GPa
390MP:
0= 22 < 16mm 0=
™M
380MPa if 16mm <t < 40mm
M
360MPa .
——— otherwise
™
Capacities:
3 From EWM calculations
Mg = 8.978010 KNI
From EWM calculations

— 3
Viw.Rd = 251300°kN

SS-EN 1993-1-35.2(5.2)

Mg, 86 BK
B ke P
Mg Rd
The contribution from the flanges:
A%
b = 6.458[MPa
Tocam

Vbt Rd.ored = 95-143kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

~ MEq ) _
Vberd = [VbfRdored! T| T | | if Mpa<Mgrg =0EN
Mg Rrd

0 otherwise

LII

Design resistance for shear:
n=1

1) By By

v Ve < EC1993-1-5 Ch.5.2(1)
bw.Rd " YbfRd =
ﬁBIM

Shear capacity stiffened web

= — 3
VRd*= Vbw.Rd T VbfRd = 2513 x 10" [N

Vi EN-1993-1-5 equ (5.8
ny = _Ed _ 805 qu (5:8)
VRd

200mm stiffener

Vbw.Rd.200 = 2513 % 10° kN (From Ramboll EWM calculations)
Ved =0.825

Vbw.Rd

400 mm stiffener 300 mm stiffener

3
= 3 % = 2.73600°kN
Viw.Rd400 = 3-13800°kN bw.Rd.300

- - 6 -
VRA.400 = Vbw.Rd.400 * VbRd = 3-138 X 10°N VR4 300 = Viw Rd300 * VbeRd

V, A%
_ B4 =0.66 B =0.757
VRd.400 VRd.300
150 mm stiffener 250 mm stiffener

3
\% = 240700 kN - 3
bw.Rd.150 Viw.Rd.250 = 2.60900°kN

3
V =V +V =2.407% 10" [EN o — 3
Rd.150 bw.Rd.150 bf.Rd VRd.250 = Vow.Rd.250 * Vpf.Rd = 2609 x 10" &N

v,

B ose1 VEd

VRa 150 ——=0.7%
- VRd.250

350 mm stiffener 100 mm stiffener

3 3
Viw.Rd.350 = 2.93700°kN Vow Rd 100 = 228900°kN

- _ 3 — _ 3
VRA:350 = Vbw.Rd.350 + VbrRd = 2937 % 107N VRq 100 = Vhw.Rd.100 + VbfRa = 2289 % 107EN

VEd VEd
———=0.706 ——— =0.905
VRd.350 VRd.100

50 mm stiffener 500 mm stiffener

3
Vow.Rd.50 = 2.1600"kN 3
Vow.Rd.500 = 3-18600°kN

- _ 3
VRd.50 = Vbw.Rd.50 * VbrRd = 216 107N ,
VRd500 = Vbw.Rd.500 * VbR = 3-186 x 107E}

VEd
v =0.959 v
Rd.50 Bl et
VRd.500
600 mm stiffener

550 mm stiffener

. 3
Vi Rs50= 318600 Viw.Rd.600 1= 3-18600°kN

3
3 v = Vpw. + VipgRrg = 2-609 x 107 KM
VRe256:= Vow.Rd.250 T VbRd = 2:609 x 10” RN AMARAISON bw.Rd.250 bfRd
Vi
Ed
_VEd ~0794 T =0
VRd.250 Rd.250



B. I-beam

4
M := 1.429x 10" kN[
V.bw.Rd, EWM with different stiffener widths pL.Rd.250

= i = - 3 M = 143000" KNI
VowRD= | VowRd.so if b =50mm  =3.138 x 10 RN LRA300
v, if by o = 100mm ~ .
DwRA100 T PLst My Ra 350 = 1448 x 10° kNG
Vow.Rd.150 if by gt = 150mm .
Vbw.Rd.200 if by g =200mm Mp1.Rd.400 = 145400 kN
Viw if by ¢ = 250mm - 4
bwRd.250 if b1st Mp1Ra.500 = 1465 % 10" kNI

Vi if b =300mm
bw.Rd.300 Lst M.Rd, EWM with different stiffener widths

V, if by =350
bw.Rd.350 " PLst mm MyiRd = |Mpird.so if bp.g =50mm = 1.454 % 10" &N

Vi if by  =400mm
bw.Rd.400 if b1t . -
" ) MpiRd.100 if by g = 100mm

Vbw.Rd.500 Otherwise

MpiRd.150 if by g = 150mm

M if b =200
No interaction is needed because the load can be carried with the flanges contribution and the pl.Rd.200 ' PlLst mm

following conditions are met. MpLRd.zsﬂ if by g =250mm
Mg <Mppq =0 My Rd300 if by gt =300mm
My Rd350 if by g =350mm

Veg <V =1
Ed < Vow.RD ; -
" MpiRd.400 if by g =400mm

) . ] i - ) Mo Rd.500 Otherwise
No interaction is needed if the load can be carried with the flanges contribution and the following pLRd

conditions are met.

Check := | "No interaction” if Mpg<Mgpg O Vgg < Vi, pp = "Interaction needed” Mgq
. : n =0.953 1 4
o ineracton” it Vg <0.5¥py, gy Mot ra EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
"Interaction needed" otherwise SSEN1993-1-5 Ch.7.1(1)
4 From EWM calculations Ramboll
Bérande K. Ch.S5.4 S86. MR = 8978 10° N
4 .
Mgg:= 1.41900 kN[ From EWM calculations Ramboll v EC1993-1-5 Ch. 7.1(5)
Ed
~ . Man= VoD =0.66
MpLRd.SO = 1.364 x 10" kN[ -
4 M M
My R 100 = 1:389 % 10" kN +|1-—R w11 =1 > fRd _,
Pl n 3 n
Mpird Mpird

Mp1Rd.150 = 1407 % 10" kNG

My Ra 200 = Mg = 1419 % 10'0N G
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B. I-beam

I-beam - EWM 500mm Moment capacity check Design resistance for shear:
n=1
The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM I]Ty(t )IIB
some calculations are performed as a complement to the EWM calculations. Vow.Rd * VbfRd S w) By 1 EC1993-1-5 Ch.5.2(1)
W.. 8 -
3
‘/_B'M Shear capacity stiffened web
Geometry 3
VRd = Vbw.Rd * VbfRd = 2513 % 10" ®N
Flange:
tp = 25mm
VEd
N3 = — = 0867 EN-1993-1-5 equ (5.8)
b= 560mm b, = 560mm VRd
Distance between vertical stiffeners: 200mm stiffener
S = 8.914m 3 )
Vpw.Rd.200 = 2:513 % 107 kN (From Ramboll EWM calculations)
Ibeam = 33{5 =26.742m VEd
=0.867
) Vow.Rd
Measurements web plate between stiffeners:
dy=0.5m dy = 0.5m 400 mm stiffener 300 mm stiffener

Horizontal stiffeners: ) .
= 3 k¢ = 2.73600°kN
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

by ¢ = 500mm by ¢ = 500mm tg = 12mm
- _ 6 -
= 12mm b= 2m VRd.400 = VowRd.400 * VbfRd = 3138 % 107N VRq 300 = Vbw.Rd.300 * VbeRd
W W
: \ v,
Totalarea: B o605 Y
VRd.400 VRd.300
— 2
Agot = tyBy + bellp2 + zmsl—ob].st * bz.m) 760(em
Load: 150 mm stiffener 250 mm stiffener
3
KN Y = 240700 kN _ 3
Qq:= 163— bw.Rd.150 Viw.Rd.250 = 2:60900°kN
m
3
% =V + Vpprg = 2407 x 10° &N _ _ 3
Qfs Ets)z 4 RA150° Tow.Rd150 7 TbERd VRd.250 = Vbw.Rd.250 * VbfRd = 2:609 % 107EN
Miggi= —— " = 1457 % 10" kNG
A\
Ed
——— =0.905 VEd
VRA150 T S0
Quf3=y) 3 ' Rd.250
vEd:: ——— =2.179x 10" (KN
Material 350 mm stiffener 100 mm stifener
- 3 - 3
E - Viw.Rd.350 = 2-93700°KN Viw.Rd.100 = 2:28900°kN
- - 3, - - 3,
390MPa VRd350 = Vbw.Rd350 * VbfRd = 2937 % 107EN VR 100 = Vow.Rd.100 + Vbf.Rd = 2289 107EN
fy(t) = | ——— if t<16mm &=
™
VEd VEd
380MPa ——=0742 — 20952
202 if 16mm <t < 40mm VRd350 VRd.100
™
360MPa - herwise ;
M 50 mm stifener 500 mm stiffener
. 3
Viw.Rd.50 = 21600°kN y U
Capacites: s bw.Rd.500 = 3-
A% =V +V, =216 % 10" KN
Men 2= 897800 From EWM caloulations Rd.50 = Vbw.Rd.50 * VbfRd ,
2 VRd.500 = Vbw.Rd.500 * Vbf.Rd = 3-186 X 107k
3 From EWM calculations VEd
Vpw.Rd = 2-51300°kN v =1.009
SS-EN 1993-1-35.2(5.2) Rd.50 =0.684
M VRd.500
Ed p.86 BK

=1.623
MgRrg

550 mm stiffener 600 mm stifener

The contribution from the flanges: B .
= } Vow = 3.18600°kN
Vbw.Rd.550 = 3-186000°kN bw.Rd.600

V
Ed
=6.792MPa 3 NA =V, +V =2.609 x IOBHU*
ey v = Vpw Rd250 * Vit Ra = 2609 % 10°N AR 260 Vbw.Rd.250 * VbtRd
v od = 95.143kN v
bf.Rd.ored VEd 0835 B s
=089 VRd.250

VRd.250
Flansarnas bidrag enligt EC1993-1-5 Ch. 5.4(1) eq.5.8

M

2
VbfRd = | VbfRdored ! = if Mpg<Mppq =0EN
M Rrg

0 otherwise
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B. I-beam

V.bw.Rd, EWM with different stiffener widths - 4
Mp].Rd.ZSO = 1.429 x 10" kNOh

. 3
Vow.RD = | Vow.Rd.50 if Pj.gt =50mm  =3.186x 10°ENIh
" " o Mpi Ra.300 = 143000 kNt
Vbw.Rd.100 If Pyt = 100mm
. _ B 4
Vow.Rd.150 if by g = 150mm Mp1.Rd.350 = 1:448 X 107 kNI
v, if by ¢ =200mm
buRd20o 1 bt MoLRad00 = 145410 en
Vow.Rd250 if by g =250mm
. ~ 4
Vbw.Rd.300 if by s¢ =300mm My Rd.500 = 1465 x 10" kNG

Vow. if b =350mm
bw.Rd.350 Lst M.Rd, EWM with different stiffener widths

Vi if b = 4001
bw.Rd.400 T Pt =M MpiRa= |Mpiraso if bpg =50mm = 1465x 10*0NE
Vi otherwise
bw.Rd.500 f =
" MpiRd.100 if bpg = 100mm
No interaction is needed because the load can be carried with the flanges contribution and the Mp) Rd.150 if by = 150mm

following conditions are met. B =
Mp1Rd200 if by s¢ =200mm

Mgq <MgRq =0 Mpi.Rd250 if by gt =250mm
M if by =300mm
_ 1Rd.300 i b1

VEd < Vbw.RD = ! P ) B
My Rd350 if by g =350mm

No interaction is needed if the load can be carried with the flanges contribution and the following Mp1Rd.400 if by gt =400mm
conditions are met.

MpiRd.500 Otherwise
Check := | "No interaction” if Mg <Mgpg O VEg < Vpy rp = "Interaction needed”

M
"No interaction" if Vg <0.5Vy pp = Ed =0.995
. . MpLrd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
"Interaction needed”  otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.
MpRq = 8978 x 10° NG From EWM calculations Ramboll

Mpg:= 1_4|9jg4kN—m From EWM calculations Ramboll

My Rd.50 = 1364 % 10" kNG EC1993-1-5 Ch. 7.1(5)

. 4
MpiRd.100 = 1:389 % 10" kNG Mirg
=0 mz——=1

My Rd

MpLRd.]Sﬂ = 1.407 x I(]4 kN

4 M
M= £Rd
My Rd.200 = MRq = 1:419 % 10 RN ny |- fem; - |)2 =1.047
MpiRd
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B. I-beam

I-beam - EWM 500mm Shear capacity check

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM
some calculations are performed as a complement to the EWM calculations.

Geometry

Flange:

tp = 25mm

b= 560mm b, = 560mm

Distance between vertical stiffeners:
S = 8.914m
= 303, =26.742m

Theam :

Measurements web plate between stiffeners:

dj = 05m dy = 05m

Horizontal stiffeners:

by ¢ = 500mm by ¢ = 500mm tg = 12mm
ty = 12mm hW:= 2m
Total area:

2
Atot = tyyllly, + belfe + zmsl—ob].st * bz.m) 760(6m

Load:
Q= 238N
= 238
2
Qqlf35
Mgy = M =2.128 % 10' KNG
Ed 3
Quf31,
Fa= ) =3.182% 10°RN
Material
M=l 210GPa
390MP;
0= 22 < 16mm 0=
™
380MPa if 16mm <t < 40mm
™
360MPa )
= otherwise
™M
Capacities:
Migq = 8978010 kNl From EWM calculations

- 3 From EWM calculations
VwRd = 2:51300°kN

SS-EN 1993-1-35.2(5.2)

=237 p.86 BK

The contribution from the flanges:
A%
E =9.917MPa

Iheam

VbfRd.ored = 95-143kN
The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

~ MEq ) _
Vberd = [VbfRdored! T| T | | if Mpa<Mgrg =0EN
Mg Rrd

0 otherwise

LVI

Design resistance for shear:
n=1

Voot Ve S ) Bty
bw.Rd bf.Rd ‘IEEIM

EC1993-1-5 Ch.5.2(1)

Shear capacity stiffened web

VRa= VpwRa + Vorra = 2513 % 10°EN

VEd
M3 = — =1.266 EN-1993-1-5 equ (5.8)
VRrd
200mm stiffener
Vpw.Rd.200 = 2:513 % 103 kN (From Ramboll EWM calculations)
v
B _ 1.266
Vow.Rd
400 mm stiffener 300 mm stiffener

3
= 3 k¢ = 2.73600°kN
Vbw.Rd.400 = 3-13800°kN bw.Rd.300

- , 6 -
VRd.400 = Vbw.Rd.400 + VbfRd = 3138 % 10°N VR4 300 = Vbw.Rd.300 * VbtRd

V, v,
7Ed=l.0]4 l:].lﬁ}
VRd.400 VRd300
150 mm stiffener 250 mm stiffener

o 3
Vow.Rd.150 = 2:40700°kN Viw Rd.250 = 2.60900°kN

3
v =V + Vigpd = 2407 x 107N -~ _ 3
Rd.150 = Vbw.Rd.150 * VbfRd VRA.250 = Vow Rd250 * VprRd = 2:609 % 10°EN

v
ViEd =1322 VEd _ 10
Rd.150 VRd.250

350 mm stiffener 100 mm stiffener

3 3
Viw.Rd.350 = 2.93700°kN Vow Rd 100 = 228900°kN

- _ 3 — _ 3
VRA:350 = Vbw.Rd.350 + VbrRd = 2937 % 107N VRq 100 = Vhw.Rd.100 + VbfRa = 2289 % 107EN

VEd VEd
— = 1.084 — =139
VRd.350 VRd.100

50 mm stiffener 500 mm stiffener

3
Vow.Rd.50 = 2.1600"kN 3
Vow.Rd.500 = 3-18600°kN

- _ 3
VRd.50 = Vbw.Rd.50 * VbrRd = 216 107N ,
VRd500 = Vbw.Rd.500 * VbR = 3-186 x 107E}

VEd
— = 1473
VRd.50 VEd ) 900
VRd 500
600 mm stiffener

550 mm stiffener

. 3
Vi Rs50= 318600 Viw.Rd.600 1= 3-18600°kN

3
3 v = Vpw. + VipgRrg = 2-609 x 107 KM
VRe256:= Vow.Rd.250 T VbRd = 2:609 x 10” RN AMARGSON bw.Rd.250 bf.Rd
Vi
Ed
VEd . =12
VRd.250 Rd.250



B. I-beam

Vbw.Rd, EWM with different stiffener widths

Vbw.RD =

Vow.Rd.50 if b g = 50mm
Vow.Rd.100 if by g¢ =100mm
Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by 5t =200mm
Vbw.Rd.250 if by g =250mm
Vbw.Rd.300 if by st =300mm
Vpw.Rd.350 if by g¢ =350mm

Vow.Rd.400 if byt = 400mm

Vow.Rd.500 Otherwise

=3.186 % IOBFRNV'rh

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgq <Mgrg =0

VEd < Vbw.RD = 1

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.

Check :=

- 4,
Mggq:= 1.41900 kNG

"No interaction” if Mggq < Mg g 0 Vg < Vi rp = "Interaction needed”

"No interaction" if Vgq <0.5Vp ppy

"Interaction needed" otherwise

My Ra 50 = 1364 107 kN

Mp1Rd.100 *
My Rd.150

Mp1.Rd200 *

= 1389 x 10" KNG
4
= 1407 10* kNG

= Mpg = 1419 % 10* NG

From EWM calculations Ramboll

SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

Mp1Rd.250 ¢
Mp1 Rd.300 :
Mp1Rd350 ¢
M1 Rd.400 *

Mp1Rd.500 ¢

= 1429 x 10* kNG
4
= 1.43000 kNh
4
= 1.448 x 10" kN[
4
= 1.45400 kNOh

= 1.465 x 104 kN[

M.Rd, EWM with different stiffener widths

MpiRd =

Mgq

n =

_ 3
Mg = 8.978 10’ kNI

My Rd

My Rd.50 if by g = 50mm

M Rd.100 if by g =100mm
My Rd.150 if by g = 150mm
My Rd200 if By =200mm
M Rd.250 if by =250mm
My Rd.300 if by g =300mm
My Rd.350 if by g =350mm
M Rd.400 If by g =400mm

My Ra.500 Otherwise

=1.452

M

fRd

n| - (f2my - 1)> = 1838
MpiRd

= 1.465 10" ENm

EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

From EWM calculations Ramboll

EC1993-1-5 Ch. 7.1(5)

MpRrd

mz——-n=1

MpiRrd
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B. I-beam

I-beam - EWM 500mm Interaction

The I-beam is calculated with EWM at Ramboll. To be able to compare the RSM and the EWM

some calculations are performed as a complement to the EWM calculations.

Geometry

Flange:

tp = 25mm

b= 560mm b, = 560mm

Distance between vertical stiffeners:
S = 8.914m
= 303, =26.742m

Theam :

Measurements web plate between stiffeners:

dj = 05m dy = 05m

Horizontal stiffeners:

by ¢ = 500mm by ¢ = 500mm tg = 12mm
ty = 12mm hW:= 2m
Total area:

2
Atot = tyyllly, + belfe + zmsl—ob].st * bz.m) 760(6m

Load:
Qq:= |57ﬂ
d m
2
Q318
Mg = Q) _ 1403 x 10* NG
8
Qyf31s
Fa= a) =299 1°EN
Material
M= 210GPa
OMP:
0= 390MPa e < 6mm 0=
™M
380MPa if 16mm <t < 40mm
M
360MPa .
——— otherwise
™
Capacities:
_ 3
Mgrg = 8.97800°kNI From EWM calculations
Vbw.Rd = 2.51300°kN From EWM calculations
SS-EN 1993-1-35.2(5.2)
7MEd =1.563
o .86 BK
M¢Ra P
The contribution from the flanges:
\%
Ed = 6.542[MPa
Tocam

Vbt Rd.ored = 95-143kN

Flansamas bidrag enligt EC1993-1-5 Ch. 5.4(1) €q.5.8

~ MEq ) _
Vberd = [VbfRdored! T| T | | if Mpa<Mgrg =0EN
Mg Rrd

0 otherwise

LVIII

Design resistance for shear:
n=1

1) By By

Vw.Rd * VbfRd S —om—— = 1 EC1993-1-5 Ch5.2(1)
V3G

Shear capacity stiffened web

3
VRd = Vbw.Rd * VbfRd = 2513 % 10" ®N

VEd
M3 = — =0.835 EN-1993-1-5 equ (5.8)
VRrd
200mm stiffener
Vbw.Rd.200 = 2513 % 10° kN (From Ramboll EWM calculations)
Vi
Ed =0.835
Vbw.Rd
400 mm stiffener 300 mm stiffener

3
= 3 % = 2.73600°kN
Viw.Rd400 = 3-13800°kN bw.Rd.300

- - 6 -
VRA.400 = Vbw.Rd.400 * VbRd = 3-138 X 10°N VR4 300 = Viw Rd300 * VbeRd

V, A%
_ B4 =0.669 B =0.767
VRd.400 VRd.300
150 mm stiffener 250 mm stiffener

3
\% = 240700 kN - 3
bw.Rd.150 Viw.Rd.250 = 2.60900°kN

3
V =V +V =2.407% 10" [EN o — 3
Rd.150 bw.Rd.150 bf.Rd VRd.250 = Vow.Rd.250 * Vpf.Rd = 2609 x 10" &N

v,
Vi =0872 VEd 0805
Rd.150 VRa250

350 mm stiffener 100 mm stiffener

3 3
Viw.Rd.350 = 2.93700°kN Vow Rd 100 = 228900°kN

- _ 3 — _ 3
VRA:350 = Vbw.Rd.350 + VbrRd = 2937 % 107N VRq 100 = Vhw.Rd.100 + VbfRa = 2289 % 107EN

50 mm stiffener

500 mm stiffener

3
Vow.Rd.50 = 2.1600"kN 3
Vow.Rd.500 = 3-18600°kN

- _ 3
VRd.50 = Vbw.Rd.50 * VbrRd = 216 107N ,
VRd500 = Vbw.Rd.500 * VbR = 3-186 x 107E}

VEd
v =0.972 v
Rd.50 Ed | eso
VRd.500
600 mm stiffener

550 mm stiffener

. 3
Vi Rs50= 318600 Viw.Rd.600 1= 3-18600°kN

3
3 v = Vpw. + VipgRrg = 2-609 x 107 KM
VRe256:= Vow.Rd.250 T VbRd = 2:609 x 10” RN AMARAISON bw.Rd.250 bfRd
Vi
Ed
_VEd - 0.805 T =080
VRd.250 Rd.250



B. I-beam

Vbw.Rd, EWM with different stiffener widths

VowRD = | VowRdso if bl =S0mm = 3.186x 10° &N
Vpw.Rd.100 if by g¢ =100mm
Vbw.Rd.150 if by g = 150mm
Vbw.Rd.200 if by 5t =200mm
Vbw.Rd.250 if by g =250mm
Vbw.Rd.300 if by gt =300mm
Vpw.Rd.350 if by g¢ =350mm

Vow.Rd.400 if byt = 400mm

Vow.Rd.500 Otherwise

No interaction is needed because the load can be carried with the flanges contribution and the
following conditions are met.

Mgq <MgRq =0
VEd < Vbw.RD = !

No interaction is needed if the load can be carried with the flanges contribution and the following
conditions are met.
Check := | "No interaction” if Mgy <Mgpy O Vgy< Vbw.RD = "Interaction needed"

"No interaction" if Vg <0.5Vpy pp

"Interaction needed”  otherwise SSEN1993-1-5 Ch.7.1(1)
Bérande K. Ch.S5.4 S86.

. 4
Mpg:= 141900 kNl From EWM calculations Ramboll

My Ra 50 = 1364 107 kN
4

MplARd.]‘]ﬂ = 1.389 % 10" kN[
4

My Ra 150 = 1407 % 10* kN

Mp1.Rd200 = MRg = 1419 10* &N

Mpi1Rd250 =
Mp1 Rd.300 =
MpiRd350 =
M Rd.400 =

Mp1Rd.500 =

1.429 x 10% KNI
4
1.43000 kN[
4
1.448 x 10" kN[
4
1.45400 kN

1.465 x 104 kN[

M.Rd, EWM with different stiffener widths

MpiRd = |MplRrd.50 If bpgt = 50mm

Mgq

n =

My Rd

_ 3
Mg = 8.978 10’ kNI

M Rd.100 if by g =100mm
My Rd.150 if by g = 150mm
My Rd200 if By =200mm
M Rd.250 if by =250mm
My Rd.300 if by g =300mm
My Rd.350 if by g =350mm
M Rd.400 If by g =400mm

My Ra.500 Otherwise

=0.958

= 1.465 10" ENm

EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

EC1993-1-5 Ch. 7.1(5)

From EWM calculations Ramboll

My Rd

M¢Rrd
>———=1
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B. I-beam

Calculation of a longitudinal stiffened I-beam with the Material cters:
RSM - 100mm horizontal stiffener erial parameters:

b of

=1
< ™
gq, ! Bz 3
3 E:= 210GPa
- 8
390MP:
o f0= [=—— if t< 16mm
| )
| L "
=] 380MPa .
< —— if 16mm <t < 40mm
™
y 360MPa )
= 5 et ———— otherwise
- a
4 fv N tavst ™M
o o
b uf fy16mm) 390
—bu g
fyi= | fy(40mm) | =1 380 |MPa
[ 360
1y(41mm)
Area
Aot = torBsr Aty = twebBliy  Aup = tupBur
— — _ 4, 2
Agyst = ‘avsttqbl.avsl + b2.uvst) Atot = Agf * Ay + Ayp + 20y = 5.536 X 10 [m
Change of centre of gravity in y- and z-direction
b t
Lavst avst
bl.avstmavleE 2 j * b2.awslﬂavsl|:€ 2 j
= 12.786mhm
Aavst
t b
avst
bl.avstmavleE 2 ]* bZ,avslmavsl:E'avsl'*
= 38.786mhm
Aavst
Geometry Distance from bottom fibre to centre of gravity
tyf = 25mm
t h ta
by = 560 of '14 of
of mm Auf{ 5 ] + Aliv{[uf + 2 ) + Aéf{tuf +hyy + )
tyeb = 12mm + Aguslftug + 4y +d3 —C,) + Agyglftyg + 43 - C))
2= . =1.038m
hjjy = 2m ot
dy = 0.5m Moment of iirtia, stiffeners |, ;.
3 2
dy = 0.5m b2 avstTavst tavst _ _7 4
o b5 avstTavs - -Cy] . =2772x10 'm
dy:=1m
3 3 2
stP1 blavst
tyf = 25mm + 12 * taystB1 avst 5 - Ly
by := 560mm
Horizontal stiffeners: The stiffeners area and moment of inertia fig A.1
by ayst := S0mm
lavst bpi=d;
b = 90mm
2.avst - =
by o= typ +dy+dy - 24 = 0.487m
tayst = 12mm
Distance between vertical stiffeners: Highest stress(under the flange) is set to the yield stress
Sgg = 8.914m 390
tudinl sti Cpmax = 380 |MPa
Number of longitudinal stiffeners: 360
n:=2 . .
Stress at a z-koord, bottom flange in tenstion
Poissons ratio o
max
v:=03 o'neg(z) = 2+ 0k |31
2

Crang(’l xzz) = "‘a"("nc'(’l)"’ncg(72))

LX



B. I-beam

UZ‘neg(Ll -‘2)
Ul‘neg(Ll -‘2)

wneg(ﬁ 7)

0.453

Biy.1 = wneg([uf +dy +d3atyp * hygy
iy = wneg([uf *+dy.typ +dy + d3) =-0.037

1= Py, =0453

Py = By 0 = —0.037

3-
1
by inf = B} =280.065hm
[ ——
b3 up = 043 ¢ = 19291 m

o _ -3 2
Asl1 = Agyst * lwebwbl,inf + b3.sup * ‘avst) =81x10 "m’

1,
web
‘wsbtébljnf i b3.sup i ‘avst)B 2 i Aavstféblﬁvs& - Cy i 'web)
Yipsll = =27.630hm
P Agl1

Stiffeners moment of inertia out from the web plate

- _ _ 2 _ _5 4
Lps11 = Lavst * Aavsttqbl.avst Cy* tweb ylp.sl.l) - =LISEX10 “m

3
. (bljnf i b3,sup i [avs&)mweb
12

2
t,
web
+(b1‘inf +b35up * lavs&)mwebtﬁ 5> Yip.sl. l]

Moment of inertia, Von mises stress and alpha critical

- = 0.0372m*  From EWM Ramboll

_ 24MPa
Fvunit = TG From FEM, close to midde of the
o span in top flange
Qg UNIT = 157.92}E Eigenvalue from FEM SOFiSTiK
. m
Ocr UNIT
G fom =~ = 1274
_ a
Load global
qqlfsi3
Vgq = # = 1658 x 10°®N
2
94/{sis
B4 @ = 1.108 x 10 &N
VEd.mid =
Web
ly 3
W, = ————————— =0.037m
.web
Y hijy + typ + top ~ 2
M
Ed
Oy Edweb = o = 302.742[MPa
Wy.web

d
O Edweb = T = 10.333[Pa
tweb

t hy; hy: hy:
of liv liv liv 3
GfBb'ftﬁ'uf Fhyy o ’th] ey mwchE‘uf ru el thj =0.020m

VEqS

=73.974[MPa

TEd.web

Iyfyet

(VEd -~ ag2m)3

TEd.web.2mfromsupport = =62.909MPa
PP Iymweb

Calculation of von mises stess analytical

- 2 2 7
Oy analytical = J OxEdweb * 9zEdweb ~ Ox.Edweb¥zEdweb ¥ 3FEdweb =324.11MPa

Stiffeners
Stiffener over
1
y 3
W = ————————— =0.076m
sto
Y L
M
Ed
9% Ed.sto = = 145.715[MPa
Wy.st.o
Stiffener under
!
Y 3
Wystu = T = 28910
st
Y hijy + typ ~ 7 —dp —dy

M
Ed
Ox Edstu = o = —3.834MPa

Wy.SLL\
Flange
l)/ 3
Wy = = 0,037

of
T T

M

Ed

Ox.Edtp = 7W =299.003[MPa
y.fl

. t
_lor of _ 33
Sip= Tmbf€7 + ity hygy - ztp] =6998% 10

VEd midS
_ VedmidSp _
TEd.pmid = T T 0DMPa
yBsr

Vgl
Ed™1

TEdm = P - 0.559mMPa
s i
yoof

Calculation of load amplifiers, g with von mises stress taken from sofistik.

-Formula for von mises in the denominator in

Uitk
fy2

itk mises = ;/ =12 0o, from sofistik EC3-1-5Ch.10(4) q.10.3
Global slenderness A, yces

Ocr_fem
Flange
Flange, calculation of Ogrpt

- — Cross sectional parts in
wﬂange =1 er,ﬂange =043 compression with free edge
SS-EN 1993-1-5 table 4.2
L, s
OFflange =~ = 1.58 x 10"MPa
byt
|2r61 ’”2){ uf web]
2
=679.428[MPa

TerpAl = Ko flange O E. flange

Flange; calculation of elastic critical column buckling stress Oret

Bl

—F———— = 1.493[(MPa Unstiffened plate
Eﬁ o) 2
12001 = v/ S

Oerefl=

LXI



B. I-beam

kgt =043
2 2
BT
o —— =2733x
Estl & 2) B
12001 - v E@bmvsl)
2 2
BT
=3.374x%

Est2 T T S
12&1 - vz)mbz'a\,sl)z

Yer.p.st.l

10°™Pa

10°™Pa

3
kg (@p g = 1.175% 10°MPa

. _ 3
Oerpst2 = Ko stlOp st = 1451 % 107 MPa

Stiffener; calculation of elastic critical column buckling stress o, o

2 2
g
= 0.344[MPa

o, =
cr.c.st i 2! 2
1201 - v

Unstiffened plate

Calculation of the reduction factor x,, for shear stess:

ni=12 EC3-1-5Ch5.1
0.83
Ky = [ if Ny <—
W LI
.83 .
L N
>\p n
1.37 .
——— otherwise
0.7+ N\,
P
Xy = 0.955

WEB

EC3-1-5tab.5.1

Web; calculation of x,, (that depends on A))

a:= 049

t,

web
ey = - —— =9.6520lhm
23 Ypsl1 T,

‘web
e = Cy —ey — —— =-2.866[thm
1=Cy =

f= max(e| *32)

Web; Calculation reduction factors p,,

Internal

EC3-1-54.5.3(5)

EC3-1-54.5.3(5)

EC3-1-54.5.3(5),
stifened plates

=0.542

p42(Mpob) = |10 if X, <05 +0.085 - 0.055m

min
2
»

iy = wneg(‘uf'luf +hy;,) =-1.026

Ppx = P4 2N iiy) = 0915

LXII

X, ~ 0.0550hax((3 +1),0]
L S |

otherwise

Part 1 stiffener

Part 2 stiffener

EC3-1-1eq.6.49

SS-EN 1993-1-5(eq4.2)
Internal cross sectional

parts

Stress distribution, y,=0,/0,

Calculation of amplifers, Oerp and Ogrer

by +by

if s 20

2 3 2
BT, Elflye BBy

2
Al B

= typ * hyy ~ 2 =0987m

b= d; =0487m

liy = be = 1.013m

bC
B = 521.135MPa

Terp = Tersl.
P o
szZ
s
Opgl = ————— = 9.654[MPa
As1 By
IJC
Oere = U“‘SIEﬁ =19.562(MPa
sl

Interaction plate like/column like

o
€, := max| min| —2 - 1,1[,0|=1
0.Cl’.C

Pexwed = (Pox = Xex) Belf2 = &) *+ Xex = 0915

45(216] —VZ)D\SH Eﬂlzlizz

[(ppx ~Xex) Exf2 ~ &) + Xex]@ultk_mises

for column like buckling in x direction for the plate

Eq.A4

ifs. <
if s <a,

Stiffened plate with one longitudinal stiffener in the
compression zone. EC3-1-5 Ch.A2.2

Stiffened plate. EC3-1-5 Ch. 4.5.3

Rowaweb= | (Ppx ~ Xex) Ex2 ~ ) + Xex i

M

According to

- [(Ppx ~ Xex) Ex2 = £4) *+ Xex]Buiek_mises .

™

Transverse stresses (z-direction), calculation of [

X0 =08 opi=034

op = 051 + oﬂxp - xpo) +2p] = 1014

Ppz= |1 if >‘p £0.673 =0.796

if >‘p >0.673

EC1993-1-5eq.10.1

Table B.1

EC1993-1-5,eq.B.1

Elastic critical buckling stress and the buckling stress for a planet that is not stiffened,

seen from the z-direction:

2 2
T [E
Oercn'= L R
@ N 2
2 v )muv
2 2
T E
PR T TP

B lzrﬁl —uz)Gtsz

Oerpz = KoglOp , = 13761MPa

<1



B. I-beam

Column buckling, X .

EC1993-1-5 Ch. 4.5.3(5),

Cunstiff = 021
st unstiffened plate

Use )\p according to EC3-1-5
Chapter 10

- 2|
D, = 0.5[|51 *+ oynseifr A ~02) + W =0.948

=0.754
EC3-1-1eq.6.49

Interaction plate like/column like:
I,
€, 1= max| min| — 2= = 1,1/,0]=0
ULI.C.Z

Pezweb = (Ppz = Xez) Bolf2 = &) + X = 0754

[(pp,z - Xcz)mthz - gz) "']B‘ull.kimises

+Xe:

Xer <1 =075

M According to
EC1993-1-5eq.10.1

Roawab = |(Pp.2 = Xer) B2 ~ €7) + X, i

- [(Pp.z ~Xeo) &2 - €,) + Xez)@ultk mises -
™

The verification formula, web, with Oyed, 9764 and 1 taken from

sofistik:

2
OxEdwed | [ rmdwen OxEdweb | OzEdweb

_ <1=1
Pex.weblly, Pezwebly, Pex.weblly, Pez.webly,
™ ™ ™ ™
2
.
3 TEdweb
xWEﬁyl
™
2
Ox Ed.web Srkawed | [ Oxkawer [ Tupawer | oo
pcx.webLﬁyl p<:z.webmy1 pcx.webmyl pcz.web'ﬁyl
™ ™M ™ ™
2
5 TEd.web
xwfﬂyl
™

Verification with V-factor according to Zizza

Cuve = min(1.25 = 025y, 1.25) = 1.25

) 1022
Pweb.x.V += MY Cyep 3= == ,1]=0.99
PoX,

PowebxV = (Pwebx v = Xox) Ex{2 — &) * Xex = 0996

s
€, = max —2Z 1 0]=0
UCl’.C.Z

)09

C_\ —05 _
£:=8, (g, + 1) =0

Poweb.2V = Xez * (Pp.s = Xez) B = 0.686
Viveb = Pe.web.x. Ve web.z v = 0-683

oy:= 125+ 0.756,,” = 1.798

The verification formula, web, V factor according to Zizza.

2
9x.Ed.web 9z.Ed.web
. <1=1
Pe.webx vy, Peweb.z Vi,
™ ™
B
ey Ox Ed.web 97.Ed.web TEdweb¥3
“Vweb ! 4
Pewebx vy ) || Pewebz vy, Xwlly,
™ ™ ™
0, 2 .
x.Ed.web . 2. Ed.web - 098
Pewebx.vlly, Pewebz vy,
L ™ ™M
3
9x Ed.web 92 Ed.web TEdweb¥3
+ _Vweb +
Pewebx vy, Peweb.z vy, Xuwlly,
™ ™ ™
Stiffeners
factors, cross i parts with free edge
pas(Npe )= |10 if X <0748
(o) P SSEN 199315 eq 4.3
(Ap 0188 . Cross sectional parts
min| T,1 otherwise wih free edge
P
Pi=1

Ppxstl = Pa3(Apo) = 0831

Column buckling, X, ¢.

EC1993-1-5Ch. 4.5.3(5),

nstiff = 0-21
unsti unstiffened plate

- 3 _
Pexstl = 0'551 * cungitrp ~02) + 3, ] =102 yser EC31-5Ch. 10

1
Vgl & 72 =0.686
Pexst1 *y L

EC3-1-1eq.6.49

Interaction plate like/column like

Terpast.l
€y 1 = max| min| —P 1 1l o|=1
Ter.c.st

Pexst.] = (pr.snl - ch4sl,l)mx4sl,lr(]2 - gx.sLI) +Xexst] = 0831 EC1993-1-5eq.4.13

Ter.p.st.2
€ stn = max| min —P2 o] =
Ter.c.st

The verification formula, stiffeners, with o, ¢, taken from sofistik:

2
9x.Ed.st.o aien 9x.Ed.st.o —0213
Poxst1ly,

™

Flange

Reduction factor, cross sectional parts with free edge

pr,rq;) = [ 1o if N, <0748

SS-en
(Ap 0188 1993-1-5(eq4.3)
min| 72 1| otherwise cross sectional
N parts with free edge

=1

Ppx1= Pa3(Np ) = 0831

LXIII



B. I-beam

P q= O.SFEI + oyngigr P ~0.2) + sz] =0.948

1

Xex.f1=
Pox sty Poxtl

Interaktion plate like/column like

Terpdl
€, 2= max| min| —P— - 1,1/,0{=1
Tere.fl

Pox 1= (pr.ﬂ ~Xex 1) Ex A2 ~ Exf1) + Xex.1 = 0902

=0.754

mux(l.ZS + 0,75, 2,2) 2

The verification formula, flange:

2 2
9x.Ed.tp 53 TEd.tp.mid
Pexiy, Xy,

™M M

<1=1

2 2
Ox Ed. TEd.tp.mi
OxEdtp | of TEdtpmid |\ _ o000

o 1l Xy,
ex.flly, Wy,

M ™

The verification formula, flange, V factor according to Zizza.

IIJ(P =1 Uniform compression

e = min(1.25 - 0250, 1.25)

- 1o022)
Py = min el === 1.1| =086
PN,

Use A, see EC3-1-5 Ch. 10

EC3-1-1eq.6.49

Platelike behaviour

EC1993-1-5eq.4.13

cq:= min(1.25 - 0.250,,1.25) = 1

. 1
PflLx.v = min cq
>\P

Pofixv = (Prxv ~ Xox)Ex a2 ~ &) + Xex.n = 0797

2
Ox.Ed.tp . ‘ﬁﬁEd.tp

—2P | <1=0
Pefxvily, X'y,
™ ™
) S
9% Ed.tp . V3Bggp | Loa2

xw%z

™M




B. I-beam

Calculation of a longitudinal stiffened I-beam with the Material cters:
RSM - 100mm horizontal stiffener erial parameters:

b of

RIVERR!
<
gq, ! F
= E = 210GPa
- 8
390MP:
o f0= [=—— if t< 16mm
| )
| L "
=] 380MPa .
< —— if 16mm <t < 40mm
™
3 360MPa .
= 5 et ———— otherwise
- a
4 fv N tavst ™M
o o
b uf fy16mm) 390
—bu g
fyi= | fy(40mm) | =1 380 |MPa
[ 360
1y(41mm)
Area
Aot = torBsr Aty = twebBliy  Aup = tupBur
— — _ 4, 2
Agvst = tavsi{o1.avst * D2.avst) Agot = Age + Aliy + Ayp + 2Mgy = 5.656 10 Thm
Change of centre of gravity in y och z-direction
b t
Lavst avst
bl.avstmavleE 2 j * b2.awslﬂavsl|:€ 2 j
=29.158mm
Aavst
t b
avst
bl.avstmavleE 2 ] * bZ,avslmavsl:E'avsl = j
=30.158mhm
Aavst
Geometry Distance from bottom fibre to centre of gravity
tyg = 25mm
o A, tu—f+A t +m + AsePtys +h +[i
byp = S60mm uff 5 v tuf + 5 s tuf * Ry * 7 ) -
B + Aguslftug + 4y +d3 —C,) + Agyglftyg + 43 - C)) - Lotm
tywoh (= 12mm 7y = =1. 1
web P Aot
hliv =2m
d 0.5m
Moment of inirtia, stiffeners I, .
dy = 0.5m
2 3 2 3
52 avstltavst tavst avstPlavst  _ ~6 4
dy:=1m Lavst ™ =5 *haaws{ 5 "Gy ) F T - F2113x10 Tm
2
tyf ©= 25mm b avs -
uf 1.avst .
+tuvs\ml.av5({ > (’yJ
by := 560mm
Horizontal stiffeners: The stiffeners area and moment of inertia fig A.1
by ayst = 100mm
b3 ayst = 90mm by = typ + d3 + dy — 2, = 0482m
tayst = 12mm
Highest stress(under the flange) is set to the yield stress
Distance between vertical stiffeners:
390
St = 8.914m
Tmax = fy = | 380 |B4Pa
Number of longitudinal stiffeners: 360
n:=2 . .
Stress at a z-koord, bottom flange in tenstion
Poissons ratio o
max
v:=03 o'neg(z) = 2+ 0k |31
2

L neg(71:72) = M0{Grcy(71) Oneg(2))

GZ,neg(Zl 'ZZ) = "““(Uneg(zl) 'Uneg(ZZ))

LXV



B. I-beam

UZ‘neg(Ll -‘2)

Yneg(1:72) (Vid—ag2m)3
g PP Ve Y A,
o) neg(‘l -lz) TEd.web.2mfromsupport = I =67.793MPa
e
vl o|typ + dy +dg e + hys 0.453
Yiiv.1 w"%( uf 72T E3 uf T iy, Calculation of .von mises stess analyttical
Ypiv 2 = Breg(tyr + 3.ty + dy + d3) = -0.037 = 2 2 2
liv.2 = Vneg(tuf * d3:tyf *+ da + d3) =0 Ov.analytical = Ox Ed.web * 9z.Ed.web ~ “xEd.web¥zEd.web * 3FEdweb = 349-7011Pa
Py = Pyjyp = 0.453
Stiffeners
1b3 = wliv,Z =-0.037
3 -1 Stiffener over
byinpi= B =280.065mhm
Linf 1
it - ly
.st.o T
¥ by +typ =2z =
b3 gup = 04B3 ¢ = 192.91Gm -
Ed
TBdsto = gy = 196433 MPa
- - —3..2 T st
Agl1 = Agyst * lwebwbl,inf N b3.sup & ‘avst) =81x10 “m ysto
Stiffener under
t,
web 1.
tweb {0 1.inf * b3.qup * ‘avst)BT + AaystlfP1 avst = Cy * tyeb) Wy = y = —2.009°
Yip.sl1 = A =27.63m T ’)
sl.1
M
Ed
' - IxEd.stu = = 5750MPa
Stiffeners moment of inertia out from the web plate Wy.st.u
2 -5 4
I =1 +A, EQb —Cy*ty o — Y, ) . =1186x10 °m
z.sl.1 z.avst avst (" l.avst y " ‘web " Ytpsl1 Flange
b +b + S
. ( Linf ™ °3.sup [avs&)mweb
ALt osup  avstiwed .
12 5 Wy = —————— =003’
. .
t, of
web — e+ hy -
+(b1‘inf +b35up * lavs&)mwebtﬁ 2 Yip.sl. l] 2 uf ™ Miv ™ Ap
_ Mg
Moment of inertia, Von mises stress and alpha critical Ox Edtp = T =322.711[MPa
y.fl

- = 0.0372m*  From EWM Ramboll
tar
of

t
- of _ -3_3
Stpi= Tméf{T + ity +hygy - z[pj =6.963x 10 "

 2.4MPa
Ovamit = T From FEM, close to midde of the VEd.midSp
— span in top flange TEd.tp.mid = Y =0MPa
m y B
VE43
- - Ed
OV = Oy uitldy = 324MPa TEdip =~ = 0.603MPa
Iymof
N
o = 198.76# . S
er.UNIT m eigenvalue from FEM SOFiSTiK Calculation of load amplifiers, o, with von mises stress taken from
sofistik.
Qg fom = M = 1472 -Formula for von mises in the denominator in o
- aq
fyz
Load global itk _mises E= U—V =1.111 o, from sofistik EC3-1-5Ch.10(4) eq.10.3
943
V= salfs) 1,805 x 10° &N
: 2 Global slenderness A, ices
thgsug)z 4 ultk_mises _
Mg = ———— =1.207x 10" &Nl Ap =0.869
8 Ocr_fem
- Flange
VEd.mid = 0
Flange, calculation of Ogrpt
-1 X = 043 Cross sectional parts in
Pflange = . flange = 043 compression with free edge
Web SS-EN 1993-1-5 table 4.2
P
I oR W sk 10’
Wyoyep = y = 003703 E flange * D e "
Dy * tuf * tof = Zp 12&1 _ Vz) uf ~ tweb
2

Mg, =k [, = 679.428[MPa
d o
oy B .= = 326,766 MP: cr.p.fl '.flange"?E.flange

y.web

q Flange; calculation of elastic critical column buckling stress Oret

=4 125
t,

web 2 DEEﬁfz

9zEd.web

tsf by hjjy by 3 Ferel= W = AP Unstfened plate
Si= tapBsplltyp + hy + 7 “ 7y + meeb tuf T + T )= 0.020m’ 12001 - V)
VEdS Stiffener; calculationof o, :
Ed ; .
TEdweb = ] =79.717(MPa e
ymweb Y= 1

LXVI



B. I-beam

kgt =043

2 2
By

OEsul = =2.733 % 10°MPa Part 1 stiffener

2 2
BT 3 y
Opg2 =~ =3374x 10"MPa Part 2 siffener
.St & 2) 2
12001 - v Esz'm,sl)
N _ 3
Oerpstl = Ko stlOp g1 = 1.175% 10" MPa

— _ 3
Oerpst2 = Ko stlOp st = 1451 % 107 MPa
Stiffener; calculation of elastic critical column buckling stress o, o

2 2
B, Unstifiened plat
Oerost ™ — X = 0344MPa nsiiiened piate

2 2
12[&1 -5
Calculation of the reduction factor x,, for shear stess:

ni=12  EC3-1-5Ch5.1

0.83

X = [0 < T EC3-1-5tab.5.1
.83 .
083 if 983 5>\p <1.08
>\p n
1.37 .
——— otherwise
0.7+ N,
P
Xy = 0.955

WEB

Web; calculation of x,,, (that depends on A))
o= 049

tweb

ey = = —— =21.630hm
2= Yipsl.1 B

t
Cy ey -2 = 1 5270m
2

ep=Cy

= marfey <)

EC3-1-54.5.3(5)

EC3-1-54.5.3(5)

0.09 EC3-1-54.5.3(5), for
=0.541 avstyvade platar

i
e

- 2|
B = 0.5@1 +aglfy, —02) + X J = 1.058

EC3-1-1eq.6.49

Web; Calculation reduction factors [N

Internal
p4.2()\p‘ll7) = |ro ity <05+ /0.085 - 0.0550)
[ Ap ~ 0.055tnax[(3 +1),0] SS-en 1993-1-5(eq4.2)
mij 2 11| otherwise Internal cross sectional
A parts

Pliy = Vneg(tuftur + hiiy) = ~1:036 Stress distribution, y,=0/o,

Ppx = P4.z(>\p-¢nv) =1

Calculation of amplifers, Oerp and Ogrer for column like buckling in x direction for the plate

byi=dy bi=by + by

4 2.2
ag = 4.330 LI SN
tweb B
o || 10sE b e sa
erstp = || A o5, Sts 2 a8
Eq.A4
U, . Elly ey B !

if s <,
2 2:6 2) 2
AgiB 4G -V g B B,

= typ * hyy ~ 7 =0982m

sl.1 = be = dj =0.482m

by = hyj, —bg = 1.018m

b
BL =1.004 x ]03|]/[Pa Stiffened plate with one longitudinal stiffener in the
b,

Ocr. =0, sl
P i sl.1 compression zone. EC3-1-5 Ch.A2.2
2pq,
o
Oopgl = ———— =38.182[MPa
A1 Stifened plate. EC3-1-5 Ch. 4.5.3
sl. S
lJC
Ter 1= TersiF— = T7.767MPa
sl.1

Interaction plate like/column like

[of
€, = max| min| —2 - 1,1{,0]=1
cCl’lC

Pex.web = (Ppx = Xox) Bxlf2 = &) * xex =1

r(ppx - ch)mfoz - gx) + ch.lﬁ‘ult.kimlses

Roxwwel™ (ppx - ch)mxﬁz - éx) *Xex 1f ™ <1
i Rppx - ch)Difoz - ix) * Xex|Baltk_mises - According to
It EC1993-1-5 eq.10.1
stresses (z-direction), i ofppx:

Mpo = 08 0= 034 Table B.1
ep = 0511 + o lfx, = X0) + 3] = 0.946
Ppzi= |1 if N, <0673 =0902

— if Xp >0.673 EC1993-1-5,eq.B.1

Elastic critical buckling stress and the buckling stress for a planet that is not stiffened,
seen from the z-direction:

2 2
7 [E!
Oercn'= L R
@ 2. 2
iy -y,
2 2
o [El
O, = e T, S
¢ %) 2
1 - ),
kg, =4
Oerpa = KorOp , = 13761MPa
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B. I-beam

Column buckling, X .

Qnstifr = 021 E01993-1-5 Ch.4.53(5),
unstiffened plate

- 2] _ N
D, = o.stﬁl *+ oynseifr A ~02) + W =0.948 Use A, according to EC3-1-5
Chapter 10

=0.754
EC3-1-1eq.6.49

Interaction plate like/column like:
I,
€, 1= max| min| — 2= = 1,1/,0]=0
ULI.C.Z

Pezweb = (Ppz = Xez) Bolf2 = &) + X = 0754

[(pp,z - Xcz)mthz - gz) "']ﬁull.kimises
+Xez

Rowanab™ (P2~ Xer) B2 = &) * ez 1 WM Aocordingic}

- [(Pp.z ~Xeo) &2 - €,) + Xez)@ultk mises -

™

The verification formula, web, with Oyed, 9764 and 1 taken from
sofistik:

2 2
Oxkdweb | [ rmawed | [ OxEaweb |[ FzEdwen

<1=1
Pex.weblly, Pezwebly, Pex.weblly, Pez.webly,
™ ™ ™ ™
2
TEd.web
xWEﬁyl
™
2 2
9x.Ed.web 9z.Ed.web Ox.Ed.web 9z.Ed.web
= + ) - s — . =0852
pcx,\’veb'ﬁyl pcz.web'ﬁyl pcx.webmyl p<:z.webmy1
™ ™ ™ ™M
2
TEd.web
+3P—
XWE@]
™

Verification with V-factor according to Zizza

Cyeb = min(1.25 ~ 0250y, 1.25) = 125

Pewebz.V = Xez * (Pp.z = Xe) T = 0.754

Vieb = Pe.web.x.Vie.webzv = 0754

e3:= 125 + (),75u(w2 =1.935

LXVIII

EC1993-1-5eq.10.1

The verification formula, web, V factor according to Zizza.

2
Ox.Ed.web 92.Ed.web
+ s1=1
pc.web.x,VEﬂyl Pc.web.z.me]
L ™ ™
3
-~ ,]: 9x.Ed.web 9z.Ed.web . TEdweb¥3
“Vweb’
Pewebx.vlly, Pewebz Vi, Xy,
™M ™ M
2
a, (o
x.Ed.web . z.Ed.web 0933
Pe.webx. vy, Pe.web.z vy,
™ ™M
3
v e ukdweb |, | TEdwend3
“Vweblf !
Pewebx vy, ) || [ Pewebzvily, Xwlly,
™ ™ ™
Stiffeners
factors, cross i parts with free edge
pa3(Xpo) = |10 if X <0.748
(o) P SSEN 1993-15eq 4.3
(Ap 0188 . Cross sectional parts
min T,1 otherwise with free 6dge
P
Pi=1

Ppxst.1 = Pa3(Ap o) = 0.902
Column buckling, X, ¢.
nstiff = 0-21 EC1993-1-5 Ch. 4.5.3(5),

unstiffened plate

P,

cxstl =

2
'Sﬁ] + Sungir Py = 02) + Xy ] =0948 Use A, EC3-1-5Ch. 10

1

Xexst.l = =0.754

EC3-1-1eq.6.49

Interaction plate like/column like

%er.past.1
€y st,] = max| min| st 1,1,0|=1
Ter.c.st

Pexst1 = (pr.st.l - ch.snl)rix.snlrcz - ix.snl) +Xexst.] <0902 EC1993-1-5eq.4.13

9crp.st.2
<t = max| minl ——— - 1,1[,0[=1
X.5t.2
Ter.c.st

The verification formula, stiffeners, with o, taken from sofistik:

Flange

Reduction factor, cross sectional parts with free edge

wxp,w) = [ Lo if N, <0748

X, —0.188 SS-en
min| ———— 1| otherwise 1993-1-5(eq4.3)
N cross sectional
P parts with free edge

=1

Ppx 1= P43(Rp ) = 0902

Column buckling, X, ¢.

unsifr = 021 EC1993-1-5 Ch. 45.3(5),
i unstiffened plate



B. I-beam

= - 2-£) + Xex 1= 086
byn= O.SFEI + ogngifr A ~ 02) + sz] =0.048 Use A, see EC3-1-5 Ch. 10 Petxy = [Py = Xex ) Ex a2 - &) * Xexn
2 3
| Oy Editp N T
Xexfl = ———= T 07 ety + o, s1=0
EC3-1-1 eq. 649 eflxy Wiy,
Pexl *y Pexfl d = 8
LY M

Interaktion plate like/column like

<
2 3
[ %erpp 9x Ed.tp V3lgg
€, 1 = max| min| -1,1],0|=1 =P =P =103
9er.cfl Platelike behaviour Pc.f‘l.x.VH”y2 meyz
™ ™M
Pox 1= (pr.ﬂ ~Xex 1) Ex A2 ~ Exf1) + Xex.1 = 0902

EC1993-1-5eq.4.13

mux(l.ZS + 0,75, 2,2) 2

The verification formula, flange:

2 2
x.Ed.tp 53 TEd.tp.mid
Pexiy, Xy,

M M

<1=1

. 2 T . 2
xEdtp | f TEdip.mid

ek X,
ex.Ailfy, wily,

=0.988

M T
The verification formula, flange, V factor according to Zizza.
Il"tp =1

Uniform compression

e = min(1.25 - 0250, 1.25)

o 1o022)
Py = min el === 1.1| =086
PN,
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B. I-beam

Calculation of a longitudinal stiffened I-beam with the

. . Material parameters:
RSM - 150mm horizontal stiffener P
b of )
M =
<
gq, ! Bz 3
3 E:= 210GPa
- 8
390MP:
o f0= [=—— if t< 16mm
| ™M
| L
=] 380MPa .
= —— if 16mm <t < 40mm
™
3 360MPa .
= 5 et ———— otherwise
™ B N tavst ™M
o o
b uf fy(16mm) ) 39
—bu g
fyi= | fy(40mm) | =1 380 |MPa
[ 360
1y(41mm)
Area
Aot = torBsr Aty = twebBliy  Aup = tupBur
— — _ 4, 2
Agyst = ‘avsttqbl.avsl + b2.uvst) Atot = Agf * Ay + Ayp + 20y = 5.776 X 10 [m
Change of centre of gravity in y- and z-direction
b t
Lavst avst
bl.avstmavleE 2 j * b2.awslﬂavsl|:€ 2 j
=49.125[hm
Aavst
t b
avst
bl.avstmavleE 2 ] * bZ,avslmavsl:E'avsl = j
=25.125[hm
Aavst
Geometry Distance from bottom fibre to centre of gravity
tyg = 25mm
o N {E}A rE +m]+,\ rE h 7]
bye = S60mm uf{ liv{tuf ¥ =5 ottt * My * 7 |
- +Aavst|:@'uf +dy+dy- Cz) + Aavsttqtuf +d3 - — L047m
tyep = 12mm 24, 1= =1
web P Aot
hliv =2m
Moment of inirtia, stiffeners |.
)= 05m i
b ma 3 f 2
dy=05 o Zavstavst st _ - 64
2= 0.5m I, avst = B * ) qusilhys {5~ ~Cy] o =6602x 107 m
dy:=1m 3 2
3 N tavst® Lavst N B b avst _c
t o= 25mm 12 taystP1avst 2 y
uf *= <7
by := 560mm The stiffeners area and moment of inertia fig A.1

Horizontal stiffeners:

by=d

b avst ©= 150mm
l.avst by =ty +dy+dy - 7y = 0.478m
b) ayst = 90mm

Highest stress(under the flange) is set to the yield stress

tayst = 12mm 390

. . . Onax = fy =1 380 [MPa
Distance between vertical stiffeners: 360

Sig -= 8.914m

ts Stress at a z-koord, bottom flange in tenstion

—0,
Number of longitudinal stiffeners: - ‘max
g Tpeg(® = [Z—a + amax]EH

n:=2 tp
Poissons ratio
1 22) = ). )

GZ,neg(Zl 'ZZ) = "““(Uneg(zl) 'Uneg(ZZ))

crz.ncg(71 Jz)
T ,neg(7l ,22)

Vneg(?1:22) ¢

Vv, = Uneg(tuf * 42 + d3.typ + hyzy) = 0451
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B. I-beam

Py = Pneg(tuf * d3.tyf * dy + d3) =-0.047

Py = Py g = 0451

Py 1= Py o = —0.047

b 7“” B =280.174 5
pi= = 280. m
Linf 5 7¢1 1

b3 gup = 0:4(B3 ¢ = 191.030m

- _ -3 2
Agl1 = Agyst + tyeb {01 ing + b3 sup + tayst) = 8:678X 107 " m

1,
web
(Webtqbl.inf + b3.sup * ‘avsl)B Py * Aavsxtqbl.avs& - Cy + lweb)

Yip.sl1 =
" AsL1
Stiffeners moment of inertia out from the web plate
— 2 _ -5 4
Lst.1 = Lavst * Aavst{P1.avst = Cy* tyeb ~ ylp.sl,l) -~ T2865x10 "m
3
. (b 1Linf * 3.5up * tavst) Bveb
=

2
1,
web

+ (b1 inf + b3 qup + ‘avs‘)%’ebEET ~Vipasl. 1]

Moment of inertia, Von mises stress and alpha critical

- 1= 0.0373m*  From EWM Rambol

_ 2.37MPa
Fvanit = T T From FEM, close to middle of the
o span in top flange

oy =

©unit@q = 346.020MPa

N
Qo UNIT = 244.13 % Eigenvalue from FEM SOFiSTiK

Cer.UNIT
Qer_fem = T =1.672
Load global
CREET 3
VEq:= ﬁ = 1952 10°BN
Ed B
2
qqsB
Mgq:= satn) = 1305 x 10° &N
Ed 5
VEd.mid = 0
Web
1, s
w ————————— = 0037
web
Y hijy * typ *+ top ~ 2
M
Ed
Tx.Edweb = 3 =350.799MPa

y.web

dd
O, Edweb = T = 12.167MPa
web

~ tof hjjy hiiy by B 3
&= torBoplf tup + hijy + =7 =2 | + = lyepftyp ¥ —= + ==~z | = 0.020

VggS
TEdweb = ] = 85.448MPa
ymweb

VEg~ qdlm)L$

TEd.web.2mfromsupport = =72.667(3MPa
PP Iy“‘kveb

Calculation of .von mises stess analyttical

o 2 2 2 _
9y analytical ‘= J Ox Edweb * 9zEdweb ~ Ox.Ed.webOzEd.web * 3TEdweb = 3752920MPa

=41.467hm

Stiffeners

Stiffener over
1,

Yy
Wy g0'=
ysto =

— Y —oomm
liv * tuf ~ Zp ~ 4y

Mg,
o = =167.103Pa
x.Ed.sto ™

y.st.o

Stiffener under
I
y 3
W. = = -1.6630h
stu
Y iy *+ typ =7 —dy —dy

M
i - I —7.847(MPa

Ox.Ed.stu =
Wy stu
Flange
Iy 5
Wy i ————————— = 0,038

tof
P T T

Mgq
Oy Fdp= — = 346.425MPa
Ed.tp wy,ﬂ

tap

 tor tor -3_3
Sip = Tméf{T + g+ gy —zlpj =6.931x 10 "G

vV

EdS;
Thdp= P = 0.64301Pa
1B

Calculation of load amplifiers, g with von mises stress taken from
sofistik.

-Formula for von mises in the denominator in o,

£
Oltk mises = s

Global slenderness A,

pmises

Flange
Flange, calculation of Ogrpt

Cross sectional parts in

Piange = ! ko flange = 043 compression with free edge
SS-EN 1993-1-5 table 4.2
L, s
OEflange’= T - 1.58 x 10°MPa
byt
|2r61 ’”2){ uf . web]

TerpAl = Ko flange OE flange = 679428 MPa
Flange; calculation of elastic critical column buckling stress Oret
m

Ocrefl™ T .5 = 1.493MPa Unstiffened plate
12[61 -v )@'5

Stiffener; calculation of Ogrpt
Pgp =1
kg gp = 043

2

2
™ ER, g

12&1 - Vz):gbl.avs()z

OEstl = =1215% 10°MPa Part 1 stiffener

LXXI
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B. I-beam

2|]E 2
. BTy 3 .
OEs2 = 7& 2) =3.374x 10°MPa Part 2 stiffener 1.OSE Myeb fes
g, = _— 1 8¢ 2 a
12001 —v EGbZ,avsl) crslp Ag1 b, 5, ts = ¢
) s, Eq.A4
L 1.1 Elllyep Bl
Oerpstl = Ko stlO st 1 =522.3304Pa * if s <ag

2 2 2 20 2
A1l 4 ﬁ‘ -V )D\sl.lml B

. _ 3
Oerpst2 = Ko stlOp st = 1451 % 107 MPa

of * Bliy =2 =0978m
Stiffener; calculation of elastic critical column buckling stress o, o

EE. 2 by 1= b, —dj =0.478m
_ avst Unstiffiened plate
Terest = 15 = 03P b= e —b. = 1.022m
12001 - v = hyy b = 1
" " . bc 5
Calculation of the reduction factor x,, for shear stess: o =0l PB— =1.464 x 10”[MPa Stiffened plate with one longitudinal stiffener in the
n:i=12  EC3-1-5Ch5.1 ’ Tbg compression zone. EC3-1-5 Ch.A2.2
2
0.83 “[El
o= it n < EC3-1-5tab 5.1 L. T -
n A B2 Stiffened plate. EC3-1-5 Ch. 4.5.3
s1.15ts
0.83 . 083
T 1l—sxp<l.08 b,
n = -
p Tore = Torl— = 176.268MPa
1.37 gLl
——— otherwise
0.7+ N,
P
Interaction plate like/column like
Xy = 1.052

[
€, = max| min -1,1]0/=1
WEB %erc

Webj; calculation of X, (that depends on)\p) Pex.web = (pr - ch)DIXEG? - §X) +Xx =1

=049
t Ppx ~ Xox) Exf2 ~ &) * Xex]@ultk_mises
e . [{epx g
1= Yipsl.l = % =35.4670m Rovoabi= [ (Ppx = Xex) B2 =€) * Xy i -~ <1
twel
e=Cymey - Web _ ; 658mm e [(Ppx ~ Xex) Exf2 - &) + Xex] Buiti_mises - According to
2 M - EC1993-1-5eq.10.1
= max{e ) EC3-1-54.53(5)
Transverse stresses (z-direction), calculation of [
=0.057 EC3-1-54.53(5) - -
" Apo =08 og 1= 034 Table B.1
om0 EC3-1-54.5.3(5), for
e P stifened plates - - -
i ep = 0511 + o lfa) = X0) + 3] = 0892
5
= |1 if N, <0673 =1.02
B = 0.5@1 +aglfn, -02) + xpﬂ =0.972 oz *
1 .
if X, >0673 EC1993-1-5, eq.B.1

oty =N
=0.65 EC3-1-1eq. 649

Elastic critical buckling stress and the buckling stress for a planet that is not stiffened,
seen from the z-direction:
Web; Calculation reduction factors [N

2 2
By
Internal Tmep ™ W = 6.833(MPa
12001 - :
paa(pr¥) = |10 if X, <05 +/0.085 - 0055 VB
X, - 0.055ax](3 + 1), 0] SS-en 1993-1-5(eq4.2) ) )
mi e o 1| otherwise Internal cross sectional T Ellyep,
N parts Of, = — 57— = 0.344MPa
P lzrﬁl - uz)Gtsz
Wiy ncg(‘uf"uf + hyy zt;e;:/g:stribuﬁon, Ky =4
Ppx = P4, 2(Xp: biiy) =1 %er.pz = Kozl0p.z = 1.3760MPa
Calculation of amplifers, o, and o, for column like buckling in x direction for the plate Column buckling, X.
Oty = 021 EC1993-1-5 Ch. 4.5.3(5),
by:=dy b:=by +by st unstiffened plate
2 "
X = 4369 @, = 0.5%1 + O‘unsun‘[q)‘p - 0.2) + >\p ] =0.873 Use /\P according to EC3-1-5
e =4s00m Chapter 10
Xez

EC3-1-1eq.6.49
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B. I-beam

Interaction plate like/column like:

T,
€,:= max min| — % —1,1],0[=0
O-CTYCJ

Pez.wed = (Ppz = Xez) B2 — &) + Xz = 0802

Roamob= | (Pp.z = Xer) B2 ~ &) * Xz i

1

[

(pp.z _XCL)QLEQZ - 54) -
*Xez

} m‘ull.kﬁmises

" [(Pp.z = Xer) B2 = €) + Xez) Btk mises .

™

M

The verification formula, web, with Oyed, 9264 and 1 taken from

sofistik:

2
9x.Ed.web . 92.Ed.web

OxEdweb ][ TzEdweb

pcx.wcbﬁfyI pcz.wcbﬁfyl

pcx.wcbmyl

Pez.webly,

™ ™
TEd.web
Xy |

™

12 2
9x.Ed.web . 97.Ed.web 9x.Ed.web

™M

™M

97.Ed.web

Pexweblly, Pez.webly,

Poxweblly,

Pezwebly,

™ ™
2
TEd.web
xwﬂy]

M

+3

Verification with V-factor according to Zizza

Cyel = min(1.25 = 0250y, 125

o 1 022) .
Prwebx v = minf cyeplll == ==\, 1] =1
LI

PowebxV = (Pwebx v = Xox) Ex2 ~ &) * Xex = 1

€, = max —2Z 1 0]=0
UCl’.C.Z

= n” " m(e,, + 1)

P =0

Poweb.2V = Xez * (Pp.s = Xez) B = 0802
Viveb = Pe.web.x.VPe.web.zv = 0-802

o3:= 125 + 0.755,,” =2.08

The verification formula, web, V factor according to Zizza.

™

™M

2
9x.Ed.web . 92.Ed.web

Pevebx. vy, Pewebz vy,
M ™
e
3
Ox Ed.web 07 Ed.web TEdweb¥3
+ *Vwcb +
Pewebx vy ) |1 Pewebz vy, Xally,
™ ™

According to
EC1993-1-5eq.10.1

0.954

2
a, o,
x.Ed.web . 2.Ed.web 0975
pc.web.x,\/myl pc.web.z.V]y]
™ ™
3
v ,]: 9x.Ed.web 92.Ed.web TEdweb¥3
“Vweb’
Pewebx.vlly, Pewebz Vi, Xty
™M ™ ™
Stiffeners

Reduction factors, cross sectional parts with free edge

p4.3()\p,1j}) = [ Lo if x, <0748

)\p -0.188
min| 1| otherwise

>\P
Pi=1

Ppxst1 = Pa3(Apo¥) =0966

Column buckling, X, ¢.

EC1993-1-5 Ch. 45.3(5),

nstifr = 021
unstt unstiffened plate

P,

Xexst] = ————————— =080

Interaction plate like/column like

erpast.1
(1= max| min| —P 0] =1
xst.1
9erc.st

- 2|
exstl = OSPI + ayngier, = 0.2) + X, -| =0.873

SS-EN 1993-1-5eq 4.3
Cross sectional parts
with free edge

Use A, EC3-1-5Ch. 10

EC3-1-1eq.6.49

Pexstl = (Ppxstl = Xexstt) Exse 12 = €xst1) * Xexst1 0966 EC1993-1-5eq.4.13

Terp.st.2
€y 12 = max| min| —P2 1 1l 0|=1
Terc.st

The verification formula, stiffeners, with o, taken from sofistik:

2
9x.Ed.st.o - 9x.Ed.st.o 0207
ch.st.l”&l ch.sx.l”&l
™ ™
Flange

Reduction factor, cross sectional parts with free edge

R4 xp,m) = |10 if X, <0748
X~ 0.188
min| ———— 1| otherwise
2

I

=1

Ppx.f1= p4.3(>\p'w) =0.966
Column buckling, X, ¢.

Oynstiff = 021
nst unstiffened plate

2
D q1= o.stﬁl + oyngigr Ay = 02) + %, ] =0873

Interaction plate like/column like

[}

&, g1 = max| min| P o]=1
Tere.fl

EC1993-1-5 Ch. 4.5.3(5),

SS-en
1993-1-5(eq4.3)
cross sectional
parts with free edge

Use )\p ,see EC3-1-5Ch. 10

EC3-1-1eq.6.49

Platelike behaviour
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B. I-beam

Pox.fl = (Ppx.sl = Xox.) Bx {2 ~ £x.0) * Xex.1 = 0.966 EC1993-1-5 eq.4.13

o= max(I.ZS + onslwz,z) =208

The verification formula, flange:

o 2 - X 2
xEdip |, f TEdipmid

s1=1
Pex.Aily, Xty
™M ™
2 2
Ix Ed.tp .3 TEd.tp.mid | _ 0,993
Pex iy, Xy,
™M ™M

The verification formula, flange, V factor according to Zizza.
lb!P =1 Uniform compression

eq:= min(1.25 - 0.250y,,1.25) = 1

Pflx.V = min cg %—in ,11=0914
P )‘p

Peflx.V = (Pﬂ.x.v - ch.ﬂ)mx.ﬂfqz = &) * X = 0914

2 3
IxEdp |, V3 TEdp .
pc.ﬂ.x,VB’yz Xwﬁ’yZ

™M ™M

2 ]
Ox Ed.tp . V3lgg

Peflx vy, Xully,

=1.053

™M ™
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B. I-beam

Calculation of a longitudinal stiffened I-beam with the
RSM - 200mm horizontal stiffener Material parameters:

b of

RIVERR!
<
gq, ! F
= E = 210GPa
- 8
390MP:
o f0= [=—— if t< 16mm
| ™M
| L
=] 380MPa .
< —— if 16mm <t < 40mm
™
3 360MPa .
= 5 et ———— otherwise
- a
4 fv N tavst ™M
o o
o fy(16mm) 190
—bu g
fyi= | fy(40mm) | =1 380 |MPa
[ 360
1y(41mm)
Area
Aot = torBsr Aty = twebBliy  Aup = tupBur
— — _ 4, 2
Agyst = tayst o 1.avst + P2.avst) Aot = Agf + Aliy + Ayp + 20y = 5896 X 10 Thm
Change of centre of gravity in y- and z-direction
b t
Lavst avst
bl.avstmavleE 2 j * b2.awslﬂavsl|:€ 2 j
=70.828mhm
Aavst
t b
avst
bl.avstmavleE 2 ]* bZ,avslmavsl:E'avsl'*
=21.828mm
Aavst
Geometry Distance from bottom fibre to centre of gravity
tyg = 25mm
o A, tu—f]+A ‘E[ +E)+A ‘Et +h +[L]
byp = S60mm uff 5 tiv{ tuf 2 s/ tuf * Ny ")
B + Aguslftug + 4y +d3 —C,) + Agyglftyg + 43 - C)) - Los2m
tywoh (= 12mm 7y = =1. 1
web P Aot
hliv =2m
4 0.5m Moment of inirtia, stiffeners I, 5,
3 2
dy = 0.5m b2 avstTavst tavst _ _5 4
} 5 b2l “Cy) o S1459%10 7m
d3=1m 3 2
stP1 blavst
tyf = 25mm + 12 * taystB1 avst 5 - Ly
by = 560mm The stiffeners area and moment of inertia fig A1
uf -
Horizontal stiffeners:
by ayst := 200mm
l.avst by =ty +dy+dy - 7y = 0.473m
by avst = 90mm ) ) )
Highest stress(under the flange) is set to the yield stress
tayst = 12mm 390
! ) ) Omax = Iy = 380 |MPa
Distance between vertical stiffeners: 360
Sgg = 8.914m Stress at a z-koord, bottom flange in tenstion
p . » . _O-max
Number of longitudinal stiffeners: O'neg(z) = [ B+ Oy B
ni=2 “tp
Poissons ratio
vi=03 1 negl?1:72) = mX(0eg(71) Oneg(2]))

GZ,neg(Zl 'ZZ) = "““(Uneg(zl) 'Uneg(ZZ))

UZ.neg(Zl 'ZZ)

"‘L‘neg(zl VZ2) - Ul.ncg(zl 'ZZ)

By 1 = Uneg(tuf * d + d3typ + hy) = 0449
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B. I-beam

Py = Pneg(tuf * d3.tyf * d + d3) =-0057

Py = Py ) = 0449

Py = Py o = =0.057

b 7“” B, =280.28s
pi= = 280. m
Linf 5 7¢1 1

b3 gup = 0:4(B3 = 189.226(m

- _ -3 2
Agl1 = Agyst + tyeb {01 ing + b3 sup + tayst) =9.258X 107 " m

1,
web
(Webtqbl.inf + b3.sup * ‘avsl)B Py * Aavsxtqbl.avs& - Cy + lweb)

Yip.sl1 = =56.810hm
P AsL1
Stiffeners moment of inertia out from the web plate
. 2 _ -5 4
st = L ayst + Aavsttqbl.avs( ~Cy* tyeb " Vipasl. ) w =5435x10 "m

3
. (b 1Linf * 3.5up * tavst) Bveb
S e

2
1,
web
+ (b1 inf + b3 qup + ‘avs‘)%’ebEET ~Vipasl. 1]

Moment of inertia, Von mises stress and alpha critical

- Iy = 0.0375m4 From the EWM Ramboll calculations

_ 236MPa
Fvanit = T T From FEM, close to middle of the
o span in top flange
Oy = 0y ynitdg = 361.08Pa
N
Qer, UNIT = 304-45% Eigenvalue from FEM SOFiSTiK
Cer.UNIT
Oy fom = = 1.99
ad
Load global
a4lfsis3
V= # =2.046x 10°EN
2
a4lfsiB
Mpgi= % = 1368 x 10' RN

VEd.mid = 0
Web
1y s
Wy web = T =0.038
.web
Y b+t + tsp ~ 2
M
Ed
Tx.Edweb = 3 =364.013[MPa
y.web
9d
—— = 12.75MPa

%zEd.web = 7
web

t hy; hy: hy:
. of liv liv liv - 3
= ‘GfBéfEﬁ'uf Fhyy ’th] ey mwchE‘uf St thj =0.0190

= 88.535[MPa

(VEd - 9q2m)S

TEd.web.2mfromsupport = =75.292(MPa
PP Iyfyet

LXXVI

Calculation of .von mises stess analyttical

2 2 2_
9y analytic J Ox Edweb * 9zEdweb ~ Ox.Ed.webPzEdweb * 3TEdweb = 389.284(MPa

Stiffeners

Stiffener over

Wy sto =

by * typ = 2 =

Mg,
Ox.Edsto = = 172.536[MPa
Wy.sl.o

Stiffener under

1,
Y =-1392m°

W, _——
.st.u
¥ hjpy * typ =2 —dp —dy

M
Ed
Oy Edstu = o = —9-824[MPa
Wy,st.u
Flange
Iy s
Wy = —————— =0.0380

tof
R T T

Mgq
Oy Bl = — = 339.454MPa
Ed.tp wy,ﬂ

[ t
L of of _ -3 _3
Sip = T%f{T + o hygy - zlpj =6.899% 10 "l

A% ;409
_ 'Edmid®tp _
TEdtpmid T T T 0MPa
yoof

VidS

_ VEdSy _
Thdp = T - 0672MPa
Y

Calculation of load amplifiers, g with von mises stress taken from
sofistik.

-Formula for von mises in the denominator in o,

0
Y, )
Otk mises = " 0.997 o, from sofistik EC3-1-5 Ch.10(4) q.10.3

Global slenderness A,

pmises

Flange

Flange, calculation of Orp!

Pflange = 1 Ko flange = 043 Cross sectional parts in
e o compression with free edge
SS-EN 1993-1-5 table 4.2
2 2
_ gl B 3
OB flange = T, - 138X 107MPa
bys —t
|2r61 ’”2){ uf web]
2
=679.428[MPa

Terp.Al = Ko flange OE. flange

Flange; calculation of elastic critical column buckling stress Oret
B,

Oerefl= 12E61 7‘}2)&52

Stiffener; calculation of Oerp’

= 1.493MPa Unstiffened plate




B. I-beam

2 2

L

OEst.1 = & 2) =683. a Part 1 stiffener
12001 - v E@bmvsl)

2 2
s ST Y
2) 7 4 Part 2 stiffener

v |:sz,avsl)

ko o @p 1 =293.811MPa

Terpst.] =

. _ 3
Oerpst2 = Ko stlOp st = 1451 % 107 MPa

Stiffener; calculation of elastic critical column buckling stress o, o

2 2
B,y i
erest = avst = 0.3444Pa Unstiffened plate
- 2 2
12[&1 - )@ls

Calculation of the reduction factor x,, for shear stess:
ni=12 EC3-1-5Ch5.1

0.83

Xy = |mif )\p < T EC3-1-5tab.5.1

.83 .
083 11'w5>\ <1.08
N n P

P
1.37

——— otherwise
0.7+ xp

Xy = 1173

WEB

Web; calculation of x,,, (that depends on A))

o= 049
1,
web
ey = = —— =50.81hm
2= Yipsl.1 B
W

t
Cy - ey - = 1401800m
2

EC3-1-54.5.3(5)

EC3-1-54.5.3(5)

) 0.09 EC3-1-54.53(5),
Qo=@ =055 stiffened plates

i
e

- 2|
B = 0.5@1 +aglfy, —02) + X J =0.89

EC3-1-1eq.6.49

Web; Calculation reduction factors [N

Internal

p4.2()\p‘ll7) = |ro ity <05+ /0.085 - 0.0550) SS-en 1993-1-5(eq4.2)

X\, — 0.055hax[(3 + 1),0] Internal cross sectional
mi 2" 4| otherwise  Parts

Stress distribution, y,=0,/0;

Pliy = Vneg(tuftur * hiiy) = ~1.055

Ppx = P4.z(>\p-¢nv) =1

Calculation of amplifers, Oerp and Ocrer

for column like buckling in x direction for the plate

2. 2
T8 By

=5.127m

tyeb B
" |l 1osE Myep B o
crslp ts = 4c
P Adl1 by By
) s, Eq.A4
™ ED g e )
5 + B 5 > if s < ag
A1l 4 ﬁ‘ -V )D\sl.lml B

of * By =7y = 0.973m

be —d; =0473m

LERE

by:= hyj, — b, = 1.027m

Stiffened plate with one longitudinal stiffener in the

b
c _ 3
o = . compression zone. EC3-1-5 Ch.A2.2

er.p = el
P Pog

T,
= — 2 - is321MPa

Ter.sl = Stiffened plate. EC3-1-5 Ch. 4.5.3
Al By

b
Oep.glF—— = 314.961 MPa
RN

Interaction plate like/column like

L7
£, := max| min| P L1[,0(=1
Tere

Pox.web = (Ppx = Xox) Bxlf2 = &) *+ Xex =1

[(ppx ~Xex) Exf2 ~ &) + Xex]@ultk_mises

Rowweb= | (Ppx ~ Xex) Ex2 ~ ) + Xex i o <1
i [(pr - ch)ulx@ - ix) * ch]-d‘uh‘kimises - According to
M B EC1993-1-5eq.10.1
stresses (; ion), ion of [
Apo = 08 oy =034 Table B.1

o= o,srﬁu + oﬂxp - xpo) + xpj =0.838

= |1 if)\pso.673 =1.184 - 0.102i

ot~

Elastic critical buckling stress and the buckling stress for a planet that is not stiffened,
seen from the z-direction:

Pz

if )‘p >0.673 EC1993-1-5,eq.B.1

2 2
™ Elllyep
Ocrez = 7 3 - = 6.833MPa
o 2 2
1o - )m“v
2 2
By
Op ;= ————— = 0.3441MPa

Ez" Eﬁ 2) 2
1241 -5,

oz "

Serpz = kgyOp , = 13760Pa
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B. I-beam

Column buckling, X,.
The verification formula, web, V factor according to Zizza.

Qnstifr = 021 E01993-1—5 Ch.4.5.3(5),
unstiffened plate 2 2
9x.Ed.web 9z.Ed.web
+ <l1=1
Pe.web.x VUl Pe.web.z vy
B 7 . c.webx. V', c.wel f
D, = o.stﬁl *+ oynseifr A ~02) + W =0.804 Use A, according to EC3-1-5
Chapter 10 i ™ ™M
3
v oxEdwe ukdweb |, | TEdwend3
“Vweb'f’ g
EC3-1-1eq.649 Pe.webx. vy, Peweb.z vy, Xwlly,
M ™M ™M
Interaction plate like/column like:
| %erpz r 2 2
€,:= max min| —2= —1,1],0[=0 9x Ed.web 92.Ed.web B
Oerez + =0.987
pc.web.x,\/myl pc.web.z.V]y]
L ™ ™
Pezaweb = (Ppz = Xez) B2 ~ &) * Xez = 0844 e
v ,]: 9x.Ed.web TzBdweb | TEd.web3
(Pp_z _XcL)Q;Egz - 54) - Byl k_mises web Pe.web.x. vy Pe.web.z. vy Xl
+Xey 1 1 1
Roswob= [(Ppz = Xeo) 12 = &) + Xy if NM <1 =0 ™ ™ ™
Poz ™ {2 -¢,)+ According to
- [( .z Xeo) &2 - €,) Xez)@ultk mises . Eoross e 0101 Stiffeners
™
factors, cross i parts with free edge
The verification formula, web, with Oyed, 9264 and 1 taken from sofistik: .
P4 3(Apo) = [1.0if X, <0.748 SS-EN 1993-1-5 q 4.3
o 2 o 2 o o . - 0.188 Cross sectional parts
xEdweb | | TzEdweb | | xEdweb zBdweb | min| 2P — 1| othervise with free edge
Pex.web Ty, Pezweb Ty, Pex.web Ty, Pezweblly, b,
™ ™M M M Pi=1
T — -
43 TEdaweb Ppxstl = Pa3(Rp ) = 1
prﬂy]
M Column buckling, X, ¢.
Qgiff = 021 EC1993-1-5 Ch.4.5.3(5),
unstiffened plate
2 2 2
OxEdweb [ | %aBdweb [ | _OxEdweb 1 ozEdweb Pexst] = 45ﬁl + Ounseifr N ~0.2) + 7| = 0.804
Pex.weblly, Pezweblly, Pexweblly, Pezweb Ty,
M M ™M ™M P S
5 Xexst.l = =0.844 EC3-1-1eq.649
3 TEd.web Pexstlty e
Xty
™ Interaction plate like/column like
Verification with V-factor according to Zizza Terpast.]
€y st.1 = max min| ——— ~1,1{,0|=1
Fer.c.st

Cuve = min(1.25 = 025y, 1.25) = 1.25
EC1993-1-5 €q.4.13

Pexst.l = (ppx.s(.l _ch.sl.l)mx.sl.ltgz - Ex,sl.l) *Xexst1 =1

1 0.22
Pweb.x.v = min cyepll— ——— |, 1/ =1
NG
P [ Terpst.2
£y st.2 = max] min) ———— = 1,1/,0=1

Terc.st

PewebaV = (Pwebx.y = Xox) Balf2 = &) +xex = 1

-1 0] = The verification formula, stiffeners, with o, taken from sofistik:
a, 2 0,
- x.Ed.st.o x.Ed.st.o
Fi= O'SEIh(gZZ+l)0'9=0 _XEORO oy _XEORO 1= 0.206
P ch.st.l”&l Pex. .lwy1
Pewebz.V = Xez * (Pp.z = Xer) T = 0.844 ™ ™
Viveb = Pe.web.x.VPeweb.z v = 0-844
Flange
2
e3:= 1.25 + 0.750%,,~ =2.281 Reduction factor, cross sectional parts with free edge
AN ) = [ 1.0 if XN <0.748
P ) P SS-en
(2, - 0188 _ 1993-1-5(eq4.3)
min| ——,1 | otherwise »
. cross sectional
N parts with free edge
=1

Ppx.f1°= p4.3(>‘p"'l’) =1
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B. I-beam

Column buckling, X, ¢.

Oungtiff = 021 EC1993-1-5 Ch. 45.3(5),
» unstiffiened plate

P q= O.SFEI + oyngigr P ~0.2) + sz] =0.804

1

Xex.f1=
Pox sty Poxtl

Interaction plate like/column like

Terpdl
€, 2= max| min| —P— - 1,1/,0{=1
Tere.fl

Pox 1= (pr.ﬂ ~Xex 1) Ex A2 - Exf1) + Xex = !

=0.844

o= mux(l.ZS +0.756, 2,2) =2281

The verification formula, flange:

2 2
9x.Ed.tp 53 TEd.tp.mid
PoxAiy, Xy,

™M M

<1=1

. 2 . N2
xEdp |, [ TEdipmid
Pex. iy, Xy

=0.997

™M ™M

EC1993-1-5Ch. 4.5.3(5),

unstiffened plate

Use /\p ,see EC3-1-5Ch. 10

EC3-1-1eq.6.49

Platelike behaviour

EC1993-1-5eq.4.13

II‘“P =1 Uniform compression

cqi= min(l,zs - 0250y, 1‘25) =1

PX.V = mi“{cﬂf

1o
22 1 =0974
p xpz

Pefx v = (Pxy ~ Xex ) Ex alf2 = &) * Xex.n = 0.974

e
2 3
V3,
4| Y "Edtp

Ix Ed.tp <
Penx vy, Xy,
™M T
S
Iy Ed.tp : . V3Bgd g ’
Pe.fx vy, X'y,

The verification formula, flange, V factor according to Zizza.

[l
=3

=1.025
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B. I-beam

Calculation of a longitudinal stiffened I-beam with the
RSM - 250mm horizontal stiffener Material parameters:

b of

RIVERR!
<
gq, ! Bz 3
= E = 210GPa
- 8
390MP:
o f0= [=—— if t< 16mm
| ™M
| L
=] 380MPa .
< —— if 16mm <t < 40mm
™
y 360MPa )
= 5 et ———— otherwise
™ B N tavst ™M
o o
o fy(16mm) 190
—bu g
fyi= | fy(40mm) 380 |MPa
[ 360
1y(41mm)
Area
Aot = torBsr Aty = twebBliy  Aup = tupBur
— — _ 4, 2
Agyst = tayst o 1.avst + P2.avst) Aot = Agf * Alyy + Ayp + 20y = 6.016 X 10 Thm
Change of centre of gravity in y- and z-direction
b t
Lavst avst
bl.avstmavleE 2 j * b2.awslﬂavsl|:€ 2 j
=93.5[mm
Aavst
t b
avst
bl.avstmavleE 2 ]* bZ,avslmavsl:E'avsl'*
Aavst
Geometry Distance from bottom fibre to centre of gravity
tyg = 25mm
o A, ‘Etu—f]+A ‘E[ +E)+A ‘Et +h +[L]
byp = S60mm uff 5 tiv{ tuf 2 s/ tuf * Ny ")
B + Aguslftug + 4y +d3 —C,) + Agyglftyg + 43 - C)) - L056m
tywoh (= 12mm 7y = =1. 1
web p Aot
hliv =2m
Moment of inirtia, stiffeners |.
)= 05m i
3 2
52 avstltavst st _ -5 4
dy 1= 0.5m Lavst ™ = *haavstys{ 5 7 Cy ) - Z2688x 10 Tm
3 2
d3:=1m tavst® Lavst blavst
* " *lavstPravs| =5 = Cy
tyf = 25mm
by := 560mm y L
The stiffeners area and moment of inertia fig A1
Horizontal stiffeners:
by ayst = 250mm
by o 1= typ +d3 +dy — 7 = 0.469m
- - P
by avst = 90mm
tayst = 12mm ) . )
Highest stress(under the flange) is set to the yield stress
Distance between vertical stiffeners: 390
St = 8.914m Tmax = fy = | 380 |B4Pa
360
Number of longitudinal stiffeners: Stress at a z-koord, bottom flange in tenstion
n=2
—0,
Poissons ratio o ‘max
Tpeg(® = [Z—a + amax]EH
vi=03 tp

TLneg(#1:72) = m93{Oney(71). Oneg(2))

GZ,neg(Zl 'ZZ) = "““(Uneg(zl) 'Uneg(ZZ))

UZ.neg(Zl 'ZZ)

"‘L‘neg(zl VZ2) - Ul.ncg(zl 'ZZ)
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B. I-beam

Pliv.1 = Yneg(tuf * dp + d3typ *+ hyjy) =0.447

Pliy2 = Yneg(tuf * d3:typ *+ d *+ d3) =-0.067

Py = Py, ) = 0447

Py = Py o = =0.067

b 7“” B, =280.382 5
pi= = 280. m
Linf -~ g -, 1

b3 gup = 0:4(B3 = 187.494(m

. _ -3 2
Agl1 = Agyst *+ tyeb {01 ing + b3 sup + tayst) = 9-839X 107 " m

1,
web
(Webtqbl.inf + b3.sup * ‘avsl)B Py * Aavsxtqbl.avs& - Cy + lweb)
Yipsl1 = = 73.3880mm
P AsL1

Stiffeners moment of inertia out from the web plate

g 2 _ _5 4
Lot1 = Lavst * Aavstfo1.avst = Cy * tweb = Ypst1) = =9001% 10 °m

3
. (b 1Linf * 3.5up * tavst) Bveb
S e

2
1,
web

+ (b1 inf + b3 qup + ‘avs‘)%’ebEET ~Vipasl. 1]

Moment of inertia, Von mises stress and alpha critical

- 1= 0.0376m*  From EWM Rambol

oy it = P From FEM, close to midde of the
. kN span in top flange
m
Oy = Oy iy = 360.36MPa

N
agruniT = 338 34EN
: m

Eigenvalue from FEM SOFiSTiK

Cer.UNIT
G fom = ——— =2.197
= a
Load global
qqlls 3

Vigi= M 22059 10°EN

Ed 2

2
qqlfs, 3

Mgg= saltsB)” =1377x 10" &N

Ed S
VEd.mid = 0

Web
ly 3
W, = -0038m
.web
¥ b+t + tsp ~ 2
M
B 363.8320Pa
Wy.web

9d
O Edweb = T = 12.833[Pa
tweb

~ tof hjjy hiiy by B 3
&= torBoplftug + iy + —= = 2p |+ = HyepJtyp + —= + ==~z | = 001900

Vg4

TEd.web =88.363(MPa
Iymweb

(vEd - qum)'S

TEd.web.2mfromsupport = =75.146[MPa
Tytyen

Calculation of .von mises stess analyttical

. 2 2 2_
Oy analytical = J OxEdweb * 9zEdweb ~ Ox.Ed.webOzEdweb * 3TEdweb = 383.965MPa

Stiffeners

Stiffener over

Wy sto®

_ Mg
o, =
x.Ed.sto ™

=171.616[MPa
y.st.o
Stiffener under
I
Y 3
Wystu' = T = 1203
st
Y hijy *+ typ ~ 7~ dp —dy
M
Ed
Oy Edstu = = = ~11.447[MPa
Wy.st.u
Flange
Iy 3
Wy = ————————— = 0038

of
R T T

M
Ed

OxEdtp= o = 359.256MPa

wy,ﬂ

e t
. of of _ -3_3
S‘p = 7mbf€7 +typ * hyy - th] =6.869% 10

VEd.mid®

tp
TEd.tp.mid = = 0DMPa
p LBy
VS,
Ed
TEd = ® — 0. 672m1Pa
Lt T B,
yoof

Calculation of load amplifiers, g with von mises stress taken from
sofistik.

-Formula for von mises in the denominator in

Uitk
fy2
i mises = 5 = 0.999 o, from sofistik EC3-1-5 Ch.10(4) q.10.3
Global slenderness A, yces
=0.674
Flange
Flange, calculation of Ogrpt
- — Cross sectional parts in
wﬂange =1 er,ﬂange =043 compression with free edge
SS-EN 1993-1-5 table 4.2
2 2
gl 3
O flange = = 158X 10°MPa
byt
2 uf ~ ‘web
12001 - v —_—
F6 )FE 2 ]

TerpAl = Ko flange OE flange = 679428 MPa

Flange; calculation of elastic critical column buckling stress Oret

' Ey

Ocrefl™ T .5 = 1.493MPa Unstiffened plate
12[61 -v )@'5
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B. I-beam

Stiffener; calculation of Ocrpt
Pgy = 1

kg 1= 043

2 2
g

OEst.1 = W =437.299(MPa
12041 -v Egbl.avsl)

2 2
g
2

=3.374x IUB"MPa

OE.st.2

Oerpstl = ko BEst 1 = 188.0390Pa

Terpst2 = ko stOEst = 1451 % 10°m4Pa

Part 1 stiffener

Part 2 stiffener

Stiffener; calculation of elastic critical column buckling stress o, :
'nzl]ima 2
Unstiffened plate
Oerost = 7;'5‘ S =0344MPa P
]2[61 -V )Ets
Calculation of the reduction factor x,, for shear stess:
n:=12 EC3-1-5Ch5.1
nif x, <28 EC3-1-5tab.5.1
P
% ifﬁs)\p<l.08
P
1.
3T therwise
0.7 + X,
P
Ny =2
WEB
Web; calculation of x,,, (that depends on A))
o= 049
tweb
ey = ——— =67.3880hm
2= Yipsl1 B
t
web
ey :=C,—-ey ——— =20.1120hm
1=Cy =
o= max{eye) EC3-1-54.5.3(5)
EC3-1-54.5.3(5)
a = at 099 _ 553 EC3-1-54.5.3(5),
L stiffened plates
e
- _ 2| _
B = 0.5@1 +aglfy, —02) + X J =0.859
EC3-1-1eq.6.49
Web; Calculation reduction factors p,
Internal
p4.2()\p‘ll7) = |ro ity <05+ /0.085 - 0.0550)
SS-EN 1993-1-5(eq4 2)
[ Ap ~ 0.055tnax[(3 +1),0] Internal cross sectional
min| ——————— 1| otherwise arts
. :
P
iy = wncg(tuf'tuf + h“v) =-1.065 Stress distribution, y,=0,/;

Ppx = P4.z(>\p-¢nv) =1

LXXXII

Calculation of amplifers, Oerp and Ogrer for column like buckling in x direction for the plate

byi=dy bi=by + by

4 2.2
ag = 4.330 LB
tweb B
o || 10sE b e sa
erstp = || A o5, Sts 2 a8
Eq.A4
U, . Elly ey B !

if s <,
2 2:6 2) 2
AgiB 4G -V g B B,

= typ * hyy ~ 2 =0969m

sl.1 = be = dj =0.469m

by = hyj, —bg = 1.031m

b
Terp = Tersl pBi =2311x% IOSDMPa Stiffened plate with one longitudinal stiffener in the
’ by compression zone. EC3-1-5 Ch.A2.2

T,
ol = ————— =238.641MPa
A2 Stifened plate. EC3-1-5 Ch. 4.5.3
s1.15ts
hC
Oore = Ucr_leﬁ =493.197MPa
sl

Interaction plate like/column like

L7
£, := max| min| P L1[,0(=1
Tere

Pox.web = (Ppx = Xox) Bxlf2 = &) *+ Xex =1

r(ppx - ch)mfoz - gx) + ch.lﬁ‘ult.kimlses

Roxwwel™ (ppx - ch)mxﬁz - éx) *Xex 1f ™ <1
i Rppx - ch)Difoz - ix) * Xex|Baltk_mises - According to
i
™ EC1993-1-5 eq.10.1
stresses (z-direction), i ofppx:
>\p0 =08 o, 1= 0.34 Table B.1
ep = 0511 + o lfx, = X0) + 3] = 0816
Ppz = 1 if )‘p <0.673 =1.21 -0.139i
1 .
— if )\p >0.673 EC1993-1-5,eq.B.1

ot~

Elastic critical buckling stress and the buckling stress for a planet that is not stiffened,
seen from the z-direction:

2 2
™ Elllyep
Ocrez = 7 3 - = 6.833MPa
- 2 2
12[61 -V )mliv
2 2
7 Ellyep,
Op, = — 77— = 0.344[MPa
- 2 2
12[&1 - )@‘5
kg, =4

Serpz = kgyOp , = 13760Pa



B. I-beam

Column buckling, X,.

Oungtiff = 021 EC1993-1-5 Ch. 4.5.3(5),
unstiffened plate
- _ 2] _ Use A, according to EC3-1-5
D, = O,SFEI + oyngigr{hp —0.2) + X, J =0.777 Chapter 10
—_ 1 —
Xeg = = = 0859 EC3-1-1 eq. 6.49
‘I)cAz +

Interaction plate like/column like:

O,
€, = max min| — 2% —1,1],0[=0
O-CTYCJ

Pez.wed = (Ppz = Xez) Bolf2 = &) + Xz = 0859
[("p-z ~ Xer) B2 - ) "}mull.kimises

FXez

Roamob= | (Pp.z = Xer) B2 ~ &) * Xz i -

. [(Pp.z = ea) B2 ~ ) * Xeo] Bt mises | 1 According to

1
M

The verification formula, web, with Oyed, 9264 and 1 taken from sofistik:

2 2
9x.Ed.web %2Edweb | | “xEd.web 97.Ed.web ailes
Poxweblly, Pez.webly, Poxweblly, Pezwebly,

™ ™ ™ ™
-
3 Edweb
XWE@]
M

2 2
OxBdweb | | “zBdweb | | xEdweb ”: 92.Ed.web 0993
Pex.weblly, Pezweblly, Pexweblly, Pezweb Ty,
™ ™ ™M ™M
TEd.web

+3[——
Xty
™

Verification with V-factor according to Zizza

Cuve = min(1.25 = 025y, 1.25) = 1.25

1 0.22 1 1

Pyeb.x.v = minl Cyeplfl = === |.1| =
2
»

PewebaV = (Pwebx.y = Xox) Balf2 = &) +xex = 1

IS
£, = max Rz 1,00=0
Tere.z

Pewebz.V = Xez * (Pp.z = Xer) T = 0.859
Vieb = Peweb.x.vPe.web.zy = 0-859

e3:= 125 + (),75u(w2 =233

<1

EC1993-1-5eq.10.1

The verification formula, web, V factor according to Zizza.

2
Ox.Ed.web 92.Ed.web
+ <1=1
pc.web.x,VEﬂyl Pc.web.z.me]
™ ™M
3
-~ ,]: 9x.Ed.web 9z.Ed.web . TEdweb¥3
“Vweb’
Pewebx.vlly, Pewebz Vi, Xy,
™M ™ M
2
a, (o
x.Ed.web z.Ed.web 098
Pe.webx. vy, Pe.web.z vy,
L ™ ™
3
v e ukdweb |, | TEdwend3
“Vweblf !
Pewebx vy, ) || [ Pewebzvily, Xwlly,
™ ™ ™
Stiffeners
factors, cross i parts with free edge
p4.3()\p.¢) = |10 if 3, <0748
SS-EN 1993-1-5eq 4.3
) >\p - 0.188 . Cross sectional parts
min| 72.] otherwise with free edge
*
Pi=1
Ppxstl = Pa3(Rp¥) =1
Column buckling, X ¢.
Qneiff = 021 EC1993-1-5 Ch. 4.5.3(5),
unstiffened plate
» - 2]
exstl = 0P+ aungigrlhy - 02) # 3720777 gy A, EC3-1-5Ch. 10
— 1 -
Xex.st.1 = =03859

Pexst1 *yPe. EC3-1-1eq.6.49

Interaktion plate like/column like

9er.p.st.1
1= may| min| —P 10| =1
xst.1
Fer.c.st

Pexst.l = (ppx.s(.l _ch.sl.l)mx.sl.ltgz - Ex,sl.l) *Xexst1 =1

Terp.st.2
€y 12 = max| min| — P2 1 1l 0|=1
Terc.st

The verification formula, stiffeners, with o, taken from sofistik:

EC1993-1-5eq.4.13

2
9x.Ed.st.o - 9x.Ed.st.o 0208
ch.st.l”&l Pex. .lwy1
™ ™
Flange

Reduction factor, cross sectional parts with free edge

aa(rpr) = |10 if N, <0748 SSen
)\p -0.188 1993-1-5(gq4_3)
min| ————— 1| otherwise cross sectional
N parts with free edge
P
=1

Ppx 1= P43 ) =1
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B. I-beam

Column buckling, Xc, g The verification formula, flange, V factor according to Zizza.

sty = 021 EC1993-1-5 Ch. 4.5.3(5), Y= 1

) Uniform compression
unstiffened plate

5 cqi= min(l,zs - 0250y, 1‘25) =1
B yqi= O.SFEI + O‘unsuffm)‘p - 0,2) X ] =0.777 Use A, , see EC3-1-5Ch. 10

i L0223 1 h 999
= min| ¢, -—|,1|=0.
PLx.V 1l N 2
1 p

=0.859

Xex.f1= —
EC3-1-1eq. 649 = -
Poxf e Pefixv = (PLxy = Xex.)Ex a2 ~ &) * Xex.n = 0999

Interaction plate like/column like

; :
oxeanp ), (Veap

. " . [, A,
b= [m[ﬂ : I,IJ,OJ . Pltabe bohaviour B I

Ter.c.fl ™ ™

EC1993-1-5eq4.13 5
= - - = 3
Pox fl° (pr.ﬂ Xex.f) Bx.Af2 ~ 1) * Xex.n =1 o Edip 2 NEE.
.

Pe.flx vy, X'y,

=233 ™ ™M

=0.999

ux(l.ZS + 0750, 2.2

The verification formula, flange:

2 2
9x.Ed.tp 53 TEd.tp.mid
PoxAiy, Xy,

™M M

<1=1

. 2 . N2
xEdp |, [ TEdipmid
Pex. iy, Xy

=0.996

M M
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B. I-beam

Calculation of a longitudinal stiffened I-beam with the
RSM - 300mm horizontal stiffener

b of

<
T‘” ¥

a2
b

h liv

d3

. B

b uf

Geometry
tyf = 25mm
by = 560mm

tyeb = 12mm

hliv =2m
d 0.5m
dy == 0.5m
d3=1m

tyf = 25mm
by := 560mm
Horizontal stiffeners:

by ayst = 300mm
by ayst = 90mm

tayst = 12mm

Distance between vertical stiffeners:

St 1= 8.914m

Number of longitudinal stiffeners:

n=2
Poissons ratio

vi=03

Material parameters:

M =1
E = 210GPa
390MP;
f0= [=—— if t< 16mm
™
380MP;
202 if 16mm < t < 40mm
M
360MPa .
——— otherwise
™
f(16mm)) 500

fyi= | fy(40mm) | =1 380 |MPa
fy(41mm) 360

Area
Aot = torBsr  Aliy = twebDiiy Auf 1= typByp
Agyst = ‘avsttqbl.avsl + b2.uvst) Aot = Agf *+ Aliy + Ayp + 20y

Change of centre of gravity in y- and z-direction

b t
Lavst avst
bl.avstmavleE 2 j* b2.awslﬂavsl|:€ 2 j

A,

avst

= 116.769mhm

t, b.
avst 2.avst
bl.avstmavleE 2 ]+b2,av51mavsl€'avsl+ > j

= 17.769mhm
Aavst
Distance from bottom fibre to centre of gravity
tur hjiy s
Auf 7 + Aty + T + Agelltye + h]iv + 7
*’\a»slf@ur +dy+dy - C;) + ’\a»slfﬂ'ur +d3 - )
2= Iy =1.06m

tot

Moment of inirtia, stiffeners |

zavst
2

3 2
52 avstTavst st
" * D2avstavst{ =~ ~Cy

3 2
tavst® Lavst blavst |
0y Haws®rawd Gy

The stiffeners area and moment of inertia fig A1
by =4

by o= typ +dy+dy - 2 = 0465m
Highest stress(under the flange) is set to the yield stress

390
380 |MPa
360

Stress at a z-koord, bottom flange in tenstion

7Umax
“ncg<7) = ( B z+ "’mux]m
'tp

0-l,neg(zl 'ZZ) = "‘“"(Uneg(zl) 'Uneg(ZZ))

T2 neg(71172) = Min(0nc(z1) Oneg(22))

T2neel?1:%2)

'll;"Cg(Zl '72) = T neg(7l v72)

Viiy.1 = rq;ncg(tuf +dy +dytyp + h“v) =0.445

Viy.2 = wncg(tuf +dytyp +dy + d3) =-0.076

= Py = 0445

b3 1= iy = 0076

—4424% 10 Om*

LXXXV
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B. I-beam

b Al B, =280.481 [
r = ——[B; =280. m
Linf 5 7¢1 1

b3 gup = 0:4(b3 ¢ = 185.830m

. _ 2
Agl1 = Agyst + tyeb {0 ing + b3 sup + tayst) = 0.01m

1,
web
(Webtqbl.inf + b3.sup * ‘avsl)B Py * Aavsxtqbl.avs& - Cy + lweb)

Yipsl1 = =90.993[m
B AsL1
Stiffeners moment of inertia out from the web plate
. 2 _ -4 4
st = Lavst * Aavsttqbl.avst - Cy+ tweb ~ ylp.sl.l) w =1366x 10 m
3
. (bljnf + b3,sup + [avs&)mweb
12

2
t,
web
+(b1‘inf +b35up * lavs&)mwebtﬁ 5> Yip.sl. l]

Moment of inertia, Von mises stress and alpha critical

- = 0.0377m*  From EWM Ramboll

oy it = 2P From FEM, close to midde of the
. kN span in top flange
m

Oy 1= Oy ynildg = 359.6MPa

N " -
Q = 341.19§L Eigenvalue from FEM SOFiSTiK
er.UNIT m

Ser,UNIT
Qg forn = ———— =2.201
Load global

a8

V= # 22073 % 10BN
2

aglfs3
Mpgi= % = 1386 % 10' RN
VEdmid

Web

Yy

_—= 0,033\_\113
iy *+ typ * tp = 2

Wy.web =

Mgq
Ty Bdweb = g = 363.695MPa

y.web

dd
O, Edweb = T = 12.917(MPa
web

~ tof hjjy hjiy by B 3
&= torBopftug + iy + —~ =2 |+ = Hyep{typ + —= + ==~z | = 001900

EdS
TEd.web = ——— = 88.205(MPa
Iymweb

VEd—qum)S
TEd.web.2mfromsupport = T 5~
PP Iy“‘kveb

=75.011MPa

Calculation of von mises stess analyttical

— 2 2 2 _ g
Oy analytical = J Ox Edweb * 9zEdweb ~ Ox.Ed.webPzEdweb ¥ 3TEdweb = 388.694MPa

LXXXVI

Stiffeners
Stiffener over
!

- y _ 3
Wysto™= 73—, Tg - OOl
Miv ¥ tuf ~%p ~ 4

M
Ed
Ox.Edsto = =170.743[MPa
Wy.st.o
Stiffener under
!
Wy stu z = 1,064

by +typ 2y = dy = dy

M
E
Ox.Edstu = —E 5 0ome
Wy.st.u
Flange
I R
Wyn= =0.0390h

tar
of
T T

M

Ed

Ox.Edtp= T 359.101MPa
y.fl

s t
et ot _ 3 3
Sip= 7mbf€7 +typ + by - ztp] =684x 10 "

VedmidS
._ “Edmid®tp _
TEd.pmid = T T 0DMPa
Bt
VEdS,
Ed
Tedgp = ® = 0.671MPa
1yBsg

Calculation of load amplifiers, g with von mises stress taken from sofistik.

-Formula for von mises in the denominator in o,

f,

ok
itk mises = L2) =1.001 o, from sofistik EC3-1-5 Ch.10(4) q.10.3
k_mises =

Global slenderness A,

p.mises

Ocr_fem

Flange

Flange, calculation of Orp!

Cross sectional parts in

Vflang Ko flange = 043 compression with free edge
e onee SS-EN 1993-1-5 table 4.2
2 2
By 3
OEflange = T, = 1-58x 107 MPa
bt
2 uf ~ ‘web
g1 -v )il —————
-

Oerpfl = Ko flange!OE. flange = 679428 MPa

Flange; calculation of elastic critical column buckling stress Oret

il

—F———— = 1.493[(MPa Unstiffened plate
Eﬁ 2) 2
12001 = v/ S

Oerefl=

Stiffener; calculation of Ogrpt




B. I-beam

WZEEIL 2 Calculation of amplifers, Oerp and Ocrer for column like buckling in x direction for the plate
Oyl e =303.68IMPa Part 1 stiflener
st & 2) 2
12001 - v E@bmvsl)
2 2 4
T, 3 ) 1, 10,7,
Opya = ﬁ‘“z =3374% 10°™Pa Part 2 stiflener st ®1 By
1201 -v ':sz,avst) tyeb B
Terpstl = Ko stOp st = 130.582MPa . | rosE e, B e
crslp T ts = dc
3 P Agl1 by,
Ferpst2 = KostOE.st2 = 1451 10" BPa 5 ., Eq.A4
L 1.1 Elllyep Bl .
5 + B 5 > if s < ag
Stiffener; calculation of elastic critical column buckling stress o, : Agl.1 B 40 :6] B )D\sl. 1B "By
B i + hyjy — 7, = 0.965
Oepost ™ — X = 0344MPa Unstifened plate uf + By = % = 0.965m

2 2
1ztﬁ1 -V

b —d; =0465m

LERE

Calculation of the reduction factor x,, for shear stess: by = hyjy ~ bg = 1.035m
B

ni=12  EC3-1-5Ch5.1

b . o Lo .
c _ 27% 103EMPa Stiffened plate with one longitudinal stiffener in the

9er.p = Terslp bt compression zone. EC3-1-5 Ch.A.2.2
sl
Xyi= [ ira, <28 EC3-1-5tab5.1
>
083 .0 xsn e
— if — < )\p <1.08 sl T a Stiffened plate. EC3-1-5 Ch.4.5.3
* n At B
1.37 " . b,
o ., Otherwise o, =0 [3—— =710.098 MPa
cr.c cr.sl
07+ b1l
Interaction plate like/column like
Xy =12
[of
€, = max| min| —2 - 1,1{,0]=1
UCIIC
Poxweb = (Ppx = Xex) B2 = &) + Xox =1
" (x5
( Ppx ~ Xex) Ex{2 — &) *+ ch.lﬁ‘ult.k mises
= - D -¢)+ if = <1 =1
Web; calculation of X, (that depends on A,) Rowawaby (ppx XCX)QXQ éx) Xox ! M
=049 1if R"PX 7X€X)QXEQZ a QX) * Xex|Bult_mises 51 According to
th M B EC1993-1-5eq.10.1
€= Y =y = 84993
t stresses (z-dil ion), ionof p_,:
e =Cyme -WTEb =25.777Gm X i P
>‘p0 =08 o =034 Table B.A
= mar{ey e) EC3-1-54.5.3(5)
o= o,srﬁu + oﬂxp - xpo) + xpj =0.3816
EC3-1-54.5.3(5)
=1 if <0.673 =121 -0.139i
EC3-1-5 45.3(5), for Pp.z i !
stiffened plates 1 .
if >\p >0.673 EC1993-1-5,eq.B.1
Pp e TN

Elastic critical buckling stress and the buckling stress for a planet that is not stiffened,
seen from the z-direction:
EC3-1-1eq.6.49

2 2
_ TER,
Oeres = W = 6.833MPa
Web; Calculation reduction factors Pp 12001 - vy,
Internal "zm’—ﬂwdyz
) O 5= — 1 = 0.344[MPa
p42(Mpob) = |10 if X, <05 +0.085 - 0.055m - 12[61 _ vz)ﬁ 2
i ts
Xp = 0.055Eax{(3 + ), 0] SS-en
min) ————————————— 1| otherwise  1993.1.5(eq4.2) kgy =4
P Tvérsnittsdelar inre
o, = kg, [0 , = 1.376[MPa
Vpiy = "\bneg(‘uf"uf + hliv) =-1.073 Stress distribution, y,=0,/0; crpz” "oz Bz
Column buckling, X,.
Ppx = Paa(Np i) = 1 gty = 021 EC1993-1-5 Ch. 45.3(5),

unstiffened plate

Use )\p according to EC3-1-5

- _ 2|
P, = (LSJﬁI + oynseigr N = 02) + ] =0.777 Chaptor 10
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B. I-beam

50859 EC3-1-1eq. 649
9x.Ed.web 9z.Ed.web 0081
Pe.webx vy, Pe.webz. vy,
Interaction plate like/column like:
™M ™M
o | %erpz _ 3
€= '““X["""[T “L1L0f=0 v 9x.Ed.web 92.Ed.web TEd.webN3
cr.e.z Vieb !l J
Pewebx. vy, ||| [ Pewebzvily, Xwlly,
™M ™M M
Pez.we = (9.2 = Xer) Blf2 = &) + X = 0859
Stiffeners
|:(pp.z - XCL)QLEQZ - 54) "}mull.kimises
*Xez i
- . - factors, cross rts with free ed
Rozweln = (pp.z _Xcz)lztgz - ‘EL) *Xez 1F . <l =08t pa 9e
) P4 3(xp.w) = |10 if 3, <0748
Pp.z ™ Xez) B2 = €2) + Xez | Culek_mises According to -
1 ip Lo X 8 76 et mises EC1993-1-5 q.10.1 - 0.188 SS-EN 1993-1-5 09 4.3
M min| —2 1| otherwise Cross sectional parts
£2 with free edge
P
Pi=1

The verification formula, web, with 0,4 0,4 and T4 taken from sofistik:
Ppxst1 = P43(Rp¥) =1

EC1993-1-5 Ch.4.5.3(5),
unstiffened plate

Use A, EC3-1-5Ch. 10

EC3-1-1eq.6.49

EC1993-1-5eq.4.13

1993-1-5(eq4.3)
cross sectional
parts with free edge

EC1993-1-5 Ch. 4.5.3(5),
unstiffened plate

Use )\p ,see EC3-1-5Ch. 10

9x.Ed.web 97.Ed.web Ox.Ed.web 9z.Ed.web 157
Poxweblly, Pez.webly, Poxweblly, Pezwebly, Column buckling, X g
™M ™M ™M ™M nstifr = 021
. -
+3 Ed.web
Xwly . 3
L L—— 0.551 *+ Ounsiifr N ~02) + 37| 20777
M )]
— ! -
a Pl = =0.859
o el o, R o, g o, ol
x.Ed.web 2.Ed.web wEdweb || FzEdweb 099 B sttt Y Pexst
Pexweblly, Pezweblly, Pexweblly, Pezweb Ty,
™ J ™ ™ ™ Interaction plate like/column like
N TEd.web
Terpast.1
Xully, st = mzx[min[icrp sel 1,1],0] -
st p
cr.c.st
M
Verification with V-factor according to Pex.st.1 = \Ppxst.] ~ ch.st.l)mx.st.lroz - ixsx.l) F Xexst.1 =1
Cyeb = min(1.25 ~ 0250y, 1.25) = 125 e
p-st.
€y 02 = max| min| — = 11 ],0(=1
Fer.c.st
. 1022 _
Prweb.x.v 7= Mifl Cyeplll == ==\, 1] =1
>‘P Xp The verification formula, stiffeners, with o, taken from sofistik:
- - 2 2
Pewebx.V = (Pwebxv = Xox) Exlf2 &) + Xex = 1 Tx.Edsto -— OxBdsto | _ o0
Poxst. 1y Pexst. 10y
: Ternz o) o 1 1
2.7 = max] — — 1, =
Oer.cz ™ ™
_ Flange
f=n, " m(e,, + 1) =0 , ) )
P - Reduction factor, cross sectional parts with free edge
Pewebz.V = Xez * (pp.z ~Xez) T = 0859 wxp,w) = [ Lo if N, <0748
SS-en
>‘p -0.188
Vieb = Pe.web.x.VPe.web.zv = 0859 iy 51| otherwise
X,
P
2 b=
€= 125 + 0750k, =2.33 =1
= Xy, P) =1
The verification formula, web, V factor according to Zizza. PpxAl p4_3( P w)
Column buckling, .
9x Ed.web 92 Ed.web 1o Xy
Pe.webx.vily, Pe.web.z vy, Qunstiff = 021
™M ™M
3 PO FE 2] _
v TxBave Oukdweb |, | TEdwend3 el = 05T+ agngisrlfhy, = 02) + 37| =0.777
~Vweb’
pc,web,x.VBgll ':'c.web.z.VEﬁyl mey]
™ ™ ™M

Xex.f1°=

Interaction plate like/column like

Terp.il
€, g °= max| min -1,1[,0[=1
Tere.fl

LXXXVIII

EC3-1-1eq.6.49

Platelike behaviour



B. I-beam

Pox.f1:= (Ppx.fl = Xex ) B2 = Ex1) * Xexn1= 1 EC1993-1-5eq4.13

S mzx(l.25 + ms&wz,z) =233

The verification formula, flange:
a, 2 ) H 2
xEdip | o f TEdtpmid
Pex.ify, Xy

™M ™M

<1=1

2 2
0, T H
x.Ed.tp Ed.tp.mid = 0.995

+3
Pex.ify, Xy,
™M ™

The verification formula, flange, V factor according to Zizza.
‘"m =1 Uniform compression

cq:= min(1.25 = 0.250,1.25) = 1

oy = minegfi— - 222 1] = 0,099
X \ 2
P,

Pofxv = (Prx v~ Xex ) Exalf2 = &x) + Xex.n = 0:999

o
2
xEdp | [V 3BEdep

Pefx vy, Xy, -
W™ W™

2 3
by | [Py

=0.998
Pefix. vy, Xty
™M ™M
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B. I-beam

Calculation of a longitudinal stiffened I-beam with the Material cters:
RSM - 350mm horizontal stiffener erial parameters:

b of

RIVERR!
-t
g, ! Bz 3
= E = 210GPa
- 8
390MP:
o f0= [=—— if t< 16mm
| ™M
| L
=] 380MPa .
= ——— if 16mm <t <40mm
™
3 360MPa .
= 5 et ———— otherwise
™ B N tavst ™M
o o
b uf fy(16mm) ) 39
—bu g
fyi= | fy(40mm) | =1 380 |MPa
[ 360
1y(41mm)
Area
Aot = torBsr Aty = twebBliy Auf = tupBup
- - _ 4 2
Agvst = tavsi{o1.avst * D2.avst) Agot = Agp + Aliy + Ayp + 2[Ry = 6.256 x 10 Thm
Change of centre of gravity in y- and z-direction
b t
Lavst avst
bl.avstmavleE 2 j * b2.awslﬂavsl|:€ 2 j
= 140.432hm
Aavst
t b
avst
bl.avstmavleE 2 ]* bZ,avslmavsl:E'avsl'*
=16.432[hm
Aavst
Distance from bottom fibre to centre of gravity
Geometry
t hy;y
tp 1= 25 ut Jliv of
of = 2omm AufrE 3 ] + Ali\'rE‘uf ) At + by
byg = 560mm * Agyslftar * 4y d3 = C,) + Agyglftyg + a3 - C)
7= =1.064m
tyeb = 12mm Mot
hliv =2m
Moment of inirtia, stiffeners |, ¢,
d 0.5m 3 )
b avstTavst Eg‘avst J -5 4
L, = —————— +by . —-C =6742x 10 "m
dy:= 0.5m Z.avst 12 2.avsttavst 2 vy
tavstP avst b 2
dyo= 1 avst™ |.avst Lavst
3 m + 12 * taystB 1 avst 2 (‘y

tyf = 25mm
byf = 560mm The stiffeners area and moment of inertia fig A.1

Horizontal stiffeners:

by ayst = 350mm

by o 1= typ +d3 +dy — 7 =0.461m
- - P
by avst = 90mm

Highest stress(under the flange) is set to the yield stress

toygt = 12mm
t
avs 390
Distance between vertical stiffeners: 380 (MPa
360

St 1= 8.914m

Stress at a z-koord, bottom flange in tenstion
Number of longitudinal stiffeners:

ni=2 Oneg(?) = [
Poissons ratio

“Tmax

B+ Oy |1
Z

vi=03 Crang(’l 17g) = "‘ax("an(’l)'UHCg(72))

GZ,neg(Zl 'ZZ) = "““(Uneg(zl) 'Uneg(ZZ))

UZ.neg(Zl 'ZZ)

"‘I"neg(zl VZ2) - Ul.ncg(zl 'ZZ)

iy, = wneg(‘uf +dy dytyp + hli\') =0443

XC



B. I-beam

Viv.2 = neg(tuf + d3.tyr *+ dg + d3) =-0.086

Py o= iy = 0443
Py 1= yjy 9 = ~0.086

3 -
b inf = S_—wlml =280.577(hm

b3 up = 043 ¢ = 184.23Em

_ 2
Asl1 = Agyst * lwebwbl,inf N b3.sup & ‘avst) =0.01lm

1,
web
‘wsbtébljnf i b3.sup i ‘avst)B 2 i Aavstféblﬁvs& - Cy i 'web)

Yipsl1 = =109.457hm
i Agl1
Stiffeners moment of inertia out from the web plate
. _ _ 2 _ -4 4
Iz.sl.l = Iz.avst = Aavsttqbl.avst Cy+ tweb ylp.sl.l) w S1951x 10 "m
3
. (bljnf + b3,sup + [avs&)mweb
12

2
t,
web
+(b1‘inf +b35up * lavs&)mwebtﬁ 5> Yip.sl. l]

Moment of inertia, Von mises stress and alpha critical
- 1, = 0.0379m" From EWM Rambol

2.31MPa

Oy it = ———— From FEM, close to middle of the
. kN span in top flange
m
Oy = Oy ypitdg = 360.36[MPa

N
QG UNIT = 342,680
: m

Eigenvalue from FEM SOFiSTiK

Ser.UNIT

Qgr fom = ——— =2.196
a a

Load global

qdﬁslsj) 3
VEg= — o =208 % 10°AN

=1.395x% IOAJ(NLm

_ aafsD)
B

VEd.mid =
Web

1,
Y = 0.0380°

W. =
y.web _
liv * tuf ¥ tof ~Zp

Mgq
Oy Edaweb = = 362.637(MPa

y.web

4d
O, Edweb = T = 13[MPa
tweb

~ tof hjjy hiiy by B 3
&= torBoplftug + iy + —~ =2 | + = Hyep{typ + —= + ==~z | = 001900

VggS
TEdweb = ] =87.828(MPa
ymweb

(VEd - 9q2m)S

TEd.web.2mfromsupport * =74.691MPa
PP Iyfyet

Calculation of .von mises stess analyttical

a 2 2 2_
Oy analytical = J OxEdweb * 9zEdweb ~ Ox.Edweb@zEdweb t 3TEdweb = 38743MPa

Stiffeners

Stiffener over

Wy sto =

by * typ = 2 =

Mg,
9x Ed.sto = = 169.466 MPa
Wy.st.o
Stiffener under
!
Wy stu = - =-0.96100°

hjpy * typ =2 —dp —dy

M
Ed
Oy Edstu = —— = ~14.507(MPa
Wy stu

Flange

I
Wy = ——— = 0,039
AT
o
R T T

M
Ed

Ox Edtp™= o = 358.038MPa
wy,ﬂ

[ t
L of of _ -3 _3
stl)fTEﬂ“{7 +luf+h“v—zlpj =6.812x 10

VedmidS
_ 'Edmid®tp _

TEd.pmid T T — - 0MPa

yPisr

. VEd’-Sxp

TEd.tp =

P 1B

=0.669Pa
Calculation of load amplifiers, a,,y,, with von mises stress taken from
sofistik.

-Formula for von mises in the denominator in o,

£

Y
=2 = 0.999 o, from sofisti EC3-1-5 Ch.10(4) q.10.3
\4

Oltk mises = s

Global slenderness A,

p.mises

Flange

Flange, calculation of Ogrpt

Pflange = 1 Ko flange = 043 Cross sectional parts in
e o compression with free edge
SS-EN 1993-1-5 table 4.2
L, s
OEflange’= T - 1.58 x 10°MPa
bys —t
|2r61 ’”2){ uf . web]

TerpAl = Ko flange OE flange = 679428 MPa

Flange; calculation of elastic critical column buckling stress Oret
m

Terefl = m

Avstyvare; berékning av Ot

= 1.493MPa Unstiffened plate

XCI



B. I-beam

2 2
gt 25T § Calculation of amplifers, o, and o, for column like buckling in x direction for the plate
Opstl = T =223.112[MPa Part 1 stiffener &
o 12&1 —vz)tgb )2
Lav: -
avst by i=d,y bi=by +b,
4
2 2 L3232
TR zsL171 2
o357 10°MPa Part 2 stiffener ag = 4330 ———= =7.057m
)
-V E@"z,avst) tyweb B
|| LosE b s
Terpstl = Ko stOE st = 95.938MPa Terslp = A o5, if 55 2a;
Eq.A4
= kg (B g0 = 1451 x 10° P B Elf oy By,
erpst2 T Kot OEst2 T & L1 wel s

if s <ag
2 2:6 2) 2

Al AECQE - VA B 7D,

Stiffener; calculation of elastic critical column buckling stress o, o

2 2
T, i
ot = avst = 0.3444Pa Unstiffened plate
o 2 2
12[&1 -v )@ls

Calculation of the reduction factor x,, for shear stess:

= typ * hyy ~ 25 =0961m

o1 = be—d} =0461m
by = hyjy = by = 1.039m
n=12 EC3-1-5Ch51

X = it ay <22 EC3-1-5tab5.1 b, 3 ) ) o
n Serp = UCT_SI_PB— =3.07 x 10" [MPa Stiffened plate with one longitudinal stiffener in the

083 . 083 b compression zone. EC3-1-5 Ch.A2.2
225 22 o <108
n P

N 2
P " (EL,
137 ) Oopgl = — = 462.56(MPa
———— otherwise A B2 Stiffened plate. EC3-1-5 Ch.4.5.3
0.7 + >‘p s1.15ts
lJC
Ter = TersiF— = 964716MPa
Ny =2 sl.1
Interaction plate like/column like
g,
€, = max| min| —2 - 1,1{,0]=1
UClﬂc
Pexawed = (Ppx = Xex) Bxlf2 ~ 6 + Xx = 1
WEB
- 1(Ppx ™ Xex)ExH2 ~ Ex) * Xex | Btk _mises
: Roxwwel™ (p X_XCX)QXZGZ_QX)+XCX if f(p ) EQ ) -I = <t =1
Web; calculation of ., (that depends on A) 2 ™M
- ((pr - ch)ﬁxtqz - Ex) + ch—lﬂ‘ult.kimiscs -1 According to
i >
a tweb _ M EC1993-1-5€q.10.1
€y = ytp‘sl,l 2 =103.457 [lhm
¢ directi " .
¢ =Cyme - WTCb =30.975Em stresses ), of p,:
Apoi= 08 oy =034 Table B.1
o= max{eye) EC3-1-54.5.3(5)
ep = 051+ oglfn, = o) + 3] = 0816
i =0.133m EC3-1-54.5.3(5)
= |1 if A, £0.673 =121 -0.139i
s 20 o EC3-1-54.53(5), Ppz 2 !
Q= e stifened plates 1 EC1993-1-5,eq.B.1

if >‘p >0.673

i
e

2
D= O.SLEI + OLELQXP - 02) + >‘p ] =0.86 Elastic critical buckling stress and the buckling stress for a planet that is not stiffened,

seen from the z-direction:

2 2
7 EEye,
EC3-1-1 eq. 649 Oeren = 7; = 6.833MPa
12[61 -V )m“v
Web; Calculation reduction factors [N
2 2
™ Eyeh
Internal Op = T =0344MPa
paa(pr¥) = |10 if X, <05 +/0.085 - 0055 SS-EN 1993-1-5(eq4.2) 12[&1 - )@‘5
Internal cross sectional
[~ 0.055thax((3 + 1),0] parts
mi 72 1| otherwise K =4
Tz
Ap
Priy = Vnegtufstur + hiiy) = ~1:082 Stress distribution, y,=0,/0; Ferpz = Koy OF , = 1.3761MPa

Ppx = P42(Ap hiiy) =1
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B. I-beam

Column buckling, X;. The verification formula, web, V factor according to Zizza.
Ounsiiff = 021 EC1993-1-5Ch. 45.3(5), [ oxmdwer | 9, Bd.web
unstiffened plate + =il
pc.web.x,VEﬂyl Pc.web.z.me]
) )
B, = O,SFEI + oyngigrfhp ~0.2) + xp‘] =0.777 Use A, according to EC3-1-5 L ™ ™
Chapter 10 o3
-~ ,]: 9x.Ed.web 9z.Ed.web . TEdweb¥3
“Vweb’
= 1 — 0859 Pewebx.vlly, Pewebz Vi, Xy,
b+ EC3-1-1eq.6.49
Gz ™ ™ ™
Interaction plate like/column like: 2
9x.Ed.web 9z.Ed.web
o + =0.978
¢, = max| min| —2Z 11 |,0|=0 Pe.webx. vy, Pe.web.z vy,
O-CT,CJ
L ™ ™
3
_ ~ v oxEdwe 9. Ed.web TEdweb V3
Pez.we = (Pp.z = Xer) B2 = &) * Xep = 0859 * Vel ) *
Pewebx vy, ) || [ Pewebzvily, Xwlly,
(pp.z _XCL)QLEQZ - 54) - Byl k_mises ™ ™ ™
- T Xez e
Aozsweln= (pp.z - Xc;)lztgz - ‘54) * Xz 1 5 <l =08t Stiffeners
M
. [(pp.z - XCZ)F{Z’QZ - Ez) * Xchrd‘ull.k mises According to ion factors, cross i parts with free edge
it 3 — =21 EC1993-1-5 eq.10.1
M p4.3()\p.¢) = |10 if 3, <0748
SS-en
) . ) X —0.188 1993-1-5(eq4.3
:.: sv:i:;ﬁcatlon formula, web, with 0, 0,¢4and 14 taken from min| —2 —, 1] otherwise crose sec&io%s vg'kh
B free edge
P
2 2 Y= 1
OxEdweb | | %zEdweb | _| xEdweb 97.Ed.web ailes
PexwebTy, Pezweblly, Poxweb®y, ) [[ [ Pezweby, Ppxstl = Pa3(Apo) =1
™M M ™M ™M
o) Column buckling, X ¢.
53 TEd.web
— sty = 021 EC1993-1-5 Ch. 4.5.3(5),
X""E@I unstt unstiffened plate
™M
- 2| _ According tp
Pexstl = 055‘ + oyngrige Ay —0:2) + Ny -| =0777 EC3-1-5 Chapter 10,
use Ap
1
B 2 = =0.859
OxEdweb | | _%zBdweb OxEdweb | TzEdweb o096 Xex.st.1 N e EC3-1-1eq.6.49
- e x.st.1
Pex.web Ty, PozwebTy, PexwebTy, PezwebTy, Lo
™ ™ ™ ™
9 Interaction plate like/column like
5 TEd.web
Xw' o,
s, € g = max| min| —2SL o) oy
™ Ter.c.st
Verification with V-factor according to Zizza Pex.st.1 = (pr.sx.l - ch.st.l)mx.st.lroz - gxs\.]) F Xexst.1 =1 EC1993-1-5eq4.13
Cyel = min(1.25 = 0250y, 125) = 125 Terpast2
€y g2 = max| min ———— - 1,1,,0|=1
Fer.c.st
o 1022
= min| ¢ — -==,1]=
Pwebx.V web N2 The verification formula, stiffeners, with o, taken from sofistik:
P
2
PowebxV = (Pwebx v = Xex) Ex2 ~ &) * Xex = 1 =0.199
o,
€, = max —2Z 1 0]=0
cCl‘.C.Z
coy —05 09 _
£:=8, (g, + 1) =0
Flange
Peweb.zV = Xez + (pp.z - Xcz)m =0859 Reduction factor, cross sectional parts with free edge
aa(rpr) = |10 if N, <0748
- - SS-en
Viveb = Pe.web.x.VPe.web.z v = 0-859 (N o188 N 1993-1-5(eq4.3)
min| —————, 1| otherwise cross sectional
o3:= 125+ 0.750,,> =233 p parts with free edge
=1

Ppx.f1 = Pa3(Ap ) =1

Column buckling, X, ¢.

Oynstiff = 0.21
st EC1993-1-5 Ch. 45.3(5),

unstiffened plate

XCIII



B. I-beam

- _ 2| 1. PeflxV = (PxV ™ Xox. ) Ex {2 ~ Ex) * Xex.f1 = 0.999
P ql= o_5[|51 +uunstiﬂ'|:q>‘p 0_2) + xp—|_0_777 Use A, , see EC3-1-5 Ch. 10 c.flx. ( X, X ) X T X) X

Interaction plate like/column like

Terpfl
€, 2= max| min| —P= —1,1|,0(=1
%erc.fl

Poxcf1 = (Ppx.sl = Xex ) Bxlf2 ~ Ex1) * Xex1=1

= max(l.ZS + 07552

The verification formula, flange:

Tx.Ed.tp TEd.tp.mid ’ 1=
Pex iy, Xy,
v EY
TEd.tp.mid : - 0989
Xwfly, o
™M

The verification formula, flange, V factor according to Zizza.
wlp =1

Uniform compression

cq:= min(1.25 — 0.250,,1.25) = 1

Pfx.V = minf cq

XCIV

2 bl
OxEdp |, V3lgg .
EC3-1-1eq.6.49 Penx vy, Xy,
™M ™

Platelike behaviour

EC1993-1-5eq.4.13

S
2

Iy Ed.tp . V3ogap |

Pe.flx vy,

™



B. I-beam

Calculation of a longitudinal stiffened I-beam with the
RSM - 400mm horizontal stiffener Material parameters:

b of

RIVERR!
-t
g,, ! Bz 3
3 E:= 210GPa
- 8
390MP:
o (0= 220 < 16mm
| )
o 4t "
=] 380MPa .
= ——— if 16mm <t < 40mm
M
y 360MPa )
= 5 et ———— otherwise
™ B N tavst ™M
Cy
— fytomm) ) 390
[P 1T, S fu= £(40mm) | = 380 |MPa
[ 360
1y(41mm)
Area
Aot = torBsr Aty = twebBliy Auf = tupBup
- . _ 4 2
Agyst = ‘avsttqbl.avsl + b2.uvst) Atot = Agf * Ay + Ayp + 20y = 6.376 x 10 [m
Change of centre of gravity in y- and z-direction
b t
Lavst avst
bl.avstmavleE 2 j * b2.awsl]avleE 2 j
= 164.367m
Aavst
t b
avst 2.avst
bl.avstmavleE 2 j * bZ,avslmavsl:E'avsl = j
= 15.3670m
Aavst
Distance from bottom fibre to centre of gravity
to. hy: o
uf liv 0
AuffETJ * AlivEEluf * T] * Aﬁf'{‘uf +hyy + 7}
+ Agyslftar + 4y + d3 = C,) + Agglftyr + 43 - C)
2= =1.068m
P A
tot
Geometry
Moment of inirtia, stiffeners |, ..o,
tyf = 25mm

3 2
b5 avstTa tay;
_ D2.avst avst avst _ -5
b = S60mm Lavsts = b2.avslmavsl|:€T - CYJ e =9719% 10 Tm

3 2
tyep *= 12mm tavstP1avst blavst |
* P * taystB 1 avst I (‘y

4

hliv =2m

d 0.5m

The stiffeners area and moment of inertia fig A1

dy == 0.5m

dy:=1m
- by o= typ +dy+dy - 7 = 0457m
tyf = 25mm

Highest stress(under the flange) is set to the yield stress

by := 560mm
390
Horizontal stiffeners: —f =
Omax = fy = | 380 |MPa
by ayst = 400mm 360

Stress at a z-koord, bottom flange in tenstion
by avst = 90mm

“Tmax
Opao(2) = 2+ o, &1
= 12mm neg [ Zyp max

tavst *

Distance between vertical stiffeners: “ang(7l ”2) = max(gncg(z]),gncg(yz))
Sig -= 8.9141

s " 3 megl?172) = min(eg(21) Onegl22))
Number of longitudinal stiffeners:

n=2 ‘ _7 UZ.neg(Zl'ZZ)
Poissons ratio ”¢neg(21 '12) - °1.ncg(zl '22)
vi=03

Biiy.1 = Uneg(tur * d2 + d3.typ * hyyy) = 0.441
Vv = wneg(tuf +dgityp+dy + d3) =-0.095

Yy 1= Py = 0.441

3 1= Piy.p = 0095

XCV



B. I-beam

3 -
b inf = 5_—wlml =280.670im

b3 gup = 0:4(b3 ¢ = 182.690m

— _ 2
Agl1 = Agyst + tyeb {0 ing + b3 sup + tayst) = 0.012m

1,
web
(Webtqbl.inf + b3.sup * ‘avsl)B Py * Aavsxtqbl.avs& - Cy + lweb)

Y, =
tp.sl.1 Aqn

Stiffeners moment of inertia out from the web plate

. 2 _ =
L 11 = Lavst * Aavstlfo Lavst = Cy + tweb ~ Yipst1) - =2.663% 10

3
. (b1Linf * 3.5up * tavst) Bveb
—_—
¢ 2
web
+ (b1 inf + b3 qup + ‘avs‘)%’ebEET ~Vipasl. 1]

Moment of inertia, Von mises stress and alpha critical

- 4
ly = 0.038m From EWM Ramboll

Oy unit = 22MPa From FEM, somewhere close to
N middle of the span in top flange
m

Oy 1= Oy il = 359.53MPa

N
Q. UNIT = 345-95% Eigenvalue from FEM SOFiSTiK

Cer.UNIT
Ser fom = = 2204
Load global
qdﬁstﬁ) 3
Vigi= —5 =209 10BN
2
adtsisB
= & = 1.403 x 10N
Ed 3
VEd.mid = 0
Web
ly 3
w. = =0.0390
.web
o b+t + tsp ~ 2
M
Ed _ 362.5790Pa

9x.Ed.web =
Wy web

=13.083MPa

_dd
%zEd.web = 7
web

ts hy: hy:
of liv v liv
&= GfBb'ftﬁ'uf Fhyy 5o ’th] iy mwchE‘uf et T
VE4S
Ed
TEdweb = ——— = 87.698(MPa
Ly fveb
Viq— 4q2m)3
‘did) =74.58(MPa

TEd.web.2mfromsupport -~

Iy“‘kveb

Calculation of .von mises stess analyttical

p

Stiffeners
Stiffener over
!
Wy g1 2 = 00830
hyjy +typ =2 = dy
M
Ed
Oy Edsto = = 168.682[MPa
Wy.st.o
= 128.649Fhm Stiffener under
!
Wy stu z = 08780
hjjy *+ typ ~zp —dp —dy
M
Ed
i Oy Edstu = o = ~15.983MPa
Wy.st.u
Flange
IY 3
Wy = =0.0390
Y
o Tt hyjy =2
M
Ed
TxEdip 3y 357963 MPa
y.fl
e t
. of of _ -3_3
Stp = > i-,f{T +typ +hyy —ztp] =6.785% 10~
v, a3
._ “Edmid®tp _
TEdpmid = T C 0MPa
yBst
S,
EdSp
o = = 0.669MPa
Ed.tp LB
Yy
Calculation of load amplifiers, g with von mises stress taken from
sofistik.
-Formula for von mises in the denominator in o,
fy.
Carifile mres & 2o 1.001 0o, from sofistik EC3-1-5Ch.10(4) eq.10.3
= O
A\
Global slenderness A, yces
Flange
Flange, calculation of Ogrpt
Py, =1 kg 1 =043 Cross sectional parts in
e o-fenee compression with free edge
SS-EN 1993-1-5 table 4.2
2 2
~ gl B 3
OEflange’= T - 1.58 x 10°MPa
3 r6 2) buf ~tweb
=0.0190hn 12001 - v 72

TerpAl = Ko flange OE flange = 679428 MPa

Flange; calculation of elastic critical column buckling stress Oret

— 2 2
Iy analytical = J IxEd.web T 9zEd.web

XCVI

2
X Ed.web @z Ed.web * 3T Edwep = 387.252[MPa

B,
o, = s | S = 1.493(MPa Unstiffened plate
cr.c.fl 2 2
12[61 -V )@'5
Stiffener; calculation of Ogrpt




B. I-beam

2 2
My

1o - uZ)Egbl_avsl)z

OEst1 = =170.820MPa Part 1 stifener

2 2
B DEIIEVS‘ 3
37 3.374x 107 MPa Part 2 stiffener

TEst2= 7& z)
12041 - vifby 1)
Terpst.l = ko stOp.st.1 = 73:45304Pa

Terpst2 = ko stOEst = 1451 % 10°m4Pa

Stiffener; calculation of elastic critical column buckling stress o, o

2 2
B Unstiffened plate
E % =0.344MPa P
]2[61 -V )Ets

Calculation of the reduction factor x,, for shear stess:
n:=12 EC3-1-5Ch5.1

X = it ay <22 EC3-1-5tab.5.1
N

083 ifﬁi)\ <1.08
X n P

1.37

——— otherwise
0.7+ >‘p

Ny =2

WEB

Webj; calculation of X, (that depends on Ap)
a:=0.49

1,
b
€)= Yipl1 - ch = 122,649 hm

‘web
e = Cy—ey ——— =35.7190thm
1=Cy =

o= max{e ) EC3-1-54.5.3(5)

EC3-1-54.5.3(5)

EC3-1-54.5.3(5), for
stifened plates

=0717 EC3-1-1eq.6.49

Web; Calculation reduction factors p,

Internal

p42(Mpob) = |10 if X, <05 +0.085 - 0.055m

Xp = 0.055Eax{(3 + ), 0] SSEN 1993-1-5(eq4.2)

min| ———————— 1| otherwise Internal cross sectional
2
parts
*p
Viiy = Veg(tuf tuf * hiiy) = ~1.09 Stress distribution, y,=0,/0,

Ppx = 42N i) = 1

Calculation of amplifers, Oerp and Ocrer

for column like buckling in x direction for the plate

4
2. 2
I, B, ®
a1 BBy
tyeb B
" |l 1osE Myep B o
crslp ts = 4c
P Adl1 by By
) s, Eq.A4
T B, e

2 2 p3 22| Fosste
A1l 4 ﬁ‘ -V )D\sl.lml B

uf * Dy = 7y = 0.957m

by = by —dj =0457m

by:= hyj, — b, = 1.043m

b
Bi =3421x% IOSDMPa Stiffened plate with one longitudinal stiffener in the

g, : =0 sl
i ey b1 compression zone. EC3-1-5 Ch.A2.2
2
B .0
Oopgl = ————— =599.652MPa
A B2 Stiffened plate. EC3-1-5 Ch.4.5.3
sL1Sts

bc 3
o g3 = 1.256 x 10°MPa
bgi1

Interaction plate like/column like

[of
€, = max| min| —2 - 1,1{,0]=1
cCl’lC

Pex.web = (Ppx = Xox) Bxlf2 = &) * Xex = 1

r(ppx - ch)mfoz - gx) + ch.lﬁ‘ult.kimlses <

Roxwwel™ (ppx - ch)mxﬁz - éx) *Xex 1f

™M
i Rppx - ch)Difoz - ix) * Xex|Baltk_mises - According to
i >
™ EC1993-1-5 q.10.1
stresses (z-direction), i ofppx:
Apo = 08 o, 1= 0.34 Table B.1
ep = 0511 + o lfx, = X0) + 3] = 0816
Ppz = 1 if )\p <0.673 =1.21 -0.139i
1 .
if )\p >0.673 EC1993-1-5,eq. B.1

ot~

Elastic critical buckling stress and the buckling stress for a planet that is not stiffened,
seen from the z-direction:

2 2
7 [E!
Oercn'= L R
@ 2. 2
iy -y,
2 2
o [El
O, = e T, S
¢ 7). 2
1 - ),
kg, =4

Ocrp.z = Koy OF , = 13761MPa
Column buckling, X,.

Oungtiff = 021 EC1993-1-5 Ch. 45.3(5),
unstiffened plate

D, = ()‘Sﬁl + aunsﬁffr(lxp - 0.2) + xpz] =0.777 Use/\p according to EC3-1-5
Chapter 10

XCVII



B. I-beam

=0.86
EC3-1-1eq.6.49

Interaction plate like/column like:
I,
€, = max| min| — 2= = 1,1/,0]=0
UCI.C.Z

Ppz = Xez) B2 — &) + Xez = 086

Pez.web =

[(Pp.z ~Xeo) &2 - €,) "]@ult.kimises

+
Xez <1 =08¢

Rozawo= | (Ppz = Xez) B2 ~ &) + Xe, i -

- [(Pp.2 = Xez) B2 ~ &) * Xeo] Butti_mises . Accorting o w0

™

The verification formula, web, with 0, 0,¢4and 14 taken from
sofistik:

2 2
OxEdweb | | %zEdweb | _| xEdweb 97.Ed.web

Poxweblly, Pez.webly, Poxweblly, Pezwebly,

™ ™ ™ ™

In
"

TEd.web
XWE@]

M

+3

2
OxEdweb [ | zEdweb OxEdweb ][ TzEdweb

- .. =0.985
Pexweblly, Pezweblly, Pexweblly, Pezweb Ty,

™ ™ ™M ™M
2

TEd.web
Xy !

™

+3

Verification with V-factor according to Zizza

Cweb -

o 1 022) .
Prwebx v = miff cyeplll == ==\, 1] =1
LI

PewebaV = (Pwebx.y = Xex) Balf2 = &) +xex = 1

IS
£, = max Rz 1,00=0
%ere.z

_y -05
f=" (g, * 1

= min(1.25 - 0.250y;,,1.25) = 125

)0,9 -0
PewebzV = Xez + (Pp.z = Xez)E = 0.86
Viveb = Pe.web.x.VPc.web.zv = 0-86

2
e3 = 1.25 + 0.750,, =2.33

The verification formula, web, V factor according to Zizza.

2
9x.Ed.web . 9z.Ed.web

Pe.webx vy, Peweb.z vl

™ ™

(3

3
9x.Ed.web __ 9zEd.web TEd.web¥3

pc.web.x.mel pc.web.z.VBg/] meyl

™ M ™

2
9x.Ed.web 92.Ed.web

Pevebx. vy, Pewebz Vi,

=0.978

™M ™M

e
3
Ox Ed.web 07 Ed.web TEdweb¥3
Pewebx vy, Pe.webz vy, Xally,

+Vieb

™M ™ ™

XCVIII

Stiffeners
factors, cross i parts with free edge
pas(prt) = [0 ir 0748 SS-EN 1993-1-5 69 4.3
xp ~0.188 Cross sectional parts
min| - 1| otherwise with free edge
>\P
Pi=1

Ppxstl = Pa3(Np¥) =1

Column buckling, X, ¢.

—02 EC1993-1-5 Ch. 4.5.3(5),
yngtiff = 0-21 unstiffened plate

= 2|2 -1-!
L—— 0.551 + Oyngeigr A = 02) + -| =0.777  UseA, EC3-1-5Ch. 10

1
Xexst.1 = =086

e EC3-1-1eq.6.49

Pexst.

Interaction plate like/column like

. UCI".
€x.st.] = max| min| ————
UCI". .S

Pex.st.1 = (pr,sn 'ch‘st.l)mx‘st.l':qz - 5x.st.l) * Xexst.1 =1

Terp.st2
€y st = max min| — == 1],0]=1
Ter.c.st

The verification formula, stiffeners, with o, taken from sofistik:

EC1993-1-5eq.4.13

2
9x.Ed.st.o sl i 9x.Ed.st.o —0.197
pcx,sl.lﬁg/1 pcx,st.lﬁgll
™ ™
Flange

Reduction factor, cross sectional parts with free edge

Raalrpew) = 10 it X, <0748 son
Ny - 0.188 1993-1-5(eq3)
min| ————, 1| otherwise cross sectional
N parts with free edge
P
=1

Ppx.f1-= p4.3(>‘p"¢) =1
Column buckling, X, g.

unstiff = 021 EC1993-1-5 Ch. 45.3(5),
unstiffened plate

- _ 2]
Pex = 0-5@ * oungeifr Ay = 02) + J =077 yse h,, see EC3-1-5Ch. 10

1
Xex.f1= 3
Poxfl* ] Pexfl "N

Interaction plate like/column like

Terp.fl
€, = max| min| —2— ~1,1(,0]=1
Terefl

Poxdl = (Ppxsl = Xox) B2 ~&xn) * Xexn=!  EC1993.1-5 eq4.13

=0.86
EC3-1-1eq.6.49

Platelike behaviour

Sa= max(l.ZS + 0.751W2,2) =233
The verification formula, flange:

2
Oy E TE, i
xEdp | o f TEdipmid
xwﬁfyl

<1=1

™



B. I-beam

2 2
%x.Ed.tp 3 TEd.tp.mid
Pex. iy, Xy,

=0.989
™M ™
The verification formula, flange, V factor according to Zizza.
‘"m =1 Uniform compression

cq:= min(1.25 = 0.250,1.25) = 1

1 22
Py .y = min cqll— Z022) 20990
o X\ 2
P,

Pofxv = (Prx v = Xex ) Bxalf2 = &x) + Xex.n = 0:999

5 B
OxEdtp |, V3lgq
Pefx vy, Xy,

™M ™M

s1=1

.
2
by | [Py
Pefix. vy, Xty

=0.995

M ™

XCIX



B. I-beam




C

Box girder

C.1 Original cross section

CII Original cross section EWM calculation
CIX Original cross section RSM calculation

CI



C. Box girder

EWM - Original cross section

This chapter covers the EWM calculations for the original cross section

Geometry

Amount of:

Upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

Side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffieners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

CII

Ngy =9

=6

N, *

Nggo = Ngp +1=10

by := 3500mm tg = 10mm
bg.0.5:= 1750mm
b,
= d =350mm
Nss0
hg = 389.2mm tg = 12mm
hyy = 1340mm ty = 12mm
hwy = 482.8mm
hyyx = 1250mm
Sgu0 = 20mm
Sgy == 440mm
by, := 1000mm tp = 16mm
gy = 16mm agy = 6mm
120mm tgy = 12mm ag, = 5mm
s
h, = hg, 21.12— | = 111.939-mm
suy = Nsu co{ 180)
b
hig=tg + hg+ hwy* 2° 890-mm
i dge = 18m
a:=2m
Stg = 2000mm Stgp = 500mm
tig1 = 18mm tigp = 12mm tigz = 8mm

1
b
hweb = hwy* hg— 2 = 864-mm

vi=03

M= 100
Mo = 1.00

m=1

Material parameters:

E:= 210GPa
fy(t) = |(355MPa) if t<40mm EC1993-1-1tab.3.1

(335MPa) otherwise

0=
Area

Agi= tgbg

Agp = Ngytey gy Agy = Ngrtgyrhg,

2
Aot = Ag + Ag+ Ay + Ap + Agy + Agy = 0.121-m

A,

c s+ Ad= Cl.055m2

Change of center of gravity, 2,

(From top to centre of gravity)

Ap = tyby

t h h h
d 'so s 'wy
Ad'z + Aso'[ld + 7] + As’[td + ;] + Aw‘[td +hg+ 7]
h

'suy

2
*Ab'([d +hg+ hwy) + Agyltg + hg+ E(hwy— SSJO) - T}

= 363.096-mm

Ziny =
Y
i Atot

Moment of inertia l,
T
Squoy = SN 2112 — | 5q,9 = 7.206:mm
0y 130) 0

Stiffeners over/under:

3
teyh

L oo h
ystso= Mso ™5

£

—6 4
lystsuli= 6150610 "m" from FEM

h,

2
h
2 'SULy
+215u.hm.[td +hg+ S(hwy— Suoy) ~ - - z,p]

2
h,
suy
+ leu-hm-[ld +hg+ (hwy - SsuOy) - z‘p}
Web:

4
lyw.1 = 2:0.000812m" from FEM

Deck:

lyd= bdv‘d3 + tdvbdv(%d - ztpjz ~4.488x 10 °m*
Bottom flange:

lyb= bb;f + tbvbbv(hls— 7 - %bjz ~4300x 10 °m*
Side plate:

Iys: e + Z‘s'hs'[‘d + h;s - ztpjz ~3526x 10 *m*

Total:

4
'y‘tot = Iy‘s(.so + Iy.sl.su + Iy.w + 'y.d + 'y.b + Iy‘s: 0.015m

1 'Suy
ly.stsu=lystsul* Ztm'hm'[td +hg+ g(hwy - SsuOy) S

2
1
b 1 -
w‘hw'[hts -5 E-(hwy) - ztp} =3.101x 10

2
-3
+ nso'tso'hs)'[td + - z‘p] =1649% 10 "m

3
m

4

2
- th} . =9169x 10 *m’

4



C. Box girder

Reduced cross section Reduced cross sections

Functions to investigate the stresses in relevant cross sections
Stresses Side plate
Tmax = fy(tg) = 355-MPa

" - 29 =ty =10-mm
Stress at z-coordinate when lower flange acts in tension: 1=

Omax 2y =ty + hg=399.2mm
cneg(z) = T-z = Omax
P

L neg(21:22) = M3 oeg(21). Treg(2)) Ygi= 7:"89(?) =-0102
92 negl21:22) = Min(0neg(21) - neg(22)) o

Stress at z-coordinate when upper flange acts in tension: Condition := 6215((5)-(1 _ “’s)‘ g if pg<-1

O 42¢(tg)

x Z+ o, —————— otherwise
max 0.67 + 0.33)g

Upos( z) =

91 pod21-22) = MaX(0po 1) Tpod 22)) hs
Class4 := |"Class4" if - > Condition = "Lower than class 4"

72 pod 21 22) = Mi(opod 1) Tpod 22)) s

. "Lower than class4" otherwise
Buckling factor

0 z.neg{zrzz)

Ilfneg(zl,zz) = p nedlpzz)

“; Z.pcAZl‘ Zz)

Vpod21:22) = o1pod?1.22) Ko.a.1(ts) = 8.555

ko g41(0) = |4 if p=1 ?Lickling factors from table Ses0 = S0~ lso [table 5.2 ES1993-1-1]
82 if1>¢9>0 SS-EN 1993-1-5
105+ Internal parts in conpression xpls = Xp(kc‘zl,l(ws)'hs'[s) =048

781 if =0

7816200 + 97897 if 0> >-1
239 if h=-1

psi= P, 4.2(>‘p.s*¢s) =1 Internal cross section parts, EC1993-1-5 4.4 (2)

hgt=tq+ hg- Zp= 0.036m Height, tension part

598(1- )2 if 1>9>-3

N ¢ = hs ~ hgy = 353.096-mm Height, compression part

hs eff ¢ = Ps(Ns ) = 353.096-mm

h, = 0.4h, =141.238-mm
Buckling factors from table 4.2 seff.cl seff.c
SS-EN 1993-1-5 upper part
Elements in compression with

Ky 4.240) = 043 if p=1
057 if =0

0.57 - 0.210 + 0.07° if 1> >-3

085 if p=-1 free edge.
Lower stress close to support.

Ns eff c2 = 0.6 Nggff ¢ = 211.858-mm

hgeff = Ngeff ¢ + hgy = 389.2mm

32
Ageff.c = 2hg gff - tg= 8474 10°-mm

K 4.2p($) = (043 if p=1 Buckling factors from table 4.2
0578 SS-EN 1993-1-5 lower part
—— if1>9>0 Elements in compression free
P+ 034 edge. 3 2
3 Aseif = 2(Nseff.c + Nsy) ts= 9341 x 10°-mm
1.7 if =0 Higher stress close to support. -
17— 5%+ 17002 if 0> >-1
238 if p=-1 Critical buckling stress, orthotropic plate:
E 7r2 t, 2
Slenderness - s 3
Serp = kg.aa(te) o o WX 10MPR eoig035eq.A1
b 12»(1 —v )~hs
t
Apfkgbit) = ————
plKe b !
B4<(0)- ks Stiffeners
Reduduction factors Za= tg=10mm

Za/= tq + hgy = 150-mm

SS-EN 1993-1-5 (4.2)
Internal parts

p4_z(xp,w) = |10 if Np<05+ |/0.085 — 0.055¢,

Np ~ 0.055max((3 + 1).0]
mi ——— 1| otherwise Uneg(zz)
\.2 Yo i= —2—= = 0.604

P < “neg(zl)

p4_3()\p,¢) = |10 if Np<0748 SS-EN 1993-1-5 (4.3)
Cross-sections with free

(2 - 0188 ) edge
min| 72,1 otherwise

*p

kc.4.2b(‘|’so) =0613 Higher stress close to support

h
Glassg:= |"Classa" if ‘—5°>21-s(130)- kg 4.2p(Pgo) = "Lower than class 4"
£y

"Lower than class4" otherwise

Ap.so = Xp(ka.A.Zb{wso)'hso’tSO) = 0484

CIII



C. Box girder

Critical buckling stress, orthotropic plate:
Pd.so= 94.3()‘p.so'1|’s) =1 Internal cross-sectional parts,
EC1993-1-54.4 (2)

2 2
Em ity
Nso eff = Pso'sp = 140-mm Saxpi= Ko p ) o o0256MPa EC1993-1-5 eqA1
12-(1 —v )»bd
Acp it = Noytep g et = 2016x 10%mm?
'so.eff = 'so"*s0™" 's0.eff 8 6 B Ac.effloc 0952
o= =0
Deck
»_5 2
ty
pi= PA_Z(XpW’) -1 Plate like behaviour
235MP:
Classt_= |"Classt it 2 5 a2 [ZEMP3 oo
tq fy(tq)
"Lower than class4" otherwise Effective area of the stiffened plate(deck):
4 2
. Aceff = p4.2()\p,1|))vAC.dfl|UC + Sy eff g = 5:375x 10 -mm’
“d -3
= = 5x10 “m by = wneg(zd‘zd) =1
Buckiing strength
Soen= S0t ftab. 5.2 ES1093-1-1] ko= K5.4.1(0g) = 4
fy(ta) 4
NRg:= Ac_eﬁ.W =1.908x 10°-kN
p.d= Np(Ko.d Se.50-1d) = 0723
Pg = P4.2(Np.ghbg) = 0.962 Internal cross-sectional parts Column like behaviour
= Pg'Se.g0 = 321461
Sso.6ff = Pd'Sc.s0 (] h tg
teohey| tg + 7 + %)-ld-z
Yip.s.c= = 34.268- mm
tsohso + Sty
Areas:
Api= t h tg) =531 x 10*mm? 3 2
Aei= NepSsotd + Neyrten(Nso,eff + 1) = 5:3Lx 107 mm! seolg ty 7 4
d.c= +Seota| = ~Vipsic) |~ =1.137x 10 -mm
. a2 12 2 CPS
Acif loc = NsorSsp.eff td * Nsortsn (s eff + tl) = 5:083x 10°-mm 3

h 2
's0""'s0 O
S T Neots'| ta + > Ypsic

More than three longitudinal stiffeners --> l<u‘p obtained with eq. A.2

bt 3 Buckiing resistance stiffener
dd 5 4
Ip::7:3.205>< 10"-mm 3 2
12_(1 B Vz) A= tsoNso + Sso'tg = 574 x 107-mm
—h _ 3 2
hey t Ag eff = tso'hsp eff + Sso.eff 'tg = 5455 10"-mm’
NeoteoNey| tg+ — | + bytg—
Vipd = 2 2 _ma11mm Asteff
tpsl” NeoteoNep + Pty ’ Bo= g 0%
bty t 2
d’d d 8 Critical buckling stress for a stiffener
Ig = % " bd-td-[E - y,p_dj =1.052x 10°-mm 9
nso'tso'hso3 s :
+ T + Ngyhgytey | tg + 7 ~Vipd

P P

|
Ii ~328143 a:= bi ~0571
P d . ¥
/ c
Pi=1 Uniform compression
Column-like Interaktion Plate—!ike
Ag 1= Ngyrhgy tey = 0.02 m? EC1993-1-5A1 (2) behaviour I~ behaviour

EAY
I
<
R
Il
[
[==3

sl
8= — =0576

P -The stiffener is acting as a column between stiffeners

2
noElg
2[(1 2)2 J Cad = 72‘: ~ 1.026x 10°MPa
\1+a7) +y - B 4 A

kgp= | if a<{y =630127 Ag-a

o2+ 1)-(1+8)

Slenderness ratio
ol ) i
(b +1)(1+9)

CIV



C. Box girder

Calculation of reduction factor EC1993-1-54.53

;=049 Stiffeners open cross-sections
e=2718
T e
1 Yoo 1=
i |- 135.362.mm L
Ad
t h,
d 'so
e m{(ym-ﬂ . z]’(‘d " VIP-SJ] ~Arssemn
Q=+ 00 _ 0.522
e
= 0.5[1 +og (A —02) + xcz] =0762 EC1993-1-16.3.1.2 (1)
Xgi=mi =0.792
Interaction
Lo
€ := max mi c"pfl,l .0|=0
%crsl
& is amost zero > column like behviour
Interaction between the two types of behaviour (column/plate buckiing)
pe= (p = Xc).g-(z —£) +Xo=0792
Checks
Mean stress rod
The "rod" in this case consist of two parts in the stiffener and one part in the web.
) g Nso,eff 4
Favst = NsoSso.eff d neg| 5 | * Asonegl ta * =-1571x 10"kN
F
TeomEd = ——— 319999 MPa
NsoSsoeff td + Aso
Check according to A.2.1 (4,
pefft
Pt _ 281.032-MPa
Y
. "c'fy(tb)
Ka21:= |"OK" if ———>0cgmEg ="OK
BLY
"EJOK" otherwise
If this condition is not fuffiled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria
A, = =0.032 2
deff = Nssold Sso.eff = 0032m
2
Atoteff = Asoeff + Adeff * Aw+ Asut Ap + Ageff =0.118m
9
A, — 4+ A dtg+ -
d.eff 2 so0.eff | 'd 2
h,
's.eff.cl
+2 [s'hséf.cl'(‘d + 2
h, h,
s.eff.c2 st
”s'hseff.cz[td +hge > ] + ts'hst'[td +hg— >
h,
Wy 2 su.y
*Aw'[ld +hg+ =) Asu'|:‘d +hg+ g(hwy’ SSJU) |-
1
b
+ Ab-(htS - E
=371.724-mm

Ztp.eff.neg =
peLneg Atot eff

tehg et o1 h 2
s's.eff.cl S.eff —4
Iy seff = 2 ————+ ts-hséflcl{ld + - ztptdf.neg] -3788x 10
3 2
tsNseff.c2 Ns eff.
+ 1 +tghseff co| td + Mg~ > “peffneg) -
g’ hst :
+ +ghsp|tg+ hs— 5 Apeffneg
Ns 50 Ss0.ff 't 3 t 2
's.50%s0.eff "*d d ~3 4
lydeff = > * "sso'ld'%n.eff'[; - th.eff.nag) =4323x10 "m

4
lyeftneg = lysteo* lysta® lyw* lyp+ lys* ly sef + by d s = 0.015m

Negative moment

Effective cross section with negative moment(lower flange in tension)
5.2.1 Area

Adt eff.neg = Ad.eff

4 2
AceffJoc = 5053x 10" -mm

pefultp)-A.
Acff locmod = Pelfiolhs 5,041 10> mm
9com.Ed M

2

Autdf.neg =Ap Bottom flange in tension

The effective area in compression is calculated according to 4.5.1(4.5). If the condition A.2.1(4)
which was checked before is not fuffiled, further reduction is needed and the area above is used.

i " " 2
Aeethi= |PcAceffiocmod * Soefftd if Koy ="EJOK"  =432173.cm
PcAc.effloc T Sso.eff tg Otherwise

Aqy Lower stiffener in tension -> no reduction
Ap Tension -> No reduction

As No reduction if the side plate is in class 4.
Aso Stiffener class 4 --> no reduction

Effective areas, effective centre of gravity and effective moment of inertia

Adtt tor = Aceif + Aseff + Ay + Agy + Ap = 1.094x 10%cm?

According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.

Aceftloc.mod

ty.eff = |Pc tq if Kppq="EJOK" =7.916mm

Ac.ff.loc
ety

L eff s Y
"so'hso.eff"so'it g+ > + Sso‘df"d';
d

hs.e(f.cl]

‘4
*Nso'Sso et Lo eff (;] * ‘s'“seff.cl'[‘d *

h
seff.c2 st
*ishseitcz|td* Nse =, ] *+ishsp|tg *+ Ns— 7J

hwy 2
+Ay ld+hs+7 +Agy td+hs+g(hwyfsso)77
1
b
+Aplhg——
| s =

Zipuaffneg ™ = 390.532:mm
Aeff ot

=

CV

4
m



C. Box girder

Effective moment of inertia:

3
NssoSsoeff td ty 3 4

2
ly.d.eff fin*= T + td»nssdsso_eﬂ»(z - ztp_eﬂ_negj =47718x 10 °m

Sy 'n(zuz &j Squ0 = 7-206:mm

Stiffeners over/under:

3
tso Nso eff

) Nso eff
ly st.sofin = Iy + Nsp'teo Nep eff | td + >

2
-3 4
- zm_e"_neg] =1977x 10 “m

ly.st.su.1fin = 6:150610" 5m* from FEM

4

_a
'y.s(.smm = 'y.st.su.l.fm =7825x10 m

2
h,
1 'Sy
+ 2’su'hsu'|}d +hg+ g(hwy’ Ssuoy) - Zp effneg|
2
h,
2 'Sy
+ 21su""su'|}d +hg+ g(hwy’ Ssuoy) N Zip.eff.neg

2
h,
suy
+ 2’su'hsu'|}d +hg+ (hwy - Ssuoy) = th.eff.neg}

Web:
Iy w.Lfin = 2.0000312m"  from FEM

2

Y

b 1 -3 4
lyw.fin*= lyw.1fin* wa‘hw‘[htsf 5 E»(hwy) - ztp_eﬁ_neg} -2635x 10 °m

Bottom flange:

2
byt ¢
b*b b -3 4
lybfin= "5+ 1b~bb'(hlsf Zp effineg ~ 5) =3865x 10 °m

Side plate:

3
tsNseff.c1

Nseff.c1
2 +ghgeifcr|ta+

2
4 4
> “peffneg| -

ly.sfini= =4408x 10 *m
3

tshseff c2
L2 sdfeZ

Nseff.c2
2 +tshseif.co| td+ Nsc~

2

> le.eff.nsg] -

3
tshst

h 2
st
+tghgy| tg + hg— 5 “Apeffney

10
ly eff.negfin = lydeftfin* lystsofin* ly.stsufin* lywfin* lybfin * lysfin= 1.448x 10°"-m

Load
Load capacity:
qM:= 92k—N The load capacity is calculated with different checks. The load capacity
mz is gy, when checking the moment capacity.

QM= Mby =322 N
m

= 1304x 10*kN-m

2
X QJm"bridge
Meg=—"5

qV= 134k7N The load capacity is g, when checking the shear capacity.

2
m

QV:=qVby= 469_k7N
m

Vi bridge

Veg= — 4221 10°kN

CVI

4
m

Moment capacity

| )
Wy - I 0
Ztp.eff.neg

it

Mg = Wy gt M9 3 16 16t inm
M1

Med

—= - 0991

MRd

Shear capacity
n:=120 SS-EN1993-1-551ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

Duep = 2/15€(ty,) ty, = 0.293m

— Angle of web
hW

h
o= asm{ Wyj»@ ~21119
™

Distance to stiffeners from z-axis:

22 ooda, )
B217 5 S0 Ow gy 2
w
822 Azl ssu'co{o‘w‘ﬁj =0913m

a3 Agz2+ sm-cos(aw%j =1324m

Moment of inirtia stiffeners z-direction

(two
stiffeners)

lg.z:= le'hw'“as.z.l)z + (as.z.z)z + (33.2.3)2—‘ =818 10 °m’

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:
b, t
b ™ Su
=+  CO! r— |+ — =0525m
Astadn= 7 * S0 {O’w 130) 2
s
stz Azl Ssjm{"wﬁ) =0.935m

T
Asaai= 22t Ssj'm{"w'ﬁ) - 1346m
Moment of inirtia of 15¢t of the web z-direction

lsw.z = 2bweb'tw'[(a$.z.1)2 * (asl.z.z)z * (39.2.3)2] = 0021m’

4
It ztot = lstz + lstw.z = 0.029m
Shear buckling coefficient, side plate

SS-EN 1993-1-5 5.3 (5) ANM.

>1 =5491 -
hs eff A3whenky=0
2
h
400+ 5.34.[ Se”j it - 21
a s eff
h
s eff
A1 = ———— = 0455

EC1-3-5eq.5.6

i 34tge(ty), ‘/Kl



C. Box girder

Shear buckling coefficient; web with more than two longitudinal stiffeners

Istztot

SS-EN 1993-1-5A.3 (1) and (2) gives:

2
h
K= 5.34+4(M) tkeg if 023 ~1635x 10°
a

[
63+ 0.18. st.z.tot

mi n(ts, tw) e

o

Istztot

min(ts, ‘w)3' Pyveb

41+ +22 otherwise
Slenderness limit for which shear buckling check has to be performed for stiffened webs:
A= 12 ECc1993-1-35ANM25.1
h, £(t,
Check := | "no shear buckling” if wieb < 3':1<E ky1 = "Reduce"
min(tg, ty) n

"Reduce" otherwise

Reduce --> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

hy
= max =0.455 SS-EN 1993-1-55.3 (5.6)
M [37 Atyre(t) Wl]
B 0.83
Xwi= [0 if Ay <— =12 SS-EN 1993-1-55.3 Table 5.1,
n stiff endstiffener.
083 08\ i
M n
A Ay =108
0.7+ Ny
Kapacity of the web
Jas= 1.00 = 12 Safety class 3
g 100
S83 "bérande konstruktioner*
Shear capacity:
At t
VowRd= — (= — y( ) web”s =2125x 103-kN SS-EN 1993-1-35.2 (5.2)
V3 WM

Vb.Rd ™= Vbw.Rd
3
Vg = 4221x 10°kN

Ved

—  -09%
2Vow.Rd

(contribution from two web)

n'fy(ts)‘hweb’ts _

VbRd <
NERTVEE

Kapacity of the flanges
SS-EN 19931554

No shear buckling --> the plastic load bearing capacity can be calculated.

S83 "barande konstruktioner”

SS-EN 1993-1-5 (A5)

Moment of inertia

t
d
% eff.neg = Ztp.eff.neg ~ 5 = 385.532:mm

1)
b
af eff.neg = Nts — 5~ “peffneg= 491.468-mm

The flanges plastic moment bearing capacity for a cross-section with the effective
flange-area.

A -|a- At
eff. f eff .|
M Raneg = Aot e neg |2t et neg] *y('a) o 7191x 10%KN-m

Mo
Aottt neg [t eft.neg Ty(1o)
Mo

The contribution from the flanges should be taken into account when there are still capacity left in
the flanges in bending, ie the following condition should be fulfiled:

MEgq <Mt Rd.neg = 0

16 bty 4 (to)

co = 025+ — 9 AL _|_oezam
<(hs+ )19
1.e»bb»tb2.fy(tb)

oyt = 025+ — =2 P |_o59m
<(hs+ )19

2 2
byty fy(ta) bty fy(tn)

VptRdored = =+ = 294676-kN
CofIM1 Y Cuf TM1Yn

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

2
. Mgg )
VbrRd= | VbrRdored| 1| 1 if Mgq<MiRdneg =0KN
f.Rd.neg
0 otherwise
Shear capacity stiffened web:
- fy(t ) web'ls

VowRd* VbfRAS— = — & EC1993-1-5 Ch.5.2(1)
39m1

Nogai= Vow.Rd + Vof Rg = 2125% 10°kN

Check:

<1=1 EC1993-1-5,Ch.55, eq. 5.10

VEd
2VpRd

Flanges, plastic moment bearing capacity for the effective-flange-area.
Moment of inertia of the flanges:
I =1 | 10 3m?
V£ 6ff fin = ly.deff fin* lypfin=8643x 10 “m
The flanges effective area:

2
Aeft f.tot = Sso.eff 'ld + Nso'Sso.eff ld.eff * Nso'lso ldeff + Ap = 432579-cm

Y4 ‘d‘df
Ssoeff a7 * NsoSsoeff d.eff”

td.eff lb
*| Nso'tsotd e [ * Ap| s = 5
=328.801-mm

At f.tot

Zp .eff.neg’=

!
__yfefffin 3
Wf.y.eff = ————— =0.026m

Zp f.eff.neg

The plastic moment bearing capacity calculated with the flanges effective area:

CVII



C. Box girder

fy(td) 3
M¢ Rd = Wf_y_eff~W =9.332x 10™kN-m

Results

My Rd = Mg = 1316x 10" kN-m

Moment capacity check when QM= gz,li:

m
M
= B =0.991
Mpl.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
. kN
Shear capacity check when qV=134—
2
m
V|
Ny = 7Ed =0.993
37 2y
bw.Rd

CVIII



C. Box girder

The Reduced stress method

- Original cross section

Material 0.5VEy
! TEdsp= =i J,
fy(t) == |355MPa if t <40mm .sp It
y Ampi=1 totls
(335MPa) if t>40mm Top plate stifeners
E := 210GPa
_ Mgg
vi=03 G:= _E& _ 80.769-GPa Ix.Edtps = f'(hls “lg- Ylp) = 263.745-MPa
2.(1+v) tot
tgorh, th,
Geometry [”so' 302 0 L, 5250 R
SO -3 3
Bottom plate Stps = 7"33* 5 '[hts’ tg— 2 Ytp) .. =1479%x 10 “-m
- - tqb, t,
ty:= 16mm by, = 1000mm A = bt = 00162 aba (o,
b b'b + 'ts tp
Ngy + 2 2
Top plate
tg:= 10mm bg := 3500mm _ B 2 Voo
Ag:= bty =0035m e —E A0S _ e 243 mPa

s Yot tso

Side plates

Governing slenderness from FE-software
Agi= hgtg=467x 10 3m?

— 435 MPa
OV.UNIT = % KN From a linear stress analysis in Sofistik

2
m’

hyy = 1340mm

2
hyyty = 0.016m

oy = oy yniTd = 339.3MPa

fy(ta)

oy = ——— = 1.046
oV

hy.x = 1250mm hw.y = 482.8mm

Top stiffeners

tgy = 16mm hgy := 140mm

-3 2
= heyte = 224 107 °m . kN
'S0"'s0 O UNIT = 228417 —
m

From a buckling eigenvalue analysis in Sofistik

Sg0 1= 350mm

L SOUNIT e
q

Web stiffeners i
tg, = 12mm -3 2
su Agy = hg tg, =144x 10 *m’
'su susu Slenderness for all parts

Sgy 1= 440mm

Top plate check

Yipi=1
4
liot := 0.0148m From grasshopper Pt 1 xp <0673 1
th = 0.526956m  From grasshopper (from bottom of bottom plate) Xp 0,055 (3 . ¢1p)
—_— if )\p > 0673
Load )‘p
Global
kN Plate-like behaviour  [A.1]
q:=78—
2
m
kN Bt
Q= gby=273— OEtp= T 2 1.549-MPa
m 12-(1 —V )'bd
2
QLprig
Megi= ——9% _ 1106x 10*kN-m byty
8 d*d ~7 4
Ly Intp = =3205x 10 'm
Qlpyi dge 3 Ptp ( )
Ved=——, - - 2457 107K\ 122{1-v
h,
Top plate g 0
Ad-z + NgyAgy'f tg + —
== = 32411-mm
MEqg tq Yip.si.p A inoA
OxEdtp= m-(hts— 2 Yip| = 267481-MPa O2Edtp =0 d ™ Uso”'s0
3 2
byt, t
dd d 8 4
ty'by ty _ I =—+A »(y - 7J =1.052x 10"-mm
Spi= ———{ hg— = — Yy | = 1139 % 10 >m? dtpT Ty ThRdVesp T
P g +2 2 P 3 5
+n, ﬁ +A (\ + h;so - % ]
VerSp 0| T so'|'d* 77 “Vipsitp
TEdtpi= T~ = 15761 MPa
lior Min(ts. teo) It
== 328.143
ptp
Side plates
Ngy-A,
M Spi= ——2 ~ 0576
Mg P A
OxEdsp= m-(htsf tg ~ Yip) = 263.745:MPa
Q 11.375.MPa Opp = max(?,o.sj =0.571
a. = — = 11375
z.Ed.sp 2t d
22
Ps—tg = Yip)  tarba tg _ 2 (“"m) tpol] 4
Sop = (Ms—ta - Y‘p)»ts-i( = > 2 5 s~ Yip) - = 9867 10 om? koptp= | =5 if o< yp =639.027
N he oty (ep + 2)(1+ )

*7"’50"50' hls"d’T’Ylp 4'(1*'\/“71;))

: 4
i (i o) " 070

CIX



C. Box girder

Serpip™= Ko.pipOEp = 990256:MPa

Column-like behaviour  [4.5.3]
3
bl‘inf.lp 5o ¥

-
® &y = 0175m
tp

2
bz‘sup.tp = ?%% =0.175m Parts of the top plate that contributes to the

stiffener
by 11p*= Prinf.tp + P2.suptp=035m
-3 2
Ag.1tp= taby 1ip+ Ao =574x 10 “m
t h combined center of gravity for
tybg “F";d + Aso'[’d + %] stlaﬁ!ener and contributing top
. plate.
Ypditp= — e =00m
d'Psl.1tp + Aso
3 2 3 2
bsl.l.!p'td q th 'so
lgap= 1, Pl Mpsap ) t T FAs| T Vipsap
Combined
moment of
inertia

nZ»EI
TP o6 103 MPa
Ad 1tp'Sts

Ierstp = critical stress for kolumnlike buckling of stiffener

The top plate and stiffeners are subjected to a constant stress distribution so oo, = o o

9er.ctp™ Perd.tp

Reduction factor for column-like behaviour

h,
'so
e[p = max(ytp'inp —tyg.tg + 7 - ytp.d .1.lpj =0.046m

- 049+ 2% _ose
i
p
2
dpp= 0.5(1 +ogy(Rp —02) + xpw =0794 [63.12]

Xipi= mif ———2——— 1] = 0759
2 2
bp* P ~Xp

Interpolation.
o,

gp:= min 1 I R
Yer.ctp

Qetp’ stiffener with open cross section (curve ¢)

[(Ppxtp ~ xap)t (2~ S1p) + Xepl it _ .

petp= | [(Ppxctp ~ Xep)Stp (2~ &1p) * Xep] f i =075
P —Xip)€tp (2 — Etp) *+ Xep|
1 ’—( px.tp tp) lp( tp) Iﬂ ut S,
M1
Shear
- 12 71(2)
0.83
= if g <— =12
Xw Py
083 08 1o
>‘p mn
L8 Np 2108
(07+ xp)
Petp®,
c.tp ult _o794
M1

Side plates check

x-direction

CX

ey = =-0102
® ‘T(hls - ‘d)
. Med hys — tg — Yyp) = 263.745-MPa
Ox.top = ot ( ts~td ~ :p) = 205045
_ Mgg
Oy bot = I—<(hts— tg—hs~ Yyp) =-27.011-MPa
tot
a,
bepax = MaX(3 + gy . 0) = 2.898 bep1 = Xbot _ 5102
Ox.top
Ppxsp= |1 1f X< 0673 =1
Ap — 0.055 (1
"72(5"@‘) if 2> 0673
*p
Plate-like behaviour
ﬂz-Evtsz
OEspx = ( p =180.432-MPa
1201 - v} hg
Kospx= |11 bk =1 = 8557
82
T if 1>0g, >0
(105 + by x) >

781 if Yy =0

2.
781 - 6.20hgyy + 078%g, ~ if 0>ty > -1
239 if Yy =-1

5.98(1 gy if 1> x> -3
9568 if gy < -3

3
Tarpspx = TEspxkospx = 1544x 10" MPa

Column-like behaviour

1r2- E-IS2
= 6.833MPa

9erespx = 2
12\1-v )'ﬁs

Ogp = 021

2
bgp= 0.5-[1 + usp-()\p - 0.2) +Xp J =072

1
Xep = minf —— 1| =0.891
[¢ Jon'x J
p P "
Interpolation

[op
isp.x = min(max(M - 1,0),1} =1
Ocr.c.s0x
(Ppesp = Xsp)Sspax (2= Espx) = [t
- [T X
Pespx = [("pxsp ~Xep)Espx (2~ Ep) } if <1

o
X M1
2 ~Xsp)€spx(2 ~ Espx) * Xsp |
1 R PX.sp sp) sp-><( sp-X) spw ult21
M1
Z-direction
Pepzi=1
O sp= 0.34 xpolsp =07

Opsp= 051+ apgy(Np ~ Npo.gp) + Np] = 0781

Ppzspi= |1 if Np=0673 =1

1

if 2, > 0673
Spsp* | Ppsp

=1



C. Box girder

Plate-like behaviour

Kopspzi=4
nZ»EISZ
o = ————— =6.833MPa
Esp.z 2 2
121 -v7)-sg

erppz = Kopspz OE sz = 27331 MPa
Collumn-like behaviour Side plate check
7T2~E<tsz 2 2
Oerespz= — T = 180.432MPa Ix.Ed.sp L[ zEdw “x.Edsp %z.Ed.sp DEEa
€8P 2\, 2 - - .. =0
12-(1 v )-hs Pespxfylts) Pespzfylty) Pospxylly) || Pespzfylts)
Interpolation M1 M1 M1 M1
+3 TEd.sp
o | —
Epz = min max —IPRZ g ol1|=0 xwfylts)
ercspz ML
[(”pz.sp “Xgp)tgpz (2 tp2) "-]""ult
[T Xep Top plate stifeners check
Pospz= [(sz,sp “Xep)Espz (2~ Esp2) } if - <1 -08 . )
+
X Ox Ed.tps .g TEd.tps 5T
- (2~ + o o i T i) | T
1 [Pz Xl 2 (2~ &) * Xl Petpsxfy(t) Xuifylts)
M1 M1 M1
Top plate stiffeners - check
x-direction
Ppxtps= |1 If Np <0748 -1
>\p -0.188
— if >‘p >0.748
*p
o(hs—tg — h,
Vppsx = ——— = 0.603
ps "(hts - td)
2 Etg? s
OEpsx = = 2479x 10" MPa
12»(1 -V )<hso
ka.tps.x =1 if wlpS.X =1 =4.117
8.2

—— if 1>, >0
(105 + hypsx) px

781 if gy =0
2
781 - 620 ypg + 078y " if 0> hgyy > -1
239 if gy =-1
5.98 (1~ w‘ps_x)z it -1>4g >3
95.68 if Pypgy < -3

a4
Ocrppsx = Kotpsx OB tpsx = 1021x 10"-MPa

Collumn-iike behaviour

2 Etg?
Teretpsx T T 5 5 12.147-MPa
12-(1 -V ]'Sks
Xtps= Xsp

Interpolation
o,

Eqpsx = min| m rpIpsX o) q|=1
Ter.ctpsx

Petpsx = {(prips ~Xips)€tpsix (2 ~ Etpsx) } if
*Xtps

[(Ppx.tps ~ Xtps)tpsx(2 ~ Etpsx) * Xeps| it
1 if >
M1

(Ppx.tps = Xtps)Etpsx(2 = tpsx) ~ |t
+Xtps

<1
M1

1

Top plate check

Ox.Ed.tp 2+. TEd.tp
Peipylly) xwfyllg)

M1 M1

=099
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C. Box girder

C.2 Changed top plate thickness

CXIII 4 mm top plate EWM calculation.
CXX 4 mm top plate RSM calculation.
CXXIII 6 mm top plate EWM calculation.
CXXX 6 mm top plate RSM calculation.
CXXXIIT 8 mm top plate EWM calculation.
CXL 8 mm top plate RSM calculation.
CXLIII 12 mm top plate EWM calculation.
CL 12 mm top plate RSM calculation.

CLIII 14 mm top plate EWM calculation.
CLX 14 mm top plate RSM calculation.
CLXIII 16 mm top plate EWM calculation.
CLXX 16 mm top plate RSM calculation.
CLXXIII 18 mm top plate EWM calculation.
CLXXX 18 mm top plate RSM calculation.
CLXXXIII 20 mm top plate EWM calculation.
CXC 20 mm top plate RSM calculation.

CXII



C. Box girder

EWM - 4 mm top plate thickness

This chapter covers the EWM when changing the top plate thickness to 4 mm.

Geometry

Amount of:

Upper stiffeners:

Lower stiffeners:

Deck subpanels:
Deck: by := 3500mm ty = 4mm
by 0.5:= 1750mm
b,
— _350.mm
Nsso
Side plate: hg:= 389.2mm
Web: 1340mm ty = 12mm
hwy = 482.8mm
hyx = 1250mm
Squo = 20mm
Sy = 440mm
Bottom plate: by, := 1000mm ty = 16mm
Longitudinal stiffeners:
Stiffeners over: hgy := 140mm tgy = 16mm
Stiffeners under: hg, := 120mm tg, = 12mm

L
hsu.y = hw-co{zl.lz-ﬁ) =111.939-mm

t

. b

Total height: his = tq + hg + hy,, + — = 884-mm
ts= 'd T s Ny 2

Bridge length: |bndge = 18m

Distance between a=2m

vertical stiffeners:

Transverse siffeners: Stg = 2000mm S0 = 500mm
tig1 = 18mm tigp == 12mm
D)
hyeh = hwy* hg - 5 - 864-mm
Poissons ratio v:=03
M1 = 1.00 =12
YMmo:= 1.00
=1

agy = 6mm
ag, = 5mm
tigz = 8mm

Material parameters:

E:= 210GPa

10 = ‘(355MPa) if t < 40mm EC1993-1-1tab. 31

(335MPa) otherwise

PEEVY
&= %0

Area
Ag = tgby Ap = tyby
Agy = NgytgyNgy Agy = Ngrtgyrhg,
Atot = Ag + Agt Ay + Ap + A + Agy = [].l-m2
. 2
Agi= Agy+ Ag = 0.034m
Change of center of gravity, £
(From top to centre of gravity)
t h, h, h,
d 'so 's wy
Ad-z + Aso'[ld + 7) + As’(td + ?] + Aw'[td +hg+ 7
h,
2 suy
+Ap(tg + g+ hwy) + Agyltq + hg+ g(hwy’ S0) ~ -

Zyy = =432.49-mm
1)
P Atot

Moment of inertia I,

Ssuoy = sin(ZLlZ»ﬁ) Sgu0 = 7-206mm

Stiffeners over/under:

3 h 2
'S0 's0 £ -3 4
I + nso"so'hso'[td + > le] =2624x10 "m

1= 6150610 °m’" from FEM

ly.Sl.SJ.

2
h
lystsu= lystsul® Ztsu‘hsu’{td +hg+ %(hwy7 Suoy) - % - th} . =5789x 10" m*

2
h,
2 'suy
+ Ztsu‘hsu‘{td +hg+ E(hWy - SsuOy) - - th}

2
h,
'suy
+Ztsu‘hsu‘{td +hg+ (hwyf Sy Oy) - - th}

Web:

4
ly.w.1 = 2:0.000312m" from FEM

2
!
b 1 -3 4
lyw = lywi+ ZIW-hW-[hIS e E-(hwy) - z‘p} =1938x 10 “m

Deck:

3
bty ty 3 4

2
+ ‘d'bd'[; - z‘p) =25%5x 10 “m

ly.d:
Bottom flange:

byt t,)?
bt b 34
ypi= =0 + tb-bb-[hls—zlp—;] -3148x 10 °m

Side plate:

3
teh,
223

ly.s= I

2
hg 4 4
+ 215""5‘ tg+ ; - z‘p =6.289x 10 'm

Total:

4
Wiot = Wstso + vstsu® vw + vd + lvp + ly.g = 0012m

CXIII



C. Box girder

Reduced cross section

Reduced cross sections
Functions to investigate the stresses in relevant cross sections
Stresses

Side plate
Tmax = fy(tq) = 355 MPa
Stress at z-coordinate when lower flange acts in tension: 73 = tg=4mm
Onegld) = r’maxAZ o =ty + hg=3932mm
o 21.29) = MaX(0eq(21)- Tneq( 2
Lned21:22) (neg(21)-Tneg(22)) Vg oneql?2) - 0092
Uz,neg(zl’zz) = ""i”(“nsg(zl)*"neg(zz)) neglZ1

Stress at z-coordinate when upper flange acts in tension:
Condition:= [ 62:€(tg)-(1 ~thg)- [~ if hg=<-1

o max 42.¢(t,
cpos(z) = Z+ Omax 7( S) otherwise
067 + 0.33)g
o1.pos(1-22) = M&X(9pod 21). 9pod 22))
h,
s
o Z4,25) := min(a, z4).0, z Class4:= |"Class4” if — > Condition = "Lower than class 4"
2pod21:22) = Mn(opod 21) - opod ) %
Buckling factor "Lower than class4"  otherwise
» (Z , ) _ Uz.neg(zlvzz) » OS(Z B ) _ "2.pos(11«12)
" 01 e ?1:22) PR o1 pod21.22) Koaa(ts) =752
kg 4100) = |4 if v =1 LE:L]l.cklmg factors from table S50 S0 o [table 5.2 ES1993-1-1]
1022 v if 1>9>0 SS-EN 1993-1-5
05+ Internal parts in conpression
781 if $=0 Apsi= Nplko.a.1(b)-Ns tg) = 0524
2.
7.81-6.2%N) + 9.78)" if 0> >-1 .
= Ay oe) =1 Internal cross section parts, EC1993-1-5 4.4 (2)
239 if b =-1 Ps 94.2( p.s s)
598(1 - W)z if -1>¢>-3 hgp=tq+ hg— 2tp= -0.039m Height, tension part
Mg = hs— hgy = 428.49-mm Height, compression part
hs et ¢ = Ps(Nsc) = 428.49-mm
Ko 4.24®) = 043 if p=1 Buckling factors from table 4.2 _ _
o 057 it =0 SS-EN 1993-1-5 upper part hs eff c1 = 0-4hg eff ¢ = 171.396-mm
) Elements in compression with
085 if Pp=-1 free edge.
2. Lower stress close to support. Ns eff.c2= 06 gff ¢ = 257.094-mm
057 - 0.214) + 0.07° if 1> >-3
Nseff = Nseif.c + Mgy = 3892mm
Ko 4.2p($) = |043 if p=1 Buckling factors from table 4.2 . 2
0578 . SS-EN 19_93-].-5 lower part Aseff.c = 2Ngeff o'ts = 1.028x 10" mm
—— if 1>¢>0 Elements in compression free
4+ 034 edge.
1.7 if p=0 Higher stress close to support. 3 2
s Aseif = 2(Nseif.c + Nsy)ts = 9.341x 10°-mm
1759 + 17.19° if 0> > -1
238 if Pp=-1
Critical buckling stress, orthotropic plate:
Slenderness 2 2
b Emtg 3
: Torp = Ko.4.1(V) ] =1296x 10"MPa  E£c19931.5eq.AL
Ap(kobit) 1= ———= 2\1-v')hg
zs.A-a(t)-\/kT,
Stiffeners
Reduduction factors
Za,=tg=4mm
paoXpgs) = [1.0 if Xy<05-++/0.085- 0.055¢ SS-EN 1993-1-5 (4.2) _ _
42( P ) P Internal parts Z2,= tq+ hgy = 144-mm
Ap ~ 0055 max((3 + ), 0]
min —— 1| otherwise
N 2
P
p4>3(>\p‘xb) = |10 if Ny<0748 SS-EN 1993-1-5 (4.3)
Cross-sections with free " —057
[ Xp—0.188 X edge . -4-2b(w50) e Higher stress close to support
minf ——,1| otherwise
N 2
P

h,
Classd = |"Clas4" if t—s‘)>21-s(tso)- k0._4_2g1|>50 = "Lower than class 4"
0

"Lower than class4" otherwise

Npso= NplKe.4.20(Vso) - Nsostsp) = 0.501

CXIV



C. Box girder

Pd.so= P43 Np.sorPs) =1 Internal cross-sectional parts,
Lo ) EC1993-1-54.4 (2)

Nso eff = PolsoMgo = 140-mm

4 2
Ago eff = NortsoNso eff = 2016 x 10-mm

Deck
> o75 42 | 2N _ 17
ty fy{‘d)
Classd_:= |"Class4" if > S a2 [ZMPR s
tq [t
"Lower than class4"  otherwise
-t
d -3
7g=— =2x10°m g = Veg(Zd-2d) = 1
Sos0i= S0t {tab. 5.2 ES1993-1-1] Ko.d= Ko.21(Vg) =4

Np.d= Np(Ko.-Ss0-td) = 1.807

Pd = P4,9(Np.d ) = 0:486 Intemal cross-sectional parts

Sso.eff = PdS.sp = 162.346-mm

Areas:

Bo= NsoSsotd * Neptey (Nsoeft + tg) = 3:334x 10" mm”

4 2
Aceffloc = NsoSso.eff d * Nsotso(Nso eff + tg) = 2658 10"-mm

More than three longitudinal stiffeners --> ko,p obtained with eq. A.2

3
byty
Ip= ——— =2051x 16" mm"
12(1-02

s q
Ngo ey Ngy'| tg + > + bd'[d';

= =44.492-mm
Yipsl NgotsnNgo + Pty
3 2
by, t
d*d d 7 4
Ig = { = + bd“d'(z ’ytp.dj} =7578x 10" -mm
Nl Ny’ hey 2
+ 5 + Ngyhgy ey | tg + > Vip.s
[
=2 —3604x 100= 2 =057
Ip by
Pi=1 Uniform compression
Aq = Ngy hggy gy = 0.02m° EC1993-15A1(2)

2
= bty = 0.014m

A
e 14
p
[ 2 1
2
Kop M if a<yy -463x10°
o~ (P +1)(1+9)
2
48 e
(b +1)(1+9)

Critical buckling stress, orthotropic plate:

Evﬂz-ldz 3
Gaspi= Kop——— = 115x 10"MPa

EC1993-1-5 eqAl
12»(1 - v2)~bd

A
Bac= 7°'ff"°° - 0797
C

=g M) =1 Plate like behaviour

Effective area of the stiffened plate(deck):

4 2
Aceit = P42 ¥) Aceffloc * Ssoeff ta = 2723 10"-mm’

Buckling strength

fy(td)

2D 9667 10°kN
™M

NRg = Ac eff

Column like behaviour

h, t
'so d
teyNey | tg + — | + Sty —
soso[d 2) So'ltd

=46.308-mm
tsoNso + So'td

Yips.c=

2
So'ld 4 6 4
lgc= { 2 + Sty ; ’ylp.d.c =8.127x 10"-mm
3

2
tsoNso s
HEETE heoteo| tg + 5 “Ypsc

Buckling resistance stiffener

A= tohgy + Sotg = 364 x 103~mm2

3 2
Ag eff = tsoNsoeff + Sso.eff tg = 2889 x 10°-mm'
A,
Bei= Sl _ o704
Ay

Critical buckling stress for a stiffener

p. p
v

c
. S
Column-like Interaktion Plate-like
behaviour ? behaviour
&=0 £=10

-The stiffener is acting as a column between stiffeners

2
™ Elyc 3
Oy = ——— = 1157 x 10°-MPa
- 2
Ag-d

Slenderness ratio

CXV



C. Box girder

Calculation of reduction factor EC1993-1-5453

=049 Stiffeners open cross-sections
e=2718

s o] e | ™

i= | =144285.mm
Agl

ty n
8= Yip.sl -2 ) tg+ 2 ~Vips = 42.492-mm

0.09

Ogi= o+ —— = 0517

i
e

3
6= 0.5-(1 +ag(rc-02) + xc] =0.698 EC1993-1-16.3.1.2 (1)

Interaction
T,

€ = max| min| a-p -1,1[,0(=0
%crsl

& is zero > column like behviour

Interaction between the two types of behaviour (column/plate buckling)

pei=(p—Xc)&(2-8) + xc =084

Checks
Mean stress rod
The "rod" in this case consist of two parts in the stiffener and one part in the web.

t h,
d 's0.eff 3
Favst = "soss).eff"d"’neg(;] + Aso'“neg[‘d A j =-7.987x 107N

Favst

— & _307541MPa
NsoSso.eff td + Aso

Fcom.Ed =

Check according to A.2.1 (4

pefult
M — 298.165-MPa
M
o if PEMb) o
Kazpi= |"OK it > opmeq ="OK

"EJOK" otherwise
If this condition is not fuffiled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria
2

-3
Adeff = NgsoldSspeff =6494x 10 ~m

2
Atoteff = Asoeff + Adeff + Aw + Agy + Ap + Agerf = 0.093m

t h
d 0 ¢ff
Adeft' + Asoeff '(Id A

h,
s.eff.cl
+2 tghseﬂ_cl-[ld + 72 ]
h, h,
s.eff.c2 st
“s'hséf.cz(ld +hse- 2 j + ‘s‘hsl'(ld +hg— Py
h, h,

wy 2 suy

+ Ay tg+ hg+ - + Agy{tq + hg+ g(hwy—smo) - |-

t

b
Ap| heg— =

* b[ts 2)

Zip eff.neg = = 467.312-mm

Atot.eff

CXVI

te et ot
sPseff.c1 -7.924x 10 *m

h 2
lyseff =2 + ‘s‘hseff,cl'[‘d + - le.eff.nsg]
3 2
tshseif.c2 Ns eff.c2
+ 1 +tghgeffco| td + Nsc— > “peffneg) -
gh’ hst :
AT tshsp| g+ hg— 5 Apeffney

t,

3 2
Nss0Sso.eff td 4 a4
1 " swo'ldSoelf|; ~Apeffneg| =1406x10 "m

Iy deff =
v.deff o

4
ly.eff.neg = ly.stso + lystsu® lyw + lyb + lys* lyseff + ly.deff =0011m

Negative moment

Effective cross section with negative moment(lower flange in tension)
5.2.1Area

A eff.neg = Ad.eff

4 2
Ac eff oc = 2658 x 10-mm
pefyftp)As 3 2
Acefflocmod = ——— —— =-3529x 10"mm
Tcom.Ed M
Auf eff.neg = Ab Bottom flange in tension

4

The effective area in compression is calculated according to 4.5.1(4.5). If the condition A.2.1(4) which was

Aewttn= |PcAcefflocmod * Ssoefftd If Ko ="BIOK" = 229.743.cm?
PeAceifloc + Ssoefftd Otherwise

Agy Lower stiffener in tension -> no reduction
Ap Tension -> No reduction

As No reduction if the side plate is in class 4.
Aso Stiffener class 4 --> no reduction

Effective areas, effective centre of gravity and effective moment of inertia
Agittot = Aceff + Aseff + Aw T Agy+ Ap= 891,151»cm2

According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.

Aceff.locmod .

toeit = |Pc ty if Kpoq ="EJOK" =336mm

Aceffloc
ety

et "so 4
NsoMso it tso | ld* 5 |+ Soefld,
d

fy Nseff.c1
*NsoSsoff left| 5 | * tsNsefter|tat —5 |

Nseff.c2 st

+ ‘s‘hst'[ld +hg— 7]
h,
wy 2 suy
*AW'[td +hg+ 7] + Asu'|:td +hg+ g(hwy’ Sy 0) - T}

1

b

+Ap | hg——
b\ Ms T

tly hs,eff.cZ‘(‘d +hge-

= 473.498-mm
Aeff ot



C. Box girder

Effective moment of inertia:

3 2
NssoSso.efftd ~3 4
lydeftfin= = * ldMssoSsoeff| 5 ~Zpeffneg) = 1444107 °m
. ™
sinf 21.12— =7.206mm
Sy, ( 180] S0
Stiffeners over/under:
3 2

teyrh, h,

0" 's0.€ff . -3 4
lystsofin= Mo * nsgtsg»hmaf{td + - th.df.neg] =325x 10 °m
I = 6150610 °m* from FEM
y.st.su.Lfin= 61 m

~4362x 10 *m*
2

ly.stsufin=ly.stsuifin-
h,
1 Suy
+ Z‘m'hsu'[‘d +hg+ g(hwy - SSJOy) - - Zp eff.neg| -
2
h,
2 Suy
+ Z‘m'hsu'[‘d +hg+ g(hwy - SSJOy) - - Zp eff.neg| -

2
h,
suy
+ Z‘m'hsu'[‘d +hg+ (hwy’ Ssuoy) - th.eff.neg:|

Weh:
lywfini= 20000312m"  fromFEM

2
t
b 1 ~3 4
lywfin'=lyw.1fin* th‘hw’[hts 5 E(hWy) - Z1p_eﬂ_n®:| =1459x 10 “m

Bottom flange:
3

bty )’ -3 4
lybfin= T tyDpy| s~ Ztp eff.neg ~ 2) " 2592x 10 "m

Side plate:

3
X tshseff.c1 h
ly.sfin= 2 +tghgeffor| td +

2
—4 ¢
-~ Zpeifneg| =8238x 10 'm

he eif o h 2
IsNseff.c2 s.eff.c2
+ 2 +tehseff co| td + N~ > “peffneg) -

3
tshst Nt

2
o ts'hsl'[td +hg— - le.df.neg]

10
ly.eff.negfin= ly.defffint ly.stsofin T lystsufin* lywfin* lybfin * lysfin=1.001x 107-mi

Load
Load capacity:
qQM:= 52m The load capacity is calculated with different checks. The load capacity

m2 is gy when checking the moment capacity.
QM= qMby= 182N

m
2
Q_M:lyyi

Mggi= % - 7.37Lx 16°KN-m
AV 134% The load capacity is q,, when checking the shear capacity.

m

kN
Q= a.Vby =469~

_ Q V-lpyi dge

VEg+ =4.221x 103-kN

Moment capacity

I, .
Wyt = yeffnegfin _ o o1 m3
Ztp.eff.neg
£t
Mg = Wy it M a6t
M1
M
B ooss
MRd

Shear capacity
m:=120 SS-EN1993-1-551ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

byep = 2-15¢(ty) tyy = 0.293m
h

o= asin 2|28 51119 Angleofweb
hy ) ™

Distance to stiffeners from z-axis:

sin
W o

by - su
=+ CO! —— |+ — - ———————— =0503m
Atz1= 5+ S0 {“‘w 180)

2 2

372" 8tz1t Sy'm{uw-&) =0.913m

323" 8z2 ™t Sy'm{uw-&) =1.324m

Moment of inirtia stiffeners z-direction
(two

3t stifeners)

2 2 2 —
o Zarhan](821) + (8522)" + (Agz9)’| - 82820 m
Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:

by t

b ™ su
Agtzd= o T S0 oy T | + —- =0.525m
2 0 [ 180) 2

i ez e ) -

O

Moment of inirtia of 15¢t of the web z-direction
2 2 2 4
lstw.z = 2bweb'tw'((as.z.l) + (as.z.z) + (39.2.3) “ =0.021:m

4
Istztot = lstz * lstw.z = 0.029m

Shear buckling coefficient, side plate

2
h
: 's.eff B a SS-EN 1993-1-5 5.3 (5) ANM.
kppi= [534+ 4,00.[ - ) it o 1 =5491 p3uhenk,=0

h 2
400+ 5.34-[ S'eﬂ) it —2 <1
a N eff

Ns it

Mg =
wi 374tge(tg) fkry

=045 EC1-35eq56
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C. Box girder

Moment of inertia
Shear buckling coefficient; web with more than two longitudinal stiffeners

t
d
3 eff.neg = Ztp.eff.neg ~ 5 = 471.498:mm

1

SS-EN 1993-1-5 (A At eff.neg = hig - ;b - Ztp eff.neg = 402.502-mm
4
2
of ) || lmam |21 —4782% 10°
Krg = m : 3 ’ min(! 1, = A 18ex The flanges plastic moment bearing capacity for a cross-section with the effective
(min(ts.tw)) “hy W flange-area.
A . £t
Mg = 8103 |t ettnel Wla) o
SS-EN 1993-1-5A.3 (1) and (2) gives: o MO
A, : 1
, , Duf eff neg \am.eﬂ.neg\ y( b)
Nweb ) 3 Mo
= [534+4| —| + if a> =1.635x
k= [534+4 kg if @23 1635x 10
a
!
63+ 0.8 S"Z"Z'
min(tg, ty,)™h, I
41+ ”{25 W) web +22 stztot otherwise

o mi n(ts, tw) s, hyeh

Slenderness limit for which shear buckiing check has to be performed for stiffened webs: The contribution from the flanges should be taken into account when there are still capacity left in the flan;

W=12  EC1993-1-3-5ANM25.1
MEq < M¢ Rdneg = 0

h, £(t, 2
Checi= | "o sheerbuckling” i — % Ji1 = "Reducer I PP "Z(‘d) —osom
“"Reduce” otherwise 15‘(h5+ hW}’) 'fy(IS)
Reduce > Shear bucking check is needed, EC1003-1-5 Ch. 5.1(2). 1-6'hh"b2"y(‘b)
Cyf = a|0.25 + 72 =0.59m
tg(hg+ hwy) ~fy(ls)
SS-EN 1993-1-5 5.3 (5.6) Ve bate?tyt) . byt 1) D

Cof IM1 Y0 Cuf IM1Tn

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

. Meg V|
083 Vot.Rd= |VbtRdored| 1~ | = | | T MEd<MfRdneg =OKN
Xwi= [N if Ay <—— =12 SS-EN 1993-1-55.3 Table 5.1, Shear capacity stiffened web: fBrlnen
n stiff endstiffener. A o
- b d
083 ;08 _\ 108 Vi rd + Vi R < ) wen'ts 1 EC1993-1-5 Ch5.2(1)
S <L bw.Rd * Vbf.Rd 3
Aw n V3
1.37
— if >1.08 3
075y M Vordi= VowRd + Vi Rd = 2125 10-kN
Check:
Kapacity of the web
C(Bap” . Safety class 3 Ve
= 1.00 A= 12 fety class —_
100 2 <1-1 EC1993-1-5, Ch.55, eq. 5.10
ae= 1 V
S83 "barande konstruktioner” bRd
V|
Ed
Shear capacity: 2Vpra =0993
fu{ts)- hyvent.
ViwRd = Xwlyl's) wents — 2125 10°kN SS-EN 1093-1-352 (5.2)
\ﬁquNn Flanges, plastic moment bearing capacity for the effective-flange-area.
VphRd = Vow.Rd Moment of inertia of the flanges:
. ~3 4
lyf.eft fin*= ly.deftfin* lybfin=4036x 10 “m
Vg = 4221 10°KN
The flanges effective area:
V . 2
_Ed o003 Aeif.f.tot = Sso.eff Td * Moo Ssoeff td.eff + Nso'lsold.eff + Ap = 220.419-cm

(contribution from two web)

2VowRd
’ k! Ld.eff
Sso.eff td' 7, * NsoSsoeff deff |, |
1yt et tg, 4
Vg < A s Jrartotoan (2 2o e 2
: NESTVE 2 = = 636.349-mm
f.eff.neg’ :
pletne Aeit 1 tot
Lot et 6
Kapacity of the flanges Wy gr = 2 Gaa, 1072
Ztp f eff.neg

SS-EN 19931-55.4

No shear buckling --> the plastic load bearing capacity can be calculated. S83 "barande k
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C. Box girder

The plastic moment bearing capacity calculated with the flanges effective area:

) 1, td) 3
Mf Rd= wf_y_eff-W = 2252 10°kN-m

Results
M Rd = Mg = 7501 x 10*kN-m

Moment capacity check when qM=52 W
2
m

M
= =0.983
M pl.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

Shear capacity check when qQV= 134.@
2
VEd m

- ——— -0993
2Vbw.Rd

3f:
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C. Box girder

The Reduced stress method

Side plates
-4 mm cross section
M
Ed
Material Ty Edsp = E-(htsf tg~ Yyp) = 135,853 MPa
f(t) = | 355MPa if t <40mm
Y Amp=1 _Q
(335MPa) if t >40mm M1 9zEdspi= 5 = 3792MPa
s
E := 210GPa
vi=03 = = 80.769-GPa hig—tg-Y. tyb, t
2.1+ v) Sp= (hts’td’vlp)'ts'wJ’%'[hts’g’Yth ~7.701x 10
Geometry ng hgy
+——heytey| s —tg = — = Yip
Bottom plate 2 2
tp == 16mm by, := 1000mm . 2 0.5Vgy
b b Ap = byytp = 0.016m S EIS® ) crampa
Top plate 'tat's
Top plate stiffeners
tg = 4mm by := 3500mm 2
d d Aq:= bgtq =0.014m Mg
Side plates xedtps= T (Mts~ta ~ Yip) = 135853 MPa
- - _ tey h, th,
tg:= 12mm hg:= 389.2mm Agi= hgtg= 467 x 10 3m2 X0 S
o2 2 s ~4 3
Webs Sips = -~ s ta ==~ Vip) - =9657x 10 m
tyi=12mm  hy:= 1340mm R I R
N2 2 W
hy x = 1250mm hw.y = 482.8mm
Top stiffeners VEd Stps
TEdips = T ~4265MPa
hgy := 140mm = heytg = 224 10 3m2 ot

Sgo = 350mm Governing slenderness from FE-software
MPa ; o "
Oy UNIT = 802— From a linear stress analysis in Sofistik
Web stiffeners kN
2
tgy = 12mm hg, := 120mm 3 2 (1) 7.3792

Agy = hgrtgy=144x 10 “m
oy = oy yniTd = 208.52-MPa
Sg = 440mm ng, =3

it
o= yiid) =1.702
\

kN From a buckling eigenvalue analysis in Sofistik
Whole bridge o uNIT = 28110 99 sl
t m
b
Lbrldge = 18m hg= 2 + hw.y + hg+tg=0.884m Sgi= 2m
o
o o UNIT g

liot = 0.011591m4 From grasshopper
Yy = 0.452738m From grasshopper (from bottom of bottom plate)

p _ 1255 Slenderness for all parts
Load
Global
q:= zek—': Top plate check
m
KN Yipi= 1
Q= qby=91— )
m Ppxtpi= |1 if g <0673 =0657
2
QL A~ 0.055(3+ )
Megi= % - 3686x 10°kN-m e R Np> 0673
N
Qly; p
Veg= — 209 _ g19.n ) )
2 Plate-like behaviour ~ [A.1]
2 2 2
Qs 3 By
MEggend = VEd Sts — > - 1.456 x 107™-kN-m OEtp= W 0.248-MPa
12\1-v")-by
3
Vv id= VEq— Q8m=91-kN byt,
Ed.mid Ed d*d ~8 4
Intp = (7 =2051x 10 °m
Top plate 12\1-v
t h,
M t d 's0
_ _Ed d ) Ag— + Ngy A ‘[t+—]
Ox Edtp= '(hts’ 2 Ytp) = 136.489-MPa 92Edtp= 0 TR T T sd T
tot ylp.d e A A 0.044m
Ag + NgrAgy
tyb, t
pim o »(htsffdeth:S.%Sx 107 %m? ot 3 2 3 2
g + 2 2 _ batq Y4 0o
lstp= I Ad'| Yip.sitp ~ 2t n T A td + > Vs
Vg
TEdtp = A =3.217-MPa |
Yo min{ts o) Tp= ,sup’ - 3,694 10°
ptp
Nso'Aso
Sp= y 144
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C. Box girder

Ss
= ma —,05 | = 0571
oo

2
2'[(1 * "mz) Fip l}
(b + TH{1+ by)
41+ [,
) g
(bp+ 1)-(1+ )

. 4 3
Koptpi= if oy < ip = 4638 10

Ocrptp= Ko ptpEtp = 115% 10> MPa

Column-like behaviour  [4.5.3]

P D
Linf.tp* 5—1J>tp530 -

2 o
hz_sjp_‘p = 5_ wlpsso =0.175m Parts of the top plate that contributes to the

stiffener
by 1tp= Printtp + P2.suptp=0-35m
A = tyb, Agy=364x 10 °m?
d.1tp = laPy 1tp + Agp =364 m
taby .1 g, At + o combined center of graviy fo
) 2 stiffener and contributing top
Npd L™ T o AL 0.046m plate.
taby 1tpt Aso
3 2 3 2
I = Lj.l,tp"d + b, Ay Ld + ) +Ag| t +h§
d.1tp = P s 1tptd | Ypsl.itp T o so'|'d " 7 “Yipsiitp
Combined
moment of
inertia

2
wEl
s.1tp 3
Ogrdtp =, = 1157x 10"-MPa

2 critical stress for kolumnlike buckling of stiffener
Ad1tp'Ss

The top plate and stiffeners are subjected to a constant stress distribution so O¢rc™ Ocrd

9er.ctp™ Tor.dtp

Reduction factor for column-like behaviour

1
ify=
P Ad.l.lp

h,
'so
e[p = max[ytp.d.l.tp’ tgtg + 7 - ytp.sl.l.tp] =0.042m

0.047m

Cggp= 049 + & =0571  stiffener with open cross section (curve c)

o

“p

o= 0,5-[1 + ogrp(Mp~02) sz] -1588 [6312]
1

Xipi= i —————— 1] =039
P NG
Gt Pp ~Np

Interpolation

Lep
g‘p:z min max| _erptp -1,0,1|=0
%cr.ctp

[(Ppxtp ~ xap) et (2~ 1) + Xepl e,

petp= |[(Ppxip ~ Xip)tp (2~ €1p) + Xep] 1f — 03
_ (2 - .
it [(Ppxip ~ Xep)Stpi (2~ E1p) * Xipl ot -
M1

Shear
n=12 71(2)
Xw= |0 if Xp < % =0.701

083§ 083y <108

Xp " P

137
G if Ap>108

Side plates check

x-direction

Omax = fy(‘d)

Med

Ty top= . (Pts—tg ~ Ytp) = 135.853-MPa

MEd

(s = tg — hs - Yip) = 12102 MPa

epax = MaX(3 + b .0) = 3.089

Ppxsp= |1 1 2 <0673 - 0689
Np - 0.085 (1
Piw if N > 0673
*p

Plate-like behaviour

2_ .2
™ Etg
O spx = > = 180.432-MPa
12 (1 v ) hg
Kospx= |1 if bgpx=1
82
—_— if 1> >0
(105 + gy ) bepx
781 if gy =0

2.
7.81 - 6.29hgy  + 078U gy, if 0> hgyy > -1
239 if hgyy=-1

5.98-(1 - wsp_x)z it 1>y >-3
95,68 if gpy <3

3
Terpspx = UE.Sp.x'kc.sp_x =1.299x 10”-MPa

Column-like behaviour

2 2
neEtg

——— - 6.833MPa
12-(1 - uz)-stsz

Oer.cspx =

Qg = 021

2
b= 0.5-[1 + asp-(xp - 0.2) + xp] =1.39%8
1

Xgp = mln[ﬁ
bt Psp ~p

Interpolation

Lof
Egpx = min may —PX g 0l 1|-1
Ter.cgpx

,1] =049

9x.bot
ep1 = = 0089

=7.199

CXXI



C. Box girder

[("pxsp ~Xep)ésp.x(2 ~ £px) "}'%It
f e <1

Pespxi= [(opx_w—xsp)esp_x-(z - Epx) } i

+Xgp M1
[ —Xgp)Espx(2 - & + Xgp |
1 ’—( PX.sp sp) st( Spvx} sp-‘ ult 51
M1
Z-direction
bepzi=1
o gpi= 034 Noosp= 07

Opgp=05[1+ apgy(Np ~Npo.gp) + Np| = 1222

Ppzsp= |1 if Np <0673 =0585

1

bpsp* | Ppsp

if )\p >0.673

Plate-like behaviour

Ko pspz=4
7r2~E-lSZ
OEsgpz= 3 2 = 6.833MPa
12(1-v )’Sts

9erpspz = Kopspz OEspz = 27-331-MPa

Collumn-like behaviour

Sarcspzi = 180.432-MPa

Interpolation

[op
gspz:: min| max| M—1,0 ,1|=0
’ 9erespz

Pespzi= |:(ppz_q] ~Xep)éspz (2~ £sp2) } if

+Xgp

<1l =

Xep M1
Ppz.sp ~ Xsp)Ssp.z (2 — Esp.z) + Xep| ™
1t [( Pz.sp Sp) SP-Z( SP-Z) SP] ut S,
M1
Top plate stiffeners - check
x-direction
Ppxtps = |1 if Ap<0.748 =0678
>‘p —-0.188
—— if X\y>0.748
A P
P
(s —tg—h
ts™ 'd
Prpsx = —————— = 0672
P o(his — tg)
nz-E-lSOZ 3
OEtpsx = =2479x 10”MPa
12(1- ) ng
Kotpsx = |1 1f brpsx =1 = 4761
8.2
——— if 1>1 >0
(105 -+ byps ) Yo

78 if g, =0

781~ 629Uypex + 978y if 0> gy > -1

239 if Yypgy =1

5981 Uypsy) if 1> bgpx > -3
9568 if ypgx <3

CXXII

4
Icrptpsx = Ko tpsx OE.tpsx = 118 10"-MPa
Collumn-like behaviour

7r2‘ E-(wz
Teretpsx = T, © 12147 MPa
2) 2
12.( 1-17) 8¢

Xtps = Xgp

Interpolation
o

ﬁtpsx:: min| max| _crpapsx -1,0[,1|=1
Ter.cpsx

Pox.tps ~ Xtps)tpsx (2~ Eipsx) ~ [ @ult
(Ppx.tps ~ Xips)tps: P

? [

Petpsx = {(F’px.tps - X{ps)itpsx'(z - E'tpsx)

M1
*Xtps
it [(Ppx.tps ~ XtpsJétpsx (2 ~ tpsx) + Xtps]-2uit -
M1
Top plate check
a, 2 T
x.Ed.tp L3 Ed.tp _ o971
) Xufy(td)
M1 M1
Side plate check
2 2
x.Ed.sp . 92.Ed.sp _ Ox.Ed.sp | 9z.Ed.sp — @0
"c.s).x'fy(‘s) pc.sp.z"'y(‘s) Vc.s).x"y(‘s) pc.sp.z"y(‘s)
M1 M1 M1 M1
P
+3 D
X y('s
M1

Top plate stifeners check

2 2
Ox.Ed.tps | _TEdtps | _ 0147
Potpsxy(ts) Xwfy(ls)
M1 M1



C. Box girder

EWM - 6 mm top plate thickness

This chapter covers the EWM when changing the top plate thickness to 6 mm.

Geometry

Amount of:

Upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

Side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

Nggo = Ngy+1=10

by := 3500mm

ty = 6mm

bg.05:= 1750mm

b,
— _350.mm
Nsso
hg:= 389.2mm

1340mm ty = 12mm
hWy = 482.8mm
hyy = 1250mm
Squo = 20mm
Sy = 440mm
by, := 1000mm tp = 16mm
hgy := 140mm tgp = 16mm
hg, := 120mm tg, = 12mm

s
hsu.y = hw-cos(zl.lz-ﬁ) =111.939-mm

t
higi=tq + hg+ hwy* Eb = 886-mm

Ibridge = 18m

a:=2m

Sg:= 2000mm Stgp = 500mm
tig1 = 18mm tigp == 12mm

1
b
hyep = hwy* hs’; = 864-mm

vi=03

M1 = 1.00 =12
Ymo = 1.00

wm=1

agy = 6mm
ag, = 5mm
tigz = 8mm

Material parameters:

E:= 210GPa

fy(0) == | (355MPa) if t < 40mm
(335MPa) otherwise

EC1993-1-1tab.3.1

Pa
£ =
v
Area
Agi= tgbg 2tghg Ap = tyby,
Agp = NgyteyNgy Agy = Ngytgyrhgy
Atot = A+ Ag+ Ay + Ap + Agy + Ag, = 0.107.m°

2
Agi= Agy+ Ag=0.041m

Change of center of gravity, Zy

(From top to centre of gravity)

t h, h,
d 0 s
Ad'; + Asu‘[‘d + ?J + As’(‘d + ?j + Aw'[ld + hg+

2 A
*Ab‘(td +hg+ hwy) + Agyftq + hg+ E(hwy— ssuO) - =

h

= Atot

Moment of inertia I,

S0y = sin[Zl.lZ»ﬁ] Squ0 = 7:206mm

Stiffieners over/under:
3
o tgh
ly.st.s0 = Nso'
I = 6150610 °m’ from FEM
y.st.sul = 6-1.506- m

1
ystsu'= lystsult Ztsu'hm'[td +hg+ g(hwy - Ssuoy) -

2
h,
'so 'so 3 4
EETEE + “so'lso'hso'[ld + > lej =2231x10 "m

h 2
suy -
- - z(p} . =6.942 10

2
h,
2 Suy
+ Ztsu'hsu'{td +hg+ g(hwy - SsJOy) = z‘p}

2
h,
suy
+ 2tsu'hsu'{td +hg+ (hwy - Ssuoy) R Z(p}

Weh:

lyw1 = 20000312m" flomFEM

o1 : -
lyaw = lyw.1* 2w g = — = E»(hwy) ~7p| =2331x 10 °m

Deck:

'd7

2
lyd= - “d'bd‘[g qp] =3414x 10 “m

3 4

3 4

4

Bottom flange:
3 2
byt t

b'b b -3 4
'y.b = I + Ib'bb‘[hts ~Ztp- Ej =3562x 10 "m
Side plate:

. ls h53 hs z —4

Iy.s- + 2tghg| tg + 2 Zp)| = 5128x 10 'm

Total:

4
'y.tot = Iy.st.so + Iy.s:.su + IyAW + 'yAd + 'y.b + 'y.s: 0.013m
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C. Box girder

Reduced cross sections
Reduced cross section

Functions to investigate the stresses in relevant cross sections Side plate
Stresses
Tmax = fy(tq) = 355 MPa 2) =ty =6mm

Stress at z-coordinate when lower flange acts in tension: 2= tq + hg=395.2mm
E s .

Opheg(2) = MI -0
neg 2 max e ‘Tneg(zz) o008
5= ——— =0,
1 neg( 71 72) 1= M 0eg(21). Teg(22)) Orel’s

2ned(21-22) = MiN(0eg(21)- neg(22))

Condition:= | 62-&(tg)-(1 ~bg)-[~g If bg=-1
Stress at z-coordinate when upper flange acts in tension:

42¢(tg)
——————— otherwise
O max 0.67 + 0.331)g
O'DOS(Z) = . ‘Z+ Oma
tp hg
- Class4 := |"Class4" if — > Condition = "Lower than class 4"
o 21.29) = MaX(0y0d 21 ). O pod Z
1pos(1:22) (pod21)- 7pod 22)) tg
o Z4,25) := min(a, z4).0, z "Lower than class4" otherwise
2pos(21:22) "(pod 2)-pod22)) rend "
Buckling factor ( )
ky.4.1(1g) = 761
.41\ Vs)
. Uz.neg(zlvzz) . "2.pos(11«12)
wneg(zlﬁzz) = wpos(zl’zz) =
“1.neg( 1.29) 91 posl 21+ 2)
Se.s0 = S0~ o [table 5.2 ES1993-1-1]
Kgg41(0) = [4 if b=1 Buckling factors from table
o 41 — —
" if1s9>0 SS-EN 1993-1-5 Aps = plko4.1(bs). N 1) = 0509
105+ % Internal parts in conpression
781 if p=0 Ps= P4, 2(>‘p s*ws) =1 Internal cross section parts, EC1993-1-5 4.4 (2)
781~ 6290 + 97842 if 0> > -1 ) )
239 if p=-1 hst=tg+ hg = 2p=-0.011m Height, tension part

2 .
598(1 1) if 1>1>-3 )
hs = hs— hgy=400.21-mm Height, compression part

hseff.c = Ps(hsc) = 400.21:mm

Kg.a.04¥) = 043 if p=1 Buckling factors from table 4.2 N eff o1 = 0.4hg eff = 160.084-mm
057 if $=0 SS-EN 1993-1-5 upper part
) Elements in compression with
085 if p=-1 free edge. hg eff.c2 = 06N gt = 240.126-mm

2 . Lower stress close to support.
057 - 0.214) + 0.07° if ~1>p>-3

hg eff = Ngeff ¢ + gt = 389.2mm

Kg.a0pW) = 1043 if p=1 Buckling factors from table 4.2 - _ 3 2
i 0578 SS-EN 1993-1-5 lower part Aseif.c = 2Nseff c'ts = 9605 107-mm
—— f1>9>0 Elements in compression free
P+ 034 edge.
17 if p=0 Higher stress close to support. Aseff = Z(hs.eff.c + hs.t)'ts: 9.341 x 103<rnm2
1750 + 1749 if 05> -1
238 if P=-1 . ) !
Critical buckiing stress, orthotropic plate:
Slenderness et 5
b Terp= Kpaa(be T =18 10°MPA  £1993 50q A1
T 12-(1 — )vhs
N(kgbot) = ————
28.4-£()- \/ITU
Stiffeners
Reduduction factors
21~ tg=6mm
pa2(Mp-b) = |10 if Np< 05+ /0.085 - 0.055% SS-EN 1993-1-5 (4.2) Za,= tq + ey = 146:mm
: Internal parts
Ap ~ 0055 max((3 + ), 0]
mi 7241 otherwise (z )
o,
p V= 8265
neg(Z1)
p4A3()\p,xb) = |10 if Ny<0748 SS-EN 1993-1-5 (4.3)
Cross-sections with free K, =0.584 .
[Ap-0188 _ edge 0-4-2b(w3°) Higher stress close to support
minf ——,1| otherwise
N 2
P

h
Class = |"Classa” if ‘i’ > 2le(tgy) [Ky a2 Veo) = "Lower than class 4"
SO

"Lower than class 4" otherwise

Mpso= xp(kq_“b(ww),hso,tso) = 0.49
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C. Box girder

Pd.so= P4, 3(xp so’ws) =1 Internal cross-sectional parts,
’ RS EC1993-1-54.4 (2)

Mo eff = Pd.sofso = 140-mm

Ao eff = Nsorlso N eff = 2016 x 10%mm?

"Lower than class 4" otherwise

—t
d -3
2= = —3x10 °m by = "‘l’neg(zdvzd) =1

Sesoi= S0 lso tab. 5.2 ES1993-1-1] ko.d:= koa1(Va) = 4

Np.d= Np(Kot-Ses0-td) = 1:205

pq= 94.2(>‘p,d*"‘1’d) =0.679 Internal cross-sectional parts

Sgo.eff = Pd'Sc.sp = 226.638:mm

Areas:

4 2
Aei= NgoSsoty + Nyt (N eff + tg) = 3992 10°™-mm

4 2
Aceffloc = NsoSso.eff td + nm-tm-(hm_df + td) =3.326x 10 -mm'

More than three longitudinal stiffeners --> k,, , obtained with eq. A2

3
byty
=—2C%  _6923x 10" mm’

12(1 - ‘»2)

s q
Ngo ey Ngy'| tg + 7 + bd"d';

NgotenNgo + Pty

ytp.sl = = 38.755-mm

byty t 2
d*d d 7 4
Ig = = + bd"d'(z ’ytp.sij =878x 10 -mm

“so'lscn'hsm3 N :
+ 5 + Ngyhgytey | tg + > Vip.o

Pi=1 Uniform compression

2
Ag = ngyhgytey = 0.02m EC1993-1-5A1 (2)

2
= bty = 0.021m

Zﬂl + ocz)z + - 1]
o (P + 1)-(1+ 5)

4-(1+ %F()
(P +1)(1+9)

it as¥q =1983x10°
otherwise

Critical buckiing stress, orthotropic plate:

Enty 3
Sanpi= Ko p 5, ~ 106X 100MPa eoig93.1.5eqAL
12-(1 — v )-bd
A,
c.eff.loc
Bac= -0833
Ac
= PA.Z(Xp’w) =1 Plate like behaviour

Effective area of the stifiened plate(deck):

4 2
Aceff = p4.2(>\p,’¢)-Acveﬂ.|0C + Sg eff 'ty = 3462x 10"-mm

Buckling strength
it

NRd = Ac_eﬂ-M - 1.229% 10%KkN
™M

Column like behaviour

h
SO
tso'hsc'[td + 7] + St

tsohso + Soty

Yipd.c™

Seo't 3 t, 2
d d 6 4
Igc= PP + Sso"d'[z - th.s!.c] =9.441x 10"-mm

3 2
tso'hso hso
T heo'tso| ta + - Ypsc

Buckliing resistance stiffener

A= teoNep + Seortg = 434 x 10%mm?

3 2
Ag eff = tso'Neo eff *+ Ss.eff tg = 3.6x 10~-mm

A

o.eff

fo= —o =089
o

Critical buckling stress for a stiffener

Pe P
v

Ze
.
Column-like Interaktion Plate-!ike
behaviour > behaviour
&=0 £=10

-The stiffener is acting as a column between stiffeners

2
™ Elgc 3
Oy = ———— =1127x 10™MPa
b 2
Ag-a
Slenderness ratio

Calculation of reduction factor EC1993-1-5453

=049 Stiffeners open cross-sections
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C. Box girder

e=2718

s o] e | ™

=~ 142237.mm
Ag

t h,
d 0
8= max{(ytp_g - E](td + 7 - ytp-s‘ﬂ = 37.245mm

3
b= 0.5-(1 +ag(rc-02) + xc] =071 EC1993-1-16.3.1.2 (1)

=0.831

Interaction
T,

€ = max| min| a-p -1,1[,0[=0
%crsl

& is almost zero --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

pei= (P —Xc)&(2-€) + Xxc=0831

Checks
Mean stress rod

The "rod" in this case consist of two parts in the stiffener and one part in the web.

Nso et

t
Favet = nso%u_eff-tdvnag(zd] + Aso-aneg[td + j —-1013x 10*kN

Favst

SomEd = ——————— = -31268MPa
NsoSso.eff 1d + Aso

Check according to A.2.1 (4)

pefult
<yt = 294.838-MPa
™
voge ¢ PMt0) o
Ka1:= |"OK" if T>Ucum.Ed ="OK'

"EJOK" otherwise

If this condition is not fulfiled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria
o _ 2
Ad.eff = Ns.soldSso.eff = 0.014m’

2
Atoteff = Asoeff * Adeff + Aw* Asu+ Ap + Ageff =0.1m

t h
d 's0.¢ff
Ad.eff'; + Aso.eff'(td + - )

hs.df.cl]

+2 's’hseftcr[‘d +

h,
s.eff.c2 st
+shseff.c2| td+ Nsc— 2 ] + ls'hst'(td +hg - >
h,
wy 2 suy
*Aw'(‘d +hg+ T] + Asu'{td +hg+ g(hwy’ Sau0) ~ - |-

t

b
Al hee — —

+ h[ls 2)

Ztp.eff.neg = = 436.085-mm

Atot eff

3
tsNseff.c1 h

ly.seff = 2 73 + ’s‘hseff.cl'[Id +

3 2
tsNseff.co Ns eff.c2
+ 7 +tghseff co| td + N~ > “peffneg) -

‘s‘hs.ls Nst z
o tshsp|tg + hs— 5 Apeffneg

CXXVI

2
1 —4
- th.df.neg] =6359x 10 'm

3 2
Ns soSso.¢ff td tq _3 4
lydeff = = " NssoldSoeif|, ~ Zpeitneg| =2551x 10 “m

4
ly.eff.neg = ly.stso + lystsu® lyw + lyb *+ lys+ lyseff + ly.deff =0013m

Negative moment

Effective cross section with negative moment(lower flange in tension)
5.2.1Area
A eff.neg = Ad.eff

4 2
Aceff loc = 3:326x 10%mm
pefyfto)Ag 3 2
Acefflocmod = ——— —— =~4.002x 10"-mm
9com.Ed TM
Aut.eff.neg= Ab Bottom flange in tension

The effective area in compression is calculated according to 4.5.1(4.5). If the condition A.2.1(4)
which was checked before is not fuffiled, further reduction is needed and the area above is used.

Dot | PcAcefflocmod * Ssoefftd 1f Kagg ="EIOK" = 289.853.om”

PcAceifloc * Ssoefftd Otherwise

Agy Lower stiffener in tension -> no reduction
Ap Tension -> No reduction

As No reduction if the side plate is in class 4.
Ao Stiffener class 4 --> no reduction

Effective areas, effective centre of gravity and effective moment of inertia

2
Agif tot == Aceff + Ageff + Ay + Ag, + Ap = 951.261-cm

According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.

Aceif.locmod

toeff = | Pc ty if Knpq="EJOK" =4.983mm

Aceifloc
pctd

e Nso !
NsoNso efftso | td * 5 | + Soeff td
d

s.eff.

t h,
d
+ “so'sso.eff"d.eff‘[EJ + ‘s‘hseff.cl'(‘d +
h
's.eff.c2 st
"‘ts'hsdf.cz(ld +hse- > ] +ishgp|tg+ hs— 7]

h,
wy 2 'su.!
*Aw'[td +hg+ TJ + Asu'[‘d +hg+ g(hwy’ Su0) ~ T]

t

b
Ar| hye — —

+ b[(s 2]

Atpatfnegi™ =445.321-mm

Aeft.tot

Effective moment of inertia:

3 4

3 2
Ns 50 550.6ff 1 t
'5.50  s0.eff d d -
- 2 ztp_df_neg] =2661x 10 ~m

ly.dl.eff fi i) + 1d'nsso‘ssu.eff'[

Ssuoy= sr(Zl.lZ- &) Sqi0= 7206 mm

Stiffeners over/under:



C. Box girder

3 2
tgyrh, h,
's0"'s0.€ff 's0.&ff -3 4
ly.stsofin = Nso’ T} * "so‘tso’hso.éf‘(td AT th.eff.neg] =2783x 10 "m

Iy stsudfin®= 6150610 °m* fromFEM

4 4
|y.sl,su,fin = Iy,sx.su,l.fin =5384x10 'm

2

h,
1 Su.!
+ Ztsu'hsu'[td +hg+ g(hwy - 3310y) - - th.eff.neg:|
2

<

=

2 Su.!
+ Ztsu'hsu'[td +hg+ g(hwy - 3310y) - - Zp eit.neg|

<

2
h,
suy
+ Ztsu'hsu'[td +hg+ (hwy - Smoy) e th.eff.neg:|

Weh:

lywfini= 20.000312m"  from FEM

2
1
b 1 ~3 4
lywfin= lyw.1fin*+ th‘hw’[hts 5 E(hwy) - Z{pveff.r‘%] =1801x 10 “m

Bottom flange:

3 2
~ byty t a4
lybfin= —5 * | s~ Apeffneg =7 | ~2996x 107" m

Side plate:

i ts‘hs.eff.c13 Nseff.c1 : —4 4
lysfin=2 =5 *sNseffortd* — — ~ Zpeftneg] =6773x10 'm

Neeft c2 h 2
tsNseff.c2 seff.c2
+ I +tehgeffco| ta+ Nsc~ > ‘“peffneg) -

3
tshst

h 2
St
+tghgy| tg+ hg— 5 “peffneg

10 4
ly.eff.negfin = ly.deff fin* ly.stsofin * ly.stsufin © lywfin* lybfin * ly.sfin = 1.146x 107-mm

Load
Load capacity:
qQM:= 64k—N The load capacity is calculated with different checks. The load capacity
2

m is , when checking the moment capacity.

QM:=qMby= 241N
m

2
QM-I
Mgg= — 29 9072 10> knim
Ed 8
qQVi= 134% The load capacity is g, when checking the shear capacity.
m’

kN
QY = Vby=469-"—

Vg e 2998 5915 103k
Ed >

Moment capacity

\ )
Wy = LI 3
Ztp.eff.neg
[t
Mgg= W, M) _ 9.132x 10°kN-m
Rd = Wy eff
M1
M
_Ed =0.993
MRd

Shear capacity
n:=120 SSEN1993-1-55.1ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

buyep = 2-15€(ty) tyy = 0.293m

h,
Oy 1= m‘n[ r:/vy]@ =21.119 Angle of web
W Ky

Distance to stiffeners from z-axis:

. ™

s T
LY L+tﬂ,'{7 "180) ™ oo

Az1= 7+ S0 W g0 2 > -

8727 8&z1 " Ssyw{uw-&) =0913m

a523= 22 ¢ Ssj'm{o’w'ﬁ) - 1324m

Moment of inirtia stiffeners z-direction

(two stiffeners)
3 4

2 2 2 -
lgz= Ztsu'hsu'[(ast.z.l) + (ast.z.z) + (33.2.3) ] =818x10 "m
Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:
b, t
b ks Su
=+ 3 —— | + — =0525m
A= 7 * S0 m{uw 130] 2
Rstazi= 3zl * ssu'co{"w'&j =0935m

Rstandi= dtz2* ssu'co{"w'&j =1346m
Moment of inirtia of 15¢t of the web z-direction

lgwz = waeb"w'((ag,z.l)z + (as.z.z)z + (ag.z.:,‘)z—l ~o0o2tm®

4
Istztot = lstz * lstw.z = 0.029m

Shear buckling coefficient, side plate

2
h
s eff SS-EN 1993-1-5 5.3 (5) ANM.
Kep= |534+ 400-[ ] if e 1 =549 X5 henr. 20
2
h
400+ 5.34-[ Sdf] it —2 <1
Ns eff
h
's.eff
w1 = = 0455 EC1-3-5 €056
374 tge(tg) [kry o

Shear buckling coefficient; web with more than two longitudinal stiffeners

2 1493
h

=
W

w SS-EN 1993-1-5 (A5)
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C. Box girder

2 3
9 hw) Istztot 21

(min(!s,lw)}3<hw ’min(ts,l

SSEN 1993-1-5A3 (1) and (2) gives:

T

I
6.3+ 018 Smg
min(ts,tw) “Pven .
2

o

Istztot

mi n(ls. ty) ¢ Nyveb

41+ 22 otherwise

Slenderness limit for which shear buckling check has to be performed for stiffened webs:

W=12  EC1993-1-35ANM25.1

h, £(t,
Check = |"no shear buckling’ it — 2 s31»ﬁ» [k ="Reduce’
n

"Reduce" otherwise

Reduce --> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

SS-EN 1993-1-55.3 (5.6)

0.83

= In if <— =12 SS-EN 1993-1-5 5.3 Table 5.1,

Y Mw n stiff endstiffener.

088 08\ i

Aw n

23 Aw 2 1.08

0.7+ Ny
Kapacity of the web
= 100 = 12 Safety class 3
e 1.00

S83 "barande konstruktioner”
Shear capacity:

Xw'fy(ts)‘ Pyents

— 2125 10°kN SS-EN 1993-1-35.2 (5.2)
V3 M1Mn

Vbw.Rd =
Vb.Rd = Vbw.Rd

3
Vg =4221x 107kN

Ved
2Vpw.Rd

=0.993 (Contribution from two web)

n-fy(ts)hweb-t

VbRd <
Kapacity of the flanges
SS-EN 199315 5.4

No shear buckiing --> the plastic load bearing capacity can be calculated.

CXXVIII

2
h
Ky = 5.34+4[Lebj tkg it az3 - 1635x 10°
a

S83 "barande konstruktioner”
Moment of inertia

t
d
3. eff.neg = Zp.eff.neg ~ 5 = 442:321:mm

1

b
At eft.neg= Nts - ~ Up.eft.neg = 432679-mm

The flanges plastic moment bearing capacity for a cross-section with the effective
flange-area.

" _ Poeff.neg |t ft.neg| (1)

f.Rd.neg - ™o -

, Ateftneg |2t eff.neg (o)
Mo

. =4503x 10°kN-m

The contribution from the flanges should be taken into account when there are still capacity leftin
the flanges in bending, ie the following condition should be fulfiiled:

MEqg <Mt Rd.neg = ©

2
16:bgty -fift,
Cgf = a| 025+ M =0.544m

te(hs + M) (1)

2
16by >yt
Cuf = {025+ 2O ) |y

ty(g + Pg) 1y (1)

2 2
bty 'fy(’d) . byt -fy(tb)
Cof IM1 Y0 Cuf M1

Vbt Rd.ored = = 196.906-kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

) Mea V|
Vor.Rd= [VbtRdored|1~| | | T MEd<MfRdneg =OKN
f.Rd.neg
0 otherwise
Shear capacity stiffened web:
n-fy(ts)-hweb-t

Vow.Rd * Vbf.Rd< =1 EC1993-1-5 Ch.5.2(1)

NERTVEE

Mogdi= VowRa*+ Vot g = 2125% 107N

Check:
Ved
<1=1 EC1993-1-5, Ch5.5, €q. 5.10
Vb.Rd
%
- 0993
2VpRd

Fanges, plastic moment bearing capacity for the effective-flange-area.
Moment of inertia of the flanges:

3 4
lyteftfin'=lydeftfin* lybfin = 5656x 10 “m

The flanges effective area:
2
Acif f.tot = Sso.eff 1d + NsoSso.eff td.eff + Nso'tsotdeff + Ap = 282418-cm

ty {deff
Sso.eff 10 * NsoSsoeff tdeff | 5 |

t !
deff b
+[“so"so"d.eff'( 2 j + Ab'[hts’ ;ﬂ

Aeff f ot

Ztp f eff.neg = = 498.523-mm

| y
y.f.eff fin 3
Wy off = ————— = 0011m

Ztp f €ff.neg



C. Box girder

The plastic moment bearing capacity calculated with the flanges effective area:

fy{[d) 3
Mt R = Wi yeff = — = 4028 10™kN-m
M

Results

MpiRd = Mg = 9132 10%kN-m

Moment capacity check when qM= 64-k—N
m2
M
Ny = B _ 003
Mol Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

Shear capacity check when qV= 134~kfN

Veg m

ngi=——— =0
2Vpw.Rd
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C. Box girder

0.5VEy
The Reduced stress method TEdsp= %dtss" - 39.225.MPa
-6 mm top plate tot’s
Top plate stifieners
Material
M
— i Ed
fy(l) = [355MPa if t<40mm =L Ox Ed.tps = Ii-(hts— tg— Ytp) =199.003-MPa
(335MPa) if t>40mm
E := 210GPa [n ol +2 o
- o : h
Sips= 2 2 ) bty - —2 ~ Yy | . = 1158x 107>
8 gy ~RTReR Nsp + 2 4
(1 + V)
+ ¢Pd Ih Ld Y
Geometry Ng +2 LIPS
Bottom plate
Ve o
= = Ed Stps
tp = 16mm by, := 1000mm Ap = bty = D.Olﬁmz TEdtps = m = 8.012MPa
Top plate Governing slenderness from FE-software
tq:= 6mm by := 3500mm 2
d d Ag = bytg=0021m OV.UNIT = 5752
kN From a linear stress analysis in Sofistik
Side plates 2

m

-3 2
Agi= hgtg=467x 10 “m oy = oy.uniTd = 258.75MPa
Webs . ‘d)
ty 1= 12mm hyy = 1340mm 2 o=~ _— =13712
w W Ay = hyty, = 0.016m oy
Py i= 1250mm hy, = 482.8mm kN

Top stifeners

QgruniT = 73451

From a buckling eigenvalue analysis in Sofistik

tg = 16mm -3 2
0 Agp = hgyley =224x 107 °m L SoUNIT
Sgo = 350mm
Web stiffeners _ 0017 Slenderness for all parts
tg, = 12mm -3 2
su Agy= gl =144x 10 °m
Squ = 440mm ngy = Top plate check
Whole bridge wtp =1
Lpridge = 18m b
bridge hg = P hyy + hg+ tg = 0.886m
Sei=2m
Iio = 0.012799m’ From grasshopper Ppxtpi= |1 if Ap< 0673 - 0829

— Ap — 0.055(3 + )y
Ytp := 0.480699m  From grasshopper (from bottom of bottom plate) P ( tp) i >\p 0673
N
Load P
Global
q:= ASk—N
m2 Plate-like behaviour  [A.1]
o Bty
Q:= qby=157.5— OEtp= P =0.558-MPa
m 12-(1 Y )-bd
2
QLyyi
Megi= —29% _ 6379, 103 kn.m byty
Ed s d'td -8 4
oL, Ip.tp =———=6923x10 m
Vegie — 299 _ 3 417 10%kN 12{1-17)
Ed 2
ty hso
Top plate Ad.z + NgyAgy| tg + 7
= —————————————% =0.039m
tq Yipslip Ag+ NgrAg
Ox Edtp = | hg— E - Ylp = 200.498-MPa Oz Edtp = 0

bty
lgp= Iy +Ag| Yipsltp ~

tg)? to e’ h, 2
2 ) T T +Ag| g+ 5 Yipsitp

tyh t
dbg d ~4 3
Sp= W(hty 2" Ytp] =768x10 “m
|
ER 3
VedSp Y= =P _1268x 10
Tedgp =~ = 7.083MPa 'otp
[ n(tg tso}
Ngy A,
Side plates By i= 0™ 0.96
'tp Ay
- Med s — tg — Ygp) = 199.003-MPa Ss
OxEdsp= T (s~ tg ~ Yip) = 199.003- agpi= ma{ —2,05| = 0571
tot P by
o2 Edsp= L _6s63mPa 2
2s 2(1+a12) + -1
d P tp B 4 3
Koptpi= | ——o—————= if o< [ip =1983x 10

3

3

he =ty -, tyb, 1,
" . o, %'[hts* 5 Ylp] . =85x10 3m (o= 1)1+ )
h,

Sep = (s~ tg — Yep)'t
o 4'<1 * \/Ttp)

Nso . 4
+ ?'hso"so'(hts —tyg- - Yip m it o> \/T‘p

3
Icr.ptp= KoptpOEtp = 1-106x 10"-MPa
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C. Box girder

Column-like behaviour  [4.5.3]

bip
5y

Dy inftp = "8 =0175m

Parts of the top plate that contributes to the

2
b. = ————55, = 0.175m
2.5up.f Sso
PP 5 - ‘l’lp stiffener

by 1.tp*= PLinf tp * P2.suptp=035m

1 heo)
d 's0

taPy1tp * Asu'[‘d + 7]
—————————= =0.041m combined center of gravity for
td'bsl.l.tp +Ag stiffener and contributing top

plate.

Yipsl.1tp™=

3 3 2
. bsl.l.tp"d tq tso Ny
lg.1tp= 2 + by 1 't Yps™ S ) YT, +Agy| g+ 5 Vsl
Combined
moment of
inertia

7‘2‘5'5 1tp 3
Tersltp = 72 =1.127x 10"-MPa critical stress for kolumnlike buckling of stiffener

Ad1tp'Ss

The top plate and stiffeners are subjected to a constant stress distribution so Ocrc™ Ocrd

%cr.ctp™ Tersp

Reduction factor for column-like behaviour

itpi= 0047m

h,
0
ep= max[ytpd.l.tp’ gt + > th.sl.l.tp] =0035m

Qgtp= 0.49 + & =0.558 stiffener with open cross section (curve c)
Ilp
&p

btp= 0.5-{1 +ogy(Np—02) + xﬂ =112 [6312]

1

Xtp= min ———
2 2
R L

Interpolation

o
g[p = mn{max[Lp'tp - 1,0].1] =0
%cr.ctp

1] =0.567

[(Ppxtp ~ xtp) e (2~ S1p) + Xepl e,

petp= |[(Ppxip ~ Xip)&tp(2 -~ E1p) *+ Xep] 1f P = 0567
_ (2 .
it [(Ppxtp = Xep)tpi (2 ~ tp) * Xep|ouit o
M1
Shear
n=12 71(2)
) 083
Xwi= |n if )\p < T =0.905
088 088 p<108
o oo
137
W if Ap>108

Side plates check

x-direction

fta)

Tmax ¢

—0,
a(2) = { (Y::)xz + "max}"l

o(hg—tq —hg)

=0.025
“(hts - ‘d)

b=

MEd

(hts = tq ~ Yyp) = 199.003:MPa

M

Ed

Oy bot = I—»(nls ~tg—hsYyp) = 5034 MPa
O

a,
Depax = Max(3 + gy . 0) = 3.025 g1 = 2o _ o025
9x.top
Poxspi= |1 1f Ap <0673 =0.893
Xp — 0.055 (1,
piz(s"ﬂ'x) if X, > 0673
p
Plate-like behaviour
2 Et2
O spx = = 180.432-MPa
2f1- uz)hsz
Kospx= |1 if bepx=1 =7.626
———— if 1>g >0
(105 + bgpx) -

8L if gy =0

781-629Ugy  + 978y, if 0> gy > -1
239 if ey =-1

3

598(1- u;sp_x)z i 1> g > -

9568 if gy <3

Oarpspx = FEspxcko.spx = L3T6x 10> MPa

Column-like behaviour

’I\'Z-E- 152
= 6.833MPa

Ierespx T
12~(1 - vz)-slS
gy = 0.21

dgp= 0.5(1 + usp-(xp -02)+ sz] =099

Xep= mif ———2——— 1| =0723
® 2 2
Psp {0 ~Np

Interpolation
I

Epx = min may —PPX g 0|11
Ter.cspx

[(pr.sp ~Xgp)bspx (2~ Espx) ~~~:|‘°‘ult
Pespx = {(pr.sp ~Xep)bspx(2 ~ Espx) ] if <1

+Xp

3
Xep M1

[(Ppx.sp ~ Xsp)Espx(2 ~ spix) * Xsp|ouit -
M1

1if

Z-direction

Yepz=1

= 0.34 XpO.sp =07

dpsp= 051+ apgy(Ng ~ Npogp) + Np| = 0995
Ppzsp= |1 if Xy <0673 =0789

2 if X\p>0.673

Spsp* | 9psp ’

Plate-like behaviour
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C. Box girder

- I
Kopspz=4 Eipsi= min ma — PP g g g | g
2 Ter.ctpsx
e
o = ———— =6.833MPa
Espz 12‘(1 _ vz)»sl 2 {(ppx.lps - ><ips)glpsx'(z - g!ps.x) “}'O‘ull
s Xy
. ps
Petpsx = (ppx.tps - X!ps)‘ilpsx'(z - gtps.x) | if 3 <1
Oorpspz = KopspzTE sz = 27-33LMPa X M1
1t [(pr.lps - tis)glpsx’(z - étpsx) + tis]’o‘ult =1
M1
Collumn-like behaviour
2 Etd
Etg
Serespz™ 2 =180.432:-MPa
124(1 -V )-hs Top plate check
2
9x.Ed.tp TEd.tp
Inte lati ——— | +3|———— | =099
nterpolation Petp'! y('d) Xt fy(‘d)
ey
gsp_z = min mad —PPZ 1,0/,1|=0 v v
9crespz
[(sz.sp - XSD)ESP-Z‘(Z B &SDZ) ”}'(XU“ Side plate check
+ X
— _ (o _ P P _ 2 2
Pespz™= [(sz.sp XsP)ESP-Z (2 &591) } it ML <1 =07 Ix.Ed.sp . 9z Ed.sp Ix.Ed.sp 9z.Ed.sp 0345
+Xe - : oo =@
P pc.q).x’fy(‘s) Pcsp.z fy(‘s) Pespx fy('s) Pcsp.z fy('s)
1 it (o )82 (2 Epa) Xl 1 M1 M1 ML
M1 . 2
+3 Ed.sp
Xarly(ty
Top plate stiffeners - check M1
x-direction
Ppx.tps = 1if )\p <0.748 =0.867
)‘P -0.188
—— if X\ >0.748
\ 2 P
P

2.2
Bty 3
CEipsxi= T 5~ 2479x 10°MPa
12~(1 —V )'hso
Ko tpsx = |1 1f brpsx =1 = 4825
8.2
———— if 1> >0
(105 -+ yps ) P

TBL if ey =0
781 - 629 Uypgy + 9T8Ugy,” if 0> gy x> -1
239

if Vgpsy =1

5981 ypsy)” if 1> by > -3
9568 if Uypgx <3

4
Oerpipsx = Ko.tpsx OE tpsx = 1196 x 10™-MPa

Collumn-like behaviour

‘n'sztsoz
Ocr.ctpsx = 2 =12.147-MPa
12~(1 —v )-sts
Xtps™= Xsp
Interpolation

CXXXII



C. Box girder

EWM - 8 mm top plate thickness

This chapter covers the EWM when changing the top plate thickness to 8 mm.
Geometry
Amount of:

Upper stiffeners:

Lower stiffeners:

Deck subpanels: Nggp'= Ngy +1=10
Deck: by := 3500mm ty = 8mm
bg.0.5:= 1750mm
b,
— _350.mm
Nsso
Side plate: hg:= 389.2mm
Web: 1340mm ty = 12mm
hWy = 482.8mm
hyy = 1250mm
Squo = 20mm
Sy = 440mm
Bottom plate: by, := 1000mm tp = 16mm
Longitudinal stiffeners:
Stiffeners over: hgy := 140mm tgy = 16mm
Stiffeners under: hg, := 120mm tgy = 12mm

s
hsu.y = hw-cos(zl.lz-ﬁ) =111.939-mm

t

b

Total height: hig:=tq+ hg+ hy,, + — =888-mm
ts= 'd T s Twy T 5

Bridge length: 'bridge = 18m

Distance between a:=2m

vertical stiffeners:
Transverse stffeners: Sg:= 2000mm S0 = 500mm

tig1 = 18mm tigp == 12mm

1
b
hyep = hwy* hs’; = 864-mm

Poissons ratio v:=03

M1 = 1.00 =12
Ymo = 1.00

wm=1

agy = 6mm
ag, = 5mm
tigz = 8mm

Material parameters:

E:= 210GPa

fy(!) = [(355MPa) if t<40mm EC1993-1-1tab. 3.1

(335MPa) otherwise

Pa
£ =
| o
Area
Ag=tgby 2tghg Ap = tyby
Agp = NgyteyNgy Agy = Ngytgyrhgy

2
Aot = Ag + Ag+ Ay + Ap + Agy + Ag,y = 0.114m’

2
Agi= Agy+ Ag=0.048m

Change of center of gravity, Zy

(From top to centre of gravity)

t h, h,
Ad»;d + Asu‘[‘d + ?J + As’(‘d + ?Sj + Aw'[ld + hg+
h,
2 Suy
*Ab‘(td +hg+ hwy) + Agyftq + hg+ E(hwy— ssuO) - T:|
=383.272-mm

2

= Atot

Moment of inertia I,

S0y = sin[zuz-ﬁj Squ0 = 7:206mm

Stiffeners over/under:

h’ h z
sy 'so _3 4
) + “m'tso'hso'[td + > th) =1912x 10 "m

1= 6150620 °m* from FEM

2
h,
1 suy —4 4
lystsu=lystsu1* 2(su'hsu'|:(d +hg+ g(hwy’ SSJW) e le} .. =8073x 10 'm
h 2
2 suy
+ ZISJ.hSU.{(d +hg+ E(hwy - Ssucvy) = ztp}
Nsuy :
+2tgrhg |ty + hg+ (hwy’ SSJOy) - "%
Weh:
lyw1:= 20.000312m" from FEM

2
t
b 1 -3 4
lyw = lywi+ th-hw-[hts— 2 5-(nwy) - z[p] =2721x 10 °m

Deck:

byty t 2
dd d 34
'y.d;TJ’td'bd'[E’ZlP] =4.028x 10 "m

Bottom flange:

byt t,)?
bth b 3 4
b= +tb-bb-[hts—ztp—z) -3948x 10 °m

Side plate:

3
tghg 4
Iy.s-: 2

hg 2 4
+ 2tghg| tg + ? ~2p) = 4228x 10 m
Total:

4
Iy.lm = Iy.a.sn + Iy.sx.su + Iy.w + Iy.d + Iy.h + Iy.s: 0.014m
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C. Box girder

Reduced cross section 2y = tg=8mm

Functions to investigate the stresses in relevant cross sections
Stresses
Tmax = fy(tq) = 355 MPa

zp =ty + hg=397.2mm

D= Tneg2) - 0037

Stress at z-coordinate when lower flange acts in tension: 7 Tneg(Za :

Oneg(?) = UmaxAZ -0

neg max Condition = |62:¢(tg)-(1 ~ h¢)-[Zbg if hg<-1
1 neg(71:22) = MX(Oneg(21) - neg(Z2)) gl otherwise
. 0.67 + 0.33
UZ,neg(Zl’ZZ) = "’"”(“neg(zl)*"neg(zz)) s
Stress at z-coordinate when upper flange acts in tension: Classd = |"Classa" if hj > Condition — "Lower than dlass 4"
1,

s

"Lower than class 4" otherwise

O'DOS(Z) =

‘Z+ Oma

o1pos(2-22) = MaX(9pod 21). 9pod 22)) Ky.a1(thg) = 8057
92pod21:72) = Min(opod21)- Tposl22))

Buckling factor Se.s0 = S0~ o [table 5.2 ES1993-1-1]

92.neg ?1-%2, 92.pod 21-%2 . _
wneg(zl’zz) = M prS(Zl’ZZ) = L) Aps= Xp(kmzl.l(ws)‘hsv‘s) =049

“1.neg(zl~ Zz) "l.pos(zl' Zz)
Kyaq() = |4 if v =1 Bucklng factors from table 0= P42(Npss) = 1 Internal cross section parts, EC1993-1-5 4.4 (2)

410) = =
41
I Oi'z v if 1>4>0 SS-EN 1993-1-5 hggi= tg+ hg = 2ip=0014m Height, tension part
R +

Internal parts in conpression

781 if p=0

2. hs ¢ = g = hg = 375.272:mm Height, compression part
7.81- 6290 + 9.78)° if 0> >-1

2o it 5 ! heft.c = Ps(Nsc) = 375.272:mm
598(1- ) if -1>1>-3

hs eff c1 = 04hg gff ¢ = 150.109-mm

hs eff c2 = 0.6 eff ¢ = 225.163 mm

g eff = Nggff ¢ + Ngt = 389.2mm

Kg.a.04¥) = 043 if p=1 Buckling factors from table 4.2
057 i _ SS-EN 1993-1-5 upper part
57 if =0 Elements in compression with 3 2
085 if p=-1 free edge. Aseff.c = 2N eff ¢ ts = 9.007x 107 mm
2 . Lower stress close to support.
057 - 0.214) + 0.07° if ~1>p>-3 s 2
Aseit = 2(Ngeif ¢ + Mgy ts= 9.341 x 10™-mm
Kg.a.26($) = |043 if p=1 Buckling factors from table 4.2
0578 SS-EN 1993-1-5 lower part
—C_ it 15950 Elements in compression free Critical buckling stress, orthotropic plate:
P+ 034 edge.
1.7 if p=0 Higher stress close to support. E 2( 2
Ogp = w}L:l‘th 10°MPa
17-5) + 17.114)2 if 0>¢>-1 crp- 0-4-1( e N 2 EC1993-1-5eq.A1
12\1-v")hg
238 if Pp=-1
Stiffeners
Slenderness
b
T = tg=8mm
Nplkgob.1) = —t A= td
28.4-£()- \/ITU

Z2/= tq + hgy = 148 mm

Reduduction factors peq(Z
V= negl?2) ~0627
neglZ1,
p4.2(Np:) = |10 if X, <05+/0.085 - 0085 SS-EN 1993-1-5 (4.2)
: Internal parts _
Np — 0.055max{(3 + ), 0] ks, -4-2b(w50) =05%8 Higher stress close to support
min ——— 1| otherwise
NG
P
s
Pag(pt) = |10 if X, <0748 SS-EN 1993-1-5 (4.3) e | Classt it = > 2e(tg)[ky a2t Pso) = “Lower than class4*
Cross-sections with free S0
X, - 0.188 d B . ;
min £—— ,1| otherwise edge Lower than class4"  otherwise
2
p
Moo= NplKo.4.26(¥so)- Nsor teo) = 0:49
Reduced cross sections Pdso= Pag(Npsohg) =1  Internalcross-sectional parts,
EC1993-1-54.4 (2)
- h, = ‘hgy = 140-mm
Side plate so.ff = Pd.sollso
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C. Box girder

Agp.eff = Neo'lso Nep eff = 2,016 x 10*mm?

Deck

X475

ty

Classd_:= |"Class4” if 30 g [BMP
ty fu(ta)

“Lower than class4"  otherwise

—t,

d -3
= ==4x 10" m g = Vneg(2d-2d) = 1

Socni= S0 lso tab. 5.2 ES1993-1-1] ko= Ko.a(a) =4

Np.d = Np(Ko.d- .50 tal) = 0-903

pg= p4_2(xp_d,¢d) ~0.837 Internal cross-sectional parts

Soff = Pd'Se.0 = 279.676:mm

Areas:
Boi= NSt * Neprteo (Nep eft + tg) = 4651 x 10%mm”

4 2
Aceff.loc = Nso'Sso.eff td + "so'lsu'(hso.éf + 'd) =4.145% 10 -mm
More than three longitudinal stiffeners --> ka,p obtained with eq. A.2

bty
o= 9 eax 10%mm®
2{1-3
h t
”solso'hso'(ld + ?j + bd-tdij

Ngo e Ngy + bty

3 2
N I
7T dld| 5 “Vps ) |-
Nt Ny’ h
S| D

2
SO
) + nsn'hso'tga'[td + 7 - ytp.le :|

|
3 502685 = 2 -0571
b bq

=34.977-mm

Yipd =

~9.726x 10"-mm"

Pi=1 Uniform compression

2
Ag = Ngyhgytey = 0.02m EC1993-1-5A1(2)

2
= bty = 0.028m

2 1
. 2~[(1+u2)+~,71J

o+ 1)-(1+9)

4-(1+ %F()
W+ 1(1+9)

it a<¥A =1057x 10°

otherwise

Criical buckiing stress, orthotropic plate:

2 2
Enliy 5
Saxpi= Ko pr 2 3 LO#8x100MPa gcigg35eqal
124(1 -V )'bd
Aceftl
Bp o= —HE _ g g9
. ™

pi=p, 4.2(>\p,w) =1 Plate like behaviour

Effective area of the stiffened plate(deck):

4 2
Aceif = P42 ) Aceffioc + Ssoefftd = 4369 10"-mm

Buckling strength
ta)

tq 4
NRg = Aceff —— = L551x 10"kN
™

Column like behaviour
1,

h,

'so d
toho ty+ — R
soso[d* zj*ssodz

tsohso + Spty

3 2
S
sc=| T, TSold| S T Ypsie) |-

3 2
tso' Mo hso
T Neo'tso| tg + - Ypsc

Buckliing resistance stiffener

Vipslc™ =36.889-mm

- 1049 % 10" mm”

3 2
A= tsohg + Sotq = 5.04 x 10™-mm’
—th _ 32
Ag eff = tooNgp eff + Sep.eff g = 4477 x 10~-mm’
A,
- L
Aq

Critical buckling stress for a stiffener

P. P
v

Interaktion Plate-like

Column-like I
behaviour * behaviour

g
Il
o
T
Il
[
=]

-The stiffener is acting as a column between stiffeners

2
7 Elgc 3
Oerg = ——— =1078x 10"-MPa
b 2
Ag-d
Slenderness ratio

0.541

Calculation of reduction factor EC1993-1-54.53
Q= 049 Stiffeners open cross-sections

e=2718

k4

) El Yo 1 [
i:= [— =138.917-mm
Ad

t, h,
d 'so
o= ma{[y'p_d - ;]'[(d + 7 - ylp.sl]] =43.023-mm
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C. Box girder

EC1993-1-16.3.1.2 (1)

Xg:= mi 1, =0.812
¢+
Interaction
o,
€ := max| min| ap -1,1[,0/=0
%ersl

& is almost zero --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

pei= (P =Xc)&(2-8) + Xc=0812

Checks
Mean stress rod
The "rod" in this case consist of two parts in the stiffener and one part in the web.

t h,
d 's0.eff 4
Favst = "sossu.eff'ld'cneg(;] + Asu"’neg[‘d + 2 j =-1277x 10"-kN

Favst

— & _317.005MPa
NsoSso.eff td + Aso

Pcom.Ed =

Check according to A.2.1 (4)

pefult
Pl _ 288.272:MPa
M
peflt
Kaoq= |"OK" if Peilto) >0comed = "OK"
2 ™ I
"EJOK" otherwise

If this condition is not fulfiled, further reductions will be calculated according to A.2.1.(4)

Effective areas, new centre of gravity and moment of inetria

2
Ad.eff = Nssold Sso.eff =0.02m

4
ly.eff.neg = ly.stso * lystsu® lyw + lyb *+ lys+ lyseff + ly.deff =0014m

Negative moment
Effective cross section with negative moment(lower flange in tension)

5.2.1Area

At eff.neg = Ad.eff

4 2
A eff loc = 4145x 10°-mm

pefultp)-A.
Ac.eff loc.mod = L 4583 x 10%mm’
9com.Ed TM
A = A . .
uf.eff.neg = "'b Bottom flange in tension

The effective area in compression is calculated according to 4.5.1(4.5). If the condition A.2.1(4)
which was checked before is not fuffiled, further reduction is needed and the area above is used.

="EJOK" = 358952cm’

Deeii= | PcAceif locmod + Ssoefttd 1 Kaz,
PeAceffloc + Sso.efftd Otherwise

Agy Lower stiffener in tension -> no reduction
Ap Tension -> No reduction

As No reduction if the side plate is in class 4.
Aso Stiffener class 4 --> no reduction

Effective areas, effective centre of gravity and effective moment of inertia
3 2
Atttot = Acelf + Aseff + Ay + Agy + Ap = 1.02x 107cm

According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.

4

A,
‘c.eff.loc.mod . "
) er = [P, it Kppq="EJOK" =6.496mm
- _ c.eff.loc
Aoteff = Asoeff + Adeff + Aw + Agy + Ap + Agerf = 0.109m
pctd
t h, t h t
d 's0.eff d.eff £ d
— | _— ngy-h, tgg— | tg+ — | + A= .
Adeff' + Asoeff ([d A ) o Noeff lo0 [ 4+ J Soeff a7,
h,
seff.cl tq Ns.eff.c1
w2l hse"ﬁl'[td T2 ] + "so'sso.df"d.df'[;] + ‘s'hsdf.cr[‘d A
h, h,
s.eff.c2 3 hg eff.c2 hst
Hghseif |t + Nsc~ ] + ts'hst'([d +hg—— “s'hseff.cz'(‘d +hgo— 2 +tghgy| tg + hg— - -
h h
| -y . 2 _ Ly wy 2
*Aw(ld" hg+ 2 ]*Asu{th' hg+ 3(hwy %JO) > | "'AW'[td*' hg+ 7] +Aw-{ld+ hg+ E(hwy’SmO) =
t
b b
* Ah'[hts - ;) Ay s
Ztp.eff.neg = = 402.906- mm p2 = = 416.802:mm
petneg Atot.eif p.efineg/ At tot
tehgeff o1 h 2 Effective moment of inertia:
s'ls.eff.cl K —4 4 -
|+ ‘s‘hseff.cl'[‘d + - th.df.neg] =4927x10 'm
tehg etf o2 h 2 NS0ttt tq : 3 4
s Nseff.c2 s.eff.c2 | e —D O T e | = -z =3813x 10 “m
0 's’hseff.CZ'[td +hge—- - le.eff.negj . y.deff fin 7 +ldNssoSsoeff( 75 ~ “p.effineg x
‘s‘hsts Nst 2
— + tghgy Id*hs’*.’ztpdfneg i
12 2 e = sinf 21.12— = 7.206-mm
Seuy, '( 180) Su0
Stiffeners over/under:
Moot ld Y4 : 3 4
's.50 S50, .
ydeft = = * "sso"d'ssu.eff'[g - Ap,af,neg] =356 107 °m toheodt’ Nep eff z 3
ly.st.sofin = Nso' ) + Neortep o eff | td + > peffneg| = 2347x 10 "m
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C. Box girder

lystsudfin®= 6150610 °m* fromFEM

ly.st.sufin = ly.stsudfin -
h 2
1 suy
+ leha{ld +hg+ g(hwy’ SsuOy) -—5 ~peineg| -
h 2
2 suy
+ leha{ld +hg+ g(hwy’ SsuOy) -—5 ~peineg| -

2
h,
suy
+ leha{ld +hg+ (hwy’ SsuOy) - - th.eff.neg]

Web:

lyw.1fin'= 20000312m" from FEM

2
1
b 1 -3 4
lywfin*=lyw.1fin * le'hw'{hls o E(hwy) - Z[p_e(f_nsg} =2206x 10 “m

Bottom flange:

3 2
byt ty 34
lybfini= —5 * WPb| Ms~ Zpeftneg =5 | =3433x 20 "m

Side plate:
3 2
tsNseff.c1 .€ff.
ly.sfin 2 +tghseff c1| ta + ~ Zpeff.neg|
3 2
tshseit.c2 Nseff.c2
+ I +tehgeff co| ta + Nsc— > “peffneg) -

h 2
St
+tghgy| tg + hg— 5 " peffneg

10 4
ly eff.neg fin*= ly.deftfin + lystsofin * lystsufin * lywfin+ lybfin + lysfin=13x 107-mm

Load
Load capacity:
qm =7 The load capacity is calculated with different checks. The load capacity
m2 is gy, when checking the moment capacity.
QM= qMby=2735
m
2
QM
Mggie ——219%€ 3 106« 10%kN-m
Ed 8
e 134% The load capacity is g, when checking the shear capacity.
m

kN
QV = q V-by = 469-—
m

Ve 01988 _ 4 2914 103k
Ed 2

Moment capacity

[
Wy.eff - y.eff.negfin _ 0A031-m3
Ztp.eff.neg
fi(t,
MR = Wy eff M) 1108x 0% knm
M1
R,
MRd

=6577x 10

4
m

=5465x 10

4

4

m

Shear capacity

n:=120 SS-EN1993-1-551ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

buep = 2:15€(ty) t,y = 0.293m

h,
Q= a;'r{ly}@ =21.119 Angle of web
kg

hW
sin ay—— |h,

(s T W)
Az1= 7+ S0 W g0 2 >

Distance to stiffeners from z-axis:

=0.503m

ag22= 8421 " Ssu'w{aw-&) ~0913m

ag23= A2+ Syw{uw-ﬁ) = 1.324m

Moment of inirtia stiffeners z-direction

lsz= ZISJ'hSJ'Raﬁ.Z.l)Z + (as.z.z)z + (59,2,3)21 -818x10 °m’

Distance from z-axis to middle of the web area which is 15¢t each side of the siffeners:
b, t
Astndn= 7b + silo-co{aw-%} + % =0.525m
s
Retzai= 3st2.1* Sur®q w55 | = 0.9%m

Rstiadi= 322+ Ssj‘m{o‘w'ﬁ) =1346m

Moment of inirtia of 15t of the web z-direction

lgwz = waeb"w'((ag,z.l)z + (as.z.z)z + (ag.z.:,‘)z—l ~o0o2tm®

4
Istztot = lstz * lstw.z = 0.029m

Shear buckling coefficient, side plate

kry = =
hs eff A3whenk,=0
2
h
400+ 5.34-[ Sdf] it —2 <1
a Ns eff

h

's.eff
M ¢ = 0455 EC1-3-5e05.6

- 374tge(ty) ke

Shear buckling coefficient; web with more than two longitudinal stiffeners

a
T =148
w

4
2
k-rsl = m BEEJ .
a

SS-EN 1993-1-5A3 (1) and (2) gives:

stz tot 21

CXXXVII
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h, ¥ 1!
5A34+4A00_[ seff] s 5401 SS-EN 1993-1-5 5.3 (5) ANM.
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C. Box girder

2
h,
'web . 3 2
= [534+4| — | + ifa>3 =1.635x 10 16bgty -t
ke [ a J krs Cop = @[ 025+ Lz(d) - 0579m
I te (Mg + Py > fyft
63+ 0.18-75'“:! . (s + ) “yts)
min(te,ty,,) - h, | 2
41+ {is ) e +22 stztot otherwise L6 byt~ fytp)
2 " 3 Cyf = & 025 4 ———— | =0.59m
o mm(ts,lw) “Nen e \2e 1t
s (s + Puy) 1)
Slenderness limit for which shear buckling check has to be performed for stiffened webs:
2 2
byt fy(ta) bty -yt
=12 EC1093-1-3-5ANM2 5.1 Vbf.Rd.ored = baa yte + Pt () =242948-kN
Gt IM1 Y0 CufIM1Tn
s(ls) The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

h,

'web

Check := | "no shear buckling” if ——— <31.——. = "Reduce”"
mm(is,lw) n kr1

2
. M
"Reduce”  otherwise . Ed ]
Voi.Rd = [VbfRdored| 1| 1 it Mgg<Mirdneg =O0kN
f.Rd.neg
Reduce --> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2). 0 otherwise
Shear capacity stiffened web:
Mw
=max| ——, =0.455 SS-EN 1993-1-55.3 (5.6) Nfy(ts) hwepts
w [37.4&W~e(tw) J& M Yiaral s i M wents EC1993-1-5 Ch5.2(1)
\ﬁ"YMl
i 083 Virai= VowRd+ Vo Rg = 2125% 10°KkN
Xwi= | if Ay <— =12 SS-EN 1993-1-5 5.3 Table 5.1, ~Mord= Vbw.Rd bf.Rd = &
n stiff endstiffener.
083 if 088 <Ay <108 Check:
n
\Z
T S Ve
07+ ny | WET 2 <11 EC1993-15, Ch.5.5, q. 5.10
VbRd
Kapacity of the web
Sinae= 100 =12 Safety class 3
V,
e 100 B o
S83 "barande konstruktioner” 2V Rd
Shear capacity:
X fults) - hyen t Fanges, plastic moment bearing capacity for the effective-flange-area.
ViwRd = X9 s e 16t SS-EN 1093-1-35.2 (5.2)

V3m1y
M17in Moment of inertia of the flanges:

Vi =V,
bRd*= Vbw.Rd 2 /]

ly efffin = ly.defffin* lybfin=7-246x 10 “m
Vg = 4221x 10°KN
The flanges effective area:
VEd

——-099
2Vbw.Rd

tribution from two web) . _ 2
(contrbution from two web) At 1.tot = Sso.eff1d + Nso'Sso eff Tdleff + Nsolsorlaeff + Ap = 355.:246-cm

"‘fy(‘s)‘hweb“s
VoRrd<— ——— -1
NERTYE tq td.eff
Ssoeff a7 * NsorSsoeff deff | =,

Kapacity of the flanges [ [td_eﬂ ) ( tbj:|
+| Ngy'tant, =+ Ay he — —
SSEN 19931-5 5.4 , _ [Ty U 2)) eparerm
tp.f.eff.neg = = -

A f.tot

No shear buckiing --> the plastic load bearing capacity can be calculated.

!
$83 "barande konstruktioner” W = _yfeitfin =0.018 me

Moment of inertia yef Zp f.eff.neg

t, . . . "
. d The plastic moment bearing capacity calculated with the flanges effective area:
3. eff.neg = Zp.eff.neg ~ 5 = 412:802mm P 9 capacty o

t fy(ta)

. o M¢ R = Wy et o = 646 x 10°kN-m
At eff.neg ™= Mts = ~ Ztpeff.neg = 463.198-mm RO Myl *
Results
The flanges plastic moment bearing capacity for a cross-section with the effective
- 4

flange-area. MpI.Rd = Mg =1.108x 10 -kN-m

Adt eff.neg ‘aﬁfﬁf-"eg‘ Y([d) 3 Moment capacity check when _a N
M == 2 7 =5091x 10°kN-m pacty qQM=78—

f.Rd.neg 2
Mo m
, Atettneg |2t eff.neg| Tylt) . — 00
Mo Mpi.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)

The contribution from the flanges should be taken into account when there are still capacity leftin
the flanges in bending, ie the following condition should be fullfiled:

Mgq <Mt Rdneg = 0
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C. Box girder

Shear capacity check when qV= 134.k7N
2
m’
V
ng= Ed =0.993
2VowRd

CXXXIX



C. Box girder

05Vgy
The Reduced stress method TEdsp= 9VedS» — 54.985.MPa
- liott
-8 mm top plate thickness tot's
Material

Top plate stifeners

355MPa if t <40mm
(335MPa) if t > 40mm

fi(t) = -
y Imp=1 Mgg

Oy Editps = . (hls —tg- Y!p) = 241.446-MPa

E = 210GPa ohy  tehg
V=03 i~ ———— -80769.GPa ) heo 3 3
21+ ) Stps:: ?'[htsftd’T ’Y!p) .. =1327x 10 "-m
'so
Geometry taPg fy
+———hg-—-Y
Bottom plate Ngp + 2 RER
t:= 16mm by = 1000mm Ap - byt — 0.016m° Vegs,
Tedips =~ = 11877-MPa
Top plate ) Yot tso
tg:= 8mm by := 3500mm Agi= byt = 0.028m2 Governing slenderness from FE-software
Side plates
Side pales OV UNIT = 4,93m From a linear stress analysis in Sofistik
— — _ . kN
tg:= 12mm hg:= 389.2mm Agi hety— 467 10 L
m
Webs
oy = oy yniTd = 310.59-MPa
tyy == 12mm hy, = 1340mm 2
w w Ay = hyty, =0.016m f [d)
hy x = 1250mm  h,, , := 482.8mm oyp = —— = 1143
W w.y ¢ . oy
Top stiffeners g - 141726 kN From a buckling eigenvalue analysis in Sofistik
r.UNIT = S
- _ 2
sp = 16mm Ag = Neortey = 224 10 3m? m
= 350mi J
%o m i T _
q
Web stiff
b stfieners Slenderness for all parts
tg, = 12mm hg, := 120mm = hgitg, = 144x 10 3m2

Sgy = 440mm Ng, =3 Top plate check

Whole bridge
wtp =1
4
Lbridge:: 18m hig= i + hw.y +hg+ty=0888m Sgi= 2M
4 2 Ppxtp= |1 if Ap<0673 =097
0.013861m From grasshopper
Np — 0.085(3 + )
Yip:= 0.505242m From grasshopper (from bottom of bottom plate) _ if Xp > 0673
b
Load P
Global
a= 63k—N Plate-like behaviour ~ [A.1]
2 2_ 2
m T Ety
Opgp= ——,— = 0992MPa
kN 2(1-v9)b
Q:= gby=2205— v )hd
m
3
2 byt
QLy: __Pdtd ~7 4
Mgg= bridge _893x 103-kN~m Ip_[p = 1641x 10 'm
8 1201 - v
QL
Veg= — 299 _ 3 984 10%kN ty he
2 Ad-z + NgyAgy | tg + 7
Top plate B W TV W
= o3 v, | = 2as.023.mP 3 2 3 2
Ox.Edtp= 1Ms™ % tp) = 244.023-MPa o2 Edpi= 0 byrty tq tsohs hsp
= ldtp= "5 FAd\Vipsp TS | Mo T, T A ldt 5 Vipsiap
[ t
p= &v(hlsf 9 Ytp] —9641x 10" *m® [
ngy + 2 2 pi= - = 592685
ptp
Ve
Ed Slp
TEqp = ————— = 11503 MPa ngy A
P lgrmin(tg teg) b= 20 47
Ad
Side plates S[
S
o= max| — 05/ = 0571
Megg by
OxEdsp = I—~(htS “tg- Y‘p) = 241.446-MPa
tot
o, Ed =2 _o183mPa 2[(1+a12)2+'\( 1]
zEdsp™ o T ’ p tp . 4 3
s koptp= | =5 —— if op= |y =1057x 10
(hs—ta-Yep) tad t otp (Ve + 2)(1+ byp)
s 'd=Yip)  tWPd d -3 3
Sgp= (Mg = tg = Yip)ts—————— + ——| Mg = - ~ Yip| - =9:217x 10 ~m
s P 2 2 (T2 {1+ i) P
Ny g o+ 1+ og) | 7N
+ ?vhytmv his—tg - > Yip ( tp ) ( IP)
3
Terpip™= Ko ptpOEp = 1.048x 10™-MPa

CXL



C. Box girder

Column-like behaviour  [4.5.3]
b S s
. = — P s -0175m
Linftp= 5 W Sso

_2

by suptp= Sgp = 0.175m Parts of the top plate that contributes to the
. 5- "‘l’tp stiffener
by 1tp= Printtp + P2.suptp=035m
t hey)
d '0
by 1 * Aso'[‘d + 7]
Vipddtp =, = 0.037m combined center of gravity for
. Id'bsl.l,tp +Asp stiffener and contributing top
plate.
3 2 3 2
i l:'sl.l,tp‘td ty tsohso s
g1 =, tPeapla(Vpsap S | T FAw(ldt 5 T Vipsiap
Combined
moment of
inertia
2 El
TElg1p 3 N ) ) )
Oadtp= T, = 1.078x 10™-MPa critical stress for kolumnlike buckling of stiffener
Ag1tp'Ss

The top plate and stiffeners are subjected to a constant stress distribution so o = o g

9er.ctp™ Tor.sltp

Reduction factor for column-like behaviour

h
SO
&p = max[ytp.si.up* tala+ — - ylp,d.l,lp] =0041m

Cetp= 0.49 + & =0571 stiffener with open cross section (curve c)
s i
o
2
o= 0.5-[1 +ogy(Np=02) + Xy ] =09 [6312]
1

2
[%*J“’tp “p

1|=0.689

Xtp= min|

Interpolation.
Lep

g[p:: min max| Zerptp -1,0[,1|=0
%cr.ctp

[(Ppxtp ~ xap)tp (2~ Stp) + Xepl ouit _

petp= |[(Ppxtp ~Xap)Sap (2~ tp) + Xep] 1f -
1 i [Poxip~ xep)Sp (2 &p) + Xplowie
M1
Shear
12 71(2)
B 0.83
Xwi= |n if Xp< T =1164
088 if 088 <Xy <108
>‘p n P
137 B
W if )\p >1.08
Side plates check
x-direction
Tmax = fy(t)
“max
o(2) = “Z+ 0, 1
[ (tp) max}
hyg—tgq —h,
sttty 0,039

1 =0.689

- Med hig — tg — Yip) = 241.446-MPa
Ox.top = [ ( ts~'d~ tp) = oA
M

Ed
Oy hot = I—-(h‘S ~tg—hg—Yp) =-9.305MPa

tot

a,
Depax = Max(3 + g . 0) = 2961 g1 = ZXbot_ 6 039
9x.top

Poxspi= |1 if Ap <0673 =1082

Ap — 0.055 (1

piz(s"ﬂ'x) if %, > 0673

p
Plate-like behaviour
7r2~E-t52

TEspx= Ty - 180432MPa

12»(1 -V )<h5
Kospx= |1 if bgpx=1 = 8067

82
—if 1> >0
(205 + bg ) Vepx

8L if gy =0
2.

781 - 629gy  + 9By if 0> gy > -1

239 if ey =-1

598(1 i)’ if 1> g >3
9568 if gy, <3

et ppix = T spx Ko spx = 1456 10%MPa

Column-like behaviour

r2EtZ
= ——————— - 6833MPa
Ter.cspx ( 2 2
121 -v) 56
Qg = 0.21
2
bep= 0.5(1 + asp-(xp - 0.2) +Xp 1 =0.808

Xepi= min[%,l] — o842
2
bt bsp ~Np

Interpolation
Lef
gspx = rnir{max[M - 1.0}1] =1
- Lef
Cr.C.5p.X

{("pxsp ~Xep)Espx (2~ Epx) “‘]""ult
Pespx = {("px.sp ~Xep)spx (2~ Epx) ] it <1

+Xgp

Xep M1
[ —Xgp)Espx(2— & + Xgp |
1t [( PX.sp Sp) SP-X( SP-X) sp] ult S1
M1
Zdirection
Yepzi=1
Cpepi= 034 Nyggpi= 07

dpsp= 051+ apgy(Ng ~ Npo.gp) + Np] = 0859
Ppzspi= |1 if Xp<0673 =0.986

L it x> 0673

Ppsp* | Ppsp ’

Plate-like behaviour

CXLI

-1



C. Box girder

Kopspz=4
7r2~E-lsz
| = = 6.833:MPa
E.sp.z 2)
12\1-v")sg
9erpspz = Ko pspz OEspz = 27-331-MPa
Collumn-iike behaviour
'rrz-E-ts2
o, = —————— =180.432-MPa
crespz ( 2 2
1201 - v%) hg

Interpolation
e
§$Z:: min| max| Pz -1,0[,1|=0
: Ier.cspz

+Xep

{(ppzﬂl ~Xep)Espz (2~ Espz)
f

Pespz= |[(Ppzsp~Xep)ipz (2~ Espz) | 1
+Xgp

1 if

M1

Top plate stiffeners - check

x-direction

Ppxipsi= |1 if Xp=<0.748 =1

\p —0.188

p .
if Xp >0.748

Ko tpsx= |1 if Vrpsx =1
8.2
(105+ byps )
8L if ypgy =0

if 1>wsp_x>0

781 - 629 Uypgy + 9T8Ugy,” if 0> gy x> -1

239 if Pypgy =1

598 (L ypsy)” if 1> bgpx> -3
9568 if Uypgx <3

3
e papsx = Ko tpsxTE tpsx = 9629 10™MPa

Collumn-like behaviour

‘n'sztsoz
Ocr.ctpsx = A o 12.147-MPa
12~(1 —v )-sts
Xtps™= Xsp
Interpolation

e
cr.p.tps.x _ 170}1] 1

Eipsx = Min max
P 9er.ctpsx

CXLII

[(Ppz.sp ~ Xsp)Espz (2 ~ Esp.2) + Xep] it -

M1

=3.884

(f’px.!ps - les)ﬁlpsx'(z ~ Eipsx,
+Xtps

Petpsx = (f’prtps‘ tis)Etpsx'(z - Etps.x) | i L
+Xtps
1if |—(ppx.tps’ tis)gtpsx'(z - 5tpsx) * tis-"o‘ult o1
M1
Top plate check
2
9x.Ed.tp TEd.tp Qe
) Xyl
M1 M1
Side plate check
2
9x.Ed.sp OzEdsp _[_°xEdsp |[_ %zEdsp 0496
pc.sp.x'fy(ts) pc.sp.z'fy(ts) pc.sa.x'fy('s) pc.sp.z'fy(ls)
M1 M1 M1 M1
2
T
43l Ed.sp
X'y
M1
Top plate stifeners check
Ox.Ed.tps TEdtps | 0.465
Potpsxfy(ts) Xwfylls)
M1 M1



C. Box girder

EWM - 12 mm top plate thickness

This chapter covers the EWM when changing the top plate thickness to 12 mm.
Geometry

Amount of:

Upper stiffeners:

Lower stiffeners:

Deck subpanels: Nggp'= Ngy +1=10
Deck: by := 3500mm ty = 12mm
bg.0.5:= 1750mm
b,
— _350.mm
Nsso
Side plate: hg:= 389.2mm
Web: 1340mm ty = 12mm
hWy = 482.8mm
hyy = 1250mm
Squo = 20mm
Sy = 440mm
Bottom plate: by, := 1000mm tp = 16mm
Longitudinal stiffeners:
Stiffeners over: hgy := 140mm tgy = 16mm
Stiffeners under: hg, := 120mm tgy = 12mm

s
hsu.y = hw-cos(zl.lz-ﬁ) =111.939-mm

t

b

Total height: hie = tq + hg + hy, + — = 892:mm
ts = 'd T s Ty 2

Bridge length: 'bridge = 18m

Distance between a:=2m

vertical stiffeners:

Transverse stffeners: Sg:= 2000mm S0 = 500mm
tig1 = 18mm tigp == 12mm
b
h = hy,, + hg— — =864-mm
'web wy " lsT
Poissons ratio v:=03

M1 = 1.00 =12
Ymo = 1.00
wm=1

agy = 6mm
ag, = 5mm
tigz = 8mm

Material parameters:

E:= 210GPa

fy(!) = [(355MPa) if t<40mm EC1993-1-1tab. 3.1

(335MPa) otherwise

Pa
£ =
| o
Area
Ag=tgby 2tghg Ap = tyby
Agp = NgyteyNgy Agy = Ngytgyrhgy

2
Aot = Ag + Ag+ Ay + Ap + Agy + Ag, = 0.128 m’

2
Agi= Agy+ Ag =0.062m

Change of center of gravity, Zy

(From top to centre of gravity)

t h, h,
Ad»;d + Asu‘[‘d + ?J + As’(‘d + ?Sj + Aw'[ld + hg+
h,
2 Suy
*Ab‘(td +hg+ hwy) + Agyftq + hg+ E(hwy— ssuO) - T:|
=345.231-mm

2

= Atot

Moment of inertia I,
s
1

Ssuoy = sin[Zl.lZ-Rj Sgy0 = 7-206mm

Stiffieners over/under:
3
tsoh 3 4

2
h,
s0''so 'so _
Iy.s,su = ”30'712 + “so'(s.)'hs.)'[(d + > ZIPJ =143x10 "m

ly syl = 6150610 o’ fomFEM

Nsuy

2
1 -3
lystsu=lystsul+ Ztsu'hsu'|:td +hg+ g(hwy* Ssu()y) e th} .. =1022x 10 “m

2
h,
2 Su.
+ Ztsu-hsu-{td +hg+ 5(hwy -sg Oy) - - ztp}

he 2
* 2y ta + s+ (P ~ Ssuoy) ~ 5~ 2p

Weh:

lyw1:= 20.000312m" from FEM

2
t
b 1 3 4
lyw = lyw1+ th-hw-[hts— 2 5-(nwy) - z[p] =3468x 10 “m

Deck:
2
byt, t
d'ld d -3 4
lyd= = + td'bd'[z - z[p] =4.834x10 "m

Bottom flange:

byt t,)?
bth b 3 4
b= +tb-bb-[htsfztp7;) ~4645x 10 °m

Side plate:
3
tghg
12

) hy 4 4
lygim 250 + 2hg| tg+ 7~ zp| 2974 10 “m

Total:

4
Iy.lm = Iy.s,su + Iy.ss.l + Iy.w + Iy.d + Iy.b + Iy.s: 0.016m

CXLIII
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C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections

Stresses
Tmax = fy(tq) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Tmax

Unw(z) = ‘2= Omax

1 ned(21-22) = MX(Tneg(21) Teg(22))

2 ned(21-22) = MiN(0neg(21)- neg(22))

Stress at z-coordinate when upper flange acts in tension:

O'DOS(Z) =
Ul,poizl’ZZ) = max(apoizl),apoizz))
UZ,poizl’ZZ) = min{“poizl)‘gpos(zz))

Buckling factor

‘Z+ Oma

. 2.neg(zlv Zz)

wneg(zlﬁzz) - “1.neg(11~12)

Kyg41(0) = [4 if b=1

82 if 1>9>0
1.05 +
781 if p=0

781~ 6290 + 97842 if 0> > -1
29 if p=-1

598(1-)> if -1>p>-3

Ka24)) = |043 if p=1
057 if =0
085 if Y =-1

057 - 021 + 00742 if 1> >3

Ko420) = [043 if =1
0578

if 1 0
P+ 034 2>
17 if $=0
1750 + 1749 if 05> -1
238 if p=-1
Slenderness
b
Nplkb.t) = —t
PRI 28 kg
Reduduction factors

Pa(Mp:) = |10 if Np <05+ 0085 - 0.085%
Ap ~ 0055 max((3 + ), 0]

29,2
Sy 7g) = 2220

"l.pos(zl'zz)

Buckling factors from table
41

SS-EN 1993-1-5

Internal parts in conpression

Buckling factors from table 4.2
SS-EN 1993-1-5 upper part
Elements in compression with
free edge.

Lower stress close to support.

Buckling factors from table 4.2
SS-EN 1993-1-5 lower part
Elements in compression free
edge.

Higher stress close to support.

SS-EN 1993-1-5 (4.2)
Internal parts

SS-EN 1993-1-5 (4.3)
Cross-sections with free
edge

mi 7241 otherwise
p
p4A3()\p,xb) = |10 if Ny<0748
>‘p -0.188
minf ——,1| otherwise
22
P

CXLIV

Reduced cross sections

Side plate

77 = tg=12mm

2z =ty + hg=4012mm

b= negl?2) - 0168

negl?1)

Condition:= | 62-&(tg)-(1 ~bg)-[~g If bg=-1

42¢(tg)

——————— otherwise
0.67 + 0.331)g

h
ClassA = |"Classa” if TS>CondiIion = "Lower than class 4"
S

"Lower than class 4" otherwise
kg.4.1(g) = 9.142

Se.s0 = S0~ o [table 5.2 ES1993-1-1]

Npsi= xp(kw.l(ws)‘hs,zs) = 0.464

Ps= 94.2(>‘p,svws) =1

hst = tg + hg— zyp = 0.056m Height, tension part

hs = hg—hgy = 333.231:mm Height, compression part

Nseft o = Ps(Nsc) = 333:23L-mm
hgeff.c1 = 04 hg eff ¢ = 133.293-mm
Ng eff cp = 06:Ng eff ¢ = 199.989-mm
hseff = Nseff ¢ + st = 389.2mm

32
Ageif.c = 2hg et o ts = 7.998x 10°mm

3 2
Ageit = 2(Ng it ¢ + Mgy ts = 9.341 x 10™-mm

Critical buckiing stress, orthotropic plate:

3
Oarp = ko (V) o) 2 L 10MPa Ecig0315eq.A1
(1 -V )vhs

Stiffeners

Za/= tq + hgy = 1522mm

V= el 72) ~058

neg(Z1)
Ko.4.20bso) = 0.628

Higher stress close to support

h
Class = |"Classa” if ‘i’ > 2le(tgy) [Ky a2 Veo) = "Lower than class 4"
SO

"Lower than class 4" otherwise

Mpso= xp(kq_“b(ww),hso,tso) = 0478

Internal cross section parts, EC1993-1-5 4.4 (2)



C. Box girder

Pd.so= P4, 3(xp so’ws) =1 Internal cross-sectional parts,
’ RS EC1993-1-54.4 (2)

Mo eff = Pd.sofso = 140-mm

Ao eff = Nsorlso N eff = 2016 x 10%mm?

Deck

E =29.167 42
ty

Class4_:

"Classs”  if ‘E > 42 — "Lower than class 4"
d

"Lower than class 4" otherwise

—t
d -3
2= = —6x10 °m by = "‘l’neg(zdvzd) =1

Sesoi= S0 lso tab. 5.2 ES1993-1-1] ko.d:= koa1(Va) = 4

Np.d= Np(Koot-Se.s0-td) = 0.602

pq= 94.2(>‘p,d*"‘1’d) =1 Internal cross-sectional parts

So.eff = P Se.s0 = 334 MM

Areas:

4 2
Aei= NgoSsoty + Nyt (N eff + tg) = 5969 x 10°-mm

4 2
Aceffloc = NsoSso.eff td + nm-tm-(hm_df + td) =579 10 -mm'

More than three longitudinal stiffeners --> k,, , obtained with eq. A2

3
byty
=—2%  _s5538x 10°mm’

12(1 - ‘»2)

s q
Ngo ey Ngy'| tg + 7 + bd"d';

NgotenNgo + Pty

Yipd = = 30.649-mm

byty t 2
d*d d 8 4
Ig = = + bd"d'(z ’ytp.sij =1121x 10"-mm

“so'lscn'hsm3 N :
+ 5 + Ngyhgytey | tg + > Vip.o

Pi=1 Uniform compression

2
Ag = ngyhgytey = 0.02m EC1993-1-5A1 (2)

2
= bty = 0.042m

2-“1 + mz)z ]

+q-1 it o<y =420434
Q2+ 1)-(1+9)

4~(l+ %)

—————"— otherwise
(P +1)-(1+9)

Critical buckiing stress, orthotropic plate:

2.2
Enty
Sanpi= Ko p 5 5039 MPa EC1993-1-5eqAl
12-(1 — v )-bd
A,
c.eff.loc
Bagi= ——— = 0971
Ac
= PA.Z(Xp’w) =1 Plate like behaviour

Effective area of the stiffened plate(deck):
4 2
Aceff = p4.2(>\p,’¢)-Acveﬂ.|0C + Sg eff 'ty = 6197 x 10"-mm

Buckling strength

td)

f,

NRd = Ac_eﬂ-y{— —22x 10"kN
M

Column like behaviour

lhl+hﬁ+llfd
so s’ d So'ld

tsohso + Sotd

y!p.sl.c = = 32.435-mm

2
So'ld Y9 7 m?
9o |20+ sotal = ~Vipste| [~ =1215x 10"-mm
12 2
3

3
tso Mo hso
+ o +hgytey| tg + 7 ~Vipsi.c

Buckling resistance stiffener

Adi= tohg + Sptg = 644 x 103-mm2
3 2
Ag eff = tooNgo eff + Sgo.eff g = 6:248x 107-mm’

A,
eff

b= —A _og7
Aq

Critical buckling stress for a stiffener

r. P
I T

Ze
. SR
Column-like Interaktion Plate-like
behaviour I— behaviour
=0 £=10

-The stiffener is acting as a column between stiffeners

2
T Elg ¢
Ogrg = ———— = 977.336-MPa
b 2
Ag-d
Slendermess ratio

Calculation of reduction factor EC1993-1-54.53

Q=049 Stiffeners open cross-sections
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C. Box girder

e=2718

s o] i |

i= | =131941.mm
Ag

t h
d 0
e= max{(ytp_g - E](td - Ytp.stﬂ =51.351:mm

EC1993-1-16.3.1.2 (1)

=0.778

Interaction
T,

€ = max| min| a-p -1,1[,0[=0
%crsl

& is alost zero --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

pei= (P =Xc)&(2-8) + Xc=0778

Checks
Mean stress rod
The "rod" in this case consist of two parts in the stiffener and one part in the web.

h

t
d f 4
Favgt = "mss;.eff"d"fneg(;] N Aso'“neg[‘d + j = -1.804x 10"kN

F
GoomEd = ———  __320812MPa

NsoSso.eff td + Aso

Check according to A2.1 (4)

1,
Pty = 276.311:MPa
™

peflt
o it ) > comed = "OK"
™M ’

"EJOK" otherwise

Ka21=

If this condition is not fulfiled, further reductions will be calculated according to A.2.1.(4)

Effective areas, new centre of gravity and moment of inetria
= —00am’
Adeff = NssoldSso.eff =0.04m

2
Aoteff = Asoeff + Adeff + Aw + Agy + Ap + Agerf = 0.126m

t
d
Adeft' + Asoeff '([d +

2
hs.eff.clj

+2] ‘s‘“seftcr[‘d A

h, h,
s.eff.c2 st
“s'hseff.cz'([d +hse- 2 ] + ts'hst'([d +hg— Py

=

h,
'wy 2 suy
*Aw‘(td +hg+ - + Asu'{td +hg+ g(hwy— %JO) - |-
1
b
+Ap| hig— —
b MtsT

Ztp eff.neg = = 350.385-mm

Atot eff

Atpaianeg

N eff e h 2
| sPseif.c1 seff.cl
lyseft =2 T *lsMseffer|dt T ~Zpeffneg) -
3 2
ts N eff.c2 Nseff.c2
+ +tghgeffco| td + Nsc— ~ Ztp.eff.neg
12 2
3 2
ls‘hst hst
o Fishsr(fd* Ns~ 7~ Zpeifneg

3 4

3 2
NssoSso.eff td K -
5 " ssoldSwef|, ~Apeiineg| =4754x 10 °m

[ =
y.deft o

4
lyeff.neg = lystso* lystsu® lyw + lyb + lys* lyseff * lydeff =0:016m

Negative moment
Effective cross section with negative moment(lower flange in tension)

5.2.1Area

At eff.neg = Ad.eff

4 2
Ac eff o = 5796 x 10" -mm

pefultp)-A.
Aceffloc.mod = PSP
Scom.Ed M

2

Aut eff.neg = Ab Bottom flange in tension

The effective area in compression is calculated according to 4.5.1(4.5). If the condition A.2.1(4)
which was checked before is not fuffiled, further reduction is needed and the area above is used.

Bosthi~ |PeAceitiocmod * S td If Kaz1="EJOK" = 491207-cm’
PcAceff.loc * Sso.eff td Otherwise

Lower stiffener in tension -> no reduction

su

Ap Tension -> No reduction

As No reduction if the side plate is in class 4.
As Stiffener class 4 --> no reduction

Effective areas, effective centre of gravity and effective moment of inertia
3 2
Acff tot = Aceff + Aseff + Aw+ Agy + Ap = 1.153x 107-cm

According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.

Aceff.locmod

taeff = | P ty if Kppq="EJOK" =0934mm

td eff hso tq
ns.)'hs.).df'(s.)'it |tg+ 7 + Ss.).df'(d';
d

td Nseff.c1
*NsoSsoeft taeff | 5 ) * s Mseff.er| td*
h
's.eff.c2 'sit
Hishseffeo|ta+ Nse == | * tsPsr(la+ Ns— -

h, h,
wy 2 'su.
"'Aw'[td + hg+ - )t Aw'{ld +hg+ E(hwyf 5&10) -~
1
b
+Ap | g — 2
= =372.22.-mm
Aeif tot

Effective moment of inertia:

=311x 10 *m?



C. Box girder

3 2
Ns.s0Sso.eff ld Iy 3 4
lydeftfin= =, * dMssoSoeif| 5 ~ Zpeitneg| =5376x 10 “m

s
=sin 21.12— =7.206mm
Ay, [ lSOj Ssu0
Stiffieners over/under:

3
tso Mo eff

h 4
ly st.sofin = Nso Iy + NepteoNgp eff | td +

2
i -3
5~ Zpeffneg) =1731x10 “m

_6 4
Iy sty Lfin= 6:150610 °m"* from FEM
—4 4
ly.st.sufin = ly.stsudfin- =8808x 10 'm
h 2
1 'suy
+ leha{ld +hg+ g(hwy’ SsuOy) -—5 ~peineg| -
h 2
2 'suy
+ leha{ld +hg+ g(hwy’ SsuOy) -—5 ~peineg| -
h 2
suy
+ leha{ld +hg+ (hwy’ SsuOy} - - th.eff.neg]
Web:
4
Iy 1.fin = 2:0000312m"  from FEM
1 2
b 1 -3 4
lywfin*=lyw.1fin * 2‘w""w'|:hls 5 E(h""y) - Z‘p_df_neg] =2975x 10 “m
Bottom flange:
3 2
_ Dol ' -3 4
lybfin= T ty by | Nt~ Zip eff.neg ~ 5= 4191x 10 °m
Side plate:
3 2
tsNseff c1 Nseff.c1 —4 4
lysfin=2 2 +tshg et o1\t + T, “peifneg) - =3741x 10 "m
3 2
tsNseff.c2 Nseff.c2
AT tshgeff 2| td + Nsc — T, “peifneg) -

3
tshst

h 2
St
+tghgy| tg+ hg— 5 “peffneg

10 4
ly.eff.negfin = ly.deff fin T ly.stsofin * ly.stsufin © lywfin* lybfin * ly.sfin = 1:553x 107-mm

Load
Load capacity:
qM =104 KN The load capacity is calculated with different checks. The load capacity

i is , when checking the moment capacity.

QM:=qMby= L
m

2
QM-I
Mpgim — 29 _ 1 474 10*kN-m
Ed 8
qQVi= 134k—N The load capacity is g, when checking the shear capacity.
m’

kN
QY = Vby=469-"—

Q Vi
Vg e 2998 591 103k
Ed >

Moment capacity
I .
Wy.eff - y.eff.negfin _ 0.042-m3
Ztp.eff.neg

!d)

f
Mpqi= wy.efry(— — 1481 10*kN-m
M1

Shear capacity
n:i=120 SSEN1993-1-551ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

byeh = 2:15€(ty,) ty, = 0.293m

h
o= as‘n[h—wy]-@ -21119  Angle ofweb
W ™

Distance to stiffeners from z-axis:

s LI N
e w T
Az1= 5+ S0 Ow gy 2 2> -
= +8qp -~ |-0913m
372" 8721 % S C0Y 180 -

2523 a2+ %um{awvﬁ) = 1.324m

Moment of inirtia stiffeners z-direction
Iy = 2t h, 2 2 2| - g18x 10 3m* (s“ﬁ'\f/f(;ners)
stz = 2y sy (as.z.l) *(as.z.z) *(33.2.3) =818x m

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:
b, t,
b ™ su
=+ 1 — | + — =0525m
a5 0w ) 3
Anaai= Azl SSJ-CO{%V-&] =09%m

A= Az2* SSJ-CO{%V-&] = 1346m
Moment of inirtia of 15¢t of the web z-direction

lstw.z = waeb"‘w'[(ast.z.l)2 + (ast.z.z)z + (33.2.3)2] = 0o21m’

4
I zt0t = lstz + lstw.z = 0.029m
Shear buckling coefficient, side plate

SS-EN 1993-1-5 5.3 (5) ANM.

h 2
Kppi= 5.34+4.oo-[ Se"] if
a

>1 =5491 -
Mot A3whenkg =0
2
h
400+ 5.34-[ Se"] if 21
a s eff
h
s eff

Ayl = —————— = 0455 EC1-3-5eq5.6

sTa1ge(tg) iy >

Shear buckling coefficient; web with more than two longitudinal stiffeners

CXLVII



C. Box girder

- =143
Py SS-EN 1993-1-5 (A5)

hy )2 I N
g 9[7\,\/) _ s.ztot 2 - w7820 107

a (min(!s,lw)}3<hw mm(tS'IW w
SSEN 1993-1-5A3 (1) and (2) gives:

h 2
Ky = 5.34+4[Lebj tkg it @23 - 1635x 10°
a
I
63+ 018 Smg
min(te, -h, |
41+ r‘(zs tw) web +22 st.ztot otherwise

o mi n(ls. ty) ¢ Nyveb

Slenderness limit for which shear buckling check has to be performed for stiffened webs:
W=12  EC1993-1-35ANM25.1

Nweb

—<
mm(ts, [w)

Check := | "no shear buckling” if

“Reduce" otherwise

Reduce --> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

h
w
= max ——————, = 0455 SS-EN 1993-1-5 5.3 (5.6)
W [37.41W-5(tw) Jk Ml]
’ 083
Xwi= [n i\ <= =12 SS-EN 1993-1-5 5.3 Table 5.1,
n stiff endstiffener.
088 08\ g
Aw n
23 Ay = 108
07+
Kapacity of the web
o= 1.00 =12 Safety class 3
A= 100
$83 "barande konstruktioner”
Shear capacity:
(te) Pebt
Viw.Rd = Xl Mels ) e 1ot SSEN1993-1-352(5.2)
V3 IM1n

Vb.Rd = Vbw.Rd

Vg = 4221 10%kN

(contribution from two web)

Kapacity of the flanges
SS-EN 19931-55.4

CXLVIII

No shear buckling --> the plastic load bearing capacity can be calculated.

S83 "barande konstruktioner”
Moment of inertia

1,
d
3 eff.neg = Ztpeffneg =5 = 366.22:mm

1
b
At eftneg™= Nts~ - ~ Apeff.neg = S11.78:mm

The flanges plastic moment bearing capacity for a cross-section with the effective
flange-area.

_ Pot.eft neg |t eff neg| ('e)

Mt Reneg - . =8118x 10°KN-m

Mo
, Ateftneg |2t eff.neg (o)
Mo

The contribution from the flanges should be taken into account when there are still capacity leftin
the flanges in bending, ie the following condition should be fulfiiled:

MEqg <Mt Rd.neg = ©

2
L6bgtgfyt
cop = 8] 025+ Lz(d) - 0677m
t(ns+ hyy) “fytg)
160yt 1 (1p)
Cyf = a[025+ ——————— | =059m

te(hs + M) (1)

byt fy(t) X byt fy(tp)
Cof WML Cuf M1 Yn

Vi Rd.ored = = 348.726-kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

) Meg V7
Vor.rd= [VbtRdored| 1| | | f MEd<MrRdneg =O0KN
f.Rd.neg
0 otherwise
Shear capacity stiffened web:
“'fy(ts)‘hweb"s
VowRd* VpfR4S— =——— =1 EC1993-1-5 Ch.5.2(1)
‘f3"YM1

Vogai= Vow.Rd + Vbf R = 2125% 10°KkN

Check:

2_. 1=1 EC1993-1-5,Ch.5.5, eq.5.10

Vord

%
= _q
2VhRd

Hanges, plastic moment bearing capacity for the effective-flange-area.

Moment of inertia of the flanges:
I =1 I 9567 10 >m"
y.fefffin = ly.deff.fin * lyhfin = 9-907% M

The flanges effective area:

2
Aeif f.tot = Sso.eff 1d + NsoSsoeff td.eff + Nsotsotdeff + Ap = 494.293-cm



C. Box girder

4 td.eff
Ssoeff td' ™, * Nso'Ssoeff ldeff | ™, |

t [

d.eff b

+ ”so"su"d.eff'[T J + Ab‘(hts - ;J]

Zp .eff.neg = Attt o =289.412.mm
| )

W, o yfefffin o sa 3

fyeff =7

tp.f.eff.neg

The plastic moment bearing capacity calculated with the flanges effective area:

f(tg
Mt Rd = Wy eff- )

A9 1174 106*kNm
™M

Results

M Rd = Mg = 1481x 10" kNm

Moment capacity check when qQM= ]_ClétkfN
2

m
= =0.995
Mpl.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
. kN
Shear capacity check when qV=134—
m

Ved
n3= r =0.!

bw.Rd

CXLIX



C. Box girder

The Reduced stress method
-12 mm top plate thickness TEdsp= ——— = 80.T71MPa
Material

fy or Top plate stifieners

355MPa if t < 40mm
Im1=1

(335MPa) if t>40mm Meg
Ox Ed.tps = f'(hts* tq - Yip) = 278.296-MPa
Ot

E := 210GPa
[n tsohs ‘2 tshg
vi=03 G;=——" =80.769-GPa 'S0’ 3 h,
o1y A2 2 U -2 vy | =616k 10 3nd
Stps- Ngo + 2 ts™'d” 7 tp)
Geometry
tgby !
+ hs=— =Yy
Bottom plate Ngy + 2 2 P
ty = 16mm bb := 1000mm Api= bb“b _ 0.016m2 VEd'Stps
TEdtps= —— = 18722 MPa
Top plate htot tso
= = ing 2
tg:= 12mm by := 3500mm Agi= bty = 0.042“_'2 Governing slenderness from FE-software
9 MPa . e "
Side plates Oy UNIT = 398—— Froma linear stress analysis in Sofistik
. kN
tg:= 12mm hg:= 389.2mm Agi= hgtg=467x 10 3m2 ?
3.3799
Webs oy = oy.uniTd = 366.16:MPa
tyy == 12mm hy, = 1340mm 2
w w Ay = hyty, =0.016m f(ta)
ayp= = =097
hyx = 1250mm  hy, \ := 482.8mm Y
Top stifeners ag UNIT = 329 844k—’: From a buckling eigenvalue analysis in Sofistik
tey = 16mm -3 2 ([
0 Agy= heten =224x 10 °m
o
S0 = 350mm —HONIT _ 5 565 -
Web stiffeners Slenderness for all parts
tg, = 12mm hg, := 120mm = hgitg, = 144x 10 3m2
Sg == 440mm Ng, =3 Top plate check
Whole bridge Yp= 1
'
Loridge™= 18M  hig= ="+ Py + hg + tg = 0892m §i= 2m
liot = 0.015637m4 From grasshopper
Yip:= 0546305m  From grasshopper (from bottom of bottom plate) Ppxtpi= |1 if XNy <0673 =1
Xp — 0.055(3 +
Load piitp) it > 0673
Global Xp
kN
q:= 92—2 Plate-like behaviour ~ [A.1]
m 2.2
o Ety
kN o = ————— =2231-MPa
= q-by =322 — Etp
Q=aby m 12-(17u2)-bd2
Qlpyigee 3
_ lbridge 4 byt,
Megi= ——g o = 1304x 10%kNm ptp= 7(" d ) -55%8x 10 'm®
QL 121 -V
= — 29 _ 5 g9 10% kN
tq s
Top plate Ad.E + NegAgy| tg + 7
Vipdap= ————————————= =0031m
Meg ty pstp Ag+ NP
xEdp= T | Ms— 7 ~ Vip| = 2833MPa o2Edtp =0
tot bt 3 2 he® h 2
I 'fid.‘d + A —Ld + 1, ool +Agy| tg + -
tgbq t s St T, d | Yipstp ™ 0| 715 so'|ld* 7 “Yipsitp
= ——— | hfg— — = Y4y | =1297x 10 "m’
Sip 2T
'
o= =P 202,422
VedSp L
TEdip= T = 20031 MPa PP
'tot‘m'”('svlso) oA
By = ——2 - 048
't Ag
Side plates
M Oy 1= Max| 13,0.5 =0571
s, = £~(h - 14~ Yyp) = 278296-MPa P by
X.Ed.sp = ot 'ts~ 'd tp) = /o
Q 22
02 Edsp = 5 = 13417 MPa 2. (1 o ) -1
2t, . P P 4
s Koptp= |5 il aps i =420434
oty (Vp + {2+ )
ety v e bt ) s o
Ssp‘*(ls’ d- lp) s > > ts~ 7 ~ tp) - =Y ( 'Ytp) if °’1p>4"flp
n, heo (e + 1)1+ 8yp)

'so
+ ?'hs)'lso' hg—tq— - Ytp

Terptp= Ko pip TE 1p = 938.039-MPa

CL



C. Box girder

Column-like behaviour  [4.5.3]

3 -y
By intip = P -0175m
intp™= 5y

M
Ed
2 " =—
bZ.SJp.tp = q%o =0.175m ;:fﬁ Z: the top plate that contributes to the Ix.top [
P

(Ps = tg = Yyp) = 278.296-MPa

_ Mg
Oy hot = I—-(h‘S ~tg—hg—Yp) =—46.29MPa

by 1tp= Printtp + P2.suptp=035M ot

t he,)
d 's0
by 1 * Aso'[‘d + 7]

Vipd.Ltp= =0032m combined center of gravity for Yep3x = max(3 + ‘bsp.xvo) =2834
. Id'bsl.l,tp +Asp stiffener and contributing top
plate. .
Ppxsp = |1 if Ap <0673 -1
Ny — 0.055 (1,
by 145t W) teohe h 2 200050y gerg
1 'fig'l'tdefb | Vi _d +5050+A-t+£—y 2 P
ERRGR 12 sl.1tp™d( Vtpsl.1tp ™ 7 12 so'('dT T, 'tp.sl.1tp )‘p
Combined " -
moment of Plate-like behaviour
inertia
mElg11p % Et,
Terstp = 2" 977.336-MPa critical stress for kolumnlike buckling of stiffener TEspx = ( 2) =180.432-MPa
Ad 1tpSts 121 - v%) hg
The top plate and stiffeners are subjected to a constant stress distribution so o = o g ka.s).x = |1 if wq}.x =1 =9127
8.2 B
= ——— if 1>9g >0
Ier.ctp= Tersl ! X
p p (ros+ wsp_x)
Reduction factor for column-like behaviour 781 if hgyx =0
2 .
i 781 - 6.29hgy + 9T8%gy, " if 0> thgyy > -1
239 if ey =-1
h,
'so
= "‘ax[ytp.si.l.tp* tatdt - ylp,d.l,lp] =005m 598(L - tgy)” if 1>y >3
9568 if gy <-3
= K, =1.647 103 MP:
Ierpspx = TEspX Ko.gpx = 1.047x 10-MPa
Qetp= 0.49 + & =0.593 stiffener with open cross section (curve c) Column-like behaviour
3 i
e et
o, = = 6.833MPa
) Cr.C.8p.X
btp= 0.5-{1 + ue_'p-()\p - 0.2) +XNp 1 =073 [6312] 12.(1 B "2)'5(32
i ——2 1) -0805 =021
Xgp = min > =0. agy:= 0
Pp*op ~Np

2
Ggp = 0.5|’1 + ((Ag— 0.2) + X, —I =0.669
Interpolation b O(SP( P ) P

o
4= min| max AW o) 1|0 Xep'=mi 1 1)-ous
9er.ctp PRI P 2_ 2
% "N

[(Ppxtp ~ Xtp)Stp (2~ E1p) * Xiplouit
<

Petp = ’—(pr,tp - X(p)i[p‘(z - E[p) + Xll;l if o 1 =0805 Interpolation
1 if [{Ppxtp ~ xp)éap (2~ &tp) * X out 21 ey = min| ma —SPPX g ol 4]y
X = it Eid
M1 s 9er.c.spx
Shear {("pxsp ~Xep)Espx (2 Espx) -
= [P Xep
ni=12 7102 Pespx= {(pp)(,sp - Xep)Espx (2~ Espx) ] if ™
+ Xq)
Xwi= [ if xp< 083 ~12 it [(Ppx.sp ~ Xsp)Sspx(2 ~ spix) *+ Xsp|ouit -
" ML
083 ., 083
o TS p<tos Zdirection
o n
Yepz=1
T SR »
(07 ) apgy= 034 Ayep= 07
psp=0- po.sp = O
Side plates check = 0. (g — —o.
Side plates check dpsp= 051+ apgy(Ng ~ Npogp) + Np| = 0729
x-direction Ppz.sp'= 1 if )‘p <0673 =1
omex = fy(td) —t 067
Spsp*{Ppsp
“Tmax Plate-like behaviour
o(2) = v Z+ O |1
(Vip)

CLI



C. Box girder

Top plate check
= 6.833MPa 2 2
g, u
x.Ed.tp + 3| Ed.tp _ 099
reipylld Xyl
Serpspz= ko'.p.Sp,Z'UE,Sp.Z =27.331-MPa M1 M1
Collumn-like behaviour
Side plate check
2 2
o . S 2 2
crespzs 2 (1 2) N = 160 9x.Ed.sp . 9z.Ed.sp Ix.Ed.sp 9z.Ed.sp DGR
|1 -v7) - l =0
s pc.sp.x'fy(ts) pc.$.z'fy(ts) pc.s).x'fy('s) pc.$.z'fy(ls)
Interpolation M1 ML M1 M1
2
TEd.sp
. %crp.sp.z S e
£gpz = Min maq ———-1,0(,1=0 Xw fyl &
s 9erespz L(S)
M1
{("pzsp ~Xep)ispz (2~ £sp2) "'}"‘ult
M Xep
Pespz= {("pzsp ~Xep)ésp.z(2~ bp2) } if RV < oos
+
Xsp Top plate stifieners check
1t [(pPZ-SP - XSP)£Sp.Z‘(2 - §sp.z) + Xsp]“"ult o1 ) )
= o, u
ML x.Ed.tps ‘a3 Ed.tps —062
Pc,lpsx'fy(ts) XW'fY(tS)
Top plate stiffeners - check ML M1
x-direction
Ppxtps = |1 1T Np <0748 -1
)\p -0.188
— if >‘p >0.748
*p
(g —tg—h
s~ d
Pypsx = —————— = 0.58
P 0‘(hIS - ld}
3
> =2479x 10”-MPa
Kotpsx= |1 if Yppsx =1 =443

82
—— if 1>, >0
(2,05 + bypex) px

781 if Yypgy =0
2.
781~ 629Uy + 978y~ if 0> gy > -1
239 if Yppgy=-1
5.98(1 - wlpsx}z it 1> gy >-3
95,68 if ypgy <3

4
Ierptpsx = Kotpsx OEtpsx = 1:098x 10-MPa

Collumn-like behaviour

" Etg?
Oorcipsx = =12.147-MPa
.C. 2
121 )'Sls
Xtps= Xep
Interpolation
! Ter.pd
5tps.x = mln[rna\x(M -1,0[,1|=1
9cr.cosx

[(ppx.tps - X{;:xs)ﬁtps»((2 - gtpsx) ---]'%It
*Xtps

<1

Petpsx = [(pr.tps’ tis)gtps.x'(2 - §tpsx} ] if i

*Xtps
- (2- .
i ’—(pr.tps tis)gtpsx( Elps.x) + tis-l 4yl o1
M1

CLII



C. Box girder

EWM - 14mm top plate thickness

This chapter covers the EWM when changing the top plate thickness to 14mm.

Geometry

Amount of:

Upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

Side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

Nggo = Ngy+1=10

by := 3500mm

ty = 14mm

bg.05:= 1750mm

b,
— _350.mm
Nsso
hg:= 389.2mm

1340mm ty = 12mm
hWy = 482.8mm
hyy = 1250mm
Squo = 20mm
Sy = 440mm
by, := 1000mm tp = 16mm
hgy := 140mm tgp = 16mm
hg, := 120mm tg, = 12mm

s
hsu.y = hw-cos(zl.lz-ﬁ) =111.939-mm

t
higi=tq + hg+ hwy* Eb =894-mm

Ibridge = 18m

a:=2m

Sg:= 2000mm Stgp = 500mm
tig1 = 18mm tigp == 12mm

1
b
hyep = hwy* hs’; = 864-mm

vi=03

M1 = 1.00 =12
Ymo = 1.00

wm=1

agy = 6mm
ag, = 5mm
tigz = 8mm

Material parameters:

E:= 210GPa

fy(0) == | (355MPa) if t < 40mm
(335MPa) otherwise

EC1993-1-1tab.3.1

Ap = tyby

Pa
£ =
{ o
Area
Ag=tgby 2tghg
Agp = NgyteyNgy Agy = Ngytgyrhgy

Aot = Ag + Ag+ Ay + Ap + Agy + A

2
Agi= Agy+ Ag=0.069m

Change of center of gravity, Zy

(From top to centre of gravity)

t h, h,
d 0 s
Ad'; + Asu‘[‘d + ?J + As’(‘d + ?j + Aw'[ld + hg+

2
*Ab‘(td +hg+ hwy) + Agyftq + hg+ E(hwy— Sy 0) - T:|
=329.319-mm

2
su=0135m

2

sy

Zp=

Moment of inertia I,

S0y = én(zl.lz-&j Squ0 = 7:206mm

Stiffeners over/under:

teyhe”

Atot

h,

2
0" 'so 'so -3 4
lystso= Moo= * nm-tm-hm-[td e ztp) =1246x 10 °m

lystsu1 = 6150620 m from FEM

2
h,
1 'suy _
lystsu=lystsu1* 2(su'hsu'|:(d +hs+ g(hwy’ Suoy) > le} - =1123x 10

2
h,
2 su.y
+ 2(su'hsu'{(d +hg+ E(hwy - SS.IOy) = th}

+ ZISJ-hsJ-{(d +hg+ (hwy - sy

Weh:

lyw1:= 20.000312m" from FEM

2
) b o1 _
lyw = lyw.1+ 2ty | hes — E E(hwy) ~Ztp| =3821x10 "m

Deck:

3
by-ty tg

2
_d -3
lydi= 5 * taba| 5 ~%p) <5091 10 “m

2

Bottom flange:

3 2
bty b -3
b=~ * tybiy| ks~ 2p~ - | =499 20" i

Side plate:

2
Nsuy
oy) - > A

3 4

4

4

CLIII
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C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections

Stresses
Tmax = fy(tq) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Tmax

Unw(z) = ‘2= Omax

1 ned(21-22) = MX(Tneg(21) Teg(22))

2 ned(21-22) = MiN(0neg(21)- neg(22))

Stress at z-coordinate when upper flange acts in tension:

O'DOS(Z) =
Ul,poizl’ZZ) = max(apoizl),apoizz))
UZ,poizl’ZZ) = min{“poizl)‘gpos(zz))

Buckling factor

‘Z+ Oma

. 2.neg(zlv Zz)

wneg(zlﬁzz) - “1.neg(11~12)

Kyg41(0) = [4 if b=1

82 if 1>9>0
1.05 +
781 if p=0

781~ 6290 + 97842 if 0> > -1
29 if p=-1

598(1-)> if -1>p>-3

Ka24)) = |043 if p=1
057 if =0
085 if Y =-1

057 - 021 + 00742 if 1> >3

Ko420) = [043 if =1
0578

if 1 0
P+ 034 2>
17 if $=0
1750 + 1749 if 05> -1
238 if p=-1
Slenderness
b
Nplkb.t) = —t
PRI 28 kg
Reduduction factors

Pa(Mp:) = |10 if Np <05+ 0085 - 0.085%
Ap ~ 0055 max((3 + ), 0]

29,2
Sy 7g) = 2220

"l.pos(zl'zz)

Buckling factors from table
41

SS-EN 1993-1-5

Internal parts in conpression

Buckling factors from table 4.2
SS-EN 1993-1-5 upper part
Elements in compression with
free edge.

Lower stress close to support.

Buckling factors from table 4.2
SS-EN 1993-1-5 lower part
Elements in compression free
edge.

Higher stress close to support.

SS-EN 1993-1-5 (4.2)
Internal parts

SS-EN 1993-1-5 (4.3)
Cross-sections with free
edge

mi 7241 otherwise
p
p4A3()\p,xb) = |10 if Ny<0748
>‘p -0.188
minf ——,1| otherwise
22
P

CLIV

Reduced cross sections

Side plate

77 = tg=14mm

zp =ty + hg=4032mm

b= negl?2) - 0234

negl?1)

Condition:= | 62-&(tg)-(1 ~bg)-[~g If bg=-1

42¢(tg)

——————— otherwise
0.67 + 0.331)g

h
ClassA = |"Classa” if TS>CondiIion = "Lower than class 4"
S

"Lower than class 4" otherwise
kg.4.1(g) = 9.821

Se.s0 = S0~ o [table 5.2 ES1993-1-1]

Aps= )‘p(ko-.tl.l(‘bs)‘hs*‘s) =0448

Ps= 94.2(>‘p,svws) =1

hst = tg + hg— zyp = 0074m Height, tension part

hs = hg—hgy = 315.319-mm Height, compression part

Nseff ¢ = Ps(Ns ) = 315.319-mm
hg eff c1:= 04 Ngeff ¢ = 126.127-mm
hg eff c2 = 0-6-Ngeff ¢ = 189.191-mm
hseff = Nseff.c + Nsg = 389.2mm

32
Ageif.c = 2hg et o tg = 7.568x 10°mm

3 2
Ageit = 2(Ng it ¢ + Mgy ts = 9.341 x 10™-mm

Critical buckiing stress, orthotropic plate:

Entg
%erp= 0.4.1(”’5)'7

~ 1772 10°MPa
2! 2
12-(1 v )vhs

EC1993-1-5eq.Al
Stiffeners

Za,=tq=14mm

Za/= tq + hgy = 154-mm

V= el 72) - 0556

neg(Z1)
Ko.4.2bso) = 0.645

Higher stress close to support

h
Class = |"Classa” if ‘i’ > 2le(tgy) [Ky a2 Veo) = "Lower than class 4"
SO

"Lower than class 4" otherwise

Mpso= xp(kq_“b(ww),hso,tso) = 0471

Internal cross section parts, EC1993-1-5 4.4 (2)



C. Box girder

Pd.so= P4, 3(xp so’ws) =1 Internal cross-sectional parts,
’ RS EC1993-1-54.4 (2)

Mo eff = Pd.sofso = 140-mm

Ao eff = Nsorlso N eff = 2016 x 10%mm?

Deck
> 5
Y
Class4_: = "Lower than class 4"
"Lower than class 4" otherwise
—t,
d -3

2= = —7x10 °m by = "‘l’neg(zdvzd) =1
Sesoi= S0 lso tab. 5.2 ES1993-1-1] ko.d:= koa1(Va) = 4

Np.d= Np(Koot-Ses0-td) = 0516

pq= 94.2(>‘p,d*"‘1’d) =1 Internal cross-sectional parts

So.eff = P Se.s0 = 334 MM

Areas:

4 2
Aei= gy Sty + Nyt (N eff + tg) = 6:628x 10°™-mm

4 2
Aceffloc = NsoSso.eff td + nm-tm-(hm_df + td) =6.426x 10 -mm'

More than three longitudinal stiffeners --> k,, , obtained with eq. A2

3
byty
=—2%  _g795x 10°mm’

12(1 - ‘»2)

s q
Ngo ey Ngy'| tg + 7 + bd"d';

NgotenNgo + Pty

Yipd = = 29.445-mm

byty t 2
d*d d 8 4
Ig = = + bd"d'(z ’ytp.sij =1.184x 10"-mm

“so'lscn'hsm3 N :
+ 5 + Ngyhgytey | tg + > Vip.o

Pi=1 Uniform compression

2
Ag = ngyhgytey = 0.02m EC1993-1-5A1 (2)

2
= bty = 0.049m

2-“1 + mz)z ]

vy-1f a<yq =20379
Q2+ 1)-(1+9)

4~(l+ %)

(P +1)-(1+9)

otherwise

Critical buckiing stress, orthotropic plate:

Enty
o = s =892.181-MPa

R~ “o.p (.2

121 - v%) by
A,
c.eff.loc
Bac= 097
Ac

= PA.Z(Xp’w) =1 Plate like behaviour

Effective area of the stifiened plate(deck):

4 2
Aceff = p4.2(>\p,’¢)-Acveﬂ.|0C + Sg eff 'ty = 6:894x 10"-mm

Buckling strength
it

NRd = Ac_eﬂ-M ~2447x 10"
M

Column like behaviour

lhl+hﬁ+llfd
so s’ d So'ld

Yips.c= teoeo + Sold

3 2
P i IR
sc=| T, ol T Ypsic) |-

3

kN

=31157-mm

3
tso Mo hso
+ o +hgytey| tg + 7 ~Vipsi.c

Buckling resistance stiffener
Agi= teheo + Sytg = 7:14x 10°
Ad.eff = tsoNsoeff + Ssoeffld =

A
f
b= —A _ 0969
Ad

Critical buckling stress for a stiffener

e

2
-mm’

6.916x 10°mm?

P

EC1993-1-5eqA.l

~1.285x 10"mm*

pol

v

. SR

Column-like Interaktion Plate-like

behaviour I— behaviour
=0 £=10

-The stiffener is acting as a column between stiffeners

P Elgg
Torgi= T, = 93R756M
Ag-d
Slendermess ratio

Calculation of reduction factor

Pa

EC1993-1-5453

Q=049 Stiffeners open cross-sections

CLV



C. Box girder

M 3 2
th, h,
_ X s''s.eff.cl s.eff.cl ~4 4
e=2718 - lysetf = 2| =+ tsnsveﬁ_cl-[td Lt z[pleff.nng =2665x 10 'm
€ 3 2
. R 128.782.mm ] —t—g | tsh eff o hg eff.c2.
= Ag e + ) +tghgeffco| td + Nsc— > “peffneg
3 2
t h, tsh, h,
- d 0 _ ssit st
&= max{(ytp_g - E](td - ytp.s‘ﬂ = 54.555-mm 2 " 15‘hs,t'[td +hg— > - le.eff.negj
ap=a+ 22 _os28
i 3 2
I NssoSso.eff td K -3 4
€ s lydeff = > *NssoldSsoeff | 5 ~ Apeffneg| =5024x 10 °m
b= 0.5-(1 +og(Ae-02) + xc] =0.792 EC1993-1-16.3.1.2 (1)
! =1 ! ! ! ! ! I, =0.017 f
X = mi =0.769 yeff.neg = lystso ™ lystsu™ lyw T lyb * lys* lyseff +lyderf =0017m
Interaction Negative moment
- Effective cross section with negative moment(lower flange in tension)
[ %erp
= -1,1{,0(=0
¢ "‘a{"""(qc, . ] J 521Area
At eff.neg = Ad.eff
_ 4 2
¢ is almost zero —> column like behviour Aceif loc = 8:426x 10"-mm
) Pcfy(to) Ay 3 2
Interaction between the two types of behaviour (column/plate buckiing) Ac.eff loc.mod = =-6.082x 10"-mm
9com.Ed TM
pei= (P —Xc)&(2- &) + Xc=0769 -~
Auf.eff.neg =Ap Bottom flange in tension
The effective area in compression is calculated according to 4.5.1(4.5). If the condition A.2.1(4)
Checks which was checked before is not fuffiled, further reduction is needed and the area above is used.
Mean stress rod B
The "rod" in this case consist of two parts in the stiffener and one part in the web. Aostiv= |PcAcefflocmod © Ssoeff td If Kazg="EJOK" =541015.cm
ty [ 4 PeAcefloc * Ssoeff td Othewise
Favst = Mo S eff taOneg| - | + AsorOneg la + = -1.995x 10"kN
Favst Aqy Lower stiffener in tension -> no reduction
OcomEd= - = —320.57-MPa
NsoSso.eff td * Aso ) '
Ap Tension -> No reduction
Check according to A2.1 (4)
F’c‘M‘w) As No reduction if the side plate is in class 4.
————— =273.048-MPa
M A
0 Stiffener class 4 --> no reduction
pc-fy(tb) Effective areas, effective centre of gravity and effective moment of inertia
Kapq= |"OK" if =222 >0 ey ="OK"
2 ™ I
3 2
"EJOK" otherwise Attt = Aceft + Aseif + Aw + Agy + Ap = 1.202x 10™-cm
If this condition is not fulfiled, further reductions will be calculated according to A.2.1.(4)
According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
Effective areas, new centre of gravity and moment of inetria changed with earlier area reduction factors.
. 2
Ad.eff = Nssold Sso.eff =0.047m
Aceftl
) taett = | pe—roemOd g i, 0 = EJOK" = 10.768mm
Aoteff = Asoeff + Adeff + Aw + Agy + Ap + Agerf = 0.133m
[
Y4 X
Adeft 5 + Asoelf | ld* et Mo !
heg ot Ngoy Mgy eff tsp » |tg+ > + Ss.).df'(d';
s.eff.c:
+2] ‘s‘“seftcr[‘d A ] ty hg eff c1
Neeff.c2 het *NsoSsoeft taeff | 5 ) * s Mseff.er| td*
Highseif |t + Nsc~ +ighgp|tg+ hg——= h,
2 2 's.eff.c2 st
Py 2 hauy +sNseff co| td + Nsc— 2 +tghg| tg+ hs— >
+Ayltg+ hs+7 +Agyltg+ hs+ g(hwy—%Jo)—T Py N hgy
t +Ay td+hs+7 + Agy ld*'hs*'g(hwy’smo)’T.
Ay s [
2 b
Ztp eff.neg = ry = 334.745-mm +Ap | g — Y
tot.eff Zipaffaneg= = 358.511-mm
Aeif tot

Effective moment of inertia:

CLVI



C. Box girder

3
_ NssoSso.eff id
lydefffin= — 5

Sswoy= sin[Zl.lZ»ﬁj Squ0= 7:206mm

Stiffieners over/under:

3
tso Mo eff

h,
+ ”so'[so'hs).eff'[‘d + 2

ly st.sofin = Nso

2
t
# .
+ td‘"ssv:)"r‘so.(if‘(z - Z‘lp.eff.nng =5778x 10 "m

2
-3
- z‘p_eﬂ_neg] =1552x 10 °m

3 4

4

_6 4
Iy sty Lfin= 6:150610 °m"* from FEM
—4 4
Iy.sl.su.fin = Iy.sx.su.l.fin =9617x 10 'm
h 2
1 'suy
+ leha{ld +hg+ g(hwy’ SsuOy) -—5 ~peineg| -
h 2
2 'suy
+ leha{ld +hg+ g(hwy’ SsuOy) -—5 ~peineg| -
h 2
suy
+ leha{ld +hg+ (hwy’ SsuOy} - - th.eff.neg]
Web:
4
Iy 1.fin = 2:0000312m"  from FEM
1 2
b 1 -3 4
lywfin= lyw.1fin + 2‘w""w'|:hls 5 E(h""y) - Z‘p_df_neg] =3256x 10 °m
Bottom flange:
3 2
_ Dol ' -3 4
lybfin= T ty by | Nt~ Zip eff.neg ~ 5= 4452x 10 °m
Side plate:
3 2
tsNseff c1 Nseff.c1 —4 4
lysfini=2 2 tshseff.cr| td + T, “peifneg) - =32718x10 'm
3 2
tsNseff.c2 Nseff.c2
AT tshgeff 2| td + Nsc — T, “peifneg) -
3 2
tshst st
+ighgp| tg+ hg— 5 “peffneg
= - 1633x 10
ly.eff.negfin = ly.defffin* ly.stsofin * ly.stsufin * lywfin * lybfin * ly.sfin = 1.633x 107"-mi

Load
Load capacity:
qM:=114 KN The load capacity is calculated with different checks. The load capacity
i is , when checking the moment capacity.

QM:=qMby= 300 KN
m

2
QM-I
Mgg= — 29 1 616 10" knim
8
qQVi= 134k—N The load capacity is g, when checking the shear capacity.
m’

kN
QY = Vby=469-"—

%ﬁ = 4221 % 10°KN

Veqi=

4
m

Moment capacity

_ 'y.eff.neg.fin
Ztp.eff.neg

Wy et - ~0046m’

!d)

W
4

Mpg = Wy gf = = 1617 10"-kN-m
M1

Shear capacity
n:i=120 SSEN1993-1-551ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

byeh = 2:15€(ty,) ty, = 0.293m

h
o= as‘n[h—wy]-@ -21119  Angle ofweb
W ™

Distance to stiffeners from z-axis:

b ¢ s “w'l g,
2o, ) M\ T180) 7
PR N T ) R 2

agz2= az1* Ssjm{f’wﬁ) =0.913m

821 =0503m

ag23=agz0 %um{awvﬁ) = 1.324m

Moment of inirtia stiffeners z-direction

Igz= ZISJ-hSU-Ras‘Z‘l)Z + (as.z.z)z + (%.2.3)2] -818x 10 °m"*

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:
b, t,
b ™ su
=+ 1 — | + — =0525m
a5 0w ) 3
Anaai= Azl SSJ-CO{%V-&] =09%m

A= Az2* SSJ-CO{%V-&] = 1346m
Moment of inirtia of 15¢t of the web z-direction

lstw.z = waeb"‘w'[(ast.z.l)2 + (ast.z.z)z + (33.2.3)2] = 0o21m’

4
I zt0t = lstz + lstw.z = 0.029m
Shear buckling coefficient, side plate

_ SSEN 1993-1-55.3 (5) ANM.
=549 A3whenky,=0

kr1=

h 2
534+ 4.00-[ Se"] if 21
a

Ns eff

h 2
400+ 5.34-[ “"] i —2 <1
a Ns eff

Ns eff

M= Fratge(ty i

=045 EC1-35eq56

Shear buckling coefficient; web with more than two longitudinal stiffeners

CLVII



C. Box girder

- =143
Py SS-EN 1993-1-5 (A5)

hy )2 I N
g 9[7\,\/) _ s.ztot 2 - w7820 107

a (min(!s,lw)}3<hw mm(tS'IW w
SSEN 1993-1-5A3 (1) and (2) gives:

h 2
Ky = 5.34+4[Lebj tkg it @23 - 1635x 10°
a
I
63+ 018 Smg
min(te, -h, |
41+ r‘(zs tw) web +22 st.ztot otherwise

o mi n(ls. ty) ¢ Nyveb

Slenderness limit for which shear buckling check has to be performed for stiffened webs:

W=12  EC19931-35ANM251

Nweb

—<
mm(ts, [w)

Check := | "no shear buckling” if
“Reduce" otherwise

Reduce --> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

h
w
= max ——————, = 0455 SS-EN 1993-1-5 5.3 (5.6)
W [37.41W-5(tw) Jk Ml]
’ 083
Xwi= [n i\ <= =12 SS-EN 1993-1-5 5.3 Table 5.1,
n stiff endstiffener.
088 08\ g
Aw n
23 Ay = 108
07+
Kapacity of the web
o= 1.00 =12 Safety class 3
A= 100
$83 "barande konstruktioner”
Shear capacity:
(te) Pebt
Viw.Rd = Xl Mels ) e 1ot SSEN1993-1-352(5.2)

V391 Tn

Vb.Rd = Vbw.Rd

Vg = 4221 10%kN

(contribution from two web)

Kapacity of the flanges
SS-EN 19931-55.4

CLVIII

No shear buckling --> the plastic load bearing capacity can be calculated.

S83 "barande konstruktioner”
Moment of inertia

t
d
3. eff.neg = Zp.eff.neg ~ 5 = 351.511:mm

1
b
A eff.neg = Ms — -, ~ Ztp.eff.neg = 527.489-mm

The flanges plastic moment bearing capacity for a cross-section with the effective
flange-area.

_ Pot.eft neg |t eff neg| ('e)

Mt Rd.neg * . =8831x 10°KN-m

Mo
, Ateftneg |2t eff.neg (o)
Mo

The contribution from the flanges should be taken into account when there are still capacity leftin
the flanges in bending, ie the following condition should be fulfiiled:

MEqg <Mt Rd.neg = ©

2
L6bgtgfyt
cop = 8] 025+ Lz(d) = 0741m
t(ns+ hyy) “fytg)
160yt 1 (1p)
Cyf = a[025+ ——————— | =059m

te(hs + M) (1)

byt fy(t) X byt fy(tp)
Cof WML Cuf M1 Yn

Vbi.Rd.ored = = 40244kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

) Meg V7
Vor.rd= [VbtRdored| 1| | | f MEd<MrRdneg =O0KN
f.Rd.neg
0 otherwise
Shear capacity stiffened web:
“'fy(ts)‘hweb"s
VowRd* VpfR4S— =——— =1 EC1993-1-5 Ch.5.2(1)
‘f3"YM1

Vogai= Vow.Rd + Vbf R = 2125% 10°KkN

Check:

<1=1 EC1993-1-5, Ch5.5, €q. 5.10
Vb.Rd

%
= _q
2VhRd

Hanges, plastic moment bearing capacity for the effective-flange-area.
Moment of inertia of the flanges:
I =1 I oorm?
yfeff fin = lydefffin * lypfin = 0.01-m
The flanges effective area:

2
Acif f.tot = Sso.eff 1d + NsoSso.eff td.eff + Nsotsotd.eff + Ap = 545.954-cm



C. Box girder

Y4 Ydeff
Ssoeff td, * Nso'Ssoeff tdeff | =, |~

t 4
d.eff b
+ "so“so’td,eff’(T] + Ab'[hts’ Zﬂ
=263.6mm

Aeff f ot

Ztp.f.eff.neg™

1 y
_ _yfefffin 3
Wiy gff = —>———— = 0.03m

Ztp £ eff.neg

The plastic moment bearing capacity calculated with the flanges effective area:

f(tg
Mt Rd = Wy eff- L)

A9 1378 10°kNm
™M

Results

MpiRa = Mg = 1617 104 kN-m

Moment capacity check when QM= 114.kfN
m
Mg
= 2 =0.999
M pl.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
- kN
Shear capacity check when qV=134—
2
m
V|
ngi= _Ed ooe3
2Vbw.Rd

CLIX



C. Box girder

The Reduced stress method

-14mm top plate thickness t
Material
f.(t) == | 355MPa if t <40mm
" } ML= 1
(335MPa) if t>40mm
E:= 210GPa
G:= ——— =80.769-GPa
M 2L+ v)
Geometry
Bottom plate
tp = 16mm by, := 1000mm Ap = bty = D.Olﬁmz
Top plate
ty:= 14mm by := 3500mm Agi= bytg = 0.049m2
Side plates
-3 2
Agi= hgtg=467x 10 °m
Webs
ty == 12mm hy = 1340mm A= gty = O,Dlﬁmz

Py i= 1250mm hy, = 482.8mm

Top stiffeners

tg=16mm  hgy:= 140mm 3 2

0 = hgptgp =224x 10 “m

S = 350mm Ng =9

Web stiffeners

tgy = 12mm 32

Agy=hgitg =144x 10 °m

=3

Sy = 440mm Ngy

Whole bridge
1
Lbridge:: 18m hig= Eb + hw.y + hg+ty=0.894m Sgi= 2M

Iiot = 0.016389m* From grasshopper

Ylp = 0.563655m From grasshopper (from bottom of bottom plate)

Load
Global
kN
= 99—
y 2
m

kN
Q:= gy = 3465~
m

2
QlLy
Mgqg:= % = 1.408x 10*kN-m
QL
Vgd= %ﬂge =3119% 10°KN
Top plate
M t
Ed d
Ox.Edtp= I "‘[h(s e Y[p) = 276.867-MPa 2 Edip= 0
of
tyb, t
dd d 3 3
Stp:= P 2'('1‘57 5 fYtp] = 144x 10 °m
Vg
Ed Slp
e e it
tot ( S 'S0,
Side plates

_ Mgqg
OxEdsp= T (st~ Yyp) = 270874-MPa

-9
zEdsp= 5 = 1U4BMPa
S

(Ms—td-Yip)  taby iy
Sp= (s~ ta - Ylp)'ts‘f M5 Y
h

n
'so 'so
+ ?'hs)'lso' hg—tq— - Ytp

CLX

.. =0011m>

= 87.256-MPa
Yot s
Top plate stifieners
_ Mgqg
oxEdtps= (st~ Yip) = 270874-MPa

tso s tshs
Ngy' + 2

h,
2 2 SO -3 3
=Ll he—ty-— - Y| .. =1741x 10 "-m
Stos Ng + 2 ( ts”dT 7y !p] *
tyb, t
* %‘[hls - Ed - Ytp)
le +
VegS
Ed tps
TEdips= T = 20706 MPa
tot"'so
Governing slenderness from FE-software
MPa . e "
OV UNIT = 3'6W Froma linear stress analysis in Sofistik

2
m

oy = oy uniTd = 356.4MPa
fu(t,
au= M) o0
oV
kN From a buckling eigenvalue analysis in Sofistik
Qer UNIT = 334.902-*2
m’
e
g = TNy

= 0543 Slenderness for all parts

Top plate check
Y= 1

Ppctp= |1 1f Ap0673 -1
A - 0.055(3 + 1
pii‘p) it 2, > 0673

p

Plate-like behaviour  [A.1]

Bty
Optp= ————— = 3.037-MPa
Etp 2 2
1201 - v%) by

3
byt
99 576510 'm?

b

ptp=

1, h,
d '
Adz + nso'Aso'[ld + —]

Ag+ NgrAgy

ytp.d.tp = =0.029m

3 2 3 2
_bgty g tsohso hso
ls1p= T Ad| Yip.sitp ~ 2t Nso T Aso| td + 5 Vs

I
st
Ngpi= —— = 134641
p

Ny A,
Bpi= —— = 0411
Ad
= max[is ,o.sj - o571
bg

2
orp (i + 1) (1 + &)

41+ [N,
bl i
(bp+ 1)1+ 3p)

4
Ko ptp= it agp<Jgp =29379

Serpip’= Ko pipOEp = 892181 MPa



C. Box girder

Column-like behaviour  [4.5.3]

3 -y
By intip = P -0175m
intp™= 5y

b2.st.tp = i%o =0.175m Parts of the top plate that contributes to the
5ty stiffener
by 1tp= Printtp + P2.suptp=035M
t hey)
d '0
by 1 * Aso'[‘d + 7]
Vipddtp =, = 0.031m combined center of gravity for
. Id'bsl.l,tp +Asp stiffener and contributing top
plate.
3 2 3 2
_ byatptd t4) tsohso h
g1 =, tPeapla(Vpsap S | T FAw(ldt 5 T Vipsiap
Combined
moment of
inertia
2 El
TElg1p y ) ) )
Oadtp= T, = 932.756-MPa critical stress for kolumnlike buckling of stiffener
Ag1tp'Ss

The top plate and stiffeners are subjected to a constant stress distribution so o = o g

9er.ctp™ Tor.sltp

Reduction factor for column-like behaviour

0.042m

h
SO
&p = max[ytp.si.up* tala+ — - ylp,d.l,lp] =0.053m

Qgtp= 0.49 + & =0.602 stiffener with open cross section (curve c)
Ilp
&p

btp= 0.5-{1 +ogy(Np—02) + xﬂ =075 [6.31.2]

1

Xtp= min ———
2 2
O+ %p ~Np

1] =0.788

Interpolation.
o,

= min| mad PP _30]1]=0
Yer.ctp

[(Ppxtp ~ Xtp)Stp (2~ E1p) * Xiplouit
<1

- - (2- if =0.788
peap= |[(Ppetp = Xap)tp(2~ Etp) + Xep] | o
1 i [Poxip ~xeplSp (2 Sp) + Xpl ot
M1
Shear
=12 71(2)
0.83
Xw= |n if >\p<T =12
L1 BN
)\p n
1.37
W if >\p >1.08
Side plates check
x-direction
Omax = fy(‘d)
“Tmax
o(2) = -2+ 0, -1
{ (Ytp) max}

ofhye -ty —
= (hts tq hs) -~
bepx = m =-023

- Med hig—tg - Yip) = 270.874-MP:
Ix.top = ot ( ts~td !p) = 270874-MPa
MEg
w.bot = I—»(nts ~tg—hs— Yyp) =-62.383MPa
9x.bot
Depax = MaX(3+ gy .0) =277 gy = S -0=s
x.top
Ppxspi= |1 1f Ap <0673 =1
Xp — 0.055 (1,
piz(s"ﬂ'x) if \p> 0673
p
Plate-like behaviour
OE px = 180.432-MPa
Kspxi= |1 i bepx=1 =9.777

8. B
m if 1>¢$_x>0

781 if gy, =0
2.
7.81 - 6.29bgy + 0.78% gy, " if 0> hgyy > -1
239 if oy =-1
2 .
5.98 (1~ thgpy)” if ~1>hgyy>-3
95.68 if Yy <3

Oorpspxi= OEspxckospx = L764x 10> MPa

Column-like behaviour

'KZ-E-IS2
Sercspx i S =683 MPa
12~(1 -V )'Sls
Qg = 021

bep= 0.5[1 +ogy(hp-02) + xpz] ~ 0683

Y= i ——2_1)-0m

= 1] =0
n[“’sp*d‘bspz’*pz ]

Interpolation

Eopx = mir(max(@ - 1,01,1} -1

Pespx = (pr_sp - Xsp)ﬁspx'(z - éspx) i
+Xep

[(Ppx.sp ~ Xsp)Espx (2 ~ spx) *+ Xsp|ouit -
M1

+Xsp

{(prsp ~Xep)éspx (2~ Espx) '"]“”ult
f <1

M1

1if

Z-direction

Vgpzi= 1

O spi= 0.34 XpO.sp =07

dpsp= 051+ apgy(Ng ~ Npogp) + Np| = 0745

Ppzsp= |1 if Np <0673 -1

2 if )‘p >0.673

Spsp ™ Ppsp
Plate-like behaviour

kor.p.sp,z =4

CLXI



C. Box girder

7r2~E<!SZ
9 = —————— =6.833MPa
Esp.z 2 2
1241 -v")-5q
Oerpspz = Kopsp.z OEspz = 27-331:MPa
Collumn-like behaviour
n2Etl
Oerespz = 2 =180.432-MPa
2. (1 -V )-hs
Interpolation

ey
5spz = min(max(M - 1,0),1} =0
N ey
cr.c.sn.z

+X
Pespz= [("pzvsp ~Xep)espz (2~ 6p2) } it ==

(Ppzsp = Xsp)Sspz (2 ~ Ep2) ] Ouit
| |

Xep M1
- [(Ppzsp— Xsp)Sspz (2~ Esp2) *+ Xsplouit
1 if 21
M1
Top plate stiffeners - check
x-direction
Ppxtpsi= |1 if Ao <0748 =1
)‘p -0.188
—— if X\ >0.748
\ 2 P
P
s —tg—h
Prpsx =
P “(hts - ‘d}
gy’ 5
OEtpsx = 5 =2479x 10°MPa
(1 -V )-hw
kotpsx= |1 1f bppsx =1 =4822
T if 1>y >0
(2,05 + bypex) P

8L if bypgy =0
781 - 629 gy + 978y, if 0> gy > -1
239 if Pypgy =1

2.
98:(1 ~hypsx)” If 1> gy >3
95.68 if ypgy <3

4
Ocrptpsx = Ko.tpsx OEtpsx = 1:195x 10"-MPa

Collumn-like behaviour

"Bty
Teretpsx = T o 5 12.147-MPa
12-(1 -V )'SRS

Xtps = Xgp
Interpolation
O
Etpsx = Min max _crptpsx -1,0,1|=1
9cr.ctpsx

{(F’px.tps - X{ps)atps.x'(z - Etpsx) "':|'°‘ull
¢ *Xtps

<1

Petpsx = |:(pp><.lps - Xxps)gtps.x'(z - gtpsx) :| ! .

*Xtps
i [(Ppx.tps ~ Xtps)étpsx (2 ~ Etpsx) + Xeps| it o
M1

1

CLXII

Top plate check
Ox.Ed.tp | _TEdtp —@Em
) xwhy(tg)
M1 M1
Side plate check
Ix.Ed.sp 9z Ed.sp [ __°xEdsp 9z Ed.sp
Pespxy(ts) Pespzyl's Pespxylty || Pespzlylly
M1 M1 M1 M1
2
T
43l Ed.sp
X'y
M1
Top plate stifeners check
2 2
Ox Ed.tps TEdtps | P95
Popsxfylly) Xyt
M1 M1

.. = 0676



C.

Box girder

EWM - 16mm top plate thickness

This chapter covers the EWM when changing the top plate thickness to 16mm.

Geometry

Amount of:

Upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

Side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

%+ 1=10

Ngso =

by := 3500mm

ty = 16mm

bg.05:= 1750mm

b,
— _350.mm
Nsso
hg:= 389.2mm

1340mm ty = 12mm
hWy = 482.8mm
hyy = 1250mm
Squo = 20mm
Sy = 440mm
by, := 1000mm tp = 16mm
hgy := 140mm tgp = 16mm
hg, := 120mm tg, = 12mm

s
hsu.y = hw-cos(zl.lz-ﬁ) =111.939-mm

t
higi=tq + hg+ hwy* Eb = 896-mm

Ibridge = 18m

a:=2m

Sg:= 2000mm Stgp = 500mm
tig1 = 18mm tigp == 12mm

1
b
hyep = hwy* hs’; = 864-mm

vi=03

M1 = 1.00 =12
Ymo = 1.00

wm=1

agy = 6mm
ag, = 5mm
tigz = 8mm

Material parameters:

E:= 210GPa

fy(0) == | (355MPa) if t < 40mm
(335MPa) otherwise

EC1993-1-1tab.3.1

Pa
£ =
{ o
Area
Ag=tgby 2tghg
Agp = NgyteyNgy Agy = Ngytgyrhgy

Aot = Ag + Ag+ Ay + Ap + Agy + A

2
Agi= Agy+ Ag=0.076m

Change of center of gravity, Zy

(From top to centre of gravity)

t h, h,
d 0 s
Ad'; + Asu‘[‘d + ?J + As’(‘d + ?j + Aw'[ld + hg+

2
*Ab‘(td +hg+ hwy) + Agyftq + hg+ E(hwy— ssuO) - =

Ap = tyby

2
u = 0.142m

2
sy

2 :| =315.07-mm

Zp=

Moment of inertia I,

S0y = én(zl.lz-&j Squ0 = 7:206mm

Stiffeners overfunder:
3
. tso s

ly.stso = Nso' T}

lystsu1 = 6150620 m from FEM

Atot

h,

2
. "m-tm-hm'[‘d + %’ - ztp) ~1091x 10 3m?

2
h,
1 'suy -
ly.stsu'=ly.stsul+ 2(su'hsu'|:(d +hg+ g(hwy’ SSJOy) - le} .. =122x 10

2
h,
2 su.y
+ 2(su'hsu'{(d +hg+ E(hwy - SS.IOy) = th}

+ ZISJ-hsJ-{(d +hg+ (hwy - sy

Weh:

lyw1:= 20.000312m" from FEM

2
) b o1 -
yaw = w1 * 2w s = = = 5-(nwy) ~zp| =4159x 10 “m

h,
o)~

2
Puy *th}

3 4

Deck:
3 2
lyd= bdl';d + td'bd'[%d - z[p] =5282x 10 °m*
Bottom flange:
byt W) -3 4
lypi= + tb-bb-[hts ~2p- 5) =5252x 10 °m
Side plate:

CLXIII
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C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections

Stresses
Tmax = fy(tq) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Tmax

Unw(z) = ‘2= Omax

1 ned(21-22) = MX(Tneg(21) Teg(22))

2 ned(21-22) = MiN(0neg(21)- neg(22))

Stress at z-coordinate when upper flange acts in tension:

O'DOS(Z) =
Ul,poizl’ZZ) = max(apoizl),apoizz))
UZ,poizl’ZZ) = min{“poizl)‘gpos(zz))

Buckling factor

‘Z+ Oma

. 2.neg(zlv Zz)

wneg(zlﬁzz) - “1.neg(11~12)

Kyg41(0) = [4 if b=1

82 if 1>9>0
1.05 +
781 if p=0

781~ 6290 + 97842 if 0> > -1
29 if p=-1

598(1-)> if -1>p>-3

Ka24)) = |043 if p=1
057 if =0
085 if Y =-1

057 - 021 + 00742 if 1> >3

Ko420) = [043 if =1
0578

if 1 0
P+ 034 2>
17 if $=0
1750 + 1749 if 05> -1
238 if p=-1
Slenderness
b
Nplkb.t) = —t
PRI 28 kg
Reduduction factors

Pa(Mp:) = |10 if Np <05+ 0085 - 0.085%
Ap ~ 0055 max((3 + ), 0]

29,2
Sy 7g) = 2220

"l.pos(zl'zz)

Buckling factors from table
41

SS-EN 1993-1-5

Internal parts in conpression

Buckling factors from table 4.2
SS-EN 1993-1-5 upper part
Elements in compression with
free edge.

Lower stress close to support.

Buckling factors from table 4.2
SS-EN 1993-1-5 lower part
Elements in compression free
edge.

Higher stress close to support.

SS-EN 1993-1-5 (4.2)
Internal parts

SS-EN 1993-1-5 (4.3)
Cross-sections with free
edge

mi 7241 otherwise
p
p4A3()\p,xb) = |10 if Ny<0748
>‘p -0.188
minf ——,1| otherwise
22
P

CLXIV

Reduced cross sections

Side plate

77 =ty =16mm

2z =ty + hg=4052mm

b= Tneg?2) _ —0301

Fneg(Z1

Condition:= | 62-&(tg)-(1 ~bg)-[~g If bg=-1

42¢(tg)

——————— otherwise
0.67 + 0.331)g

h
ClassA = |"Classa” if TS>CondiIion = "Lower than class 4"
S

"Lower than class 4" otherwise
ko.4.1(hg) = 10594

Se.s0 = S0~ o [table 5.2 ES1993-1-1]

Npsi= xp(kw.l(ws)‘hs,zs) = 0431

Ps= 94.2(>‘p,svws) =1

hst=tg + hs— 2p=0.09m Height, tension part

hs = hs— hgy=299.07-mm Height, compression part

hseff.c = Ps(Nsc) = 299.07:mm

Mg eff.c1 = 04 hg eff ¢ = 119.628-mm
Mg eff.co = 0.6 hg gff ¢ = 179.442:mm
hg eff = Ngeff ¢ + gt = 389.2mm

32
Ageit.c = 2hg et ots= 7178 107 mm

3 2
Ageit = 2(Ng it ¢ + Mgy ts = 9.341 x 10™-mm

Critical buckiing stress, orthotropic plate:

Entg
%erp= 0.4.1(”’5)'7

- 1911 10°MPa
2! 2
12-(1 v )vhs

EC1993-1-5eq.Al
Stiffeners

21~ tg=16mm

Za/= tq + hgy = 156-mm

V= el 72) - 0532

TneglZL
Ko.4.20bso) = 0.663

Higher stress close to support

h
Class = |"Classa” if ‘i’ > 2le(tgy) [Ky a2 Veo) = "Lower than class 4"
SO

"Lower than class 4" otherwise

Mpso= xp(kq_“b(ww),hso,tso) = 0.465

Internal cross section parts, EC1993-1-5 4.4 (2)



C. Box girder

Pd.so= P4, 3(xp so’ws) =1 Internal cross-sectional parts,
’ RS EC1993-1-54.4 (2)

Mo eff = Pd.sofso = 140-mm

Ao eff = Nsorlso N eff = 2016 x 10%mm?

Deck

E =21875 42
ty

Class4_:

"Classs”  if ‘E > 42 — "Lower than class 4"
d

"Lower than class 4" otherwise

d .
z4:= T:ﬂ‘ix 10 °m by = wneg(zd,zd):l

Sesoi= S0 lso tab. 5.2 ES1993-1-1] ko.d:= koa1(Va) = 4

Nod= Xp(kgvd,sclso,id} = 0452

pq= 94.2(>‘p,d*"‘1’d) =1 Internal cross-sectional parts

So.eff = P Se.s0 = 334 MM

Areas:

4 2
Aei= NgoSsoty + Nyt (N eff + tg) = 7.286 x 10°-mm

4 2
Aceffloc = NsoSso.eff td + nm-tm-(hm_df + td) =7.056x 10 -mm'

More than three longitudinal stiffeners --> k,, , obtained with eq. A2

3
byty
=—%  _1313x 10%mm?

12(1 - ‘»2)

s q
Ngo ey Ngy'| tg + 7 + bd"d';

NgotenNgo + Pty

ytp.sl = = 28.647-mm

byty t 2
d*d d 8 4
Ig = = + bd"d'(z ’ytp.sij =1.243x 10"-mm

“so'lscn'hsm3 N :
+ 5 + Ngyhgytey | tg + > Vip.o

Pi=1 Uniform compression

2
Ag = ngyhgytey = 0.02m EC1993-1-5A1 (2)

2
= bty = 0.056m

2-“1 + mz)z ]

vy-1f as<yq =214934
Q2+ 1)-(1+9)

4~(l+ %)

—————"— otherwise
(P +1)-(1+9)

Critical buckiing stress, orthotropic plate:

2.2
Enty
Sanpi= Ko p 5 - o252 MPa EC1993-1-5eqAl
12-(1 -V )-bd
A
c.eff.loc
Baci= ———— =0.968
Ac
= PA.Z(Xp’w) =1 Plate like behaviour

Effective area of the stiffened plate(deck):
4 2
Aceff = p4.2(>\p,’¢)-Acveﬂ.|0C + Sy eff tg = 759 % 10°-mm

Buckling strength

td)

f,

NRd = Ac_eﬂ-y{— = 2,695 % 10%kN
M

Column like behaviour

lhl+hﬁ+llfd
so s’ d So'ld

tsohso + Sotd

y!p.sl.c = = 30.286-mm

2
So'ld Y9 7 m?
9o |20+ sotal = ~Vipste| [~ =1351x 10"mm
12 2
3

3
tso Mo hso
+ o +hgytey| tg + 7 ~Vipsi.c

Buckling resistance stiffener

Agli= lgoNgy + Sgprty = 784 % 103-mm2

Aqeff = tep Moo, eff + So.eff I = 7.584x 10>mm?

A
sl .eff
= ——— =0.967
B¢ A

sl

Critical buckling stress for a stiffener

r. P
I T

Ze
. SR
Column-like Interaktion Plate-like
behaviour I— behaviour
=0 £=10

-The stiffener is acting as a column between stiffeners

2
By o
Oy = ———— = 893.058-MPa
b 2
Ag-d
Slendermess ratio

Calculation of reduction factor EC1993-1-54.53

Q=049 Stiffeners open cross-sections

CLXV



C. Box girder

M 3 2
th, h,
_ X s''s.eff.cl s.eff.cl ~4 4
e=2718 - lysef = 2=+ tsnsveﬁ_cl-[td Lt z[pleff.nng =2311x 10 'm
€ 3 2
. R 125 92.mm ] —t—g | tsh eff o hg eff.c2.
= Ag e + ) +tghgeffco| td + Nsc— > “peffneg
3 2
t h, tsh, h,
- d 0 _ ssit st
8= m{(ytp.sc - gj(‘u A Ytp.stﬂ =57.353:mm 2 " ts‘hs,t'[td +hg-— - le.eff.negj
agrm s 2 _ge:
i 3 2
I NssoSso.eff td K -3 4
€ s lydeff = > *NssoldSsoeff | 5 ~ Apeffneg| =5226x 10 °m
b= 0.5-(1 +og(Ae-02) + xc] =0.804 EC1993-1-16.3.1.2 (1)
! =1 ! ! ! ! ! I, =0.017 f
X = mi =076 yeff.neg = lystso ™ lystsu™ lyw T lyb * lys* lyseff +lyderf =0017m
Interaction Negative moment
- Effective cross section with negative moment(lower flange in tension)
[ %erp
= -1,1{,0(=0
¢ "‘a{"""(qc, . ] J 521Area
At eff.neg = Ad.eff
_ 4 2
¢ is almost zero —> column like behviour Ac.eif loc = 7056 10"-mm
 pety(tn)Ag 3 2
Interaction between the two types of behaviour (column/plate buckiing) Ac.eff loc.mod = =-6.612x 10"-mm
9com.Ed TM
pei=(P—Xc)&(2-€) + X =076 _
Auf.eff.neg =Ap Bottom flange in tension
The effective area in compression is calculated according to 4.5.1(4.5). If the condition A.2.1(4)
Checks which was checked before is not fuffiled, further reduction is needed and the area above is used.
Mean stress rod B
The "rod" in this case consist of two parts in the stiffener and one part in the web. Aostiv= |PcAcefflocmod © Ssoeff td If Kazg="EJOK" =589.921.cm
ty [ 4 PeAcefloc * Ssoeff td Othewise
Favst = Mo S eff taOneg| - | + AsorOneg la + = -2.184x 10" kN
F, A, Lower stiffener in tension -> no reduction
GoomEd = ——— 320028 MPa !
NsoSso.eff td * Aso ) '
Ap Tension -> No reduction
Check according to A2.1 (4)
F’c‘M‘w) As No reduction if the side plate is in class 4.
———— =269.913-MPa
M A
0 Stiffener class 4 --> no reduction
pc-fy(tb) Effective areas, effective centre of gravity and effective moment of inertia
Kapq= |"OK" if =222 >0 ey ="OK"
2 ™ I
3 2
"EJOK" otherwise At tor = Aceff + Aseif + Aw + Agy + Ap = 1.251x 107-cm
If this condition is not fulfiled, further reductions will be calculated according to A.2.1.(4)
According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
Effective areas, new centre of gravity and moment of inetria changed with earlier area reduction factors.
. 2
Ad.eff = Nssold Sso.eff =0.053m
A,
) toett = | pe—HoemOd g i, 0 = EJOKY = 12.165mm
Atoteff = Asoelf + Adeff * Aw T Asu ™ Ap + Agerf =0.14m
[
Y4 X
Adeft 5 + Asoelf | ld* et Mo !
heg ot Ngoy Mgy eff tsp » |tg+ > + Ss.).df'(d';
s.eff.c:
+2] ‘s‘“seftcr[‘d A ] ty hg eff c1
Neeff.c2 het *NsoSsoeft taeff | 5 ) * s Mseff.er| td*
Highseif |t + Nsc~ +ighgp|tg+ hg——= h,
2 2 's.eff.c2 st
Py 2 hauy +sNseff co| td + Nsc— 2 +tghg| tg+ hs— >
+Ayltg+ hs+7 +Agyltg+ hs+ g(hwy—%Jo)—T Py N hgy
t +Ay td+hs+7 + Agy ld*'hs*'g(hwy’smo)’T.
Ay s [
2 b
Ztp eff.neg = ry = 320.695-mm +Ap | g — Y
tot.eff z, = = 346.215-mm
S Aeif tot

Effective moment of inertia:

CLXVI



C. Box girder

3 4

3 2
NssoSso.eff td ' -
5 ldMssoSwoef|, " Apeiineg| =6114x10 "m

! in =
y.d.eff.fin 12

s
=sin 21.12— =7.206mm
Ay, [ lSOj Ssu0
Stiffieners over/under:

3
X tso Mo eff
ly st.sofin = Nso

2
h
+ "so“m'hm.eff'[‘d + SOT'G" - Z‘p_eff_neg] ~1398x 10 °m

_6 4
lyssulfin= 6150610 °m® from FEM
-3 4
ly.st.sufin = ly.stsudfin- =1039%x 10 “m
h 2
1 'suy
+ leha{ld +hg+ g(hwy’ SsuOy) -—5 ~peineg| -
h 2
2 'suy
+ leha{ld +hg+ g(hwy’ SsuOy) -—5 ~peineg| -
h 2
suy
+ leha{ld +hg+ (hwy’ SsuOy} - - th.eff.neg]
Web:
4
lyw L fin = 20000312m"  from FEM
1 2
b 1 -3 4
lywfin*=lyw.1fin * 2‘w""w'|:hls 5 E(h""y) - Z‘p_df_neg] =3526x 10 “m
Bottom flange:
2
bt ' 3 4
lybfin= " * 'b'bb'[hts ~ ZUpeffneg ~ ;] ~4697x 10 °m
Side plate:
3 2
tsNseff c1 Nseff.c1 —4
lysfin=2 2 +tshg et o1\t + T, “peifneg) - =2897x 10 'm
3 2
tsNseff.c2 Nseff.c2
+ I +tehgeffco| ta+ Nsc~ T, “peifneg) -

3
tshst

h 2
St
+tghgy| tg+ hg— 5 “peffneg

10
ly.eff.negfin= ly.defffin* ly.stsofin * ly.stsufin * ywfin * lybfin + ly.sfin = 1.706x 107"-mi

Load
Load capacity:
qM =123 KN The load capacity is calculated with different checks. The load capacity

i is , when checking the moment capacity.

QM:=qMby= 305N
m

2
Q7M| :
Mgy ——209% 3 2005 10%knem
Ed 8
qQVi= 134k—N The load capacity is g, when checking the shear capacity.
m’

kN
QY = Vby=469-"—

Q Vi
%ﬁ = 4221 % 10°KN

VEd=

4

4

4
m

Moment capacity

ly.eff.neg i
Wy - DI
Ztp.eff.neg
it
Mpqi= wy_e"-—d) ~175x 10*kN-m
ML
M
MRd

Shear capacity

n:=120 SS-EN1993-1-551ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

byeh = 2:15€(ty,) ty, = 0.293m

Py

oy = as‘n[ h ]@ =21.119 Angle of web
W sy

Distance to stiffeners from z-axis:

s LI N
), T W)
Az1= 5+ S0 Ow gy 2 2>

= 0.503m
= + m{ l) ~0913m
372" 8721 % S C0Y 180, "
~
8473 822" %u'm{f’wE) =1324m

Moment of inirtia stiffeners z-direction

Igz= ZISJ-hSU-Ras‘Z‘l)Z + (as.z.z)z + (%.2.3)2] -818x 10 °m"*

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:
b, t,
b ™ su
=+ 1 — | + — =0525m
a5 0w ) 3
Anaai= Azl SSJ-CO{%V-&] =09%m

A= Az2* SSJ-CO{%V-&] = 1346m
Moment of inirtia of 15¢t of the web z-direction

lstw.z = waeb"‘w'[(ast.z.l)2 + (ast.z.z)z + (33.2.3)2] = 0o21m’

4
I zt0t = lstz + lstw.z = 0.029m
Shear buckling coefficient, side plate

_ SSEN 1993-1-55.3 (5) ANM.
=549 A3whenky,=0

2
h
kpi= |5:34+ 4.00-[ Se"] if >1
a

Ns eff

h 2
400+ 5.34-[ “"] i —2 <1
a Ns eff

Ns eff

w1 Fratge(ty i

= 0455 EC1-35eq56

Shear buckling coefficient; web with more than two longitudinal stiffeners

CLXVII
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C. Box girder

- =143
Py SS-EN 1993-1-5 (A5)

hy )2 I N
g 9[7\,\/) _ s.ztot 2 - w7820 107

a (min(!s,lw)}3<hw mm(tS'IW w
SSEN 1993-1-5A3 (1) and (2) gives:

h 2
Ky = 5.34+4[Lebj tkg it @23 - 1635x 10°
a
I
63+ 018 Smg
min(te, -h, |
41+ r‘(zs tw) web +22 st.ztot otherwise

o mi n(ls. ty) ¢ Nyveb

Slenderness limit for which shear buckling check has to be performed for stiffened webs:
W=12  EC1993-1-35ANM25.1

Nweb

—<
mm(ts, [w)

Check := | "no shear buckling” if
“Reduce" otherwise

Reduce --> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

h
w
Ay i= max| ——————— X\ = 0455 SS-EN 1993-1-5 5.3 (5.6)
374t ¢(ty) e
’ 083
Xwi= [n i\ <= =12 SS-EN 1993-1-5 5.3 Table 5.1,
n stiff endstiffener.
08 08
Aw n
23 Ay = 108
07+
Kapacity of the web
o= 1.00 =12 Safety class 3
= 100
$83 "barande konstruktioner”
Shear capacity:
Y ful ts)- hyveb t.
VowRd = X9 Me's e 16t SSEN1993-1-352(5.2)

V39M1Tn

VbRd = Vbw.Rd
3
Vg = 4221 10°kN

Ved
2Vhw.Rd

=099 (Contribution from two web)

n'fy(ts)'hwd)'ts 1

VbRd <
‘ﬁ"‘(wu

Kapacity of the flanges
SS-EN 19931-5 5.4

CLXVIII

No shear buckling --> the plastic load bearing capacity can be calculated.
S83 "barande konstruktioner”
Moment of inertia

t,
d
% eff.neg = Ztp.eff.neg ~ ; =338.215-mm

1
b
At eff.neg™= s~ -, ~ Zp.eff.neg = 541.785mm

The flanges plastic moment bearing capacity for a cross-section with the effective
flange-area.

Ay .| ax, £ (t
M ey = Aotettneg |t etneg Wla) o5

Mo
, Auteitneg |2t eff.neg] Tylth)
Mo

The contribution from the flanges should be taken into account when there are still capacity leftin
the flanges in bending, ie the following condition should be fulfiiled:

MEqg <Mt Rd.neg = ©

2
L6bgtg ft
cop = 8] 025+ Lz(d) - 0814m
t(ns+ hyy) “fytg)
16yt 1 (1p)
Cyf = a[025+ ——————— | =059m

te(hs + M) (1)

byt fy(t) X byt fy(tp)
Cof WML Cuf M1 Yn

Vi Rd.ored = = 453.954.-kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

Meg V7
Vor.rd= [VbtRdored| 1| | | f MEd<MrRdneg =O0KN
f.Rd.neg
0 otherwise
Shear capacity stiffened web:

"‘fy(ts)'hwd:‘ts _

VbwRd* Vbf.Rd < = 1 EC1993-1-5 Ch.5.2(1)
M1

Vogai= Vow.Rd + Vbf R = 2125% 10°KkN

Check:

2

<1=1 EC1993-1-5, Ch5.5, €q. 5.10
Vb.Rd

%
= _q
2VhRd

Hanges, plastic moment bearing capacity for the effective-flange-area.
Moment of inertia of the flanges:
I =1 I 001zm’
y £eff fin = ly deff fin * lypfin = 0-011:m
The flanges effective area:

2
Acif f.t0t = Sso.ff td + Nso Ssoeff td.eff + Nsotsortd.eff + Ap = 596.641-cm



C. Box girder

Y4 Ydeff
Ssoeff td, * Nso'Ssoeff tdeff | =, |~

1, 1

d.eff b

+ "so“so"d,eff’(T ] + Ab'[hts’ ;ﬂ

Ztp f.eff.neg ™ At 100 = 242.756-mm
| )

W, - y.f.eff fin _ 0.045m3

fyeft =3 ——

tp.f.eff.neg

The plastic moment bearing capacity calculated with the flanges effective area:

fta)

y 4
Mg R i= Wry eff—— = 1581 10 kN-m
™M

Results

Mgl Rd = Mg = 175 10%kNm

Moment capacity check when qQM= 123-k—N
m
Mg
= 2 =0.997
M pl.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
- kN
Shear capacity check when qV=134—
2
Veq m
ngi= —— =0993
2Vbw.Rd

CLXIX



C. Box girder

The Reduced stress method
-16mm top plate thickness

Material

fy(0 355MPa if t< 40mm

hytg- 467+ 10 m?

=1
(335MPa) i > 40mm i
E:= 210GPa
V=03  G=——° -80.769.GPa
2 (L)
Geometry
Bottom plate
= 16mm by = 1000mm Ao by - 0.01672
Top plate
tg= 16mm b= 3500mm A byig - 00562
Side plates
ty= 12mm h = 389.2nm
Webs
ty= 12mm = 1340nm

Nyxi= 1250mm  h, - 482.80m

Top stiffeners

too= 16mm hgo:= 140mm .
Spoi= 350mm ngi= 9
Web stiffeners
tgyi- 120 gy~ 120mm
s

Sqy= 440mm ngi= 3

Whole bridge

Lividge'= 18m hgi= %” +hyy + g+ 1g= 0.896n

ot = 0017067m*  From grasshopper
Yip:= 0.5793m

Load
Global

kN

=106—

q 2
m

Qi giog- 3712

Qlirigge 4

= — 29 _ 15035 10 kNm
8

L
Veg- 2219 3339, 10k
2

Top plate

M, 1,
oy Edip'= TZ“ [hns* Eﬂ - v‘p] = 271774 NP

157210 2

Side plates
Med
xEd T (s - ta - Yyp) = 264.73LMPa
(]
OZEdsp= 2 15.458 MPa
(hs—tg- le} tyby tq
Sep= (s~ tg- le)"sf sty e

gy h
"5 M ‘su'(“ns’ o~ ; “Yip

CLXX

Agi= Nty = 0.016n°

From grasshopper (from bottom of bottom plate)

TzEdtp = 0

—0012m°

3
Agyi= hoytep = 2.24x 10 “m?

3
Agyi= sty = 144 10 “m?

§si= 2m

0.5VEgy4 S,
T P 93830 MPa
hotts

Top plate stifieners

Meg

xEdps T (hs-tg- Y‘p) - 264.731-MPa

%"][hls,,d,ng

L4y Y
a2 [r‘ls’ 2° Vm]

ng,+

VedStps
TEdtps=
P et

=22.69MPa

B vlj 185610
2w

Governing slenderness from FE-software

MPa
=33
V.UNIT KN

mZ

oy = oV.UNIT-q = 349.8 MPa

'y(‘d)
v

=1015

=

G 339.4'%
m

_ SeUNIT _500p
- 3

Top plate check

-1

ppxap= |1 if 2p< 0673
- 0.055(3 + )
2

From a linear stress analysis in Sofistik

From a buckling eigenvalue analysis in Sofistik

Slenderness for all parts

it x> 0673
*p
Plate-like behaviour  [A.1]
1(2 Eld2
= 3.966 MPa

et 121 vz)-hdz

3
byty

a2

| 131310 Om?

Y4 s
Aay + r\mAm[id s

Ad* Nsohso

Yipstp=

3 2
_ batg 4
l9.tp= 1 +Ag Yipsip~ 5 | * Mo

'.1p
o= o - 94689

.%035
T Ty O

Ss
o203

2
(2
Zv[kl + umz) W 1}
a2l T2 +5)

41+ [

3y

0571

Ky ptp =

2
SO "so
0 +As a* > “Vipsap

if o< g =214.934

)
Ui+ 1) {1+ 5‘p) it ap>ip



C.

Box girder

T pip™= Ko ptpEtp = 852521 MPa

Column-like behaviour  [4.5.3]

31
b= g w"’ s=0175m
The

2 ‘s =0.175m Parts of the top plate that contributes

b2 supip=
5-typ to the stiffener

by 14p= PLinftp+ P2supsp= 0-35m

32
1 h,
tyby.1 “"Ed + As,-[(., + %"j
Vipddtp = T AL 0.03m combined center of gravity for
daPe.1p ™ Ao stiffener and contributing top
plate.

3 2 3 2
I ERCETCE + by 11ty Y, 4l fsoMo s Aty o v,
S.1tp 12 .10t ips 1~ 5 T “Asllt g ediw

Combined moment of inertia

2
)
T AP 693058 Mpa Critical stress for kolumniike

Terdtp™ o ]
Ad1tp'Ss buckling of stiffener

The top plate and stiffeners are subjected to a constant stress distribution so o = o, ¢

Teretp™ Terdtp

Reduction factor for column-like behaviour

[
iip=
P Adap
Mo

Gp= max[ylp stp~latdt > V(ps.up)

0.042m

0.056m

g~ 049+ 009 0.611 stiffener with open cross section (curve c)
! u
@p
05(1 (2p-02) xi‘ 0.769 [6.3.1.2]
dpp:= 0. +agplp=02)+3,7] = 0.

P

ha NG

p o Pp ~Np
Interpolation

o mln[max[m - 10],1) )
Ter.ctp

peip= [[(Ppetp = Xeplétp (2 o) +xip] 1

.1} =0.773

R“px - X{p’&p(z - E|p) * le}"’ult 1
M1

=0.773

[{opap = pltip(2~ ) ol
M1 -

1if 1

Shear

n=12 7102

_ \f)\<0'83
Xar'= |1 g =
083, 08 | 108
> PR

137
m it x,>1.08

=12

Side plates check

x-direction

Tma= fyltg)

Med
xiop™ T (s - tg - Yyp) = 264.73LMPa

™
uxmzl—j(nts tg-hg- Yyp) = ~77.914MPa

Pepax = M3 + Ugy.0) = 2.706 I
1
X
Ppxsp= |1 if Xp= 0.673 -1
Xy~ 0.055 (1
972(“’*’“) it 3> 0673
*p
Plate-like behaviour
2 2
L S -180.432MPa
(1.9 n2
Kospx= |11 bgpx=1
8.2
T if 1>y >0
(1054 4g5) »x
781 if gy =0

7816294y, + OTBugy, % it 051y, > -1
239 if vg,=-1
2
598(1- vy if -1 gpye=-3
9568 i vy <-3

3
Terpspx= TEspxKo.spx = 1.896x 10 -MPa

Column-like behaviour

2_2
Bty
=6.833MPa

Tercspx = 12 (1 - VZ) o

ag=021

2
g 0.5[1 raghp-02) 4y J - 0697

. 1
N i e
Pty P ~Np

Interpolation

fpx= '"m(max[;”’”” - 1.0].1] -1

Terespx

‘lJ =0.903

+Xe
pespa= || (P Xepltpacl 2~ Egp) ] i
Y
[(ppesp = ool (2 o) “xgpl o

M1 -

1if

Z-direction

Vo1

apep=0.34 Noosp

07
Opspi= 0] L+ o (0~ Npo.gp) + M| = 0.758
Ppzp= |1 if <0673 -1

it x,>0.673

=10.508

{(ppx.sp Xt 2 o) } oyt

M1

<1 =1

CLXXI



C. Box girder

Top plate check

o 2 N 2
X Edtp 3 _TEd ) g9

Peip fq td N Xw"y(‘d)

Plate-like behaviour

M1 M1
Ko pspzi= 4
2 2
Et, Side plate check
e S _6833MPa aep
$z
12(1..2
v)ss 2 2
Tx.Ed.sp TzEd.sp Tx.Ed.sp TzEd.sp 0.668
+ = =0.
P, £t P, At P, £t P, At
cpar boppre s 215Hm ot | | e | | Tep || et
" . TEdsp
Collumn-like behaviour +34
Xyl
=
2 2 M1
™ ElS
ooz = 180.432:MPa
12(1-,2)n2 ’
v /s Top plate stifeners check
Interpolation e 2 - 2
x.Edtps tps
+3 = 0.565
Pepsxyl (; Xyl (;
- LIS Knyhs) RV
Epz= mm(max M—l.oj,ljzo ML M1
: crespz

pespz= |[(Ppzsp— xebsp2 =tz | 1t
Xep

1 o s o)t 2- &0 xglow

ML
Top plate stiffeners - check
x-direction
opxtps= |1 1f Ap=0.748 =1
»p- 0.188
Y it x,>0.748
*p

B,

TEtpsx T 712(1 - sz hs)z

© 5479, 10° e

=5.296

Ko tpsx = 1if Brpsx = 1
82
it 1>y, >0
(1.05+ ypey X

781 if Brpsx = 0

781- 62040, + 0784, 2 it 05 gy, > -1

239 if brpsx = -1
2

5.98(1 - vypsy

95.68 if ypsy <3

if -1> Yepx = -3

4
Torptpsx = Kotpsx TEpsx = 1:313x 10 -MPa

Collumn-like behaviour

1(2 Et, 2
&)

Terctpsx W =12.147-MPa

1241 -v%) -5
Xips'= Xgp
Interpolation

o
gq,sx.:mm[ [@,1.01.1]:1
crctpsx

(l'px tps ™~ Xxps)ﬁtpsx’(z - E(psx) }"’ult
Xy
Petpsx = {(F‘va(ps’xlpgitpsx (2 &) } it S <1 -1
+Xips
[(pr tps ™~ tis)ﬁtpsx (2 - ﬁtpsx) + lers]"’ult i1
M1 -

M1

1if

CLXXII



C. Box girder

EWM - 18mm top plate thickness

This chapter covers the EWM when changing the top plate thickness to 18mm.

Geometry

Amount of:

Upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

Side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

by := 3500mm ty:= 18mm

bg.05:= 1750mm

b,
— _350.mm
Nsso
hg:= 389.2mm

1340mm ty = 12mm
hWy = 482.8mm
hyy = 1250mm
Squo = 20mm
Sy = 440mm
by, := 1000mm tp = 16mm
hgy := 140mm tgp = 16mm
hg, := 120mm tg, = 12mm

s
hsu.y = hw-cos(zl.lz-ﬁ) =111.939-mm

t
higi=tq + hg+ hwy* Eb =898-mm

Ibridge = 18m

a:=2m

Sg:= 2000mm Stgp = 500mm
tig1 = 18mm tigp == 12mm

1
b
hyep = hwy* hs’; = 864-mm

vi=03

M1 = 1.00 =12
Ymo = 1.00

wm=1

agy = 6mm
ag, = 5mm
tigz = 8mm

Material parameters:

E:= 210GPa

fy(0) == | (355MPa) if t < 40mm
(335MPa) otherwise

EC1993-1-1tab.3.1

Ap = tyby

Pa
£ =
{ o
Area
Ag=tgby 2tghg
Agp = NgyteyNgy Agy = Ngytgyrhgy

Aot = Ag + Ag+ Ay + Ap + Agy + A

2
Agi= Agy+ Ag=0.083m

Change of center of gravity, Zy

(From top to centre of gravity)

t h, h,
d 0 s
Ad'; + Asu‘[‘d + ?J + As’(‘d + ?j + Aw'[ld + hg+

*Ab‘(td +hg+ hwy) + Agyftq + hg+ g(hwy— ssuO) - 7:|
8 =302.251-mm

2
u = 0149 m

2

sy

2

Zp=

Moment of inertia I,

S0y = én(zl.lz-&j Squ0 = 7:206mm

Stiffeners over/under:

teyhe”

Atot

2
h,
s0"''so 'so _4 4
Iy.a.sn = Ngy' o + “so'tso'hso'[td + < th) =9583x10 'm

lystsu1 = 6150620 m from FEM

2
h,
1 'suy _
ly.stsu'=ly.stsul+ 2(su'hsu'|:(d +hg+ g(hwy’ SSJOy) - le} .. =1311x 10

2
h,
2 su.y
+ 2(su'hsu'{(d +hg+ E(hwy - SS.IOy) = th}

+ ZISJ-hsJ-{(d +hg+ (hwy - sy

Weh:

lyw1:= 20.000312m" from FEM

2
) b o1 -
yaw = w1 * 2w s = = = 5-(nwy) ~zp| =4482x 10 “m

Deck:

3
by-ty tg

2
Nsuy
oy) - > A

3 4

2
g d12 . 1d'bd'[* - z[p] ~5419x 10 om’

2

Bottom flange:

3 2
bty b -3
lyb= TS + by | g = 2ip -~ 2= 5528x 10 “m

Side plate:

4

CLXXIII
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C. Box girder

Reduced cross section .
Reduced cross sections

Functions to investigate the stresses in relevant cross sections

Stresses Side plate
Tmax = fy(tq) = 355 MPa

Stress at z-coordinate when lower flange acts in tension: 77 =ty =18mm

Omax zp =ty + hg=407.2mm
Unw(z) = ‘2= Omax
1. 7) = 017l ol

UZ,neg(Zl’ZZ) = ""i”(“neg(zl)*"neg(zz)) Tneg\?1,

Stress at z-coordinate when upper flange acts in tension:
Condition:= | 62-&(tg)-(1 ~bg)-[~g If bg=-1

B 42:€(t,
O'DOS(Z) = ‘Z+ Opmax 7( s) otherwise
0.67 + 0.331)g
o1pos(2-22) = MaX(9pod 21). 9pod 22)) h
“ P - . "
UZ,poizl’ZZ) = ""'”(“poizl)v"pos(zz)) Class4 = |"Class4" if . > Condition = "Lower than class 4
Buckiing factor "Lower than class 4" otherwise
» (Z , ) Uz.neg(zlvzz) » OS(Z B ) "2.pos(11«12)
n 1-22) = 1.22) = K, Pg) = 11.466
< 91 ned?1:22) P o1 pod21:22) 4.1V
kga1($):= |4 if ¢ =1 Buckiing factors from table = Se -t [table 5.2 ES1993-1-1]
a2 a1 Se.s0 = S0 " lso
105' v if 1>9>0 SS-EN 1993-1-5
0o+ Internal parts in conpression — _
281 if =0 Npsi= xp(kw.l(ws)‘hs,zs) =0.415
2.
7.81- 6290 + 978" if 0> >-1 Psi= P4 2(>‘p s*ws) -1 Internal cross section parts, EC1993-1-5 4.4 (2)
239 if p=-1
598(1 - W)z if -1>49>-3 hst= tg + hg— zyp = 0105m Height, tension part
hs = hg—hgy = 284.251:mm Height, compression part
hseff ¢ = Ps(Nsc) = 284.251-mm
Kg.a.04¥) = 043 if p=1 Buckling factors from table 4.2 heff.c1 = 04Ng gff ¢ = 113.7:mm
057 if $=0 SS-EN 1993-1-5 upper part
) Elements in compression with
085 if p=-1 free edge. Ng eff c2 = 0.6:Ngeff ¢ = 170.55mm
2 . Lower stress close to support.
057 - 0.214) + 0.07° if ~1>p>-3
hg eff = Ngeff ¢ + gt = 389.2mm
Kg.a0pW) = 1043 if p=1 Buckling factors from table 4.2 ~ - 3 2
i 0578 SS-EN 1993-1-5 lower part Aseif.c = 2Nseff c'ts = 6822 107-mm
—— f1>9>0 Elements in compression free
P+ 034 edge.
17 if p=0 Higher stress close to support. Aseff = Z(hs.eff.c + hs.t)'ts: 9.341 x 103<rnm2
1750 + 1749 if 05> -1
238 if Pp=-1 » ) !
Critical buckiing stress, orthotropic plate:
Slenderness Enlt 2 5
b Oarp = ko (V) (1 Fn2 = 2069 10°MPa £ci9031.5eq.A1
t 12{1 -1 hg
N(kgbot) = ————
zaA-e(t)-\/kT,
Stiffeners
Reduduction factors
21~ tg=18mm
pa2(Mp-b) = |10 if Np< 05+ /0.085 - 0.055% SSEN 1993-1-5 (4.2) Zas= tq + hg = 158:mm
: Internal parts
Ap ~ 0055 max((3 + ), 0]
mi 7241 otherwise (z )
o,
Ay gy = B2 o507
Oneg|Z1,
p4A3()\p,xb) = |10 if Ny<0748 SS-EN 1993-1-5 (4.3)
Cross-sections with free K, =0.682 i
[Ap-0188 _ edge 0-4-2b(w3°) Higher stress close to support
minf ——,1| otherwise
N 2
P

h
Class = |"Classa” if ‘i’ > 2le(tgy) [Ky a2 Veo) = "Lower than class 4"
SO

"Lower than class 4" otherwise

Mpso= xp(kq_“b(ww),hso,tso) = 0.459

CLXXIV



C. Box girder

Pd.so= p4_3(xp_50,\p5) =1 Internal cross-sectional parts,
EC1993-1-5 4.4 (2)
Nsp,eff = Pol.soNgp = 140-mm

Ao eff = Nsorlso N eff = 2016 x 10%mm?

="Lower than class 4"

"Lower than class 4" otherwise

—t 3

d .
2= = —9x10 °m by = "‘l’neg(zdvzd) =1

Sesoi= S0 lso tab. 5.2 ES1993-1-1] ko.d:= koa1(Va) = 4

Nod= Xp(kgvd,sclso,id} = 0.402

pq= 94.2(>‘p,d*"‘1’d) =1 Internal cross-sectional parts

So.eff = P Se.s0 = 334 MM

Areas:

4 2
Aei= NgoSsoty + Nyt (N eff + tg) = 7:945 x 10°-mm

4 2
Aceffloc = NsoSso.eff td + nm-tm-(hm_df + td) =7.686x 10 -mm'

More than three longitudinal stiffeners --> k,, , obtained with eq. A2

3
byty
=—2C%  _1869x 10°mm’

12(1 - ‘»2)

s q
Ngo ey Ngy'| tg + 7 +bytyg—

NgotenNgo + Pty

ytp.sl = =28.152-mm

byty t 2
d*d d 8 4
Ig = = + bd"d'(z ’ytp.sij =1299x 10"-mm

“so'lscn'hsm3 N :
+ 5 + Ngyhgytey | tg + > Vip.o

Pi=1 Uniform compression

2
Ag = ngyhgytey = 0.02m EC1993-1-5A1 (2)

2
= bty = 0.063m

[ 2 1
2-‘(14—&2) +~(71|
Q2+ 1)-(1+9)

4~(l+ %)

(P +1)-(1+9)

it o<y = 163051

otherwise

Critical buckiing stress, orthotropic plate:

2.2

Enty
Sanpi= Ko p N =818517-MPa EC1993-1-5eqAl

12\1-v")-

d
A
c.eff.loc
Baci= ———— =0.967
Ac
= pg Z(Xp’w) =1 Plate like behaviour

Effective area of the stifiened plate(deck):

4 2
Aceff = p4.2(>\p,’¢)-Acveﬂ.|0C + Sg eff g = 8:287x 10"-mm

Buckling strength
it

NRd = Ac_eﬂ-M — 2082 10%kN
™M

Column like behaviour

lhl+hﬁ+llfd
so s’ d So'ld

tsohso + Sotd

y!p.sl.c = =29.721-mm

2
So'ld Y9 7 m?
9o |20+ sotal = ~Vipste| [~ =1414x 10"mm
12 2
3

3
tso Mo hso
+ o +hgytey| tg + 7 ~Vipsi.c

Buckling resistance stiffener

Agli= leoNgy + Sgprtyg = 854 % 103-mm2

Aqeft =t Moo, eff + Seo.eff 1 = 8252 10>mm?

A
f
b= —A _ 0966
Ad

Critical buckling stress for a stiffener

r. P
I T

Ze

. SR

Column-like Interaktion Plate-like

behaviour I— behaviour
=0 £=10

-The stiffener is acting as a column between stiffeners

2
By o
Oy = ———— = 858.034-MPa
b 2
Ag-d
Slendermess ratio

Calculation of reduction factor EC1993-1-54.53

Q=049 Stiffeners open cross-sections

CLXXV



C. Box girder

e=2718

s o] i |

i= | =123358.mm
Ag

t h,
d 0
e:= max{(ytp_g - E](td + e ytp.slﬂ =59.848- mm

EC1993-1-16.3.1.2 (1)

=0.752

Interaction
T,

€ = max| min| a-p -1,1[,0[=0
%crsl

& is almost zero --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

pei= (P =Xc)&(2-8) + xc=0752

Checks

Mean stress rod
The "rod" in this case consist of two parts in the stiffener and one part in the web.
h,

t
d f 4
Favgt = "mss;.eff"d"fneg(;] N Aso'“neg[‘d + j = -2.371x 10"kN

Favst

OcomEd= - = —319.242:MPa
NsoSso.eff td + Aso

Check according to A2.1 (4)

1,
Pty = 266.946-MPa
™

e ¢ Peito) e
Kaza= |"OK" if P> ogomeg ="OK

"EJOK" otherwise

If this condition is not fulfiled, further reductions will be calculated according to A.2.1.(4)

Effective areas, new centre of gravity and moment of inetria
= ~006m’
Adeff = Nsso'dSso.eff =0.06M

2
Atoteff = Asoeff + Adeff + Aw*+ Ayt Ap + Ageff = 0.146m

t n
d 's0.€ff
Adeft' + Asoeff '([d A

h,
s.eff.cl
+ 2 ts‘hseftcl'[td + 2 ]

h, h,
s.eff.c2 st
“s'hseff.cz'([d +hse- 2 ] + ts'hst'([d +hg— Py

=

h,
'wy 2 suy
*Aw‘(td +hg+ - + Asu'{td +hg+ g(hwy— %JO) - |-
1
b
+Ap| hig— —
b MtsT

Ztp.eff.neg =
peneg Atot eff

CLXXVI

= 308.019-mm

3 2
th, h,
s''s.eff.cl seff.cl —4 4
'y.seff =2 T + ts‘hs,eff.cl'[td + — Z‘lp.eff.negj =203x10 'm
3 2
tsNseft.c2 Nseff.c2
+————— +t5hseff 2| td + Nsc =~ ~ Zpeff.neg
12 2
3 2
tshst hst
o Fishsr(fd* Ns~ 7~ Zpeifneg
3
NssoSso.eff ld 3 4

2
t
d .
ly.deff = T ”ssu“d'%o.eff‘(g - Z‘lp.eff.nng =5377>x 10 °m

4
lyeff.neg = lystso* lystsu® lyw + lyb + lys* lyseff * lydeff =0:018m

Negative moment
Effective cross section with negative moment(lower flange in tension)

5.2.1Area

At eff.neg = Ad.eff

4 2
Ac eff Joc = 7686 10"-mm

pefultp)-A.
Acif locmod = PeiolAs 7141 % 10°mm?
Ycom.Ed M
A = A _—
uf.eff.neg = b Bottom flange in tension

The effective area in compression is calculated according to 4.5.1(4.5). If the condition A.2.1(4)
which was checked before is not fuffiled, further reduction is needed and the area above is used.

Bosthi~ |PeAceitiocmod * S td 1f Kaz1="EJOK" = 638.077.cm
PcAceff.loc * Sso.eff td Otherwise

Agy Lower stiffener in tension -> no reduction
Ap Tension -> No reduction

As No reduction if the side plate is in class 4.
As Stiffener class 4 --> no reduction

Effective areas, effective centre of gravity and effective moment of inertia
3 2
Acff tot = Aceff + Aseff + Aw+ Agy + Ap = 1.299x 107-cm

According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.

Aceffl
taett = | pe—rloemOd g i, 0 = EJOK" = 13535mm

td eff hso tq
ns.)'hs.).df'(s.)'it |tg+ 7 + Ss.).df'(d';
d

td Nseff.c1
*NsoSsoeft taeff | 5 ) * s Mseff.er| td*
h
's.eff.c2 'sit
Hishseffeo|ta+ Nse == | * tsPsr(la+ Ns— -

h, h,
wy 2 'su.
"'Aw'[td + hg+ - )t Aw'{ld +hg+ E(hwyf Sy 0) -~
1
b
+Ap | hs——
o|Mhs—

Fipatinegs™ = 335.107-mm

Aeff ot

Effective moment of inertia:



C. Box girder

3 2
Ns.s0Sso.eff ld Iy 3 4
lydeftfin= =, * dMssoSoeif | ~ Zpeitneg| =63%x 10 “m

Sswoy= sin[Zl.lZ»ﬁj Squ0= 7:206mm

Stiffieners over/under:

3
tso Mo eff

\ _ h Nso, 3 4
y.st.so.fin = Nso’ Iy + Mgyt Nso eff | td +

2
f _
> th.eff.neg] =1264x10 "m

_6 4
Iy sty Lfin= 6:150610 °m"* from FEM
-3 4
ly.st.sufin = ly.stsudfin- =1113x 10 “m
h 2
1 'suy
+ leha{ld +hg+ g(hwy’ SsuOy) -—5 ~peineg| -
h 2
2 'suy
+ leha{ld +hg+ g(hwy’ SsuOy) -—5 ~peineg| -
h 2
suy
+ leha{ld +hg+ (hwy’ SsuOy} - - th.eff.neg]
Web:
4
Iy 1.fin = 2:0000312m"  from FEM
1 2
b 1 -3 4
lywfin*=lyw.1fin * 2‘w""w'|:hls 5 E(h""y) - Z‘p_df_neg] =3785x 10 “m
Bottom flange:
3 2
_ Dol ' -3 4
lybfin= T ty by | Nt~ Zip eff.neg ~ 5= 4927x 10 “m
Side plate:
3 2
tsNseff c1 Nseff.c1 —4 4
lysfin=2 2 +tshg et o1\t + T, “peifneg) - =2581x 10 'm
3 2
tsNseff.c2 Nseff.c2
AT tshgeff 2| td + Nsc — T, “peifneg) -
3 2
tehst hst
+ + [s'hsl' tg+ hsf 7 - le.eff.neg

10 4
ly.eff.negfin = ly.deff fin T ly.stsofin T ly.stsufin © lywfin* lybfin * lysfin=1.774x 107-mm

Load
Load capacity:
qM =132 KN The load capacity is calculated with different checks. The load capacity

i is , when checking the moment capacity.

QM:=qMby= 462N
m

2
QM-I
Mgg= — 29 1 671 10" knim
Ed 8
qQVi= 134k—N The load capacity is g, when checking the shear capacity.
m’

kN
QY = Vby=469-"—

Q Vi
Vg e 2998 591 103k
Ed >

Moment capacity

_ 'y.eff.neg.fin
Ztp.eff.neg

Wy et - ~0053m°

itg)

4
Mpg = Wy gf = = 1879 10"-kN-m
M1

Shear capacity
n:i=120 SSEN1993-1-551ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

byeh = 2:15€(ty,) ty, = 0.293m

h
o= as‘n[h—wy]-@ -21119  Angle ofweb
W ™

Distance to stiffeners from z-axis:

sin o —— |-h,
Ol ) W)
Az1= 5+ S0 Ow gy -

2 2
agz2= az1* Ssjm{f’wﬁ) =0.913m

2523 a2+ %um{awvﬁ) = 1.324m

Moment of inirtia stiffeners z-direction
Iy = 2t h, 2 2 2| - g18x 10 3m* (s“ﬁ'\f/f(;ners)
stz = 2y sy (as.z.l) *(as.z.z) *(33.2.3) =818x m

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:
b, t,
b ™ su
=+ 1 — | + — =0525m
a5 0w ) 3
Anaai= Azl SSJ-CO{%V-&] =09%m

A= Az2* SSJ-CO{%V-&] = 1346m
Moment of inirtia of 15¢t of the web z-direction

lstw.z = waeb"‘w'[(ast.z.l)2 + (ast.z.z)z + (33.2.3)2] = 0o21m’

4
I zt0t = lstz + lstw.z = 0.029m
Shear buckling coefficient, side plate

SS-EN 1993-1-5 5.3 (5) ANM.

h 2
Kppi= 5.34+4.oo-[ Se"] if
a

>1 =5491 -
Mot A3whenkg =0
2
h
400+ 5.34-[ Se"] if 21
a s eff
h
s eff

Ayl = —————— = 0455 EC1-3-5eq5.6

sTa1ge(tg) iy >

Shear buckling coefficient; web with more than two longitudinal stiffeners
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C. Box girder

- =143
Py SS-EN 1993-1-5 (A5)

hy )2 I N
g 9[7\,\/) _ s.ztot 2 - w7820 107

a (min(!s,lw)}3<hw mm(tS'IW w
SSEN 1993-1-5A3 (1) and (2) gives:

h 2
Ky = 5.34+4[Lebj tkg it @23 - 1635x 10°
a
I
63+ 018 Smg
min(te, -h, |
41+ r‘(zs tw) web +22 st.ztot otherwise

o mi n(ls. ty) ¢ Nyveb

Slenderness limit for which shear buckling check has to be performed for stiffened webs:

W=12  EC19931-35ANM251

Nweb

—<
mm(ts, [w)

Check := | "no shear buckling” if
“Reduce" otherwise

Reduce --> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

h
w
= max ——————, = 0455 SS-EN 1993-1-5 5.3 (5.6)
W [37.41W-5(tw) Jk Ml]
’ 083
Xwi= [n i\ <= =12 SS-EN 1993-1-5 5.3 Table 5.1,
n stiff endstiffener.
088 08\ g
Aw n
23 Ay = 108
07+
Kapacity of the web
o= 1.00 =12 Safety class 3
A= 100
$83 "barande konstruktioner”
Shear capacity:
(te) Pebt
Viw.Rd = Xl Mels ) e 1ot SSEN1993-1-352(5.2)

V391 Tn

Vb.Rd = Vbw.Rd

Vg = 4221 10%kN

(contribution from two web)

Kapacity of the flanges
SS-EN 19931-55.4

CLXXVIII

No shear buckling --> the plastic load bearing capacity can be calculated.

S83 "barande konstruktioner”
Moment of inertia

t
d
3. eff.neg = Zp.eff.neg ~ 5 = 326.107:mm

1
b
ayf eff.neg = Mts = 7 “peffneg = 554.893-mm

The flanges plastic moment bearing capacity for a cross-section with the effective
flange-area.

_ Pot.eft neg |t eff neg| ('e)

4
Mt Rd.neg * =1.011x 10*%kN-m

Mo
, Ateftneg |2t eff.neg (o)
Mo

The contribution from the flanges should be taken into account when there are still capacity leftin
the flanges in bending, ie the following condition should be fulfiiled:

MEqg <Mt Rd.neg = ©

2
16.bgtg >t
cop = 8] 025+ Lz(d) - 0.898m
t(ns+ hyy) “fytg)
160yt 1 (1p)
Cyf = a[025+ ——————— | =059m

te(hs + M) (1)

byt fy(t) X byt fy(tp)
Cof WML Cuf M1 Yn

Vi Rd.ored = = 502.117-kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

) Meg V7
Vor.rd= [VbtRdored| 1| | | f MEd<MrRdneg =O0KN
f.Rd.neg
0 otherwise
Shear capacity stiffened web:
“'fy(ts)‘hweb"s
VowRd* VpfR4S— =——— =1 EC1993-1-5 Ch.5.2(1)
‘f3"YM1

Vogai= Vow.Rd + Vbf R = 2125% 10°KkN

Check:

<1=1 EC1993-1-5, Ch5.5, €q. 5.10
Vb.Rd

%
= _q
2VhRd

Hanges, plastic moment bearing capacity for the effective-flange-area.
Moment of inertia of the flanges:
I =1 I oo1rm*
yfeff fin'= lydefffin * lypfin=0011m
The flanges effective area:

2
Agif f.tot = Sso.eff 1d + NsoSso.eff td.eff + Nso'tsotd.eff + Ap = 646.481-cm



C. Box girder

Y4 Ydeff
Ssoeff td, * Nso'Ssoeff tdeff | =, |~

t 1
4 eff b
+["so“so"d,eff ’(T ] + Ab'[hts’ ;ﬂ

Aeff f ot

Ztp f.eff.neg ™ =22557-mm

1 y
_ _yfefffin 3
Wiy gff = ————— = 0.05m

Ztp £ eff.neg

The plastic moment bearing capacity calculated with the flanges effective area:

f(tg
Mt Rd = Wy eff- L)

A9 1782 10°kNm
™M

Results

My Rd = Mg = 1879 10" kNm

Moment capacity check when qQM= ]_32<kfN
2

Mpi.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
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C. Box girder

The Reduced stress method
-18mm top plate thickness = —=2"P _ 99629 MPa
Material

Top plate stifieners
fy(0) = | 355MPa if t<40mm

! Imz=1 Med
(335MPa) if t>40mm Ty Edtps = ?-(hts— tg~ Yyp) = 257.255:MPa
Ol
E:= 210GPa
tsohs 2 tshg
G- ——— =80.769.GPa "o, i "o 3 3
M2 (1 v) Spsi= 5| Mis~td = ~Yip| - = 1961x 10 "m
'so
Geometry tgby h g v
+ =
ng+2\ S 2 ®
Bottom plate 0
tp = 16mm by, := 1000mm Ap = bty = D.Olﬁmz VEd'S[ps
TEdipsi= = 2446MPa
Top plate lottso
= = ing =
ty = 18mm by := 3500mm Agi= bytg = 0.063m2 Governin: s\ender’\::s from FE-software
Side plates OV UNIT = 3.05W From a linear stress analysis in Sofistik
_ 2
Agi= hglg=467x 10 °m? m
Webs oy = oy yniTd = 3416 MPa
t,, = 12mm hy, := 1340mm ; 2 f(t
w w Ay = hyty, = 0016m ot d) 1039
ult oy

Py i= 1250mm hy, = 482.8mm

243,416 kN From a buckling eigenvalue analysis in Sofistik
if o = g Sy
Top stiffeners cr.UNIT 2

m’
teo = 16mm hgp = 140mm gyl - 224 10”3
Q, -
cr.UNIT 3066 =1
S = 350mm Ng =9 q
Web stiffeners Slenderness for all parts
tg, = 12mm -3 2
su Agy = hgytg =144x 10 “m
JTop plate check
Sy = 440mm ng =3 Top plate check
) Pyyi= 1
Whole bridge ) P
b
Lbridge:= 18m hig= 2" hyy + hs+ tg = 0.898m Sig= 2m
lot - 0.017682m4 From grasshopper
Yip:= 059348m  From grasshopper (from bottom of bottom plate)
Ppxip= |1 if X\p <0673 -1
Load Xy — 0.055(3 + 1
2p 003 V) Np> 0673
Global 2
kN P
=112—
q m2
Plate-like behaviour  [A.1]
kN
Q:i=qgby= 392-; 2 E_tdz
Gep= T, =502 MPa
Qlbridge 12(1-v )-bd
Mggi= % - 1588x 10%kN-m
QLpridge 3
Veg= fg =3528x 10°kN byt s
Iptp= <7 =1869x 10 °m
Top plate 12\1-v
M t tg he
Ed d d A o
OxEdp= T | s~ ~ Yip| = 265.336:MPa o2 Edtp= 0 Ad *+ NP [Id 5
tot 2 Vipstpi= —————— = =0028m
Ag+ NgrAgy
tyb, t,
d ™ d d -3 3
Spi= W(h‘y 5 Ytp] =1693x 10 ~m byt o1 e ) 3
lgtp= +Ag | Yipdtp— = | * Neol + Al tdt — ~Vipsd
p PPy tpsltp™ 0| T 0 2 Vtpsitp
Vi
TEdtp* % = 28.142.MPa |
) ot MN{ls'tso d.1p
Vp = Ii =69.518
ptp
Side plates
NsoAso
3= ——— =032
MEed Ad
OxEdsp= T (st~ Yyp) = 257.:255:MPa .
9 = max[;s ,o.sj -os71
. = — =16.333:-MPa d
z.Ed.sp 2tg

(Ms—tg~Yip) tabg ty 3
Sp= (st Vs 5 5 (g Vip) - =0012m

n, h,
'so 'so
+ T‘hsa‘tso'(hls “tg- > Ytpj

CLXXX



C. Box girder

z.[(l + %pz)z +ip- 1}

kopip= |~ if oy < = 163051
oty (Y 1)(1+ )
) 4
o v 7070
Oerptp= Ko ptpOEtp = B18517-MPa

Column-like behaviour  [4.5.3]

MEed
3-uyp Oy top= I—-(h‘S ~tg~ Yyp) = 257.255MPa
by inf tp= T S0 =0175m ot
AT 5~y
2 '*E»h —tq—hg—Yyy) = -92.192-MPa
by suptp= £ S0 = 0.175m Parts of the top plate that contributes to the Tx.bot = ot ( ts™'d ™ "s tp) =
SR 5- xb[p stiffener
b, =Dby; + b. =0.35m — -
s.1tp = Plinftp * P2suptp epax = MaX(3 + g .0) = 2642
fy '
ty-b — + Agy| tg + —
_ a7 1tp 2 e [ d 2 j _003 combined center of gravity for Ppx.sp = 1if Xp <0673 =1
Yipd.1tp= b, Iy =003m stiffener and contributing top
dPd.1ltp* Aso plate. Ap -~ 0-055(‘L’5413.x)
. ———— if \;>0673
2 P
p
3 2 3 2
Lo beaptd ,(y ,Ld) ohe” [H'Lw,y )
ENRGR 12 s.1tpd'| Ytp.sl.1.tp 2 12 so’| “d 2 ‘tp.sl.1.tp Plate-like behaviour
Combined 2 2
moment of Bty
inertia OEspxi= ————; - 180.432MPa
mElg 14p 12-(1—u )-hs
Terdtp = ————— =858.034-MPa critical stress for kolumnlike buckling of stiffener
e 2
Ad1tp'Ss
The top plate and stiffeners are subjected to a constant stress distribution so Ocrc™ Ocrd
9erctp™ Terdtp
Reduction factor for column-like behaviour
Kspx= |1 if bgpx=1 =11.32
——— if 1>gy >0
'SpX
B - hi’ oo (105 + bgpx)
€p= M3 Yipg 1tp~ td-td + 2 ~Ytpl.1tp| = 0.058m 781 if Py =0
'Sp.X
2 .
7.81 - 6.29- 9.78- if 0 -1
Oggp= 049 + & =0.619 stiffener with open cross section (curve c) Pepx t Pepx > bepx>
Mtp. 239 if Ygyy=-1
p 2
98:(1 ~thgy ) if 1> gy >3
5 95.68 if gy <3
btp= 051+ aggy(Ng = 02) + X, | =0788  [6:312]
min| — 1|=0.759 K, 2,043 103 MPa
Xtp = ,1]=0 G, = o . =2.043x 10~
tp 2 N > Cr.p.sp.x E.sp.x"o.sp.x
Gp*{%p ~Np

Interpolation

Lep
g[p = mn{max[Lp'tp - 1,0].1] =0
%cr.ctp

[(Ppx.tp ~ Xep) &t (2 — &tp) * Xep]ouit . Column-iike behaviour
<

Petp™= [(pr.tp ~Xip)étp (2 ~ &tp) + ti] if =0.759
M ‘n'z-E! 2
- [(Ppxtp = Xep)tpi (2~ tp) * Xep|ouit Torcpx = S —6833MPa
1if >1 12.(1 _ Vz)_ 2
M1 Ss
Shear S 0%
3

ne=12 710) dep= 0.5(1 + usp-(xp ~02)+ X5y ] =071

Xw= |0 if >\p<@ =12 Xp = mi %,1 =0.897
n by + | b, Z—X 2
083 08 £ £ P

if %SSX <1.08

P
)\p n
- Interpolation
LS Ap 2 108 P
(07+ %)
. Ier.p.spx

Side plates check Espx = mlr{mw{m -1,0|,1|=1
x-direction
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C. Box girder

2 2
(Ppx.sp ~ Xsp)Espx (2~ Espx) *+ Xspl =t!
_ - [(Ppx.sp = Xsp)px(2 ~ spix) * Xsp| ot 0
Pespx= [[(Ppxsp = Xep)bspx (2~ Espx) + Xep] If - <! Ter ctpsx = o - 12147MPa
M1 12(1-v )-s,s
it [(Ppx.sp ~ Xep)Espix (2~ Epx) * Xspl it _ .
M1 N Xtps= Xsp
2. direction Interpolation
Yoy = 1
.z I
Etpsx = mir{max[m - 1,0].1] -1
o,
O sp= 0.34 XpO.sp =07 cr.ctpsx
(ppx.lps - ><ips)glpsx'(z - E!ps.x) Ol
dpsp= 05[1+ apgy(Np ~ Npo.gp) + Xp| =0771 ) L Xtps
Petpsx = {(ppx.tps - X!ps)‘ilpsx'(z - Etps.x) } if - <1
Ppzp= |1 i Np <0673 -1 Xips
1 if X, > 0673 1 it [Poxtos = XpdStps (2~ Etpsn) * XpoJur
bpsp* | 9psp ML
Top plate check
Plate-like behaviour
Ko pspzi=4 a, G
xedtp | o TEdp | o0,
w2Etl Pewy(td) Xuylle)
CEspz= ZS = 6833MPa M1 M1
124(1 -V )'Sls
Side plate check
Oerpspz = Kopspz OEspz = 27331 MPa 2 2
g, o. a, o.
x.Ed.sp . z.Ed.sp _ x.Ed.sp I z.Ed.sp L _0655
Collumn-like behaviour Pc,s).x'fy(ls) Pc‘sp,z'fy(‘s) "c,sp‘x'fy(’s) pc‘sp,z'fy(ls)
2 M1 M1 M1 M1
T Etg T 2
Terespzs ( 2) 2" 180.432-MPa L3 _Ed®
2(1-1%)hg Xy
Interpolation M1
¢ o min mad 9crp.sp.z 10]1]-0 Top plate stifeners check
2= -LOLL=
e 9erespz
. |\Ppz.sp ~ X )5 .z'(z’g .z) T Xsp|Qult 2
bespz= |[(Ppzsp~ Xep)ispz (2~ 6p2) * Xep [ 1)t o | xglow _OxEdtps | o TEdtps | a0
M1 Potpsxfy(ts) Xwfylls)
it [(Ppzsp ~ Xsp)Espz (2~ Epa) + Xspleuit - M1 ™M1
M1
Top plate stiffeners - check
x-direction
Ppxapsi= |1 if Ap< 0748 -1
)\p —-0.188
—_— if )\p >0.748
N 2
P
o(hIS ~tg-h

Prpsx = "(T”d) =0511

5 - 2479 10°MPa

1 if hypgy =1 =5849
82

(105 + Wpsy)

781 if Ypgy =0

if 1>w$_x>0

781 - 629 ypgy + 978y X if 0> gy > -1
239 if Pypgy =1

2.
98:(1 ~ypsy)” If 1> ey >3
95.68 if ypgy <3

4
Oerpipsx = Ko.tpsx OE tpsx = 145 10-MPa

Collumn-like behaviour
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C. Box girder

EWM - 20mm top plate thickness

This chapter covers the EWM when changing the top plate thickness to 20mm.

Geometry

Amount of:

Upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

Side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

Nggo = Ngy+1=10

by := 3500mm

ty = 20mm

bg.05:= 1750mm

b,
— _350.mm
Nsso
hg:= 389.2mm

1340mm ty = 12mm
hWy = 482.8mm
hyy = 1250mm
Squo = 20mm
Sy = 440mm
by, := 1000mm tp = 16mm
hgy := 140mm tgp = 16mm
hg, := 120mm tg, = 12mm

s
hsu.y = hw-cos(zl.lz-ﬁ) =111.939-mm

t
higi=tq + hg+ hwy* Eb =900-mm

Ibridge = 18m

a:=2m

Sg:= 2000mm Stgp = 500mm
tig1 = 18mm tigp == 12mm

1
b
hyep = hwy* hs’; = 864-mm

vi=03

M1 = 1.00 =12
Ymo = 1.00

wm=1

agy = 6mm
ag, = 5mm
tigz = 8mm

Material parameters:

E:= 210GPa

fy(0) == | (355MPa) if t < 40mm
(335MPa) otherwise

EC1993-1-1tab.3.1

Ap = tyby

Pa
£ =
{ o
Area
Ag=tgby 2tghg
Agp = NgyteyNgy Agy = Ngytgyrhgy

Aot = Ag + Ag+ Ay + Ap + Agy + A

2
Agi= Agy+ Ag=009m

Change of center of gravity, Zy

(From top to centre of gravity)

t h, h,
d 0 s
Ad'; + Asu‘[‘d + ?J + As’(‘d + ?j + Aw'[ld + hg+

2
*Ab‘(td +hg+ hwy) + Agyftq + hg+ E(hwy— Sy 0) - T:|
= 290.669-mm

2
u = 0156m

2

sy

Zp=

Moment of inertia I,

S0y = én(zl.lz-&j Squ0 = 7:206mm

Stiffeners over/under:

teyhe”

Atot

2
h
ly stso = Nso' 301230 + nm-tm-hm-[td + %’ - ztp) —8447x 10 *m*

lystsu1 = 6150620 m from FEM

2
h,
1 'suy _
lystsu=lystsu1* 2(su'hsu'|:(d +hs+ g(hwy’ Suoy) > le} - =1399x 10

2
h,
2 su.y
+ 2(su'hsu'{(d +hg+ E(hwy - SS.IOy) = th}

+ ZISJ-hsJ-{(d +hg+ (hwy - sy

Weh:

lyw1:= 20.000312m" from FEM

2
) b o1 -
yaw = w1 * 2w s = = = 5-(nwy) “zp| =479x10 "m

Deck:

3
by-ty tg

2
_d -3
lydi= 5 * taba| 5 ~7p) 551710 “m

2

Bottom flange:

2
Nsuy
oy) - > A

3 4

4

byt t,)?
bth b 3 4
b= +tb-bb-[htsfztp7;) ~5786x 10 °m

Side plate:

CLXXXIII
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C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections

Stresses
Tmax = fy(tq) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Tmax

Unw(z) = ‘2= Omax

1 ned(21-22) = MX(Tneg(21) Teg(22))

2 ned(21-22) = MiN(0neg(21)- neg(22))

Stress at z-coordinate when upper flange acts in tension:

O'DOS(Z) = ‘Z+ Oma

Ul,poizl’ZZ) = max(apoizl),apoizz))
UZ,poizl’ZZ) = min{“poizl)‘gpos(zz))
Buckling factor

. 2.neg(zlv Zz)

wneg(zlﬁzz) - “1.neg(11~12)

Kyg41(0) = [4 if b=1

82 if 1>9>0
1.05 +
781 if p=0

781~ 6290 + 97842 if 0> > -1
29 if p=-1

598(1-)> if -1>p>-3

Ka24)) = |043 if p=1
057 if =0
085 if Y =-1

057 - 021 + 00742 if 1> >3

Ko420) = [043 if =1
0578
P+ 034
17 if =0

if 1>¢9>0

1750 + 1749 if 05> -1

238 if Pp=-1
Slenderness
b
Nplkb.t) = vt
ploe 28450 fky
Reduduction factors

PaPp) = |10 if X, <05+ /0085 - 0.055%

Ap — 0.055max((3 + 1), 0]

29,2
Sy 7g) = 2220

"l.pos(zl'zz)

Buckling factors from table
41

SS-EN 1993-1-5

Internal parts in conpression

Buckling factors from table 4.2
SS-EN 1993-1-5 upper part
Elements in compression with
free edge.

Lower stress close to support.

Buckling factors from table 4.2
SS-EN 1993-1-5 lower part
Elements in compression free
edge.

Higher stress close to support.

SS-EN 1993-1-5 (4.2)
Internal parts

SS-EN 1993-1-5 (4.3)
Cross-sections with free
edge

mi 7241 otherwise
p
p4A3()\p,xb) = |10 if Ny<0748
>‘p -0.188
minf ——,1| otherwise
22
P

CLXXXIV

Reduced cross sections

Side plate

7=ty =20mm

2z =ty + hg=409.2mm

b= Tneg2) — 0438

negl?1)

Condition:= | 62-&(tg)-(1 ~bg)-[~g If bg=-1

42¢(tg)

——————— otherwise
0.67 + 0.331)g

h
ClassA = |"Classa” if TS>CondiIion = "Lower than class 4"
S

"Lower than class 4" otherwise
kU_A_l(‘le) =1244

Se.s0 = S0~ o [table 5.2 ES1993-1-1]

Npsi= xp(kw.l(ws)‘hs,zs) =0.398

Ps= 94.2(>‘p,svws) =1

hst= tg + hg— zyp=0119m Height, tension part

hs = hs— hgy = 270.669-mm Height, compression part

hs eff.c = Ps(Ns ) = 270.669-mm
hs eff.c1 1= 04 et ¢ = 108.268-mm
hg eff.c2 = 06N gt = 162.402-mm
hseff = Nseff.c + Nsg = 389.2mm

32
Ageif.c = 2hg et o tg = 6496 x 10°mm

3 2
Ageit = 2(Ng it ¢ + Mgy ts = 9.341 x 10™-mm

Critical buckiing stress, orthotropic plate:

Emn™t 3
=2.245x 10~-MPa

%erp= 0.4.1(”’5)' 2 (1 uz) 2
(1-v%)hg

EC1993-1-5eq.Al
Stiffeners

21~ tg=20mm

Za/= tq + hgy = 160-mm

I

neg(Z1)
Ko.4.2bso) = 0.703

Higher stress close to support

h
Class = |"Classa” if ‘i’ > 2le(tgy) [Ky a2 Veo) = "Lower than class 4"
SO

"Lower than class 4" otherwise

Mpso= xp(kq_“b(ww),hso,tso) =0.452

Internal cross section parts, EC1993-1-5 4.4 (2)



C. Box girder

Pd.so= p4_3(xp_50,\p5) =1 Internal cross-sectional parts,
EC1993-1-5 4.4 (2)
Nsp,eff = Pol.soNgp = 140-mm

Ao eff = Nsorlso N eff = 2016 x 10%mm?

Deck

="Lower than class 4"

"Lower than class 4" otherwise

d
2= = —-0.01m by = "‘l’neg(zdvzd) =1

Sesoi= S0 lso tab. 5.2 ES1993-1-1] ko.d:= koa1(Va) = 4

Np.d= Np(Koot-Se.s0-td) = 0-361

pq= 94.2(>‘p,d*"‘1’d) =1 Internal cross-sectional parts

So.eff = P Se.s0 = 334 MM

Areas:

4 2
Aei= NgoSsoty + Nyt (N eff + tg) = 8:604x 10°™-mm

4 2
Aceffloc = NsoSso.eff td + nm-tm-(hm_df + td) =8316x 10 -mm'

More than three longitudinal stiffeners --> k,, , obtained with eq. A2

3
byty
=—2C%  _2564x 10°mm’

12(1 - ‘»2)

s q
Ngo ey Ngy'| tg + 7 +bytyg—

= = 27.888-mm
Yipsl NgotenNgo + Pty
3 2
by, t
d*d d 8 4
Ig = { = + bd"d'( > ’ytp.sij} =1.354% 10 -mm
“so'lscn'hsm3 Ny z
+ 5 + Ngyhgytey | tg + > Vip.o
o= 2 —0571
bg
Pi=1 Uniform compression
Aq = Ngyhggy ey = 0.02m° EC1003-1.5A1 (2)

2
= bty =007m

’—( 2)2 1
M it o<y =127.307
o~ (P +1)(1+9)

4~(l+ %)

(P +1)-(1+9)

otherwise

Critical buckiing stress, orthotropic plate:

Em™t

d
Sanpi= Kop 5 (0548 MPa EC1993-1-5eqAl

12 (1 — v )-bd
A
c.eff.loc
Baci= ———— =0.967
Ac
= PA.Z(Xp’w) =1 Plate like behaviour

Effective area of the stiffened plate(deck):
4 2
Aceff = p4.2(>\p,’¢)-Acveﬂ.|0C + Sgp eff ‘g = 8.984x 10"-mm

Buckling strength

td)

f,

NRd = Ac_eﬂ-y{— ~3.189x 10%kN
M

Column like behaviour

lhl+hﬁ+llfd
so s’ d So'ld

tsohso + Sotd

y!p.sl.c = =29.394mm

2
So'ld Y9 7 m?
9o |20+ sotal = ~Vipste| [~ =1475x 10"-mm
12 2
3

3
tso Mo hso
+ o +hgytey| tg + 7 ~Vipsi.c

Buckling resistance stiffener

Adi= tohg + Sotg =924 x 10° mm?
Aqeft = top Mo eff + Sso.cff I = 892 10°mm?
A
f
b= —A _ 0965
Ad

Critical buckling stress for a stiffener

r. P
I T

Ze
. SR
Column-like Interaktion Plate-like
behaviour I— behaviour
=0 £=10

-The stiffener is acting as a column between stiffeners

2
T Elg ¢
Ogrg = ———— = 827.286-MPa
AS‘-a\2
Slendermess ratio

Calculation of reduction factor EC1993-1-54.53

Q=049 Stiffeners open cross-sections

CLXXXV



C. Box girder

e=2718
Lr €
Iy Ye l IEl -
i= [— =121.068-mm
Ad
t h,
d £
8= max{(ytp_g - E](td + 7 - ytp.slﬂ =62.1122-mm
agrm s 2 _gegs
I
e
b= 0.5-(1 +og(h- 0.2) + xcz] =0.826 EC1993-1-16.3.1.2 (1)
Xc = mi =0.744
Interaction
T,
€ = max| min| ap 1,1[,0(=0
%crsl
¢ is almost zero > column like behviour
Interaction between the two types of behaviour (column/plate buckiing)
pci= (P = Xc)&(2- ) + Xc=0744
Checks
Mean stress rod
The "rod" in this case consist of two parts in the stiffener and one part in the web.
) g Nso it 4
Favst = NS0, 1 Oneg| | * AsorOreg| =-2555x 10 kN
E
CoomEd = ——— - 318251 MPa
NsoSso.eff td + Aso
Check according to A.2.1 (4)
pe-fult,
M — 264.165-MPa
M
o it e vk
Kap1:= ["OK" if >0comEd = OK
™M
"EJOK" otherwise
If this condition is not fulfiled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria
= = 0.067m?
Adeff = NssoldSso.eff = 0.067M
2
Aoteff = Asoeff + Adeff + Aw + Agy + Ap + Agerf = 0.153m
t h,
d 's0.€ff
A, — + A |ty +
deft 5 * Asoeff ( d+—,
h,
s.eff.cl
+ 2 ts‘hseftcl'[td + 2 ]
h, h,
s.eff.c2 st
“s'hseff.cz'([d +hse- 2 ] + ts'hst'([d +hg— Py
h, h,
wy 2 suy
*Aw‘(td +hg+ - + Asu'{td +hg+ g(hwy— %JO) - |-
1
+Ap| hs — Eh
= 296.536-mm

Ztp.eff.neg =
peneg Atot eff

CLXXXVI

3 2
tgh h
s 'seff.cl s.eff.cl 4 4
lyseff =2~ * ts‘"s,eff.cl'[‘d T Z‘lp.eff.negj =1806x 10 'm
3 2
ts N eff.c2 Nseff.c2
t— T lshsefcz|{tdt Nscm T ~ Zpeif.neg
12 2
ls'hst3 hst :
o Fishsr(fd* Ns~ 7~ Zpeifneg
3
Nss0Sso.eff d 3 4

2
t
d .
ly.deff = T ”ssu“d'%o.eff‘(g - Z‘lp.eff.nng =5487> 107 “m

4
lyeff.neg = lystso* lystsu® lyw + lyb + lys* lyseff * lydeff =0:019m

Negative moment
Effective cross section with negative moment(lower flange in tension)

5.2.1Area

At eff.neg = Ad.eff

4 2
Ac eff Joc = 8316 10"-mm

ocfy(t)-Ag
Ycom.Ed M

3 2
Ac eff loc.mod = = -7.67x 10°-mm

Aut eff.neg = Ab Bottom flange in tension

The effective area in compression is calculated according to 4.5.1(4.5). If the condition A.2.1(4)
which was checked before is not fuffiled, further reduction is needed and the area above is used.

Bosthi~ |PeAceitiocmod * S td 1f Kaz1="EJOK" = 685617.cm”
PcAceff.loc * Sso.eff td Otherwise

Lower stiffener in tension -> no reduction

su

Ap Tension -> No reduction

As No reduction if the side plate is in class 4.
As Stiffener class 4 --> no reduction

Effective areas, effective centre of gravity and effective moment of inertia
3 2
At tot = Aceff + Aseff + Ay Agy + Ap = 1347 10-cm

According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.

Aceff.locmod

taeff = |Pc tg if Kapg="EJOK" =14.883mm

td eff hso tq
ns.)'hs.).df'(s.)'it |tg+ 7 + Ss.).df'(d';
d

td Nseff.c1
*NsoSsoeft taeff | 5 ) * s Mseff.er| td*
h
's.eff.c2 'sit
Hishseffeo|ta+ Nse == | * tsPsr(la+ Ns— -

h, h,
wy 2 'su.
"'Aw'[td + hg+ - )t Aw'{ld +hg+ E(hwyf Sy 0) -~
1
b
+Ap | hs——
o|Mhs—

Zipaifaneg™ = 325.009-mm
Aeif tot

Effective moment of inertia:



C. Box girder

3 2
Ns.s0Sso.eff ld Iy 3 4
lydeftfin= =, " dNssoSoeif| 5 ~ Zpeitneg| =6631x 10 “m

s
=sin 21.12— =7.206mm
Ay, [ lSOj Ssu0
Stiffieners over/under:

3
tso Mo eff

\ _ h Nso, 3 4
y.st.so.fin = Nso’ Iy + Mgyt Nso eff | td +

2
f _
> th.eff.neg] =1146x 10 "m

Iy stsufin= 6150610 °m? fromFEM

-3 4
Iy.sl.su.fin = Iy.sx.su.l.fin =1184x10 “m

2

1 hs.J.y
+2tgrhgy{tg + hs+ g(hwy’ SsuOy) -—5 ~peineg| -
2

2 hs.J.y
+2tgrhgy{tg + hs+ g(hwy’ SsuOy) -—5 ~peineg| -

2
h,
suy
+ leha{ld +hg+ (hwy’ SsuOy} - - th.eff.neg]

Web:

Iy wLfin = 20000312m"  from FEM

2
1,
b 1 -3 4
lywfin= lyw.1fin + 2‘w""w'|:hls 5 E(hwy) - le.eff.neg:| =4033x 10 "m

Bottom flange:

_ byty i)’ 3 4
lybfin'= 5 * tobh| Mts~ Zpefrneg~ 5 | =5144x 10 "m

Side plate:

i ts‘hs.eff.c13 Nseff.c1 : —4 4
lysfin=2 =5 *sNseffortd* — — ~ Zpeftneg] =2318x10 'm

h 3 h 2
tsNseff.c2 seff.c2
+ 2 +tehgeffco| ta+ Nsc~ > ‘“peffneg) -

3
tshst

h 2
St
+tghgy| tg+ hg— 5 “peffneg

10 4
ly.eff.negfin = ly.deff fin T ly.stsofin * ly.stsufin © lywfin* lybfin * ly.sfin = 1.837x 107-mm

Load
Load capacity:
qM =141 KN The load capacity is calculated with different checks. The load capacity
i is , when checking the moment capacity.

QM:=qMby= 4035 N
m

2
QM-I
Mgg= — 9% 1 999 10" knim
Ed 8
qQVi= 134k—N The load capacity is g, when checking the shear capacity.
m’

kN
QY = Vby=469-"—

Q Vi
Vg e 2998 591 103k
Ed >

Moment capacity
I .
Wy.eff - y.eff.negfin _ 0.057-m3
Ztp.eff.neg

!d)

= b ~2007x 10%K
Mpa = Wy et 2 = 2007 10*kN-m
M1

Shear capacity
n:i=120 SSEN1993-1-551ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

byeh = 2:15€(ty,) ty, = 0.293m

h
o= as‘n[h—wy]-@ -21119  Angle ofweb
W ™

Distance to stiffeners from z-axis:

s LI N
S fomy W)
Az1= 5+ S0 Ow gy 2 2> -
= +8qp -~ |-0913m
A22°= Azt S Ow gy -

ag23=agz0 %um{awvﬁ) = 1.324m

Moment of inirtia stiffeners z-direction
Iy = 2t h, 2 2 2| - g18x 10 3m* (s“ﬁ'\f/f(;ners)
stz = 2y sy (as.z.l) *(as.z.z) *(33.2.3) =818x m

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:
b, t,
b ™ su
=+ 1 — | + — =0525m
a5 0w ) 3
Anaai= Azl SSJ-CO{%V-&] =09%m

A= Az2* SSJ-CO{%V-&] = 1346m
Moment of inirtia of 15¢t of the web z-direction

lstw.z = waeb"‘w'[(ast.z.l)2 + (ast.z.z)z + (33.2.3)2] = 0o21m’

4
I zt0t = lstz + lstw.z = 0.029m
Shear buckling coefficient, side plate

SS-EN 1993-1-5 5.3 (5) ANM.

h 2
Kppi= 5.34+4.oo-[ Se"] if
a

>1 =5491 -
Mot A3whenkg =0
2
h
400+ 5.34-[ Se"] if 21
a s eff
h
s eff

Ayl = —————— = 0455 EC1-3-5eq5.6

sTa1ge(tg) iy >

Shear buckling coefficient; web with more than two longitudinal stiffeners

CLXXXVII



C. Box girder

- =143
Py SS-EN 1993-1-5 (A5)

hy )2 I N
g 9[7\,\/) _ s.ztot 2 - w7820 107

a (min(!s,lw)}3<hw mm(tS'IW w
SSEN 1993-1-5A3 (1) and (2) gives:

h 2
Ky = 5.34+4[Lebj tkg it @23 - 1635x 10°
a
I
63+ 018 Smg
min(te, -h, |
41+ r‘(zs tw) web +22 st.ztot otherwise

o mi n(ls. ty) ¢ Nyveb

Slenderness limit for which shear buckling check has to be performed for stiffened webs:

W=12  EC19931-35ANM251

Nweb

—<
mm(ts, [w)

Check := | "no shear buckling” if
“Reduce" otherwise

Reduce --> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

h
w
= max ——————, = 0455 SS-EN 1993-1-5 5.3 (5.6)
W [37.41W-5(tw) Jk Ml]
’ 083
Xwi= [n i\ <= =12 SS-EN 1993-1-5 5.3 Table 5.1,
n stiff endstiffener.
088 08\ g
Aw n
23 Ay = 108
07+
Kapacity of the web
o= 1.00 =12 Safety class 3
A= 100
$83 "barande konstruktioner”
Shear capacity:
(te) Pebt
Viw.Rd = Xl Mels ) e 1ot SSEN1993-1-352(5.2)

V391 Tn

Vb.Rd = Vbw.Rd

Vg = 4221 10%kN

(contribution from two web)

Kapacity of the flanges
SS-EN 19931-55.4

CLXXXVIII

No shear buckling --> the plastic load bearing capacity can be calculated.

S83 "barande konstruktioner”
Moment of inertia

t
d
3. eff.neg = Zp.eff.neg ~ 5 = 315.009-mm

1
b
A eff.neg = Ms — -, ~ Ztp.eff.neg = 566.991-mm

The flanges plastic moment bearing capacity for a cross-section with the effective
flange-area.

_ Pot.eft neg |t eff neg| ('e)

Mf Rd.neg * ~1069x 10*kN-m

Mo
, Ateftneg |2t eff.neg (o)
Mo

The contribution from the flanges should be taken into account when there are still capacity leftin
the flanges in bending, ie the following condition should be fulfiiled:

MEqg <Mt Rd.neg = ©

2
16.bgtg >t
cop = 8] 025+ Lz(d) - 0991m
t(ns+ hyy) “fytg)
160yt 1 (1p)
Cyf = a[025+ ——————— | =059m

te(hs + M) (1)

byt fy(t) X byt fy(tp)
Cof WML Cuf M1 Yn

Vi Rd.ored = = 546.346-kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

) Meg V7
Vor.rd= [VbtRdored| 1| | | f MEd<MrRdneg =O0KN
f.Rd.neg
0 otherwise
Shear capacity stiffened web:
“'fy(ts)‘hweb"s
VowRd* VpfR4S— =——— =1 EC1993-1-5 Ch.5.2(1)
‘f3"YM1

Vogai= Vow.Rd + Vbf R = 2125% 10°KkN

Check:

<1=1 EC1993-1-5, Ch5.5, €q. 5.10
Vb.Rd

%
= _q
2VhRd

Hanges, plastic moment bearing capacity for the effective-flange-area.
Moment of inertia of the flanges:
I =1 I 0012m’
y f.eff fin = ly deff fin * lypfin = 0:012m
The flanges effective area:

2
Acif f.t0t = Sso.eff td + NsoSsoeff tdeff + Nsotsotd.eff +Ap = 695.6.cm



C. Box girder

Y4 Ydeff
Ssoeff td, * Nso'Ssoeff tdeff | =, |~

1, 1
d.eff b
+ ["so“so"d,eff (T] + Ab'[hts vy ﬂ

Aeff f ot

=211.151-mm

Ztp.f.eff.neg™

1 X
i y.f.eff fin 3
Wiy gff = ————— =0.056m

Zipf.eff.neg

The plastic moment bearing capacity calculated with the flanges effective area:

fta)

¥ 4
Mg R = Wry,eff —— = 198 10"kN-m
M

Results

MpiRa = Mg = 2007 104 kN-m

Moment capacity check when QM= 141.kfN
m
Mg
= 2 = 0.996
M pl.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
- kN
Shear capacity check when qV=134—
2
m
V|
ngi= _Ed ooe3
2Vbw.Rd

CLXXXIX



C. Box girder

M
Ed
The Reduced stress method Txedsp= (s~ td - Yip) = 253003 MPa

-20mm top plate thickness t

Material

() := | 355MPa if t < 40mm — TrEdsp= 5 = 1734 MPa
M1= s
(335MPa) if t>40mm
E:- 210GPa (s—tqg—Yp) taby 1]
Sgp= (s —tg - Ytp)»ts-f = hs— 2 Yip
Gi= ———— =80.760.GPa n h
2(1+v) £ 's0
+ 5 Psoteo| s~ a5~ Yip
Geometry
Bottom plate 0.5 id
TEdsp= Td'i";"dsg’ - 11823 MPa
tp = 16mm by, := 1000mm Ap = bty = D.Olﬁmz tot's
Top plate
~oppae Mid top plate stiffeners
tg = 20mm by := 3500mm Agi= bytg = 0.07m2 M
. o Ed
o, = ——(hg—tq = Yip) = 253.003-MPa
Side plates xEdtps lot ( tsd tp)
Agi= hglg=467x 10 °m? tohe  lshe
Ngy' 2 + 2 2 h
Webs N 2 2 )it 2_ _ 3
Webs Sips= - s =ty == = Yip - =206 10" "
ty == 12mm hy = 1340mm A= gty = O,Dlﬁmz tby [ 4 y
T MsT S T Yp
. - Ngy + 2 2
Py = 1250mm  hy i< 4828mm o
Top stiffeners
Vi o
_ -~ Ed.mid Stps
tg= 16mm g = 140mm - hgitey - 224 10”3 TEdpsT g~ 293MPa
tot"'so
S = 350mm Ng =9
Webs
Web stiffieners M
ot (g~ tg - g Yyp) = ~42227MPa
tg, = 12mm 3 2 " !

Agy = hgytg =144x 10 “m

Yip.su1 = 0.076773m From grasshopper
Sy = 440mm Ng, =3 T B
Yip.su 1= 0:235306m

M
Ed.end
- 7.(% - Y[p) =-215.677-MPa

Yot

Whole bridge
Yipsug:= 0.303836m
. = 1 Y, = 0.249383m
Lbrigge = 18M hig:= Eb + hw.y +hg+tg=09m §gi=2m S0 = 0.5m tow
liot = 0.018242m4 From grasshopper
V'p := 0.606392m  From grasshopper (from bottom of bottom plate) B Ap v ty Ay v Ay v ooz 3
Spi= PR su'( tp~ tp.sul) A (Yp— tp.suz) - =0012m
Load +Agi(Yip~ Yip.su3) * Aw(Yip ~ Yipw)
Global
kN
=119—
q P 05VEgS
m Teqw = ——— = 103.865MPa
’ Yot tw
Q:=qby= a5 XN 0
m Oz Edw = 5. = 1734 MPa
2 W
Qlyy
Mgg= 29 _ 3 687, 10%k-m !
8 Governing slenderness from FE-software
MPa
QL o = 284—— From a linear stress analysis in Sofistik
Vegm — 299 _ 5248 10 kn VAR W
2 2
2
(s 3
= = = -q = 337.96:M
Meq.end= VEdSs — — 6.664x 10™kN-m oy = ovuniTd = 337.96-MPa
fut,
d
Vedmid = Vied - Q8M = 4165kN Oyt = M) =105
Ed.mid Ed ay
kN From a buckling eigenvalue analysis in Sofistik
Mid top plate g UNIT = 702 9 e aly
m
M t
- —Ed d ; Cer.UNIT
OxEdtp'= ] '[hts’ 2 YIpJ =262.25MPa ozEdtp = 0 ag = ——— =2916
tot q
ty-b, t _ Slenderness for all parts
Sp= &»(h‘s _g Ytp] ~1805x 10 >m° =06
Ngy + 2 2
Vi e Top plate check
Ed.mid Stp Top plate check
TEdtp = T T 3.434MPa

- It mi n(ls, [so)

wtp =1

Mid side plates

CXC



C. Box girder

Ppxtpi= |1 if Np <0673 =1 Serctp™= Tardtp
Np = 0.055(3 + yp) ) ) )
—_— if xp > 0.673 Reduction factor for column-like behaviour

2
*p
0.04m
hso
Eip= M3 Yipsl 1tp =t td * —,” ~Vip.sl Lap) = 006LM
Plate-like behaviour  [A.1]
ﬂz» E~ld2 Qgtp = 0.49 + 0.09 =0.627 stiffener with open cross section (curve c)
- 6198MPa p
n
rp= 0.5[1 + agry(hp - 02) + xpz] —0805  [6312]
by t,
Iptp = (d d ) —2564x 10 °m*
1201 -v —mi 1 -
Xtp= mlr{ 1] =0745
ty he G+
Ad-z + NgyAgy'f tg + —
== =0.028m Interpolation
Yip.si.tp Aq+ NoPe Interpolation
E!p = min[max —_—
e - |
! = +Agl Y —— | +ngyf +Agyltgt —— -V
sl d'{ Ytp.sly d tp.sl.
P 12 psltp™ 5 O 12 0 2 ps.tp ) [(f’px.tp - ti)ﬁtp‘(z - Etp) + ti]'“uﬂ
= - (2 - if
peip= ([(Ppxtp ~ Xup)Etpi (2~ &tp) * Xep] 1 <
!
s.tp
Ytp= =5282 ) [(pr.tp - ti)ﬁtp’(z - ﬁtp) + ti]‘o‘ult
Iptp 1if 1
M1
Nen
Bp= —— =028 Shear
Ad
n:=12 71(2)
Ss
oypi= max —,05| = 0571
b x| it g <22 12
P
LL Y. BN
>‘p n
L% if Xy >1.08
(07+3p) P
2 Side plates check
2 |:(1 + oy 2) + i l}
’ tp tp~ . 4
K, = |[————if < [V =127.397
o.p.tp 2 b 1)1+ 8 %p tp x-direction
oy (ttp + (1 + 3yp)
b fi) e ()
il
(bp+f(rsy) PN
| max 1
9erpip= Ko ptpOEtp = 789-548-MPa a(2) = (Ytp) Z+ Omax|
o(htg—tq = h,
wspx _ ( ts™ 'd s) - 0422
Cr(hts - Id)
Column-like behaviour  [4.5.3]
3y MEd(h tg - Yip) = 253.003-MPa
- P. _ Ixtop= T (Ms ™ ld ™ Yp) = =220
bl.inf.tp = qsso =0.175m P liot D)
p
g M
2 Parts of the top plate that contributes to the . Ed _ .
D) suptp™= ?%.% =0.175m siffener Oy hot = » (s = tg = Mg~ Yyp) = ~106.887-MPa
by 1p= Printp * b2supip=035m Pepax = Max(3 + thgp ,0) = 2578 Yep1 = =-0422
Ox.top
! Mo ) = |1 if x, <0673 =1
taby1p s +Aso|ld T Ppxsp* p = O
Yipddtp= "+ =0029m combined center of gravity for N — 0.055 (g
P P ‘d'bd.l.tp +Ag stiffener and contributing top pi(spsx) if Xp > 0673
plate. >‘p
3 2 3 2
b, ot t, tgy'h,
_ Pditpld d S0 -0 Plate-like behaviour
ls1p= ", * bsl.l.tp"d'(wp.d.l.tp* 2) AT Asu‘['d 5 ’YQp.d.l.tp)
Combined 2 Et 2
moment of Tl
orts OEepx= ( ) - 180.432-MPa
e 121 - v%) h
Oersltp = it BE = 827.286-MPa critical stress for kolumnlike buckling of stiffener
ER 5
Ag1tp'Ss

The top plate and stiffeners are subjected to a constant stress distribution so o = o g
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C. Box girder

Ky spxi= |1 i bpy=1 = 12213
82
(1.05 + wspvx)

781 if Uy =0

if 1> g, >0

781 - 629hgy  + 978" i 0> gy > -1
239 if Yy =1

598(1-Vgpy) if 1> bgpx>-3
9568 if gy < -3

3
Terppx = OE.spx Kor.spx = 2204 10>MPa

Column-like behaviour

nEt2

= 6833MPa
121 v2)~sls

erespx =

Qg = 021

2
bgp= 0,5-(1 + asp<()\p - 0.2) +Xp 1 =0.722

Xep = min[%,l =0.89
¥ NE
+ | \
O+ P ~Np

Interpolation

+Xgp

[(”px.sp ~Xep)€spx (2~ Eepx
it

[(szsp “Xep)Espz (2~ £p2) "'}'“HII
¢ L

<1

Pespz’™ {(pplsp ~Xg)tpz(2 - Ep2) } i

Pespx = [("pxsp ~Xep)Espx (2~ Epx) } RIVES

+Xgp

_ (2 - .
Lit [(Ppx.sp ~ Xep)Sspax (2~ Espx) * Xepl@uit -
M1

Z-direction
bepz=1

Opep= 034 Npogpi= 07

dpsp=05[1+ apgy(Np ~Npo.gp) + Xp| =0783
1 if N, <0673
1

1
[

Ppzsp™=
if Xp> 0673

bpspt | Ppsp

Plate-like behaviour

ko pspz=4

OEspz”

9crpspz = Kopspz OE.sp.z = 27331 MPa
Collumn-like behaviour
P et
[} = =180.432:-MPa
cresp.z o 2
12\1-v")hg
Interpolation

o
€z = min may — 2L 10| 1|-0
Screspz

CXCII

Xep M1
Lt [(Ppzsp ~Xsp)espz (2~ £sp2) * Xsplouit .
M1
Top plate stiffeners - check
x-direction
Ppx.tps = 1if )‘p <0.748 =1
)\p -0.188
— if )\p >0.748
(r(h‘s ~tg- hso)
Ppgy = ————— = 0488
S o'(hls - td)
12»E~1502 3
OE tpsx = 2 P =2479x 10"-MPa
12-(1 —v )~hso
ku.lpsx =1 wtps.x =1 =6.484
8.2 B
— if 1> >0
(2,05 -+ Wpsy) Y
78L if gy =0
781~ 629Uy + 9T8Ug,” if 05 gy > -1
239 if Pypgy = -1
598(1-ypsy)” if 1> gy > -3
9568 if Pypsy <3
_ ~ 4
Iarpipsx = Ko tpsx OE tpsix = 1607 x 10"-MPa
) - Jout Collumn-like behaviour
<1l =1
Ier.ctpsx = =12.147-MPa
Xtps™= Xsp
Interpolation

o
Eips = min ma — PP g g g g
Ter.ctpsx

+Xy
Petpsx = {(ppx.tps - X(ps)gtpsx'(z - ﬁtps.x) } ! =

{(ppx.tps - les)glpsx'(z - ﬁtps.x) “}'O‘ult
f

~
+Xips M1
1 [(pr.lps - X{ps)glpsx'(z - Qtpsx) + X{ps]""ult o1
M1
Web plates check

x-direction
the whole web is in tension in x-direction

Pewx =1

y-direction

byz=1
Cpw =034 gy =07
dpw = 051+ apgy(Ng ~ Npogp) + Np] = 0783

Ppzw = |1 if Xp<0673 =1

1

PpsptPpsp

Plate-like behaviour

if >‘p > 0673

=08

<1



C. Box girder

ko‘.p.W.Z =4

2 Et
OEwzi = — - 109.325MPa

12(1 - 1;2)-5[50

opw.ZCEwz= 437.299-MPa

9erpw.z =
Collumn-like behaviour
2 2
T Ety

[} = ————— =15221-MPa
crew.z 2 2
12\1-v)hy,

Xwp = Xp

Interpolation

€= min| max| —PWZ _ 1,0},1} -1
crew.z

+Xwp

{(F’pz.w = Xwp)éw.z(2 ~ w2) “}'O‘uh
f

Pew.z= (V’pz.w - pr)ﬁw.z'(2 - Ew.z) ] <1 =1
|:Jr Xw M1
1t [(ppz.w - pr)iw.z'(2 - 5W.Z) + pr]'“ult o1
M1
Top plate check
0, 2 T 2
x.Ed.tp | Ed.tp _ 0984
Pyl Xuy()
M1 M1
Side plate check
2 2
Ox.Ed.sp . 9zEd.sp [ __xEdsp ! 9zEd.sp — o
pc.sp.x"y('s) pc.sp.z‘fy('s) Pc.sp.x‘fy([s) pc.sp.z‘fy([s)
M1 M1 M1 M1
2
+3 _TEds
X fy(ts)
M1
Top plate stifeners check
2 2
Ix.Ed.tps 2l TEd.tps — @
pc.tpsx'fy(ls) Xw"y('s)
M1 M1
Web plate check
2 2
Ox.Edw N 9zEdw _[_OxEdw [ _%zEdw wal TEdw — 053
pc.w.x"y('s) pc,w,z"y('s) pc.w.x"y('s) Pc,w,z"y('s) Xw'fy(ts)
M1 M1 M1 M1 M1

CXCIII



C. Box girder

C.3 Changed top plate stiffener thickness

CXCV 4 mm top plate stiffener EWM calculation.
CXCVIII 4 mm top plate stiffener RSM calculation.
CC 6 mm top plate stiffener EWM calculation.
CCIII 6 mm top plate stiffener RSM calculation.
CcCV 8 mm top plate stiffener EWM calculation.
CCVIIIL 8 mm top plate stiffener RSM calculation.
CCX 10 mm top plate stiffener EWM calculation.
CCXIII 10 mm top plate stiffener RSM calculation.
CCXV 12 mm top plate stiffener EWM calculation.
CCXVIII 12 mm top plate stiffener RSM calculation.
CCXX 14 mm top plate stiffener EWM calculation.
CCXXIII 14 mm top plate stiffener RSM calculation.
CCXXV 18 mm top plate stiffener EWM calculation.
CCXXVIIIL 18 mm top plate stiffener RSM calculation.
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C. Box girder

EWM - Changed top plate stiffener thickness
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C. Box girder
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C. Box girder

- The fanges efiecve area:
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C. Box girder

The reduced stress method Ba1p=Puinsp Poapp 0m
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C. Box girder

‘Top olate stfeners check
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C. Box girder

EWM - Changed top plate stiffener thickness
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C. Box girder

The reduced stress method

Changed op pae stfenertickness o 8 om

Materia

0= |38MPa if 1< d0mm
(sasnpa) it > domm

206

e
03 g —E—wmmwen
S 20w

Geomery

Agie hgtg- 467107 n?

A=yt = 0016

W
o=+ hyy g g =088m - 2m

o1’ Fom grasshopper
Yipr= 0501324m  Fomqrasshopper (o botomofbotom )

Q- abg- 21355
>
QU
ey Sy it
oL
vegr 9 . i

Topobie

Meaf
ot L

W o)
R L UL o

ety

S

s
B0 gminis )

1090Pa

Sideplates

Meg
oxkap= T (s ta =Yy = ESS2 MR

o
e

(s~ Yeg)
2

Sp= (s~ ta~Yephts
e (

s
T 2 )
.
Gomting sindrness tom E sctse

[
TVNIT A9 SESTIMPS s sress analysi n Solk

- 1
ovie ovra - 0L3MPR
— S 1y vy - 2SI2 MR

Y obe [t

2 he ) 3,
PSR TR LN (A
s [lnm:anhmq&mh&ﬁb:?mﬁﬁmm’

L4210 10 S

2304

om ‘Sendermess or al pars

o

Vp=1

L apsoers ~om

20053 )
g

Ppp
if 3> 0673
o

Plio ko behavour (A1)

22
s
4 isiompe

e

o

3208510 Tni"

.
s 9 e
!

oo

osn —

I2 2?2
feog? g
. o Itp.
L g e
oy (= {1+ dg)
)
it o>
T e 0T
erpip = Ko pip "ELp = 01381 MPa.
et 453
.
seane L o79m PO
o .
[
]
D e
- i PR
fannd tabyap* A siffener and contributing top-
Ll W (e Y
BT U R ) P SO (S

Combined
momentor

CCVIII

reria

el sess fo kobrmike buckdng of siferer

o™ T

e Tasip

o
[ RPN S e
catp 09+ 9% 0z stenersih pen s oo e

=
s capfap-09 -3 -om0 w312

@

im0~ gl

betp= |[(Ppwsp ~ XeplEi (2~ ) + Xip 1 1 =08
o oo (2 ) 3
2 1 ol (2- ) + xglour
e
Spear
weiz m@
om
) i 2p< 22 s
X v
0w | om
088 08, e
0 »
157
T
Ty P
Petgu
LTI
i
Side plates check
xedrecion
S (I Vg 0) 2292 g = 2~ 0008
Teen
Ipp= |1 1 Ap08T3 1om
- 0055 g
2 0% (ws0) ey
N2 v
Ko |1 =1
82
82y e0
(e *
761 1 gm0

761620450+ 00 1 05 > 1
29 1t b=t

506 (1 vy’ I 12 ¥gx2-3

5560 1 gy <3

e O ok s 14425 10°MPa

2Erd
P

oo

o021

s 05[t - aglop- 093] om0

[ \
xw—WN7,lJ:ﬂBﬂ
T
Lo Jog" 3y’
nterpolaon

(0pcsp ~ Xapltspuc

— - e
rea ™ |[(Pop Xl (2t | e

1 oo 39)ope(2 S xgleun
En

Zdiecton

[

03 A7

p 0511 o0 08t

Pz |1 1 2 <0873 09

Tapspz= o pnzTESD.

Column-ke behavour

Lo 104207

nterpolaton

(rpzp - Xtz

o . e
fespz = |[(Ppesn Xz (2~ e -] e

1 Do vl o) xelow
it

Tonplate stifteners - check

warecton

Pocips = |1 it Pp 0738 -1

0188
if 3> 078




C. Box girder

Kotparc= |1 1 =1 -
5
82 g0
[ -
781 1 gay

761 - 620ty + 9Ty, 11 05 tigy> 1
29

[
598 (1 ¥y if 1>tz 3
9568 i <3

;
g g e -2 10 MEL

Columeiks behaviour

T e
Xips ™= Xsp.
J—

oz )

Petpsx = [[(rpctps ~ Xpaltpax (2 - s + epa] 1 I

o [t 2 ) x|
i

1

Top e check
xEdtp TEdp.
T LI P (LI
] ]
M1 R
Sde e check
2
et | ([ oaeiw | ( oxeiw | seiw
Popxld Pempzhl resxyld || Pemztls)
En i e Wi
et
s
Xty
s
Top e st chck
2
oty | f et
Pesxy(s) Xt
Era B

(Ppetos ~ Xpepsx (2~ posd
r

CCIX



C. Box girder
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C. Box girder
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C. Box girder

The reduced stress method
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C. Box girder
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C. Box girder
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C. Box girder

The reduced stress method
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C. Box girder
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C. Box girder

EWM - Changed top plate stiffener thickness
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C. Box girder

The reduced stress method
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C. Box girder
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C. Box girder

EWM - Changed top plate stiffener thickness
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C. Box girder
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C. Box girder

The reduced stress method
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C. Box girder
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C. Box girder

C.4 Changed side plate thickness

CCXXXI 2 mm side plate EWM calculation.
CCXXXIV 1 mm side plate RSM calculation.
CCXXXVI 3 mm side plate EWM calculation.
CCXXXIX 3 mm side plate RSM calculation.
CCXLI 4 mm side plate EWM calculation.
CCXLIV 4 mm side plate RSM calculation.
CCXLVI 6 mm side plate RSM calculation.
CCXLIX 6 mm side plate EWM calculation.
CCLI 8 mm side plate RSM calculation.
CCLIV 8 mm side plate EWM calculation.
CCLVI 10 mm side plate RSM calculation.
CCLIX 10 mm side plate EWM calculation.
CCLXI 14 mm side plate RSM calculation.
CCLXIV 14 mm side plate EWM calculation.
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C. Box girder

EWM - Changed side plate thickness
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C. Box girder

o U—— ecisss 15453
Cap Kraa( T SR coseqar
P e ——
Suteners o
;
I ——
Ay

Mo
(12 ] e

oned) oo
nef?1)
Ko afv) = 0605 ghershesscose o support o= 22 052
o
S | 1 2> 2010 Ry gl V) = Lower th s - 08[1+ 0g(3c-02) + 37, ECIo03116312()
Lo thm s ctharvize A
xgie minf 1 —) o7z
'{ o ez—*cz]
Ppso'= plk a2p{ o) o) =087 eacion
o Papr J— e 223 1) o]
ooty t I efrfzet 1)) o
"ot §rnastan nol > cokum ke behviour
At 016 ¢ 10" teracton between the o types of behavour (colmnplate bucking)
be= (1) €2~ 0 + xe =072
Deck Checks.
B g Mean sress
i

“The o s case consstofwo pats i he stfener and one patin the
web,

%, [ (4 ( hout .
[ P 1% - ). gt 22 157
. o [0 A B B ]
Love i oo .
somes
NsoSoetf g+ Aso
V= ey 2] Check acconding 0A21 ()
s So-lp  [abS2ESINGAL) ko= oaalthd) =4 P
pat
P
[N p—— o anevin
-
oo s, rowcont gy s mamenof i
:
Areas: Adeft = Mssolg Soeff = 003207

o080 + Mo s (gt +tg) = 531 10°

2
Mot = At + Adat + A Ay A+ Aggy =01

A
Acaftloc ™ Mo Soelt 1 * Nsotan (Mot + tg) = 5052 10"

ol [
Mo than tee kngiudinasflenrs -> K, obined wth 60, AZ dar 3 * At {la+ g
I hsater
L N AL
Ut RN (MRS
o h, ’ e
wy 2, ‘suy |
Al Q]w\,u[xwg‘ltm 0l 2]
"ot 5 ety )
. - atmm (g5
Nosifsn * Bty Zpettneg - ———22 - 385306 mm
" Auovelt
Batq LR . 1
" [u rgtel 2 vpa - 10520 16 e (o o
2t lysat =2, “tohegren| e+ = 2406 107
ol 2 (
L R P 3 . 2
12 e IsNseft.c2 'seif.c2
S st oo =5 ~pato
P Actetteg = Agett P . 2
A % 125 (i hee ™ o]
3 et e patreg)

gt ioq - 5063 10° me?
W1 | Uniorm compressin e

7 o ¢
2 Pelylto}As 3 5 103t
g Al [ et 2 st <40
albe 2 -
i) gt A S Ui vt et ~00
RICEL CI— oo et
CrsTeer)
Crtcalbucking sves, rnoopc pe: Eflcive cross scion i negatke momenoner fange i ensr)

[ 2
Aodti” |PcAceitiocmod * Soeft g If Koz ="EIOK" - 432173 cn’
PcAcattion + Soat g oenise

E——
Loversteernnson rorekcion
Ay TensonsNorecion
e
Erra A5 Noreducion e sdepae i cass .
Sterer s o rccon
Pmmadp)-t P esehaw [ R———p—
recie o e
St
[ERS——— At~ Acat At + Ay Ay = 1008 15t
Ao = padp ¥ Acaiion Soi g - 5375 10"
Bucidng stangty ‘changed with earler area reducton factors.
) .
Mo Acar L2 - 1ocm. i Actioemss
= e L e LU L
[ P— -
s K]
il 2w
Spate ™ it = 34288
oMo * Sl
5 E
. (\ .
e gl e
{
. .
il SRS B
htfie 2 v w9 :
e (4 [
e e (9 a2
Psatt.c2|
e o S 5T6 0 RN R JRE (e 7)
o {, Py 2 n.
Ad et~ oMot * S g - 5465 10° Y ~an{a he 22+ Ag g e Zinuy ) -
W)
)
o R 77Ahfhl5—;)
" i At -
[EU—
s
MssoSoet ' (o -3 4
yatin™ DI ¢ty Tes St | 5~ Apateg| -S4 107
- :,,(m%mj%:mm
Sienesovete:
[SA—
! N AL 2308 10
o Nt |l * 5 ey
S5 o
Pe P 150610 tomee

—_—

704 10 4

Yssufin

1, sy i
2yt s 5y~ Say) ~ 5 Apettre)
Interaktion Plate-like 2 Py i
[~ behaviour “aifas|ta + s 5wy Su0y) - 5 et

2

Column-like
behaviour

Bt o 50) 2 gt

o

“The stfner s acing as  comn between sieners

By, Web:
e st
Agd Wi 200003n"  fomFEM

34

"
() gt -228 1670

Sendemess a
7

Yyautin = lywetin 2‘w"w""(s'

Botom fange:

s

CCXXXII



C. Box girder

¢ :
s e
s 2
shsancs’ f hsate2 ¥
|l e = et
tshs”

(ot
TSl ’lvsrnﬂ)

0,4
dettin® lysofin* Yystautin* yain® lybiin * ly.in = 1416 10

yitregtin

“The s capacty s caclted wih dferent checks. The load capacty
5.0, hen checking the moment capacty.

Qe sy ams

2
QM Iy
% 1205 10 kem

Meg

T bad capaciy ., when checking e shoarcapaciy.

v
vi- 5K
ety

Vomentcapciy
\
yatogin (s
Wy.ett o
“poteg
5 n
) st

Meg= Wyt

Momentcapaciy

Shear capacity
N lD SSENINILESIAWMZ

Shear buckling coefficients
Moment of inerta longitudinal sifeers

cakulting e momentof nera.
By = 2152(1,) 1, - 0293m

. a{% M _oine aegeotuen

Ditance o sfleners rom 2

W .
a1 2 o)+

w2t  do{ ) - omam

‘gz:&’*s;z‘%um{“wﬁ’

Momentof it sfleners 7-drecion

a2 it () (a2 (azol ]

szt sz s

Al g el pe e
;
Pset | SSEN 1993-15 5.3 (5) ANM.
R e
et 12
A e n(e ) e

o

SSEN1993-15 (AS)
9
R T 2o i
[\mmyx,,)ﬁn% minfty
SSEN19915A30 ocn @)
(M
o szau!\"'ij g oz amd
.
S
s
PR THEp—
o et e

A1 ecieriasanM2sl

[ — PO
"

Ly
™l )
“Rece anenvise

Reduce > Shear bucking check s needed, ECI003-1:5 Ch 5102

%
o enipss e 19931553561
EZREmy
ass
e [ e o Ssevism1ssamesy
o, 0w
om 0w g
N
1w
= -
T
Kapacity ofthe web
i iz suoycussa
e 100
Fa—
i vt
Vo= A s SSEN19991352(52)
B
Vo= Vowss
——
e
T O (constton somwoet)

Kapacity of the flanges
SSEN 199315 5.4, 593 bavande honsinktoner

Noshear bucking > th plaste bad bearng capacty can be calcited.

Morment of nertia

ottty = ety
tton = s~

Zpeteg = 46522

fange-aea.

A 4
Wiy ottty [rattol W) s

)
. Attt ey [As et neg o)
“wo

Mg <Mt R

1bgtgZhity)

sl N1,

Gy - a0z s

5
160yt ty)
PO P "

talt ) )

Datg’ i) ot
Cof ML G TML T

15665340

Vit Rdored

g corsionaccordin i ECI88316Gh 84053
E
[ (] | 1 g < o
e e I o | LR
o onie

‘Snear capacy sflened web:
iy Ruewls
'

Vowrd * Vit

Yodai~ Vomr* Vot - 28166

EC1993.15,Cn55,09.5.10

Momentofinera o e fanges:

3.4
yteftfin’™ lydefffin * lybiin = 8903 10"

T —
Adit 110t = Soeft d * "o Soeff et * Neolsoldelf * ‘b:ﬁzsww“z
TR ——

e 4] (4]
ot Aatsia

- zBeoLmm

The pasic e he fanges efecve area

M= Meg = 1209 1040

) w
M,ww,mg:mmmm -t

Mey
M EC1993.15 00,4 15, ECI993-15Cn7.1(5)
Shearcapactycheckten v =152

Vi
N B e

s

CCXXXIII
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The Reduced stress method
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C. Box girder
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The Reduced stress method
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C. Box girder

EWM - Changed side plate thickness
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C. Box girder

The Reduced stress method
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C. Box girder
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C. Box girder
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C. Box girder
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C. Box girder

The Reduced stress method
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C. Box girder
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C. Box girder
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C. Box girder
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C. Box girder
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C. Box girder

The Reduced stress method
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C. Box girder
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C. Box girder

EWM - Changed side plate thickness
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C. Box girder
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C. Box girder
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C. Box girder

The Reduced stress method e
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C. Box girder
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C. Box girder

C.5 Changed side plate height

CCLXVII 470 mm side plate EWM calculation.
CCLXX 470 mm side plate RSM calculation.
CCLXXII 550 mm side plate EWM calculation.
CCLXXV 550 mm side plate RSM calculation.
CCLXXVII 630 mm side plate RSM calculation.
CCLXXX 630 mm side plate EWM calculation.
CCLXXXII 710 mm side plate RSM calculation.
CCLXXXV 710 mm side plate EWM calculation.
CCLXXXVII 790 mm side plate RSM calculation.
CCXC 790 mm side plate EWM calculation.
CCXCII 870 mm side plate RSM calculation.
CCXCV 870 mm side plate EWM calculation.
CCXCVII 950 mm side plate RSM calculation.
CcCC 950 mm side plate EWM calculation.
CCCII 1030 mm side plate RSM calculation.
ccev 1030 mm side plate EWM calculation.
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C. Box girder

EWM - Changed side plate height
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C. Box girder

The Reduced stress method
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C. Box girder
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C. Box girder

EWM - Changed side plate height
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C. Box girder
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C. Box girder
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C. Box girder

The Reduced stress method
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C. Box girder
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C. Box girder

EWM - Changed side plate height
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C. Box girder
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C. Box girder

EWM - Changed side plate height
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C. Box girder

The Reduced stress method
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C. Box girder
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C. Box girder
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C. Box girder
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C. Box girder
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C. Box girder
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C. Box girder
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C. Box girder

C.6 Changed vertical stiffener distance

CCCXI RSM: 1.73m vertical stiffener distance.
CCCXV RSM: 1.72 mm vertical stiffener distance.
CCCXIX RSM: 1.636m vertical stiffener distance.
CCCXXII RSM: 1.385m vertical stiffener distance.
CCCXXVI RSM: 2m vertical stiffener distance.
CCCXXX RSM: 2.25m vertical stiffener distance.
CCCXXXIV RSM: 2.57m vertical stiffener distance.
CCCXXXVIII RSM: 3m vertical stiffener distance.
CCCXLII RSM: 3.35m vertical stiffener distance.
CCCXLVIII EWM: 1.6m vertical stiffener distance.
CCCLIV EWM: 1.8m vertical stiffener distance.
CCCLX EWM: 2m vertical stiffener distance.
CCCLXVI EWM: 2.2m vertical stiffener distance.
CCCLXXII EWM: 2.4m vertical stiffener distance.
CCCLXXVIII EWM: 2.6m vertical stiffener distance.
CCCLXXXIV EWM: 2.8m vertical stiffener distance.
CCCXC EWM: 3m vertical stiffener distance.
CCCXCVI EWM: 3.2m vertical stiffener distance.

CDII EWM: 3.4m vertical stiffener distance.

CCCVII



C. Box girder

The Reduced stress method
-Different vertical stiffener distance s

Material

(0= [355MPa if t < 40mm

o
(335MPa) it > 40mm M
E:=210GPa
E

=03 Go= =80.769GPa
Y LAY fp ‘
Geomet
Bottom plate
tp:= 16mm by:= 1000mm by~ 0.016m
Top plate
1g= 10mm bg:= 3500mm oy~ 0.035n°
Side plates

= = -3
= 12mm by = 389 2mm A =467 % 107w
Webs
1= 12mm hy = 1340mm

A=yl = 0.016m>

hy, = 1250mm hy, = 482.8mm

wx 'w.y

Top stifeners

t:= 16mm hg:= 140mm
5= 350mm =9
Web stiffeners
- = -3
t:= 12mm hgy = 120mm A =i = L% 100
Squ = 440mm ng:=3
Whole bridge
4

Lorigge = 18m 5= 1.5m = 5*’ gy Th = 0.89m
Lot = 0.0148m* From grasshopper
Yip = 0.526956m From grasshopper (from bottom of bottom plate)
Load
Global

kN

=78 XN

! 2

m

Q= qibg = 2736
d m

2
=Q%%=].106x104m@

Mg

Qg 3
b= % =2.457% 107 &N

Top plate

Meafy =267.481m =0
IxEdpT CRE Yip| =267 IPa Tz Edtp
(ot

143, t _3
S~ {hs-ﬁ- 1139 10
o2 2
Vg8,
e = T T = 15.7610pa
. Loy inl g, o)
Side plates
M,
o Edsp —E‘d i - 14 - ) = 263.745mpa
o

TuEdsp T 5 = 11.375mPa

he =t Y,
(i~ ta
Sepi (hh—‘df‘{\p)ug, 5 +
5o hso
*7“‘,0% by =g~ 57 Yip
0.5VEyS,
e # = 68.25MPa

hot's

CCCVIII

Top plate stiffeners

Mgg
; chhh - 14 Yyp) = 263.745 0P

o, [,
o 5o ) .
{hm - —v.p] 2147910 m®
n50+2 4
408, t
4By ‘E‘xs’j’yxp)
2 072
VEdS

. tps _
TEdtps = " =15.3488Pa

o

Governing slenderness from FE-software
- =433 MPa
V.UNIT= 22 TN From a linear stress analysis in Sofistik

)

m
4.2449
oy = oy UNITA = 337.7401Pa
folt,
o= sl _ 1.051
oy
agruniri= 23011 J‘% From a buckling eigenvalue analysis in Sofistik
m
a,
g w =295
A= Slenderness for all parts
»
Top plate check
b= 1
Ppip = | 117 2, <0673 =1
N, = 0.05503 + 1,
M if 3> 0673
N 2
»

Plate-like behaviour  [A.1]

wzurmdz

OEgp = I 1.549mpa

-,

3
b 7
e 305107t

1241 -9

t, h,
Adug +ng Aty + —
2 2 naiim
Yipsltp = Ag+gAg, T "
2
bty t 3
d 4 4
L=~y A (,‘p o~ 5] =1.052% 10 Gim

3 2
ngprelo ety
o5 so{'d* 57 “Vipstap

=P =328.143
Pip

B0

8y = =0.576
Ad

= ma 205|205
o = 1203 0.

g =4256



C. Box girder

2
Zrk] . u‘pz) Y
o oy 1)1 +5,)

4(' *\)'Vm) . 4
i ogy >
i+ 101+ 5,

Ko pip = it o< v, =834.277

3
Terpip = Kopip@rip = 1.293x 10 maPa

Column-like behaviour  [4.5.3]

=2t o1

binfep = :Nso’ -175m

®
b2 supp = . 85, = 0.175m Parts of the top plate that contributes to the

'tp stiffiener
b1 Lip = PLinfp * P2.supap = 0-35m

-3 0
t h
tqBg 1 m“; * '\o‘E‘d * ?
Vipsllp = T A - 0:034m combined center of gravity for
a5t ¥ Aso stiffener and contributing top

plate.

b 2

=3 3
_ by t soBso ho
1= 1 g1 1.tp TaPYep.st1ap ~ DT Asofta* S Ypslie

Combined
moment of
inertia
2
E, " " " .
Tersitp = e 1Y 1.825x 1031wm critical stress for kolumnlike buckling of stiffener

Adl1pBes

The top plate and stiffeners are subjected to a constant stress distribution s0 o . = o,

Teretp= Terslip ) .
Reduction factor for column-like behaviour

h
s0
Cp = "W[hp slip ~lartdt 57 " Vipsl up] 0.046m

Q=049+ 099 55 stiffener with open cross section (curve c)
: o
“ip
= 0,5@1 oy -02)+ xpz} =0.79%4 [6.31.2]

= mm[% , 1} =0.759
2
St dp ~Np

Interpolation

7
b= mm[mm[ Lo 1,0]‘1] =0
Teredp
o L R VI

peipi= |[Pprap - ti)ilpr‘lz - izp) *xp] if e

(S )2 = &)+ xp)Be .

ML
Shear
n=12 71(2)
Xy = [ i N < 083 =12
083 083\ <ros
b M P
1.37

m it \,2 1.08

Peipult _ 0.798
il

Side plates check

x-direction
T ax = ‘y(‘d)

~Tmax
(2= hy—[prm + ",mx]':‘”

o -tg-ny

Vgt =-0.102
M
etap = i = 1~ Vi) = 263,745 pa
ot
M
bor = i - tg - b - Yyp) = -27.011081Pa
IlOl
Txbot
R -0.102
bgpa = max(3 g ,0) =2.898
Ppxsp = |1 if 2 0.673 =1
= 0.055n,
297 005kh) if 3> 0.673
2
Plate-like behaviour
L 180.432
TEspx = .432MPa
1241 -2
Kospx = [1 i bgpx =1 =8.557
8.2
it 1>0g,,>0
105 + g, o, Spx
781 if v,

781 - 629y, + 978y, % if 0>, > -1
239 if gy, =-1

2
5981~y ) it 15wy 23
95.68 i 1y, < -3

3
Terpspx = OEspxBospx = 1.544x 10" vpa

Column-like behaviour

1251}2
Cercspxi= 5= 12.147mpa
IZ\C

)
v /B

ag=021

by 0.5@1 caglhy,-02)+ xﬂ =072

1
p'= mm[ﬁ : 1] =0.891
bp* O ~Np

Interpolation

.
= [(& - ,0], 1] -
? Terespx

Pespx™ ’—(ppx sp 7 Xsp)Espx‘(‘z ~ S x) * Xsp-‘ it [(Vpx - XSP)ESPX@ e X) . Xsp]m““ <l

M1

L om0 Xl
RV

=1

CCCIX



C. Box girder

Z-direction

Vepz = 1

=034 Npop =07

psp = 0501 + o itn, =g ) 3] = 0.781

Ppzsp= |1 if X< 0.673 =1
L 506
Ppsp * Ppsp "N
Plate-like behaviour
Kopspz =4
Ly 12147
UHsp7’:7: . MPa
1261 -5, 2
Terpspz = Kopspz@E.spz = 48-589MPa
Collumn-like behaviour
e
Cerespr =g - 18043200
12\(1 -y )ms

Interpolation
- [[m . 1,0} nj -0
: Terespz

pesps™ |{opnsp Xpltsp 2~ 0 + ] 10 lleg o -t ol

M1
1 Loz x-S0 x|
M1
Top plate stiffeners - check
x-direction
Pprips = |1 i1 2, £0.748 =1
X, - 0.188
"72 it X, >0.748
»
Yipsx =
TE.tps.x =
Kopsx = |1 Pipgx = 1 =4.117

82
1> >0
105 g

781 if by =0

781 - 6.2y + 9,780y, 7 0> iy > -1

>
sp.x sp.x

23.9 i ey =1
2
95.68 <-3

i bpsx

4
Terpiapsix = KotpsxPEaps.x = 1.021x 10 B1Pa

Collumn-iike behaviour

2 2
G,

Teretpsx =7 5 - 21.595mpa
1o - .,2)@,52

Xips = Xsp

CCCX

Interpolation

[(opeips = Xeps)ipsf2 = Eipsn) * Xipa]
M1

<1

Pepsn = | (Ppxaps = X epsxf2 = €] + 3] 17

Copups =gt 2 = ) * Xl
M1 -

1if 1

Top plate check

2
-3
3B | 4 106x 10

2
o F
xEdp | g Ed.tp

2
=0.989
Pe.p It Xy {tg)

M1 M1

. 2
xBdp | 985

¢p:= min{1.25 - 025,125

1022
Prp.y = minf = = === Jdl=1
LW

(o = 4p) Eplf2 =~ 81+ xpp =0.759

M1

PeipV

o= max(l 25+ 0.75&“,2‘2)

2 - @
Tx.Ed.tp . *ﬁffmp

=0.993
Pe .V};/(td Xwiiyltg

Ml M1

Side plate check

2 2
x.Ed.sp Tz.Ed.sp Tx.Ed.sp \,f Tz.Ed.sp

Popa bl | | Pospalt) Pespx {1 JI Pesp. (1)

=0.604

ML M1 M1 M1

TEdsp

+3

With the V-factor

cpi=min(1.25 - 0.25m,, . 1.25) =125

{ ‘[1 022) 1,
Papay = min el = == 1=
Ty

Pespy = (Papcy X B2 = €] +3p= 1
2
a7 12540755, = 2.33

Vip = Pespav Pespz = 0891

iy ey, 1) =0

Pespy = Xap * (Ppzsp = Xep) T = 0891

2 2
Ix.Ed.sp . 92Ed.sp ~0762
Pespx va(‘s) Pe, sp.z.va(‘s)
M1 M1
3
_ ( oxeap ) ks R ‘/SBEdsp
""[ PespxviB{) J'[ Pesp VB || xuBl)

M1

M1 M1



C. Box girder

Top plate stifeners check

2 2
Tx.Ed.tps TEd.tps
+ =0.556
Peipsx Bl P
M1 IMI

= min(125 - 0,25, (1.25) = 1.099

Cips ©

I 1022 |
Prpsx.v = minl epelfl— = —— |,
ps.x. w1, )\pz

Deapsxy = (Pipsy ~ Xeps) Bpsf2 ~ s * Xips = 1

3
Tx.Ed.ips L3 TEd.tps 20,744
Petpsx. VIt Xw Bty
M1 M1

CCCXI



C. Box girder

The Reduced stress method

-Different vertical stiffener distance s

Material
fi(t) 5sMPa if t < 40omm
y< ) M1 =1
(33sMPa) if t >40mm
E = 210GPa
E
vi=03 Q= —— =80769(GPa
2001 +v)
Geomet
Bottom plate
tp ©= 16mm by, = 1000mm Ap = byl = 0016m>
Top plate
tq = 10mm bgq = 3500mm Ag = bylly = 003s m?
Side plates

hg = 389.2mm

- - =32
Ag = hyllg =4.67x 107 “m

Ay = hyfiy, = 0016 m”

hy, x = 1250mm hWy 1= 4828mm

hg, = 140mm

4
=224 % 10 m’

Web stiffeners

2

tgy = 12mm hg, = 120mm

St = = 3
Agy = gyl =144 x 107 m

Whole bridge

Lbridge =asm hy= 5 + hw_y +hg+tg=089m

Lo = 001asm’  From grasshopper
Ytp = 0.526956m From grasshopper (from bottom of bottom plate)
Load
Global
= 7xk—N
=77
m

Q:=qlby = 27351%

2
QL
Mpg = —298 - o6 x 10'ENR
Ed 5
Qyridge
Vig = % =2457 % 10°[RN
Top plate
M t
Ed d
Ox Edtp = I \.Qh‘s e Ytp] =267.481[MPa 92 Edtp = 0
tot
tylBy LQ tq j
= hy =~ = Yy | = 1139 x 107 30’
P #2082
Vi
Ed™t
TEdtp = ——C =561 MPa
Ilolm“"('s"so)
Side plates

Mgqg
OxEdsp= 7 L@hxs g Ylp)
tot

OzEdsp = % = 11.375[MPa
s

hig ~ tg = Yyp) . ‘d'hdLg Y
2 2

Sep = (hts 4 Ytp)ms ts
SO

ng, h
+ Mgt fhy ~ 19— —~ ~ Yy

CCCXII

- - = =3’
p Ylp) e =9867 X 107

0.5Vg4[S,
Ed'
TEd.sp = #Sp = 68.25(MPa
tot’s

Top plate stifeners

_ Mggq -
OxEdtps T T g g = Yyp) = 2637450MPa
tot

- = 3
Stps" P hig =ty —— p) - = 1479 X 10 [
S0
ty®, t
)
ngt2\ 8 2 P
V43,
Ed™t
TEd.tps = —C P (s susMPa
IlOl S0

Governing slenderness from FE-software

OV.UNIT = 437 o From a linear stress analysis in Sofistik
)
m 4.2449

oy = oy uniTld = 340.86(MPa
fy('ﬂl)

0(“1‘ = =104
oV

N " . o "
=2 j‘— From a buckling eigenvalue analysis in Sofistik
CerUNIT = 21415 S g eig b

Scr.UNIT
= =2967

q

0.592 Slenderness for all parts

Top plate check

wm =1

1if )\psufﬂl

X\ ~ 0055 FQ} + "J’tp)

Ppx.tp =

if >\p > 0673

Plate-like behaviour  [A.1]

TEEy

OEtp = = 1.549[MPa
1

_ Vz) de

3
bylfy

=—CC =3sx 10 'mt
Ip.lp : & z) 3205 % 107 'm
1201 v

t h
d so
AdH; + “somsoLg‘d + 2 ) .
=% =unlhm
Yip.sLtp I EE

3 2
bylly 4
= - = 8, 4
Isl.lp = + Adﬁy(p,sl.lp 5) = 1.052 X 10°[hm’

3 2
SOmSO hSO
— Aot t T Vst

- St - T _
Qyp = max ?'05 = 0514 p = 4256
d



C. Box girder

T oty )

7@;{'3@» "eo

e 4
if oy < T

- - 3MPa
Terpip = kc.p.tpme.lp =1222 % 10°[MPa

Column-like behaviour  [4.5.3]

stiffiener
by 1tp = Plinfip * D2.sup.p =035 M
N —m CA e mew am32
g hso
Byt Asan‘d ey combined center of gravity for
Yip.sl.1tp = @B 1 * Aso =0034m stiffener and contributing top

= 788.66

Parts of the top plate that contributes to the

plate.

3 2 3 2
byl 4" tsolBso hso
Liap=—, Pttt ¥pstip =5 ) 5 F Aot “Vipsiiyp

Combined

2
T EdG

Agl1tpBhs~

- = 3
Terslip = =1.267 % 10°[(MPa

The top plate and stiffeners are subjected to a constant stress distribution so o .

Ter.ctp = Terslip

Reduction factor for column-like behaviour

N AsLLtp

itp :

moment of

inertia

= Tersl

- "5 _
Ctp = MAX{ YipsLitp T ldold T T T VipuslLp ) T 0046m

0.09

=049 + —— = 0582
lip
e‘p

d)[p = osLE| + ue‘[p\.@xp - ovz) + >‘p2] =079

- ! -
Xep = mm( . T ) |] 0.762
d)‘p \‘ ¢"P P

Interpolation

o
1]
£1p = min| max] A R ET)
erctp

Cetp

stifener with open cross section (curve c)

[6.3.1.2)

(Ppx.tp = Xep)Sip 2 ~ 1p) * Xep] B
<1

Peip= [[(Ppxtp = Xep)Epf2 ~ €up) + Xep] 1

1

M1

n=12 71(2)

Xy = M if)\p<% =12

083 . 083
— if — sxp<|os
A il

P

1.37

W if xpzl.os

Pe.tpCule _ 708

M1

ML

" [(Ppx.tp = Xep)upf2 ~ p) * Xep] @rue N

critical stress for kolumnlike buckling of stiffener

=0.762

Side plates check

x-direction

_ Mg .
TxtopT T ﬁhts —tg— Y‘p) = 263.745[MPa
tot
M
Ed
9x.bot * 73@115 —tg —hg— Y‘p) = -27.011[MPa

liot

2.898

Ugp3 = max(s + by

ppx.sp: 1if )\P <0673 =
A 0055 (b3
Piw i > 0673
£, P
P
Plate-like behaviour
wznﬁmj
TEspx T T - 180432 Pa
12&1 - UZ)D} -
Kospx '™ |1 i bepx =1 =18557
82 it >y
T if 1> >0
(1 05 + wsp.x) Sp.X

781 if wsp.x =0
2
781 — 6'29hbsp_x + 9_73_11;511X if 0> wsp.x >
239 if wsp.x =-1
s9x|:€1 _‘l’sp,x)z if =1 >~g|>sp_X 2-3

95.68 if "‘L’sp.x <=3

- - 3
Ocrp.spx = OEspxBo.spx = 1544 X 10°MPa
Column-like behaviour
B
= 8.436[MPa

o _——
cr.e.sp.x S\ 2
|zﬁ1 -V )EJ[S

U(Sp =021

=
¢Sp = o.stﬁl + aspliqxp - oz) + Xp} =0717

Xsp = min|
g +

Interpolation

Terns
<y x .= Min| max M*I,U L=
Sp.x

Ter.c.sp.x

+Xsp

[(pr,sp “Xsp)Bspxll2 ~ Espox) "}m‘ull
f

Pespx = [(pPXSP ~Xsp)Espx e = Espx) } i w1

+Xsp
. [(Ppsp = Xsp)Sspaxf2 ~ spuc) * Xspl B
M1 -

CCCXIII

<1



C. Box girder

Z-direction
Pp.z =1
Op sp = 034 Xpo_sp =07

dpsp= U,ﬁfEl + aplspﬁxp - )‘pﬂAsp) + xp] =0778

ppz_sp =l if Xp <0673 =1
— L if xp >0.673
Ppsp* Ppsp
Plate-like behaviour
ko pspz=4
2 2
Bl
= 8.436(MPa

OE.sp.z = m

Oerpspz = Ko.psp.zOE.sp.z = 33742 MPa

Collumn-like behaviour

B

Terespz” |z’6w 7v2)ms

Interpolation
Terp.s

= min| max| —<Lpspz =1,0[,1[=0
erespz

Pospz = [(sz.sp = Xsp)Espz {2 ~ Esp.z) ] if

180.432(MPa

Esp.

|:(ppzsp = Xsp)sp {2 ~ Epz) --}%n
+Xsp

<1

M1
+ XSp
1if f(pp"SP - XSp)&sP'ZEQZ - gSF’-Z) M XSP-‘m“" >
M1
Top plate stiffeners - check
x-direction
Ppx.tps = 1 if >‘p <0748 =
A, —0.188
>\7 if >‘p >0.748
P
b, = c(hts “la” hm) =0.603
tpsx = T o
P U(h‘s - td)
20 2
B
OEtpsx = i x 10’MPa
Ko tpsx = |1 i bipsx =1 =4017
8.2
— if 1 >¢S x>0
(1.05 + wlps_x) P

781 if w‘ps.x =0

2.
781 = 629Eblp5_x + 9.7ijsp_x if 0> mpsp_x >-1
239 if w‘ps_x =-1

2
5. qx@ - w‘ps_x) if —1> wsp_x 23

9568 if wms_x <=3

(O ps.x = 1021 X 10*MPa

T.ps.X

Collumn-iike behaviour

B,

Terctpsx ™ T, - 497 MPa
1201 =)

CCCXIV

Xips = Xsp

Interpolation
9er.p.tps.

E(ps.x: min| max| —CEpIpSX Lol 1|=1
9er.c.ps.x

*Xips

[(ppx.(ps - X{ps)iﬁps.xtéz - E‘pa.x) "}m‘ult
f

Poipsx = |[(Ppxctps = Xips)Eups.x( ~ Eipsx) ] ¥ <
+x M1
tps
i [(ppxlps - szs)ﬁzps.x@ - 5tps.x) * Xeps|Pult .
MI
Top plate check
TEdp |
2 = -3
O\ Edf TEd. 3| ——F | =4.106% 10
_CxEdtp | b CEdtp XuwTy(1a)
peipy(t) Xy () e
M1 M1
o 2
OxEdtp | 0977
Cp= mm(l.ZS - ozsﬁblp‘ 1.25) =1 bmmy([d)
M1
Pip.y = mi Cip Loz =1
tp.V- 2|
)\p >‘p
Poip.v = (Pup.v = Xup) Biplf2 ~ Eup) + X =072
e3 = mn\(l.ZS + 0755(“,2,1) =233
2
9y Edtp Viltgg
———— | +|——F| =o9
Pc.(p.VHy(‘d) Xwgy(‘d)
M1 Yl
Side plate check
a, 2 o. 2 o, d. . d.
.Ed.: .Ed.; LEd.; .Ed..
XECSP + ZECSP - = ZEC | =6
Pespty(t) Pe.spa (1) Pespx(t) || Pespa(t)
M1 M1 M1 M1
o
s Ed.sp
()
Yl
With the V-factor
Csp = m(l.zs —ozsﬁbsp_x,lzs) =125
P, = min{c FE*I fﬁj |] =1
sp.x.V = SN N
PN
PospxV = (Pspxv = Xsp) Bspxf2 ~ Espx) + Xep =1
ST 1as 0.755(WZ =233
Vsp = Pe.spx.ViPe.spz = 0893
=y 05 09 _
fp =Xy h(gg,, +1)™ =0
Pe.sp.zV = Xsp * (ppz.sp - Xsp)msp =089
2 2
Ox Ed.sp . 92.Ed.sp B Ix Ed.sp \n[ 92.Ed.sp o
s =
pc.spvx,VBg'(ls) pc.sp,z.me(‘s) W pc.sp.x.\/my(‘s) pc.sp,z,me(‘s)
M1 M1 M1 M1
3
\/SBEd.sp
()
Yl



C. Box girder

Top plate stifeners check

2
0, T
xEdtps |, [ TEdps

ool || Al

=0.556

M1 M1

Cips = mm(|.25 - nvzsﬁbtps_x, LZS) = 1.09

R 1 0.22 _
Pips.x.V = | Cpg ~ 2 Jf=1
PNy

Pe.tps.x.V = (Ptps.x.v _les)llps.xtqz - gzps.x) * Xips = !

Ox.Ed.tps i od TEd.tps
pc,tps.x.VLﬁy('s) XWUTY(‘S)

M1 M1

CCCXV



C. Box girder

The Reduced stress method
-Different vertical stiffener distance s
Material

(0= [355MPa if t < 40mm

= |
(335MPa) it > 40mm M

E:=210GPa

V=03 Ge= Eﬁh =80.769wPa

Geomet

Bottom plate

ty:= 16mm by := 1000mm Ay byt = 0.016m2
Top plate

tg:= 10mm bg:= 3500mm Ag= bty = 00350
Side plates

(= 12mm hy:= 389.2mm A 467107
Webs

(= 12mm 2= 1340mm A=y = 0.016m
Byxi= 1250mm by = 482.8mm

Top stifeners

tg0:= 16mm hgo = 140mm

550 350mm ngoi= 9

Web stiffeners

(= 12mm hgy = 120mm

-3
S144%10 m?

squ = 440mm =3
Whole bridge

Lpridge = 18 i
bridge = 15 Bgi= = + by + b+ g = 0.89m
3 Fheyth

,N.:%m: 1.636m

It = 0.0148m* From grasshopper
Y= 0.526956m From grasshopper (from bottom of bottom plate)

Load
Global

kN
= 7R
d 2

m’

Q=apy =273

2
QL o 4
MEd-:% =1.106x 10 N
QUL 3
Veg= % =2457% 107N
Top plate
Mgq 4_,
Oy Edtp = —ll ; :Eh.s - 7 - Yyl = 267.481MPa O Edtp 0
o
14Bq Y4 -3 3
Spi= 2 {h‘s - 7 - Yy 1.139x 10 “m
V4S8,
g = P = 15.7610upa
lml n Ts0)
Side plates

M
T Edsp = l‘—E‘d s = 1 - Yip) = 263.745 tupa
o

-3 3
p| - =9-867x10 "

5o hso
*7“‘,0% by = tg = 2 Yip

CCCXVI

0.5VE(S

o 7 Ed7sp

TEdsp T T =68.25MPa
ot's

Top plate stifeners

-3
{h‘s-.d-% —vlp] L =1479%10

3,
Thgips = o = 15,348 0ra
ot

Governing slenderness from FE-software

457 MPa
OV.UNIT= *2 120 From a linear stress analysis in Sofistik
2
m
42449
oy = oV.UNITA = 356.4608Pa
folt,
= ld 0.996
oy
agunir= 2141 *‘% From a buckling eigenvalue analysis in Sofistik
m
a,
o w =2.745

Xpi= Slenderness for all parts
Top plate check
¢[p =1
Ppxap = |11 %, <0673 =1
N = 0.055003 +
200550 v) %> 0673
2
»
Plate-like behaviour  [A.1]
2.2
|
il N P

et 1261 - Y2

3
b -7
320510
2
1241 -v )
t hy,
AdBZE +n§0msc€‘d + %’]
s = A =324116m
3 2
byltly q 8 4
Lpp= T Ad(ym sp~ 5 =1.052x 10 tm
3 2
1 B, h,
N e TR
12 PR
1
Y= y =328.143

Pip

“50250
5= 20 = 0.576
d

‘%Tp =4.256



C. Box girder

2
2 (1 +u‘p2) g
"tpzr‘mtr* I)Eﬁl +§‘p)
41
{1+ /) it o>
b+ 1)1+ 8,

Ko pip = it o< 1, =834.277

3
Terpip = Ko pap@rip = 1.293% 10" maPa

Column-like behaviour  [4.5.3]

3 -,
by infp = =2 By = 0.175m
ity = 5, o

b2 supp = 2 85, = 0.175m Parts of the top plate that contributes to the
- 5=y stiffener

b1 Lip = PLinfp * P2supap = 0-35m

4
tqBg11 tpni * AsorE‘a iy
Yipsllp = T A - 0:034m combined center of gravity for
d stifener and contributing top

plate.

sl1tp + Aso

- 2
_ by

3 3
1 =T v by, _l +&+A H(+E—y
Sl 1Lip 5 st Yipst.p = 5 5 soll'a* 5 “Vipsliap

Combined moment
of inertia

2
E, " " " .
Tersitp = e 1Y 1.533x 1031wm critical stress for kolumnlike buckling of stiffener

Adl1pBes
The top plate and stiffeners are subjected to a constant stress distribution so o, . =

e~ Tersl

Teretp = Terslip

Reduction factor for column-like behaviour

h
s0
Cip = '“’{an slip “latat 7 Vipsti !p] =0.046m

Gegp=049+ 009 0.582 stifener with open cross section (curve c)
ip
“p
= 05[1 oy -02) 43,2 20.799 [6312]
0= 0501 +ag o fn, - 02) +3,7| =0 3.1

= mm[i : 1} 20756
2
Gt P "Xy

Interpolation

&= mln[max[m -1 ,o]‘ I] -0
Terctp

penn= |[(epup =) epf2 - &) +x] i

(e ~ o) - )+ x|
Mt

=0.756

[(opeap = xp)epf2 = &) * 3]
LPputp ~ Xplep ™~ Epl " Xep[u

1if

ML
Shear
n=12 71(2)
0.83
= f =12

X' i x <=

083 if 083 <X, <1.08

N n P

P
1.37

m it \,2 1.08

PotpBult _ 0753
M1

Side plates check

x-direction

T = 1)

~Tmax

= z =1

(= tg - 1y) o0
4

M,
B fh -1 - Vyp) = 263,745

M,
Ed s\
ot = T g ~tg = by = Vyg) = -27.01 18

.. Txbot
bep1= o

=-0.102
X.top

ga = max(3 + by ,0) = 2.898

Ppp = |1 2 < 0.673 =1
X, - 0.055,
2070055t} if 3> 0.673
2
»

Plate-like behaviour

o 180.432
TEpx = = 180.432MPa
1241 - 92
Kospx = [1 i bgpx =1 =8.557
82
f 1> >0
05 +yy) e
781 if 4,
781 - 629y, , + 9785, % if 0>, > -1
239 if gy, =-1
2
5981~ ) it 15wy, 23
95.68 if 1y, <3
3
erpspa = Tspallapy = 1:544% 107 4P

Column-like behaviour

ﬂz]iisz
Terespx' = 7 5
1241252

0= 021

=10.207MPa

b= 0.5\% vaghy-02)+ sz" <0724

1
'™ mm[ﬁ } 1] 20889
bt P N

Interpolation

.
. [[& - ,0], 1] -
? Terespx

{(f‘pmp X pxf2 - ) }m‘uh

h
Pespx = [(vpxspfxsp)ispx‘(‘zfispx) g
b

<1 =1
M1

1 [oon )i - €] g
M1

21

CCCXVII



C. Box girder

Z-direction

Yepp =1

apep=034 Nosp= 0.7

O = 0501 + oy TN, = g ) + 2] = 0.785

Ppzsp= |1 i 3, =0.673 =1

1

psp ~ N

bp.s

if %,>0.673

Plate-like behaviour

kopspz =4

nzmmf

T 124

Terpspz”

=10.207mpa

v By

=40.828MPa

pspz@Espz
Collumn-like behaviour

wzuusz

Cereaps = o = 18043270
11 - .;z)mf

Interpolation
o .m[mx(m - 1,0} I] -0
: Terespz

Xy
Pespz= {(Ppup*xsp)éw fo-tpd) ] it =2
e

i HPW sp_ XSP)E‘P 7@ “ b 7) M XSP—‘m‘ult

x-direction
Pprips = |1 i1 2, £0.748 =1
X, - 0.188
L —— irx,>0748
2
A

TE.tps.x 2 2
-

kg apsx = |10 bpsx =1
82 n‘1>¢spx>0
105 + by :

T8I if by =0

781 - 629y, + 9,780, i 0>

>
sp.x sp.x

23.9 i g =1
2
95.68 <-3

i bpsx

4
Terpapsx = Koaps.x @Epsx = 1:021% 10 P

Collumn-like behaviour

~w)

Cereipsx T —— e = 1814601
1261 Y52

Xips = Xsp

CCCXVIII

=1

-1

|:(pp4.sp X2 - )

Mt

=4.117

} ult

<1

=0.889

Interpolation

Epsx = mm[mnx[ DpSX 71.0}1] =1
Teretps.x

(opaps = X psa (2 = psc)
px.tps ~ Xips) Sip: P

+
Xy
Peipsx = {(pr s~ X 12 = i) } ir S o <1 =1
FXeps
L [lopeans - X ips 2 = ) * Nl Bt |
M1
Top plate check
1- 2 3
orpan V2 e 3 ;‘y“:’ =4.106x 10
wln || o3 | - 0.998 Xw i\l
Pc.xp“’y(‘d) X)\v};/(td M1
M1 M1
Ix.Edtp _
e = min{1.25 - 0.25%,,125) = 1 el | 0994
M1
1022 =1
Py = min| e lfi— - —— |, 1] =
Pip.v tp! > )\pz
eipv = (v g8y {2 - ) = 0.756
o= max[l 25+ 0.75:*“2‘2) 233
2 3
Ty Edtp . ‘/3313‘1 ® | _ 0998
Peip v\ Xy {tg)
M1 M1
Side plate check
x.Ed.sp 92Ed.sp _ Ix.Ed.sp \,f 92 Ed.sp ~0.603
Pespx Bl ) PespxB{s) J'[ Pesp2B{s)
M1 M1 M1 M1
+3 TEd.sp
XolBl)
ML
With the V-factor
cp= min(125 - 0,25, 125) = 1.25
. { 1022} 1,
Papax.y 1= i o % Tz =
X
Pespy = (Papy X B 2 = ) ¥ = 1
2
= 125+ 0750, =2.33
Vip = Pospx v Pespz = 0-889
~05 0.9
ey e, 1) =0
Pespry = Xsp * [Py = Xep)ly = 0-889
Ix.Ed.sp 92 Ed.sp - Ox.Ed.sp \,f 92Ed.sp ~0.762
Pespav Bty Pespzv iy P pespxv Bl H Pespzyv i)
M1 M1 M1




C. Box girder

Top plate stifeners check

2
0, T
xEdtps |, [ TEdps

ool || Al

=0.556

M1 M1

Cips = mm(|.25 - nvzsﬁbtps_x, LZS) = 1.09

R 1 0.22 _
Pips.x.V = | Cpg ~ 2 Jf=1
PNy

Pe.tps.x.V = (Ptps.x.v _les)llps.xtqz - gzps.x) * Xips = !

Ox.Ed.tps i od TEd.tps
pc,tps.x.VLﬁy('s) XWUTY(‘S)

M1 M1

CCCXIX



C. Box girder

The Reduced stress method Tob plate stfeners

-Different vertical siffener distance s

ifig - tg - Vip) = 263.745 P

TxEdips T
ot
Material o -
solBs0 o
0= |355MPa it 1< 40mm - ["“”T P hso o 10303
= Spg s —————————= (I —ty-— - 1.479x 1 [’
(335MPa) if ¢> 40mm M Stps 2 S 7
B, t
E:=210GPa taPd hm,l,yt
ng, +2 2 P
E
=03 5= —— = 80.769(GP:
v N f1 ) ‘
VEdS,
Geomets Thgips = o = 15,348 0ra
ot o
Bottom plate
tp:= 16mm by := 1000mm Ay = by, = 0.016m> Governing slenderness from FE-software
- MPa
Top plate ovunr=420-0 From a linear stress analysis in Sofistik
tg:= 10mm by:= 3500mm e b2 0.035m2 w’
7= by = 0
Side plates oy = oy UNITA = 332.281Pa
- = -3
1= 12mm hy:= 389.2mm A b = 467 10w ol s
Ol =l
Webs v
t, 0= 12 hy, = 1340, 2
W mm " mm Ay = by, =0.016m Qe UNIT = 232.72’% From a buckling eigenvalue analysis in Sofistik
m
b= 1250mm h =482 8mm
’ Cer,UNIT
Top stifeners Cam T T 2.984
tgo:= 16mm hyy = 140mm p iy <2245 107
Xpi= Slenderness for all parts
550°= 350mm ngi=9
Web stiffeners
= = -3 Top plate check
o= 12mm sy’ 120mm A= byl = 144107 m?
5= 440mm ng=3 byp
Whole bridge Loridge = 18m Ppup = |1 i 2, 50673 =1
A, - 0.0553 + 4
s N "7?”‘") it 5> 0.673
;u.=ﬁm=1.385m h“.:5+hwy+h‘+:d:0.89m N
o= 0.0148m" From grasshopper ) )
Plate-like behaviour ~ [A.1]
Yipi= 0.526956m From grasshopper (from bottom of bottom plate)
Load
wzuzuhz
Global O = e = 1.549m1Pa
12\(1 v )md
kN
=78 —
! 2
m
7 4
o= g =21 Toip = =3205x10 'm
2
QL 4
Mrd=%=1.1osxlo NG t [
' Ag +ngAg ity + =
2 2
Qi 3 Vsl = 2 =32 41 1
1o = 2.457x10"m sl Ad* isoAs
Top plate 3 2
by 4 8 4
o=~y * AdPpsn 5 =1.052x 10 G
Mgq 4
EN ?{h‘s -5 Y| 226748100 =0 {lmmsoz . )
o +ng, [ +A g+ — -~y
ol =7 soflat 57 ~Vipsap
1B, t _3
S~ {hs-ﬁ- 1139 10w’ Ly
g +2 2 YL =328.143
pap
VEdSyp
TEdip = Tt 15.761mpa - ngoAg 0576
P A -
Side plates
M, b,
o= —Ef o - 14~ ¥,p) = 263.74531Pa ¢
o
o, =~ =11.3750Pa 2 ’
ZEdsp =5 g 12 (1*%) +p -1 4 _
K= | oy iy s 5, =834277
- %) 1424 o, o i + 1)1 + )
Sipi= (s =g = V) mET—— ¢ 2 86710 " 4+ ) fa oY
if o >
n b P+ 1)f1 +5 o
0.5VggSg, =k =1.293 IO3
TEdsp T T =68.25MPa Terpip = Ko pip@Ep = 1.293x 10" P

ot's.
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C. Box girder

Column-like behaviour  [4.5.3]

P,
£15,,=0.175m
:

b =
Linftp -
5 -, P

Parts of the top plate that contributes to the

2
b2 supsp = = 5= 0.175m
p

stifener M,
Ed
ot = T g~ tg = by = Vyg) = -27.01 18
tot
byl 1tp = Plinfap * P2.supp = 0-35m
-39 12
: b o3 = max(3 + 1 . 0) = 2.898 hop 1= 2 = -0,102
by ‘PHZE . '\o‘E‘d*% byp3x max( +hgpx ) Usp1 o
Vipsllp = T A - 0:034m Combined center of gravity for stiffener
taBs11p * Aso and contributing top plate.
Ppp = |1 2 < 0.673 =1
X, - 0.055,
297 00554h0,) if 3> 0.673
-3 2 3 2 2
= Nl S} el f e e
L= T, s 1Ltp T Yep.st.ep > I solflat =7 “Vipsl.lp
Combined moment of inertia Plate-like behaviour
2 LY 180.4320m
T, " " = —————— = 180. P
Terslip = TENLD 5 140 10°me Critical stress for kolumnlike TEspx 12£1 _ VZ)Il 2 :
A5 buckling of stiffener N
The top plate and stiffeners are subjected to a constant stress distribution s0 o, . = o, kospx = |1 if by =1 =8.557
82 it 1>¢, >0
! sp.x
Terctp™ Terslip 105 + g,
781 it gy =0
781 - 629y, , + 978y, % if 0>, > -1
Reduction factor for column-like behaviour 23.9 f gy, 1
2
5.9801 -, -1 =-3
o= 0.045m N T
ALap 95.68 if gy <3
= maxly, - o =0.046
Cip = MAX| Yip sl tp "l td t 5 Vipsligp | =0-0%0m
3
Q=049 + 0 0.582 stiffener with open cross section (curve c) Terpspx = OEspxBospx = 1:544x 10" MPa
iy
o= nASJél + ue_mtﬁxp -02)+ sz} =0.795 [6.3.1.2] Column-like behaviour
Xip= mm[% . 1} =0.758 »2Eg?
2,2 Crespx= 5 = 14.2560MPa
it % |2\C - uz) G,
Interpolation ag,=021
B Terpp l’ 2"
= a| =22 o[ 1]=0 - _ _
& m...[mdx[%w ) ] b= 0501 +ag iy, -02) + 3|2 0721
1
) [{epeip ~Xpl2 - ) * gl | _ xop:= minf ——A—— 1| 20891
e (o el ) o) e P 2B 0 g7 oo fot
- 2 - + Xy | @,
1 —[(p"“" X‘p)g"’ﬁ §“’) X“’] ult s Interpolation
M1
Terpspx
= minf max| —PPX 1 0| 1]=1
Shear fpx mm[m{“ cre.spx ] ]
wel2 712 {(vp“p*xsp)é,pxdelfé,px) }muu
+
Xsi
- {(ﬂpup’xsp)ﬁspr@z’&-px)--] i P o <1 =1
1< 28 12 e
Xy'= 0 —_ =1
" [lopep =) 2 - 6. 3l
0.83 0.83 1 if >1
— i — <, < 1.08 RV
X n d
P
1.37
I—W |f>\pzl.08 Zairection
byp =1
= 0.34 Xposp =07
Petp@ult ~081 psp »
M1
Spsp= O‘S‘Fl o, sp‘(D‘P - >‘pO.spJ * X.;I =0.782
P = |1 if 3 <0.673 =1
Side plates check pesp R

1

x-direction Gpsp * (pp_spz -

=t

if 3> 0.673

-0,
DX G+ 0|1

o max

Yip
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C. Box girder

Plate-like behaviour

kopspz =4

nzmﬁgz

O = 1425601P0
1241 - Ys2

Oerpspz = Kopspz@Espz = 57.024mpa

Collumn-like behaviour

2 2
-
T 1804320

Feresns 1241 - Vz)msz

Interpolation

-
€p.p= minf max| <22 - 1,0/,1/=0
: Terespz

[(p,,, o Xl 260 }ﬁuh

*Xep
Pespz™ (sz ™ Xep)Esp/ (2 - £ ;) i N <1 =0891
Xy M1
1 [bon = xa) 02 - &) ol _
M1
Top plate stiffeners - check
xdirection
Ppx.tps = 1if xps0A748 =1
-0.188
B0 3> 0.748
W2
v
_ b =14~ hy,) _
Prpsx =, O 0.603
2.2
™ \]THJSQ 3
TE.tps.x = ) =2.479x 10" MPa
‘vhs(\
kg apsx = |1 i bpsx = 1 =4.117
8.2 n‘1>¢,spx>0
1.05+ Vips.x,
7.81 if Pips.x = 0
781 - 6.2y, + 9,780y, 7 0> iy > -1
23.9 if Pips.x = -1
2
5981 - vy )” it 1>y 23
95.68 if Prps.x < -3
4
Terpapsix = Kotpsx B aps.x = 1.021x 10 B1Pa
Collumn-like behaviour
2 2
(Bl
Terepsx = % =25.344m1pa
1261 -5,
Interpolation
Terp.aps.x
€.y 1= min| max| — LT 1‘0].1)= 1
e [ [Vtrc\psx
{(pr 175~ Xeps s 2~ ipsn) ..}mu“
s a1 =1

Xips
L Loosns - X epsa 2 = €] Xl .
M1

1

CCCXXII

Top plate check

2
o F
xEdp | g Ed.tp

2
=0.991
Pe.p Tyt Xy {tg)

M1 M1
= min{1.25 - 0.2588,,1.25) = 1
102
Prp.y = minf = = === Jdl=1
P )\p
pespy = [Py o) 2 - &) + 3y = 0758

eymmax(125 +0.75%,2.2) 22,33

3

2 =
Tx.Ed.tp . *ﬁffmp -0.994
Pepv Bl Xl

M1 M1

Side plate check

2 2
Ox.Ed.sp %z.Edsp Tx.Ed.sp M %z.Edsp

TEdtp
0

Pespx Bl | | Pespalbliy PespxB{ts)

PRt

M1 M1 M1

3 TEd.sp
Xwty
M1
With the V-factor
cp= min(125 - 0.25m,, 125) = 1.25

1022 =1
3 = min el — - ——|,1|=
spx.V # 1% sz

Pospav = (Papy = Xp) gl = € + 307 1
2

= 12540755, 2233

0,891

Vep™= Pespxv Pespz

-0.5

ey e 1)

=0

Pespv = Xap * (Ppzsp = Xap) o = 0.891

I

2
=4.106x 10

.. =0.604

Tx.Edsp Tz.Ed.sp Tx.Ed.sp \,{ 9z.Ed.sp
-V
Pe :prIy(‘s) Pe, spzv%’(‘s) Pe spKme(‘s) JI P spzv%’(‘s)
M1 M1 Mt M1

3
. V3 B Edsp
X\t

ML

Top plate stiffeners check

2 2
Tx.Ed.tps TEd.tps
+3 =0.556
Petpsx Bt X\t

M1 M1

= min{1.25 - 0,25, ,1.25) = 1.099

Cips *

{ ‘El 022) 1,
Pupsv = minl el = == 1=
Ty

Pepsacy = (Ppsicy = X Bipsx 2 = Epsn) + Xps = 1

tps.x

[ z ™ B
x.Edtps Edtps
+3 =0.744
Peipsx VIt X1
M1 M1

. =0.762



C. Box girder

The Reduced stress method

-Different vertical stiffener distance s

Material

fy(0:= 355MPa if t<40mm
=1

(335MPa) if ¢> 40mm
E:=210GPa
E
=03 5= —— = 80.769(GP:

v N f1 ) ‘

Geomet

Bottom plate

ty:= 16mm b= 1000mm = oy, = 00162

Top plate

tg:= 10mm by:= 3500mm g = gy = 00352

Side plates

t:= 12mm hy = 389.2mm Wi =467 ¢ 10732
byl = 4. m

Webs

ty:= 12mm hyy = 1340mm

A=yl = 0.016m>

b= 1250mm h =482 8mm

w.

Top stifeners

{5017 16mm b = 140mm A= gl = 2.24% 10 n?
550°= 350mm ngoi=9
Web stiffeners
(= 12mm hg = 120mm A by < 1445107202
50 7= 440mm ng =3
Whole bridge Sgg = 2m
b
Lpridge = 18m hoi= 2y s+ i = 0.89m
Lot = 0.0148m* From grasshopper

Yp = 0.526956m From grasshopper (from bottom of bottom plate)

Load
Global

kN
=R
4 2

m’

Q= iy = 273N
n

2
Qg 4
Mpgi= —29 _ 1 106x 10" N
o, 3
Vg —98 - 9 457 107 mN
Ed 2
Top plate
Mgq 4
TxEdtp” T‘ h.sfzf\(\p =267.481MPa 7, kdp=0
o
4B, _3
Spim — (h.s 1139%10
o2

Vgl
B0 15761 0P

Side plates

M,
T Edsp ‘—Ef i - 14~ ) = 263.745mpa
o

OuBas = o = 113750um

(I'ls - "xp) L By tq

Sep= (hlai‘diY\p)%’f 2 LE'H;;’YWJ

5o hso
*7“‘,0% by = tg = 57 Yip

-3 3
9.867x 10 "’

S,
= — O - 68.25mpa

Top plate stifeners

Mg,
T g = 14 Yip) =263.7450upa
o
N t5ollso . ZJsmsn
o2 2 -3 3
=L g~ — =1.479x 10 “m
g +2
t4Bq —
—_ -= -y,
et2 B 2w
_ VEdSps
TEdips = T 15.348mpa
Governing slenderness from FE-software
MPa
ovuniT= 445 N From a linear stress analysis in Sofistik
ml
42449
oy = oy.uNITE = 347.1MPa
S s
oy :
Qe UNIT = 227.335'% From a buckling eigenvalue analysis in Sofistik

m

=2.914

Ser.UNIT
q

o

ult _

Slenderness for all parts

Top plate check

Y= 1
1if 3,5 0.673 =1

-0.055(3 + )

N

Ppxtp =

if 3> 0.673

Plate-like behaviour  [A.1]

nzmmdz

—————— = 1.549mPa
1261 -2 B,

TEap =

_7
3205%10 'm?

o 121 -9

'
"dug * g Asolitg +

-2 2) _3a4n

Yipslap = EYETIW =32.411mm
3 2

bylty t 3

d! 4 4
=Tt Ad‘Eylp.sllp - 2) = 1,052 10"

3 2
lst)ms<) hso
T+ Alte 2% <Y

Lstip
= T = 328.143
Ptp
oA,
Bypi= =2 % _0.576
5
gy = may 4
by = 4256

CCCXXIIT



C. Box girder

Side plates check
(.2
2 W +og™) +
2
o o+ 1)1 <5

AL+ ) P
v+ 1)1+ 5, woe

Kopip= if o< [ =639.127 x-direction

~Tmax
o(z) = hy—rﬁ + am“]m

Terpip = Kop.tpOEgp = 990.256M1Pa )

Column-like behaviour  [4.5.3]

3 -,

= P - M,

PLinfip= 3 _¢‘p\ﬁw’04l75m rtop = g - 4y - Y,g) = 2637450100
ot

b2 quptp = 85, = 0.175m Parts of the top plate that contributes to the Mg
Vi stiffener Oy bot = ifh[s - tg= g - V) =-27.01 L tupa
o
= Oxbot _
b 1tp = B infip * B2upip = 0-35m Vgt o 0.102
bgpa = max(3 + g ,0) =2.898
-39
t h
talgrp m“; + '\o‘E‘d M ?
Vpslip = T B A 0.034m Combined center of gravity for
taBst1p * Aso stiffener and contributing top =11 i x <0673 -1
Poxsp = |1 i 2= 0. =
plate.
X, - 0.0550,
257 00554h0,) if 3> 0.673
N’Z
=3 2 3 2
1 - bt + by 1 4oyl Jla), o +A Hr+h—r
S11tp I s 1Ltp T Yep.st.1ep > I solflat =7 ~YipslLp
. Plate-like behaviour
Combined moment of
inertia
2 "Zmiz
Ol 3 " " " TEspx T =180.432mMPa
Gerstap = ———& = 1.026x 10 mPa Critical stress for kolumnlike buckiing of - 12£1 R VZ)Il 2
Adl1pBes stiffener :
The top plate and stiffeners are subjected to a constant stress distribution s0 o . = o,
Teretp = Terslip
kggpxi= [1 i gy =1 =8.557
Reduction factor for column-like behaviour 82

- f 1 0
05 regd | > x>

7.81 if bepx = 0

. 781 - 6290, + 978y, 7 if 0>, > -1
so
&p = mﬂ{y[p sliyp ~ltat 7 Vsl ij =0.046m 239 if g, =-1
2 N
009 . " son ) 5981 -, ) i 150 23
= = fener with open cross section (curve ¢
0p= 049+ Y 0.582 p 95.68 if g, <3
p
op= .5451 ogpfr,-02)+ xﬂ =079 [63.1.2]
3
| Terpspx = OEspxBospx = 1.544x 10" vpa
Xip= m."[i , 1} =0.762
2
Ot Pp TN
Column-like behaviour
Interpolation
2 2
- Terptp _ N Bl
£y = mm[max[qﬂev[p 1.0}1] =0 L R— 7( B =6.833MPa
1201 - v7)3

= Xep )12 - €, IcY =0.21
e [[opesp ~ )2 - ) ] i Wﬁﬂm%xm}" o

2
e s o a5l sy 03y

™1

<1 =0.762

1if

! ,I] =0.893

Shear Xgp'= mm[iz =
bsp o bp TNy

n=12 7102
083 Interpolation
Xy = [ i N < =12
o
0.83 . 0.83 [ mm[mm[w - 1,0]‘1] =1
S <108 P Tere.spx

P

I(l;—?lpj it \,2 1.08 {(:‘;:r;sp - Xsp)ispvxr‘lz - 2sp,x) }m‘uh

Pespx = [&vzpspfxsp)ispx‘(‘zfispx) ] if P

L Lo ) pa 2~ ) + X

21
=078 a1

PeapBult
M1
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C. Box girder

Z-direction
Yepp =1

apep=034 0.7

Npo.sp =
psp = 0501 + o ifny = o) 2] = 0.778

Ppzsp= |1 i 3, =0.673 =1

1

bpsp A Ppsp ~ N

if %,>0.673

Plate-like behaviour

Ko pspz = 4
22
B

Opspz = 75 = 0-833MPa

1261 -1Y)s2
Oerpspr = Ko pspsBrps = 2733104
Collumn-like behaviour

=180.432mMPa

“crcspz'zils
ST T

s

Interpolation
Terp.spz

Egp = minf max| ————-1,0[,1|=0
Terespz

Xy
Pespz= {(Ppup*xsp)és.,.l(zfap) i ==
b

| Lo )t M2 -0 xg)®

M1

Top plate stiffeners - check

x-direction

1 3, <0.748 =1
X, - 0.188

Ppx.tps =

if X,>0.748

TE.tps.x =

kg apsx = |1 i bpsx =1
82 n‘1>¢spx>0
105 + by :

781 if by =0

781 - 6290y, + 9,780, i 0>

spx
23.9 i ey =1

2
95.68 <-3

i bpsx

4
Terpiapsix = KotpsxPEaps.x = 1.021x 10 B1Pa

Collumn-iike behaviour
~w)

Cereipsx T e = 1214700
1261 Y52

ult

>
sp.x

=1

-1

[(p,,, o~ Xl 2 €

Mt

=4.117

Interpolation

o
Eipsx 7= min| max| —

|:(ppx.lps a2 = ) }‘%n
p Lo <1

Peipsx = {(vpx s = Xepe a2~ i) -] 1 =1
+ M1
Xips
L [lopeaps - X ps 2 = ) Nl Bt |
M1
Top plate check
ks 2 3
- 2 2 3| - 4.106x 10
xEdp | gy TED ) o8 !
Pe.p It Xy {tg)
M1 M1
2
= min{1.25 - 0.2588,,1.25) = 1 =097
M1
1022
Prp.y = minf = = === =1
P
*
pespy = Py o) 2 - &) + 3 = 0762
2
e3i= max(l 25 +0.756,, ,2) =233
2 =
Tx.Ed.tp . *ﬁffmp 20,989
PepvBli Xl
M1 M1
Side plate check
2 2
Tx.Ed.sp 92.Ed.sp x.Ed.sp M 9z.Ed.sp _
+ - .. =0.604
Pespx {1 Pespblls) Pespx bt JI Pespblls)
M1 M1 M1 M1
43 TEd.sp
Xy
M1
With the V-factor

2
EEET 3-0077

cpi=min(1.25 - 0.25m,, . 1.25) =125

{ ‘[1 022) 1,
Papay = min el = == 1=
Ty

Pespxy = (Papy X B2 = €] +3p= 1
2
a7 12540755, = 2.33

v, =0.893

sp'= PespxvPespz

- 0.9
o R

Pespzy = Xap * (Pprsp = Xp) T = 0.893

2 2
Tx.Ed.sp " 92.Ed.sp _ ,{ Tx.Ed.sp ],,( 92.Ed.sp

P8 | | Popev Y I Pespy By J[ Pespay Bl

Mt M1 M1 Mt

.. =0.762

e
. «ﬁﬁfd sp
Xy o)
M1

CCCXXV



C. Box girder

Top plate stifeners check

2 2
Tx.Ed.tps TEd.tps
+3 =0.556
PepsxBylts Xty

M1 M1

= min(125 - 0.25a, 1.25) = 1.099

Cips ©

1022
sy = min e - 2 |1 =1
» xpz

espoxy = (Ppscy = Xps) Bipsx 12 =€) + Xps = 1

3
Tx.Ed.ips L3 TEd.ps ~0.744
Petpsx. VIt Xw Bty
M1 M1
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C. Box girder

The Reduced stress method - 2ol _ o 125mupa

-Different vertical siffener distance sg

Material

Top plate stifeners
f(0:= |355MPa if t<40mm
Y Ay =1

M,
(335ma) it 1> 40mm s = T i =t~ Yy) =267.12703ma
E:= 210Gk !
[somso ‘smso
E G + 25—
vi=03 Gi= =80.769Gra [“su h, _3
LY T Smszzzizz{h‘sfldffof\lm] L =1479%10 >
ngo *
Geometry By [ W J
———Ph - =Y,
Bottom plate ng+2 U *
ty:= 16mm by,:= 1000mm Ay by, = 0.016"_‘2
VEdS,
Top plate Thgips = o = 15.5450ra
ho
tg:= 10mm by:=3500mm A by = 0. 035"12
4T Governing slenderness from FE-software
Side plates _ 45 MPa
ovunir= 45 kN From a linear stress analysis in Sofistik
. -3 -
3= 12mm A= b =467 10 m’ o
Webs o= ov.UNITA = 355.5MPa
ty = 12mm hy,:= 1340mm 2
w A= hy i =0.016m
by = 1250mm by, := 482.8mm
Top stifeners N ing e is i i
Qg uNiT = 229.265— From a buckling eigenvalue analysis in Sofistik
2
tyy:= 161 hy, = 140; -3 2 m
so = 10mm so " A= byl =224 10 m
530:= 350mm ngyi=9
Web stiffeners

tey:= 12mm A= by = 144 1073“‘2 Slenderness for all parts

su

squ = 440mm
Whole bridge
= !
Lorigge = 18m b= 2 gy 1= 089
5= 2.25m
L= 0.0148m* From grasshopper Top plate check
Yip = 0.526956m From grasshopper (from bottom of bottom plate)
=1
Load Ppep = |1 2y 50673 =1
= 0.0553 + 1,
Global % if x> 0.673
0= 79K »
2
m
N
Q= by = 275.5% Plate-ike behaviour  [A1]
2 2.2
Qprigge 4 K,
Mgi= g = 112 10738 Opp = 4 5 = 1549w
Qn 3 -V )md
0= % =2.489% 107N
Top plate . Wd} S
p = s 2320510 'm*
M [t 12d1-.9)
Oy Edp = ? hy - 2 Y| = 270.91mPa O, Edip = 0
o
4 hso
. . 3 5 Ad* n;uw‘sc(‘d ey
_ P 4 10 =% =32.41 10
Sp'= nmz{‘s 2 113910 Yipslp A+ o "
" 3 2
_ VedSp byl 1 s 4
BT g MR p =y *Ad (,\p ap 5] =1.052x 10
3 2]
ls()‘hso hso
. +ngo ‘T +Agofta* 3 Vsl
Side plates
Mg 1
T ks = l—j(h[s - tg- V) =267.1270upa Sl 398143
ot L
O Edsp = 1.521mpa e
bipi= ——2 =0.576
Ad

he = t3-Y, 140D, t,
sy buetg- vl Wl e

5o hso
*7“‘,0% by = tg = 57 Yip

0.643

B

i
i m«x[i .0

b
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C. Box girder

Side plates check
2%/]“;( 9, -} -
W rew) Tl <Yy =505354 x-direction
2 o=V
%p E(mt;” I)Eﬁl ”!p)

a1+ ) - T = 1)
v+ 1)1+ 5, ¥ P

Kopap™=

“Tma

x
(2= {mm+ U‘MX]BI

Terpip = Koptp@Eip = 782.9901Pa

Column-like behaviour  [4.5.3]

3 -,
Bingip = —— 2l = 0.175m
; .
b2 supp = i\sso =0.175m Parts of the top plate that contributes to the
- 5oy stiffener

b1 Lip = PLinfp * P2.supap = 0-35m
Tx.bot
3 Vg = =-0.102
. A7 bgpa = max(3 + g ,0) =2.898 P e
tqBg 1 wh * '\o‘E‘d * ?
Vpsllp = =0.034m combined center of gravity for
KRCRE R stifener and contributing top
plate. Ppxsp = 1if xps().m} =1
= 0.055n,
27 0055hs) %> 0673
-3 2 3 2 2
1 oo by 1Ty, Sl e g2 Y
sL1p I stp Yt p =5 I solflat =7 ~YipslLp
Plate-like behaviour
Combined moment of
inertia
i’ 180.432
= —————— = 180.432MP:
"zm”kl Lip ” . TEspx r€ ) a
Cersiap = ———— = 811.02MPa Critical stress for kolumnlike 12001 - v7)mg
erslip a 3
A 1pSs buckling of stiffener
The top plate and stiffeners are subjected to a constant stress distribution s0 o . = o,
Teretp = Terslip
Reduction factor for column-like behaviour
kosp ™ [1if b= =8.557
iy = 0.045m
P 82 it I>wg >0
1.05 + Vg, P-
b
o= ma{y‘p G Tt S Vi up] =0.046m 781 i v,
781 - 6290, + 978y, 7 if 0>, > -1
Q=049+ 009 _ 0.582 Stiffener with open cross section (curve c) 239 if g, =-1
2
ip 5981 -, ) i 150 23
95.68 if vy, <=3
op= 0,5@1 ragply-02)+ xpz} =0.785 [6312] o

X = min L =076 3
¢|p . ¢[p2 _ >‘p2 Terpspx = OEsp. .\‘l‘u,sp x = 1.544x 10" Mtpa

Interpolation Column-like behaviour
T
€= min| max| —2® 1,0/, 1|=0 202
» Teretp 7 B
Cercspx'= 75 = 9-399BMPa
IZ\CI -7

(opap = X ef2 = &) * X Bt
|: px.tp p/>tp° tp) p

vep= | [(epip = Xp)eplf2 - &) *+Xp] = <1 =066 o021
[lepsip = o) - &) # xS -osf 1.
1 "—Mlzl 0= 0501 + o, - 0.2) 3,7 =0.713
Shear [ S
Xep = min 1]=0.
= 71(2) ’ SO
n=12 . Gsp O "N
o [ iy < 0."83 _1a Interpolation
083 083\ o8 ot mm[mm[m - 1,0]‘1] -1
e n Tere.spx

0 1737)\” it 32 1.08 {(pr o~ Xop)spal2 = ) }“‘uh
) X
Pespa = {(ﬂm o~ Xap)palf2 = 6] ] L wh—
X

<1 =1
M1

L om0 Xl
=0.765 ™

=1

PeipBult
M1
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C. Box girder

Z-direction
Interpolation
Yepp =1
_ m[m[u a ,0} 1] .
=034 Nosp =07 Tercipsx
Opap = 051 + g oy = Mo ) + 3] = 0.774 (Pprps = o psn 2 = €] -
p.sp T 5o~ p0sp ’*p] e %
s
{(vpx s =X {2~ ) } i ==~ o <1 =1
Ppzsp= |1 if X< 0.673 =1 +Xps
! 3950673 B R N o L
M1
Ops bpsp "N
Plate-like behaviour Top plate check
ko pspz* 2
T -3
2 3 E2 | 4212410
2 2 Ix.Ed.tp TEdtp (g
7 Bl +3 =0.997
E— T S99 PepBt Xty B
IZ\QI - uz)\guz M1 M1
E @, =21.595mp: 2
Terpspz = KopspaOEspz = 21 a IxEdD |- 0,993
¢p:= min{1.25 - 025,125 1, e
Collumn-like behaviour M1
1022
Prp.y = minf = = === Jdl=1
i) Ty
Tanespr =g = 180:4320m0
1281 - v7)m
pespy = [Py ) 2 - &) + 3 = 0766
Interpolation
cma(is +0755,2.2) 233
~ Oerpspz - ey:= max{ 125 +0.75%,,".2) = 2.
€= minl mar —LL 1 0 1] =0
Terespz
2 - @
Tx.Ed.tp . *ﬁffmp 20997
[(ppl s~ Kp)%n zfﬁz “ &y z) "}]"uh Pe .V};/(td Xwiiyltg
X R bl
Pespz= {(ﬂpzsp’xcp)e‘pziz - &pa) } it =T o <1 20895 M1 M1
+Xep
1 Loz x-S0 x|
il
Top plate stiffeners - check Side plate check
x-direction
x.Ed.sp g Tz.Ed.sp z Tx.Ed.sp \,f Tz.Ed.sp 0.619
- . _ " _ -0,
Ppaps = |10 2 = 0.748 = Pespx iy PespBls) Posp iyt JI PespBls)
X, -0.188 R ) R R
RS xp>0.748 M1 2 M M M
X\ TEdsp
v +3
XA
M1
With the V-factor
22
7 ([Elfy, 3
s Ty = 2AT9x 107 cpi=min(1.25 - 0.25m,, . 1.25) =125
121 - v%)m,
e d 1 022 =1
Py = minf e i— - ——|,1{=
Kopsx = |1 if sy = 1 =4.117 sV PN sz
82 if 1> Pepx > 0
105 + by, = f2 )+ xp= 1
Pespx v = (Papay ~Xep) Eeplf2 - ) + %=
781 if by =0
2
7.81 - 6.290, 9.78 0 -1
Bpsx 2 T80 110> Vpx> o= 12540755, =233
23.9 i ey =1
2
5981 - vy )” it 1>y 23 Vo= besp v Pespr = 0-895
95.68 if Prps.x < -3
-0.5 0.9
ey (s, 1) =0
4
Terpapsix = KotpsxPEaps.x = 1.021x 10 BaPa Pesprv = Xp * (Pprsp = Xep) Byp = 0.895
" . 2 2
Collumn-iike behaviour Tx.Edsp N 9z.Ed.sp - Tx.Ed.sp \,{ 9z.Ed.sp ~0.771
Pespxv (1) Pespzy Bl 1 o spoxv {1 J'[ [ )
“21%2 0508 M1 M1 ML M1
Terepsx T T 5 - 0> 8MP 3
lZL(l fuz)uhz . ﬁBEd.sp

Xips = Xsp
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C. Box girder

Top plate stifeners check

2 2
Tx.Ed.tps TEd.tps.
+3 =057
Pepsx Byl Xt
ML M1

= min1.25 - 0258, 1.25) =1.099

Ctps

1022
sy = min e - 2 |1 =1
» xpz

Pespoxy = (Ppscy = Xps) Bpsx 12 =€) + Xps = 1

3

2
x.Ed.ps TEd.tps
+ =0.753
Pepsx vl Xt

M1 M1
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C. Box girder

The Reduced stress method

-Different vertical stiffener distance s

Material
(0= [355MPa if t < 40mm
Y =1
(335MPa) if > 40mm
E:=210GPa
E

=03 Go= =80.769GPa
Y LAY fp ‘
Geomet
Bottom plate
ty:= 16mm by:= 1000mm Ay byt = 0.016m2
Top plate
t4:= 10mm bg:= 3500mm Ag= bty = 00350
Side plates

= = -3
= 12mm by = 389 2mm A== 467 107 n?
Webs
1= 12mm 2= 1340mm A= by = 0.016m
hy = 1250mm hyy = 482.8mm

Top stifeners

t:= 16mm hyy = 140mm 224k 107302
=2, m
5507= 350mm ngy =9
Web stiffeners
- = -3
t:= 12mm hgy = 120mm A =i = L% 100
Squ = 440mm ng:=3
Whole bridge
4

Lpridge = 18m b= Eb Fhyy hg+1g=089m 5= g
Lot = 0.0148m* From grasshopper
Yp = 0.526956m From grasshopper (from bottom of bottom plate)
Load
Global

KN

=784~

! 2

m
Q:=qBy = 273[33

Opyigge” 4
Mpgi= % =1.106x 10 &N

QL 3
vH% =2457x 107aN
Top plate

Mg 4
Oy Edtp® T by~ 7 Yip| = 267.481m1Pa 9 Edtp =0
o

-3 3
1.139% 10 “m’

Side plates

M,
by = g~ tg = V) = 2637450

TuEdsp T 5 = 11.375mPa
s

he = t3-Y,
syl el

5o hso
*7“‘,0% by = tg = 57 Yip

-3 3
9.867x 10 "’

05VySy,

TEdsp T T =68.25MPa
ot's

Top plate stifeners

Mg,

Ed

O s = T‘rﬁh[s - 1= Yyp) = 263.745 P
o

1o (B, 1[h,
el e

hy, -3 3
. Ly -
Sips 2 {hm KCaon v.p] = 1.479% 10 "
4B, 1
&‘E"‘“ o ,ym)
g
VEdS,
e = TS < 15 3480aPa
0T gt

Governing slenderness from FE-software
MPa
kN From a linear stress analysis in Sofistik

2
m

oyuniri= 457

42449

oy = oy.UNITE = 356.46081Pa

214,120 From a buckling eigenvalue analysis in Sofistik

m

CerUNIT =

Slenderness for all parts

Top plate check

Y= 1
1if 3,5 0.673 =1

-0.055(3 + )

N

Ppxtp =

if 3> 0.673

Plate-like behaviour  [A.1]

= 1.549Mpa
2

4 hso
Ad* n;uw‘m(‘d ey
——————% =32.4110m

Ytpslap = A0+ ToAs

2

b ; 5
'5|.|p:%“*a(npsnp’5d] =1.052% 10 G’

3 2
ngprelo ety
o5 so{'d* 57 “Vipstip

CCCXXXI
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C. Box girder

2 2 Side plates check
B R Sl PN i P
For = 2 "oy =37 x-direction
o o+ 1)1+ 8)
4i1 +m) o s O = ry(nd)
g+ 1 il + ) ® ®
o= G (B
Terpap = Ko pap@Ep = 000-157M1Pa T m
o (g = tg-hy) o
Column-like behaviour  [4.5.3] X b~ tg :
-y
b, = Gy, =0.175m M,
TS gy Trtop TEldI(h“ -1 Yy) = 263.745Pa
o
R continos o o sner
" Oy bot = ifh[s - tg= g - V) =-27.01 L tupa
o
byl 1tp = Plinfap * P2.supp = 0-35m
- Txb
t h\j ’ = max(3 + gy (,0) = 2.898 Y= ; ol 0,102
s X0
b * AsnEE‘d ey g
Vipsl.Lip = =0.034m Combined center of gravity for
taBstp * Ao stiffiener and contributing top
plate. Ppespi= |11 Xps0.673 =1
27 009y O'OSSZW‘P“) if 5> 0.673
-3 2 3 2
_ Doy W), Yoo hso »
"11|p’T*bslupmd Vst T3 | Ty At st
Plate-like behaviour
Combined moment of inertia
nzmmf
g T 73 - 1804320
Tersip = 2 = 620.937vPa Critical stress for kolumnlike buckling 1261 -2,
Al 1LpBes of stiffener
The top plate and stiffeners are subjected to a constant stress distribution s0 o, .= o,
Teretp™ Terslip
Reduction factor for column-like behaviour K= |1 iy = 1 _8557
gy = =0.045m
P A
. :max[} i~ = v ]:0.046m
" e 2 e 781 =629, + 978y, 2 it 0>, > -1
239 if gy =1
Q= 0.49 + 009 =0.582 Stiffener with open cross section (curve c) )
) hp 5981~y ) it 15wy 23
o 95.68 if 1y, <3
b= 05@1 agpthy-02)+ xﬂ =0.799 [6:3.12)

Xip = min L i]-0756 3
b+ %z’kpz Ferpspx = TEspalospx = 1.544 107 BPa
Interpolation

& =mi.{max[q“‘“‘” -1 ,o} 1] -0
Terctp

Column-like behaviour

2.2
B 4.133mp:
Oerespx = ————— = 4.1330Pa
[rpn bl w0
+Xgp s
eip= [[{opeip ~xpleplf2 - 6g) ] 7 - <1 =0756
0= 021
1 oo o)l ) x|
R by = 0501 gy -0.2) 5,2 0724
Shear
1
Xgp = min| —————— 1| = 0.889
n=12 7102 [ jﬁ ]
Pt b N
0.83 )
X = [0 N < o =12 Interpolation
0.83 0.83
— if — =\, <1.08 Terp.spx
X n P Epx :mm[max(umw\ -1,0[,1]=1

1.37

07eny] 07108 {( “Xltopalf? - €] }m

X
Pespx = [(vpxspfxsp)ispx‘(‘zfispx) ] if ==t -
X M1

-0.753 . [{oprsp ~sp)tep 2 = €5p) * xep B
M1 ™1

etn %,
Pe.tpult a1
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C. Box girder

Z-direction

Yepp =1

apep=034 Nosp= 0.7

psp = 0501 + o ifxy =g p) 2] = 0.785

Ppzsp = 1if xp50.673 =1
! if %,>0.673
Plate-like behaviour
ko pspz = 4
ﬂzmmsz 4.133

OEspzS Ty, - 4 133MPa

1261 - )52
Cerpspr = Ko pspsBrps = 16:534MPa
Collumn-like behaviour

il 180.432
Terespz = T oy 5 432 MPa
1241 -2

Interpolation

o
tpr= .nm[m{M -1 ,0}1] =0
Terespz

Pespa™ {(apnp*xgp)é‘pziz’éw) }‘
il

L [ )y M2~ 69 ) .

M1

Top plate stiffeners - check
x-direction

1 3, <0.748 =1
X, - 0.188

Ppx.tps =

if X,>0.748

»

_ b =14 by,

= =0.603
by -1,

Py

2 2
Bl

- PN

3
=2.479x 10" MPa

TE.tps.x

kg apsx = |1 i bpsx = 1
82 n‘1>¢spx>0
105 + by :

781 if by =0

781 - 6.2y, + 9,780, it 0>

spx
23.9 i ey =1

2
95.68 <-3

i bpsx

4
Terpiapsix = KotpsxPEaps.x = 1.021x 10 B1Pa

>
sp.x

-1

[(p,,, o Xep)spall2 = &)
L

M1

=4.117

Collumn-like behaviour

nzurwmz

Terctpsx = 7y = 1-348MPa
1241 - Ds 2

Xips = Xsp

Interpolation

"
Epsx = mm[mnx[ P 71.0}1] =1
Teretps.x

{(pr s qu)ﬁ(ps x[éz = Eips. x) ”}muh
s

Peaps.x = |:("p‘< s~ Xp s f2 = i) ] i <1

*Xips T
o Lomens =X 2 ) * 3l
M1
Top plate check

2
2 EY LN RTI T
=0.998 Xl

m M1

2
13 L
Edp | o f TEdp

PeapTylta)

M1 M1
o 2
xEdp | _
= min{1.25 - 0.25,,1.25 el | 0994
M1

1022

o= min e = = 1] =1
v

*p

pepy = [Py~ xp) 2 - &) # 3 = 0756

o= max(l.zs . 0,75%2.2) =233
2 . 2

Tx.Ed.tp . ﬁfﬁdnp -0.998
Pc.vp.va(‘d Xwhy ‘d)
M1 M1
Side plate check
2
9 x.Ed.sp 92Ed.sp Ix.Ed.sp \,{ 92Ed.sp _
+ - .. =0.603
PespxBls) Pespo (i) Pespxb (s J“[ Pesp (i)
M1 M1 M1 M1
'3 TEdsp
ML
With the V-factor

cpi=min(1.25 - 0.25m,, . 1.25) =125

{ ‘[1 022) 1,
Papay = min el = =~ 1=
Ty

Pespxy = (Papy X B2 = €] +3p= 1
2

a7 12540755, = 2.33

=0.889

Vip = Pespx.vPespz

0.9 _

f= xp’U‘swm(gspﬁ I) 0

Pespzy = Xap * (Pprsp = Xp) &y = 0.889
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C. Box girder

2 2
x.Edsp . TzEdsp - f xEdsp \,f T2Edsp 20762
Pespav Bt Pospz vty "{ Pespayv Bt H Pespzv i)
M1 M1 M1 M1

3
N ﬁBEAsp
]

Top plate stiffeners check

2 2
x.Ed.tps +3 TEd.tps. 20.556

Poapaxls Xt

ML ™1

= min(125 - 0,25, (.1.25) = 1.099

Cips ©

102
sy =l - | 1| =1
»

Deapsxy = (Pipsy ~ Xeps) Bpsf2 ~ s * Xips = 1

o, 2 ks 2
x.Ed.ps Ed.ps
+3 =0.744
Pepsx VIt X Bty
M1 M1
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C. Box girder

The Reduced stress method

-Different vertical stiffener distance s

Top plate stifeners

M
[

Material O tdips = g = tg - Vyp) = 246.839 P

ot

(0= [355MPa if t < 40mm

= 1
(335MPa) if t>40mm teo, t B,
£:= 210Gra L 2 2 fio 147910 a0
s‘ps-# h‘s"d-T'VKP = 1.479x [’
so
E
=03 Go= =80.769GPa 9B, K
v LT T . L EE*‘R’J’erj
o+ 2 2
Geomet
Vgl
Bottom plate TEdps IE",‘S“” =14365mPa
ot'%so
ty:= 16mm by := 1000mm Ay byt = 0.016m2 )
Governing slenderness from FE-software
Top plate - MPa
ov.uniT= 460 kN From a linear stress analysis in Sofistik
tg:= 10mm bg:= 3500mm Ag= bty = 00350 2
42449
Side plates oy = ov.UNIT = 340.18MPa
= = -3
ty:= 12mm hy:= 389.2mm A 467x 10 0
Webs
ty:= 12mm hy,:= 1340mm 2
N N Awi hyfhy = 0.016m 6,253 From a buckling eigenvalue analysis in Sofistik
aguniT = 166.25 > uckling eigenvalut lysis i il
Byxi= 1250mm by = 482.8mm o
Top stifeners o e SerUNIT oy
ot
q
to:= 16mm hyo = 140mm
sy = 350mm 1= 9 Slenderness for all parts
Web stiffeners
1= 12mm hgy = 120mm
sy = 440mm ng,:=3
Whole bridge
b
Loridge = 18m h = 5" hyy thg+1g=0.89m
o 4 Top plate check
g = 0.0148m From grasshopper
Yip = 0.526956m From grasshopper (from bottom of bottom plate) b= 1
p
Load Ppip = |1 i 2= 0.673 =0.997
Global X~ 0.055(3 + v,
2
kN N
=73 — P
! 2
m
N
Q:= gy = 255.5% Plate-ike behaviour  [A1]
QL 2 4
Mmz%zl.‘BSXIO N e
o 5 TR e =1.549pa
Ed::%:z.zno N 121 - By
Top plate
Mg 4 _7
Oy Edp = ?{h‘s 3 Y| = 250.334m1Pa O, Edip = 0 iy = & z) 3.205% 10 m4
o :
1241 - v
1B, t _3
Spim —t {hs-ﬁ- 1139x 10 m’ W
g +2 2 A Higolita + =
Vsl = YR =32.411Gmm
VS
Thap = T T = 14750
Loy inl g, o) 3 2
b, t 8
! Isl‘p':ﬂ+Ad\Ey‘ps“pf ") =1.052x 10
Side plates 12 : 2
3 2
Mgy +n, H‘so‘ 0 LA Hnd+E—y 1
0 Basp =l =14 = ¥yp) = 246.839 P o2 e 2 sl
ot

TuEdsp T 5 = 10.646m8Pa

Y=
hyg = t, Y,
(h-1a
Sepi (hh—‘df‘{\p)ug, 5 +
ng, by N5 Bgo
*7“‘,0% by =g~ Y Yy 8= ™ =0.576

05VigSgy

TEdsp= T =63.875MPa

Fp=4256

otts
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C. Box girder

k. =

2
2
2[&1“ )., 71}
o= |2l T o <R 2285035

o b+ 1)1 +3,)
M) e
W+ 1 il + By P P

=441.786MPa

Terpip = KoptpOEp

Column-like behaviour [4.5.3]

%
PLintip= 5T w“’ 5y, =0.175m
.
P2.supap = 5 By = 0.175m Parts of the top plate that contributes to the
e stiffener
=0.35m

b1 1.tp = PLinfap * D2sup.tp

-39
t h
t4Bg1.1 th; * AsnEE‘d * 7\(,]
Vipsllp =TT A S 0.034m  Combined center of gravity for
fdfsLap * Ao stiffener and contributing top

plate.

2

-3 2 3
. _ by o o 4 +‘.~0mso et by
==L Y -= = -,
SRE 2 sLLp S Vipstip T 5 2 sof{'d* 57 Vipslip

Combined moment of

inertia
ﬂzmn‘sl.l,tp ” " "
Terslap =~ =456.199mPa C_nucal stress for kolumnlike buckling of
Aq1pSis stifener

The top plate and stiffeners are subjected to a constant stress distribution s0 o, .= o,

Terctp ™™ Terslip

Reduction factor for column-like behaviour

h,
so
Cp = max[ylp.sl.l.lp “lgtgt 3 Vwsl “Pj =0.046m

= 0.49 + 009 | 0.582
etp i
P

ep

stiffener with open cross section (curve c)

b= 0.5[51 voeplhy-02) + xﬂ 03868 6312]

1

Xip = min| ———
2 2
Llp o TNy
Interpolation

e mm[mx[m -1 ‘0],1) -0
Terctp

b= |[(Pprp =)l = ) + ]

,IJ =0.709

[{ppeip X2 = ) + Xl .
Imi

=0.709

L Lo o) eolf2 = ) * Xl B .

M1
Shear
n=12 71
0.83
Xy = M0 Ny < " =12
083 if 083 <X, < 1.08
X n 4
1.37

m if X,z 1.08

PetpBult _ 0739
—r =0

M1

CCCXXXVI

Side plates check

x-directiol

Tmax =

n

(1)

T max

o)

al

bpx

Meq

Txbot =

= max(3 + gy (,0) = 2.898

Ppx.sp =

Mgq
ifh[s - tg=hy= V) =-25.2790ra
o

Z+o, =1

(s = ta 1)
s (R

=-0.102

s~ 14~ Vi) = 246.839ar0

o,

1 X, <0.673 =1.129

X O.OSSrthL«SpM)

3 it %, >0.673

)

Plate-like behaviour

TEspx T

1

kospx =

Terpspx

<2mn?
- 1804320
2{1-42) 5,2

Lif g =1
8.2
I 0
1.05 + 4, 1> Ygx>

781 if g, =0

7.81 - 6,290, 20005y, -1

spx ”

o 978
23.9 if g =-1

sp.x

2
59801 - vy, ) it <15, 3

95.68 if g, <-3

>
spx 2

&, =1.544x 103EMP‘<\

TEspx-a.sp.x

Column-like behaviour

Tercspx T

ag=021

2 .2
(El
il ~ =3.03701es

121-2)

v /s

by 0.5@1 caglhy,-02)+ xﬂ =0.779

! ,|] =0858

2_ .2
bt O N

Interpolation

€gpx = i

Pespx =

o
[max( TPPX _ |,0],1]:|
Terespx

[(ammp);pr@fgpx)---] i
FXsp

Ui [{pxsp ~ Xsp)sp 82 = €5p) * xepl @ o1
RV h

xbot 0,102
xtop
=8.557

{(pr o~ Xop)Espal2 = )

M1

:|mul\
<1

=1



C. Box girder

Z-direction

Vepz = 1

=034 Npop =07

psp = 0501+ itn, =g ) # 3] = 0.835

1 if 2, <0.673 =1.026
1

Ppsp * Ppsp "N

Plate-like behaviour

Ppzsp =

it X, >0.673

Kopspz'= 4
nzmﬁgz
TEgpr = ﬁ =3.037mPa
IZ\QI -V )\gu
Terpspz = Kopspz@Espz = 12:1470MPa
Collumn-like behaviour
nzuz12
Ccspas = g = 180.43200ma
12\(1 - v )ms

Interpolation
- [[m . 1,0} nj -0
: Terespz

[(o,,, o~ X spall2 = 6p2) --}%n
L

Pespa™ {(apnp*xgp)é‘pziz’éw) }‘ <1 =0858
.

S
Xop M1
- (o0~ Xolip 2~ ) + Xl | .
M1 B
Top plate stiffeners - check
x-direction
Ppxaps = |11 X, =0.748 =1
-0.188
X701 Xp>0.748
2
)
2.2
E 3
E— ST 49 10°mm
1261 -Ys,
Kopsx = |1 i Vipsx =1 =4.117

Iﬁiwj i 1>, >0

781 it g, =0

781 - 6290k, + 978, % it 0> v >-1
239 if gy =1

5.98(1 -%SX)Z it 1> 223

95.68 if 1, <-3

tps.x

4
Terpiapsix = KotpsxPEaps.x = 1.021x 10 B1Pa

Collumn-iike behaviour

2 2
G,

Teretpsx =7 5 - 5.399m1pa
1241 - Ys 2

Xips = Xsp

Interpolation

.
- m[m[¢ . 1.0} 1] .
PS Terc

{(pr s qu)ﬁ(ps x[éz = Eips. x) ”}muh
+X
Peipsx = {(vp( s = XpeSpaf2 = ) -] i
*Xips
[optps = o) sl = i) * epJ
M1

M1

1if =1

Top plate check

2
-3
3 _TEe | 3507, 10

2
o F
xEdp | g Ed.tp

2
=0.994
Pe.p It Xy {tg)

M1 M1

. 2
xEdp | _ 99

¢p:= min{1.25 - 025,125

Py = mm{:‘pEE% - 0—222] ) 1} =0.997
P Xp

Pepy = (0ipy = xp) B2 = ) + x5 = 0.709

M1

eymmax(125 +0.75%,2.2) =2.33

2 - @
Tx.Ed.tp . *ﬁffmp

=0.996
Pe .V};/(td Xwiiyltg

Ml M1

Side plate check

2 2
9 x.Ed.sp . 92Ed.sp _ Ix.Ed.sp \,{ 92Ed.sp

Pespx () Pesp7 L) PespxB{s) J“[ )

..=0.528

M1 M1 M1 M1
2
@
L3 TEds

With the V-factor

cp= min(125 - 0,25, 125) =125 M1

. { Ef 1022,
Papx.y = min e g =5 =
)\p

Pospav = (Papy = Xep) Eipf2 = € + 3= 1
2

o= 12540755, =233

-0.858

Vep'= Pespxv Pespz

[ xp’ O'Sml(g‘p Lt 1)0'9 =0

Pesprv = Xep * (Pprsp = Xep) Ty = 0.858

2 2
Ix.Ed.sp . 92Ed.sp - Tx.Ed.sp M 92Ed.sp .
PespxV Iy(‘s) Pe, sp.z.va(‘s) 1 Pospav “\/(‘s) JI Pe sp.z.va(‘s)

M1 M1 Vil M1

. =0.712

3
RR 38pagp
A
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C. Box girder

Top plate stiffeners check

2 2
Tx.Ed.tps TEd.tps
+3 =0.487
[P LI ] {Xw‘% s J
M1

M1

= min(125 - 0,25, (1.25) = 1.099

Cips ©

1022
Prps.xv 1= Ml ¢l ‘Tp Y =1
»

Deapsxy = (Pipsy ~ Xeps) Bpsf2 ~ s * Xips = 1
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C. Box girder

The Reduced stress method

-Different vertical stiffener distance s

Material
f(t) ;= |355MPa if t<d4omm -
Y ) v
(335MPa) if t >40mm
E := 210GPa
- E .
vi=o03  G= —— =80769(GPa
2001 + v)
Geomet
Bottom plate
t, := 16mm by, := 1000mm ol = 0016 m>
Top plate
tq = 1omm by = 3500mm g = 003 m>
Side plates
tg = 12mm hy 1= 389.2mm Ag:= hglll = 467 107 32
Webs
ty ©= 12mm hy, == 1340mm Ay = hyfd, = 0016m?
thx = 1250mm hw.y = 482.8mm
Top stifeners
to, i= 16mm hy, = 140mm . _ —3 2
S0 S0 Ago = hollgy =224 X 107 *m
S0 1= 350mm ngy =9
Web stiffeners
tg, i= 12mm hg,, = 120mm o _ —3 2
su su Agy = hgylgy = 144 x 107 “m’
Sgy 1= 440mm ng, =3
Whole bridge
f
b
Lbridge = 18m hy = 5 + hW_y +hg+tg=08om
Sgg = 3.6m
Tiog = 0. orasm® From grasshopper
Ylp = 0.526956m From grasshopper (from bottom of bottom plate)
Load
Global
MR
1=n—
m

Q:= qud = zsz[l%

2
Qg
Mpg= —8% = 021 x 10* KNl
Ed 5
Qprigge
Vig = % = 2268 x 10°[RN
Top plate

M, t

Ed d

OxEdtp= T Lﬁh‘s e Ylp] = 246.905MPa.
tot

tgby @ tq )
= hyg = — = Yy, | = 1139 X 107 [
LTS G

Vi4S,
Ed™
TEdtp = 7{: = 14.548[MPa
Ilot"m“(ls"so)
Side plates
.- _Ed s
Ox Edsp’ L@h‘s —tg = Y[p) 243.457(MPa
tot
07 Edsp = =105MPa

hig ~tg = Yy tlBg
- D
Sep = (hts 4 Ytp)ms B =

n h
SO SO
+Tmsoms0{hts T Y

3

Lgh&s -

9zEdtp =0

2

- —33
Ylp) e =9867 X 107

0.5Vg4(S,
- Ed®sp _
TEd.sp = ' = 63(MPa
tot's

Top plate stifeners

_ Mig o
Ix.Edtps = Tt@‘m g~ Y,p) =243.4570MPa

teo . 0,
ng soq o, Sqm) b
gm 2 2~ g~ — = Yy | o = 1479 % 1073’
Stps ey * 2 L R t 1479 X 10
g, t,
+ 4 {hts’j’Ytp)
Ngo +2 2
VidS,
d>tps
TEd.tps = liﬁlpq = 14.168(MPa
tot'so

Governing slenderness from FE-software

MP:
OV.UNIT = 385 From a linear stress analysis in Sofistik

m 4.2449
oy = oy unirld = 421.2[MPa
_ 5l)

= 0843
It oy

Or UNIT = I26.I7ﬁ From a buckling eigenvalue analysis in Sofistik
m?

_ SerUNIT _ Lo
cr q -
0.694 Slenderness for all parts
Top plate check
wm =1
Ppx.ap = |1 I Xp S 0673 =0.985
X, — 0.055[{l3 + |,
Mo by)
N2 P
P
Plate-like behaviour  [A.1]
TEEy
= 1.549[MPa

OEtp = o - Vz)de

| I bdmd} =3205 % 10" "m*
ptp = T ) DS m
1zF€| - Vz)

tq ho
Al + "snD\snEE‘d 5

Ad ¥ g Ao

byl i)’
Lip == " Ad¥psip =5 ) -

[ hso :
g+ Aty * = ~Vipsip

Yip.sltp = =32411hm

4
= 1052 x 10°Em

‘/Tlp:nss
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C. Box girder

25(’ + "‘tlvz)2 Tp "‘
oy Ty + 1)1 + 51p)

4[@|+‘/Ttp) ,fatp>ﬂ

- P 4 -
ko.p,lp = if alps Yp = 198.746

(ep 1) + 34p)

Terptp = kc_p‘[p!?rE»‘p =307.935(MPa

Column-like behaviour  [4.5.3]
3= wt
P -
by infp ¥ Bgo =0.75m
tp
b. E 2§ =oism Parts of the top plate that
2.5up.4]
SUP-PT s~ Yip 50 contributes to the stiffener

bl 1tp = Plinfap T D2sup.tp = 035M

g hso
141 1 5+ Asan‘d -

tq,

=0.034m combined center of gravity for
stiffener and contributing top

plate.

Yip.sl.lp = i * Ao

3 2 3
b1y )" tsolso hgo
1= " hgrpTaWpsiip =) T T P Aolta T T Yipstig

Combined moment of inertia

2
T Ey)
i“f =31680s(MPa

Agl1tpBhs~

T, =

crslip - Critical stress for kolumnlike

buckling of stiffener

The top plate and stiffeners are subjected to a constant stress distribution so o, .= o, |

Redaétion Betorlfbr column-ike behaviour

i

Agl, L.tp

- hso -
Ctp = MAX{ Ypslitp T ldold T T T VipslLep ) T 004em

Qe tp- -

stiffener with open cross section (curve c)

[6.3.1.2]

bp = (;5[|i| + ac_tpliq}\p -0 z) + )\pz—‘ = 0884

x‘p:= min| 7',| =0.698
2 2
Gt Pp "

Interpolation
erp
g‘p:= min| max| et -1,0[,1|=0
Teretp

Posp= |[{Pprap = Xep) Seplle = Eup) * Xep] i

" R i T R .
M1

M1

1

Shear

ni=12 71(2)

0.83

Xy = M if N, <— =1.197
W P

) if@sxpmns
_
1.37

W 1fxp2|nx

Pe.tpBule
i
M1

CCCXL

(oo~ Xp)Sipll = 1p) * Xep] B <

Side plates check

x-direction

o(z) = {%a + amax}tﬂ
P,
wsp.x = % =-0.102
s
M
I top T:‘d@‘ts 4= Ylp)

Ed
—E@h(s —tg~hg- Ylp) = —24.933[(MPa

Txbot =
t
_ Ox.bot
bsp1 =
9x.top
bep3x = max(z + wsp_x,‘,) = 2508
Ppx.sp = |1 i Ny <06m i
A 0055 (b3
2 Pirq“f”‘) i\ > 0673
2 N .
P
p
Plate-like behaviour
wznﬁmj
CEspx T T )5 - s042MPa
12&1 -V )I]}s
Kospx ™ |1 il bepx =1 =18557
82 it >y
T if 1> >0
(1 05 + wsp.x) Sp.x
781 if wsp_x =0
2.
7.81 = s.z9ﬁbsp_x + 9‘781’sp,x if 0> wsp.x -
239 if wsp_x =-
s9x|:€1 - ﬂ!sp_x)z if —1> g 2
95.68 if wsp.x <=3
= = 3
Terpspx = OEsp.xFo.spx = 1544 X 10°MPa
Column-like behaviour
B
N = ————— =2109[MPa
Cr.c.sp.x
P |zﬁ —vz) Elsz

= 0.698

(Xsp =021
3
gy = o.stﬁl + aspthp - oz) + X}J =079

Xsp = min[f , |] = 0851
Psp P "N

==0.102



C. Box girder

Interpolation

{(ppx.sp - Xsp)‘isp.x[g2 - Esp.x) "'i|ﬁull
+Xsp

Pe.spx = [(pr.sp-xp)isp.xfﬁz-isp.x) } if o

+Xep
" [(Ppx.sp = Xsp)€spxf? = Espx) * Xp] Bt N
M1 -

1

Z-direction

spz =1
A sp =034 XPU-SP:: 0.7
Op.sp= 0.5@ + up'spr@xp - >‘p0.sp) + Xp] =0.846

Ppzsp = if XP <0673 = 1.007

if xp >0673

bpsp*

Plate-like behaviour

Ko pspz =4

'rrz[]Emsz

OEsp.z = W 109[MPa
R - v, "
Oerpspz = Kop.sp.zOE.sp.z = $436MPa
Collumn-like behaviour
B

Tercspz W = 180.4322[MPa.

2 - v ms

Interpolation

G
cr.p.sp.z
Esp.z = min| max| —CLPSpz _ Lol,1|=0
erespz

|:(ppz.sp - Xlsp)gspr.z':g2 - gsp.z) "'}mul(
f

- C [Mxsp
Pespz = (ppz.sp 7Xsp)§sp.z@ - ‘Esp.z) Bk
+ M1
Xsp
it [("pmp - xsp)isp.,LQz - gsw) * Xsp]Gule .
M1
Top plate stiffeners - check
x-direction
Ppx.tps = |! if Xp <0748 =1
N, 088
T if )‘p > 0748
P
¥ - hyg —1g - hsa) — oo
tps.x = 0.603
P a(h's - td)
_KZD}: 2 :
OF tps.x = T L 2479 X 10°[MPa
12E6| -V )mso
ko‘.tps.x:z 1if wtps.x =1 =4117
82
T if 1>, >0
(1 05 + w!ps.x) P
781 if wtps.x =0

781 — nzqib‘ps_x + 97X5115p_x2 if o >¢sp_x >
239 if wtps.x =-1

2 .
5 9XIIQ| - wmm) if =1 > wsp‘x 23

9568 if 'q)‘pm <=3

= = 41
Terp.aps.x = Ko tps.x[OE tps.x = 1021 X 10" MPa
Collumn-like behaviour
2 2
B,
Tere.tps.x & 2) S =37490MPa
120 - v Ets
Xips = Xsp
Interpolation

Ter.p.ips.
itpsAx = min| max| —Crplpsx 1,0[,1]=
Ter.c.tps.x

[(ppx.(ps - X{ps)iﬁps.xtéz - E‘pa.x) "}m‘ult
)] i

+X‘
. ps
Pe.tps.x = (ppx.lps - X{ps)ﬁxps.xtqz ~Eipsx) 1
+ Xips
it [(ppxlps - szs)ﬁzps.x@ - 5tps.x) * Xeps|Pult -
M1
Top plate check
TEd.tp _
2 2 - 3
Ix.Ed.{ TEd.t N ) | T
e S R U L mey(‘d)
peipT(t) Xl () "
M1 M1
Ix.Ed.tp o0
c!p: mm(l.ZS -o. zsﬁb‘p, 1 25) =1 pc.tpmy((d)
)
[ = min| ¢, L0223 = ass M
tp.V T tp ST
>‘p >\p
Pep.y = (Pp.v = Xep)Biplf2 = Eip) * X4 = 0698
eyi= mnx(l.zs + o7sﬂ(w2,z) =2324
2 e
x.Ed.tp \EBEdlp
—— | +| ——F| =097
Petp.V 5 tg) Xty (tg)
M1 M1
Side plate check
9x.Ed.sp i 92.Ed.sp 7 Ox.Ed.sp 92z.Ed.sp
— + — - = = . 0427
Pespah() PospaBl) | | Pespa{s) || Pespalt)
M1 M1 M1 M1
2
=
o Ed.sp
X1
Mt
With the V-factor TEd.si ’
—P | 5= 0066
mey(‘s‘)

Csp = mm(l.zs - ozsﬁbsp_x, 1 25) =125
M1

PospxV = (Pspxv = Xsp) Bsp {2 ~ Espx) + Xep =1
a1 0.755(WZ =2324

= 0851

Pespx.VPesp.z
fo0= X\ _USFIh(ESp_Z + 1)“ =0

sp = p

Pe.sp.zV = Xsp * (ppz.sp - Xsp)msp =085t
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C. Box girder

9x.Ed.sp ? 92.Ed.sp 7 9x.Ed.sp \r( 92.Ed.sp

v,
pc.sp.x.me(ls) Pc.sp.z.vmy(‘s) ® pc.sp.x.\/my(‘s) JI Pc.sp.z.vmy(‘s)

M1 M1 M1

e 0703

M1
3
" \ﬁB‘Ed.sp
()

il

Top plate stifeners check

9x.Ed.tps ¥ TEd.tps
—— | +3
Peapsath(t) xih{s)

= 0474

il M1

Cips = mm(lAZS - o.zsﬁbtps_x, |.zs) =1.099

- 02 _
Pips.x.V *= MM Cypg ~ L2 =T
PN

Petps.x.V = (ptps.x.V _tis)lﬁps.xtqz - gms.x) * Xips = !

Ox.Ed.tps i od TEd.tps
pc,tps.x.VLﬁy('s) XWUTY(‘S)

= 0.687

M1 M1
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C.

Box girder

EWM - vertical stiffener distance

This chapter covers the EWM when changing the vertical stiffener distance.

Geometry

Amount of:

upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

ngy =9
ngy =6
Nggo = Ngo + 1 =10
bg = 3500mm tq = 10mm
b5 = 1750mm
bg
Sg0 = —— = 3500hm
"S.SO
hs = 389.2mm tg = 12mm
hW:= 1340mm ty = 12mm
hwy = 482.8mm
hyyy = 1250mm
Ssu0 = 20mm
Sgu = 440mm
by, := 1000mm t, == 16mm
hg, = 140mm tgo ©= 16mm ag, = 6mm
hg, = 120mm tgy ©= 12mm ag, = Smm
hg, y = hy,Bo 21123~ | = 111.939 [
suy = BgulBos| 2112682 | = 111, m
'

hygi=tq + hg + hwy+ 5 =8900hm
lbridge = 18m

1.6m
Stg = 2000mm Stg0 = S00mm
tig.1 = 18mm tygp ©= 12mm tyg3 ©= 8mm

b
by * by = - = 864%m

W

M1 = 1.00 Tp =12
o = 1.00
M=

Material parameters:

E := 210GPa
fy(l) = |(355MPa) if t <40mm EC1993-1
(335MPa) otherwise
235MPa
&0 =
)
Area
Ag = tgby Ay = 2thg Ay
Aso 7 Nsolloso  Agy = ngyllyBgy
At = AgHAgHA + Ay + A + Ay, =0.12100

-1tab.3.1

=2t M, Ay =t By

2

_ _ 2
Agi= Agy + Ag = 0.055m
Change of centerofgravity,zm
tq hgo hyg by
Adﬂg+Asn{[d+7 + A td+7 + Ay ‘d*hs*T
h
2 suy
+Abtgtd +hy+ l\wy) + Ag Dty + hy + E(hwy - ssuo) - }
7= "

tot
Moment of inertia I,
= i s =
Ssudy = 3in| 2112555 |50 = 7.206mm

Stiffeners over/under:

3

=363.096thm

From top to centre of gravity

2
sl hso B -3 4
Iy sts0™= Mol * oMo Mggltg + =2 =7 | = 1649 10" m

1y sl = 601.50600 “m from FEM

1
Iy stsu™= lystsul * 2‘sumsu[g‘d +he+ g(hwy - SsuOy) T

2
houy
= T Zp| -
2
Y _
Zp

2
+ ZLSHEﬂsu%[d +hg+ g(hwy - ssuOy) - B

hgy,

+ ZLSHEﬂsu%[d +hg + (hwy - SsuOy) - —2
Web:

Iy .1 7= 200.000312m" from FEM

1

ty ’ -
= g+ 2yl = — - E@qu) -~z =3.101x 10 "m

Deck:

Bottom flange:

3

2
h, _
LY z[p} . =0.169% 10

3 4

2
d Y4 -3 4
— + gyl — -z =4488x 10 "m
12 d dE€2 lpj

2
byt b -3 4
== * ‘bmbfghts -np= ) =4309x 107 m

Side plate:

‘SmSB hS :
Iys o A o7 =3.526x 10
Total:

Iy tot = Ly stso * Ly.stsu *

-4 4
m

_ 4
Iy.w + Iy.d + Iy,b + Iy_s =0.015m

CCCXLIII
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C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections
Stresses

Tmax = fy(ta) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Umax

Tregl?) = 2 = Oy
“

)
3
=
N
&

1 neg(1:22) = max(0pey(21).0,

)
3
=
N
o

UZ,neg(Zl 'ZZ) = min(o‘neg(zl),ﬂ

Stress at z-coordinate when upper flange acts in tension:

“max

Upns(7) = 2+ 00k
%p

crl,pos(zl 'ZZ) = max(o'pos(zl)'UPOS(zz))
Uz,pos(zl ,zz) = mi“(Upos(Zl)’Upos(ZZ))
Buckling factor

72 pos(?1:72)

1 pos(?1+72)

“z.ncg(ll vzz) , o
- 701.“05 s Vpos(#1:72) =

quneg(zl 'ZZ)

kgq (b)) = |4 if p=1 Buckling factors from table
82 41
——— if 1> >0 SS-EN 1993-1-5
1.05 +

Internal parts in conpression
781 if p=0

781 = 6.29% + 9.789% if 0> >~
239 if p=-1

598(1 - ) if <1 > >3

kg 4.2a(0) = [043 if p=1 Buckling factors from table 4.2
0.57 if H=0 SS-EN 1993-1-5 upper part
) Elements in compression with
0.85 if p=-1 free edge.

2 Lower stress close to support.
0.57 = 021 + 0.07¢" if =1 >p=2-3

kg 40p(0) = (043 if b =1 Buckling factors from table 4.2
0578 SS-EN 1993-1-5 lower part
—— if 1>)>0 Elements in compression free
§+ 034 edge.
1.7 if =0 Higher stress close to support.

17 =50 + 17.19° if 0> > -1
238 if p=-1

Slenderness
b

t
28.43(1)%/]70.

Xp(kgbot)

Reduduction factors
pao(pi¥) = |10 if X, <05 +/0.085 - 0.055% SS-EN 1993-1-5 (4.2)
Internal parts
p = 0.055max[(3 + 1),0]
minf ———————— 1| otherwise
pa3(Rpb) = |10 i N, 0748 SS-EN 1993-1-5 (4.3)
) Cross-sections with free
(N - 0188 ) edge
min| ————— 1| otherwise

CCCXLIV

Reduced cross sections

Side plate
21 = tg = 10Ghm

7y = tq + hg = 399.2(mhm

Tnee(”2)

()

=-0.102
“neg

Condition := | 62 (t)({1 ~ ) =g if =<1
42(1,)

——————— otherwise
0.67 + 0.330

Class4 := | "Class4" if > Condition = "Lower than class 4"

s

"Lower than class 4" otherwise
k0.4vl("*|’s) =8.555
[tab. 5.2 ES1993-1-1]

Nps = )\p(kGA‘](II,‘S),hS,lS) =048

‘JJQ) =1 Inre tvérsnittsdelar, EC1993-1-5 4.4 (2)

hg (1= tq + hg = 7= 0.036m Héjd dragen del

hg ¢ 1= hg = hg = 353.096m Hed tryckt del

hg oppc = pstghs_c) =353.096 m
hg effet = 04l ofp ¢ = 141.238m

by eff.c2 = 060 ofp ¢ = 211.858m
hg off 1= hgefp + g = 389.20m

3 2

AsAcff.c = Zﬁs_cff_cms =8.474 x 10” [lhm’
- _ 3 2
Agoff = 2(115_“-1-_c + hs_t)ms =9.341 x 10”Em

Critical buckling stress, orthotropic plate:

ST 3
= = ™
erp = Koa.1(s) f a2 1344 107MPa EC1993.1-5 eqA1
1201 -7 m
s

Stiffeners
Zav= tq = 10Em

Ja/= tq + hgo = 1500hm

nee(2)
g 1= —t = 0.604
negl?1
kc.4.2b(‘|’so) =0613 Higher stress close to support

h
dassd= | "Classa® it =2 > 218 (1, )Ry 4 2p{0sg) = "Lower than class 4*
Sl : s0) Yko.4.26

S0

"Lower than class 4" otherwise



C. Box girder

Pdso = p4A3()\p.so'/¢s) =1 Internal cross-sectional parts, EC1993-1-5 4.4 (2)

hso.eff == Pd.soBso = 1401m

a _ 4 2
Ago.eff = Nsollko Mo eff = 2:016 X 10

s
Class4_:= | "Classd" if — = "Classd"
"Lower than class 4" otherwise
4 -3
7q'= 7 ==5x10 "m wd = wncg(zdvzd) =1
[tab. 5.2 ES1993-1-1] kg.d = kg.4.1(thg) = 4

Xp.d = Np(kordrse.sorta) =0.723
Pq = p4A2(xp_d,¢d) =0.962 Internal cross-sectional parts

= Pyl o = 321,461 m

Areas:

— _ 4 2
A= N0 850q * ol g e * tg) =531 x 10" Hm

— _ 4, 2
Aceffloc = Moo effld * “so%oL@hso.eff + ‘d) =5.053 x 10 [tm
More than three longitudinal stiffeners > kv‘p obtained with eq. A.2

b
— 3205 10°mm*

J
12[61 - vz)

h, t
so d
fso ‘somsocﬁ‘d * 7] * bdmdB;

Mo * bglly

=32.4110hm

Yip.sl =

S0

3 2
b t
| by d _ s 4
Ig= [T + bdmdLEE - ytp‘sJ } =1.052% 10°Gm

3 2
Do to Bgo hso
* 2 +ngo oo g + = Vsl

=328.143 = = =0457
by

Uniform compression

- _ 2
Ag = ngo gy gy = 0.02m EC1993-1-5A1 (2)

— _ 2
= bylfy = 0.035m

A,
o 0.576

[y 1
2[11(1+a) +y-1 4
kgpi= | =————— ifas\y =997.731
(xzmﬂ;+ D1+ §)
2
b+ 3) otherwise

(b + D@1 +9)

Critical buckling stress, orthotropic plate:

B, s

= F—F—F— =1

‘%W‘P’ k(ﬂp B 5 1.546 x 10" (MPa
1201 - v°) By
A o
c.eff.loc

=——=0952

Bac A

c

Bach(t)
»}&p«'i =0.467

p= p4_2(>\p,¢) =1 Plate like behaviour

Effective area of the stiffened plate(deck):

EC1993-1-5eqA1

- g _ 4 2
Ac.efr = P4.2(Np ) Beeffio + Sso.cfrlla = 5375 % 10" Tm

Buckling strength

i d)
NR4 = A e Bt = 1908 x

fy(&
™M

Column like behaviour

h t
s0 d
‘somsotﬁ‘d + T] + 850 0g =

Yipsle = o

3
Ssofd 4
Igco= +s, -
sl.c { 12 soldl )

Buckling resistance stiffener

10°EN

= 34.268[thm

soso * Ssofg

2
- 7 4
- ylpvsl.cj } =1.137x 10 Ghm

3 2
tsolfso ho
+ 2 + hgolio g + T Vpsle

A= tsoBso *+ SeoEg = 5.74 x 10°m”

- _ 3 2
Asleff = tsoBso.eff * Sso.efffy = 3:455 107 hm

A
sleff
= —— =095

sl

Critical buckling stress for a stiffener

Ze

i A—

Column-like
behaviour

P

Interaktion

Plate-like
I~ behaviour

2
™ Ely

A

Cerl = = 1.604

=0 £=10

-The stiffener is acting as a column between stiffeners

* 10°MPa

CCCXLV



C. Box girder

Slendemess ratio

Calculation of reduction factor EC1993-1-54.53
Q= 0.49 Stiffeners open cross-sections

e=2718

T
Iy w ] g Lo

i= =135.3620hm

t h,
d 50
ma){(y‘p_s] - ?] '(‘d + T . ylp.sl]:| = 47.589hm

0.09

=a+ =0.522

e

¢:= O.SEEI +aglfh, -02) + xcz] =0.673 EC1993-1-16.3.1.2 (1)

Interaction
I

£ := max| min| P -1,1[,0|=0
Fersl

& ar nastan noll --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

(p *Xc)DiEIJZ - €) + X, =0.859

Checks

Mean stress rod

The "rod" in this case consist of two parts in the stiffener and one partin the
web.

t h, .
— d so.eff | _ 4
Fayst == 5o Ss&effmdwneg[?J + Asowneg(td = J =-1.571 x 10" kN

OomEd™= — - = 319.999MPa

Check according toA.2.1 (4

)

— A - 304.81304Pa
™
S (Y o
Kppq= |"OK" if >OcomEd = "OK
™M

"EJOK" otherwise

If this condition is not fuffiled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria

o _ 2
Adeff = M550 1dSs0.eff = 0-032m
o _ 2
Atoteff = Aso.eff + Adeff ¥ Aw * Ay + Ap + Agepp = 0.118m

g hsoeff
Adefrt + Aso.cffrE'd e

h,
s.eff.cl
+2 (Smsveff_d{td + 72 ]
h, h,
s.eff.c2 s
+tB eprealfita + by~ 7] + 'sms.trﬁ'd +hy-—=

h h,
wy 2 su.y
+AWEE‘d +hg+ —2 ] + Asu%td +hg+ E(h“’y— SSUO) -

2
¢
b
+Ap FEh‘s - 7]

Zp.eff.neg =
P € Atot.eff

CCCXLVI

=371.724thm

3 2
t . h,
o ss.efficl s.eff.cl _ -4
Iy seff = 1 + ‘sms,eItclEEtd + - Z(p.ell'.negj =3.788x 10
3 2
{0 efpc2 hg eff.c2
+ + g eppeolftd + hse ~ T 5 " “peffneg) -
3 2
tsg ¢ bt
* 2 + g Mg + by - 5 " “peffneg
3 2
1 50 5s0.eff Td tq -3 4
Iy deff = 2 + g 5084 550 e S " “peffneg) T 4.323x10 "m
- _ 4
Iy effneg = lystso * lystsu * lyw T lyb * lys+ Iy seff * ly defr =0.015m
Negative moment
Effective cross section with negative moment(lower flange in tension)
Area
Abteffneg = Ad.eff
Accftloo = 5053 10"’
pcmy(‘b)_Asl 3 2
Ac.eff.loc.mod = =-5.468 x 10"m
Teom.EdIM
Aufeffneg = Ab Bottom flange in tension
The effective area in compression is calculated according to 4.5.1(4.5). If the
condition A.2.1(4) which was checked before is not fulfiled, further reduction is
needed and the area above is used.
— g B =" " = 2
Aeswtin= |PcPeeffloc.mod * Sso.efffa if Kpp = "EJOK"  =466.0240m
Pelceffloc * Ssoefflly otherwise
Ag Lower stiffener in tension -> No reduction.
Ay, Tension -> No reduction.
A No reduction if the side plate is in class 4.
Aso Stiffener class 4 —-> No reduction.
Effective areas, effective centre of gravity and effective moment of inertia
3. 2
Actftot = Aceff * Aseff * Aw + Agy + Ap = 1.127> 10716
According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.
Ac.effloc.mod
tgefr = [P R if Ky g ="EJOK" = 8.586[hm
Aceffloc
Pty
t h, t
d.eff 50
solBso.eff o t :E‘d * 7) * sso,et'fmdag
d
t4 b effel
+"50B50.cff]d.cff:€?] + 'sms.cff.CIEE‘d + >
h off h,
s.eff.c2 st
”sms.eff.chg[d Fhem J + ‘s“‘s,ﬂg‘d *h = 7]
wy 2 ) suy
+AW:Etd +hg+ > * Asu%‘d +hg+ ;(hwy - ’suO) Y, }
4
b
* AbLEhts - ;j
pr—— =379.8510hm

Aeff.tot

4
m



C. Box girder

Effective moment of inertia:

3 2
05,50 5s0.eff tq -3 4
lydeftfin= = *tBssoSso.eft ) " Zpeffneg) =4517%10 “m

Souly= sin(21.123175:—0) $u0 = 7-2060m

Stiffeners over/under:

t,

3 2
B, h
_ 50 's0.eff 50.eff _ -3 4
lystso.fin = MsoB—— o+ “somsomso.effEE‘d A le.efﬁneg] = 184610 “m

= 60.50600 °m* from FEM

Iy stsul.fin®
= _ _4 4
Iy stsu.fin = ly.stsu.1.fin - =8333x 10 'm
2
1 houy
+ 2t By Pty + hg + g(“wy = Squ0y) =5 " “tpeffneg|
2
h
2 suy
+2(>u:ﬂ>u%td +hyt g(“wy ~ Squdy) = - z(p_cff_ncg]
hsuAy B
+ 210 B Pty + hg + (hyy = sgu0) = 5 " “tpeffneg
Web:
. 4
Iy.w.1.fin = 20.000312m"  from FEM
2
b 1 _3 4
by fin = ly.w.1.fin * 2‘w]iw[ghts 5 }E@‘wy) - Llp.ef‘fineg} =2811x10 “m
Bottom flange:
3
'l ' -3 4
ybfin'= =5~ * lbmbféhls ~Zipeftaeg =5 | TH035x 107" m
Side plate:
3 2
t B h
_ | soseffel s.effcl _ -4 4
ly.s fin = 2 *+ Mg effcl ‘E‘d * - Z!p.efﬂnegj =4048x 10 'm

3
N s eff.c2 hs eff.c2

o ‘s'h&eﬂ“,cZLg'd Fhe ™

2
- Z(p.eff,nng -

lsms.l3 by :
TSl s T T Zpefineg

o _ 10, 4
Iy eftneg fin = ly.defffin * ly.stso.fin * lystsufin * lyw.fin * lyb.fin + ly.s fin = 1.445 % 10" [hhm

Load

kN The load capactty is gy, when checking the moment capacity.
QM= 95—

m

- - N Qlyridg
Q= q Miby =335 N_— Myridge = 2993 % 10°EN
m B= T,
2
Qlyyidg,
My oridee ot
Ed s
Moment capacity
1
effneg fi
Wy gp = LRI 303
Ztp.eff.neg
fy{ta)
~ yta) 4
Mpgi= Wy B = 135 x 10* NG
M1
M
—Ed 007
Mpgq

Shear capacity
n:=120 SS-EN1993-1-551ANM2
Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

Byeb = 2058 (ty) By, = 0293m

hy,,
o= asin[%’]!t& =21119  Angleofweb
™
w

Distance to stiffeners from z-axis:

L
by ™ tsu sm(a‘” ISO)mS"
a, = — + 5¢,0ldos| F—|+— -———————=0503m
stz = 7 ¥ Ssu0 (&w 180) 2 2
™
™
51237 85122 F Ssum"s(o’w 180) =1324m
Moment of inirtia stiffeners z-direction
(tw
- 2 2 2 _ 3 4 (mon
Tz = 2y Balfasez1) * (asea2)” * (asez) | =818 107 m stifeners)

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:

by, t
Boni= smomas(awq%o) #2055

Moment of inirtia of 15¢t of the web z-direction

= o101+ (ss2) + (ap3)7] = 0020

I =0.029 m4

stztot = Itz + stw.z

Shear buckling coefficient, side plate

w

h 2

eff

Ky = 5.34+4,00L€iJ if —2 51 =5577 SSEN 1993-1-55.3 (5)ANM.
a

L A3when k=0
2
hseff |
4.00 + 5.34[] —— if
a

b eff

Pt = 374 (1)

=0451 EC1-3-5eq56

Shear buckling coefficient; web with more than two longitudinal stiffeners

SS-EN 1993-1-5 (A5)

IS[,Z,!O(

(minftg 1)) By,

SS-EN 1993-1-5A.3 (1) and (2) gives:

2
h
cb
k= 5.34+4[ e j tkeg ifa23 =2519% 10°
63+ 0,195t
3+ 0183——2tt
mi"((s’ ‘w)3]3wcb } Lst.z.tot
4.1+ +22 — otherwise
(xz min(ls,lw)3mweb
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C. Box girder

Slenderness limit for which shear buckling check has to be performed for stiffened webs: VifRdored =
.Rd.ored *

=12 EC1993-1-3-5ANM.2 5.1

h €
b
Check := | "no shear buckling”  if — e < 313(—

min(xs,tw)

"Reduce" otherwise

Pty Bft) | ou D)

CofPMIPn  CufBiM1Pin

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

Reduce > Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

= na{#,xwl] =0.451
37.41,8(ty) Kz

0.83
Xy = M if Xy <— =12
n

0.83 . 083
S <8, < 108
Ay n

1.37

if Ny > 1.08
0.7+, W

Kapacity of the web
e = 1.00 = 12
dae= 1.00

Shear capacity:

XovBy{ts) By B

3
Vi = ————————— =2.125x 10" [EN
bw.Rd
NEEIVIEER

Vb.Rd = Vow.Rd

VEq = 2993 x 1°EN

=0.704
2Vbw.Rd

T]Bg'(ts)‘:ﬂwebms _
VordS — z— =1
V3

Kapacity of the flanges

SS-EN 19931-5 54

! 2
S = "Reduce” Mpg )
l Vorra = | Vorrdored!! 7| 37— | | f MEd <MfRdneg =OEN
fRd.neg
0 otherwise
Shear capacity stiffened web:
TIDgl(‘s)mwebms
Vil Vi & e EC1993-1-5Ch5.2(1)
V3G

SS-EN 1993-1-5 5.3 (5.6)

Vo= VowRd * Vorrd = 2125 10°EN

SS-EN 1993-1-5 5.3 Table 5.1, Check:
stiff endstiffener.
VEd
2 <=1 EC1993-1-5, Ch.5.5, eq. 5.10
Vb.Rd
¢
Ed 704
Safety class 3 2Vp Rd

Flanges, plastic moment bearing capacity for the effective-flange-area.
Moment of inertia of the flanges:
SS-EN 1993-1-35.2(5.2)

. _ -3 _4
Iy fefffin = ly.defffin * lyb.fin = 8-552% 10 "I

The flanges effective area:

2
Aeff ftot = Sso.eff Td * NsoSs0.efft Td.eff + Nsollso Ty eff + Ap = 452.924(¢m

No shear buckling --> the plastic load bearing capacity can be calculated.

Moment of inertia

t
d
Asfeffneg = “tp.effneg ~ 5 =374.851 thm

1

b
Bufeffneg = Nis ~ 3 " “peffneg = 502.149 Thm

The flanges plastic moment bearing capacity for a cross-section with the effective

flange-area.
MfRdneg =
¢ Mo
. Auteffnee]outeffncgl ny(‘b)
Mo

. =713 10° &N

The contribution from the flanges should be taken into account when there are still capacity left in
the flanges in bending, ie the following condition should be fulffiled:

Mg4 <MfRdneg =0

2
= alll0.25 + %ﬂi(‘d) =0.498m
15 + ) (1)
2
cyf = all0.25 + M =0.472m
15 + ) (1)
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C.

Box girder

EWM - vertical stiffener distance

This chapter covers the EWM when changing the vertical stiffener distance.

Geometry

Amount of:

upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

ngy =9
ngy =6
Nggo = Ngo + 1 =10
bg = 3500mm tq = 10mm
b5 = 1750mm
bg
Sg0 = —— = 3500hm
"S.SO
hs = 389.2mm tg = 12mm
hW:= 1340mm ty = 12mm
hwy = 482.8mm
hyyy = 1250mm
Ssu0 = 20mm
Sgu = 440mm
by, := 1000mm t, == 16mm
hg, = 140mm tgo ©= 16mm ag, = 6mm
hg, = 120mm tgy ©= 12mm ag, = Smm
hg, y = hy,Bo 21123~ | = 111.939 [
suy = BgulBos| 2112682 | = 111, m
'

hygi=tq + hg + hwy+ 5 =8900hm
lbridge = 18m

1.8m
Stg = 2000mm Stg0 = S00mm
tig.1 = 18mm tygp ©= 12mm tyg3 ©= 8mm

b
by * by = - = 864%m

W

M1 = 1.00 Tp =12
o = 1.00
M=

Material parameters:

E := 210GPa

(0= | (355MPa) if t < 40mm
(335MPa) otherwise

235MPa
&0 = )

EC1993-1-1tab. 3.1

Area
Ag = tgby Ay = 2thg Ay =2t By Ay =t By
Aso 7 Nsolloso  Agy = ngyllyBgy
— _ 2
Aot = Ag T AgH AL+ Ay + Agy + Ag, = 0.12100

_ _ 2
Agi= Agy + Ag = 0.055m
Change of centerofgravity,zm
tq hgo hyg by
Adﬂg+Asn{[d+7 + A td+7 + Ay ‘d*hs*T
h
2 suy
+Abtgtd +hy+ l\wy) + Ag Dty + hy + E(hwy - ssuo) - }
7= "

tot
Moment of inertia I,
= i s =
Ssudy = 3in| 2112555 |50 = 7.206mm

Stiffeners over/under:

3

=363.096thm

From top to centre of gravity

2
sl hso B -3 4
Iy sts0™= Mol * oMo Mggltg + =2 =7 | = 1649 10" m

1y sl = 601.50600 “m from FEM

1
Iy stsu™= lystsu1 + 2‘sumsu[g‘d +he+ g(hw)’ " Ssu

2 hgy,
+2tg g, ity + hg + g(hwy - ssuOy) - —2

. by,
+ 2y Mgty + hg+ (hW)’_ ’5“0)’) )

Web:

Iy .1 7= 200.000312m" from FEM

2
- 1 _ -
= g+ 2yl = — - E@qu) -~z =3.101x 10 "m

Deck:

2
d Y4 -3 4
— + gyl — -z =4488x 10 "m
12 d dE€2 lpj

Bottom flange:

3

h,

2
Y _
Zip|

2
- z[p} =969 10°

2
Y _
2

3 4

2
byt b -3 4
== * ‘bmbfghts -np= ) =4309x 107 m

Side plate:
3
‘SmS
y.s 12

Iy tot = Ly stso * Ly.stsu *

2
hg -4
g+ -z | 2352610

4

_ 4
Iy.w + Iy.d + Iy,b + Iy_s =0.015m

CCCXLIX
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C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections
Stresses

Tmax = fy(ta) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Umax

Tregl?) = 2 = Oy
“

)
3
=
N
&

1 neg(1:22) = max(0pey(21).0,

)
3
=
N
o

UZ,neg(Zl 'ZZ) = min(o‘neg(zl),ﬂ

Stress at z-coordinate when upper flange acts in tension:

“max

Upns(7) = 2+ 00k
%p

crl,pos(zl 'ZZ) = max(o'pos(zl)'UPOS(zz))
Uz,pos(zl ,zz) = mi“(Upos(Zl)’Upos(ZZ))
Buckling factor

72 pos(?1:72)

1 pos(?1+72)

“z.ncg(ll vzz) , o
- 701.“05 s Vpos(#1:72) =

quneg(zl 'ZZ)

kgq (b)) = |4 if p=1 Buckling factors from table
82 41
——— if 1> >0 SS-EN 1993-1-5
1.05 +

Internal parts in conpression
781 if p=0

781 = 6.29% + 9.789% if 0> >~
239 if p=-1

598(1 - ) if <1 > >3

kg 4.2a(0) = [043 if p=1 Buckling factors from table 4.2
0.57 if H=0 SS-EN 1993-1-5 upper part
) Elements in compression with
0.85 if p=-1 free edge.

2 Lower stress close to support.
0.57 = 021 + 0.07¢" if =1 >p=2-3

kg 40p(0) = (043 if b =1 Buckling factors from table 4.2
0578 SS-EN 1993-1-5 lower part
—— if 1>)>0 Elements in compression free
§+ 034 edge.
1.7 if =0 Higher stress close to support.

17 =50 + 17.19° if 0> > -1
238 if p=-1

Slenderness
b

t
28.43(1)%/]70.

Xp(kgbot)

Reduduction factors
pao(pi¥) = |10 if X, <05 +/0.085 - 0.055% SS-EN 1993-1-5 (4.2)
Internal parts
p = 0.055max[(3 + 1),0]
minf ———————— 1| otherwise
pa3(Rpb) = |10 i N, 0748 SS-EN 1993-1-5 (4.3)
) Cross-sections with free
(N - 0188 ) edge
min| ————— 1| otherwise

CCCL

Reduced cross sections

Side plate
21 = tg = 10Ghm

7y = tq + hg = 399.2(mhm

Tnee(”2)

()

=-0.102
“neg

Condition := | 62 (t)({1 ~ ) =g if =<1
42(1,)

——————— otherwise
0.67 + 0.330

Class4 := | "Class4" if > Condition = "Lower than class 4"

s

"Lower than class 4" otherwise
k0.4vl("*|’s) =8.555
[tab. 5.2 ES1993-1-1]

Nps = )\p(kGA‘](II,‘S),hS,lS) =048

‘JJQ) =1 Inre tvérsnittsdelar, EC1993-1-5 4.4 (2)

hg (1= tq + hg = 7= 0.036m Héjd dragen del

hg ¢ 1= hg = hg = 353.096m Hed tryckt del

hg oppc = pstghs_c) =353.096 m
hg effet = 04l ofp ¢ = 141.238m

by eff.c2 = 060 ofp ¢ = 211.858m
hg off 1= hgefp + g = 389.20m

3 2

AsAcff.c = Zﬁs_cff_cms =8.474 x 10” [lhm’
- _ 3 2
Agoff = 2(115_“-1-_c + hs_t)ms =9.341 x 10”Em

Critical buckling stress, orthotropic plate:

ST 3
= = ™
erp = Koa.1(s) f a2 1344 107MPa EC1993.1-5 eqA1
1201 -7 m
s

Stiffeners
Zav= tq = 10Em

Ja/= tq + hgo = 1500hm

nee(2)
g 1= —t = 0.604
negl?1
kc.4.2b(‘|’so) =0613 Higher stress close to support

h
dassd= | "Classa® it =2 > 218 (1, )Ry 4 2p{0sg) = "Lower than class 4*
Sl : s0) Yko.4.26

S0

"Lower than class 4" otherwise



C. Box girder

Pdso = p4A3()\p.so'/¢s) =1 Internal cross-sectional parts, EC1993-1-5 4.4 (2)

hso.eff == Pd.soBso = 1401m

a _ 4 2
Ago.eff = Nsollko Mo eff = 2:016 X 10

s
Class4_:= | "Classd" if — = "Classd"
"Lower than class 4" otherwise
4 -3
7q'= 7 ==5x10 "m wd = wncg(zdvzd) =1
[tab. 5.2 ES1993-1-1] kg.d = kg.4.1(thg) = 4

Xp.d = Np(kordrse.sorta) =0.723
Pq = p4A2(xp_d,¢d) =0.962 Internal cross-sectional parts

= Pyl o = 321,461 m

Areas:

— _ 4 2
A= N0 850q * ol g e * tg) =531 x 10" Hm

— _ 4, 2
Aceffloc = Moo effld * “so%oL@hso.eff + ‘d) =5.053 x 10 [tm
More than three longitudinal stiffeners > kv‘p obtained with eq. A.2

b
— 3205 10°mm*

J
12[61 - vz)

h, t
so d
fso ‘somsocﬁ‘d * 7] * bdmdB;

Mo * bglly

=32.4110hm

Yip.sl =

S0

3 2
b t
| by d _ s 4
Ig= [T + bdmdLEE - ytp‘sJ } =1.052% 10°Gm

3 2
Do to Bgo hso
* 2 +ngo oo g + = Vsl

=328.143 = = =0.514
by

Uniform compression

- _ 2
Ag = ngo gy gy = 0.02m EC1993-1-5A1 (2)

— _ 2
= bylfy = 0.035m

A,
o 0.576

’—( 2)2 1
Kop EILUREY I T | R
cxzmd; + {1 +8)
2
b+ 3) otherwise

(b + D@1 +9)

Critical buckling stress, orthotropic plate:

B, s

= F—F—— =1

‘%“P’ k(r‘p 5 > 1.222 % 10" [MPa
1201 - v°) By
A o
c.eff.loc

=——=0952

Bac A

c

Bach(t)
»}&p«'i =0.526

p= p4_2(>\p,¢) =1 Plate like behaviour

Effective area of the stiffened plate(deck):

EC1993-1-5eqA1

- g _ 4 2
Ac.efr = P4.2(Np ) Beeffio + Sso.cfrlla = 5375 % 10" Tm

Buckling strength

i d)
NR4 = A e Bt = 1908 x

fy(&
™M

Column like behaviour

h t
s0 d
‘somsotﬁ‘d + T] + 850 0g =

Yipsle = o

3
Ssofd 4
Igco= +s, -
sl.c { 12 soldl )

Buckling resistance stiffener

10°EN

= 34.268[thm

soso * Ssofg

2
- 7 4
- ylpvsl.cj } =1.137x 10 Ghm

3 2
tsolfso ho
+ 2 + hgolio g + T Vpsle

A= tsoBso *+ SeoEg = 5.74 x 10°m”

- _ 3 2
Asleff = tsoBso.eff * Sso.efffy = 3:455 107 hm

A
sleff
= —— =095

sl

Critical buckling stress for a stiffener

Ze

i A—

Column-like
behaviour

P

Interaktion

Plate-like
I~ behaviour

2
™ Ely

A

Cerl = =1.267

=0 £=10

-The stiffener is acting as a column between stiffeners

* 10°MPa

CCCLI



C. Box girder

Slendemess ratio

Calculation of reduction factor EC1993-1-54.53
Q= 0.49 Stiffeners open cross-sections

e=2718

T
Iy w ] g Lo

i= =135.3620hm

t h,
d 50
ma){(y‘p_s] - ?] '(‘d + T . ylp.sl]:| = 47.589hm

0.09

=a+ =0.522

e

¢:= O.SEEI +aglfh, -02) + xcz] =0.716 EC1993-1-16.3.1.2 (1)

Interaction
I

£ := max| min| P -1,1[,0|=0
Fersl

& ar nastan noll --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

(p *X‘.)QHJZ - €) + X, = 0826

Checks

Mean stress rod

The "rod" in this case consist of two parts in the stiffener and one partin the
web.

t h, .
— d so.eff | _ 4
Fayst == 5o Ss&effmdwneg[?J + Asowneg(td = J =-1.571 x 10" kN

OomEd™= — - = 319.999MPa

Check according toA.2.1 (4

)

A - 293.08704Pa
™
)
Kppq= |"OK" if >OcomEd = "OK
™M

"EJOK" otherwise

If this condition is not fuffiled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria

o _ 2
Adeff = M550 1dSs0.eff = 0-032m
o _ 2
Atoteff = Aso.eff + Adeff ¥ Aw * Ay + Ap + Agepp = 0.118m

g hsoeff
Adefrt + Aso.cffrE'd e

h,
s.eff.cl
+2 (Smsveff_d{td + 72 ]
h, h,
s.eff.c2 s
+tB eprealfita + by~ 7] + 'sms.trﬁ'd +hy-—=

h h,
wy 2 su.y
+AWEE‘d +hg+ —2 ] + Asu%td +hg+ E(h“’y— SSUO) -

2
¢
b
+Ap FEh‘s - 7]

Zp.eff.neg =
P € Atot.eff

CCCLII

=371.724thm

3 2
t . h,
o ss.efficl s.eff.cl _ -4
Iy seff = 1 + ‘sms,eItclEEtd + - Z(p.ell'.negj =3.788x 10
3 2
{0 efpc2 hg eff.c2
+ + g eppeolftd + hse ~ T 5 " “peffneg) -
3 2
tsg ¢ bt
* 2 + g Mg + by - 5 " “peffneg
3 2
1 50 5s0.eff Td tq -3 4
Iy deff = 2 + g 5084 550 e S " “peffneg) T 4.323x10 "m
- _ 4
Iy effneg = lystso * lystsu * lyw T lyb * lys+ Iy seff * ly defr =0.015m
Negative moment
Effective cross section with negative moment(lower flange in tension)
Area
Abteffneg = Ad.eff
Accftloo = 5053 10"’
pcmy(‘b)_Asl 3 2
Ac.eff.loc.mod = =-5.257x 10" m
Teom.EdIM
Aufeffneg = Ab Bottom flange in tension
The effective area in compression is calculated according to 4.5.1(4.5). If the
condition A.2.1(4) which was checked before is not fulfiled, further reduction is
needed and the area above is used.
— g B =" " = 2
Aeswtii= |PcPceffloc.mod * Sso.efffd if Kpp = "EJOK"  =449.33200m
Pelceffloc * Ssoefflly otherwise
Ag Lower stiffener in tension -> No reduction.
Ay, Tension -> No reduction.
A No reduction if the side plate is in class 4.
Aso Stiffener class 4 —-> No reduction.
Effective areas, effective centre of gravity and effective moment of inertia
3. 2
Actftot = Aceff * Aseff * Aw + Agy * Ap = 1111 1076
According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.
Ac.effloc.mod
tgefr = [P @ if Ky g ="EJOK" = 8.256[hm
Aceffloc
Pty
t h, t
d.eff 50
solBso.eff o t :E‘d * 7) * sso,et'fmdag
d
t4 b effel
+"50B50.cff]d.cff:€?] + 'sms.cff.CIEE‘d + >
h off h,
s.eff.c2 st
”sms.eff.chg[d Fhem J + ‘s“‘s,ﬂg‘d *h = 7]
wy 2 ) suy
+AW:Etd +hg+ > * Asu%‘d +hg+ ;(hwy - ’suO) Y, }
4
b
* AbLEhts - ;j
7, - =385.1 m
tvoft 385.036 [

Aeff.tot

4
m



C. Box girder

Effective moment of inertia:

3 2
05,50 5s0.eff td -3 4
lydeftfin™ =5 *taBssoBsoefr{ 5 ~Zpefineg] T4043x 10 m

Souly= sin(21.123175:—0) $u0 = 7-2060m

Stiffeners over/under:

t,

3 2
B, h
_ 50 's0.eff 50.eff _ -3 4
lystso.fin = MsoB—— o+ “somsomso.effEE‘d A le.efﬁneg] = 190910 “m

= 60.50600 °m* from FEM

Iy stsul.fin®
= _ _4 4
Iy stsu.fin = ly.stsu.1.fin - =8.084x 10 'm
2
1 houy
+ 2t By Pty + hg + g(“wy = Squ0y) =5 " “tpeffneg|
2
h
2 suy
+2(>u:ﬂ>u%td +he+ g(“wy = Squ0y) - th.cff.ncg:|
hsuAy B
+ 210 B Pty + hg + (hyy = sgu0) = 5 " “tpeffneg
Web:
. 4
Iy.w.1.fin = 20.000312m"  from FEM
2
b 1 _3 4
by fin = ly.w.1.fin * Z‘W]w[ghts 5 }E@‘wy) - Llp.ef‘fﬁneg} =2724x10 "m
Bottom flange:
3
'l ' -3 4
ybfin'= =5~ * lbmbféhls ~Zipeftaeg =5 | T3952x 107 "m
Side plate:
3 2
t B h
_ | soseffel s.effcl _ —4 4
ly.s fin = 2 *+ Mg effcl ‘E‘d * - Z!p.efﬂnegj =422x10 'm

3
N s eff.c2 hs eff.c2

o ‘s'h&eﬂ“,cZLg'd Fhe ™

2
- Z(p.eff,nng -

lsms.l3 by :
TSl s T T Zpefineg

o _ 10, 4
Iy eftneg fin = ly.defffin * ly.stso.fin * lystsufin * lyw.fin * yb.fin + ly.s fin = 1.446 X 10" [thm

Load

kN The load capactty is gy, when checking the moment capacity.
QM= 94—

m

- - N Qlyidg,
Q= q Miby 7329% v Loridge 5
B= T,
2
Qlyyidg,
My im Doridge o
Ed s
Moment capacity
1
effneg fi
Wy gp = LRI 303
Ztp.eff.neg
fy{ta)
~ yta) 4
Mpg = Wy o BE = 1333 x 10" NG
M1
Mgq
Mrq

Shear capacity
n:=120 SS-EN1993-1-551ANM2
Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

Byeb = 2058 (ty) By, = 0293m

hy,,
o= asin[%’]!t& =21119  Angleofweb
™
w

Distance to stiffeners from z-axis:

L
by ™ tsu sm(a‘” ISO)mS"
a, = — + 5¢,0ldos| F—|+— -———————=0503m
stz = 7 ¥ Ssu0 (&w 180) 2 2
™
™
51237 85122 F Ssum"s(o’w 180) =1324m
Moment of inirtia stiffeners z-direction
(tw
- 2 2 2 _ 3 4 (mon
Tz = 2y Balfasez1) * (asea2)” * (asez) | =818 107 m stifeners)

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:

by, t
Boni= smomas(awq%o) #2055

Moment of inirtia of 15¢t of the web z-direction

= o101+ (ss2) + (ap3)7] = 0020

I =0.029 m4

stztot = Itz + stw.z

Shear buckling coefficient, side plate

h 2
Ky = 5_34,,4‘00(&} if —*— 21 =5527 SS-EN1993-1-553 (5)ANM.
a

L A3when k=0
2
hseff |
4.00 + 5.34[] —— if
a

b eff

Pt = 374 (1)

=0453 EC1-3-5eq56

Shear buckling coefficient; web with more than two longitudinal stiffeners

SS-EN 1993-1-5 (A5)

IS[,Z,!O(

(minftg 1)) By,

SS-EN 1993-1-5A.3 (1) and (2) gives:

2
h
cb
k= 5.34+4[ e j tkeg ifa23 =2.004x 10°
63+ 0,195t
34+ 0.185——
mi"((s’ ‘w)3]3wcb } Lst.z.tot
4.1+ +22 — otherwise
(xz min(ls,lw)3mweb

CCCLIII



C. Box girder

Slenderness limit for which shear buckling check has to be performed for stiffened webs: VifRdored =
.Rd.ored *

=12 EC1993-1-3-5ANM.2 5.1

h €
b
Check := | "no shear buckling”  if — e < 313(—

min(xs,tw)

"Reduce" otherwise

2 2
ba% Blt) | B Blto)
cseBM1Bn  CurBrviBin

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

Reduce > Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

= na{L,xwlj =0453
37.41,8(ty) Kz

0.83
Xy = M if Xy <— =12
n

0.83 . 083
S <8, < 108
Ay n

1.37

if Ny > 1.08
0.7+, W

Kapacity of the web
e = 1.00 = 12
dae= 1.00

Shear capacity:

XovBy{ts) By B

3
Vi = ————————— =2.125x 10" [EN
bw.Rd
NEEIVIEER

Vb.Rd = Vow.Rd

VEq = 2961 x 1°EN

=0.697
2Vbw.Rd

T]Bg'(ts)‘:ﬂwebms _
VordS — z— =1
V3

Kapacity of the flanges

SS-EN 19931-5 54

! 2
S = "Reduce” Mpg )
l Vorra = | Vorrdored!! 7| 37— | | f MEd <MfRdneg =OEN
fRd.neg
0 otherwise
Shear capacity stiffened web:
TIDgl(‘s)mwebms
Vil Vi & e EC1993-1-5Ch5.2(1)
V3G

SS-EN 1993-1-5 5.3 (5.6)

Vo= VowRd * Vorrd = 2125 10°EN

SS-EN 1993-1-5 5.3 Table 5.1, Check:
stiff endstiffener.
VEd
2 <=1 EC1993-1-5, Ch.5.5, eq. 5.10
Vb.Rd
¢
Ed 607
Safety class 3 2Vp Rd

Flanges, plastic moment bearing capacity for the effective-flange-area.
Moment of inertia of the flanges:
SS-EN 1993-1-35.2(5.2)

. _ -3 _4
Iy fefffin = ly.defffin * lyb.fin =8-595% 10 "I

The flanges effective area:

2
Aeff ftot = Sso.eff Td * NsoSs0.eff T eff + Nsollso Ty eff * Ap = 442.892(¢m

No shear buckling --> the plastic load bearing capacity can be calculated.

Moment of inertia

t
d
Asfeffneg = “tp.effneg ~ 5 =380.036hm

1

b
Bufeffneg = Nis ~ 3 " “peffneg = 496.964 Thm

The flanges plastic moment bearing capacity for a cross-section with the effective

flange-area.
MfRdneg =
¢ Mo
. Auteffnee]outeffncgl ny(‘b)
Mo

. =716 10° &N

The contribution from the flanges should be taken into account when there are still capacity left in
the flanges in bending, ie the following condition should be fulffiled:

Mg4 <MfRdneg =0

2
= alll0.25 + %ﬂi(‘d) =0.56m
15 + ) (1)
2
cyf = all0.25 + M =0.531m
15 + ) (1)

CCCLIV



C. Box girder

EWM - vertical stiffener distance

This chapter covers the EWM when changing the vertical stiffener distance.

Geometry

Amount of:

upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

ngo =9

ngy =6

Nggo = Ngo + 1 =10

bg = 3500mm tq = 10mm

b5 = 1750mm

bg
Sg0 = —— = 3500hm
"S.SO

hs = 389.2mm tg = 12mm

hW:= 1340mm ty = 12mm

hwy = 482.8mm

hyyy = 1250mm

Ssu0 = 20mm

Sgu = 440mm

by, := 1000mm t, == 16mm

hg, = 140mm tgo ©= 16mm ag, = 6mm
hg, = 120mm tgy ©= 12mm ag, = Smm
hg, y = hy,Bo 21123~ | = 111.939 [

suy = BgulBos| 2112682 | = 111, m

'

hygi=tq + hg + hwy+ 5 =8900hm

lbridge = 18m
Stg = 2000mm Stg0 = S00mm
tig.1 = 18mm tygp ©= 12mm tyg3 ©= 8mm

b
by * by = - = 864%m

W

M1 = 1.00 Tp =12
o = 1.00
M=

Material parameters:

E := 210GPa

fy(l) = |(355MPa) if t < 40mm EC1993-1-1tab. 3.1

(335MPa) otherwise

235MPa
&0 = )

Area
Ag = tgby Ay = 2thg Ay =2t By
Aso 7 Nsolloso  Agy = ngyllyBgy
— _ 2
Aot = Ag T AgH AL+ Ay + Agy + Ag, = 0.12100

A,

_ _ 2
1= Agg + Ag =0.055m

Change of center of gravity, zy

Ay =t By

tq hgo hyg by
Adﬂg+Asn{[d+7 + A td+7 + Ay ‘d*hs*T

+Abtgtd +hy+ l\wy) + Ag Dty + hy + %(l\wy - ssuo) -
7y =

h,

su.y
2

p
Atot

Moment of inertia I,

Seudy = sin(21.123|;%0) Squ0 = 7-206Em

Stiffeners over/under:

3

=363.096thm

From top to centre of gravity

2
sl hso B -3 4
Iy sts0™= Mol * oMo Mggltg + =2 =7 | = 1649 10" m

1y sl = 601.50600 “m from FEM

1
Iy stsu™= lystsul * 2‘sumsu[g‘d +he+ g(hwy - SsuOy) T

2
h, _
=y —z[p} . =0.169% 10

h 2
2 su.y
+ ZLSHEﬂsu%[d +hg+ g(hwy - ssuOy) - —2 - z[p]

b 2
. _ su.y _

+ ZLSHEﬂsu%[d +hg + (hwy - >Su0y) —2 z[p}

Web:

Iy .1 7= 200.000312m" from FEM

1

ty ’ -
= g+ 2yl = — - E@qu) -~z =3.101x 10 "m

Deck:

2

d Y4 -3 4
— + gyl — -z =4488x 10 "m

12 d dE€2 lpj

Bottom flange:
3 2
byt b -3 4
Wp= 5 * ‘bmbfghts S =] 4309x 10 m

Side plate:
3
‘SmS
y.s 12

2
hy —4 4
g+ -z | 2352610

— _ 4
Iy.to! = Iy.st.so + Iy,st.su + Iy.w + Iy.d + Iy,b * Iy.s =0015m

3 4

CCCLV
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C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections
Stresses

Tmax = fy(ta) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Umax

Tregl?) = 2 = Oy
“

)
3
=
N
&

1 neg(1:22) = max(0pey(21).0,

)
3
=
N
o

UZ,neg(Zl 'ZZ) = min(o‘neg(zl),ﬂ

Stress at z-coordinate when upper flange acts in tension:

“max

Upns(7) = 2+ 00k
%p

crl,pos(zl 'ZZ) = max(o'pos(zl)'UPOS(zz))
Uz,pos(zl ,zz) = mi“(Upos(Zl)’Upos(ZZ))
Buckling factor

72 pos(?1:72)

1 pos(?1+72)

“z.ncg(ll vzz) , o
- 701.“05 s Vpos(#1:72) =

quneg(zl 'ZZ)

kgq (b)) = |4 if p=1 Buckling factors from table
82 41
——— if 1> >0 SS-EN 1993-1-5
1.05 +

Internal parts in conpression
781 if p=0

781 = 6.29% + 9.789% if 0> >~
239 if p=-1

598(1 - ) if <1 > >3

kg 4.2a(0) = [043 if p=1 Buckling factors from table 4.2
0.57 if H=0 SS-EN 1993-1-5 upper part
) Elements in compression with
0.85 if p=-1 free edge.

2 Lower stress close to support.
0.57 = 021 + 0.07¢" if =1 >p=2-3

kg 40p(0) = (043 if b =1 Buckling factors from table 4.2
0578 SS-EN 1993-1-5 lower part
—— if 1>)>0 Elements in compression free
§+ 034 edge.
1.7 if =0 Higher stress close to support.

17 =50 + 17.19° if 0> > -1
238 if p=-1

Slenderness
b

t
28.43(1)%/]70.

Xp(kgbot)

Reduduction factors
pao(pi¥) = |10 if X, <05 +/0.085 - 0.055% SS-EN 1993-1-5 (4.2)
Internal parts
p = 0.055max[(3 + 1),0]
minf ———————— 1| otherwise
pa3(Rpb) = |10 i N, 0748 SS-EN 1993-1-5 (4.3)
) Cross-sections with free
(N - 0188 ) edge
min| ————— 1| otherwise

CCCLVI

Reduced cross sections

Side plate
21 = tg = 10Ghm

7y = tq + hg = 399.2(mhm

Tnee(”2)

()

=-0.102
“neg

Condition := | 62 (t)({1 ~ ) =g if =<1
42(1,)

——————— otherwise
0.67 + 0.330

Class4 := | "Class4" if > Condition = "Lower than class 4"

s

"Lower than class 4" otherwise
k0.4vl("*|’s) =8.555
[tab. 5.2 ES1993-1-1]

Nps = )\p(kGA‘](II,‘S),hS,lS) =048

‘JJQ) =1 Inre tvérsnittsdelar, EC1993-1-5 4.4 (2)

hg (1= tq + hg = 7= 0.036m Héjd dragen del

hg ¢ 1= hg = hg = 353.096m Hed tryckt del

hg oppc = pstghs_c) =353.096 m
hg effet = 04l ofp ¢ = 141.238m

by eff.c2 = 060 ofp ¢ = 211.858m
hg off 1= hgefp + g = 389.20m

3 2

AsAcff.c = Zﬁs_cff_cms =8.474 x 10” [lhm’
- _ 3 2
Agoff = 2(115_“-1-_c + hs_t)ms =9.341 x 10”Em

Critical buckling stress, orthotropic plate:

ST 3
= = ™
erp = Koa.1(s) f a2 1344 107MPa EC1993.1-5 eqA1
1201 -7 m
s

Stiffeners
Zav= tq = 10Em

Ja/= tq + hgo = 1500hm

nee(2)
g 1= —t = 0.604
negl?1
kc.4.2b(‘|’so) =0613 Higher stress close to support

h
dassd= | "Classa® it =2 > 218 (1, )Ry 4 2p{0sg) = "Lower than class 4*
Sl : s0) Yko.4.26

S0

"Lower than class 4" otherwise



C. Box girder

Pdso = p4A3()\p.so'/¢s) =1 Internal cross-sectional parts, EC1993-1-5 4.4 (2)

hso.eff == Pd.soBso = 1401m

a _ 4 2
Ago.eff = Nsollko Mo eff = 2:016 X 10

s
Class4_:= | "Classd" if — = "Classd"
"Lower than class 4" otherwise
4 -3
7q'= 7 ==5x10 "m wd = wncg(zdvzd) =1
[tab. 5.2 ES1993-1-1] kg.d = kg.4.1(thg) = 4

Xp.d = Np(kordrse.sorta) =0.723
Pq = p4A2(xp_d,¢d) =0.962 Internal cross-sectional parts

= Pyl o = 321,461 m

Areas:

— _ 4 2
A= N0 850q * ol g e * tg) =531 x 10" Hm

— _ 4, 2
Aceffloc = Moo effld * “so%oL@hso.eff + ‘d) =5.053 x 10 [tm
More than three longitudinal stiffeners > kv‘p obtained with eq. A.2

b
— 3205 10°mm*

J
12[61 - vz)

h, t
so d
fso ‘somsocﬁ‘d * 7] * bdmdB;

Mo * bglly

=32.4110hm

Yip.sl =

S0

3 2
b t
| by d _ s 4
Ig= [T + bdmdLEE - ytp‘sJ } =1.052% 10°Gm

3 2
Do to Bgo hso
* 2 +ngo oo g + = Vsl

=328143 ai= = =0.571
by

Uniform compression

- _ 2
Ag = ngo gy gy = 0.02m EC1993-1-5A1 (2)

— _ 2
= bylfy = 0.035m

A,
o 0.576

[y 1
2[11(1+a) +y-1 4
kgpi= | T————— ifas\y =639.127
(xzmﬂ;+ D1+ §)
2
b+ 3) otherwise

(b + D@1 +9)

Critical buckling stress, orthotropic plate:

E

=k B =
Sasspi= Ko 990.256 MPa

12f]1 -2

AL off
c.eff.loc
=——=0952
Bac A

c

Bach(t)
»}&p«'i =0.584

p= p4_2(>\p,¢) =1 Plate like behaviour

Effective area of the stiffened plate(deck):

EC1993-1-5eqA1

- g _ 4 2
Ac.efr = P4.2(Np ) Beeffio + Sso.cfrlla = 5375 % 10" Tm

Buckling strength

i d)
NR4 = A e Bt = 1908 x

fy(&
™M

Column like behaviour

h t
s0 d
‘somsotﬁ‘d + T] + 850 0g =

Yipsle = o

3
Ssofd 4
Igco= +s, -
sl.c { 12 soldl )

Buckling resistance stiffener

10°EN

= 34.268[thm

soso * Ssofg

2
- 7 4
- ylpvsl.cj } =1.137x 10 Ghm

3 2
tsolfso ho
+ 2 + hgolio g + T Vpsle

A= tsoBso *+ SeoEg = 5.74 x 10°m”

- _ 3 2
Asleff = tsoBso.eff * Sso.efffy = 3:455 107 hm

A
sleff
= —— =095

sl

Critical buckling stress for a stiffener

Ze

i A—

Column-like
behaviour

P

Interaktion

Plate-like
I~ behaviour

2
™ Ely

A

Cerl = =1.026

=0 £=10

-The stiffener is acting as a column between stiffeners

* 10°MPa

CCCLVII



C. Box girder

Slendemess ratio

Calculation of reduction factor EC1993-1-54.53
Q= 0.49 Stiffeners open cross-sections

e=2718

T
Iy w ] g Lo

i= =135.3620hm

t h,
d 50
ma){(y‘p_s] - ?] '(‘d + T . ylp.sl]:| = 47.589hm

0.09

=a+ =0.522

e

¢:= O.SEEI +aglfh, -02) + xcz] =0.762 EC1993-1-16.3.1.2 (1)

Interaction
I

£ := max| min| P -1,1[,0|=0
Fersl

& ar nastan noll --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

(p=x)BT2 - &) + X, =0.792

Checks

Mean stress rod

The "rod" in this case consist of two parts in the stiffener and one partin the
web.

t h, .
— d so.eff | _ 4
Fayst == 5o Ss&effmdwneg[?J + Asowneg(td = J =-1.571 x 10" kN

OomEd™= — - = 319.999MPa

Check according toA.2.1 (4

)

AW - 981.0324Pa
™
S (Y o
Kppq= |"OK" if >OcomEd = "OK
™M

"EJOK" otherwise

If this condition is not fuffiled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria

o _ 2
Adeff = M550 1dSs0.eff = 0-032m
o _ 2
Atoteff = Aso.eff + Adeff ¥ Aw * Ay + Ap + Agepp = 0.118m

g hsoeff
Adefrt + Aso.cffrE'd e

h,
s.eff.cl
+2 (Smsveff_d{td + 72 ]
h, h,
s.eff.c2 s
+tB eprealfita + by~ 7] + 'sms.trﬁ'd +hy-—=

h h,
wy 2 su.y
+AWEE‘d +hg+ —2 ] + Asu%td +hg+ E(h“’y— SSUO) -

2
¢
b
+Ap FEh‘s - 7]

Zp.eff.neg =
P € Atot.eff

CCCLVIII

=371.724thm

3 2
t . h,
o ss.efficl s.eff.cl _ -4
Iy seff = 1 + ‘sms,eItclEEtd + - Z(p.ell'.negj =3.788x 10
3 2
{0 efpc2 hg eff.c2
+ + g eppeolftd + hse ~ T 5 " “peffneg) -
3 2
tsg ¢ bt
* 2 + g Mg + by - 5 " “peffneg
3 2
1 50 5s0.eff Td tq -3 4
Iy deff = 2 + g 5084 550 e S " “peffneg) T 4.323x10 "m
- _ 4
Iy effneg = lystso * lystsu * lyw T lyb * lys+ Iy seff * ly defr =0.015m
Negative moment
Effective cross section with negative moment(lower flange in tension)
Area
Abteffneg = Ad.eff
Accftloo = 5053 10"’
pcmy(‘b)_Asl 3 2
Ac.eff.loc.mod = = 75041 10" lm
Teom.EdIM
Aufeffneg = Ab Bottom flange in tension
The effective area in compression is calculated according to 4.5.1(4.5). If the
condition A.2.1(4) which was checked before is not fulfiled, further reduction is
needed and the area above is used.
— g B =" " = 2
Aeswtii= |PcPeeffloc.mod * Sso.efffd if Kpp = "EJOK"  =432.17300m
Pelceffloc * Ssoefflly otherwise
Ag Lower stiffener in tension -> No reduction.
Ay, Tension -> No reduction.
A No reduction if the side plate is in class 4.
Aso Stiffener class 4 —-> No reduction.
Effective areas, effective centre of gravity and effective moment of inertia
3. 2
Actftot = Aceff * Aseff * Aw + Agy + Ap = 1.094x 1076
According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.
Ac.effloc.mod
tgefr = [P R if Ky g ="EJOK"  =7.916[hm
Aceffloc
Pty
t h, t
d.eff 50
solBso.eff o t :E‘d * 7) * sso,et'fmdag
d
t4 b effel
+"50B50.cff]d.cff:€?] + 'sms.cff.CIEE‘d + >
h off h,
s.eff.c2 st
”sms.eff.chg[d Fhem J + ‘s“‘s,ﬂg‘d *h = 7]
wy 2 ) suy
+AW:Etd +hg+ > * Asu%‘d +hg+ ;(hwy - ’suO) Y, }
4
b
* AbLEhts - ;j
pr—— =390.5320m

Aeff.tot

4
m



C. Box girder

Effective moment of inertia:

3 2
05,50 5s0.eff tq -3 4
lydeftfin= =5 *tBssoSso.eft ) " Zpeffneg) =4778% 10 “m

Souly= sin(21.123175:—0) $u0 = 7-2060m

Stiffeners over/under:

t,

3 2
B, h
_ 50 's0.eff 50.eff _ -3 4
lystso.fin = MsoB—— o+ “somsomso.effEE‘d A le.efﬁneg] =1.977x 10 “m

= 60.50600 °m* from FEM

Iy stsul.fin®
= _ _4 4
Iy stsu.fin = ly.stsu.1.fin - =7825% 10 'm
2
1 houy
+ 2t By Pty + hg + g(“wy = Squ0y) =5 " “tpeffneg|
2
h
2 suy
+2(>u:ﬂ>u%td +hyt g(“wy ~ Squdy) = - z(p_cff_ncg]
hsuAy B
+ 210 B Pty + hg + (hyy = sgu0) = 5 " “tpeffneg
Web:
. 4
Iy.w.1.fin = 20.000312m"  from FEM
2
b 1 _3 4
by fin = ly.w.1.fin * 2‘w]iw[ghts 5 }E@‘wy) - Llp.ef‘fineg} =2635%10 “m
Bottom flange:
3
'l ' -3 4
ybfin'= =5~ * lbmbféhls ~Zipeftaeg =5 | T3865x 107" m
Side plate:
3 2
t B h
_ | soseffel s.effcl _ -4 4
ly.s fin = 2 *+ Mg effcl ‘E‘d * - Z!p.efﬂnegj =4408x 10 'm

3
N s eff.c2 hs eff.c2

o ‘s'h&eﬂ“,cZLg'd Fhe ™

2
- Z(p.eff,nng -

lsms.l3 by :
TSl s T T Zpefineg

o _ 10, 4
Iy eftneg fin = ly.defffin * ly.stso.fin * lystsufin * lyw.fin * lyb.fin + ly.s fin = 1448 10" [thm

Load

kN The load capactty is gy, when checking the moment capacity.
QM= 92—

m

- - N Qlyidg,
Q= q My ’322% vy Dordge ) cop . 10%mN
Ed 2
2
Qlyyidg,
Mgy = Doridge 30 10 nm
8
Moment capacity
I
effneg fi
Wy LR
Ztp.eff.neg
f(ta)
B vta) 4
Mg = Wy Bt = 1316 x 10 TN
M1
M,
—Ed_ 901
Mpgq

Shear capacity
n:=120 SS-EN1993-1-551ANM2
Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

Byeb = 2058 (ty) By, = 0293m

hy,,
o= asin[%’]!t& =21119  Angleofweb
™
w

Distance to stiffeners from z-axis:

L
by ™ tsu sm(a‘” ISO)mS"
a, = — + 5¢,0ldos| F—|+— -———————=0503m
stz = 7 ¥ Ssu0 (&w 180) 2 2
™
™
51237 85122 F Ssum"s(o’w 180) =1324m
Moment of inirtia stiffeners z-direction
(tw
- 2 2 2 _ 3 4 (mon
Tz = 2y Balfasez1) * (asea2)” * (asez) | =818 107 m stifeners)

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:

by, t
Boni= smomas(awq%o) #2055

Moment of inirtia of 15¢t of the web z-direction

= o101+ (ss2) + (ap3)7] = 0020

I =0.029 m4

stztot = Itz + stw.z

Shear buckling coefficient, side plate

w

h 2

eff

Ky = 5.34+4,00L€iJ if —2 51 =5491 SSEN 1993-1-55.3 (5)ANM.
a

L A3when k=0
2
hseff |
4.00 + 5.34[] —— if
a

b eff

Pt = 374 (1)

=0455 EC1-3-5eq56

Shear buckling coefficient; web with more than two longitudinal stiffeners

SS-EN 1993-1-5 (A5)

IS[,Z,!O(

(minftg 1)) By,

SS-EN 1993-1-5A.3 (1) and (2) gives:

2
h
cb
k= 5.34+4[ e j tkeg ifa23 = 1635 % 10°
63+ 0,195t
3+ 0183——2tt
mi"((s’ ‘w)3]3wcb } Lst.z.tot
4.1+ +22 — otherwise
(xz min(ls,lw)3mweb

CCCLIX



C. Box girder

Slenderness limit for which shear buckling check has to be performed for stiffened webs: VifRdored =
.Rd.ored *

=12 EC1993-1-3-5ANM.2 5.1

h €
b
Check := | "no shear buckling”  if — e < 313(—

min(xs,tw)

"Reduce" otherwise

Pty Bft) oo D)

CofPMIPn  CufBiM1Pin

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

Reduce > Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

= na{#,xwl] =0.455
37.41,8(ty) Kz

0.83
Xy = M if Xy <— =12
n

0.83 . 083
S <8, < 108
Ay n

1.37

if Ny > 1.08
0.7+, W

Kapacity of the web
e = 1.00 = 12
dae= 1.00

Shear capacity:

XovBy{ts) By B

3
Vi = ————————— =2.125x 10" [EN
bw.Rd
NEEIVIEER

Vb.Rd = Vow.Rd

VEq = 2898 x 1°EN

=0.682
2Vbw.Rd

T]Bg'(ts)‘:ﬂwebms _
VordS — z— =1
V3

Kapacity of the flanges

SS-EN 19931-5 54

! 2
S = "Reduce” Mpg )
l Vorra = | Vorrdored!! 7| 37— | | f MEd <MfRdneg =OEN
fRd.neg
0 otherwise
Shear capacity stiffened web:
TIDgl(‘s)mwebms
Vil Vi & e EC1993-1-5Ch5.2(1)
V3G

SS-EN 1993-1-5 5.3 (5.6)

Vo= VowRd * Vorrd = 2125 10°EN

SS-EN 1993-1-5 5.3 Table 5.1, Check:
stiff endstiffener.
VEd
2 <=1 EC1993-1-5, Ch.5.5, eq. 5.10
Vb.Rd
¢
Ed o682
Safety class 3 2Vp Rd

Flanges, plastic moment bearing capacity for the effective-flange-area.
Moment of inertia of the flanges:
SS-EN 1993-1-35.2(5.2)

. _ -3 _4
Iy fefffin ‘= ly.defffin * lyb.fin = 8:643 % 10 "

The flanges effective area:

2
Aeff ftot = Sso.eff Td * NsoSs0.eff T eff + Nsollso Ty eff + Ap = 432.579(em

No shear buckling --> the plastic load bearing capacity can be calculated.

Moment of inertia

t
d
Asfeffneg = “tp.effneg ~ 5 =385.532hm

1

b
Bufeffneg = Nis ~ 3 " “peffneg = 491.468 thm

The flanges plastic moment bearing capacity for a cross-section with the effective

flange-area.

MfRdneg =

Mo
. Auteffnee]outeffncgl

)

Mo

. =7.191x 10° &N

The contribution from the flanges should be taken into account when there are still capacity left in
the flanges in bending, ie the following condition should be fulffiled:

Mg4 <MfRdneg =0

2
= alll0.25 + %ﬂi(‘d) =0.623m
15 + ) (1)
2
cyf = all0.25 + M =0.59m
15 + ) (1)

CCCLX



C. Box girder

EWM - vertical stiffener distance

This chapter covers the EWM when changing the vertical stiffener distance.

Geometry

Amount of:

upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

ngy =9

ngy =6

Nggo = Ngo + 1 =10

bg = 3500mm tq = 10mm

b5 = 1750mm

bg
Sg0 = —— = 3500hm
"S.SO

hs = 389.2mm tg = 12mm

hW:= 1340mm ty = 12mm

hwy = 482.8mm

hyyy = 1250mm

Ssu0 = 20mm

Sgu = 440mm

by, := 1000mm t, == 16mm

hg, = 140mm tgo ©= 16mm ag, = 6mm
hg, = 120mm tgy ©= 12mm ag, = Smm

s
h, := hy,[dos| 21.123— | = 111.939mm
su.y su ( ]XO]
'

hygi=tq + hg + hwy+ 5 =8900hm

lbridge = 18m
a:=22m
Stg = 2000mm Stg0 = S00mm
tig.1 = 18mm tygp ©= 12mm tyg3 ©= 8mm

b
by * by = - = 864%m

W

M1 = 1.00 Tp =12
o = 1.00
M=

Material parameters:

E := 210GPa

fy(l) = |(355MPa) if t < 40mm EC1993-1-1tab. 3.1

(335MPa) otherwise

235MPa
&0 = )

Area
Ag = tgby Ay = 2thg Ay =2t By
Aso 7 Nsolloso  Agy = ngyllyBgy
— _ 2
Aot = Ag T AgH AL+ Ay + Agy + Ag, = 0.12100

A,

_ _ 2
1= Agg + Ag =0.055m

Change of center of gravity, zy

Ay =t By

tq hgo hyg by
Adﬂg+Asn{[d+7 + A td+7 + Ay ‘d*hs*T

+Abtgtd +hy+ l\wy) + Ag Dty + hy + %(l\wy - ssuo) -
7y =

h,

su.y
2

p
Atot

Moment of inertia I,

Seudy = sin(21.123|;%0) Squ0 = 7-206Em

Stiffeners over/under:

3

=363.096thm

From top to centre of gravity

2
sl hso B -3 4
Iy sts0™= Mol * oMo Mggltg + =2 =7 | = 1649 10" m

1y sl = 601.50600 “m from FEM

1
Iy stsu™= lystsul * 2‘sumsu[g‘d +he+ g(hwy - SsuOy) T

2
h, _
=y —z[p} . =0.169% 10

h 2
2 su.y
+ ZLSHEﬂsu%[d +hg+ g(hwy - ssuOy) - —2 - z[p]

b 2
. _ su.y _

+ ZLSHEﬂsu%[d +hg + (hwy - >Su0y) —2 z[p}

Web:

Iy .1 7= 200.000312m" from FEM

1

ty ’ -
= g+ 2yl = — - E@qu) -~z =3.101x 10 "m

Deck:

2

d Y4 -3 4
— + gyl — -z =4488x 10 "m

12 d dE€2 lpj

Bottom flange:
3 2
byt b -3 4
Wp= 5 * ‘bmbfghts S =] 4309x 10 m

Side plate:
3
‘SmS
y.s 12

2
hy —4 4
g+ -z | 2352610

— _ 4
Iy.to! = Iy.st.so + Iy,st.su + Iy.w + Iy.d + Iy,b * Iy.s =0015m

3 4

CCCLXI

4
m

4



C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections
Stresses

Tmax = fy(ta) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Umax

Tregl?) = 2 = Oy
“

)
3
=
N
&

1 neg(1:22) = max(0pey(21).0,

)
3
=
N
o

UZ,neg(Zl 'ZZ) = min(o‘neg(zl),ﬂ

Stress at z-coordinate when upper flange acts in tension:

“max

Upns(7) = 2+ 00k
%p

crl,pos(zl 'ZZ) = max(o'pos(zl)'UPOS(zz))
Uz,pos(zl ,zz) = mi“(Upos(Zl)’Upos(ZZ))
Buckling factor

72 pos(?1:72)

1 pos(?1+72)

“z.ncg(ll vzz) , o
- 701.“05 s Vpos(#1:72) =

quneg(zl 'ZZ)

kgq (b)) = |4 if p=1 Buckling factors from table
82 41
——— if 1> >0 SS-EN 1993-1-5
1.05 +

Internal parts in conpression
781 if p=0

781 = 6.29% + 9.789% if 0> >~
239 if p=-1

598(1 - ) if <1 > >3

kg 4.2a(0) = [043 if p=1 Buckling factors from table 4.2
0.57 if H=0 SS-EN 1993-1-5 upper part
) Elements in compression with
0.85 if p=-1 free edge.

2 Lower stress close to support.
0.57 = 021 + 0.07¢" if =1 >p=2-3

kg 40p(0) = (043 if b =1 Buckling factors from table 4.2
0578 SS-EN 1993-1-5 lower part
—— if 1>)>0 Elements in compression free
§+ 034 edge.
1.7 if =0 Higher stress close to support.

17 =50 + 17.19° if 0> > -1
238 if p=-1

Slenderness
b

t
28.43(1)%/]70.

Xp(kgbot)

Reduduction factors
pao(pi¥) = |10 if X, <05 +/0.085 - 0.055% SS-EN 1993-1-5 (4.2)
Internal parts
p = 0.055max[(3 + 1),0]
minf ———————— 1| otherwise
pa3(Rpb) = |10 i N, 0748 SS-EN 1993-1-5 (4.3)
) Cross-sections with free
(N - 0188 ) edge
min| ————— 1| otherwise

CCCLXII

Reduced cross sections

Side plate
21 = tg = 10Ghm

7y = tq + hg = 399.2(mhm

Tnee(”2)

()

=-0.102
“neg

Condition := | 62 (t)({1 ~ ) =g if =<1
42(1,)

——————— otherwise
0.67 + 0.330

Class4 := | "Class4" if > Condition = "Lower than class 4"

s

"Lower than class 4" otherwise
k0.4vl("*|’s) =8.555
[tab. 5.2 ES1993-1-1]

Nps = )\p(kGA‘](II,‘S),hS,lS) =048

‘JJQ) =1 Inre tvérsnittsdelar, EC1993-1-5 4.4 (2)

hg (1= tq + hg = 7= 0.036m Héjd dragen del

hg ¢ 1= hg = hg = 353.096m Hed tryckt del

hg oppc = pstghs_c) =353.096 m
hg effet = 04l ofp ¢ = 141.238m

by eff.c2 = 060 ofp ¢ = 211.858m
hg off 1= hgefp + g = 389.20m

3 2

AsAcff.c = Zﬁs_cff_cms =8.474 x 10” [lhm’
- _ 3 2
Agoff = 2(115_“-1-_c + hs_t)ms =9.341 x 10”Em

Critical buckling stress, orthotropic plate:

ST 3
= = ™
erp = Koa.1(s) f a2 1344 107MPa EC1993.1-5 eqA1
1201 -7 m
s

Stiffeners
Zav= tq = 10Em

Ja/= tq + hgo = 1500hm

nee(2)
g 1= —t = 0.604
negl?1
kc.4.2b(‘|’so) =0613 Higher stress close to support

h
dassd= | "Classa® it =2 > 218 (1, )Ry 4 2p{0sg) = "Lower than class 4*
Sl : s0) Yko.4.26

S0

"Lower than class 4" otherwise



C. Box girder

Pdso = p4A3()\p.so'/¢s) =1 Internal cross-sectional parts, EC1993-1-5 4.4 (2)

hso.eff == Pd.soBso = 1401m

a _ 4 2
Ago.eff = Nsollko Mo eff = 2:016 X 10

s
Class4_:= | "Classd" if — = "Classd"
"Lower than class 4" otherwise
4 -3
7q'= 7 ==5x10 "m wd = wncg(zdvzd) =1
[tab. 5.2 ES1993-1-1] kg.d = kg.4.1(thg) = 4

Xp.d = Np(kordrse.sorta) =0.723
Pq = p4A2(xp_d,¢d) =0.962 Internal cross-sectional parts

= Pyl o = 321,461 m

Areas:

— _ 4 2
A= N0 850q * ol g e * tg) =531 x 10" Hm

— _ 4, 2
Aceffloc = Moo effld * “so%oL@hso.eff + ‘d) =5.053 x 10 [tm
More than three longitudinal stiffeners > kv‘p obtained with eq. A.2

b
— 3205 10°mm*

J
12[61 - vz)

h, t
so d
fso ‘somsocﬁ‘d * 7] * bdmdB;

Mo * bglly

=32.4110hm

Yip.sl =

S0

3 2
b t
| by d _ s 4
Ig= [T + bdmdLEE - ytp‘sJ } =1.052% 10°Gm

3 2
Do to Bgo hso
* 2 +ngo oo g + = Vsl

=328143 @i= = =0.629
by

Uniform compression

- _ 2
Ag = ngo gy gy = 0.02m EC1993-1-5A1 (2)

— _ 2
= bylfy = 0.035m

A,
o 0.576

2[1’;(1 + az)z 4y - 1-‘

(xzmﬂ;+ DI + 8)
)

——————— otherwise

(b + D@1 +9)

Critical buckling stress, orthotropic plate:

L it s V7 =s28504

E
=k =
oz Kop [ 818.858(MPa EC1993-1-5eqA 1
1201 - 7B
Ao
c.efflloc
=——=0952
Bac A
Ba It
»}}p«'i =0.642
p= p4_2(>\p,¢) =1 Plate like behaviour

Effective area of the stiffened plate(deck):

- g _ 4 2
Ac.efr = P4.2(Np ) Beeffio + Sso.cfrlla = 5375 % 10" Tm

Buckling strength

i d) _ 4
NRd = Ac.ei'l‘ F—— =1.908 x 10 [EN

fy(&
™M

Column like behaviour

h t

St d

‘somsotﬁ‘d + %) + ol

Vipsle = - =34.268(thm
P toliso * 55004

3 2
Ssofd 4 7. 4
Iy .:{ T e [ = 1137 10 hm

3 2
tsolfso ho
+ 2 + hgolio g + T Vpsle

Buckling resistance stiffener

A= tsoBso *+ SeoEg = 5.74 x 10°m”

- _ 3 2
Asleff = tsoBso.eff * Sso.efffy = 3:455 107 hm

_ Adleff _

= 0.95

sl

Critical buckling stress for a stiffener

Ze
I

Column-like
behaviour

Interaktion Plate-like
I~ behaviour

=0 £=10

-The stiffener is acting as a column between stiffeners

2
™ Ely

A

Cerl = = 848.304(MPa

CCCLXIII



C. Box girder

Slendemess ratio

Calculation of reduction factor EC1993-1-54.53
Q= 0.49 Stiffeners open cross-sections

e=2718

T
Iy w ] g Lo

i= =135.3620hm

t h,
d 50
ma){(y‘p_s] - ?] '(‘d + T . ylp.sl]:| = 47.589hm

0.09

=a+ =0.522

e

¢:= O.SEEI +aglfh, -02) + xcz] = 0811 EC1993-1-16.3.1.2 (1)

Interaction
I

£ := max| min| P -1,1[,0|=0
Fersl

& ar nastan noll --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

(p=X)BT2 — &) + X, =0.757

Checks

Mean stress rod

The "rod" in this case consist of two parts in the stiffener and one partin the
web.

t h, .
— d so.eff | _ 4
Fayst == 5o Ss&effmdwneg[?J + Asowneg(td = J =-1.571 x 10" kN

OomEd™= — - = 319.999MPa

Check according toA.2.1 (4

)

A - 268.66704Pa
™
)
Kppq= |"OK" if >OcomEd = "OK
™M

"EJOK" otherwise

If this condition is not fuffiled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria

o _ 2
Adeff = M550 1dSs0.eff = 0-032m
o _ 2
Atoteff = Aso.eff + Adeff ¥ Aw * Ay + Ap + Agepp = 0.118m

g hsoeff
Adefrt + Aso.cffrE'd e

h,
s.eff.cl
+2 (Smsveff_d{td + 72 ]
h, h,
s.eff.c2 s
+tB eprealfita + by~ 7] + 'sms.trﬁ'd +hy-—=

h h,
wy 2 su.y
+AWEE‘d +hg+ —2 ] + Asu%td +hg+ E(h“’y— SSUO) -

2
¢
b
+Ap FEh‘s - 7]

Zp.eff.neg =
P € Atot.eff

CCCLXIV

=371.724thm

3 2
t . h,
o ss.efficl s.eff.cl _ -4
Iy seff = 1 + ‘sms,eItclEEtd + - Z(p.ell'.negj =3.788x 10
3 2
{0 efpc2 hg eff.c2
+ + g eppeolftd + hse ~ T 5 " “peffneg) -
3 2
tsg ¢ bt
* 2 + g Mg + by - 5 " “peffneg
3 2
1 50 5s0.eff Td tq -3 4
Iy deff = 2 + g 5084 550 e S " “peffneg) T 4.323x10 "m
- _ 4
Iy effneg = lystso * lystsu * lyw T lyb * lys+ Iy seff * ly defr =0.015m
Negative moment
Effective cross section with negative moment(lower flange in tension)
Area
Abteffneg = Ad.eff
Accftloo = 5053 10"’
pcmy(‘b)_Asl 3 2
Ac.eff.loc.mod = = 4819 10"lhm
Teom.EdIM
Aufeffneg = Ab Bottom flange in tension
The effective area in compression is calculated according to 4.5.1(4.5). If the
condition A.2.1(4) which was checked before is not fulfiled, further reduction is
needed and the area above is used.
— g B =" " = 2
Aeswtin= |PcPeffloc.mod * Sso.efffa if Kpp="EJOK" =414.57300m
Pelceffloc * Ssoefflly otherwise
Ag Lower stiffener in tension -> No reduction.
Ay, Tension -> No reduction.
A No reduction if the side plate is in class 4.
Aso Stiffener class 4 —-> No reduction.
Effective areas, effective centre of gravity and effective moment of inertia
3. 2
Actftot = Aceff * Aseff * Aw + Agy * Ap = 1.076 10716
According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.
Ac.effloc.mod
tgefr = [P R if Ky g ="EJOK"  =7.568hm
Aceffloc
Pty
t h, t
d.eff 50
solBso.eff o t :E‘d * 7) * sso,et'fmdag
d
t4 b effel
+"50B50.cff]d.cff:€?] + 'sms.cff.CIEE‘d + >
h off h,
s.eff.c2 st
”sms.eff.chg[d Fhem J + ‘s“‘s,ﬂg‘d *h = 7]
wy 2 ) suy
+AW:Etd +hg+ > * Asu%‘d +hg+ ;(hwy - ’suO) Y, }
4
b
* AbLEhts - ;j
Z, £ = =396.351hm
Atpvafonogy

Aeff.tot

4
m



C. Box girder

Effective moment of inertia:

3 2
05,50 5s0.eff td -3 4
lydeftfin™ =5 *taBssoBsoefr{ 5 ~Zpefineg ) T4924x 10 “m

Souly= sin(21.123175:—0) $u0 = 7-2060m

Stiffeners over/under:

t,

3 2
B, h
_ 50 's0.eff 50.eff _ -3 4
lystso.fin = MsoB—— o+ “somsomso.effEE‘d A le.efﬁneg] =2051x 10 “m

= 60.50600 °m* from FEM

Iy stsul.fin®
= _ ~4 4
Iy stsu.fin = ly.stsu.1.fin = =7557%x10 "m
2
1 houy
+ 2t By Pty + hg + g(“wy = Squ0y) =5 " “tpeffneg|
2
h,
2 suy
+2(>u:ﬂ>u%td +he+ g(“wy = Squ0y) - th.cff.ncg:|
hguy B
+ 210 B Pty + hg + (hyy = sgu0) = 5 " “tpeffneg
Web:
- 4
Iy w.1.fin = 200.000312m"  from FEM
2
L -3 4
Iy w.fin*= ly.w.1.fin * Zlw:ﬂwtﬁﬂ‘ts o EE@‘WY) B Llp.ef‘ﬁneg} =2343%10 “m
Bottom flange:
3
'l ' -3 4
Wbfin= —5 * zbmbtéhls ~peftneg =7 | =374 10 m
Side plate:
3 2
[, h,
_ | soseffel s.effcl _ -4 4
s =)= —* ‘sms.eﬂﬂcl‘gtd * - Z!p.efﬂnegj =4614x10 m

3
N s eff.c2 hs eff.c2

o ‘s'h&eﬂ“,cZLg'd Fhe ™

2
- Z(p.eff,nng -

lsms.l3 by :
TSl s T T Zpefineg

o _ 10, 4
Iy eftneg fin = ly.defffin * ly.stso.fin * lystsufin * lyw.fin * lyb.fin + ly.s fin = 1451 % 10" lhhm

Load

M= 91 kN The load capactty is gy, when checking the moment capacity.
QM= 91—

m

- - N Qlyidg,
Q= q Miby =315 N_— Myridge = 2866 10°EN
m B= T,
2
Qlyyidg,
My e oridge o gt
Ed s
Moment capacity
1
effneg fi
Wy gp = LRI 1753
Ztp.eff.neg
fy{ta)
~ yta) 4
Mpg = Wy o BE = 1299 x 10" NG
M1
M
—Ed_ 903
Mpgq

Shear capacity
n:=120 SS-EN1993-1-551ANM2
Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

Byeb = 2058 (ty) By, = 0293m

hy,,
o= asin[%’]!t& =21119  Angleofweb
™
w

Distance to stiffeners from z-axis:

L
by ™ tsu sm(a‘” ISO)mS"
a, = — + 5¢,0ldos| F—|+— -———————=0503m
stz = 7 ¥ Ssu0 (&w 180) 2 2
™
™
51237 85122 F Ssum"s(o’w 180) =1324m
Moment of inirtia stiffeners z-direction
(tw
- 2 2 2 _ 3 4 (mon
Tz = 2y Balfasez1) * (asea2)” * (asez) | =818 107 m stifeners)

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:

by, t
Boni= smomas(awq%o) #2055

Moment of inirtia of 15¢t of the web z-direction

= o101+ (ss2) + (ap3)7] = 0020

I =0.029 m4

stztot = Itz + stw.z

Shear buckling coefficient, side plate

w

h 2

eff

Ky = 5.34+4,00L€iJ if —2 51 =5465 SSEN 1993-1-553 (5)ANM.
a

L A3when k=0
2
hseff |
4.00 + 5.34[] —— if
a

b eff

Pt = 374 (1)

=0456 EC1-3-5eq56

Shear buckling coefficient; web with more than two longitudinal stiffeners

SS-EN 1993-1-5 (A5)

IS[,Z,!O(

(minftg 1)) By,

SS-EN 1993-1-5A.3 (1) and (2) gives:

2
h
cb
k= 5.34+4[ e j tkeg ifa23 = 1362% 10°
63+ 0,195t
3+ 0183——2tt
mi"((s’ ‘w)3]3wcb } Lst.z.tot
4.1+ +22 — otherwise
(xz min(ls,lw)3mweb

CCCLXV



C. Box girder

Slenderness limit for which shear buckling check has to be performed for stiffened webs: VifRdored =
.Rd.ored *

=12 EC1993-1-3-5ANM.2 5.1

h €
b
Check := | "no shear buckling”  if — e < 313(—

min(xs,tw)

"Reduce" otherwise

Py’ Bft) oo Bl)

CofPMIPn  CufBiM1Pin

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

Reduce > Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

= na{L,xwlj =0.456
37.41,8(ty) Kz

0.83
Xy = M if Xy <— =12
n

0.83 . 083
S <8, < 108
Ay n

1.37

if Ny > 1.08
0.7+, W

Kapacity of the web
e = 1.00 = 12
dae= 1.00

Shear capacity:

XovBy{ts) By B

3
Vi = ————————— =2.125x 10" [EN
bw.Rd
NEEIVIEER

Vb.Rd = Vow.Rd

Vg = 2866 % 1°EN

=0.674
2Vbw.Rd

T]Bg'(ts)‘:ﬂwebms _
VordS — z— =1
V3

Kapacity of the flanges

SS-EN 19931-5 54

! 2
S = "Reduce” Mpg )
l Vorra = | Vorrdored!! 7| 37— | | f MEd <MfRdneg =OEN
fRd.neg
0 otherwise
Shear capacity stiffened web:
TIDgl(‘s)mwebms
Vil Vi & e EC1993-1-5Ch5.2(1)
V3G

SS-EN 1993-1-5 5.3 (5.6)

Vo= VowRd * Vorrd = 2125 10°EN

SS-EN 1993-1-5 5.3 Table 5.1, Check:
stiff endstiffener.
VEd
2 <=1 EC1993-1-5, Ch.5.5, eq. 5.10
Vb.Rd
¢
Ed 74
Safety class 3 2Vp Rd

Flanges, plastic moment bearing capacity for the effective-flange-area.
Moment of inertia of the flanges:
SS-EN 1993-1-35.2(5.2)

. _ -3 _4
Iy fefffin*= ly.defffin * ly.b.fin = 8:698x 10 "I

The flanges effective area:

2
Aeff fot = Sso.eff Td * NsoSs0.eft T eff + Nsollso Ty eff + Ap = 422(em

No shear buckling --> the plastic load bearing capacity can be calculated.

Moment of inertia

t
d
Asfeffneg = “tp.effneg ~ 5 =391.351hm

1

b
Bufeffneg = Nis ~ 3 " “peffneg = 485.649 Thm

The flanges plastic moment bearing capacity for a cross-section with the effective

flange-area.

MfRdneg =

Mo
. Auteffnee]outeffncgl

)

Mo

. =7225x 10° &N

The contribution from the flanges should be taken into account when there are still capacity left in
the flanges in bending, ie the following condition should be fulffiled:

Mg4 <MfRdneg =0

2
= alll0.25 + %ﬂi(‘d) =0.685m
15 + ) (1)
2
cyf = all0.25 + M =0.649m
15 + ) (1)

CCCLXVI



C. Box girder

EWM - vertical stiffener distance

This chapter covers the EWM when changing the vertical stiffener distance.

Geometry

Amount of:

upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

ngy =9

ngy =6

Nggo = Ngo + 1 =10

bg = 3500mm tq = 10mm

b5 = 1750mm

bg
Sg0 = —— = 3500hm
"S.SO

hs = 389.2mm tg = 12mm

hW:= 1340mm ty = 12mm

hwy = 482.8mm

hyyy = 1250mm

Ssu0 = 20mm

Sgu = 440mm

by, := 1000mm t, == 16mm

hg, = 140mm tgo ©= 16mm ag, = 6mm
hg, = 120mm tgy ©= 12mm ag, = Smm

s
h, := hy,[dos| 21.123— | = 111.939mm
su.y su ( ]XO]
'

hygi=tq + hg + hwy+ 5 =8900hm

lbridge = 18m
a:=2.4m
Stg = 2000mm Stg0 = S00mm
tig.1 = 18mm tygp ©= 12mm tyg3 ©= 8mm

b
by * by = - = 864%m

W

M1 = 1.00 Tp =12
o = 1.00
M=

Material parameters:

E := 210GPa

fy(l) = |(355MPa) if t < 40mm EC1993-1-1tab. 3.1

(335MPa) otherwise

235MPa
&0 = )

Area
Ag = tgby Ay = 2thg Ay =2t By
Aso 7 Nsolloso  Agy = ngyllyBgy
— _ 2
Aot = Ag T AgH AL+ Ay + Agy + Ag, = 0.12100

A,

_ _ 2
1= Agg + Ag =0.055m

Change of center of gravity, zy

Ay =t By

tq hgo hyg by
Adﬂg+Asn{[d+7 + A td+7 + Ay ‘d*hs*T

+Abtgtd +hy+ l\wy) + Ag Dty + hy + %(l\wy - ssuo) -
7y =

h,

su.y
2

p
Atot

Moment of inertia I,

Seudy = sin(21.123|;%0) Squ0 = 7-206Em

Stiffeners over/under:

3

=363.096thm

From top to centre of gravity

2
sl hso B -3 4
Iy sts0™= Mol * oMo Mggltg + =2 =7 | = 1649 10" m

1y sl = 601.50600 “m from FEM

1
Iy stsu™= lystsul * 2‘sumsu[g‘d +he+ g(hwy - SsuOy) T

2
h, _
=y —z[p} . =0.169% 10

h 2
2 su.y
+ ZLSHEﬂsu%[d +hg+ g(hwy - ssuOy) - —2 - z[p]

b 2
. _ su.y _

+ ZLSHEﬂsu%[d +hg + (hwy - >Su0y) —2 z[p}

Web:

Iy .1 7= 200.000312m" from FEM

1

ty ’ -
= g+ 2yl = — - E@qu) -~z =3.101x 10 "m

Deck:

2

d Y4 -3 4
— + gyl — -z =4488x 10 "m

12 d dE€2 lpj

Bottom flange:
3 2
byt b -3 4
Wp= 5 * ‘bmbfghts S =] 4309x 10 m

Side plate:
3
‘SmS
y.s 12

2
hy —4 4
g+ -z | 2352610

— _ 4
Iy.to! = Iy.st.so + Iy,st.su + Iy.w + Iy.d + Iy,b * Iy.s =0015m

3 4

CCCLXVII
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C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections

Stresses

Tmax = fy(ta) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Umax

Tregl?) = 2 = Oy
“

1 neg(1:22) = max(0pey(21).0,

F)

UZ,neg(Zl 'ZZ) = min(o‘neg(zl),ﬂ

Stress at z-coordinate when upper flange acts in tension:

“max

Upns(7) = 2+ 00k
%p

F)

crl,pos(zl 'ZZ) = max(o'pos(zl)'o'pos(zz))

2 pos(#172) = min(Gp0s(21) Onos(22))

Buckling factor
T2negl?10%2)

T 1neg{#1:72,

quneg(zl 'ZZ)

kg (W)= 4 if p=1
8.2
1.05 +
781 if h=0

781 = 6.29% + 9.789% if 0> >~

239 if p=-1

if 1>9>0

qupos(zl 'ZZ) =

598(1 - ) if <1 > >3

Kg42a(0) = 043 if p=1
057 if p=0
0.85 if p=-1

ko 4op0) = 043 if p=1
0.578

|+ 034

17 if =0

238 if Y =-1
Slenderness
b
Nplkgrb ) = ———
28.43(1)%/]70.

Reduduction factors

p4.2()\p‘lb) = |ro it x <05+ \0.085 - 0.055¢

X, = 0.055max[(3 +1),0]
L

mi

if 1>9>0

pa3(Rpb) = |10 i N, 0748

. )\p*O.ISS
min| ————

CCCLXVIII

17 =50 + 17.19° if 0> > -1

otherwise

0.57 =021 + OAON)Z if =1 >9p=2-3

72 pos(?1:72)
1 pos(?1+72)

Buckling factors from table
41

SS-EN 1993-1-5
Internal parts in conpression

Buckling factors from table 4.2
SS-EN 1993-1-5 upper part
Elements in compression with
free edge.

Lower stress close to support.

Buckling factors from table 4.2
SS-EN 1993-1-5 lower part
Elements in compression free
edge.

Higher stress close to support.

SS-EN 1993-1-5 (4.2)
Internal parts

otherwise

SS-EN 1993-1-5 (4.3)
Cross-sections with free
edge

Reduced cross sections
Side plate

7] = tq = 10hm

23 1= tg + hy = 399.20m

pg= U"L(ZZ) =-0.102

Condition = | 62i8(tg) {1 — ) = if by < -1
426(1)

—————— otherwise
0.67 + 0330

h,

Class4 = |"Class4" if — > Condition = "Lower than class 4"
t,
s

"Lower than class 4" otherwise

g [i) =555

Seso = 560 ~ bso [tab. 5.2 ES1993-1-1]

Nps = )‘p(ko'A.l(ws)*hs*‘s) =048

pgi= p4.2(>\p.s'"‘|)s) =1 Inre tvarsnittsdelar, EC1993-1-5 4.4 (2)

h.

tq+hg— 7 = 0.036m Hojd dragen del

s~ hg = 353.096[Im

Hojd tryckt del

hg efrc = py(fhg ) =353.096 Ehm

by eff.c1 = 040 efpc = 141238 m
hg eff.c2 = 0.6 efp,c = 211.858 m

hg o = g efpc * Dy = 389.20m

- — 3 2
Ag eff e = 20 opp o = 8:474  10° Hhm’

- — 3 2
Aseff = 2(bg ffc + hg ) = 9.341 % 10°Tm

Critical buckling stress, orthotropic plate:
B,

3
= )T — = 1.
Terp = koa1(V) B 154X 10°MPa Ec1993.1-5 eqA1
121 - v

Stiffeners

235= tg = 10Gm

Ja/= tq + hgo = 1500hm

cneg(ZZ)
o = — 0 = 0.604
negl?1
kcr.4.2b(¢so) =0613 Higher stress close to support

h
Glassdi= | "Classa® it =2 > 212 (1, ) YRy 4 2p{0s0) = "Lower than class 4*

Y50

"Lower than class 4" otherwise
Xp.so = Aplko.426(¥s0) Mo tso) = 0:484

Pdso = p4.3()\p.so'ws) =1 Internal cross-sectional parts, EC1993-1-5 4.4 (2)

ho off = Pd.solso = 140m



C. Box girder

Sg,
Class4_:= ["Class4" if — = "Class4"
t,
d

"Lower than class 4" otherwise

*m $a = Pueglra 7a) =1

[tab. 5.2 ES1993-1-1] kg.d = kg.4.1(thg) = 4

Xp.d = Np(kor.drSe.sorta) =0.723

Pq = p4A2(xp_d,¢d) =0.962 Internal cross-sectional parts

Ss0.ff = PdSe.so = 321461 I
Areas:
_ _ 4. 2
D= 50501l * NoolTsolfhsg e + ta) =531 % 107 T
= oy + gy o + tg) = 5.053 x 10*Gm?
Aceffloc = Nsoso.efrTd * NsoTsofhgo efr * tg) = 5.053 x 10” Hm
More than three longitudinal stiffeners —> ku‘p obtained with eq.A.2

b 3

— 8 3205 % 10°@m’

%y
12&] - uz)
h, t
50 d
"sotsomsocﬁtd + 7] +bglyE-

t,

=32.4110hm

soBso * bglly

3 2
Ig:= ijd + byl Ld -
57| T b st |

3 2
N0 to Bgo hso
* I +ngo oo tg + = Vsl

so

=1.052x IOXme4

I
qm T o 38143 = A = 0.686
I by

Pi=1 Uniform compression

2
Ag = oyl =0.02m EC1993-1-5A1(2)

Ap = bylly = 0.035 w?

Ay
S:= o 0.576
A

P
P

oczmw+ D1 +9)
ol

(p+ DL +9)

=444.38

otherwise

Critical buckling stress, orthotropic plate:

EGCT,
o = 688,518 TP

Sexps™ Kap B EC1993-1-5 eqA1
121 - )y

A,

c.eff.loc

Bpci= ——— =0.952
A

- {ﬁ )
@wf ) =0.7

p:= pg o(\pob) = 0979 Plate ke behaviour

Effective area of the stiffened plate(deck):

_ . _ 4_ 2
Aceff = pA.Z(Xp'll’)D\c.elT.loc *+ S50.efffg =527 % 10 hm
Buckiing strength

fltg
NRpg= Ac.effﬂy =1.871 x 104mN
M

Column like behaviour

h t
50 d
‘somsoEE‘d + TJ + 8503

tsoMgo * S50y

$0-'s0

Vipsle = =34.2680m

Sgo 3 t 2
| Sso'td d _ 7. 4
e =| =5+ ssnﬂd{; - y(p.sl.c] = 1137 10 Gm

3 2
‘SOmSO h hSO
12 +hgolofitg + 5 Vpsle
Buckiing resistance stiffener
- . _ 32
Adi= teolBigg + SgoTg = 5.74 x 10°Tm
= — 3 2
Asleft = tsoBso.eff + Sso.eff g = 5455 X 107

_ Asleff _

: 095
¢ A

sl

Critical buckling stress for a stiffener

—

Ze
I —

Column-like
behaviour

Interaktion Plate-like
I~ behaviour

=0 =10

-The stiffener is acting as a column between stiffeners

|]'“l

2
™ Edy

A

=712.811[MPa

s

Slenderness ratio

Calculation of reduction factor EC1993-1-54.53
Q=049 Stiffeners open cross-sections

e =2718

Iy vl
i= |— =135.3620hm
Al
t, h
d so
m“’l:[ylp.sl - ;]'[[d + 7 - ylp.slﬂ =47.589hm

0.09

Q= ot =0.522

o

CCCLXIX



C. Box girder

¢:= o,scﬁ 1+ aglfhg -02) + xﬂ =0.864 EC1993-1-16.3.1.2 (1)

=0.721

Interaction

o,
¢ 1= max| min| —=2 - 1,1],0|=0
Yersl

& &r nastan noll --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

Pe (p—xc)m,mz - +x, =0721

Checks

Mean stress rod

The "rod" in this case consist of two parts in the stiffener and one part in the
web.

- d hsoeff | _ 4
Fayst = N0 Ss0.eff T @neg| 5 | * AsoOneg| ta + 5 | = 71571 x 107RN

F,

avst
Tcom.Ed = =-319.999(MPa
M50 Ss0.effd + Aso

Check according to A.2.1 (4
Pty
Peft) _ 256.05MPa

™M

eIt

Kpo = ["OK" if i() >6comEd = "OK"

2. -~ .

"EJOK" otherwise
Ifthis condition is not fulfilled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria

. _ 2
Ad.eff = s 50 1dSs0.cff = 0-032m
— _ 2
Atotoff = Aso.off ¥ Adeff * Aw T Agy * Ap * Agofp =0.118m

t h,
d o0.eff
Ad,et‘fB; * Asoveff{‘d * 5

h,
s.eff.cl
+2 [sms_cfﬁclrﬁ‘d + e ]
h h
s.eff.c2 s.t
* ‘sms.eff.CZ:E‘d +hye - 2 ] * ‘sms,!EE‘d +hy- >

h
wy 2 suy
+A\x'{‘d Fhot == Asurﬁ‘d +het g(hwy = Squ0) B

1
b
+ /\bEEhls - ;]
Ztp.effneg = =371.7240m
P € Atot.eff
3 2
t8, h
. s-is.eff.cl s.effcl _ -4 4
Iy seff = 20=——"—+ ‘sms.eﬂﬂcl(‘d * - Z(p.eff,nng =3.788x10 m
3 2
B eff.c2 hg eff.c2
T P iBserealta e T T ~Zpeffineg | -
2
1B ¢ bt
TSl s T T < Zpefineg
n, s, i) 3 t 2
_ s.s0%s0.eff d d _ -3 4
Yydeff == * “s.somduso,eff{z - le.efﬂnegj =4323%10 "m

— _ 4
Iy.eff.neg = Iy.st.su i ]y.st.su i Iy.w i Iy.b i ]y.s i ]y.s.eff e Iy.d.eff =0.015m

Negative moment

Effective cross section with negative moment(lower flange in tension)
Area

Asfeffneg = Ad.eff

CCCLXX

4 2
Aceffloc = 5:053 % 10°m

Pelly(tp) Ay

— _ 3 2
Acefflocmod = ——— —— = ~4.593 X 10" [m
Tcom.EdIM

Aufeffneg = Ab Bottom flange in tension
The effective area in compression is calculated according to 4.5.1(4.5). If the

condition A.2.1(4) which was checked before is not fuffiled, further reduction is
needed and the area above is used.

. " v = 2
Derotti= | PcBe effloc.mod + Sso.efflfd if Kpo = "EJOK" = 396.614[¢m

Pl effloc + Sso.effly otherwise

Agy Lower stiffener in tension -> No reduction.
Ab Tension -> No reduction.

As No reduction if the side plate is in class 4.
Aso Stiffener class 4 --> No reduction.

Effective areas, effective centre of gravity and effective moment of inertia

. _ 3. 2
Aeff.tot = AcAeff + As.eff + ARt Asu + Ab =1.058 x 10" [¢m’

According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.

A
cefflocmod ., .
tgeff = [PB———My if Kpnp ="EJOK" =7213[m

Ac.effloc

Pelly

t, h, t
d.off so d
g0, eff o F‘d {‘d + 7) * Sso.efflg,

d hseffel
+nsouso£f{iﬁ£ﬁ‘{?} * lSms.eff.cl(‘d + - )
h h
s.eff.c2 st
Hs'JE\s.cff.cZ':ﬁ‘d *hee T] + ‘sms.ttﬁ'd +hy - 7]

wy 2 su.y
Faig ot = Ay g g+ g(hwy ~S0) = }

2
b
+ AhEEhts - ;]

7 =402.489Hm
Adkpvoffanogy A
eff.tot
Effective moment of inertia:
3 2
15,50 3s0.eff tq -3 4
lydeftfin™ =5 *taBssoBsoeff{ 5 ~Zpefineg| =3079x10 Tm

Sone’™ sin(zmﬂl%o) Squ0 = 7-206m

Stiffeners over/under:

3 2
t., 0, h,
- 50 's0.eff so.eff _ -3 4
Iy stso.fin = Mso® 2 * “somsojlso,eff£td * e th,eff.negj =213%10 "m

1y stsu L fin = 6050600 °m*  from FEM

=728x 10 “m*

h 2
1 su.y
+ ZtsumsuL[[d +hg+ g(hwy ~Ssuoy) = - - le,efﬂneg}

h 2
2 su.y
+ ZtsumsuL[[d +hg+ g(hwy ~Ssuoy) = - - le,efﬂneg}

h 2
su.y
+ ZtsumsuL[[d *hg+ (hyy = squoy) = - - Z&p.eﬂ‘.neg}



C. Box girder

Web:

Ty 1 fin = 20.000312m"  from FEM

2
b -3 4
Iy w.fin*= ly.w.1.fin * lemw%}‘ls e ;E@hwy) - th.eff,neg} =2447%10 “m

Bottom flange:
3

2
by T, th I
Iy b.fin = T + tpBy Wy =7 effneg ~ 5= 3.679% 10 “m

Side plate:

By ool h ’
s effe scffel -
Yysin=2 = * lsms.eff.cIEE‘d * - th.eff,neg] =4837x 10
3 2
s eff.c2 hseffc2
P FiMseme(ta thse - ~“pefineg|

3
ms.t

s hst :
Bt F B T~ Apefineg

Iy effneg.fin = ly.defffin * lystso.fin * lystsufin * Lyw.fin * lybfin * lysfin

Load

M= 90 kN The load capacity is gy, when checking the moment capacity.
qQM:=90—
2

m

- e e
Q:=q MBy = 315% Veg Toridge 2835 10N
2 2
Qlyigge”
Mpg = —92¢ ) 276 x 10*EN
Ed 5
Moment capacity
L -
_ y-effineg.fin _ 3
Wy off = St = 00360

Ztp.eff.neg

)

filtg, 4
Mpg:= Wy o3 = 1.283 x 10" kNI
y.ef
M1

M
SeEdST 0.994
M

Rd

Shear capacity
n:=120 SSEN1993-1-551ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

Byeb = 2058 (ty) @, = 0293m

S

hy,,
a m(%’}[&o =21.119 Angle of web
K

w

Distance to stiffeners from z-axis:

. ‘n'
by ) bsu Sm(a‘” 180)m5“
ap1 = ssuomos(%jl?oj - . =0.503m
- L
A5t7.2 = Astz.1 * Ssuldos a‘w% =0913m
- L
35t7.3 = Agt.22 * Squldos a‘w% =1324m

Moment of inirtia stiffeners z-direction

Itz = 2ty By (“st.z.l)z + (“st.z.Z)2 + (ast.z.B)Z—I =818x 10 *m*

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:

= 1455 % 10"t

b t
b ™ su

At — * Squo808 0 B | + = = 0.525m

Aatada ™ "y T sl [ 130) 2

A= Atz * asumos(awag—o) =0935m
™
Setnd, = A5tz + asumos(awﬁ@) = 1346m

Moment of inirtia of 15¢t of the web z-direction

e = 2B (t571 )+ (a5 )+ (a05)7] = 0021

I =0029m*

stztot = Istz * lstw.z

Shear buckling coefficient, side plate

h32
Koy [s3a+a00p =S | ip %51 =5445 SSEN1993-553 (5)ANM.
a hg efr A3when k=0
h, 2
eff
400 + 5.3%&] it —— <1
a by eff
h
s.eff
Al = =0457 EC1-3-5eq56
37.4m53(l5)% 9.0

Shear buckling coefficient; web with more than two longitudinal stiffeners

ISLL.lOl

(min(tt,))’m,,

SS-EN 1993-1-5A3 (1) and (2) gives:

2
h
- web . _ 3
kpi= 5.34+4[T) +keg if @23 = 1155 10

I,
63+ 0.183—SZ0

miu([s,tw)3|]

I

web st.z.tot

> 3 otherwise
o min(tg, ) Byl

Slenderness limit for which shear buckling check has to be performed for stiffened webs:

=12 EC1993-1-3-5ANM.2 5.1
h. e( )
web
Check := | "no shear buckling" if ——— <3132k, ="Reduce"
ecl no shear buckling” i P ) . et educe!

"Reduce" otherwise

Reduce —> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

h,
W
Ay = mm{i xwlj =0.457 SS-EN 1993-1-55.3 (5.6)

37402 (ty) &

0.83

Xy = [N if Ay <—— =12 SS-EN 1993-1-55.3 Table 5.1,
n stiff endstiffener.
083 ifﬁs)\w<l.08
Aw n
e, > 108
0.7+ Ny
Kapacity of the web
O, = 1.00 = 12 Safety class 3
o= 1.00
Shear capacity:
K te ) By,
ViwRd = XA Bt _ 2.125 % 10°BN SSEN1993-1-35.2(5.2)
: VECIVIEN

CCCLXXI

SS-EN 1993-1-5 (A.5)
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Vb.Rd = Vbw.Rd

VEgg=2.835x% ]03EllN

Vv t tg off
Ed 4 deff
= 0667 Sso.eff T4 B * N0 Bso off T off
so.eff 1! soSso.eff d.eth€
2Vpw.Rd 2 ‘ 2t
deff b
(1) By *"aoﬂsumd.cffEET ] + Abtﬁhts ey
v < N {tg) Byep - 2 = = 345.498(fhm
bRAS T o ° tp.feffneg T
V3B eff.f.tot
" I .
Kapacity of the flanges _ Iy fefffin _ 3
W, = Ll 20,0250
fyeft =
p.feff.neg

SS-EN 19931-554

The plastic moment bearing capacity calculated with the flanges effective area:

No shear buckling > the plastic load bearing capacity can be calculated.

Moment of inertia

t,

d
A e =7 - — =397.489[mm
of.eff.neg tp.eff.neg 2 Results

¢

Aufeffneg = Mts = ™ Ap.effincg = 479511 lim
The flanges plastic moment bearing capacity for a cross-section with the effective

flange-area.

M
Ed
51 cff.neg 2 eff. tq, =
MiRdnes = AotetmnegPotettneel Blta) s e
Mo
. Autettneg futetine] (o)
Mo

The contribution from the flanges should be taken into account when there are still capacity left in
the flanges in bending, ie the following condition should be fullfiled:

MEg4 <MfRdneg =0

1604, 1g)

cgf = all0.25 + > =0.747m
g+ g ()
2
cyf = all0.25 + M =0.708m
15 + ) (1)
2 2
() bl )
VbfRd.ored = carBio 1B + N =245.563 kN

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

2
_ Mgq . ~
VbrRd = | VbfRdored ! | 3| | i MEg <MfRdneg = OEN
f.Rd.neg
0 otherwise
Shear capacity stiffened web:
“DS'(ts)mwebms
VpwRd * VpfRdS ————— =1 EC1993-1-5 Ch.5.2(1)
V3B
Yiordi VowRd * Vbrra = 2125 10°EN
Check:
VEd
<1=1 EC1993-1-5,Ch.5.5, eq. 5.10
Vb.rd
VE
4~ 0667
2VhRd

Flanges, plastic moment bearing capacity for the effective-flange-area.

Moment of inertia of the flanges:
— _ -3_4
Iy fefffin = ly.d.efffin * lyb.fin = 8758 % 10 "

The flanges effective area:

= _ 2
Acff 1ot = Sso.eff T * NsoSso.cftTd.eff + Nsolsold.eff *+ Ap = 411.2061m

CCCLXXII

it
4

Mgq = Wi jﬂ =8.999  10°ENT
tRa = Weyerr o

MpiRa = Mg = 1283 x 10" &N

Moment capacity check when qM= 90&&
- 2
m

=0.994

EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)
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EWM - vertical stiffener distance

This chapter covers the EWM when changing the vertical stiffener distance.

Geometry
Amount of:
upper stiffeners: ngy =9
Lower stiffeners: ng, =6
Deck subpanels: g o= Mgy + 1 =10
Deck: bg = 3500mm tq:= 10mm
bg.0.5:= 1750mm
= 350hm
side plate: hy 1= 389.2mm tg1= 12mm
Web: hy := 1340mm ty = 12mm
hwy = 482.8mm
hyyy = 1250mm
Ssu0 = 20mm
Sgu = 440mm
Bottom plate: by, := 1000mm tp := 16mm
Longitudinal stiffeners:
Stiffeners over: hg, = 140mm tgo ©= 16mm
Stiffeners under: hg, := 120mm tgy ©= 12mm
hg, y = hy,Bo 21123~ | = 111.939 [
= 0S| . = B m
su.y su 180

t
Total height: hygi=tq + hg + hwy + 7" = 890hm
Bridge length: lbridge = 18m

Distance between a:= 2.6m

vertical stiffeners:
Transverse stiffeners: Sgs = 2000mm

tig.1 = 18mm

W

b
by * by = - = 864%m

Poissons ratio

M1 = 1.00 Tp =12
o = 1.00
M=

Stg0 = S00mm

tygp ©= 12mm

5o = 6mm
g = Smm
tyg3 ©= 8mm

Material parameters:

E := 210GPa

(0= | (355MPa) if t < 40mm
(335MPa) otherwise

235MPa
&0 = )

Area
Ag = tgby

Ao = Mol i,

Aot T AG T Ag AT A T A *

2
= Agy + Ag = 0.055m

Change of center of gravity, zy

EC1993-1-1tab. 3.1

Ay =t By

_ 2
Agy = 01210

tq hgo hyg by
Adﬂg+Asn{[d+7 + A td+7 + Ay xd+hs+—2

2 suy
+Abtgtd +hy+ l\wy) + Ag Dty + hy + E(hwy - ssuo) - }

2

P A

Moment of inertia |,

Seudy = sin(m.lzalg—o) $5u0 = 7-206lm

Stiffeners over/under:

'tot

h,

3 2
t, 0,
— 50-'s0 s0 _ 34
Iy st.so = Dol %) * “somsgmsgfgld + - ‘tpj =1.649% 10 “m

Iy stsu ] = 60150600 °m’  from FEM

v.st.su.

2 y
+ 2‘sumsufE‘d +het ;(“wy - Ssu()y) =

+ szumsufﬁxd + hg
Web:

1= 20.000312m"  from FEM

Iy w.

() 22

2
= 774 L =9.169% 107

h

2
1,
. b _ -3 4
Ly = Lyt + zmwmwrﬁh‘s e ;'Qhwy) - ztp} =3.001%10 “m

Deck:

3 2
_ bylly tq B -3 4
Iy.d = +tgByll— - Ztp =4488x 10 "m

12 2

Bottom flange:

3 2
_ byl b)) _ 3
b= =+ Byl —zp =] =4309%10 m

Side plate:

Total:

2
zth =3.526% 10 "'m

4

4 4

= _ 4
Iytot= lystso ™ lystsu t lyw * lya ¥ lyp + 1y s =0.015m

CCCLXXIII

=363.096hm

4
m

4



C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections

Stresses
Tmax = fy(ta) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Umax

Tneg?) =~ = O
“

1 neg(#1:22) = max(0peq(21) . Oneg(22))

9 neg(#1:22) = min(0ycq(21) . Oneg(2))

Stress at z-coordinate when upper flange acts in tension:

“max

Tpos(?) =

2+ Umax
2,

1 pos(1:22) = max(005(21) Tpos(22))

9 pos(21:22) = min(0704(21) Tpes(22))

Buckling factor

72.p0s(71-%2)
1 pos(71-%2)

 9neg71)

)= G )

qupos(zl 'ZZ) =

kgq (b)) = |4 if p=1 Buckling factors from table
82 41
——— if 1> >0 SS-EN 1993-1-5
1.05 +

Internal parts in conpression
781 if p=0

781 = 6.29% + 978> if 0> >~
239 if p=-1

5.98(1 —w)z if =1 > >-3

kg 4.2a(0) = [043 if p=1 Buckling factors from table 4.2
0.57 if H=0 SS-EN 1993-1-5 upper part
) Elements in compression with
0.85 if p=-1 free edge.

2 Lower stress close to support.
0.57 = 021 + 0.07¢" if =1 >p=2-3

kg 40p(0) = (043 if b =1 Buckling factors from table 4.2
0578 SS-EN 1993-1-5 lower part
—— if 1>)>0 Elements in compression free
§+ 034 edge.
1.7 if =0 Higher stress close to support.
17 =50 + 17.19° if 0> > -1
238 if p=-1
Slenderness
b
Nplkgrb ) = ———
28.43(1)%/]70.
Reduduction factors
pao(pi¥) = |10 if X, <05 +/0.085 - 0.055% SS-EN 1993-1-5 (4.2)
Internal parts
p = 0.055max[(3 + 1),0]
minf ———————— 1| otherwise
pa3(Rpb) = |10 i N, 0748 SS-EN 1993-1-5 (4.3)
) Cross-sections with free
(N 088 ) edge
min| —— 1| otherwise

CCCLXXIV

Reduced cross sections
Side plate

21 = tg = 10Ghm

25 = tg + hg = 399.20m

Tnee(”2)

()

=-0.102

heg

Condition = 62@((5)2@1 —ws)ﬁ if s -1
42@(‘5)

0.67 + 0.330

otherwise

h,

Class4 := | "Class4" if > Condition = "Lower than class 4"

s

"Lower than class 4" otherwise

Se.so = Sgo L. Table 5.2 ES1993-1-1

Nps = >\p(“c,4.1(¢s) hgtg) =048

= Py, Z(X ;.II,‘;) =1 Internal cross-sectional parts,
SR EC1993-1-5 4.4 (2)
hg (1= tq + hg = 7= 0.036m Height tension part

hg o 1= hy = hg = 353.096hm Height compression part

hg ofpc = pstghs_c) =353.096 m

hg effel = 04T opp e = 141238 Thm

hg offea = 0.6Mg ofp e = 211.858Thm

B eff = By ofc * hg ¢ = 389.20m
- - 3 2
Agoffc = 20 opp oI = 8.474x 10” Gm

- _ 3 2
Agoff = 2(115_“-1-_c + hs_t)ms =9.341 x 10”Em

Critical buckling stress, orthotropic plate:

EJ\'ZUJSZ
3
= Y| F—F—F— =
Terp = Koa.1 () B 1:544x 107MPa - ECq993-1.56q A
201 - v?)mg
Stiffeners

235= tg = 10Gm

Ja,= tq + hgo = 1500hm

Lo Z
2
P &() =0.604
negl?1
kcr.4.2b(¢so) =0613 Higher stress close to support

h
Glassd= | "Classa® it =2 > 212 (1, ) YfRg 4 2p{Vsg) = "Lower than class 4"

Y50

"Lower than class 4" otherwise
Npso = Xp(kc.A.Zb(wso)'hso'tso) =0484
Pd.so = P4, 3(>‘p So,ws) 1 Internal cross-sectional parts, EC1993-1-5 4.4 (2)
hgo eff = Pd.solfiso = 1400mm

— _ 4 2
Ago.eff = Dollo By eff = 2016 % 10 Thm



C. Box girder

Deck
Sy,
=2 =35 42
tq

N SSO
Class4_:= | "Classd" if — >42 = "Class4"

4
"Lower than class 4" otherwise
R 3

2gi= o =X 10 m Vg = Uneg(2a:24) = 1

Table 5.2 ES1993-1-1 ko= ko 4.1(g) =4

Np.d = )‘p(ku.d'sc.so'ld) =0.723

pai= p4.2(>‘p.d"¢d) =0.962 Internal cross-sectional parts

Sso.eff = PdlSe.s = 321461 ltm

Areas:

4, 2
50l * 5o B0 fhso et + ta) =531 x 10" T

o _ 4, 2
Acceffloc = soSs0.efr T * 5o Bofhgo ef + tg) = 5053 x 10" T

More than three longitudinal stiffeners —> k;, ; obtained with eq. A2

3
bylly
L= — 23205 % 107G’
P 2
12&] -V )
h t
50 d
5o tsomsoEEtd * 7] * bdmdB;
Yipsl = T =32.411hm
M50 tsoBiso * bglly
3 7
bylfy Kl
Iy :={ o T | | - =1.052% 10°mm*
3 2
S S0 hSO
+ 2 *ngolgo ity + 5 " Vpsl
I
1
iz 2328143 ai= - =0.743
1, by

Pi=1 Uniform compression
Ag = g BT = 0.02m” EC1993-1-5A1 (2)
A, 1= byl = 0.035m’

= bylly = 0.035m

A,
. 0.576

oo or- ] fasih

bop= |75 =378.927
o [ + DT +8)
2
a3 otherwise
(p+ DL +9)

Critical buckling stress, orthotropic plate:

EGCT,
=k 3 = 587. 4
Saspi™ ko p o), 87 100MPa EC1993-1-5 eqA 1
12001 -v7)By
A
Bac= c.j\ff.loc - 0952

Pi= Py, Z(Xp,w) =0.936 Plate like behaviour
Effective area of the stiffened plate(deck):

- g _ 4 2
Ac.efr = P4.2(Np ) Beeffio + Sso.cfrlla = 5051 % 10" Tm

Buckling strength

filt, 4
Npq= Ac.eﬂ‘Bﬂ =1.793 % 10" &N

Column like behaviour

h t
s0 d
‘somsotﬁ‘d + T] + ssumdBE

toliso * 55004

Yipsle = =34.2680im

Sgo 3 t 2
| Sso'td d _ 7. 4
e =| =5+ ssnﬂd{; - y(p.sl.c] = 1137 10 Gm

3 2
tsolBso b ho
12 +hgolofitg + 5 Vpsle

Buckiing resistance stiffener
- . _ 32
Adi= teolBigg + SgoTg = 5.74 x 10°Tm
. _ 3 2
Asleft = tsoBso.eff + Sso.eff g = 5455 X 107

_ Asleff _

: 095
¢ A

sl

Critical buckling stress for a stiffener

Ze
I

Column-like
behaviour

Interaktion Plate-like
I~ behaviour

s=0 =10
-The stiffener is acting as a column between stiffeners
2
E

Agld

Cersl = =607.365(MPa

Slenderness ratio

Be{tso, -

0.745

Tersl

Calculation of reduction factor EC1993-1-54.53

=049 Stiffeners open cross-sections

w17

CCCLXXV



C. Box girder

¢:= 0.5[|51 +agfhe -02) + xﬂ =092 EC1993-1-16.3.1.2 (1)

X = minf 1, =0.685

Interaction

Terp
¢ := max min) —= - 1,1,0|=0
Yersl

& is almost zero —> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

Pe = (P = Xc) B2 — €) + X, = 0685

Checks

Mean stress rod

The "rod" in this case consist of two parts in the stiffener and one part in the
web.

t h,
d so.cff
Ngo Ssu.cffmdmncg{?j * Asu@ncg[!d + %j =-1571 x 10°mN

F.
avst
Tcom.Ed = =-319.999(MPa
M50 Ss0.effd + Aso
Check according to A.2.1 (4
Pty
Peft) _ 243278 MPa
™M
et
Kpo = |"OK" if i() >Ogompd = "OK”
2. o .
"EJOK" otherwise

Ifthis condition is not fulfilled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria

. _ 2
Ad.eff = s 50 1dSs0.cff = 0-032m
— _ 2
Atotoff = Aso.off ¥ Adeff * Aw T Agy * Ap * Agofp =0.118m

t h,
d o0.eff
Ad,et‘fB; * Asoveff{‘d * 5

h,
s.eff.cl
+2 [sms_cfﬁclrﬁ‘d + e ]
h h
s.eff.c2 s.t
* ‘sms.eff.CZ:E‘d +hye - 2 ] * ‘sms,!EE‘d +hy- >

h
wy 2 suy
+A\x'{‘d Fhot == Asurﬁ‘d +het g(hwy = Squ0) B

1
b
+ /\bEEhls - ;]

Ztp.effneg =
pefinee Atot.eff
3 2
— {5y efpcl hg effcl
Iy seff = 20————— *+ Mg eprc1ftq + ~Upeffneg|
3 2
s eff.c2 b eff.c2
g epreollta Fhse T T Zypeffneg | -

L by ’
TSl s T T < Zpefineg

3 2
Y4 -3 4
+ "s.somd@so.cffEE; - Z[p_cff_m:g] =4323% 10 °m

Iy deff =

o _ 4
Iy effneg = lystso * lystsu ¥ lyw * Iy * lys+ Ly seff + Iy defr =0.015m

Negative moment

Effective cross section with negative moment(lower flange in tension)
Area

Asfeffneg = Adeff

CCCLXXVI

=371.7240hm

=3788% 107 *m?

4 2
Aceffloc = 5:053 % 10°m

Pelly(tp) Ay

= _ 3 2
Ac effloc.mod = =-4.364x 10" [tm
Tcom.EdIM
A = A P .
uf.eff.neg b Bottom flange in tension
The effective area in compression is calculated according to 4.5.1(4.5). If the

condition A.2.1(4) which was checked before is not fuffiled, further reduction is
needed and the area above is used.

Aositi= |PcPecttiocmod * Ssocttl if Ka = "EJOK" =3784330m”
PeBeeffioc * Ssoeflly Otherwise
Asu Lower stiffener in tension -> No reduction.
Ap Tension -> No reduction.
As No reduction if the side plate is in class 4.
Aso Stiffener class 4 > No reduction.

Effective areas, effective centre of gravity and effective moment of inertia

coff ¥ Aseff ¥ Aw+ Agy * Ap = 104 107em’

Acfftot =

According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be

reduced evenly distributed over the cross section. Therefore the web-thickness
changed with earlier area reduction factors.

Ac.eff.loc.mod

is

= [ERALiLLil i B =E -
tdeff = | P 0 iy if Ky ="EJOK 6.853[m
c.eff.loc
[
t h, t
d.eff 50 d
Bso.efrlol— {‘d + 7) * Sso.efflg,
d
‘4 hg effcl
+“souso,effih,eff‘E?J + lsﬂis,eff,dtgrd =
h
s.eff.c2 s.t
+tglg epreofta + Pse ~ 2 ] + ‘sms_ttﬁ'd +hg— 7]
h,
wy 2 su.y
FAGtg Hhgr == I Ayl + g+ g(hwy‘ssuo) - }
b
+ AhEEhts - ;]
fanoftinog/™ = 408.918[Hm
A,
eff.tot
Effective moment of inertia:
3 2
Sso.effTd tq 3 4
ly d.eff.fin 2 + g5 5050 eff S " “peffneg) T 5245% 10 “m

Souly= sin(zl.lzjlg—o) 5540 = 7-2060m

Stiffeners over/under:
toMeo ot h
50 's0.eff s0.eff
ly stso.fin = MsoF o+ "somsoﬁsox:ff{[d =
-6 4
= 600.50600 "m fromFEM

Iy.st.su,l fin*

Iy stsufin = ly.stsu.1.fin

+2t [,

+2t [,

houy

2
+2‘sumsu%‘d +hgt (hwy - SsuOy) T, th.cff.ucg}

=6.998% 10~

2
1 su.y
su su%‘d +hgt ;(hwy - ssuOy) T, th.cff.ncg}

2
2 su.y
su su%‘d +hgt ;(hwy - ssuOy) T, th.cff.ncg}

4
m

2
. =2214% 1073
“tp.effneg| =4 0 m

4

4



C. Box girder

Web:

— 4
Iy .1 fin = 200.000312m"  from FEM

2
=235x 10 °m’

1
b1
Iy w.fin™= lyw.1.fin ¥ thmw%}‘ls e EEéhwy) ~ Zip eff.

Bottom flange:
3

2
by T, th I
Iy b.fin = T + tpBy Wy =7 effneg ~ 5= 3581x10 “m

Side plate:

By ool h ’
s effe scffel -
Yysin=2 = * lsms.eff.cIEE‘d * - th.eff,neg] =5.078x 10
3 2
s eff.c2 hseffc2
P FiMseme(ta thse - ~“pefineg|

3
ms.t

s hst :
Bt F B T~ Apefineg

Iy effneg.fin = ly.defffin * lystsofin * lystsufin * Lyw.fin * lybfin * lysfin

Load
kN The load capactty is gy, when checking the moment capacity.

qM:=89—
2
m

N QD:L
= - dge
Q= q MiBy 311.5[% - % =280 % 10°EN

VEq:

=1.262% 10" &N

2
_ QMprigge
MEd = 78

Moment capacity

1
.effneg.fi
Wy g = LI _ 36053

Ztp.eff.neg

)

filtg, 4
Mpg:= Wy o3 = 1267 x 10" ‘NI
y.ef
M1

M
SeEdST 0.995
M

Rd

Shear capacity
n:=120 SSEN1993-1-551ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

Byeb = 2058 (ty) @, = 0293m

hy,,

oy = asin] —2 |22 251119 Angle ofweb
hy | ™

Distance to stiffeners from z-axis:

™
sin| o, G— |0,
by e w ), "( 180) * s
a, =—_ S, 0S| +— - =0., m
st.z.1 B su0 Oy 180 5

A5t22 = Atz ¥ Ssum"s(uw%] =0913m

A5t23 = 8522 F Ssum"s(uw% =1324m

Moment of inirtia stiffeners z-direction

Itz = 2ty By (“st.z.l)z + (“st.z.Z)2 + (ast.z.B)Z—I =818x 10 *m*

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:

su

by, - t
a, 1= — + 5, 0ldos| F— [+ — =0.525m
Astndn™ 57 T Ssu0 (% ISO) 2

Aetnde= Atz 1 ssumos(%%] =0935m

=146 x 10'm*

Smnd= Atz * asumos(awag—o) =1346m
Moment of inirtia of 15¢t of the web z-direction

e = Do BB(1501)+ (as0) + (a3)7] = 0021

I =0029m*

stztot = Istz * lstw.z

Shear buckling coefficient, side plate

2
by efp . a
kpp = [534+ 400p——| i >1 =543 SSEN1993-1-55.3 (5)ANM.
a hg efr A3when k=0
h, 2
eff
400 + 5.3%&] it —— <1
a by eff
h
s.eff
Al = =0457 EC1-3-5eq56
37408(1) iy -

Shear buckling coefficient; web with more than two longitudinal stiffeners

1 3
st.z.tot 2.1

(minfig) i, | ™lst)

SS-EN 1993-1-5A3 (1) and (2) gives:

2
h
534+ 4[“’—*] +hpg if a23 =993.262
. s

I
63+ 0.183— 2

min(ts.xw)sﬁ

2
o

I

'web st.z.tot

+22 otherwise

it ) Byt

Slenderness limit for which shear buckling check has to be performed for stiffened webs:

=12 EC1993-1-3-5ANM2 5.1

. . hyeb €((s)
Check := | "no shear buckling" if —F—— <310— vk'rl = "Reduce"
mm(\s,tw) n

"Reduce" otherwise

Reduce —-> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

h,
W
Ay = max] ————————,\ =0.457 SS-EN 1993-1-55.3 (5.6)
A (37,41WB(1W) Jo Wl]
. 0.83
Xy = [N Ay <— =12 SS-EN 1993-1-55.3 Table 5.1,
n stiff endstiffener.
. ).
OB OB g
Ay n
13T Ay 2 1.08
0.7+ Xy
Kapacity of the web
= 1:00 =12 Safety class 3
iae= 100
Shear capacity:
Xt By T 3
ViwRd = — Y2 8 22125 % 10° kN SS-EN 1993-1-35.2(5.2)
V3B By

Vb.Rd = Vow.Rd
_ 3
VEd =2.804 x 10" KN

V
B _ 0.66

2Vbw.Rd

11B’y(ts)mwebms _
VordS—=—— =1
V3B

CCCLXXVII

SS-EN 1993-1-5 (A.5)



C. Box girder

Kapacity of the flanges

SS-EN 19931-554

No shear buckling —-> the plastic load bearing capacity can be calculated.

Moment of inertia

4
feffneg = “tp.effneg ~ 5 - 403.9180m

b

Aufeffneg = s = ™ p.effincg = 473-0820m

The flanges plastic moment bearing capacity for a cross-section with the effective

flange-area.
T T
Mt R neg = %{W .. =7297% 10°ENMR
Mo

The contribution from the flanges should be taken into account when there are still capacity left in
the flanges in bending, ie the following condition should be fulffiled:

Mgq <MfRdneg =0

2
cgp = all0.25 + M =08Im
s+ ) (1)
2
ol + ) (1)

2 2
Ve = bata ) 1) o Dolfo {'y) 1) =226.674RN
DERAored o BB CurBimi B

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

M 2
Ed

VorRrd = | VorRdored (! 7| 3= | | 1 MEd<MfRdneg =OEN

£Rd.neg

0 otherwise
Shear capacity stiffened web:
T]Bg'(ts)‘:ﬂwebms

VowRdt VofRdS — =—— =1 EC1993-1-5 Ch.5.2(1)

V3G

ViRdi= Vowrd * VprRa = 2125 % 10°&N

Check:
VEd
2 1= EC1993-1-5, Ch.55, eq. 5.10
Vb.Rd
v
B _ 66
2Vh.Rd

Flanges, plastic moment bearing capacity for the effective-flange-area.

Moment of inertia of the flanges:
— _ -3_4
Iy feff.fin = ly.d.eff.fin * Iy b.fin = 8:820x 10 “li

The flanges effective area:

. _ 2
Acff £ot = Sso.effTd * NsoSso.cff T off * Nsoso T cff + Ap = 400.2791m

4 {deff
Ssoefffa® * "sn@so.cffmdx:ffrﬁiz

t 1
d.eff b
* “somsomd,efftﬁ > ] + Ab:Ehls Y

At ftot

=354.738m

Ztp.f.effneg =

CCCLXXVIII

Wty eff =

“tp.f.eff.neg

Iy feff fin

The plastic moment bearing capacity calculated with the flanges effective area:

£t 5
Mppq = Wiy o3 = 8.833 x 10° &N
£Ra = Wy ©

Results

MpiRa = Mg = 1267 x 10" &N

Moment capacity check when qM= SQd(ﬂ
- 2
m

ny = Ed
1=
Mpl.Rd

=0.995

EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)



C. Box girder

EWM - vertical stiffener distance

This chapter covers the EWM when changing the vertical stiffener distance.

Geometry

Amount of:

upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

ngy =9

ngy =6

Nggo = Ngo + 1 =10

bg = 3500mm tq = 10mm

b5 = 1750mm

bg
Sg0 = —— = 3500hm
"S.SO

hs = 389.2mm tg = 12mm

hW:= 1340mm ty = 12mm

hwy = 482.8mm

hyyy = 1250mm

Ssu0 = 20mm

Sgu = 440mm

by, := 1000mm t, == 16mm

hg, = 140mm tgo ©= 16mm ag, = 6mm
hg, = 120mm tgy ©= 12mm ag, = Smm

s
h, := hy,[dos| 21.123— | = 111.939mm
su.y su ( ]XO]
'

hygi=tq + hg + hwy+ 5 =8900hm

lbridge = 18m
a:=2.8m
Stg = 2000mm Stg0 = S00mm
tig.1 = 18mm tygp ©= 12mm tyg3 ©= 8mm

b
by * by = - = 864%m

W

M1 = 1.00 Tp =12
o = 1.00
M=

Material parameters:

E := 210GPa

fy(l) = |(355MPa) if t < 40mm EC1993-1-1tab. 3.1

(335MPa) otherwise

235MPa
&0 = )

Area
Ag = tgby Ay = 2thg Ay =2t By
Aso 7 Nsolloso  Agy = ngyllyBgy
— _ 2
Aot = Ag T AgH AL+ Ay + Agy + Ag, = 0.12100

A,

_ _ 2
1= Agg + Ag =0.055m

Change of center of gravity, zy

Ay =t By

tq hgo hyg by
Adﬂg+Asn{[d+7 + A td+7 + Ay ‘d*hs*T

+Abtgtd +hy+ l\wy) + Ag Dty + hy + %(l\wy - ssuo) -
7y =

h,

su.y
2

p
Atot

Moment of inertia I,

Seudy = sin(21.123|;%0) Squ0 = 7-206Em

Stiffeners over/under:

3

=363.096thm

From top to centre of gravity

2
sl hso B -3 4
Iy sts0™= Mol * oMo Mggltg + =2 =7 | = 1649 10" m

1y sl = 601.50600 “m from FEM

1
Iy stsu™= lystsul * 2‘sumsu[g‘d +he+ g(hwy - SsuOy) T

2
h, _
=y —z[p} . =0.169% 10

h 2
2 su.y
+ ZLSHEﬂsu%[d +hg+ g(hwy - ssuOy) - —2 - z[p]

b 2
. _ su.y _

+ ZLSHEﬂsu%[d +hg + (hwy - >Su0y) —2 z[p}

Web:

Iy .1 7= 200.000312m" from FEM

1

ty ’ -
= g+ 2yl = — - E@qu) -~z =3.101x 10 "m

Deck:

2

d Y4 -3 4
— + gyl — -z =4488x 10 "m

12 d dE€2 lpj

Bottom flange:
3 2
byt b -3 4
Wp= 5 * ‘bmbfghts S =] 4309x 10 m

Side plate:
3
‘SmS
y.s 12

2
hy —4 4
g+ -z | 2352610

— _ 4
Iy.to! = Iy.st.so + Iy,st.su + Iy.w + Iy.d + Iy,b * Iy.s =0015m

3 4

CCCLXXIX
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m
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C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections
Stresses

Tmax = fy(ta) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Umax

Tregl?) = 2 = Oy
“

)
3
=
N
&

1 neg(1:22) = max(0pey(21).0,

)
3
=
N
o

UZ,neg(Zl 'ZZ) = min(o‘neg(zl),ﬂ

Stress at z-coordinate when upper flange acts in tension:

“max

Upns(7) = 2+ 00k
%p

crl,pos(zl 'ZZ) = max(o'pos(zl)'UPOS(zz))
Uz,pos(zl ,zz) = mi“(Upos(Zl)’Upos(ZZ))
Buckling factor

72 pos(?1:72)

1 pos(?1+72)

“z.ncg(ll vzz) , o
- 701.“05 s Vpos(#1:72) =

quneg(zl 'ZZ)

kgq (b)) = |4 if p=1 Buckling factors from table
82 41
——— if 1> >0 SS-EN 1993-1-5
1.05 +

Internal parts in conpression
781 if p=0

781 = 6.29% + 9.789% if 0> >~
239 if p=-1

598(1 - ) if <1 > >3

kg 4.2a(0) = [043 if p=1 Buckling factors from table 4.2
0.57 if H=0 SS-EN 1993-1-5 upper part
) Elements in compression with
0.85 if p=-1 free edge.

2 Lower stress close to support.
0.57 = 021 + 0.07¢" if =1 >p=2-3

kg 40p(0) = (043 if b =1 Buckling factors from table 4.2
0578 SS-EN 1993-1-5 lower part
—— if 1>)>0 Elements in compression free
§+ 034 edge.
1.7 if =0 Higher stress close to support.

17 =50 + 17.19° if 0> > -1
238 if p=-1

Slenderness
b

t
28.43(1)%/]70.

Xp(kgbot)

Reduduction factors
pao(pi¥) = |10 if X, <05 +/0.085 - 0.055% SS-EN 1993-1-5 (4.2)
Internal parts
p = 0.055max[(3 + 1),0]
minf ———————— 1| otherwise
pa3(Rpb) = |10 i N, 0748 SS-EN 1993-1-5 (4.3)
) Cross-sections with free
(N - 0188 ) edge
min| ————— 1| otherwise

CCCLXXX

Reduced cross sections

Side plate
21 = tg = 10Ghm

7y = tq + hg = 399.2(mhm

Tnee(”2)

()

=-0.102
“neg

Condition := | 62 (t)({1 ~ ) =g if =<1
42(1,)

——————— otherwise
0.67 + 0.330

Class4 := | "Class4" if > Condition = "Lower than class 4"

s

"Lower than class 4" otherwise
k0.4vl("*|’s) =8.555
[tab. 5.2 ES1993-1-1]

Nps = )\p(kGA‘](II,‘S),hS,lS) =048

‘JJQ) =1 Inre tvérsnittsdelar, EC1993-1-5 4.4 (2)

hg (1= tq + hg = 7= 0.036m Héjd dragen del

hg ¢ 1= hg = hg = 353.096m Hed tryckt del

hg oppc = pstghs_c) =353.096 m
hg effet = 04l ofp ¢ = 141.238m

by eff.c2 = 060 ofp ¢ = 211.858m
hg off 1= hgefp + g = 389.20m

3 2

AsAcff.c = Zﬁs_cff_cms =8.474 x 10” [lhm’
- _ 3 2
Agoff = 2(115_“-1-_c + hs_t)ms =9.341 x 10”Em

Critical buckling stress, orthotropic plate:

ST 3
= = ™
erp = Koa.1(s) f a2 1344 107MPa EC1993.1-5 eqA1
1201 -7 m
s

Stiffeners
Zav= tq = 10Em

Ja/= tq + hgo = 1500hm

nee(2)
g 1= —t = 0.604
negl?1
kc.4.2b(‘|’so) =0613 Higher stress close to support

h
dassd= | "Classa® it =2 > 218 (1, )Ry 4 2p{0sg) = "Lower than class 4*
Sl : s0) Yko.4.26

S0

"Lower than class 4" otherwise



C. Box girder

Pdso = p4A3()\p.so'/¢s) =1 Internal cross-sectional parts, EC1993-1-5 4.4 (2)

hso.eff == Pd.soBso = 1401m

a _ 4 2
Ago.eff = Nsollko Mo eff = 2:016 X 10

s
Class4_:= | "Classd" if — = "Classd"
"Lower than class 4" otherwise
4 -3
7q'= 7 ==5x10 "m wd = wncg(zdvzd) =1
[tab. 5.2 ES1993-1-1] kg.d = kg.4.1(thg) = 4

Xp.d = Np(kordrse.sorta) =0.723
Pq = p4A2(xp_d,¢d) =0.962 Internal cross-sectional parts

= Pyl o = 321,461 m

Areas:

— _ 4 2
A= N0 850q * ol g e * tg) =531 x 10" Hm

— _ 4, 2
Aceffloc = Moo effld * “so%oL@hso.eff + ‘d) =5.053 x 10 [tm
More than three longitudinal stiffeners > kv‘p obtained with eq. A.2

b
— 3205 10°mm*

J
12[61 - vz)

h, t
so d
fso ‘somsocﬁ‘d * 7] * bdmdB;

Mo * bglly

=32.4110hm

Yip.sl =

S0

3 2
b t
| by d _ s 4
Ig= [T + bdmdLEE - ytp‘sJ } =1.052% 10°Gm

3 2
Do to Bgo hso
* 2 +ngo oo g + = Vsl

=328143 = = =08
by

Uniform compression

- _ 2
Ag = ngo gy gy = 0.02m EC1993-1-5A1 (2)

— _ 2
= bylfy = 0.035m

A,
o 0.576

2[1’;(1 + az)z 4y - 1-‘

(xzmﬂ;+ DI + 8)
)

——————— otherwise

(b + D@1 +9)

Critical buckling stress, orthotropic plate:

E
= =
Sasspi= Ko T = S06661
1201 - v°) By
A o
c.eff.loc
=——=0952
Bac A

c

Bach(t)
»}&p«'i =0.817

L it s V7 =327.007

D1Pa EC1993-1-5 eqA1

p= PA.z(va‘l’) =0.895 Plate like behaviour

Effective area of the stiffened plate(deck):

- g _ 4 2
Ac.efr = P4.2(Np ) Beeffio + Sso.cfrlla = 4:843 % 10" Tm

Buckling strength

i d) _ 4
NRd = Ac.ei'l‘ F—— =1.719% 10 [N

fy(&
™M

Column like behaviour

h t

St d

‘somsotﬁ‘d + %) + ol

Vipsle = - =34.268(thm
P toliso * 55004

3 2
Ssofd 4 7. 4
Iy .:{ T e [ = 1137 10 hm

3 2
tsolfso ho
+ 2 + hgolio g + T Vpsle

Buckling resistance stiffener

A= tsoBso *+ SeoEg = 5.74 x 10°m”

- _ 3 2
Asleff = tsoBso.eff * Sso.efffy = 3:455 107 hm

_ Adleff _

= 0.95

sl

Critical buckling stress for a stiffener

Ze
I

Column-like
behaviour

Interaktion Plate-like
I~ behaviour

=0 £=10

-The stiffener is acting as a column between stiffeners

2
™ Ely

A

Cerl = = 523.698(MPa

CCCLXXXI



C. Box girder

Slendemess ratio

Calculation of reduction factor EC1993-1-54.53
Q= 0.49 Stiffeners open cross-sections

e=2718

T
Iy w ] g Lo

i= =135.3620hm

t h,
d 50
ma){(y‘p_s] - ?] '(‘d + T . ylp.sl]:| = 47.589hm

0.09

=a+ =0.522

e

¢:= O.SEEI +aglfh, -02) + xcz] =0.979 EC1993-1-16.3.1.2 (1)

Interaction
I

£ := max| min| P -1,1[,0|=0
Fersl

& ar nastan noll --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

(p *Xc)DiEIJZ - €) + X, =0.649

Checks

Mean stress rod

The "rod" in this case consist of two parts in the stiffener and one partin the
web.

t h, .
— d so.eff | _ 4
Fayst == 5o Ss&effmdwneg[?J + Asowneg(td = J =-1.571 x 10" kN

OomEd™= — - = 319.999MPa

Check according toA.2.1 (4

)

A - 93047504Pa
™
)
Kppq= |"OK" if >OcomEd = "OK
™M

"EJOK" otherwise

If this condition is not fuffiled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria

o _ 2
Adeff = M550 1dSs0.eff = 0-032m
o _ 2
Atoteff = Aso.eff + Adeff ¥ Aw * Ay + Ap + Agepp = 0.118m

g hsoeff
Adefrt + Aso.cffrE'd e

h,
s.eff.cl
+2 (Smsveff_d{td + 72 ]
h, h,
s.eff.c2 s
+tB eprealfita + by~ 7] + 'sms.trﬁ'd +hy-—=

h h,
wy 2 su.y
+AWEE‘d +hg+ —2 ] + Asu%td +hg+ E(h“’y— SSUO) -

2
¢
b
+Ap FEh‘s - 7]

Zp.eff.neg =
P € Atot.eff

CCCLXXXII

=371.724thm

3 2
t . h,
o ss.efficl s.eff.cl _ -4
Iy.s.ell’ = 1 + ‘sms,eItclEEtd + - Z(p.ell'.negj =3.788x 10
3 2
{0 efpc2 hg eff.c2
+ + g eppeolftd + hse ~ 5 “tpeffneg) -
3 2
tsg ¢ bt
+ I + g Mg + by - 5 " “peffneg
3 2
1 50 5s0.eff Td tq -3 4
Iy deff = 2 + g 5084 550 e S " “peffneg) T 4.323x10 "m
— _ 4
Iy effneg = lystso * lystsu * lyw T lyb * lys+ Iy seff * ly defr =0.015m
Negative moment
Effective cross section with negative moment(lower flange in tension)
Area
Abteffneg = Ad.eff
Accftloo = 5053 10"’
pcmy(‘b)_Asl 3 2
Ac.eff.loc.mod = = 4134 10"l
Teom.EdIM
Aufeffneg = Ab Bottom flange in tension
The effective area in compression is calculated according to 4.5.1(4.5). If the
condition A.2.1(4) which was checked before is not fulfiled, further reduction is
needed and the area above is used.
— g B =" " = 2
Aawfii= | PcBeeffloc.mod * Sso.efff if Kp .1 ="EJOK"  =360.20906m
Pelceffloc * Ssoefflly otherwise
Agu Lower stiffener in tension -> No reduction.
Ay, Tension -> No reduction.
A No reduction if the side plate is in class 4.
Aso Stiffener class 4 —-> No reduction.
Effective areas, effective centre of gravity and effective moment of inertia
3. 2
Actftot = Aceff * Aseff * Aw + Agy + Ap = 1022 10716
According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.
Ac.effloc.mod
thefr = | PN, if Ky 5 ="EJOK" = 6.492(hm
Aceffloc
Pty
t h, t
d.eff 50
solBso.eff o t :E‘d * 7) * sso,et'fmdag
d
t4 b effel
+"50B50.cff]d.cff:€?] + 'sms.cff.CIEE‘d + 5
h off h,
s.eff.c2 st
”sms.eff.chg[d Fhem J * ‘s“‘s,ﬂg‘d *hs= 7]
wy 2 ) sy
+AW:Etd thyr =]+ Asutﬁxd +ho+ ;(hwy ssu0) > }
4
b
+ AbLEh[S - ?j
pr—— =415.592(fm

Aeff.tot

4
m



C. Box girder

Effective moment of inertia:

3 2
05,50 5s0.eff td -3 4
lydeftfin™ =5 *aBssoBsoefr{ 5 ~Zpeffneg| T542%10 Tm

Souly= sin(21.123175:—0) $u0 = 7-2060m

Stiffeners over/under:

t,

3 2
, h
_ 50 's0.eff 50.eff _ -3 4
ly stso fin = MsoF o * “somsomso.effEE‘d A le.efﬁneg] =2303x10 “m

= 60.50600 °m* from FEM

Iy stsul.fin®
= _ _4 4
Iy stsu.fin = ly.stsu.1.fin - =6711% 10 'm
2
1 houy
+ 2t By Pty + hg + g(“wy = Squ0y) =5 " “tpeffneg|
2
h
2 suy
+2(>u:ﬂ>u%td +hyt g(“wy ~ Squdy) = - z(p_cff_ncg]
hsuAy B
+ 210 B Pty + hg + (hyy = sgu0) = 5 " “tpeffneg
Web:
. 4
Iy.w.1.fin = 20.000312m"  from FEM
. 2
. b 1 - _3 4
by fin = ly.w.1.fin * 2‘w]iw[ghts 5 }E@‘wy) - Llp.ef‘ﬁneg} =2252%10 "m
Bottom flange:
byl !
b b _ -3 4
ybfin'= =5~ * lbmbféhls = Zp effneg 7) =3481x 10 " m
Side plate:
3 2
t B h
_ | soseffel s.effcl _ -4 4
ly.s fin = 2 *+ Mg effcl ‘E‘d * - Z!p.efﬂnegj =5337x10 'm

3
N s eff.c2 hs eff.c2

o ‘s'h&eﬂ“,cZLg'd Fhe ™
3

2
Ml ¢ by
TSl s T T Zpefineg

2
- Z(p.eff,nng -

o _ 10, 4
Iy eftneg fin = ly.defffin * ly.stso.fin * lystsufin * lyw.fin * lyb.fin + ly.s fin = 1466 x 10" "lthm

Load

kN The load capactty is gy, when checking the moment capacity.
QM= 88—

m

Q= q My = 30N _ Qllbridge
m -
2

3
VEq: =2.772 % 10" [EN

= 1247 % 10" BN

2
_ Qlbrigge
MEd = 78

Moment capacity

I
effneg fi
Wy gy i SR o
Ztp.eff.neg
)
- wla) _ 4
Mpq = Wy o3 = 1.252 % 10" kN[
M1
M
== =0.996
Mpg

Shear capacity
n:=120 SS-EN1993-1-55.1ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

Byeb = 20058 (ty) By, = 0293m

h
80
oy = asin| 2 |E22 221119 Angle of web
hy | ™
Distance to stiffeners from z-axis:

™
sinf o B |,
%, o BT ). =m( 'go) * oo
a, = — 4+, 0S| — - ———%—— =(.503m
stz T su0 Oy 180 > 2

L
Moment of inirtia stiffeners z-direction
2 2 2 -3 4 (two
b= 2y o1 (372 (1) =808 510m sifeners)
Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:
by t
A= - T Sgyol0os| %?L + 2 - 0525m
2 ° 180 2
L
Astandn= Astz 1 * ssumos[uw%) =0.935m
™
Astadn™ stz.2 * Ssum“[&w%) =1.346m
Moment of inirtia of 15¢t of the web z-direction
o 2 2 2] _ 4
Ltw.z = waebmw[{i(as!.z.l) * (asl,z,Z) * (asl,z,S) —‘ =0.0210m
. _ 4
Istztot = Itz + Istw.z = 0.029m
Shear buckling coefficient, side plate
2
by eff . a
kpp = | 534+ 4000 ——| if >1 =5417 SSEN 1993-1-553 (5)ANM.
a hg eff A3whenky=0
2
h,
s.eff a
400+ 5A34EEL] it —— <1
a h ff

b eff

"

Awl: =0458 EC1-3-5eq56

Shear buckling coefficient; web with more than two longitudinal stiffeners

SS-EN 1993-1-5 (A5)

1 3
Bz f

(minfrg )y | ™)

SS-EN 1993-1-5A.3 (1) and (2) gives:

h 2
ch
ko= [534+ 4[Lj +hog if a23 =865.145
a
63+ 013Gzt
3+ 0185

min(t, t,,)° B

1

web st.z.tot

4.1+

B 3 otherwise
o min(ls,lw) Byep

CCCLXXXIII



C. Box girder

Slenderness limit for which shear buckling check has to be performed for stiffened webs:

=12 EC1993-1-3-5ANM.2 5.1

h. glt,
b
Check := | "no shear buckling”  if — > < 313qu = "Reduce”
mm(\s,tw) n

"Reduce" otherwise

Reduce —> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

h
max| ——————— | | = 0458 SS-EN 1993-1-5 5.3 (5.6)
37.41,8(ty) Kz
o 0.83
Xy = [N i Ay <— =12 SS-EN 1993-1-55.3 Table 5.1,
n stiff endstiffener.
083 ifms)\w<l,08
Aw n
137 if Xy, 2 1.08
0.7+ X
Kapacity of the web
O = 1:00 D= 1.2 Safety class 3
o= 1.00
Shear capacity:
Xy (1) Db Ty ;
VpwRd = — 2 22,125 % 10 kN SS-EN 1993-1-352(5.2)
' NECIVIE

Vb.Rd = Vow.Rd

3
Vg4 = 2.772 % 10" [N

Vg
B e
2Vbw.Rd

W < T]Bg'(ts)‘:ﬂwebms =n
bRAS T o -
NV

Kapacity of the flanges

SS-EN 19931-5 54

No shear buckling --> the plastic load bearing capacity can be calculated.

Moment of inertia

t
d
feffneg = Zp.efineg ~ 5 = 410-5920hm

1

b
-— -z

Ayfeffneg = Dis 2~ “peftneg = 466.408 hm

The flanges plastic moment bearing capacity for a cross-section with the effective
flange-area.

_ Aéf.eff.negq]aﬁf.effneg‘ :ﬁy('d)
MfRd.neg = T w

 Autetneg Tt ttneg] B('s)
Mo

e =7.335% IOSLRN_m

The contribution from the flanges should be taken into account when there are still capacity left in
the flanges in bending, ie the following condition should be fulffiled:

ME4 <MfRdneg =0

2
cgr = all0.25 + %ﬂi(‘d) =0.872m
s+ ) ()
2
cyf = alll0.25 + M =0.826m
s+ ) (1)

CCCLXXXIV

2 2
ba% Blta) | B Blto)
CorBMIBn  CurBiMIBin

Vbf.Rd.ored
The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

2
Mgq

VbRrd = | VbiRd.ored ]! ‘[ J if Mpq <M{Rdpneg =0EN

M Rdneg

0 otherwise

Shear capacity stiffened web:

1)
(1) Ban =1 EC1993-1-5 Ch.5.2(1)

Vi + Vi <
bw.Rd * VbERd
V3B

Yord:= VowRd * Vorrd = 2125 10°EN

Check:

VEd

2 <i=1 EC1993-1-5,Ch.55, eq. 5.10
Vb.rd

Y

B~ o652

2VhRd

Flanges, plastic moment bearing capacity for the effective-flange-area.
Moment of inertia of the flanges:

- -3 _4
y.defffin * ly.b.fin = 8901 10 "I

Iy fefffin’
The flanges effective area:

2
Aeff ftot = Sso.eff Td * NsoSs0.eff T eff + Nsollso Ty eff * Ap = 389.3256m



C. Box girder

EWM - vertical stiffener distance

This chapter covers the EWM when changing the vertical stiffener distance.

Geometry

Amount of:

upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

ngo =9

ngy =6

Nggo = Ngo + 1 =10

bg = 3500mm tq = 10mm

b5 = 1750mm

bg
Sg0 = —— = 3500hm
"S.SO

hs = 389.2mm tg = 12mm

hW:= 1340mm ty = 12mm

hwy = 482.8mm

hyyy = 1250mm

Ssu0 = 20mm

Sgu = 440mm

by, := 1000mm t, == 16mm

hg, = 140mm tgo ©= 16mm ag, = 6mm
hg, = 120mm tgy ©= 12mm ag, = Smm
hg, y = hy,Bo 21123~ | = 111.939 [

suy = BgulBos| 2112682 | = 111, m

'

hygi=tq + hg + hwy+ 5 =8900hm

lbridge = 18m
Stg = 2000mm Stg0 = S00mm
tig.1 = 18mm tygp ©= 12mm tyg3 ©= 8mm

W

b
by * by = - = 864%m

M1 = 1.00 Tp =12
o = 1.00
M=

Material parameters:

E := 210GPa

fy(l) = |(355MPa) if t < 40mm EC1993-1-1 tab.

(335MPa) otherwise

235MPa
&0 = )

3.1

Area
Ag = tgby Ay = 2thg Ay =2t By Ay =t By
Aso 7 Nsolloso  Agy = ngyllyBgy

— _ 2
Aot = Ag T AgH AL+ Ay + Agy + Ag, = 0.12100

_ _ 2
Agi= Agy + Ag = 0.055m
Change of centerofgravity,zm

tq hgo hyg by
Adﬂg+Asn{[d+7 + A td+7 + Ay ‘d*hs*T
h
2 suy
+Abtgtd +hy+ l\wy) + Ag Dty + hy + E(hwy - ssuo) - }
2z, = =363.096 hm
tp A
tot

Moment of inertia I,

Seudy = sin(21.123|;%0) Squ0 = 7-206Em

Stiffeners over/under:

3

From top to centre of gravity

2
sl hso B -3 4
Iy sts0™= Mol * oMo Mggltg + =2 =7 | = 1649 10" m

1y sl = 601.50600 “m from FEM

houy

1
Iy stsu™= lystsul * 2‘sumsu[g‘d +he+ g(hwy - SsuOy) -

2

2
- z[p} =969 10°

h 2
2 su.y
+ ZLSHEﬂsu%[d +hg+ g(hwy - ssuOy) - —2 - z[p]

b 2
. _ su.y _
+ ZLSHEﬂsu%[d +hg + (hwy - >Su0y) —2 z[p}
Web:

Iy y.17= 20.000312m*  from FEM

2
1 -3
L= Lyt * 2¢metﬁh(5 -5 E@qu) - zlp} =3.101 % 10

Deck:

, ¢ 2
bl d _ 3 4
= =+ ‘dmdcg; —zlpj =4488% 10 °m

Bottom flange:
3 2
byt b -3 4
Wp= 5 * ‘bmbfghts S =] 4309x 10 m

Side plate:

3
t0hg

h 2
o= + 215115€¢d - zlpj =3526% 10" 'm’

Total:

— _ 4
Iy.to! = Iy.st.so + Iy,st.su + Iy.w + Iy.d + Iy,b * Iy.s =0015m

4
m

4
m

CCCLXXXV
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C. Box girder

Reduced cross section i
Reduced cross sections

Functions to investigate the stresses in relevant cross sections

Side plate
2 1= tg = 10Gm
Stresses
Tmax = fy(ta) = 355 MPa 25 1= tg + hg =399 20hm
nee(2)
—— =—0.102
Stress at z-coordinate when lower flange acts in tension: °neg(7 I)
_ Tmax
Tneg(?) = 2 2 = Oy Condition := | 62(2((t,) f1 —ws)c‘y—ws if hg< -1
- 4208(t,
crl,neg(zl 'ZZ) = de(Uneg(Z])'Uneg(ZZ)) ¢ otherwise
0.67 + 0.330
2 mel#1172) = min(Oyeg(1) Oneg(2))
h
Class4 := |"Class4" if = Condition = "Lower than class 4"
Stress at z-coordinate when upper flange acts in tension: ts
“Tmax "Lower than class 4" otherwise
Opos(?) = L O
tPp
crl,pos(zl 'ZZ) = max(o'pos(zl)'o'pos(zz)) ko‘.4.l(ws) =8.555
2 pos(#172) = min(Gp0s(21) Onos(22))
s, =5, L, Tab. 5.2 ES1993-1-1
) es0 = Sso " lso
Buckling factor
. T2negl?10%2) X _ 92pos(*1:22) Npis = Np(koa,1(5) b tg) = 048
'Ll’neg(zl 'ZZ) = qupos(zl 'ZZ) =
T neg(?1:%2 1 pos(?1:22)
) 5= g Mpsribs) = 1 Internal parts, EC1993-1-5 4.4 (2)
kg g (b)) = [4 if b=1 Elickhng factors from table
y = -z, = Height, in tension
708'2 S ir1eu>0 SSEN 199315 Bot = tg by~ = 0.036m 9
1.05 + ¢

Internal parts in conpression
781 if $=0 hg o= hy = hg | =353.096hm

s.c Height, in compression

781 =629 + 97847 if 0> > -1
2.9 if p=-1 Ny efre = Py ¢) = 353.096 m
598(1 )% if ~1 > >3

b effol = 041 ofp ¢ = 141238 Fm

060 apr . = 211.858hm
hg off + hg ¢ = 389.20m

kg 4.2a(0) = [043 if p=1 Buckling factors from table 4.2 b off -
057 if =0 SS-EN 1993-1-5 upper part s.¢

) Elements in compression with
0.85 if p=-1 free edge.
Lower stress close to support.

3 2
) Aseftc = 20 oy o[l = 8.474 x 10" Tm
0.57 = 0.21% + 007" if ~1 >t = -3

- _ 3 2
Agoff = 2(115_“-1-_c + hs_t)ms =9.341 x 10”Em

kg 40p(0) = (043 if b =1 Buckling factors from table 4.2
0578 SS-EN 1993-1-5 lower part
—— if 1>)>0 Elements in compression free
P+ 034 edge. Critical buckling stress, orthotropic plate:
1.7 if =0 Higher stress close to support.
2.2
2 El”
17 = 5% + 17.107 if 0> > -1 - B— - 3
; erp = Koa.1() ) 5 S0P Ecqg93.1.5eqAt
238 if p=-1 121 -3 m,
Slenderness Stiffeners
b

t Za= tq = 10Em
28.43(1)%/]70.

Xp(kgbot)

Ja,= tq + hgo = 1500hm

Reduduction factors 9, neg(ZZ)
50 1= — 1 = 0.604
negl?1
Pao(Ape) = |10 if X, < 0.5 +0.085 - 0.055% SS-EN 1993-1-5 (4.2) o lt)
’ Internal parts 4.2b\Vg0) = 0.613 "
>\p - 0.055max[(3 +1b),0] 4 S0, Higher stress close to support
minf ———————— 1| otherwise

hy
Classd= | "Classa” it — > 21 (tgo) ko 4. 26(Pso) = "Lower than class 4"

t,
SO
pa3(Rpb) = |10 i N, 0748 SS-EN 1993-1-5 (4.3) "Lower than class 4" otherwise
Cross-sections with free
(N 088 . edge
min| ———— 1 otherwise Np.so = Np(ko4.26(Wso) hso tso) = 0484

Pd.so = p4.3(>‘p.so*¢s) =1 Internal cross-sectional parts, EC1993-1-5 4.4 (2)

hgo eff = Pd.solfiso = 140Mmm

4. 2
Aso.eff = Ngo oo eff = 2.016 X 10 m
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C. Box girder

Deck
Sy,
=2 =35 42
tq

N SSO
Class4_:= | "Classd" if — >42 = "Class4"

4
"Lower than class 4" otherwise
R 3

2gi= o =X 10 m Vg = Uneg(2a:24) = 1

[tab. 5.2 ES1993-1-1] Ko.d = Kgq1(0a) =4

Np.d = )‘p(ku.d'sc.so'ld) =0.723

pai= p4.2(>‘p.d"¢d) =0.962 Internal cross-sectional parts

Sso.eff = PdlSe.s = 321461 ltm

Areas:

4, 2
50l * 5o B0 fhso et + ta) =531 x 10" T

o _ 4, 2
Acceffloc = soSs0.efr T * 5o Bofhgo ef + tg) = 5053 x 10" T

More than three longitudinal stiffeners —> k;, ; obtained with eq. A2

3
byTy
o= ——— =3.205x 10°mm’
12[61 - vz)
h, t,
d
Nso tsomsoEEtd * ?] * bdmdB;
Vipsi = =32411Em
N0 tsolBso + byl
3 3
byfy Y4 8 4
Iy :={ o bl Y |- =1.052% 10°Em
3 3
S S0 hSO
+ 2 *ngolgo ity + 5 " Vpsl
1.
1
= 2328143 ai= - =0857
L by

Pi=1 Uniform compression

2
Ag = oyl =0.02m EC1993-1-5A1(2)

Ap = bylly = 0.035 w?

=1285.135

op 3
o [ + DT +8)
2
a3 otherwise
(p+ DL +9)

Critical buckling stress, orthotropic plate:

EB(Z 2

——————— =441.786MPa
P 2). 2
lzrﬁl -v )md

A
L
Bac= % =0.952

EC1993-1-5eqA.1

p= p4'2(>\p,w) =0.856 Plate like behaviour

Effective area of the stiffened plate(deck):

_ . _ 4_ 2
Aceff = pA.Z(Xp'll’)D\c.elT.loc *+ S50.efflg = 4:646 % 10 [t
Buckiing strength

fltg
NRpg= Ac.effﬂy =1.649 x 104mN
M

Column like behaviour

h t
s0 d
‘somsotﬁ‘d + T] + 860 Mg

Yipste ™ tolligo + 55004

3 2
| Ssod tq
Le= 2 *+ 550004 5 Ypsle) |
3
tsoBso hso
+ I + hgolio Mg + T Vpsle

Buckling resistance stiffener

= 34.268mm

= 1137 10 Gm*

_ 3.2
Mgy + 5oy = 5.74 x 10”m

50's

Aol

- ) _ 3 o
Asleff = tsoBso.eff * Sso.effly = 3:455 % 107

=095

Critical buckling stress for a stiffener

Ze
I

Column-like
behaviour

Interaktion Plate-like
I~ behaviour

s=0 =10
-The stiffener is acting as a column between stiffeners

2
By

Cersl = =456.199(MPa

Agld
Slenderness ratio

B[t
N E llso) _ g g6
Ter.sl

Calculation of reduction factor EC1993-1-54.53
Q=049 Stiffeners open cross-sections

e =2718

Iy vl
i= |— =135.3620hm
Al
t, h
d so
m“’l:[ylp.sl - ;]'[[d + 7 - ylp.slﬂ =47.589hm

0.09

Q= ot =0.522

o

CCCLXXXVII



C. Box girder

¢:= O.SEEI +aglfh, -02) + xcz] = 1.042 EC1993-1-16.3.1.2 (1)

min| 1, =0.613

Interaction

I
£ := max| min| P -1,1[,0|=0
Tersl

& ar nastan noll --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

(= X)BT2 - &) + X, = 0,613

Checks

Mean stress rod

The "rod" in this case consist of two parts in the stiffener and one part in the
web.

t h,
- d o.eff | _ 4
Fyyet = Ngo ssu_cffmdmmg{zj + Asumrncg[«d = j =-1.571x 10"EN

F
t
Ceom. Fd =~ = ~319.999(MPa

N0 Ss0.effd * Aso

Check according to A.2.1 (4)
Pty
i(“) =217.781(MPa

™

Ko 1= |"OK" if >0eomEd = "OK"

pelf)
™

"EJOK" otherwise

Ifthis condition is not fulfilled, further reductions will be calculated according to A.2.1.(4)

Effective areas, new centre of gravity and moment of inetria

o _ 2
Adeff = M550 1dSs0.eff = 0-032m

o _ 2
Atoteff = Aso.eff ¥ Adeff * Aw T Agy T Ap T Agefp =0.118m

4 hso.cff
Adert * Asn.cff{‘d A

h,
s.eff.cl
+2 ls[Bs.efl',cl':E‘d * 2 ]

hs,efﬁcZ] hoy
——=

td+h577

+‘sms.cf£c2{‘d +hee -
h, h
wy 2 su.y
+Aw{‘d +hg + - j + Asu[ﬁ‘d +hy+ ;(hwy - Ssuo) -

t
b
+ Abrﬁh(s - 7]

Zts effineg == =371.724[thm
P ¢ Atot.eff
3 2
toh hy
— ss.efficl s.eff.cl _ -4
Iy seff =2 1 * tsms.cff.clrﬁtd * 7Z&p.cff.ucg] =3.788x 10
3 2
4B eff.c2 b eff.c2
* 2 * g ooty + hg e - ~ Zpeffneg | -
3 2
S mst hs.(
2 + g g + by - " “tpeffneg
Ng g0 S i} 3 t, 2
 ysoSsoeffd d _ 3 4
Yydeff == * “s.somduso,eff{z - le.efﬂnegj =4323x10 "m

o _ 4
Iy effneg = lystso * lystsu ¥ lyw * Iy * lys+ Ly seff + Iy defr =0.015m

CCCLXXXVIII

Negative moment
Effective cross section with negative moment(lower flange in tension)
Area

Apfeffneg = Ad.eff
4 2
Aceffloc = 5053 x 10" T

pc]y(&b)m\sl s,
A effloc.mod = —————— = =3.906 x 10" hm
Tcom.EdTM

Aufeffneg = Ab Bottom flange in tension

The effective area in compression is calculated according to 4.5.1(4.5). If the
condition A.2.1(4) which was checked before is not fuffiled, further reduction is
needed and the area above is used.

EJOK" = 342,l4mm2

Pelcefflocmod * Sso.cffld If Ka 21

P effloc + Sso.effly otherwise

Agy Lower stiffener in tension -> No reduction.
Ab Tension -> No reduction.

As No reduction if the side plate is in class 4.
Aso Stiffener class 4 --> No reduction.

Effective areas, effective centre of gravity and effective moment of inertia

. _ 3 2
Actftot = Aceff * Aseff ¥ Aw+ Agy + Ap = 1.004x 1071dm

According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.

A,
c.eff.loc.mod
o= goeroemody = [
teff = | B Hy if Kyo ="EJOK" =6.1350m
c.eff.loc
Pclly

t h, t
d.eff so
soBso.cff o t :E‘d * 7) * sso,et'fmdag

' b effel
+"50E50.cff]d.cff:€?] + 'sms_cff_clEExd =)
b of b
s.eff.c2 st
Hsms.eff.cZLg‘d +hyo - TJ + ‘s“‘s,ﬂgld +hg- 7]

wy 2 )
+AW:Etd +hy+ )+ Asutﬁxd +hy+ ;(hwy - ssuo)

f
b
+ AbLEh[S - 7]
2
tval: = = 422.448[mhm
% Ag
eff.tot

Effective moment of inertia:

n, s, 1, 3 t, 2
5.50 550.¢ff Td d _ -3 4
lydefffin® — > * ‘dms.somsocff{; - le.cff.ncg) =5.602x 10 “m

Sone’™ sin(zmﬂl%o) Squ0 = 7-206m

Stiffeners over/under:

to by o b 2
o 50 '50.eff so.eff _ -3 4
ly stso.fin = MsoF o+ "somsoﬁsox:ff{[d i 7mx:ff.ncg] =2397x10 "m

1y stsulfin = 60150600 ‘m*  from FEM

=6426% 10 'm*

Iy.sl.su,t‘m = ly stsu.l.fin

h 2
1 su.y
+ ZtsumsuL[[d +hg+ g(hwy ~Ssuoy) = - - le,efﬂneg}

h 2
2 su.y
+ ZtsumsuL[[d +hg+ g(hwy ~Ssuoy) = - - le,efﬂneg}

h 2
su.y
+ ZtsumsuL[[d *hg+ (hyy = squoy) = - - Z&p.eﬂ‘.neg}



C. Box girder

Web:
~ 4
y.w.1.fin = 20.000312m"  from FEM
. 2
) b1 B -3 4
Iy w.fin™= lyw.1.fin ¥ Z‘me[ﬁhts e Eréhwy) - th.cff.ncg} =2154x10 "m

Bottom flange:
3

byt t 3 4
Ybfin= 5 * lbIbEEhts ~peftneg =5 | T3379% 10 Tm

Side plate:
3 2
1B o h
st eff.cl sefficl -
1= 7 lsms.eff.cIEE‘d * - th.eff,neg] =5.612x 10
3 2
s eff.c2 hseffc2
P FiMseme(ta thse - ~“pefineg|

3
ms.t

s hst :
Bt F B T~ Zpefineg

Iy effneg.fin = ly.defffin * lystso.fin * lystsufin * Lyw.fin * lybfin * lysfin

Load
M= 87 kN The load capacity is qy, when checking the moment capacity.
qQM:=87—
m
N QD:L .
= = dge
Q= q MiBy 304565 v Woridge s
m Ed )
Qllyigge”
idy
Mpgq = % = 1233 % 10* KNG
Moment capacity
1
.effneg.fi
Wy off = _yeftneghin _ ) oasmd
“tp.eff.neg

£t 4
Mpg = wy_cffam =1.238 % 10" ENGh

M
_Ed =0.996
Mpg

Shear capacity
n:=120 SSEN1993-1-551ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

Byeb = 2058 (ty) @, = 0293m

hy,,

oy = asin —2 |22 251119 Angle ofweb
hy | ™

Distance to stiffeners from z-axis:

-————=0503m
2

™
sin [5— |,
tsu "(a‘”lsoj su
+
180

b n
Astz1 = * Ssuom"{%zi
7r
522 = Atz F Ssum"s(uw%] =0913m

523 = A522 F Ssum"s(uw% =1324m

Moment of inirtia stiffeners z-direction

Itz = 2ty By (“st.z.l)z + (“st.z.Z)2 + (ast.z.B)Z—I =818x 10 *m*

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:

by ) fsu
a, 1= — + 5, 0ldos| GF— |+ — =0.525m
Astndn™ 57 T Ssu0 (% ISO) 2
— ™ -
g™ Astz.1 * Ssul80s %% =0.935m
— ™ -
Astand= Astz2 * Ssul8os %% =1.346m

= 1.474% 10" fim’

Moment of inirtia of 15¢t of the web z-direction

= Do BB(1501)+ (as0) + (a5)7] = 0021

1 =0.029 m

stztot = Itz + lstw.z

Shear buckling coefficient, side plate

Tl

hgerr ) a
Kpp = [5.34 + 4000 ——| if ——>1 =5407 SS-EN1993-1-553 (5)ANM.
a hs eff A3when k=0
2
hg .
400+ 5.34EE ffj i —— <1
a hg eff
h
s.eff
Ay| 5 —————— = 0458
wl 37_45153((&) T EC1-3-5eq.5.6

Shear buckling coefficient; web with more than two longitudinal stiffeners

o= - =2239
A&

Istz.tot

(min(ts,xw))}mw

SS-EN 1993-1-5A.3 (1) and (2) gives:

2
_ Byeb . _
ke |53 4| == ]ty ifa23 =761.787

!
st.z.tot
63+ 0.183——2 %
min(t.t,)

2
o)

I

web st.z.tot

. otherwise
min(ls, xw) e,

Slenderness limit for which shear buckling check has to be performed for stiffened webs:
A= 12 EC1993-1-3-5ANM25.1
()

t,
S, " "
531’4—“ jym = "Reduce

Check := | "no shear buckling" if

"Reduce"  otherwise

Reduce —-> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

SS-EN 1993-1-55.3 (5.6)

Xy = M if Ay <— =12 SS-EN 1993-1-5 5.3 Table 5.1,
stiff endstiffener.
083 ifﬁskw<l.08
Aw n
I e 108
0.7+ Ny
Kapacity of the web
O, = 1.00 o= 1.2 Safety class 3
Oon= 1.00
Shear capacity:
X, t,
ViwRd = XA Bt 2.125 % 10°BN SSEN1993-1-35.2(5.2)
: V3B By

Vb.Rd = Vbw.Rd

3
VEg =274 % 10°kN

VE
4 o645
2Vbw.Rd
D’y(ts)mwebms _
VprdS—F—— =1

NV

CCCLXXXIX

SS-EN 1993-1-5 (A5)



C. Box girder

Kapacity of the flanges
SS-EN 19931554

No shear buckling —-> the plastic load bearing capacity can be calculated.
Moment of inertia

t
4
feffneg = “tp.effneg ~ 5 = 4174480mm

b
ts 77, T “tpeffineg

Auf.eff.neg - =459.552[hm

The flanges plastic moment bearing capacity for a cross-section with the effective

flange-area.
A N N N N t
N %ﬂff‘w [T .

Mo

The contribution from the flanges should be taken into account when there are still capacity left in

the flanges in bending, ie the following condition should be fulffiled:

Mgq <MfRdneg =0

2
cgp = all0.25 + M =0.934m
s+ ) (1)
2
cyf = all0.25 + M =0.885m
ol + ) (1)

2 2
Vg = )b )
DERAored o BB CurBimi B

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

M 2
Ed

VorRrd = | VorRdored (! 7| 3= | | 1 MEd<MfRdneg =OEN

£Rd.neg

0 otherwise
Shear capacity stiffened web:
T]Bg'(ts)‘:ﬂwebms

VowRdt VofRdS — =—— =1 EC1993-1-5 Ch.5.2(1)

V3G

ViRdi= Vowrd * VprRa = 2125 % 10°&N

Check:
VEd
2 <= EC1993-1-5, Ch.5.5, eq. 5.10
Vb.Rd
v,
L
2VpRd

Flanges, plastic moment bearing capacity for the effective-flange-area.

Moment of inertia of the flanges:

— _ -3_4
Iy feftfin = ly.defffin * lyb.fin = 8981 x 10 "
The flanges effective area:

o _ 2
Actf fot = Sso.effd ¥ NsoSso.cff Td.eff * Msollsollg.cff * Ap = 378.4651m

CCCXC

tq ff
Sso.eff W * NsoBsoeTaer| =5~

14 eff 1
deff b
+“so]somd.eff|:€ > j + AbEEhls ey

Aeff.f 1ot

“p.feffneg = =374.809 hm

fin _ 0,024’

Weo op R Abiiesl
fy.eff
Y Ztp feffneg

The plastic moment bearing capacity calculated with the flanges effective area:

()

4
MeRd = wﬁyﬁff?i? =8.507 x 10° N

Results

4
Rd = 1238 10" KNG

MpiRd =
Moment capacity check when qQM= 87&
2

m

Mgq

=0.996

Mpl.Rd EC1993-1-5 eq. 4.15, EC1993-1-5 Ch.7.1(5)



C. Box girder

EWM - vertical stiffener distance

This chapter covers the EWM when changing the vertical stiffener distance.

Geometry

Amount of:

upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

ngy =9

ngy =6

Nggo = Ngo + 1 =10

bg = 3500mm tq = 10mm

b5 = 1750mm

bg
Sg0 = —— = 3500hm
"S.SO

hs = 389.2mm tg = 12mm

hW:= 1340mm ty = 12mm

hwy = 482.8mm

hyyy = 1250mm

Ssu0 = 20mm

Sgu = 440mm

by, := 1000mm t, == 16mm

hg, = 140mm tgo ©= 16mm ag, = 6mm
hg, = 120mm tgy ©= 12mm ag, = Smm

s
h, := hy,[dos| 21.123— | = 111.939mm
su.y su ( ]XO]
'

hygi=tq + hg + hwy+ 5 =8900hm

lbridge = 18m
a:=32m
Stg = 2000mm Stg0 = S00mm
tig.1 = 18mm tygp ©= 12mm tyg3 ©= 8mm

b
by * by = - = 864%m

W

M1 = 1.00 Tp =12
o = 1.00
M=

Material parameters:

E := 210GPa

fy(l) = |(355MPa) if t < 40mm EC1993-1-1tab. 3.1

(335MPa) otherwise

235MPa
&0 = )

Area
Ag = tgby Ay = 2thg Ay =2t By
Aso 7 Nsolloso  Agy = ngyllyBgy
— _ 2
Aot = Ag T AgH AL+ Ay + Agy + Ag, = 0.12100

A,

_ _ 2
1= Agg + Ag =0.055m

Change of center of gravity, zy

Ay =t By

tq hgo hyg by
Adﬂg+Asn{[d+7 + A td+7 + Ay ‘d*hs*T

+Abtgtd +hy+ l\wy) + Ag Dty + hy + %(l\wy - ssuo) -
7y =

h,

su.y
2

p
Atot

Moment of inertia I,

Seudy = sin(21.123|;%0) Squ0 = 7-206Em

Stiffeners over/under:

3

=363.096thm

From top to centre of gravity

2
sl hso B -3 4
Iy sts0™= Mol * oMo Mggltg + =2 =7 | = 1649 10" m

1y sl = 601.50600 “m from FEM

1
Iy stsu™= lystsul * 2‘sumsu[g‘d +he+ g(hwy - SsuOy) T

2
h, _
=y —z[p} . =0.169% 10

h 2
2 su.y
+ ZLSHEﬂsu%[d +hg+ g(hwy - ssuOy) - —2 - z[p]

b 2
. _ su.y _

+ ZLSHEﬂsu%[d +hg + (hwy - >Su0y) —2 z[p}

Web:

Iy .1 7= 200.000312m" from FEM

1

ty ’ -
= g+ 2yl = — - E@qu) -~z =3.101x 10 "m

Deck:

2

d Y4 -3 4
— + gyl — -z =4488x 10 "m

12 d dE€2 lpj

Bottom flange:
3 2
byt b -3 4
Wp= 5 * ‘bmbfghts S =] 4309x 10 m

Side plate:
3
‘SmS
y.s 12

2
hy —4 4
g+ -z | 2352610

— _ 4
Iy.to! = Iy.st.so + Iy,st.su + Iy.w + Iy.d + Iy,b * Iy.s =0015m

3 4

CCCXCI

4
m

4



C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections
Stresses

Tmax = fy(ta) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Umax

Tregl?) = 2 = Oy
“

)
3
=
N
&

1 neg(1:22) = max(0pey(21).0,

)
3
=
N
o

UZ,neg(Zl 'ZZ) = min(o‘neg(zl),ﬂ

Stress at z-coordinate when upper flange acts in tension:

“max

Upns(7) = 2+ 00k
%p

crl,pos(zl 'ZZ) = max(o'pos(zl)'UPOS(zz))
Uz,pos(zl ,zz) = mi“(Upos(Zl)’Upos(ZZ))
Buckling factor

72 pos(?1:72)

1 pos(?1+72)

“z.ncg(ll vzz) , o
- 701.“05 s Vpos(#1:72) =

quneg(zl 'ZZ)

kgq (b)) = |4 if p=1 Buckling factors from table
82 41
——— if 1> >0 SS-EN 1993-1-5
1.05 +

Internal parts in conpression
781 if p=0

781 = 6.29% + 9.789% if 0> >~
239 if p=-1

598(1 - ) if <1 > >3

kg 4.2a(0) = [043 if p=1 Buckling factors from table 4.2
0.57 if H=0 SS-EN 1993-1-5 upper part
) Elements in compression with
0.85 if p=-1 free edge.

2 Lower stress close to support.
0.57 = 021 + 0.07¢" if =1 >p=2-3

kg 40p(0) = (043 if b =1 Buckling factors from table 4.2
0578 SS-EN 1993-1-5 lower part
—— if 1>)>0 Elements in compression free
§+ 034 edge.
1.7 if =0 Higher stress close to support.

17 =50 + 17.19° if 0> > -1
238 if p=-1

Slenderness
b

t
28.43(1)%/]70.

Xp(kgbot)

Reduduction factors
pao(pi¥) = |10 if X, <05 +/0.085 - 0.055% SS-EN 1993-1-5 (4.2)
Internal parts
p = 0.055max[(3 + 1),0]
minf ———————— 1| otherwise
pa3(Rpb) = |10 i N, 0748 SS-EN 1993-1-5 (4.3)
) Cross-sections with free
(N - 0188 ) edge
min| ————— 1| otherwise

CCCXCII

Reduced cross sections

Side plate
21 = tg = 10Ghm

7y = tq + hg = 399.2(mhm

Tnee(”2)

()

=-0.102
“neg

Condition := | 62 (t)({1 ~ ) =g if =<1
42(1,)

——————— otherwise
0.67 + 0.330

Class4 := | "Class4" if > Condition = "Lower than class 4"

s

"Lower than class 4" otherwise
k0.4vl("*|’s) =8.555
[tab. 5.2 ES1993-1-1]

Nps = )\p(kGA‘](II,‘S),hS,lS) =048

‘JJQ) =1 Inre tvérsnittsdelar, EC1993-1-5 4.4 (2)

hg (1= tq + hg = 7= 0.036m Héjd dragen del

hg ¢ 1= hg = hg = 353.096m Hed tryckt del

hg oppc = pstghs_c) =353.096 m
hg effet = 04l ofp ¢ = 141.238m

by eff.c2 = 060 ofp ¢ = 211.858m
hg off 1= hgefp + g = 389.20m

3 2

AsAcff.c = Zﬁs_cff_cms =8.474 x 10” [lhm’
- _ 3 2
Agoff = 2(115_“-1-_c + hs_t)ms =9.341 x 10”Em

Critical buckling stress, orthotropic plate:

ST 3
= = ™
erp = Koa.1(s) f a2 1344 107MPa EC1993.1-5 eqA1
1201 -7 m
s

Stiffeners
Zav= tq = 10Em

Ja/= tq + hgo = 1500hm

nee(2)
g 1= —t = 0.604
negl?1
kc.4.2b(‘|’so) =0613 Higher stress close to support

h
dassd= | "Classa® it =2 > 218 (1, )Ry 4 2p{0sg) = "Lower than class 4*
Sl : s0) Yko.4.26

S0

"Lower than class 4" otherwise



C. Box girder

Pdso = p4A3()\p.so'/¢s) =1 Internal cross-sectional parts, EC1993-1-5 4.4 (2)

hso.eff == Pd.soBso = 1401m

a _ 4 2
Ago.eff = Nsollko Mo eff = 2:016 X 10

s
Class4_:= | "Classd" if — = "Classd"
"Lower than class 4" otherwise
4 -3
7q'= 7 ==5x10 "m wd = wncg(zdvzd) =1
[tab. 5.2 ES1993-1-1] kg.d = kg.4.1(thg) = 4

Xp.d = Np(kordrse.sorta) =0.723
Pq = p4A2(xp_d,¢d) =0.962 Internal cross-sectional parts

= Pyl o = 321,461 m

Areas:

— _ 4 2
A= N0 850q * ol g e * tg) =531 x 10" Hm

— _ 4, 2
Aceffloc = Moo effld * “so%oL@hso.eff + ‘d) =5.053 x 10 [tm
More than three longitudinal stiffeners > kv‘p obtained with eq. A.2

b
— 3205 10°mm*

J
12[61 - vz)

h, t
so d
fso ‘somsocﬁ‘d * 7] * bdmdB;

Mo * bglly

=32.4110hm

Yip.sl =

S0

3 2
b t
| by d _ s 4
Ig= [T + bdmdLEE - ytp‘sJ } =1.052% 10°Gm

3 2
Do to Bgo hso
* 2 +ngo oo g + = Vsl

=328.143 Q= = =0914
by

Uniform compression

- _ 2
Ag = ngo gy gy = 0.02m EC1993-1-5A1 (2)

— _ 2
= bylfy = 0.035m

A,
o 0.576

2[1’;(1 + az)z 4y - 1-‘

(xzmﬂ;+ DI + 8)
)

——————— otherwise

(b + D@1 +9)

Critical buckling stress, orthotropic plate:

E
= =
Sasspi= Ko T e
1201 - v°) By
A o
c.eff.loc
=——=0952
Bac A

c

Bach(t)
»}&p«'i =0.932

L it s V7 =250882

D1Pa EC1993-1-5 eqA1

pi= pg5(Npb) =082 Plate ke behaviour

Effective area of the stiffened plate(deck):

- g _ 4 2
Ac.efr = P4.2(Np ) Peeffio + Sso.cfrlla = 4463 % 10" Tm

Buckling strength

i d) _ 4
NRd = Ac.ei'l‘ F——— =1.584 x 10 KN

fy(&
™M

Column like behaviour

h t

St d

‘somsotﬁ‘d + %) + ol

Vipsle = - =34.268(thm
P toliso * 55004

3 2
Ssofd 4 7. 4
Iy .:{ T e [ = 1137 10 hm

3 2
tsolfso ho
+ 2 + hgolio g + T Vpsle

Buckling resistance stiffener

A= tsoBso *+ SeoEg = 5.74 x 10°m”

- _ 3 2
Asleff = tsoBso.eff * Sso.efffy = 3:455 107 hm

_ Adleff _

= 0.95

sl

Critical buckling stress for a stiffener

Ze
I

Column-like
behaviour

Interaktion Plate-like
I~ behaviour

=0 £=10

-The stiffener is acting as a column between stiffeners

2
™ Ely

A

Cerl = =400.956MPa

CCCXCIII



C. Box girder

Slendemess ratio

Calculation of reduction factor EC1993-1-54.53

Q= 0.49 Stiffeners open cross-sections
e=2718
e
m w ] | L e
i= =135.3620hm
t h,
d 50
m“{(y‘v-sl - ?]‘(‘d i yw-sl]] T
0.09

=a+ =0.522

e

¢:= O.SEEI +aglfh, -02) + xcz] = 1108 EC1993-1-16.3.1.2 (1)

Interaction
I

£ := max| min| P -1,1[,0|=0
Fersl

& ar nastan noll --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

(= X)BT2 — &) + X, =0.578

Checks

Mean stress rod

The "rod" in this case consist of two parts in the stiffener and one partin the
web.

t h, .
— d so.eff | _ 4
Fayst == 5o Ss&effmdwneg[?J + Asowneg(td = J =-1.571 x 10" kN

com.Ed = =-319.999MPa

Check according toA.2.1 (4

)

A - 205.338m4Pa
™
)
Kppq= |"OK" if >OcomEd = "OK
™M

"EJOK" otherwise

If this condition is not fuffiled, further reductions will be calculated according to A.2.1.(4)

Effective areas, new centre of gravity and moment of inetria

o _ 2
Adeff = M550 1dSs0.eff = 0-032m
o _ 2
Atoteff = Aso.eff + Adeff ¥ Aw * Ay + Ap + Agepp = 0.118m

g hsoeff
Adefrt + Aso.cffrE'd e

h,
s.eff.cl
+2 (Smsveff_d{td + 72 ]
h, h,
s.eff.c2 s
+tB eprealfita + by~ 7] + 'sms.trﬁ'd +hy-—=

h h,
wy 2 su.y
+AWEE‘d +hg+ —2 ] + Asu%td +hg+ E(h“’y— SSUO) - 2

¢
b
+A|JFE}1‘s - 2]

Zp.eff.neg =
P € Atot.eff

CCCXCIV

=371.724thm

3 2
t . h,
o ss.efficl s.eff.cl _ -4
Iy.s.ell’ = 1 + ‘sms,eItclEEtd + - Z(p.ell'.negj =3.788x 10
3 2
{0 efpc2 hg eff.c2
+ + g eppeolftd + hse ~ 5 “tpeffneg) -
3 2
tsg ¢ bt
+ I + g Mg + by - 5 " “peffneg
3 2
1 50 5s0.eff Td tq -3 4
Iy deff = 2 + g 5084 550 e S " “peffneg) T 4.323x10 "m
— _ 4
Iy effneg = lystso * lystsu * lyw T lyb * lys+ Iy seff * ly defr =0.015m
Negative moment
Effective cross section with negative moment(lower flange in tension)
Area
Abteffneg = Ad.eff
Accftloo = 5053 10"’
pcmy(‘b)_Asl 3 2
Ac.eff.loc.mod = =-3.683 x 10"m
Teom.EdIM
Aufeffneg = Ab Bottom flange in tension
The effective area in compression is calculated according to 4.5.1(4.5). If the
condition A.2.1(4) which was checked before is not fulfiled, further reduction is
needed and the area above is used.
— g B =" " = 2
Aawfii= | PcBeeffloc.mod * Sso.eff® if Kpp,p="EJOK"  =324.42906m
Pelceffloc * Ssoefflly otherwise
Agu Lower stiffener in tension -> No reduction.
Ay, Tension -> No reduction.
A No reduction if the side plate is in class 4.
Aso Stiffener class 4 —-> No reduction.
Effective areas, effective centre of gravity and effective moment of inertia
Actttor = Acft * Asctt + Ay * Ag + Ap = 985837
According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.
Ac.effloc.mod
tefr = [P R if K g ="EJOK"  =5.784fhm
Aceffloc
Pty
t h, t
d.eff 50
solBso.eff o t :E‘d * 7) * sso,et'fmdag
d
t4 b effel
+"50B50.cff]d.cff:€?] + 'sms.cff.CIEE‘d + 5
h off h,
s.eff.c2 st
”sms.eff.chg[d Fhem J * ‘s“‘s,ﬂg‘d *hs= 7]
wy 2 ) sy
+AW:Etd thyr =]+ Asutﬁxd +ho+ ;(hwy ssu0) > }
4
b
+ AbLEhls - ;j
Z £, = = K m
apafines) 429.413 [

Aeff.tot

4
m



C. Box girder

Effective moment of inertia:

3 2
05,50 5s0.eff tq -3 4
lydeftfin= =5 *tBssoSso.ett{ ) " “pefineg) =5791% 10 “m

Souly= sin(21.123175:—0) $u0 = 7-2060m

Stiffeners over/under:

t,

3 2
B, h
_ 50 's0.eff 50.eff _ -3 4
lystso.fin = MsoB—— o+ “somsomso.effEE‘d A le.efﬁneg] =2494x 10 “m

= 60.50600 °m* from FEM

Iy stsul.fin®
= _ _4 4
Iy stsu.fin = Ty stsu.1.fin = =6.144% 10 *m
2
1 houy
+ 2t By Pty + hg + g(“wy = Squ0y) =5 " “tpeffneg|
2
h
2 suy
+2(>u:ﬂ>u%td +hyt g(“wy ~ Squdy) = - z(p_cff_ncg]
hsuAy B
+ 210 B Pty + hg + (hyy = sgu0) = 5 " “tpeffneg
Web:
. 4
Iy.w.1.fin = 20.000312m"  from FEM
2
b 1 _3 4
Ly w.fin = Ty.w.1.fin * ZIW:BW%htS -5 7y - ‘tp.emneg} =2058% 10 *m
Bottom flange:
3
Polhy ' -3 4
ybfin'= =5~ * lbmbféhls ~Zipeftaeg =5 | T3278x 107 "m
Side plate:
3 2
_ {5y efpcl hs eff.cl _ -4 4
Wysfin™= 2= *ihserc{ta ~Zpeffneg | - =59%10 'm

hs eff.c2

3
s eff.c2
T i Psemeata *hse -

lsms.l3 by :
TSl s T T Zpefineg

2
- Z(p.eff,nng -

o _ 10, 4
Iy eftneg fin ‘= ly.defffin * ly.stso.fin * lystsufin * lyw.fin * lyb.fin + ly.s fin = 1483 10" lthm

Load
kN The load capactty is gy, when checking the moment capacity.
QM= 86—
2
m
N Qlly;
= = d,
Q:= ¢ Miby 301% VEq:= 72" 2 = 5709 x 10°EN
Qlligge”
Mpg= 92— 1519 10 mNG
8
Moment capacity
!
.effneg fi
Wy off = _yeftnegtin _ ) ossm
Ztp.eff.neg
)
o ylid) _ 4
Mpq = Wy of3— = 1226 10" &N
M1
M,
T 0.995
Mg

Shear capacity
ni=120 SSEN1993-1-55.1ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

buyep = 205E(ty) @, = 0293m

W

h
80
Qy, 1= asin| = 4—:21.”9 Angle of web
h ™
Distance to stiffeners from z-axis:

™
sinf o B |,
%, o BT ). =m( 'go) * oo
a, = — 4+, 0S| — - ———%—— =(.503m
stz T su0 Oy 180 > 2

a0 = Agp ) * ssumos(awﬂ—lgoj =0913m
n
ag,3 = a0+ ssumos(otw FI 80) =1.324m

Moment of inirtia stiffeners z-direction

1= 2By Do)+ (asna)’ * (15073 28085 107

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:
by t
PN smoma{awq%oj L

3

Astadn™ stz.2 * Ssum“[&wﬂl%) =1.346m

3

Moment of inirtia of 15¢t of the web z-direction

Ltw.z = waebmw[{i(as!.z.l)2 * (asl,z,Z)z * (351,2,3)2—‘ =002’

1 +1 =0.029 m?

stztot = Istz ¥ lstw.z

Shear buckling coefficient, side plate

h 2
Ky = 5.34+4.ooc€5'—°ffj if —%— 21 =5399 SSEN 19931553 (5)ANM.
.

hg eff A3whenky=0
2
h
400+ 5,34L€itf} if % <1
a s.eff
h
s.eff
Ayl = T = = 0459 EC1-3-5eq56
374002 (1g) fry -

Shear buckling coefficient; web with more than two longitudinal stiffeners

=2.388

2
hy,

SS-EN 1993-1-5 (A.5)

Ist.z.tot

3

SS-EN 1993-1-5A3 (1) and (2) gives:

h
534+ 4[Lebj +heg if a23 =677.196
. :

Istz.tot

63+ 0.183—

3
min(tg,t, ) By,
s (1) Bueo

2
o

1.

st.z.tot

otherwise

min((s,tw)3mwcb

CCCXCV



C. Box girder

The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

Slenderness limit for which shear buckling check has to be performed for stiffened webs:

2
A= 12 EC1993-1-3-5ANM2 5.1 - Meq ) _
VbfRd = [VorRdored ! = 57— | | if MEq<MgRdneg =OEN
fRd.neg
hyeb E(ls) 0 otherwise
Check := | "no shear buckling" if ——— <313— vk.‘_ = "Reduce" N
mm(ls.lw) mn
"Reduce”  otherwise Shear capacity stiffened web:
Reduce —> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2). m [ tg ) E,
VowRd * VbfRd S ALICIEE 1 EC1993-1-5 Ch5.2(1)
h V3G
= max(# ) xwlj = 0459 SS-EN 1993-1-5 5.3 (5.6) .
Aty B(ty) ke Vikde= VowRd * VbfRd = 2-125 % 10°EN
0.83 Check:
X = [N Ay < —_— =12 SS-EN 1993-1-55.3 Table 5.1,
n stiff endstiffener. Vig
0.83 . 0.83 —
—_— —_— <
. i SAws 108 2 <=1 EC1993-1-5, Ch5.5, €q. 5.10
Vb.rd
137 Ay 2 1.08
0.7+ N
VEd
Kapacity of the web 5 =0.637
Vo.Rd
A= 1.00 D= 1.2 Safety class 3
Sas= 1.00 Flanges, plastic moment bearing capacity for the effective-flange-area.
Shear capacity: Moment of inertia of the flanges:
X t5) By 3 Iy fefffin = lydeftfin* lybufin = 9068 % 10 G’
Viw.Rd = ———— =2.125 x 10° &N SS-EN 1993-1-352 (5.2) y-fefffin -~ ‘y.d.efffin ™ y.b.fin
’ ‘/E’—”lyv[]’—”ln
- The flanges effective area:
Vb.Rd = Vbw.Rd 9
Pr— = 2
VEq = 2709 10°RN Aeft.f10t = Sso.eftTd + MsoBso.efrM.eff + Mool efr + Ap = 367.820m
v, t t
Ed d d.eff
™ =0.637 Sso.eff W) * "sugao.cffmdxfftgiz
bw.Rd . .
d.eff b
- nmy('s)mwebms . * “somsomd.ef'f% 2 ] + Ab{hts Y
bRAS ™z~ ° Z Feffneg = = 385.484Em
V3B P ¢ Aeffftot
Kapacity of the flanges

SS-EN19931-554

No shear buckling --> the plastic load bearing capacity can be calculated.

Moment of inertia

4
5 =443t

feffneg = Ztp.effneg ~
b
Aufeffineg = Ms ™7~ Zip.efineg = 432587 Hm

The flanges plastic moment bearing capacity for a cross-section with the effective

flange-area.
Asp o asc o t
Mt Rdneg = %W . =7.414% 10 BN
. Autettneg futetine] (o)
Mo

The contribution from the flanges should be taken into account when there are still capacity left in
the flanges in bending, ie the following condition should be fulffiled:

ME4 <MfRdneg =0

2
cgr = all0.25 + %ﬂi(‘d) =0.996m
i)
2
cyf = alll0.25 + M =0.944m
s+ ) ()

hdﬂdz—ﬂy(‘d) "bﬁhzr‘fy(‘b)

+ ————— = I84.173[EN

v, =
bf.Rd.ored
CofiM1Tn  curBm1Bin

CCCXCVI



C. Box girder

EWM - vertical stiffener distance

This chapter covers the EWM when changing the vertical stiffener distance.

Geometry

Amount of:

upper stiffeners:

Lower stiffeners:

Deck subpanels:

Deck:

side plate:

Web:

Bottom plate:

Longitudinal stiffeners:

Stiffeners over:

Stiffeners under:

Total height:

Bridge length:

Distance between
vertical stiffeners:

Transverse stiffeners:

Poissons ratio

ngy =9

ngy =6

Nggo = Ngo + 1 =10

bg = 3500mm tq = 10mm

b5 = 1750mm

bg
Sg0 = —— = 3500hm
"S.SO

hs = 389.2mm tg = 12mm

hW:= 1340mm ty = 12mm

hwy = 482.8mm

hyyy = 1250mm

Ssu0 = 20mm

Sgu = 440mm

by, := 1000mm t, == 16mm

hg, = 140mm tgo ©= 16mm ag, = 6mm
hg, = 120mm tgy ©= 12mm ag, = Smm

s
h, := hy,[dos| 21.123— | = 111.939mm
su.y su ( ]XO]
'

hygi=tq + hg + hwy+ 5 =8900hm

lbridge = 18m
a:=3.4m
Stg = 2000mm Stg0 = S00mm
tig.1 = 18mm tygp ©= 12mm tyg3 ©= 8mm

b
by * by = - = 864%m

W

M1 = 1.00 Tp =12
o = 1.00
M=

Material parameters:

E := 210GPa

fy(l) = |(355MPa) if t < 40mm EC1993-1-1tab. 3.1

(335MPa) otherwise

235MPa
&0 = )

Area
Ag = tgby Ay = 2thg Ay =2t By
Aso 7 Nsolloso  Agy = ngyllyBgy
— _ 2
Aot = Ag T AgH AL+ Ay + Agy + Ag, = 0.12100

A,

_ _ 2
1= Agg + Ag =0.055m

Change of center of gravity, zy

Ay =t By

tq hgo hyg by
Adﬂg+Asn{[d+7 + A td+7 + Ay ‘d*hs*T

+Abtgtd +hy+ l\wy) + Ag Dty + hy + %(l\wy - ssuo) -
7y =

h,

su.y
2

p
Atot

Moment of inertia I,

Seudy = sin(21.123|;%0) Squ0 = 7-206Em

Stiffeners over/under:

3

=363.096thm

From top to centre of gravity

2
sl hso B -3 4
Iy sts0™= Mol * oMo Mggltg + =2 =7 | = 1649 10" m

1y sl = 601.50600 “m from FEM

1
Iy stsu™= lystsul * 2‘sumsu[g‘d +he+ g(hwy - SsuOy) T

2
h, _
=y —z[p} . =0.169% 10

h 2
2 su.y
+ ZLSHEﬂsu%[d +hg+ g(hwy - ssuOy) - —2 - z[p]

b 2
. _ su.y _

+ ZLSHEﬂsu%[d +hg + (hwy - >Su0y) —2 z[p}

Web:

Iy .1 7= 200.000312m" from FEM

1

ty ’ -
= g+ 2yl = — - E@qu) -~z =3.101x 10 "m

Deck:

2

d Y4 -3 4
— + gyl — -z =4488x 10 "m

12 d dE€2 lpj

Bottom flange:
3 2
byt b -3 4
Wp= 5 * ‘bmbfghts S =] 4309x 10 m

Side plate:
3
‘SmS
y.s 12

2
hy —4 4
g+ -z | 2352610

— _ 4
Iy.to! = Iy.st.so + Iy,st.su + Iy.w + Iy.d + Iy,b * Iy.s =0015m

3 4

CCCXCVII

4
m
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C. Box girder

Reduced cross section

Functions to investigate the stresses in relevant cross sections
Stresses

Tmax = fy(ta) = 355 MPa

Stress at z-coordinate when lower flange acts in tension:

Umax

Tregl?) = 2 = Oy
“

)
3
=
N
&

1 neg(1:22) = max(0pey(21).0,

)
3
=
N
o

UZ,neg(Zl 'ZZ) = min(o‘neg(zl),ﬂ

Stress at z-coordinate when upper flange acts in tension:

“max

Upns(7) = 2+ 00k
%p

crl,pos(zl 'ZZ) = max(o'pos(zl)'UPOS(zz))
Uz,pos(zl ,zz) = mi“(Upos(Zl)’Upos(ZZ))
Buckling factor

72 pos(?1:72)

1 pos(?1+72)

“z.ncg(ll vzz) , o
- 701.“05 s Vpos(#1:72) =

quneg(zl 'ZZ)

kgq (b)) = |4 if p=1 Buckling factors from table
82 41
——— if 1> >0 SS-EN 1993-1-5
1.05 +

Internal parts in conpression
781 if p=0

781 = 6.29% + 9.789% if 0> >~
239 if p=-1

598(1 - ) if <1 > >3

kg 4.2a(0) = [043 if p=1 Buckling factors from table 4.2
0.57 if H=0 SS-EN 1993-1-5 upper part
) Elements in compression with
0.85 if p=-1 free edge.

2 Lower stress close to support.
0.57 = 021 + 0.07¢" if =1 >p=2-3

kg 40p(0) = (043 if b =1 Buckling factors from table 4.2
0578 SS-EN 1993-1-5 lower part
—— if 1>)>0 Elements in compression free
§+ 034 edge.
1.7 if =0 Higher stress close to support.

17 =50 + 17.19° if 0> > -1
238 if p=-1

Slenderness
b

t
28.43(1)%/]70.

Xp(kgbot)

Reduduction factors
pao(pi¥) = |10 if X, <05 +/0.085 - 0.055% SS-EN 1993-1-5 (4.2)
Internal parts
p = 0.055max[(3 + 1),0]
minf ———————— 1| otherwise
pa3(Rpb) = |10 i N, 0748 SS-EN 1993-1-5 (4.3)
) Cross-sections with free
(N - 0188 ) edge
min| ————— 1| otherwise

CCCXCVIII

Reduced cross sections

Side plate
21 = tg = 10Ghm

7y = tq + hg = 399.2(mhm

Tnee(”2)

()

=-0.102
“neg

Condition := | 62 (t)({1 ~ ) =g if =<1
42(1,)

——————— otherwise
0.67 + 0.330

Class4 := | "Class4" if > Condition = "Lower than class 4"

s

"Lower than class 4" otherwise
k0.4vl("*|’s) =8.555
[tab. 5.2 ES1993-1-1]

Nps = )\p(kGA‘](II,‘S),hS,lS) =048

‘JJQ) =1 Inre tvérsnittsdelar, EC1993-1-5 4.4 (2)

hg (1= tq + hg = 7= 0.036m Héjd dragen del

hg ¢ 1= hg = hg = 353.096m Hed tryckt del

hg oppc = pstghs_c) =353.096 m
hg effet = 04l ofp ¢ = 141.238m

by eff.c2 = 060 ofp ¢ = 211.858m
hg off 1= hgefp + g = 389.20m

3 2

AsAcff.c = Zﬁs_cff_cms =8.474 x 10” [lhm’
- _ 3 2
Agoff = 2(115_“-1-_c + hs_t)ms =9.341 x 10”Em

Critical buckling stress, orthotropic plate:

ST 3
= = ™
erp = Koa.1(s) f a2 1344 107MPa EC1993.1-5 eqA1
1201 -7 m
s

Stiffeners
Zav= tq = 10Em

Ja/= tq + hgo = 1500hm

nee(2)
g 1= —t = 0.604
negl?1
kc.4.2b(‘|’so) =0613 Higher stress close to support

h
dassd= | "Classa® it =2 > 218 (1, )Ry 4 2p{0sg) = "Lower than class 4*
Sl : s0) Yko.4.26

S0

"Lower than class 4" otherwise



C. Box girder

Pdso = p4A3()\p.so'/¢s) =1 Internal cross-sectional parts, EC1993-1-5 4.4 (2)

hso.eff == Pd.soBso = 1401m

a _ 4 2
Ago.eff = Nsollko Mo eff = 2:016 X 10

s
Class4_:= | "Classd" if — = "Classd"
"Lower than class 4" otherwise
4 -3
7q'= 7 ==5x10 "m wd = wncg(zdvzd) =1
[tab. 5.2 ES1993-1-1] kg.d = kg.4.1(thg) = 4

Xp.d = Np(kordrse.sorta) =0.723
Pq = p4A2(xp_d,¢d) =0.962 Internal cross-sectional parts

= Pyl o = 321,461 m

Areas:

— _ 4 2
A= N0 850q * ol g e * tg) =531 x 10" Hm

— _ 4, 2
Aceffloc = Moo effld * “so%oL@hso.eff + ‘d) =5.053 x 10 [tm
More than three longitudinal stiffeners > kv‘p obtained with eq. A.2

b
— 3205 10°mm*

J
12[61 - vz)

h, t
so d
fso ‘somsocﬁ‘d * 7] * bdmdB;

Mo * bglly

=32.4110hm

Yip.sl =

S0

3 2
b t
| by d _ s 4
Ig= [T + bdmdLEE - ytp‘sJ } =1.052% 10°Gm

3 2
Do to Bgo hso
* 2 +ngo oo g + = Vsl

=328143 ai= - =0.971
by

Uniform compression

- _ 2
Ag = ngo gy gy = 0.02m EC1993-1-5A1 (2)

— _ 2
= bylfy = 0.035m

A,
o 0.576

2[1’;(1 + az)z 4y - 1-‘

(xzmﬂ;+ DI + 8)
)

——————— otherwise

(b + D@1 +9)

Critical buckling stress, orthotropic plate:

E
= =
Sasspi= Ko T I
1201 - v°) By
A o
c.eff.loc
=——=0952
Bac A

c

Bach(t)
»}&p«'i =0.99

L it s V7 =222508

D1Pa EC1993-1-5 eqA1

p= PA.z(va‘l’) =0.786 Plate like behaviour

Effective area of the stiffened plate(deck):

- g _ 4 2
Ac.efr = P4.2(Np ) Beeffio + Sso.cfrlla = 4292 % 10" Tm

Buckling strength

i d) _ 4
NRd = Ac.ei'l‘ F—— =1.524x 10 KN

fy(&
™M

Column like behaviour

h t

St d

‘somsotﬁ‘d + %) + ol

Vipsle = - =34.268(thm
P toliso * 55004

3 2
Ssofd 4 7. 4
Iy .:{ T e [ = 1137 10 hm

3 2
tsolfso ho
+ 2 + hgolio g + T Vpsle

Buckling resistance stiffener

A= tsoBso *+ SeoEg = 5.74 x 10°m”

- _ 3 2
Asleff = tsoBso.eff * Sso.efffy = 3:455 107 hm

_ Adleff _

= 0.95

sl

Critical buckling stress for a stiffener

Ze
I

Column-like
behaviour

Interaktion Plate-like
I~ behaviour

=0 £=10

-The stiffener is acting as a column between stiffeners

2
™ Ely

A

Cerl = =355.1720MPa

CCCXCIX



C. Box girder

Slendemess ratio

Calculation of reduction factor EC1993-1-54.53
Q= 0.49 Stiffeners open cross-sections

e=2718

T
Iy w ] g Lo

i= =135.3620hm

t h,
d 50
ma){(y‘p_s] - ?] '(‘d + T . ylp.sl]:| = 47.589hm

0.09

=a+ =0.522

e

¢:= O.SEEI +aglfh, -02) + xcz] =177 EC1993-1-16.3.1.2 (1)

Interaction
I

£ := max| min| P -1,1[,0|=0
Fersl

& ar nastan noll --> column like behviour

Interaction between the two types of behaviour (column/plate buckling)

(P~ X)BT2 — &) + x; = 0.544

Checks

Mean stress rod

The "rod" in this case consist of two parts in the stiffener and one partin the
web.

t h, .
— d so.eff | _ 4
Fayst == 5o Ss&effmdwneg[?J + Asowneg(td = J =-1.571 x 10" kN

OomEd™= — - = 319.999MPa

Check according toA.2.1 (4

)

A - 193275M4Pa
™
)
Kppq= |"OK" if >OcomEd = "OK
™M

"EJOK" otherwise

If this condition is not fuffiled, further reductions will be calculated according to A.2.1.(4)
Effective areas, new centre of gravity and moment of inetria

o _ 2
Adeff = M550 1dSs0.eff = 0-032m
o _ 2
Atoteff = Aso.eff + Adeff ¥ Aw * Ay + Ap + Agepp = 0.118m

g hsoeff
Adefrt + Aso.cffrE'd e

h,
s.eff.cl
+2 (Smsveff_d{td + 72 ]
h, h,
s.eff.c2 s
+tB eprealfita + by~ 7] + 'sms.trﬁ'd +hy-—=

h h,
wy 2 su.y
+AWEE‘d +hg+ —2 ] + Asu%td +hg+ E(h“’y— SSUO) -

2
¢
b
+Ap FEh‘s - 7]

Zp.eff.neg =
P € Atot.eff

CD

=371.724thm

3 2
t . h,
o ss.efficl s.eff.cl _ -4
Iy.s.ell’ = 1 + ‘sms,eItclEEtd + - Z(p.ell'.negj =3.788x 10
3 2
{0 efpc2 hg eff.c2
+ + g eppeolftd + hse ~ 5 “tpeffneg) -
3 2
tsg ¢ bt
+ I + g Mg + by - 5 " “peffneg
3 2
1 50 5s0.eff Td tq -3 4
Iy deff = 2 + g 5084 550 e S " “peffneg) T 4.323x10 "m
— _ 4
Iy effneg = lystso * lystsu * lyw T lyb * lys+ Iy seff * ly defr =0.015m
Negative moment
Effective cross section with negative moment(lower flange in tension)
Area
Abteffneg = Ad.eff
Accftloo = 5053 10"’
pcmy(‘b)_Asl 3 2
Ac.eff.loc.mod = =-3.467x 10"m
Teom.EdIM
Aufeffneg = Ab Bottom flange in tension
The effective area in compression is calculated according to 4.5.1(4.5). If the
condition A.2.1(4) which was checked before is not fulfiled, further reduction is
needed and the area above is used.
— g B =" " = 2
Aawfii= | PcBeeffloc.mod * Sso.eff® if Kp . ="EJOK" =307.258 Gm
PP effloc * Sso.efffy Otherwise
Agu Lower stiffener in tension -> No reduction.
Ay, Tension -> No reduction.
A No reduction if the side plate is in class 4.
Aso Stiffener class 4 —-> No reduction.
Effective areas, effective centre of gravity and effective moment of inertia
Actttor = Aceft * Asctt + Ay * Agy + Ap = 968.666@m”
According to SS-EN 1993-1-5 4.5.1 (7), the reduction of the compressive area can be
reduced evenly distributed over the cross section. Therefore the web-thickness is
changed with earlier area reduction factors.
Ac.effloc.mod
tgefr = [P R if K g ="EJOK" = 5.444hm
Aceffloc
Pty
t h, t
d.eff 50
solBso.eff o t :E‘d * 7) * sso,et'fmdag
d
t4 b effel
+"50B50.cff]d.cff:€?] + 'sms.cff.CIEE‘d + 5
h off h,
s.eff.c2 st
”sms.eff.chg[d Fhem J * ‘s“‘s,ﬂg‘d *hs= 7]
wy 2 ) sy
+AW:Etd thyr =]+ Asutﬁxd +ho+ ;(hwy ssu0) > }
4
b
+ AbLEhls - ;j
Z, £ = = 436.408mhm
Atpvafonogy

Aeff.tot

4
m



C. Box girder

Effective moment of inertia:

n md3 t 2
_ Ms.s0Sso.cff! 4 _ -3 4
lydeftfin™ =5 * ‘dms.su@m.cffféj - th.cff.ncg] =5983x 10 “m
— qi ™ -
Sy = Sin| 211255 50 = 7206 m
Stiffeners over/under:
3 2
[N h,
_ 50 's0.eff 50.eff _ -3 4
ly stso fin = MsoF o * “somsomso.effEE‘d T le.efﬁneg] =2594x 10 “m
1 = 601.50600 °m” from FEM
y.stsu.1fin = OH- m
= _ _4 4
Iy stsu.fin = ly.stsu.1.fin - =5869% 10 'm
N 2
1 suy
+2(>u:ﬂ>u%td +hyt g(“wy ~ Squdy) = - z(p_cff_ncg]
2
h
2 suy
+2(>u:ﬂ>u%td +hyt g(“wy ~ Squdy) = - z(p_cff_ncg]
)
hsuAy
+ 210 B Pty + hg + (hyy = sgu0) = 5 " “tpeffneg
Web:
. 4
Iy.w.1.fin = 20.000312m"  from FEM
. 2
. b 1 - _3 4
by fin = ly.w.1.fin * 2‘wﬁw[@”‘ts 5 }E@‘wy) - Llp.ef‘ﬁneg} =1.965x10 “m
Bottom flange:
byl !
b b _ -3 4
ybfin'= =5~ * lbmbféhls = Zp effneg 7) =3177% 10 " m
Side plate:
3 2
t B h
_ | soseffel s.effcl _ -4 4
Ly s.fin = 2 + B effel ‘E‘d * - Z!p.efﬂnegj =6.198x 10 "m

hs eff.c2

3
s eff.c2
PR

2
o ‘s'h&eﬂ“,cZLg'd +hye - - Z(p.eff,nng “

lsms.l3 by :
TSl s T T Zpefineg

o _ 10, 4
Iy eftneg fin = ly.defffin * ly.stso.fin * lystsufin * lyw.fin * yb.fin + ly.s fin = 1493 10" lthm

Load

kN The load capacty is gy, when checking the moment capacity.
QM= 85—

m

- = 27 5N oL .
Q= q MiBy 7297.5% N_— Doridge [ .
BdS T,
Qg
Mpg= 92 _ 505 10YENG
8
Moment capacity
1
effneg fi
Wy gp = LR 3453
Ztp.eff.neg
fy{ta)
~ yta) 4
Mpg = Wy o BE = 1214 10" NG
M1
Mgq
—< = 0.992
Mpg

Shear capacity
n:=120 SS-EN1993-1-55.1ANM2

Shear buckling coefficients

Moment of inertia longitudinal stiffeers

According to figure 5.3 SS-EN1993-1-5, 15¢t on each side of the stiffener is used when
calculating the moment of inertia.

Byeb = 20058 (ty) By, = 0293m

h
80
oy = asin| 2 |E22 221119 Angle of web
hy | ™
Distance to stiffeners from z-axis:

™
sinf o B |,
%, o BT ). =m( 'go) * oo
a, = — 4+, 0S| — - ———%—— =(.503m
stz T su0 Oy 180 > 2

a0 = Agp ) * ssumos(awﬂ—lgoj =0913m
n
ag,3 = a0+ ssumos(otw FI 80) =1.324m

Moment of inirtia stiffeners z-direction

1= 2By Do)+ (asna)’ * (15073 28085 107

Distance from z-axis to middle of the web area which is 15¢t each side of the stiffeners:
by t
PN smoma{awq%oj L

3

Astadn™ stz.2 * Ssum“[&wﬂl%) =1.346m

3

Moment of inirtia of 15¢t of the web z-direction

Ltw.z = waebmw[{i(as!.z.l)2 * (asl,z,Z)z * (351,2,3)2—‘ =002’

1 +1 =0.029 m?

stztot = Istz ¥ lstw.z

Shear buckling coefficient, side plate

Moot ) a
kpp = [534 + 4000 ——| if >1 =5392 SS-EN1993-1-55.3 (5)ANM.
a

hg efp A3whenky=0
2
by .
400 + 534[{ﬂ] it —— <1
a hg esf
h
off
At - ks = 0459

" Sang(yo, EC1-3-5e456

Shear buckling coefficient; web with more than two longitudinal stiffeners

SS-EN 1993-1-5 (A5)

!

3
st.z.tot 2.1

(minfrg )y | ™)

SS-EN 1993-1-5A.3 (1) and (2) gives:

h 2
web B -
ko= [534+ 4[Tj +kpg if @23 =607.09

1
63+ 0.183—2
} 3
min(t,t, M,
41+ {isty) Tyen +22
2
(e}

1

st.z.tot

otherwise
. 3
mm(ts,lw) Byep

CDI



C. Box girder

bd“’dzﬁfy(‘d) hbmbzly(‘b)

Slenderness limit for which shear buckling check has to be performed for stiffened webs: VbfRd.ored * carBin B, * ¢ B = 173.339&N
of “'M1-Tn uf IM1-n
=12 4.3
EC1993-1-3-5ANM 2 5.1 The flanges contribution according to EC1993-1-5 Ch. 5.4(1) eq.5.8

hyel e(t) M
'web s, Ed

Check = | "no shear buckling” if —r—— <315k = "Reduce” Virrd= | VbrRdoredd! =| = | | if Mpg<M{Ranee =O0EN

min(t,t,,) n Mf.Rd.neg ¢
"Reduce" otherwise 0 otherwise

Reduce —> Shear buckling check is needed, EC1003-1-5 Ch. 5.1(2).

Shear capacity stiffened web:
TIDgl(‘s)mwebms
VowRd*+ VbfRIS — o =1 EC1993-1-5 Ch.5.2(1)
hy V3B
max| ———————— X1 | = 0459 SS-EN 1993-1-55.3 (5.6)
37.41,8(ty) Kz 3
ViRde= VowRd * VbiRrd = 2-125x 10'EN
Xi= | i ay < 22 =12 SS-EN 1993-1-5 5.3 Table 5.1, Check:
n stiff endstiffener. v
Ed
083 ifﬂs)\w<l.08 >
Ay n <1=1 EC1993-1-5,Ch.5.5, q. 5.10
137 Vbrd
— if Ay = 1.08
0.7+ N
. VEd
Kapacity of the web Y =0.6.
O = 1:00 D= 1.2 Safety class 3 bRd
o= 1.00
Shear capacity: Flanges, plastic moment bearing capacity for the effective-flange-area.
( )]3 @ Moment of inertia of the flanges:
X 1, o
% = X Twed™s 2.125% 10°E&N SS-EN 1993-1-352 (5.2)
bw.Rd N . -3_4
M1 Iy fefffin*= ly.d.efffin * ly.b.fin = 9-16% 10 "
VbRd = Vbw.Rd The flanges effective area:

3
Vpg= 2678 1°EN _ _ P
Ed Aeffiot = Ss0.eff T * MsoBso.eff T.eff * Moo efr + Ap = 357.56m

Vg
B e
2Vpw.Rd
() BryenTs _
Vo.rd S RV 1
Bimi
Kapacity of the flanges

SS-EN 19931-554
No shear buckling --> the plastic load bearing capacity can be calculated.

Moment of inertia

Y4
asf, - ? =431.408hm

Aufeffineg = Ms =7~ Zip.efineg = 445-592m

The flanges plastic moment bearing capacity for a cross-section with the effective

flange-area.
Asp o . t
Mt Rdneg = %Z"eg‘w . =7.454% 10 BN
. Autettneg futetine] B('e)
Mo

The contribution from the flanges should be taken into account when there are still capacity left in
the flanges in bending, ie the following condition should be fulffiled:

ME4 <MfRdneg =0

2
cgr = all0.25 + %ﬂi(‘d) =1.059m
s 1)
2
cyf = alll0.25 + M =1.003m

t,

h + ) 1)

s

CDII



	List of Figures
	Introduction
	Background
	Aim
	Objectives
	Limitations
	Method

	State of the art
	Design models
	Effective width method
	Reduced stress method
	Von Mises yield criterion

	Column- versus plate like behaviour

	Scientific studies
	Elaboration with load shedding
	Improvement of the interaction formula
	The V factor
	Addition to the V factor

	RSM in structural design
	RSM on a high velocity railway station roof
	A combination formula for EWM

	Conclusions from the literature study


	Single plate
	Method
	Description

	Result
	Capacity comparison

	Discussion

	I-Beam with two longitudinal stiffeners
	Method
	Description
	FE-Model
	Convergency study

	Result & Discussion
	Capacity comparison
	Buckling analysis


	Box section
	Method
	Description
	FE-Model
	Convergence study
	Parametric study

	Result & Discussion
	Top plate thickness
	Capacity comparison
	Buckling analysis

	Top plate stiffener thickness
	Capacity comparison
	Buckling analysis

	Side plate thickness
	Capacity comparison
	Buckling analysis

	Side plate height
	Capacity comparison
	Buckling analysis

	Distance between vertical stiffeners
	Capacity comparison
	Buckling analysis



	Conclusion
	Observed differences
	Pros and cons
	FEM-implementation and the parametric tool
	Recommendations for further studies

	Singel plate calculation
	I-beam
	Changed stiffener width

	Box girder
	Original cross section
	Changed top plate thickness
	Changed top plate stiffener thickness
	Changed side plate thickness
	Changed side plate height
	Changed vertical stiffener distance


