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Abstract

Steel-concrete composite bridges that are designed in Sweden today are almost ex-
clusively conducted in carbon steel. Carbon steel is susceptible to corrosion, a
consequence of which is the need to maintenance, mainly in form of repainting,
surveillance, and other related work, during the service life of the bridge. A reduc-
tion of the maintenance costs is possible by instead utilising stainless steel in design
of the girders. Bridges in stainless steel are nearly maintenance-free and not suscep-
tible to corrosion. However, manufacturing of bridges using stainless steel is more
costly than carbon steel and therefore, effective material utilization is desirable. In
this regard, beams with corrugated webs are advantageous as larger material uti-
lization can be achieved. Girders with corrugated webs provide high shear-buckling
capacity, resulting in slenderer web plates. Further, the proof stress of stainless steel
is higher than that for conventional carbon steel that is often used in bridge sector.

The aim of this study has been to evaluate the applicability and effectiveness of
designing composite bridges by replacing carbon steel girders with flat webs, with
stainless steel girders with corrugated webs. Further, the aim has been to highlight
specific parameters that influence the design of such girders, and conclude the study
by showing the possible savings in terms of material usage and cost estimation
that could be achieved by implementing this concept. The latter is carried out by
redesigning two existing composite bridges in a comparable manner to the original
design.

The results of the case studies show that material savings of 20-30% can be achieved
by implementing the suggested concept. Furthermore, if the height of the girders
were allowed to be deeper, a quadratic saving of material could be obtained for
every linear increase in depth. However, there exists an optimum depth from which
no excessive material savings are made by further increasing the height. The study
also shows that girders designed in stainless steel are subjected to larger compressive
stresses due to temperature strains. This is mainly due to the discrepancy of coef-
ficient of thermal expansion between stainless steel and concrete. Lastly, the cost
estimation analysis shows nearly the same investment costs for the original design,
and the alternative with stainless steel and corrugated webs thanks to the material
savings and less production costs. The cost savings over the service life of the bridge
makes the investigated concept extremely beneficial.

Keywords: Stainless steel, Corrugated web, Material savings, Maintenance costs,
Bridge design, Steel-concrete composite bridges



Design av Samverkansbroar i Betong- och Rostfritt Stal med Korrugerade Livplatar
En studie av tillampningen samt dess effektivitet av rostfria stalbalkar med kor-
rugerade livplatar

ADAM HENRYSSON

ELLY YMAN

Institutionen for Arkitektur och Samhéllsbyggnadsteknik

Chalmers Tekniska Hogskola

Sammanfattning

De samverkansbroar i stal och betong som byggs, i Sverige, idag &r nistan utes-
lutande utforda i kolstal. Kolstal ér kansligt for korrosion vilket skapat ett behov
av underhall, framst i form av ommalning, évervakning och annat relaterat arbete
under brons livsldngd. En minskning av underhallskostnaderna dr mojlig genom
att istallet konstruera broar i rostfritt stal. Rostfria stalkonstruktioner &r néstan
underhallsfria och inte utsatta for korrosion pa samma sitt. Priset pa rostfritt stal
ar dock dyrare én priset for kolstal. Det ar darfor viktigt att optimera designen,
med hansyn till materialanvindning, och darmed minska investeringskostnaderna.
I forlangningen gor detta det foreslagna konceptet till ett mer konkurrenskraftigt
alternativ. Rostfria staltvarsnitt med korrugerade liv kan implementeras for att
optimera designen med hansyn till att en storre del av tvarsnittet kan utnyttjas.
Korrugerade livplatar tillhandahaller en hog skjuvbucklingskapacitet, vilket resul-
terar i att tunnare livplatar kan anvindas. Dessutom ar flytspanningen for rostfritt
stal hogre an for konventionellt kolstal, vilket anvinds inom brokonstruktion idag.

Syftet med denna studie har varit att studera anviandbarheten och effektiviteten for
stalbalkar utférda med korrugerade liv, jamfort med tvarsnitt i kolstal och platta
liv. Vidare har syftet varit att finna specifika parametrar vilka paverkar designen
samt avrunda studien genom att visa vilka besparingar, géillande materialanvand-
ningen, som kan uppnas genom att implementera det foreslagna konceptet. Det
senare utfors genom att omkonstruera befintliga brokonstruktioner enligt samma
dimensioneringsregler vilka gallde vid den ursprungliga dimensioneringen.

Resultaten visade att materialbesparingar mellan 20-30% kan uppnds genom att im-
plementera det foreslagna konceptet. Om balkens hojd utfors hogre fas en kvadratisk
materialbesparing for varje linjar 6kning av livhojden. Det finns dock en grans fran
dar inga ytterligare besparingar gors. Den maximala besparing som uppnaddes
vid uppokning av balkens hojd var cirka 50% jamfort med den ursprungliga de-
signen. Studien visade ocksa att balkar utforda i rostfritt stal utsatts for stora
tryckspanningar orsakade av temperaturlaster. Dessa temperaturlaster beror pa ett
hogre varde av varmeutvidgningskoefficienten jamfort med en konventionellt utfor-
mad samverkansbro i stal och betong. Avslutningsvis visade en kostnadsuppskat-
tning 6ver brons livstid att kostnaden &r lagre for en bro med korrugerade livplatar
i rostfritt stal.

Nyckelord: Rostfritt stal, Korrugerade livplatar, Materialbesparing, Underhallskost-
nad, Brodesign, Samverkansbroar i stal och betong
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Introduction

Chapter one aims to provide an overview for the prerequisites of this thesis. First
a brief background is given on the subject before the aims and objectives of the
thesis are presented. Lastly the chosen approach to conduct the thesis as well as
the limitations are described.

When constructing a bridge, various parameters influence the overall choice of de-
sign. The parameters to be considered could be the time it takes to erect the bridge,
the self-weight of the structure being imposed on the foundation as well as material
usage allowing smaller investment costs (Pipianto and De Miranda, 2016). With
these parameters in mind, steel and concrete composite bridges are efficient bridge
types that to some extent are being used in Sweden.

Steel and concrete composite bridges are usually designed with steel girders with
flat webs that interact with a concrete slab on top. The steel girders are normally
produced out of regular carbon steel that is susceptible to corrosion. In order to
protect the girders against corrosion, a protective layer of paint is normally added
during construction and then again whenever needed during its service life. If the
carbon steel is replaced by stainless steel, the susceptibility against corrosion would
be decreased, and maintenance costs could be reduced. As the price for stainless
steel is approximately three times that of regular steel, it is crucial to reduce the
amount of material used (Karlsson, 2018). As an example, if corrugated webs are
used in a concrete box girder bridge, the self-weight of the superstructure can be
reduced 10-30% compared to a traditional concrete box girder bridge (Boutillion
et al., 2015).

Designing steel and concrete composite bridges with corrugated webs has mainly
been used in Japan (Boutillion et al., 2015). The main benefit of replacing the
traditional flat web with a corrugated one is the saving of material; the number of
stiffeners as well as the thicknesses of the members could be reduced.

This master thesis was initiated by Chalmers University of Technology as part of a
larger project on a new concept that incorporates lightweight steel girders with cor-
rugated webs. The thesis is conducted at WSP’s Bridge department in Gothenburg.

Hereafter the steel and concrete composite bridge is referred to as a composite bridge.
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1.1 Aim

The aim of this master thesis is to study the applicability and effectiveness of using
stainless steel girders with a corrugated web when designing composite bridges.

1.2 Objective

The objective of this thesis is to show the potential in material savings when using
stainless steel girders with corrugated webs in composite bridges when comparing
the concept to carbon steel girders with flat webs. More specific the study will
investigate to see what most influences the design of the cross-section when they are
designed in stainless steel using a corrugated web.

1.3 Limitations

o The thesis is restricted to design procedures according to the Furocodes and
regulations given by the Swedish Transport Administration only.

o The design procedure will be formulated for the steel girder only. The design
of the concrete slab is disregarded.

o The studied composite bridge type is the twin-girder composite bridge.

e Only trapezoidal corrugation shapes for the web will be considered.

o Only road bridges will be covered in the study.

o The material savings will be compared to an already built bridge without any
considerations of the original designer’s choices.

1.4 Approach

The thesis is carried out in different stages. Firstly, a literature study is conducted.
The literature study is followed by a formulation of a general design procedure for
composite bridges. Further, two case studies is conducted for already built bridges,
and lastly a parameter study is carried out for factors influencing the design of a
stainless steel girder with corrugated webs.

1.4.1 Literature study

The literature study covers the design procedure of composite bridges, character-
istics of stainless steel and the design of structures using corrugated webs instead
of ordinary flat webs. The information gathered is both taken from books written
on the given subjects as well as articles. However, there are not much literature
combining the design of structures in stainless steel to girders with corrugated webs.
In addition to the literature on the subject, a handful of calculation reports will be
studied for how new bridges have been designed in the last decade by engineers in
the industry.
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1.4.2 General design procedure

When a good background on the subject is obtained, the general design procedure,
according to the design codes for composite bridges, is described. The general design
procedure is formulated for both a flat web using carbon steel and for a corrugated
web in stainless steel. The design of the connection elements that transfer shear
flow between the steel and the concrete is also covered. Different steps and the
approaches used in the industry when designing a composite bridge are clarified.

1.4.3 Case studies

Two case studies are performed on existing structures designed according to the
current standards. These studies cover a redesign of the structure adopting the
concept of using corrugated webs with girders in stainless steel. Special attention is
put into identifying the main differences in design, and the parameters that have the
greatest influence on the outcome of the design. A comparison is made between the
total material usage for the original design and the redesigned structure. Further, a
cost estimation for one of the bridges is carried out, comparing the concept of using
a stainless steel girder with corrugated webs to a conventional carbon steel girder
with flat webs.

1.4.4 Parametric studies

The parameters that during the case studies are identified to have a great influence
on the outcome of the design are further investigated. The investigation aims to
provide a groundwork for future design work of stainless steel girders with corrugated
webs.
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Literature study

The literature study is providing the foundation for the subsequent work of com-
posing a general design procedure for composite bridges with corrugated webs in
stainless steel. The chapter starts with an introduction to composite bridges, fol-
lowed by specifics regarding the behaviour when replacing flat webs with corrugated
webs. Lastly, the specifics of stainless steel are described.

2.1 Composite bridges

A composite structure is a structure where the main load-bearing elements consist
of two parts with different material properties in interaction with each other (Collin,
Johansson, and Sundquist, 2008). The structural concept of composite bridges in
bending is to utilize the compressive strength of concrete combined with the tensile
strength of steel (Utsi and Lagerqvist, 2012). The interaction provides a stiffer
behaviour than if no structural interaction takes place.

Composite bridges could be designed according to different concepts. Two examples
are the box girder bridge or the twin girder bridge, see Figure 2.1 and 2.2. Com-
posite bridges has a wide range of applications and can be designed both as simply
supported and as continuous systems. One common design of a composite bridge
are two steel beams, usually welded I-beams, with a concrete slab on top (Collin
et al., 2008). If the steel beams has the same cross-section this system is referred
to as a twin girder bridge. In order to have interaction the girders and the slab
are connected via shear connectors transferring the shear flow between elements. A
twin girder system is mainly used in spans ranging from 30 to 60 meters. In Figure
2.2 the cross-section of a typical twin girder bridge is presented.

One of the advantages of composite bridges in comparison to concrete bridges is the
shortened erection time (Collin et al., 2008). The girders are usually prefabricated
and put into place using different erection methods, see Section 2.1.3. Another
benefit of using composite bridges is the reduced self-weight of the superstructure
compared to a concrete bridge leading to cheaper and less foundation work for the
overall structure (Vayas and Iliopoulos, 2014).

A disadvantage of the twin girder bridge is the lack of redundancy (Vayas and
[iopoulos, 2014). If either of the girders were to fail it will likely lead to a total
failure of the structure. Furthermore the use of carbon steel in bridge design may
cause problems as its susceptibility to corrosion can lead to high maintenance costs
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Figure 2.1: A typical box girder composite bridge

[=—] [——]

Figure 2.2: A typical twin girder composite bridge
during the service life.

2.1.1 Cross-sectional design

As mentioned in section 2.1 a twin girder composite bridge is typically designed
with two symmetrical steel girders. The thickness of the concrete slab often varies
from 25 to 35 centimeters and is casted on top of the steel girders (Collin et al.,
2008). If the bridge is simply supported the cross-section is normally constant along
its length (Vayas and Iliopoulos, 2014). For a continuous bridge the height of the
girders are usually increased over supports in order to resist the interaction between
hogging moments combined with high shear forces.

For a simply supported composite bridge, the utilization of the steel and con-
crete members is optimal with regards to their behaviour during loading (Utsi and
Lagerqvist, 2012). The steel will act in tension, and the concrete in compression.
However, composite bridges are also used as continuous systems where special at-
tention must be taken to the behaviour of concrete over the support. The concrete
will be in tension; hence cracking is expected. In order to limit the crack width,
tensile reinforcement is needed. Note that reinforcement still might be needed in a
simply supported bridge in order to localize cracks caused by compulsive stresses
resulted from effects such as temperature and shrinkage.

6
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2.1.2 Interaction between parts

The bonding between the steel flanges and the concrete slab is not enough to transfer
the shear stresses that arises, in the intermediate plane, and full interaction between
elements can not be ensured (Collin et al., 2008). Therefore, connection elements
need to be attached to the flange. There are various types of connection elements
to transfer the shear flow between the steel girders and the concrete slab. The most
common connection element is welded shear studs, see Figure 2.3. The studs are
welded to the flange, and once the concrete is hardened, the connection enables
composite action.

/

Figure 2.3: Welded shear studs on top of the flange

2.1.3 Construction phase

Depending on the bridge type and its intended design, there are several different
techniques for the erection of the structure (Collin et al., 2008). The most com-
monly used techniques are launching the girders and lifting the girders into place.
Launching is a technique for twin-girder bridges where the girders are launched from
one end towards the other. If longer beams are desired, the full beam is produced
by welding together smaller beams on the launching spot. Intermediate temporary
lightweight supports may be used in order to reduce the length of the cantilever
part of the beams. The girders are pushed forward using hydraulic jacks, and finally
placed on sliding supports or big roller bearings. Lifting of the beams means that a
mobile crane lifts the steel girders into place. The lifting method is the fastest and
easiest erection method; however, it is limited by the lifting capacity of the cranes,
meaning that it is not always the most suitable method. It is the most commonly
used method for simply supported twin-girder composite bridges (Boutillion et al.,
2015).

Once the beams are in place, the formwork for the concrete slab is mounted. The
formwork is, in most cases, supported by the steel beams (Collin et al., 2008).

7
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Thereafter, the placing of reinforcement and the casting of concrete procedure starts.
During the design of the bridge, it is important to consider the construction phase,
since the interaction between the steel and concrete elements is first achieved once
the concrete is hardened. In order to reduce the risk of lateral-torsional buckling
(LT-buckling) of the girders during casting, the steel girders could be fitted with
cross-bracing. When the concrete has hardened, it will provide the needed lateral
support for the top flanges.

The technique of using the steel beams as load-bearing elements for the formwork,
reinforcement, and fresh concrete reduces the need for temporary supports during
erection (Collin et al., 2008). This is favorable as less on-site labour is needed,
and the construction time is shortened. Furthermore, it is beneficial when the
construction of the bridge takes place over a road where the use of temporary support
would lead to rerouting or conjunction of traffic. However, it is sometimes preferred
to use temporary supports during the hardening of the concrete in order to reduce the
risk of early cracking over internal supports and to reduce the need for intermediate
cross-bracing due to the risk of LT-buckling (Vayas and Iliopoulos, 2014).

2.2 Corrugated webs

High load-bearing capacity is often correlated to deep cross-sections. However, deep
cross-sections may lead to instability issues such as LT-buckling and out-of-plane
shear buckling in the webs (Boutillion et al., 2015). If instability problems occur
during the design process, several alternatives are suitable such as increasing the web
thickness, adding transverse stiffeners, and, in some cases, attaching longitudinal
stiffeners to the web.

Another approach for maintaining high load-bearing capacity in the web as well as
reducing the overall material consumption is to replace the conventional flat web
with a corrugated one (Boutillion et al., 2015). Corrugated webs have a high out-of-
plane capacity due to its stiffness around the weak axis. Consequently, adopting the
concept of using a corrugated web often leads to a reduced or no need for stiffeners
and allows for a thinner web thickness. In bridges, the most common corrugation
shape is the trapezoidal shaped webs (Karlsson, 2018). Another shape used is the
sinusoidal shape. Both shapes provide high shear capacity for relatively thin plates.

A corrugated web deforms similarly to an accordion as it lacks stiffness in the longi-
tudinal direction (Boutillion et al., 2015). The flanges of the girder will then solely
resist the resulting axial forces arising from the bending moments or normal forces.
The stresses arising in the web mainly comes from shear forces.

2.2.1 Manufacturing of trapezoidal shapes

The corrugation is produced by pressing flat steel plates into the desired shape
(Boutillion et al., 2015). The form of the trapezoidal shape is relatively easy to
produce, meaning that there are little limitations on what form to chose during

8
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the design process. However, there is an optimal shape to choose with regards to
the maximum shear capacity, dependent on the bridge’s overall geometry (Karlsson,
2018). Figure 2.4 illustrates the shape of a trapezoidal web.

Figure 2.4: Corrugated web with trapezoidal shape

2.2.2 Design of corrugation

In a cross-sectional analysis, it is assumed that the corrugated web resists the shear
forces whilst the flanges resist the bending moment. If the flanges are not fully
utilized in bending, they may, however, contribute to the shear capacity (Boutillion
et al., 2015). The geometrical notations for corrugated webs showed in Figure 2.5
are commonly known and used throughout the thesis.

The geometry of the corrugation has a large influence on the shear capacity of the
web. In an earlier conducted master thesis by Karlsson (2018), it was concluded that
it is good to perform a parametric study on the specific bridge to be designed in
order to find the optimal shape to withstand shear buckling. According to the same
author there are for corrugated webs three buckling modes related to shear failure;
local, global and interactive. In a parametric study conducted by Karlsson (2018), it
was showed that the shape of the corrugation for a certain beam affects the buckling
mode that would occur. The most influencing parameters were the flat-fold length
(aq), corrugation angle («), the height of the web (h,), and web thickness ().
More specifically it was proven that there are optimal values to be chosen for a; and
« for a given web height and web thickness. A summary of the parametric study is



2. Literature study

Fw
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W

Figure 2.5: Geometric notations for corrugated webs (Karlsson, 2018).

presented in Table 2.1. The table shows how the ultimate shear capacity, Vg4, and
how the resulting buckling mode are affected for increased sectional dimensions.

Table 2.1: Summary of parametric study conducted by Karlsson (2018)

Description

Ultimate shear capacity

Buckling mode

Web thickness, t,,

Increases for increased t,,

Goes from local to interac-
tive to global for increased
tw

Web height, h,,

Increases for increased h,,

Goes from local to interac-
tive to global for increased
P

Corrugation angle, a

Increases to a certain point
for an increasing angle, «;
reaches its maximum at ap-
proximately 50 degrees

Goes from global to inter-
active for increased «

Flat-fold length, a4

There is an optimal length,
a1, to be found for a specific
web design

Goes from global to inter-
active to local for increased
ai

Based on the results in Karlsson (2018), the ultimate shear capacity of a beam
is mainly affected by the corrugation angle, «, and the flat-fold length, a;. As
presented in Table 2.1 an increased angle results in an increased shear capacity up
to a certain point. At approximately 50 degrees, the shear capacity reaches its
maximum value, however, for an angle between 30 to 50 degrees, a rather high shear
capacity is achieved.

In Karlsson (2018) the optimal flat fold length was investigated for different web
heights. The evaluated web heights were h,, = 1000, 1500,2000, and 2500 mil-
limeters. The corrugation angle, a, was set constant to 32 degrees, and the web
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thickness was t,, = 4 millimeters. The highest shear capacity for the tested range of
web heights was achieved for a flat fold length of 100 to 150 millimeters.

2.2.3 Existing bridges with corrugated webs

The concept of using corrugated webs in composite bridges was developed during
the 1960s in Japan, although it was not implemented in bridges until 20 years later
in France (Boutillion et al., 2015). France was the first country in the world to
build a composite bridge with a corrugated web. The Cognac bridge is a box girder
composite bridge and was completed in 1986. In 1992 Japan built their first bridge
using the concept. Since then, Japan but also France, has been the frontiers in the
field, and Japan has built over 140 bridges with corrugated webs. Other composite
bridges using the concept has been built in South Korea and Germany. In Table
2.2, examples of the geometrical shape of the corrugation, bridge type, and longest
span are described for some existing bridges (Karlsson, 2018).

Table 2.2: Existing composite bridges with corrugated web (Karlsson, 2018)

Bridge | a; tw P « Span length | Bridge type
mm] | mm] | [mm] | [deg] | [m]

Shinkai | 250 9 1183 36.9 31 Box girder

Hondani | 330 9 3315 36.5 97.2 Box girder

Cognac | 353 8 1771 25.2 43 Box girder

Maupre | 284 8 2650 31.9 53.5 Box girder

Dole 430 10 2546 30.7 80 Box girder

2.3 Stainless steel

Stainless steel is an attractive alternative to conventional carbon steel when there are
demands on the resistance against corrosion. In structures, stainless steel has been
used since it was invented more than 100 years ago (Stalbyggnadsinstitutet, 2017),
although data on its implementation in bridge design is lacking. In recent years, a
greater attention is paid to the life-cycle costs, not only focusing on the investment
cost. Stainless steel is more expensive than carbon steel, but with lower costs for
future maintenance and renovations, it is still a good alternative. Furthermore,
stainless steel is fully recyclable at the end of its life-cycle, creating a new market
for when the structures are outdated.

Just like carbon steel, the strength properties of stainless steels are good, see Section
2.3.1, meaning that its application is suitable in bridge design. If the content of
chromium is at least 10.5%, the steel is classified as stainless steel. Stainless steels are
in some manner self-healing thanks to their transparent passive layer of chromium
oxides formed on the surface when oxygen is present. Its protection against corrosion
increases with increased content of chromium.

The material is sub-categorized into four main steel types; ferritic, martensitic,

11
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austentic, and duplex (Stalbyggnadsinstitutet, 2017). Duplex and austentic are
more suitable for bridge applications due to their high resistance against corrosion,
formability, and high strength. One of the differences between the four stainless
steel-categories is the chromium content, which influences the susceptibility against
corrosion. The choice of steel is based upon the environment that the structure will
be placed in, the investment cost, and the required strength.

In addition to replacing carbon steel with stainless steel in composite bridge girders,
the reinforcement in the concrete slab could be replaced as well. Using reinforcement
made in stainless steel in highly exposed areas of the slab increases the durability and
decreases the life-cycle costs of the structure as the need of maintenance decreases
(Dahlstrom and Persson, 2018).

2.3.1 Properties of Stainless steel

The stress-strain curves for stainless steels differ from the one for conventional carbon
steels (Stalbyggnadsinstitutet, 2017). Carbon steel has a distinct yield point from
where plastic deformation takes place. For stainless steel, the transition is more
smooth as it early departs from the linear elastic behaviour due to strain hardening,
see Figure 2.6. The yield stress for stainless steel is normally calculated by the
stress corresponding to 0.2% permanent strain, but also dependent on the thickness
of the member. In Table 2.3, nominal values for the proof strength and the ultimate
strength are given. The presented steel grades are based upon recommendations
for corrositivity class C4 according to the recommendations given by The Swedish
Transport Administration, see Section 3.1.1.

Table 2.3: The Swedish Transport Administration’s recommendations for stainless
steel grades in bridge design and their nominal values (nominal values according
SS-EN 1993-1-4:2006/A1:2015)

Type Grade t < 8mm t <13.5mm t < T7hmm
fy Jfu [y Jfu [y fu
[MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa]
Austenitic | 1.4401 | 240 530 220 530 220 520
1.4404 | 240 530 220 530 220 520
1.4571 | 240 540 220 540 220 520
Duplex 1.4162 | 530* | 700* | 480** | 680** | 450 650
1.4362 | 450 650 400 650 400 630

*t < 6.4mm
¥ < 10mm

2.3.1.1 Manufacturing and its influence on the strength properties

Unlike the properties of carbon steel, the manufacturing process has a large influence
on the final properties of stainless steel (Stalbyggnadsinstitutet, 2017). There are
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Figure 2.6: Stress-strain curve for stainless steels in relation to carbon steel

two main production techniques, annealing and cold-forming. Annealing of stainless
steel means that the steel is formed to the required dimensions and then heated
to change the microstructure of the material. Cold-forming of stainless steel is
when the material is cold-formed into the desired dimensions in order to achieve
strain hardening in the material and thereby change the material properties. Both
austenitic and duplex steels achieve higher strength properties by cold-forming even
if some ductility is lost. However, stainless steel is a ductile material, so the eventual
loss of ductility is not a determining issue. Furthermore, cold-forming of the material
is reversible at any time of the service life. By annealing the original properties can
be retrieved.

Work hardening of the steel creates asymmetry in the material structure leading to
anisotropy (different strength properties in tension and compression), meaning that
separate stress-strain curves are needed to describe each behaviour (Stalbyggnadsin-
stitutet, 2017). In general, the tensile strength increases more than the compression
strength during work hardening. If a cold-formed member of a structure is welded,
the rise in temperature may cause it locally to anneal and so display a loss of strength
locally.

2.3.1.2 Corrosion

The corrosion resistance of stainless steel is dependent on their microstructure de-
scending from the used alloys (Stalbyggnadsinstitutet, 2017). Therefore, it is impor-
tant to consider the environment the part is to be placed in, meaning that different
alloys will react differently depending on the surroundings. In general, the higher
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corrosion resistance, the higher the material cost, with the exception that duplex
steels could have increased resistance without any increase in price. The Swedish
Transport Administration regulates which corrositivity resistance that is required
for a certain environment (Krav Brobyggande, 2019).

2.3.2 Basics for design

The design of a cross-section in stainless steel is much like the design of a carbon
steel cross-section (Stalbyggnadsinstitutet, 2017). The height-width ratio (c/t ratio)
is determining for the parts subjected to compression stresses, which may cause the
cross-section to buckle before full utilization of the ultimate strength is reached. If
the ¢/t ratio is too large the strength of the cross-section needs to be reduced. In the
same manner as the design for carbon steel, classification of compression elements
are done in order to determine if or how much the strength needs to be reduced.
There are four classes formulated in SS-EN 1993-1-4 (2006).

Class 1, The cross-section can develop a plastic hinge with the needed rotational
capacity needed for plastic analysis.

Class 2, The cross-section can reach plastic moment capacity but not form a hinge.

Class 3, The parts in compression of the cross-section may reach yielding but
because of the risk for buckling, the plastic moment capacity can not be reached.

Class 4, The cross-section will buckle in one or more parts before the yield stress
is reached.

The classes are formulated the same for both stainless steel and carbon steel in
SS-EN 1993-1-1 (2005) and SS-EN 1993-1-4 (2006). However, the limits for the
¢/t ratio, determining which class the part belongs to, differ. The main influencing
parameters are the elastic modulus, the yield strength, and the ¢/t ratio. Hence,
the difference in the reduction for either carbon steel cross-sections or stainless steel
cross-sections needs to be determined in each case as the material properties may
vary for different kinds of steels.

In bridge design the web and the flanges often have relatively large ¢/t ratios and
therefore often ending up in cross-section class four. For parts in class four, effec-
tive widths are calculated according to SS-EN 1993-1-5 (2006) and SS-EN 1993-1-4
(2006). The principle for calculations is the same for both carbon and stainless steel
with only the reduction factor, p, differing when calculating the reduction of parts
subjected to compression.

2.3.2.1 Determination of the modulus of elasticity in SLS

Stainless steel display a non-linear stress-strain behaviour, and therefore the modu-
lus of elasticity is not constant until plastic hinges have evolved (Stalbyggnadsinsti-
tutet, 2017). Therefore, when calculating the deflection in the Serviceability Limit
State (SLS), the modulus of elasticity must reflect the stress distribution over the
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length of beam. This is done by calculating a mean value for the secant modulus
of elasticity based upon the current stresses in the flanges. The current stress is
the corresponding stress for the SLS-loads calculated using Navier’s formula. The
modulus is then adjusted with regards to the current stress in the flanges, the yield
strength, and the Ramberg-Osgood parameter, n. This parameter depends on the
rolling direction and steel grade, and for low values, it indicates a high grade of
non-linearity. Note that this method is correct as long as the secant modulus is
based upon the maximal stress in the upper and lower flange and that the stresses
do not exceed 65% of the 0.2% remaining strain limit. If the stress exceeds 65% of
the 0.2%-limit, the modulus is much on the safe side, and so a more precise value
should be calculated.
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General design procedure

The general design procedure for designing a girder in a composite bridge with cor-
rugated web in stainless steel is described in this chapter. Throughout the chapter,
it will be clarified all steps that in any way, differ from the design of conventional
flat web girders in carbon steel. The chapter will start going through the relevant
standards that are to be followed during the design of a new bridge in Sweden.
Thereafter all, by the standards compulsory, parts of the calculation report are pre-
sented including relevant design checks and calculation of stresses in a composite
section.

3.1 Prerequisites

The prerequisites for a bridge is dependent on the requirements stated in the stan-
dards and the scope of the intended design. In section 3.1.1 the relevant guidelines
for a composite bridge in stainless steel with corrugated web are presented.

3.1.1 Guidelines and Design codes

When a bridge is to be designed in Sweden today the guideline to be followed is Krav
Brobyggande. This document regulates what to consider during the design process,
and further refers to additional design codes whenever needed. The main design code
that Krav Brobyggande refers to is the Furocodes. The Eurocodes consists of ten
standards (Eurocode) divided into several parts. For this study, several standards
will be referred to and Table 3.1 clarifies the design codes that are relevant to the
objectives of the thesis.

In addition to the Eurocodes presented in Table 3.1, Krav Brobyggande states that
the National Annex (NA) named Transportstyrelsens forskrifter och allmdnna rad
om tillimpning av eurokoder (TSFS 2018:57), shall overrule the EN Standards when-
ever contradiction appear.

3.1.2 Software

During design of a composite bridge the used software needs to be carefully chosen.
In the industry several computational programs are used in order to obtain load
effects and design of structural parts such as reinforcement. The choice of software
is dependent on the complexity of the structure. For the studied bridge type, simply
supported composite bridges, the structure is statically determinate and no complex
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Table 3.1: Content - European standards

Eurocode | Standard Part
EN 1990 Basis of structural design -
EN 1991 Actions on structures Part 1-1: General actions

Part 1-4: Wind actions

Part 1-5: Thermal actions

Part 2: Traffic loads on bridges
EN 1992 Design of concrete Part 1-1: General rules
structures Part 2: Concrete bridges

EN 1993 Design of steel structures Part 1-1: General rules

Part 1-4: Stainless steels

Part 1-5: Plated structural ele-
ments

Part 1-8: Design of joints

Part 1-9: Fatigue

Part 2: Steel bridges

EN 1994 Design of composite steel Part 1-1: General rules

and concrete structures Part 2: General rules for bridges

software is needed. Meaning that the theory of elasticity applies and all load effects
could be calculated by hand for instance by using influence lines. It is however
convenient to use a software for determination of load effects arising from traffic as
the hand-calculations is time-consuming.

3.1.3 Safety class and partial safety factor

Each prospective construction is to be classified dependent on the risk for physical,
economical, or social loss, for the case of structural failure. Krav Brobyggande refers
to TSFS 2018:57 that presents four safety classes to chose from when designing
a bridge, although there are exceptions and supplements stated directly in Krav
Brobyggande. The Partial Factor Method could be used in design whereas the
partial safety factor, 74, considers the targeted safety class. In Table 3.2, the safety
classes, their scope, and the partial safety factor is presented.

Table 3.2: Safety classes and their corresponding partial safety factors

Safety class | Probability for severe injuries if failure | 74 [-]
1 Low 0.83
2 Normal 0.91
3 High 1.0
4 Very high 1.1

The partial safety factor is used in load combination in the ultimate limit state,
either increasing or decreasing the load dependent on the safety class.
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3.2 Materials

According to SS-EN 1990 the design value for the strength properties of a material
should be calculated according to Equation 3.1.

X
Xy =n=t (3.1)

m

Whereas,

Xy is the characteristic value for the strength properties of a material

n  is the mean value for the factor considering volume effects, moisture effects,
temperature effects, and other relevant parameters

Ym is the partial factor for a certain material considering the probability of
deviation in the properties, values for steels are presented in Table 3.3 and
Table 3.8

3.2.1 Steels

When designing a structure in steel, the first step is to check Annex E in Krav
Brobyggande which targets steel structures. Annex E specifies what environmental
resistances to consider, how a certain part should be designed, and so on. For steel
parts, it is determined that a thickness smaller than four millimeters is not allowed.
Due to volume effects the strength of the material is dependent on the thickness of
the studied part. Values for the nominal strength is listed in Table 2.3 and Table
3.9.

Dependent on the location of the structure, its parts are to be classified in different
corrosivity classes considering the surrounding environment. According to Krav
Brobyggande, the steel parts should be designed in at least corrosivity class C4
unless it is placed in a more hostile environment such as marine or road environment.
Note that road environment only considers steel parts that are in direct contact with
residues from the road such as road salts. Marine environment refers to parts that
are in direct contact with water.

3.2.1.1 Stainless steel

The design of parts in stainless steel is based upon the equations given in SS-EN
1993-1-4. For the austenitic and duplex stainless steels treated in the standard, the
ductility is assumed to be enough, as mentioned in Section 2.3.1.1, and no risk of
brittle failure exist for temperatures above —40° C. This means that the thickness of
the steel plates do not need to be chosen with regards to the reference temperature
unlike the case for carbon steel, which is further presented in Section 3.2.1.2.

The available steel grades and their strength properties for corrosivity class C4 is
presented in Table 2.3. Partial coefficients for stainless steels are given by TSFS
2018:57 18 ch 2 §. Values are presented in Table 3.3.
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3. General design procedure

Table 3.3: Partial safety factors for stainless steel

Notation | Description Value
YMo Resistance of cross-sections whatever the class is 1.0
Y Resistance of members to instability assessed by member 1.0

checks
Y2 Resistance of cross-sections in tension to fracture 1.2

The elastic modulus of elasticity for determination of the cross-sectional resistances
is given as E; =200 GPa for the allowed steel grades according to SS-EN 1993-1-4.
Since stainless steel displays a non-linear stress-strain behaviour the same modu-
lus can not be used for both ULS-checks and SLS- checks, and therefore a secant
modulus of elasticity is calculated according to the current stress from Equation 3.2.

B+ Ego
Es,ser === > (32)
2
Es
E,;, = 7 (3.3)
’ FEs O0i Ed,ser
1 + 0.00201',}:701,567' ( fy )
Whereas,
Es, is the secant modulus corresponding to the current stress in the tensile
flange
Es is the secant modulus corresponding to the current stress in the com-
pressed flange
=1 corresponds to the flange in tension
=2 corresponds to the flange in compression
Oipdser 1S the absolute value for the largest stress
n is the Ramberg-Osgood parameter according to Table 3.4
Iy is the yield stress for the specific stainless steel, see Table 2.3

Table 3.4: Some values for the Ramberg-Osgood parameter, n, according to SS-EN
1993-1-4 Table 4.1, dependent on the rolling direction

Steel grade | Longitudinal | Transverse
1.4401 7 9
1.4404 7 9
1.4571 7 9
1.4362 5 5

3.2.1.1.1 Studs, screws and bolts

The studs that connects the upper steel flange to the concrete slab must be in
stainless steel in order to avoid the probability of creating a galvanic cell due to
either of the metals being more noble (Dahlstrom and Persson, 2018). The same
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goes for the connections of the cross-bracing. Dependent on the steel type and
steel grade the steels are divided into groups, Al, A2, ... for austenitic steels and
D2, D4, .. for duplex, presented in Table 3.5. The table shows what group of a
certain steel grade belongs to. The groups are then divided into property classes
dependent on the manufacturing method. The higher the property class, the higher
the strength, whereas nominal values are listed in Table 3.6. The table shows what
nominal value to choose for the connection dependent on the groups presented in
Table 3.5. SS-EN 1993-1-4 provides the nominal values for the yield strength and the
ultimate strength, f,;, and f,;. The property class for austentitic steels is given by
EN ISO 3506-1 depending on the method of manufacturing and size of the member,
completions for duplex steel are given by (Stalbyggnadsinstitutet, 2017). The partial
safety factors, yyo and vy, for connections in stainless steel are the same as for
carbon steel presented in Table 3.11.

Table 3.5: Grouping of studs, screws and bolts in stainless steel dependent on the
chosen steel grade

Type Grade | Group
Austenitic | 1.4401 | A4
steels 1.4404 | A4
1.4571 | A5
Duplex 1.4162 | D4
steels 1.4362 | D2

Table 3.6: Nominal strength values, f,, and fy, for connectors dependent on the
grouping and property class

Group | Property | Manufacturing fup fub
class method MPa | MPa
A4 50 Soft hot-pressed 210 500
70 Cold-formed 450 700
80 Cold-formed high strength | 600 800
100 Cold-formed high strength | 800 1000
A5 50 Soft hot-pressed 210 500
70 Cold-formed 450 700
80 Cold-formed high strength | 600 800
D2, D4 | 70 Cold-formed 450 700
80 Cold-formed high strength | 600 800
100 Cold-formed high strength | 800 1000
3.2.1.1.2 Welds

When choosing filler metal for the welds that connect the different parts it is rec-
ommended that the filler metal has at least the same properties as the parent metal
(Stalbyggnadsinstitutet, 2017). An exception to this is that for austenitic steels in
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the cold-worked condition, the filler metal may have lower nominal strength than
the parent material (ss-EN 1992-1-4:2006/A1:2015). Table 3.7 presents what filler
metal to choose dependent on the parent material.

In addition to the above stated requirements on the choice of filler metal there are
regulations on what tensile strength to use for cold-worked materials. For parent
materials in the cold worked condition the resistance should be taken as the tensile
strength of the annealed parent material (SS-EN 1993-1-4:2006/A1:2015). Further-
more for materials in the cold worked conditions the filler metals may have lower
strength than the parent material, whereas the resistance should be taken as the
nominal tensile strength of the filler metal.

Table 3.7: Recommended combinations for filler metals dependent on the steel
grade and their references

Type Grade | EN ISO 3581:2012 | EN ISO 14343:2009
Austenitic steels | 1.4401 | 1912 3 LL

14404 | 19123 L 1912 3 Nb

1.4571 | 19123 L 1912 3 Nb
Duplex steels 14162 | 237 N L 2293 N L

1.4362 | 237N L 2293 NL

According to Stalbyggnadsinstitutet (2017) the permanent 0.2- proof strength can
for austentitic filler materials be taken as 320 to 350 N/mm? with an ultimate
strength of 510 to 550 N/mm?. For duplex weld filler materials the 0.2- proof
strength could be taken as approximately 450 N/mm? with an ultimate strength of
550 N/mm?.

3.2.1.2 Carbon steel

Krav Brobyggande does, for carbon steel, not provide any specific steel grade to be
used in corrosivity class C4. However there are requirements on the allowed plate
thickness with regards to ductility. The plate thickness is calculated based on the
reference temperature. The most used steel grades in bridge design are S355 and
S5420. The partial safety factors for carbon steel is given by TSFS 2018:57 and
presented in Table 3.8. Nominal strength values for steel S355 and steel S420 are
presented in Table 3.9 and design values are calculated using Equation 3.1.
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Table 3.8: Partial safety factor for carbon steel

Notation | Description Value Reference
Yo Resistance of cross-sections what- 1.0 TSFS 2018:57
ever the class is
YMm1 Resistance of members to insta- 1.0 TSFS 2018:57
bility assessed by member checks
0.9&
Y2 Resistance of cross-sections in | min fy (3.4) | TSFS 2018:57
tension to fracture 1.1
Table 3.9: Material strengths for carbon steel
Steel category | Thickness fy fu E
[mm)] [MPa] | [MPa] | [GPa]
S355N /NL t<16 355 490 210

16 <t <40 345 470
40 <t <63 335 470
S420M /ML t <16 420 520 210
16 <t <40 400 520
40 <t <63 390 200

3.2.1.2.1 Studs, screws and bolts

The strength classes for studs, screws and bolts are given by SS-EN 1993-1-8 and
listed in Table 3.10. Partial safety factors for connectors in carbon steel are presented
in Table 3.11.

Table 3.10: Material strength for studs and bolts

Strength class | 4.6 | 48 | 5.6 | 5.8 | 6.8 | 88 | 10.9
fyp[MPa] 240 | 320 | 300 | 400 | 480 | 640 | 900
fu|[MPa 400 | 400 | 500 | 500 | 600 | 800 | 1000

Table 3.11: Partial safety factors for studs, screws and bolts

Notation | Description Value | Reference
Y2 Resistance of connections 1.2 TSFES 2018:57
04% Resistance of shear studs 1.25 | SS-EN 1994-1-1

3.2.1.2.2 Welds

The filler material of the weld should have an equivalent or higher yield strength and
ultimate tensile strength than the parent material (SS-EN 1993-1-8). The partial
safety factor for welded connections is presented in Table 3.12.
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Table 3.12: Partial safety factor for welded connections

Notation

M2

Value
1.2

Reference
TSE'S 2018:57

Description
Resistance of welds

3.2.2 Concrete

The concrete slab is contributing with stiffness to the composite cross-section; hence
relevant for the design of the girder. Further, the slab is subjected to shrinkage and
creep causing internal forces. The size of these effects are determined by the concrete
strength. Partial safety factors for concrete are presented in Table 3.13.

Table 3.13: Partial safety factors for concrete (SS-EN 1992-1-1)
Notation | Description Value
Ve Resistance for permanent and variable loads 1.5
Ve,E Resistance at accidental loads (exceptional) 1.2
Ve.fat Resistance against fatigue loading 1.5
Qe Coefficient that considers unfavourable load application and 1.0
long-term effects on the compressive strength
Qet Coefficient that considers unfavourable load application and 1.0
long-term effects on the tensile strength

Krav Brobyggande does not give any requirements on the choice of concrete strength.
Common choices for the concrete classes are C30/37, C35/45 or C40/50. Material
strengths are given by SS-EN 1992-1-1 and presented in Table 3.14. The design
value for the compressive strength of concrete is calculated according Equation 3.5.

Table 3.14: Material strengths for a selection of concrete classes

Concrete class fck fcm fctk,0.05 fctm [MP&] Ecm
[MPa] | [MPa] | [MPa] [MPa] [GPa]
C30/37 30 38 2.0 2.9 33
C35/45 35 43 2.2 3.2 34
C40/50 40 48 2.5 3.5 35
fcd = Qe * @ (35)
Whereas,
fea is the design compressive strength of concrete
fer is the characteristic value for the compressive strength of concrete
e is a coefficient that considers unfavourable load application and long-term
effects on the compressive strength
Y. is the partial factor for a concrete considering the probability of deviation

in the properties
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The tensile design strength of concrete is calculated according Equation 3.6

Jetr0.05
Jetd = Qet . (36)
C
Whereas,
Jetd is the design tensile strength of concrete
fetk0.05 is the characteristic value for the tensile strength of concrete
et Coefficient that considers unfavourable load application and long term ef-

fects on the tensile strength

3.2.2.1 Creep of concrete

The concrete slab is subjected to creep leading to a change of stiffness for the cross-
section. Therefore the applied loads are separated into different categories dependent
on the duration. The change in stiffness is considered by calculating a creep-function,
o(to, 00), described by SS-EN 1992-1-1. The creep function is dependent on the
relative humidity in the ambient air, the strength of the concrete and the concrete
age. When the creep function is calculated an equivalent height, hg, for the slab
is used. The equivalent height depends on the perimeter exposed to the ambient
air during drying. Since the top surface of the bridge is covered with asphalt it is
neglected when calculating the equivalent height. The equivalent height is calculated
from Equation 3.7.

(3.7)
Whereas,
ho is the equivalent thickness of the slab

A, is the area of the concrete slab
u  is the perimeter of the concrete in contact with the ambient air

Two factors related to the strength of the concrete is calculated according to Equa-
tion 3.8 and 3.9.

35 0.7

) = f (38)
35 02

Qg = f (39)

Whereas,

aq, ap are factors accounting for the concrete strength
Jem is the mean compressive strength of concrete [MPa]

A creep factor that accounts for the relative humidity is calculated according to
Equation 3.10.
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1 — RH/100
(]_ + Ol—h(l)/g : Oél) e’ for fcm Z 35 MPa
OrH = (3.10)
1—-RH/100
+ /1/3 for fom < 35 MPa
01 : ho

Whereas,

¢rp is a factor accounting for the relative humidity in the ambient air
RH  is the relative humidity in the ambient air, = 80% for outside conditions

Bfem = \1/% [MPa] (3.11)
1
Bro = W (3.12)

Whereas,

Bro is a factor accounting for the age of concrete and its effect on the creep
value
to  is the age of the concrete when the load is applied [days]

The creep value is different for different loads, depending on the age of concrete
when the load is applied. Shrinkage is usually applied as a load at an age of two
days. Permanent loads is applied at an concrete age of seven days. As these loads
are acting on the structure during the whole service life of the bridge the final creep
value is calculated from Equation 3.13.

¢(t0,00) = ¢RH : ﬁfcm : 6t0 (313)
Whereas,

®(tp,00) is the final creep value

ORrRH is a factor accounting for the relative humidity in the ambient air, see Equa-
tion 3.10

Bfem is a factor accounting for the effect of concrete strength on the creep value,
see Equation 3.11

Bro is a factor accounting for the effect of concrete age on the creep value, see

Equation 3.12

3.2.3 Modular ratios for linear elastic analysis

In order to transform the concrete into an equivalent steel cross-section, modular
ratios are used and calculated according to Equation 3.14. The stiffness redistribu-
tion due to creep is considered by including the creep function for each load case
when calculating the modular ratio, see Equation 3.15, 3.16 and 3.17.
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(3.14)

Whereas,

o is the modular ratio between steel and concrete
E, is the modulus of elasticity for steel
E., is the modulus of elasticity for concrete

For composite bridges an additional creep factor, ¢;, is defined dependent on the du-
rance of the load (SS-EN 1994-2). When the additional creep factor is included, the
modular ratios for different load scenarios can be calculated according to Equation
3.15, 3.16 and 3.17.

Ny perm = Mo -~ (1 + le.perm ’ ¢m,perm) (315>
Nies = Nyo - (1 + ¢l.cs : ¢00,03) (316)
Ny short = N0 (317)
Whereas,
no is the modular ratio between steel and concrete
N perm 1S the modular ratio for permanent loads
Giperm = 1.1, is an additional creep factor dependent on the load durance for

permanent loads
Gooperm  1s the final creep value after a long time for permanent loads

Ncs is the modular ratio for shrinkage loads

Di,es = 0.55, is an additional creep factor dependent on the load durance for
shrinkage loads

Doocs is the final creep value after a long time for shrinkage loads

Nyshort 15 the modular ratio for short-term loads

3.3 System

The following section aims to describe how the stiffnesses of a composite section
is calculated in the main load-bearing direction (longitudinal). Firstly the concept
of cross-section classification is presented, then a description for how the effective
width is calculated for both the steel flanges and the concrete slab is showed. The
composite section is symmetric over the center-line of the bridge and therefore only
half of the cross-section is evaluated in the system analysis.
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3.3.1 Primary system, steel girder

Since the concrete slab is subjected to creep, different stiffnesses should be used
for different loads. Therefore the system analysis should be carried out in different
phases. The first considered phase is the one used for the casting phase, whereas
only the steel is accounted for hence; no creep is considered. Variable loads will
not be affected by creep as the duration is short, therefore these loads are included
in the short-term phase. Permanent loads such as self-weight and other constant
actions (acting after at least seven days) are included in the permanent phase. The
creep function differs for permanent loads and shrinkage loads hence; the shrinkage
loads is evaluated in a separate analysis, the shrinkage phase.

3.3.1.1 Cross-section classification

Steel members subjected to compression risk to buckle before yielding is attained.
Therefore a cross-section classification must be carried out for all parts in order to
decide what stress level each part can sustain before failure occur. The classification
is dependent on the ¢/t ratio and the material properties of the studied part. Cross-
section class 1 and 2 utilizes full plastic behaviour. Whereas, in cross-section class
3 the part can reach yielding in the outer most fibre before buckling. Parts in
cross-section class 4 buckle already in the elastic region, and therefore an effective
cross-section is calculated. For the effective cross-section the behaviour could be
regarded as elastic.

The plate buckling depends on the slenderness of the part but also on the material
properties of the steel. A reference factor, €, dependent on the yield stress and its
relation to a certain reference stress is calculated. The reference factor differs depen-
dent on if stainless steel or carbon steel is used. The reference factor is calculated
according to Equation 3.18 for stainless steel, and Equation 3.19 for carbon steel.

€= /% - L= for stainless steel (3.18)

€= %, for carbon steel (3.19)

Whereas,

fy is the yield stress for the specific material [MPa]
Es is modulus of elasticity for stainless steel [GPa]

The cross-section classification also depends on if the part is an internal compression
element or if it is an outstand compression element. The cross-section class is influ-
enced by the type of loading. The classification for internal compression elements
are made according to Figure 3.1. The classification for outstand elements are made
according to Figure 3.2.
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Figure 3.1: Cross-section classification for internal compression elements (SS-EN
1993-1-1 Table 5.2)
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Outstand flanges
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Figure 3.2: Cross-section classification for outstand compression elements (SS-EN
1993-1-1 Table 5.2)

3.3.1.2 Effective width of the compressed flange

The flange subjected to compression is during the casting phase, before the concrete
has hardened, unsupported. If the flanges are in cross-section class 4 an effective
width of the flange is calculated. The effective width for a stainless steel girder with
corrugated web is calculated according to SS-EN 1993-1-4 and SS-EN 1993-1-5,
Appendix D. If the design is made with carbon steel and a flat web the calculations
are made according to SS-EN 1993-1-5. No difference is made for if stainless steel or
carbon steel is used. Since the web does not contribute to the axial stiffness, hence
the normal stresses are zero, only the flanges needs to be classified for girders using
corrugated webs.

For girders using corrugated webs the buckling coefficient, k,, is defined according
to Equation 3.20. This definition is taken from SS-EN 1993-1-5 Appendix D. The
buckling coefficient is used in order to calculated the slenderness of the flanges.

ko = max(0.43 + (6)2, 0.6) (3.20)

a
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Whereas,

k, is the buckling coefficient for the compressed flange

b is the maximum width of the outstand flange from the weld toe to the free
edge

a =a;+2 - ay,is a factor related to the corrugation

Equation 3.20 states a minimum value of 0.6 for the buckling coefficient, which in
application seems unreasonable. Therefore the equation is modified, instead maxi-
mizing the value for the buckling coefficient. The alternative method is calculated
from the modified Equation 3.21. Further studies for the choice of buckling coeffi-
cient is studied and discussed in Chapter 5 and Chapter 6.

b
ko, = min(0.43 + (5)2, 0.6) (3.21)

Instead of defining the distance, b, as the maximum width of the outstand flange,
from the weld toe to the free edge, an alternative suggestion is presented in "Com-
mentary and worked examples to EN 1993-1-5 Plated structural elements" (Johans-
son, Maquoi, Sedlacek, Miiller, and Beg, 2007). It is suggested that the average
outstand of the flange should be used if the criterion in Equation 3.22 is fulfilled.
Note that this alternative way is not accepted by the design codes yet. Meaning
that this should not be implemented in design as it contradicts with the given rules.
The influence of this alternative way of defining the distance, b, is further studied
in Section 5.1.

(al + a4) *as
(a1 + 2&4) : bf

> 0.14 (3.22)

Whereas,

ay is the flat-fold length of the corrugation
as is the length of the angled part

az is the corrugation depth

by is the width of the compressed flange

For a flat web the buckling coefficient, k., for the outstand flange is determined
using Table 4.2 given in SS-EN 1993-1-5. The buckling coefficient is dependent on
the stress distribution in the flanges.
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Figure 3.3: Values for the buckling coefficient, k,, for flat webs (SS-EN 1993-1-5,
Table 4.2)

The slenderness of the flange is calculated according to Equation 3.23. In SS-EN
1993-1-5, Appendix D, the width, b, is defined as half of the flange width. This
is adjusted in the case studies (Chapter 4) to the maximum width of the outstand
flange.

b/t
N =— 1" <10 3.23
Po84e - ik, T (3.23)

Whereas,

Ap is the slenderness of the flange

b is the half of the width of the flange with excluding half of the web- and
weld thickness

t is the thickness of the flange

ko, is the buckling coefficient for the flange subjected to compression

€ is a reference factor defined by Equation 3.18 and 3.19

The reduction factor, p, with regards to plate buckling is for outstand compression
elements calculated according to Equation 3.24 (SS-EN 1993-1-5 Equation 4.3).

32



3. General design procedure

A, —0.188 |

(3.24)
1.0 if A, < 0.748

The effective width for the compressed flange is calculated according to Equation
3.25.

besr = p = by (3.25)

Whereas,

beps s the effective width of the compressed flange to be used in stiffness calcu-
lations

p is the reduction factor for plate buckling calculated according to Equation
3.24

by is the total width of the flange excluding the web and weld thicknesses

3.3.2 Secondary system, concrete slab

The secondary system consists of the concrete slab transferring the loads in the
transverse direction into the girders. For the design of the girders a transformed
section of the concrete is used. In order to calculate the transformed section the
effective width for the concrete slab needs to be calculated. The effective width of
the concrete slab is independent on the material choice for the steel and for the
choice web design.

3.3.2.1 Effective width of the concrete slab

The effective width of the concrete slab that is contributing with stiffness to the
composite section is calculated according to SS-EN 1994-1-1. How the effective
width varies over the length of the bridge is illustrated in Figure 3.4, whereas the
width if dependent on the boundary conditions. In regions close to end-supports or
intermediate supports the effective width is calculated according to Equation 3.27.
In regions close to mid-span the effective width is calculated according to Equation
3.26. When calculating the effective width for the support regions additional correc-
tion factors are used. The correction factors are calculated according to Equation
3.28. Figure 3.5 illustrates the notations for the variables used when calculating the
effective width.
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Le/4 Le/4
ol L2 e

beff,mid eff mid
beﬂ,supp beﬁ,supp
Figure 3.4: Effective width of the concrete slab
bln bout
beff
Dett 4 >k b >k Bert
Figure 3.5: Notations for the effective width of the concrete slab
. Le bO mid
be midl — o Bou - —
sgmiar = mAn(~o=, Bouwr — —5=)
e b ma
bes pomiaz = min( =%, B — 0. d) (3.26)

8’ 2
beffmid = bo.mid + beffmid1 + bef fmid2
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Whereas,

befsmiar is the effective width of the outstand part

L, is taken as the span length for simply supported bridges

B+ is the distance between the edge beam and the centre of the web

bo.mid is the centre-to-centre distance between studs in the mid-region

beftmiaz is the effective width of the internal part

B;, is the distance between the centre line of the bridge and the centre of the
web

befsmia  is the effective width of the concrete slab in the mid-regions of the span

beff75up1 = m’in(g; Bout - bO.Sup)

(3.27)

beff,sup2 = min(gev Bln - bO.sup)

beff,sup = bO.sup + 61 ’ beff,supl + 62 ’ beff,sup2
Whereas,

befrsupt 1s the effective width of the outstand part

bo.sup is the centre-to-centre distance between the studs in the support regions
befrsupz 1s the effective width of the internal part

befssup is the effective width of the concrete slab

b, Pa is the correction factors, see Equation 3.28

L
B; = min(0.55+0.25 - ———1.0) (3.28)
beff,sup,i
Whereas,
Bi is the correction factor for either the internal or outstand part of the slab

befssupi 1s the effective width for either the internal or outstand part of the slab

3.3.3 Cross-sectional constants

The cross-sectional constants for the composite section is dependent on the load case.
In the casting phase no composite action is achieved meaning that only the cross-
section of the steel is load bearing. For the other phases; short-term, permanent
and shrinkage, composite action is achieved. The cross-sectional constants for each
phase are calculated for each corresponding modular ratio in order to transform the
concrete into equivalent steel. The calculation of the corresponding modular ratio
is described in Section 3.2.3.
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3.3.3.1 Cross-section of the steel

In the casting phase only the cross-section of the steel is considered to be load bear-
ing. Dependent on whether a corrugated web or a flat web is used the cross-sectional
constants differs. The main difference originates from the accordion effect causing a
lack of axial and flexural stiffness for girders with corrugated webs. When calculat-
ing the sectional constants for cross-sections with corrugated webs the contribution
from the web is disregarded.

The needed sectional constants, for the design of the girder are; the cross-sectional
area, the center of gravity, and the moment of inertia. The area of the steel cross-
section is calculated from Equation 3.88. The center of gravity is formulated from
the top of the steel flange and calculated according to Equation 3.30.

Ay = bfu “lpy bfl “tp+ hy * tw (3.29)
Whereas,

A, is the area of the steel

bs, is the width of the upper flange

tsy is the thickness of the upper flange

by is the width of the lower flange

ty;  is the thickness of the lower flange

h, is the height of the web

tw (= 0mm for corrugated webs), is the thickness of the web

t Py
bfu ’ 2ffu ’ 7+bfl ) tfl ’ (hbeam_ﬂ)—*—hw C (tf"—i_i)
2" (3.30)

Zitp.steel =
Ast
Whereas,

Zipsteel 18 the centre of gravity measured from the top flange of the steel girder
hpearn 1S the height of the steel girder
tw = Omm for corrugated webs

The moment of inertia around the strong axis (y-axis) is calculated according to
Equation 3.31.

bru tfu
T + bfu ’ tfu ’ (th.steel - 7)2
by - t3 ts
Iy-steel = + / 19 L + bfz ity (hbeam — Zip.steel — %)2 (3‘31)
hy -t Py
+ + hw : tw : (th.steel - 5 tfu)2
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Whereas,

Iy steer  is the moment of inertia for the steel

Zp.steer 1S the centre of gravity measured from the top flange and calculated
according to Equation 3.30

tw = Omm for corrugated webs

3.3.3.2 Composite cross-section

The cross-sectional constants for the composite section are calculated. The concrete
slab is transformed, using modular ratios, into an equivalent steel section. Figure 3.6
illustrates graphically how the concrete section is transformed. Since the modular
ratio depends on if creep is considered the same sectional constants can not be
used for all phases. The cross-sectional area for any of the composite sections are
calculated from Equation 3.32. Equation 3.33 shows the calculation for the center
of gravity for the either of the composite sections.

| - | —
—

Figure 3.6: Equivalent cross-section for a transformed concrete slab

b
Acomp,i = Ast + hslab . Zef T slab (332)
ny;
Whereas,
7 describes which phase that is being evaluated (short-term, permanent, or
shrinkage)
Acompi 1 the area of the composite cross-section
Rsiab is the thickness of the concrete slab
befrsiapn 1s the effective width of the concrete slab, calculated in Section 3.3.2.1
Ny is the modular ratio for the specific phase, calculated in Section 3.2.3
b —h
Ast " Ztp.steel + hslab ’ e];f.slab ’ ( ;lab)
1,i
Ztp.compyi — A ‘ : (333)
comp,i
Whereas,
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7 describes which phase that is being evaluated (short-term, permanent, or
shrinkage)

Zip.compi 15 the centre of gravity of the composite section measured from the top
flange of the steel girder

zip.steer 15 the centre of gravity of the steel section measured from the top flange of
the steel girder, calculated from Equation 3.30

The moment of inertia around the strong axis (y-axis) is calculated according to
Equation 3.34.

beft.siab

B - L
[y.comp,z' = IyAsteel + Ast ’ (th.steel - th.comp,i)2 + 12 - +
(3.34)
beppsiab Db
hslab ’ el;fl; 2 ( s2a + Z’tp.comp,i)2
Whereas,
7 describes which phase that is being evaluated (short-term, permanent,

or shrinkage)

Iy comp; 1s the moment of inertia for the composite cross-section

Iy steel is the moment of inertia for the steel cross-section

Zp.comp,i 15 the centre of gravity for the composite cross-section measured from
the top flange

Zipsteel 15 the centre of gravity for the steel cross-section measured from the
top flange

Ny is the modular ratio for the specific load case

3.4 Loads and load combination

The considered loads are divided into two categories; permanent- and variable loads.
As the stiffness varies dependent if creep is considered, see Section 3.3.3, the loads
needs to be added in different phases.

3.4.1 Permanent loads

The permanent loads to consider for a composite bridge is presented in Table 3.15.
Note that the loads are, as mentioned, added in different phases.
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Table 3.15: Permanent loads

Loads Value Reference Phase

Steel girder See Section 3.4.1.1 | SS-EN 10088-1:2014 | Casting

Form-work 50 kg/m?** Experience value Casting

Reinforced concrete | 25 (26)** kN/m?® | SS-EN 1991-1-1 Casting (long-term)
Asphalt covering 22 kN/m? Krav Brobyggande | Long-term

Crash barrier 0.25 kN/beam* Experience value Long-term
Shrinkage See Section 3.4.1.2 | SS-EN 1992-1-1 Shrinkage

*Assumed

K Self-weight of concrete is taken as a higher value if wet

3.4.1.1 Self-weight of steel girder

The self-weight of the steel girder is calculated for the full steel area, accounting
for the extra length that the corrugation results in. The extra length is calculated
according to Equation 3.35 using a ratio between the straight length and the corru-
gated length. Notations for the corrugation is illustrated in Figure 2.5. The density
of different stainless steels is presented in Table 3.16.

ai + as

(l1—|—CL4

(3.35)

Te =
Whereas,

a; is the flat-fold length
as is the inclined length for the corrugation depth
as is the straight length for as

Table 3.16: Density of different stainless steels according to SS-EN 10088-1:2014
Table E.1 and E.2

Steel grade | p

kg | kN

dm3 | m?
1.4401 8.0 | 785
1.4404 8.0 | 785
1.4571 8.0 | 785
1.4162 7.7 | 755
1.4362 7.8 | 76.5

The self-weight load is calculated according to Equation 3.36.

gst = p G ° (tfu : bfu+tw “hy - rettp - bfl) (3.36)
Whereas,
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p  is density presented in Table 3.16
m

g  =9.81-, is the acceleration constant
s

ty is the thickness of either the upper or lower flange
by is the width of either the upper or lower flange

tw 1is the thickness of the web

h, is the height of the web

r. is the corrugation ratio calculated in Equation 3.35

3.4.1.2 Shrinkage force

The shrinkage force acting on the composite section is calculated for the shrinkage
strains. The autogenous and the drying shrinkage is calculated according to SS-EN
1992-1-1 3.1.4. The force is acting in the center of gravity for the concrete section
and applied in the center of gravity for the composite section. This results in an
eccentricity causing an additional moment. The forces are stated by Equation 3.37.

ch = €cs Ec,eff ’ Ac

(3.37)
hslab
Mcs - ch : (th,cs + 9 )
Whereas,
Fs is the shrinkage force applied on the composite section

€cs is the total shrinkage strain according to SS-EN 1992-1-1 3.1.4

E.cp¢ is the effective modulus of elasticity, as defined by Equation 3.38

A, is the area of concrete

M. is the moment caused by the eccentricity of the shrinkage force

Zipes 15 the center of gravity for the shrinkage phase calculated from Equation
3.33

heey  1s the thickness of the concrete slab

Ec,eff = : ’ Ecm (338)
Ny cs
Whereas,
E.cr¢ is the effective modulus of elasticity
ng is the modular ratio as defined by Equation 3.14
Nics is the modular ratio for shrinkage, see Equation 3.16

E.., is mean modulus of elasticity for concrete

3.4.2 Variable loads

The variable loads are considered in the short-term analysis. In order to make a
comparison for the redesigned bridges, all traffic loads are taken the same as the
original design. Values and references are presented in Table 3.17.
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Table 3.17: Variable loads

Loads Value Reference
Traffic load, Eurocode Q1 = 300kN, Qo = 200kN, | SS-EN 1991-2
qr = 9kN/m?
Traffic load, Trafikverket | A/B = 180/300kN TSES 2018:57
Acceleration, Eurocode 0.6 - agr - 2 Quk SS-EN 1991-2
Acceleration, Trafikverket | min(0.35 - B, 500kN) TSFS 2018:57
Side force 25%  Quace SS-EN 1991-2
Temperature See Section 3.4.2.2 SS-EN 1991-1-5,
TSFES 2018:57
Wind load - TSFES 2018:57

3.4.2.1 Traffic loads

The vertical traffic loads that need to be considered are the ones formulated in SS-
EN 1991-2 and TSFS 2018:57. The vertical traffic loads from Eurocode are hereafter
referred to as LM1 and LM2. The traffic loads from Trafikverket are referred to as
axle- and bogie loads (A/B- vehicles).

Load descending from acceleration or braking is calculated according to the Eu-
rocodes and Krav Brobyggande. Each applied force is combined with the respective
vertical traffic load. During load combination the vertical- and horizontal traffic
load is combined as a multi-component load, see Section 3.4.3. The side force is
calculated as 25% of the braking load.

3.4.2.2 Temperature load

The temperature load is a variable load, causing both expansion and contraction. For
composite bridges there are two possible temperature scenarios; outside temperature
variations and temperature differences between the composite materials. According
to SS-EN 1991-1-5 Table C.1 the linear coefficient of thermal expansion for composite
bridges should be taken the same for steel as for concrete. This, however, does not
apply for composite bridges with stainless steel girders as the coefficient is much
larger than the coefficient for concrete, see Table 3.18.

Temperature differences cause strains hence forces arise. These strains are calcu-
lated according to Equation 3.39 and the forces are calculated from Equation 3.40.
An additional moment, caused by the temperature force being applied with an ec-
centricity in the center of gravity for the steel girder, is stated in Equation 3.41.

€remp = @ + AT (3.39)
Ftemp = €temp E, - Ast (340)
Mtemp = F;femp : (th,st - th,comp) (341)
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Whereas,
Etemp is the resulting strain in the steel, calculated in Equation 3.44
Q; is the coefficient of linear expansion, presented in Table 3.18
AT is the temperature difference causing expansion or contraction
Ag is the area of the steel
Zip st is the center of gravity for the steel calculated from Equation 3.30

Zipcomp 18 the center of gravity for the composite section, calculated according to
Equation 3.33

Table 3.18: Linear coefficient of thermal expansion - SS-EN 1991-1-5 Table C.1

Material a;

[ 10
Concrete 10
Stainless steel 16
Carbon steel 12
Steel-concrete composite bridge™* 10

*Carbon steel

3.4.2.2.1 Outside temperature variations

Outside temperature variations are given by TSFS 2018:57 and is dependent on
the location of the bridge. The equivalent temperature used in design is calculated
according to Equation 3.42 and Equation 3.43.

Te.min = Tmzn +4°C

ATN.COTL = TO - Te.min (342)

Te.maz = Tm(zm +4°C

Ar—rN.ezp = Te.maz - TO (343)

Whereas,

To is the casting temperature - SS-EN 1991-1-5 A.1 (3)
Thae 18 the maximum temperature - TSFS 2018:57 8 ch. 2§
Trin is the maximum temperature - TSFS 2018:57 8 ch. 2§

3.4.2.2.2 Temperature difference between components

The temperature difference between components are stated as AT, = 15°C ac-
cording to SS-EN 1991-1-5 6.1.6.

3.4.2.2.3 Governing load case

Two governing combinations for the largest strain difference is distinguished. The
first combination represent the load case for when there is an outside temperature

42



3. General design procedure

drop combined with a negative temperature difference between the steel and the
concrete. The next considered load case represents an increase in outside temper-
ature, combined with a positive temperature difference between the steel and the
concrete. Note that both the concrete and the steel is subjected to any tempera-
ture difference, however, they are affected differently as the coefficient of thermal
expansion differ.

Aemam.con - _(ass - ac) ’ ACTN.czm — Qg - ATCQst

Aemaa:ﬁa:p = (O{SS — ac> . ATN.ea;p + s ATcQSt (344)

Whereas,

To is the casting temperature - SS-EN 1991-1-5 A.1 (3)

Tonaz is the maximum temperature - TSFS 2018:57 8 ch. 2§

Trin is the maximum temperature - TSFS 2018:57 8 ch. 2§

Ares is the temperature difference between components, see Section 3.4.2.2.2

3.4.3 Load combinations

All loads should be combined according to the guidelines, considering all relevant
load cases. In Appendix A tables with correct load combination factors and refer-
ences are presented for the current load combinations.

3.5 Load effects

Load effects needs to be calculated for each load. For a simply supported composite
bridge the system is statically determined, meaning that no second order effects
needs to be considered. Implementing this analogy no additional software is needed
in order to calculate the load effects. However, using a two-dimensional software
could be preferable as the worst position for each vehicle is sought, and so the process
when using hand calculations could be very iterative.

3.5.1 Calculation of stresses

When calculating the load effects for different load cases the stiffness variation for
different phases is considered. For the permanent loads, and the traffic loads the
force is acting in the composite section, and so the resulting stresses is calculated for
the composite section. A general approach for calculation of stresses in the composite
section is presented in Section 3.5.1.1. However, for shrinkage and temperature loads
the forces are acting in either the concrete or the steel section. This means that
the stresses must be calculated for each part separately. The method for calculating
these stresses are presented in Secion 3.5.1.2.

3.5.1.1 General calculation of stresses

Stresses caused by the permanent and the traffic loads are calculated using Navier’s
Formula. A general expression for the calculation of stresses is presented in Equation
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3.45.

+—z (3.45)
Whereas,

is the stress at a certain point, z, from the center of gravity of the section
is the distance from the center of gravity for the section to the studied point
is the normal force acting in the cross-section

is the cross-sectional area

is the bending moment acting in the cross-section

is the moment of inertia for the cross-section, calculated according to Equa-
tion 3.34

Q

—~
S

S~—

SEe e

3.5.1.2 Stresses caused by shrinkage strains

Shrinkage is a phenomenon acting only in the concrete, therefore, the stresses im-
posed on the steel section is recalculated according to Equation 3.46. For the recal-
culated load effects the stress is calculated using Equation 3.45, whereas the stiffness
only the stiffnesses of the steel section is considered. Shrinkage cause a shear flow
in the joint between the concrete and the steel which must be properly anchored,
this is further explained in Section 3.5.1.2.1.

I

st
st,cs — I k Mcs
y,comp
Ast Ast hslab hslab hslab
NSt’CS - FCS(Acomp - Iyﬁomp (th,comp B 2 ) . (th78t + T - (th,comp B 2 ))
(3.46)

Whereas,

Mg s is the bending moment imposed on the steel section

I o is moment of inertia for the steel section, calculated according to Equation

3.31

Iy comp is moment of inertia for the composite section, calculated according to
Equation 3.34

M. is the bending moment caused by shrinkage, calculated in Equation 3.37

Nt cs is the normal force imposed on the steel section

F. is the shrinkage force, calculated in Equation 3.37

Ay is the area of the steel section

Acomp  1s the area of the composite section

Zip.comp 1 the center of gravity, defined by Equation 3.33

Rsiab is the thickness of the concrete slab

Zip st is the center of gravity, defined by Equation 3.30
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3.5.1.2.1 Imposed load in the joint between the steel and the concrete
caused by shrinkage

The load that is imposed on the studs in the joint between steel and concrete should
be properly anchored. Concrete stresses caused by shrinkage are calculated using
the same analogy as for calculating the stress in the steel caused by shrinkage forces.
Equation 3.47, Equation 3.48 and Equation 3.49 shows how the force imposed on
the studs is calculated.

Ae A
Ny cs Ny cs hslab 2
Fccs:chl_ : - : comp
» ( Acomp [y7comp (ztp, P 2 ) )
(3.47)
besy
12 ' n ' hglab
Mc,cs = bes ’ Mcs
[y,comp
hS a
F Mc cs fab
¢,cs ’ 2
g1 = —
Ac — -} . h3
12 eff slab
(3.48)
hS al
F Mc cs fab
c,cs ’ 2
09 = +
Ac — -} . h3
192 eff slab
ch,stud = 7 —; %2 : Ac (349)
Whereas,
Fcs is the force imposed in the concrete due to shrinkage
A, is the area of the concrete
N cs is the modular ratio considering creep and shrinkage

Acomp 18 the area of the composite section, see Equation 3.32

I comp is moment of inertia for the composite section, see Equation 3.34
Zipcomp 15 the center of gravity, defined by Equation 3.33

M. cs is the bending moment imposed on the concrete section

besy is the effective width of concrete, see section 3.3.1.2
o1 is the stress in the upper edge of the concrete slab
o) is the stress in the bottom edge of the concrete slab
Rsiab is thickness of the concrete slab

F,s stua  1s the force imposed on the studs due to shrinkage

3.5.1.3 Stresses caused by temperature differences

The largest temperature load is obtained when primarily the steel is subjected to
any temperature change, which is described in Section 3.4.2.2.3. Note that both
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the concrete and the steel is subjected to temperature variations, but the linear
coefficient of thermal expansion differ for the two materials, causing a larger strain
in the steel. Since only the stresses in the steel is of relevance when designing the
girder, the load effects imposed on the section are calculated for the steel section
only. For the recalculated load effects the stresses is calculated according to Equation
3.45, whereas the stiffness of the steel section is considered.

]y st
stitemp — %Mem
S e (3.50)
A A |
Nst,temp = Ftemp(l - ( d + d (th,St - th,comp)2)

Acomp I y,comp

Whereas,

Myt temp  1s the bending moment imposed on the steel section

Iy« is moment of inertia for the steel section, see Equation 3.31

Iy comp is moment of inertia for the composite section, see Equation 3.34

Miemp is the bending moment caused by temperature, calculated in Equation 3.41
Nyt temp s the normal force imposed on the steel section

Fremp is the temperature force, calculated in Equation 3.40
Ay is the area of the steel section
Acomp is the area of the composite section

Zipeomp IS the center of gravity, defined by Equation 3.33
Zip st is the center of gravity, defined by Equation 3.30

3.5.1.3.1 Imposed load in the joint between the steel and the concrete
caused by temperature differences

As mentioned in Section 3.5.1.2.1 the force in the joint, between the concrete and
steel, should be properly anchored using studs. The size of the force caused by
temperature is calculated in the same manner as for shrinkage. Equation 3.51, 3.52
and 3.53 shows how the force imopsed on the studs is calculated.

A A
Ny short Ny short hslab
Fc,temp = Ftemp ’ ( - (th,st - th,comp) ’ (th,comp + ))
Acomp Iy,comp 2
(3.51)
U berr s
slab

My gy = L2 cs M,

citemp — ] temp

y,comp
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(3.52)
hslab
Fc,temp c,temp 9
02
12 eff slab
o1+ 09
Ftemp,stud = 5 ’ Ac (353)
Whereas,
F.temp is the force imposed in the concrete due to temperature
A, is the area of the concrete
N1, short is the modular ratio for short-term loads
Acomp is the area of the composite section, see Equation 3.32
Iy comp is moment of inertia for the composite section, see Equation 3.34

Ztp,comp is the center of gravity, defined by Equation 3.33
M temp is the bending moment imposed on the concrete section

besy is the effective width of concrete, see section 3.3.1.2
o1 is the stress in the upper edge of the concrete slab
09 is the stress in the bottom edge of the concrete slab
Rsiab is thickness of the concrete slab

Fiemp,stua  1s the force imposed on the studs due to temperature

3.6 Design of steel girder

The steel girders in a composite bridge are designed to withstand three design situ-
ations. These are the ultimate limit state (LS), the serviceability limit state (SLS)
and the fatigue limit state (FAT).

3.6.1 Ultimate limit state

The ultimate limit state is evaluated in two different phases; one for the construction
phase and one for the service phase of the bridge.

3.6.1.1 Construction phase

The loads that are considered during casting only results in stresses in the steel since
the concrete is curing. Therefore, all deformations takes place before the concrete
slab will contribute with any stiffness. The maximum stresses in the steel should be
checked as well as the risk for LT-buckling of the compressed steel flange.
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3.6.1.1.1 Bending moment capacity during the construction phase

The resistance against LT-buckling for girders in stainless steel are checked according
to SS-EN 1993-1-4 5.4.2.1, and for girders in carbon steel according to SS-EN 1993-
1-1 6.3.1.2. The compressed flange should be checked for LT-buckling around the
weak axis of the girder (z-axis). For girders with corrugated webs, the stiffness
contribution from the web is neglected due to lack of axial stiffness. For flat webs
one third of the compressed part of the web is assumed to contribute to the overall
stiffness.

For a welded I-girder in stainless steel, buckling curve d should be used. For girders
in carbon steel the buckling curve is dependent on the thickness of the compressed
flange and the buckling curve is, therefore, determined by SS-EN 1993-1-1 Table
6.2.

The reduction factor for LT-buckling, x 17, is calculated according to Equation 3.54,
making use os Equation 3.55 and 3.56. The reduction factor is further used for
calculating the bending moment capacity with regards to LT-buckling according to
Equation 3.59.

1

Xrr = min( ,1.0) (3.54)
D+ \/(I)QLT — )‘QLT
Q=05 (1+arr - (Apr —0.2) + A\ip) (3.55)
besr * tru -
ALT = \/ffofy (3.56)

Whereas,

xrr is the reduction factor for LT-buckling

&, is a factor related to the reduction factor for LT-buckling

Arr  is the slenderness of compressed part

arpr is a factor dependent on the buckling curve and accounting for initial im-
perfections

beys is the effective width of compressed part, calculated from Equation 3.25

tgy  is the thickness of the compressed part

Iy is the yield strength of the compressed part (differs for stainless and carbon
steel)

N, 1is the critical buckling load, calculated according to Equation 3.57

The critical buckling load is calculated from Equation 3.57 using the corresponding
stiffness around the weak axis, calculated according to Equation 3.58.

2 Es ’ ]z
N, = Wli (3.57)
ty - b
[ =L et 12€ff (3.58)
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3. General design procedure

Whereas,

N, s the critical buckling load

Es s the modulus of elasticity (differs between stainless- and carbon steel)
le  is the critical buckling length

1, is the moment of inertia around the weak axis for the compressed flange
bess is the effective width of the compressed steel flange, see Equation 3.25
ty is the thickness of the flange

The simplified method that is described in the Eurocodes for calculating the critical
bending moment capacity is rather conservative. Therefore, a factor, ks, can be
included in the calculations according to SS-EN 1993-1-1 6.3.2.4. For a girder with
corrugated webs, special attention needs to be taken considering the transverse
bending moment in the flanges. The transverse bending moment arise from the
use of corrugation and any shear flow in the web. The moment of resistance, Mpgq,
during construction due to bending, is calculated according to Equation 3.59. The
equation considers safety against LT-buckling.

befftffyf.r(h +tfu+tfl)
VMo b 2
man Capacity, corrugated webs
be t uk LT t u +t 1
My — ritpakrX fy(thru)
YMmo 2
We '
L Jy = Xer Ky Capacity, flat webs
Y™mo

(3.59)
Whereas,

Mpgq is the bending moment capacity

fyrr s the yield limit with respect to transverse moment arising in girders with
corrugated webs, calculated according to Equation 3.60

bess  is the effective width of the compressed flange

17 is the thickness of either of

tf,  is the thickness of the upper steel flange

ts is the thickness of the lower steel flange

xrr is the reduction factor for LT-buckling, calculated from Equation 3.54
Iy is the yield limit for the steel (differs between stainless and carbon steel)
Ymo s a partial safety factor, listed in Table 3.3

ky = 1.1 (SS-EN 1993-1-1 6.3.2.4)

hy  is the height of the web
Wy is the elastic bending stiffness

Jorr = tyr - fr (3.60)
Whereas,
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fre1—04- |2UE) (3.61)
s
Ym0
fufr is the yield limit with respect to transverse moment arising in girders with
corrugated webs
fy is the yield limit for the steel (differs between stainless and carbon steel)
fr is a reduction factor considering transverse moment in the flanges

0.(M,) is the normal stress in the flange from transverse moments caused by shear
flow in the corrugated web
Ymo is a partial safety factor, listed in Table 3.3

3.6.1.2 Service phase

During the service life of the bridge the ultimate capacity of the composite cross-
section is evaluated. The relevant checks that needs to be performed are the bending
moment capacity, shear capacity, capacity of studs, capacity of welds, capacity of
end-stiffeners and capacity of cross-beams.

3.6.1.2.1 Bending moment capacity

The bending moment capacity is checked for the stresses from each load phase
that are summarized using the superposition principle, see Equation 3.62. The total
stress is then compared to the corresponding yield stress. The stresses are calculated
according to Section 3.5.1.

O Ed,tot = O Ed,cast + O Ed,short + O Ed, temp + O Ed,perm + OEd,cs S fy (362>

Whereas,

O Ed.tot is the design load effect

OEdcast 15 the stresses from the casting phase

Ordshort 1S the stresses from the short-term loads (excluding temperature stresses)
OEdtemp 1S the stresses from the temperature load

OEdperm 15 the stresses from the permanent loads

O Ed,cs is the stresses caused by shrinkage

3.6.1.2.2 Shear capacity

When determining the shear capacity of the girder the calculations differs between
girders with corrugated webs and girders with flat webs. Calculations for corrugated
webs are presented in Section 3.6.1.2.2.1 and calculations for flat webs are presented
in Section 3.6.1.2.2.2. For both corrugated webs and flat webs there are differences
depending on if the girder is designed in stainless or carbon steel.
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3. General design procedure

3.6.1.2.2.1 Method for corrugated webs

The shear capacity is calculated according to SS-EN 1993-1-5, Appendix D. For a
corrugated web, according to Eurocode, two main buckling modes should be con-
sidered; local and global buckling. The cross-section need to be checked for both
modes. The risk of shear buckling is checked using the buckling reduction factors,
Xe,d and Xe,g-

LOCAL BUCKLING REDUCTION FACTOR

The local buckling reduction factor is mainly dependent on the longest flat-fold
length of the corrugation and calculated in Equation 3.63. There are no difference
for if stainless steel or carbon steel is used, other than the yield strength and the
modulus of elasticity.

. 1.15
XC,l = mzn(m, 10) (363)

Whereas,

Xeq is the shear buckling reduction factor for local buckling, (SS-EN
1993-1-5 Equation D.5)

Aey s the slenderness of the web considering local buckling, calculated
from Equation 3.64

fyw

Moy = | T
! Terd - \/g

(3.64)

Whereas,

Aey  is the slenderness of the web considering local buckling, (SS-EN 1993-1-5
D.6)

fyw s the yield strength of the material in the web (differs between stainless
and carbon steel)

Tery 1S a factor considering local buckling, calculated from Equation 3.65

tw
Tery = 4.83 + By - (—)? (3.65)
amaa:
Whereas,
Ty is a factor considering local buckling, (SS-EN 1993-1-5 Equation D.7)
E; is the modulus of elasticity for the steel (differs between stainless and carbon
steel)

tw is the thickness of the web
(maz = max(ay, as), notations for the corrugation is illustrated in Figure 2.5

GLOBAL BUCKLING REDUCTION FACTOR
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3. General design procedure

The global buckling reduction factor mainly depends on the corrugation depth and
is presented in Equation 3.66.

_ 1.5
Xe,g = mm(m, 1) (366)
Whereas,
Xeg 1s the shear buckling reduction factor considering global buckling, (SS-EN

1993-1-5 Equation D.8)

Aeg 1s the slenderness of the web considering global buckling, calculated from
Equation 3.67
Syw
Aeg = | ———= 3.67
=\ (367
Whereas,
Ae,g  1s the slenderness of the web considering global shear buckling, (SS-
EN 1993-1-5 Equation D.9)
fyw 1s the yield strength for the material in the web
Trg 15 a reference stress, calculated accordin to Equation 3.68
32.4 3\1/4
Ter,g = tw - h%u : (Dx ! Dz) (368)
Whereas,
Ter,g is a factor considering global buckling, (SS-EN 1993-1-5 Equation D.10)
P is the height of the web
tw is the thickness of the web

D,, D, are geometrical factors considering global buckling, calculated from Equa-

tion 3.69 and Equation 3.70

E, 3w
D, = £ 3.69
12 - (1 —22) - s (3.69)
Whereas,
D, is a geometrical factor considering global buckling, (SS-EN 1993-1-5 D.2.2

e M

w2 <
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is the modulus of elasticity

is the thickness of the web

is the Poisson’s ratio

is the flat length for one corrugation segment, illustrated in Figure 2.5
is the length of one corrugation, illustrated in Figure 2.5
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E, I E t}-a; 3
D, — _ w3 5 a1t a (3.70)

w 12 W

Whereas,

D, is a geometrical factor considering global buckling,( SS-EN 1993-1-5 D.2.2
(3))

I, is the moment of inertia around the weak axis for one corrugation length,
given by Karlsson (2018)

a; is illustrated in Figure 2.5

ap is illustrated in Figure 2.5

w is the flat length for one corrugation segment, illustrated in Figure 2.5

SHEAR BUCKLING CAPACITY

The final reduction factor for shear buckling is calculated according to Equation
3.71, and chosen as the minimum of either the local or the global buckling reduction
factor.

Xe = min(Xc,ga Xc,l) (371)
Whereas,

Xc  is the shear buckling reduction factor
Xei local buckling, calculated from Equation 3.63
Xeg global buckling, calculated from Equation 77

The resistance for shear buckling for a girder with corrugated web is calculated
according to Equation 3.72.

fyw

—— -ty " hyw 3.72
Ym1 - \/§ ( )

VRd,w = Xe -
Whereas,

Vraw 1s the shear capacity of the web, (SS-EN 1993-1-5 Equation D.4)
Xe is the shear buckling reduction factor, calculated in Equation 3.71
fyw is the yield strength for the material in the web

vyu1  is a partial safety factor, listed in Table 3.3

P is the height of the web

tw is the thickness of the web

3.6.1.2.2.2 Method for flat webs

For girders with flat webs the shear buckling capacity is calculated according to SS-
EN 1993-1-5 5.2. Flat webs risk to shear buckle in between the transverse stiffeners.
This risk for buckling needs to be evaluated and taken into account during design.
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3. General design procedure

The risk for plate buckling for carbon steel is done according to SS-EN 1993-1-5
5.1 (2) and needs to be checked if Equation 3.73 is fulfilled. For stainless steel the
criteria are presented in Equation 3.74 and carried out according to SS-EN 1993-1-4
5.6 (2) with updated limits given in SS-EN 1993-1-4:2006/2015.

2
}Zw > 2¢ for an unstiffened web
w n
Carbon steel (3.73)
hy le - k- )
— > M for a stiffened web
tw n
?w > % for an unstiffened web
w n
Stainless steel (3.74)
Py > 24.3¢ - Vhr for a stiffened web
w n
Whereas,
hy is the height of the web
tw 1is the thickness of the web

= 1.2, (TSFS 2018:57)

is a factor that accounts for the yield stress with regards to a ref-
erence yield stress, calculated from Equation 3.19

k. is a shear buckling coefficient which accounts for the size of the
plate between stiffeners, calculated according to Equation 3.78

n 3

The slenderness of the web is dependent on the support conditions, if transverse
stiffeners and/or if intermediate stiffeners are used, see Equation 3.75.

a) Ay = 0.76 - Jrw
TCT
b) A fu if tiff d at t
w = if transverse stifleners are used at supports
864 t, ¢ PP (3.75)
oy . .
c) A if transverse stiffeners are used at supports

and intermediate stiffeners are used as well

Whereas,
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Aw 18 the slenderness parameter for shear buckling, (SS-EN 1993-1-5
Equation 5.3, 5.4 and 5.5)
fyw s the yield strength of the web
Ter 18 a factor for shear buckling, calculated from Equation 3.76
€ is a factor that account for the yield stress with regards to a ref-
erence yield stress, calculated from Equation 3.19 and Equation
3.18
ogr is the elastic buckling stress, calculated according to Equation 3.77
k. is the shear buckling coefficient that accounts for the size of the
plate between stiffeners when no longitudinal stiffeners are used,
see Equation 3.78 (SS-EN 1993-1-5 Equation A.5)
Ter = 0p * kr (3.76)
7T2 - B t2
= £ __w 3.77
TET 2 (1—2) - By (3.77)
5.34 + 4(hy/a)* when a/h, > 1
k. = (3.78)
4+ 5.34(hy/a)* when a/h, <1
Whereas,
og is the elastic buckling stress, (SS-EN 1993-1-5 A.1 (2))
k, is the shear buckling coefficient that accounts for the size of the plate be-
tween stiffeners
E, is the modulus of elasticity
t, is the thickness of the web
v is the Poisson’s ratio
h, is the height of the web
a is the distance between transverse stiffeners

The reduction factor, x,,, for shear buckling is dependent on if it has a rigid end
post or a non-rigid end post. The values for x,, is calculated using Table 3.19 for
stainless steel or Table 3.20 for carbon steel.

Table 3.19: Values for x,, for stainless steel (SS-EN 1993-1-4:2006/A1:2015, Table

5.4)

Rigid end post | Non-rigid end post
Aw < 0.65/n n n
0.65/n < Ay < 0.65 0.65/ A 0.65/ Ay
Aw > 0.65 1.56/(0.91 + A\y) 1.19/(0.54 + \y)
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3. General design procedure

Table 3.20: Values for x,, for carbon steel (SS-EN 1993-1-5, Table 5.1)

Rigid end post | Non-rigid end post
Ao < 0.83/n n n
0.83/n < A, < 1.08 0.83/ A\ 0.83/ A\
Aw > 1.08 1.37/(0.7 + Ay) 0.83/ Ay

The shear capacity for flat webs is calculated according to Equation 3.79

fyw “lyw hw
VRd,bw = Xw—=— (379)
Y1 V3
Whereas,
Vrapw 1s the shear capacity of the web, (SS-EN 1993-1-5 Equation 5.2)
Xaw is the shear reduction factor calculated according to Table 3.19 or Table
3.20
fyw is the yield strength (differs between stainless and carbon steel)

Ym1 is a partial safety factor, listed in Table 3.3
B is the height of the web
tw is the thickness of the web

3.6.1.2.3 Design of studs

The studs needs to be designed to transfer the shear flow between the steel and
concrete, so that full composite action can be guaranteed. The studs are designed
according to SS-EN 1994-2 6.6.3. The capacity is calculated according to Equation
3.80.

0.8 - fu.stud T dztud

4
0.29 * stua * g~ Vb Eem

Yo

Whereas,

Pra is the capacity of one shear stud - SS-EN 1994-2 Equation 6.18 and 6.19

fustua = min(fup, 500M Pa), is the ultimate strength - SS-EN 1994-2 6.6.3.1 (1)

dstua 18 the diameter of the stud

Yo is the partial factor for shear connectors, see Table 3.11

Qstuqg 18 a correction factor for the length-diameter ratio of the shear stud, see
Equation 3.81
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hS U . h/S U
02 (1+ -2y jf3< <y
stud stud
Agtud — (381)
1.0 if 4 < fistua

dstud
Whereas,

hstuq is the length of the stud

The shear flow is calculated in the joint between the concrete and the top flange
for the design shear force of each load case in the ultimate limit state, see Equation
3.82.

Syi * Ved,
I .

y7/l

(3.82)

TEd; =
Whereas,

Tea; 1s the shear flow for the specific load case

is the first moment of area for the specific load case

Vieaq: is shear force in the ultimate limit state for the specific load case
I,; is the second moment of area for the specific load case

The needed amount of studs is calculated for the bridge’s full length, expecting
more studs at the support where the shear force is larger, and a lesser amount of
studs in mid-span. The needed amount of studs is calculated from Equation 3.83.
In order to make sure that the axial forces in the joint caused by shrinkage and
temperature is fully anchored Equation 3.85 should be fulfilled. Two cases needs to
be considered, one where the shrinkage and the temperature counteracts with the
shear flow descending from the ULS-loads. The other case that needs to be checked
is when temperature acts in the same direction as the ULS-loads (expansion) and
shrinkage counteracts. For the mentioned checks an anchorage length should be
calculated for the distance that is needed to transfer the loads. The anchorage
length is calculated according to Equation 3.84.

Z(TEd,i) + Gace
PRd

Nepd = S NRd (383)

Whereas,
ngq is the needed amount of studs [1/m)]
Tea; 1S the shear flow for the specific load case
Gace 18 acceleration- or braking load

Prq  is the capacity of one stud, calculated in Equation 3.82
ngq is the chosen amount of studs [1/m]

lanen = 1.5 - max(Boyut, Bin) (3.84)
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3. General design procedure

Whereas,

lanen, 18 anchorage length, (SS-EN 1994-2) 6.9 (3))
By is the distance from the centre of the web to the edge beam
B;, is the distance from the centre of the web to the centerline of the bridge

F, + F
cs,stud temp,stud S nRd; Case 1

lanch ’ PRd
NEd,anch = (385)
Eemp,stud - ch,stud

Ngq + < ngqg, Case 2

lanch ’ PRd

NEdanch 1S the needed amount of studs due to anchorage [1/m]

Fes stud is the force caused by shrinkage in the joint between concrete and steel,
calculated from Equation 3.49

Fiempstua 1s the force caused by temperature in the joint between concrete and steel,
calculated from Equation 3.53

Pry is the capacity of one stud, calculated according to Equation 3.82
Lanch is the anchorage length, (SS-EN 1994-2, 6.9 (3))

NRd is the chosen amount of studs [1/m)]

NEd is the needed amount of studs [1/m]

3.6.1.2.4 Design of stiffeners

Stiffeners are used in order to avoid buckling of the cross-section in critical sections.
For girders with corrugated webs the need of stiffeners (transverse) is small, only
needed in the support sections. For girders with flat webs both transverse and lon-
gitudinal stiffeners can be needed in order to provide lateral support. The design of
stiffeners covers cross-section classification, calculations of stiffness, and out-of-plane
buckling control. The check is performed both in mid-span and at the supports. For
determination of cross-section class for the stiffeners, see Section 3.3.3.

3.6.1.2.4.1 Calculation stiffness

During design of the stiffener Equation 3.86 must be fulfilled.

]st

> 1 (3.86)

]st.min

0.75 - hy - 3 when a/h, > /2

Lot yniin = (3.87)
1.5 - h3 . t3
M when a/hw < \/§

Whereas,
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Iy is the stiffness of the stiffener calculated according to Equation 3.89

L min 1s the minimum value for the moment of inertia that the stiffeners
should have (SS-EN 1993-1-5, Equation 9.6)

B is the height of the web

tw is the thickness of the web

a is the distance between transverse stiffeners

When calculating the stiffness of the stiffener a part of the web is assumed to con-
tribute. Dependent on the material choice; stainless or carbon steel, the contributing
width differs. The contributing part for stainless steel is 11¢t,, according to SS-EN
1993-1-4 5.7 (3). For carbon steel the contribution width is 15¢t,,, according to SS-
EN 1993-1-5 Figure 9.1. The effective area can, however, be limited by the available
width and calculated according to Equation 3.88. The effective area for carbon steel
is displayed in Figure 3.7.

15 15¢t 16&t 15et
¥ + L

As ~~As

Figure 3.7: Effective area of stiffener for carbon steel (SS-EN 1993-1-5 9.1 Figure
9.1)

bet * tse+ (2 - 1le - t, +tg) - ty, for stainless steel
Ay = (3.88)
bst * ts 4+ (2 - 15€ * t, +ts) - ty, for carbon steel

Whereas,

Ag The effective area of the stiffener

bet is the width of the stiffener

Lot is the thickness of the stiffener

11et,, is the contributing part of the web for stainless steel

15¢t,, is the contributing part of the web for carbon steel

€ is a factor that account for the yield stress with regards to a refer-
ence yield stress, calculated from Equation 3.18 for stainless steel
and Equation 3.19 for carbon steel

Dependent for if the stiffeners cross-section is double symmetric or mono-symmetric
the stiffness is calculated differently. For a double symmetric cross-section the mo-
ment of inertia is calculated according to Equation 3.89a and for a mono-symmetric
cross-section it is calculated according to Equation 3.89b.
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2 Ke ty+ty)  t3 ty - b
a) ( € + t) w49 . t st
12 12
J— (3.89)
(2 Ke -ty +ty) 13ty - b bst + tw
b) T + =g b ()

Whereas,

I; is the moment of inertia for the stiffener

K =11 for stainless steel, = 15 for carbon steel

hy is the height of the web

tw 1is the thickness of the web

a is the distance between transverse stiffeners

3.6.1.2.4.2 QOut-of-plane buckling

The stiffener should be checked for the risk of out-of-plane buckling. This check is
mainly performed at the supports as the patch loading from the reaction force is
large and carried by the stiffener and web. The buckling length of the stiffener is
defined by SS-EN 1993-1-4 5.7 (2) for stainless steel, and SS-EN 1993-1-5 9.4 (2) for
carbon steel. The requirements are the same regardless for the choice of steel. The
risk of out-of-plane buckling depends on the buckling length, the radius of gyration
and the slenderness. The buckling length of the stiffener is calculated according
to Equation 3.90, were the ends are assumed to be laterally fixed. The radius of
gyration is calculated according to Equation 3.91.

Lot = 0.75 + hyy (3.90)
. ]st

= 91

i A (3.91)

Whereas,

lerst  1s the buckling length

h,  is the height of the web

7 is the radius of gyration around the weak axis
Ay is the effective area

Iy is the moment of inertia

== (3.92)
Whereas,
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Ast  is the slenderness of the stiffener, (SS-EN 1993-1-1 Equation 6.50)

lerst s the buckling length of the stiffener

1 is the radius of gyration around the weak axis, calculated from Equation
3.91

Iy is the yield stress (differs between stainless- or carbon steel)

E,;  is the modulus of elasticity (differs between stainless- or carbon steel)

The buckling reduction factor, used to calculate the buckling load (Equation 3.95)
is calculated according to Equation 3.93.

1
Xst = min( ,1.0) (3.93)
Dy + /D — A2
Whereas,
Dy =05 (14 au(Ag —0.2) + A2) (3.94)

Xst is the reduction factor for buckling of the stiffener, (SS-EN 1993-1-1 6.3.1.3
Eq: 6.49)

ag = 0.49, buckling curve ¢

Ast  is the slenderness of the stiffener, calculated from Equation 3.92

Ast ’ fy T Xst
M1

Npap = (3.95)
Whereas,

Ngap s the buckling load for the stiffener

Xst is the buckling reduction factor

vyum1  is a partial factor, listed in Table 3.3

Agy is the effective area of the stiffener, calculated from
Equation 3.88

Iy is the yield stress (differs between stainless or carbon
steel)

3.6.1.2.5 Design of welds

Welded connections should be checked according to SS-EN 1993-1-8. Equivalent
stresses (Von Mises stresses) is used to evaluate stresses in different directions. The
design of fillet welds is presented in Section 3.6.1.2.5.1 and the design of butt welds
are presented in 3.6.1.2.5.2

3.6.1.2.5.1 Fillet welds

For fillet welds the directional method is used and calculated according to SS-EN
1993-1-8 4.5.3.2. The stresses that is present in a fillet weld is shown in Figure 3.8.
Whereas,

61



3. General design procedure

Figure 3.8: Stresses in a fillet weld

0, is the normal stress perpendicular to the weld throat
o| is the normal stress parallel to the weld throat

7, is the shear stress perpendicular to the weld throat
7| is the shear stress parallel to the weld throat

According to SS-EN 1993-1-8 4.5.3.2 (5) the normal stresses parallel to the weld
throat, oy, is not considered when checking the design resistance of the weld. The
normal stress perpendicular to the weld, o, is calculated according to Equation
3.96 for the case with a presence of a point load.

P
L= (3.96)
Whereas,
0, is the normal stress perpendicular to the weld throat
P is the point load
a is the throat thickness
l is the length of the weld

The shear stresses in a a fillet weld perpendicular to the weld throat is equal to the
normal stresses perpendicular to the weld throat and calculated from Equation 3.97.

T, = 01 (397)
Whereas,

7, is the shear stress perpendicular to the weld throat
0, is the normal stress perpendicular to the weld throat

The shear stress parallel to the weld throat is calculated as shown in Equation 3.98.

VEd,i ’ Sy,i
I,; -t

Y5t

(3.98)

Ti =
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Whereas,

T)i is the shear stress parallel to the weld throat, for the specific load case
VEa,i is the shear force for the specific load case

Sy is the second moment of area for the specific phase

I,;  is the moment of inertia for the specific phase
t is the thickness of the member

The design resistance is sufficient if the conditions given in Equation 3.99 are fulfilled

(SS-EN 1993-1-8 4.5.3.2 (6)).

Jfu
ol +3 - (P4+7) < ———
D <
(3.99)
0.9 - fu
o, < /
Y2
Whereas,

7| is the total shear stress parallel to the weld throat

o, is the total normal stress perpendicular to the weld throat

7.  is the total shear stress perpendicular to the weld throat

fu is the ultimate tensile strength of the weaker part joined

Ym2 is a partial factor, see Table 3.3

Bw  is a correction factor found in SS-EN 1993-1-4 6.3 (1) for stainless steel
and SS-EN 1993-1-8 Table 4.1 for carbon steel

3.6.1.2.5.2 Butt welds

Butt welds are designed using the directional method. Shear stresses perpendicular
to the weld throat will not appear as the weld is not performed in an angle. The
stresses used for calculation of the design resistance is shear stresses parallel to the
weld and normal stresses perpendicular to the weld. The stresses are calculated
as described in Section 3.6.1.2.5.1. The design resistance of a full penetration butt
weld is taken as the design resistance of the weaker part joined. This can be verified
when Equation 3.100 is fulfilled.

ot +3 - (7”2) < Ju (3.100)
Y2
Whereas,
7| is the shear stress parallel to the weld throat

o, is the normal stress perpendicular to the weld throat
fu  is the ultimate tensile strength of the weaker part joined
Yam2 is a partial factor, listed in Table 3.3
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3.6.1.2.6 Design of cross-beams

The cross-beams are designed to withstand the resulting horizontal load descending
from wind loads and side loads arising during casting. More specifically they should
prevent LT-buckling before composite action is achieved. Furthermore, the support
cross-beams are designed to carry the self-weight of the structure during change of
bearings. An illustration is showed in Figure 3.9 for better understanding of the
bearing change. The cross-beams also contribute to the torsional stiffness of the
bridge.

| W
|:Jliﬂ I:)Iift

Figure 3.9: Principle figure for the bearing change

3.6.1.2.6.1 Cross-beams at support

The checks that are conducted to verify the design resistance of the cross-beams at
support are the following; bending moment capacity, shear capacity, out-of-plane
buckling at bearing change, and design resistance of the welds. An additional check
should be carried out for if the SLS-loads are higher than the load effects from
ULS. The joint between the cross-beam and the main girder should be designed
and verified. Furthermore, the bending moment capacity is calculated according
to Equation 3.101, and is verified against the bending moment that arise from the
eccentricity of the point load at bearing change. The shear capacity is calculated
calculated the same way as in Section 3.6.1.2.2.2 and is checked for the shear forces
at bearing change. Out-of-plane buckling is evaluated the same way as section
3.6.1.2.4.2. The buckling length is then set to the centre-to-centre distance between
the webs of the main girders. The welds of the cross-beam are designed and verified
the same way as described in section 3.6.1.2.5.

MRd,cb = fy,cb ’ Wel,cb (3101)

Whereas,

Mpacp is the moment capacity of the cross-beam
fy.cb is the yield stress for the material in the cross-beam
Wer v is the elastic bending resistance
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3.6.1.2.6.2 Cross-beams in mid-span

The cross-beams in mid-span are usually designed as trusses. The magnitude of
the horizontal forces that arise during casting from the vertical loads is calculated
according to SS-EN-1993-1-1 5.3.3. The compressive force in the flange of the main
girder is calculated as shown in Equation 3.102. The resulting horizontal force that
is transferred to the cross-beams is calculated according to Equation 3.103.

M cas
Ny = —Dheast (3.102)
By
Whereas,
Nim is the resulting compressive force in the flange due to bending moment

during casting
Mg cast  is the design bending moment during casting
how is the height of the web

Nf,m 0755

3.103
100 ( )

Ngdge =

Whereas,

Ngae is the design force in the cross-beam during casting, (SS-EN-1993-1-1 5.3.3
(5))

m is the number of elements that are fixed, calculated from Equation 3.104

= 1/05 - (14 2) (3.104)

m

The top bar of the truss will carry the axial force and needs to be checked for out-
of-plane buckling. Out-of-plane buckling is evaluated in a similar manner as for
stiffeners described in Section 3.6.1.2.4.2. A combined check for the normal force
and bending moment is needed due to the eccentricity when mounting the bar. The
combined check is carried out according to SS-EN 1993-1-1 6.2.9.3 and shown in
Equation 3.105.

<1 3.105
Nrieow  Mpae — ( )
Whereas,
Ngae is the design force in the cross-beam during casting, calculated from Equa-
tion 3.103
Ngaer is the normal force resistance for the cross-beam, calculated from Equation
3.95

MEgae is the design bending moment in the cross-beam during casting
Mpac, is the bending moment resistance for the cross-beam, calculated from Equa-
tion 3.101
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The diagonal bars in the truss will only transfer compressive forces and checked for
out-of-plane buckling in the same manner as for the stiffeners presented in Section
3.6.1.2.4.2. The bottom bar of the truss normally has the same dimensions as the
top bar and subjected to the same load effects, therefore, no specific check needs to
be performed. Dependent on the type of joint that is used to connect the bars a
check needs to be carried out according to SS-EN 1993-1-8.

3.6.2 Serviceability limit state

In SLS the deflection and movement descending from vertical traffic loads are deter-
mined. Furthermore, the elevation of the beam for casting loads, permanent loads
and shrinkage loads is calculated so that the residual deflection is zero after loading
of the structure.

As stainless steel displays a non-linear behaviour below the yield limit, a constant
value for the modulus of elasticity can not be used. A secant modulus of elasticity
is therefore calculated, dependent on the current stress, using the methodology
presented in Section 3.2.1.1. Whereas the Ramberg- Osgood parameter, n, is taken
from Table 3.4.

For the studied bridge type, simply supported, all load-effects and deflections are
statically determinate. This means that no separate system analysis needs to be
done for the secant modulus of elasticity, but only re-scaling the deflections from
the analysis using the ordinary modulus of elasticity is needed. The total deflection
is calculated according to Equation 3.106. For a girder in carbon steel the deflections
could be extracted from the system analysis without any re-scaling.

E
6150,5 = E((Sl : E 2 ) (3106)
s.ser.i
Whereas,
0; is the deflection for a certain load case such as shrinkage, permanent loads
or short-term loads
E; is the modulus of elasticity for the chosen steel grade (stainless steel)
Es ¢eri is the secant modulus of elasticity for a certain stress and load case, calcu-

lated from Equation 3.2

The allowed deflection in span is calculated according to Krav Brobyggande B.3.4.2.2,
and presented in Equation 3.107. Maximum allowed movement at free end is lim-
ited to 5mm. For girders with flat webs, the section is much stiffer since the web
is included for the stiffness calculations. This results in smaller deflection than for
girders with corrugated webs.

L
O = —— 1
all 400 (3 07)

Whereas,
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0qn is the allowed deflection in span for vertical traffic loads
L is the span length

The elevation of the beam is chosen dependent on the deflection from the long-term
loads (permanent loads and shrinkage forces).

3.6.3 Fatigue limit state

The check against fatigue is carried out according to SS-EN 1993-1-9 using the A-
method. The calculations do not differ dependent for if stainless or carbon steel is
used. For girders with corrugated webs or flat webs the relevant checks are the same.
However, the normal stresses in the web are zero for girders with corrugated webs.
The main part of the fatigue evaluation is to identify the details that are suscepti-
ble to fatigue. Welded joints, notches and changes in cross-section dimensions are
usually sensitive to fatigue.

The basis for the A-method is to calculate a final A-factor dependent on A1, Ag, A3
and \y. The A-factor is bridge specific and accounts for the bridge’s length, type of
loading, ratio for heavy traffic and the service life of the bridge. \; depends on the
bridge’s length and calculated according to SS-EN 1993-2 9.5.2 Figure 9.5.

L—10

2.55 — 0.7 - 0 at mid-span

L—-10
Ar=14 20-0.3 - 50 for 10m < L < 30m, at support (3.108)

L —30

1.740.5 - 20 for 30m < L < 80m, at support

Whereas,
Lspan for bending moment and shear forces at the supports
I —

0.4 -+ Lgpen for shear forces at mid-span
(3.109)
A9 accounts for the amount of heavy traffic on the bridge and is calculated according
to Equation 3.110.

le Nobs 1
Do = 0L (2215 3.110
2= () (3.110)
Whereas,

Qm1  is the mean weight of the heavy traffic in the slow lane, (Krav Brobyggande
E.3.1 (f))

Qo  is a reference weight of the heavy traffic, (SS-EN 1993-2 9.5.2 (3))

Nops  is the total number of heavy vehicles in the slow lane per year (SS-EN 1993-2
4.6.1 Table 4.5)

Ny is a reference value for the number of trucks, (SS-EN 1993-2 9.5.2 (3))
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The factor A3 accounts for the service life of the bridge and is calculated according
to Equation 3.111.

lrd 1/5
A3 = (—= 3.111

Whereas,

tr.q is the service life of the bridge [years]
100 is a reference life [years], (SS-EN 1993-2 9.5.2 (5))

According to the Swedish standard, TSFS 2018:57 27 ch. § 3, the last A-factor is
set to Ay = 1.0. The final A-value is presented in Equation 3.112.

>\: >\1 : /\2 : )\3 : )\4 (3112)
Whereas,

A is the final A-factor for bending moment and/or shear forces, (SS-EN-
1993-1-9 Equation 6.1)

A1 is the A-factor accounting for the span length and type of loading

Ay is the A-factor accounting for the amount of heavy traffic

A3 is the A-factor accounting for the service life of the bridge

Ay 1s a M-factor

The normal stress amplitude is calculated for the detail as shown in Equation 3.113
and shear stress amplitude according to 3.114.

Aogp =)\ Ac (3.113)

Atp =X At (3.114)
Whereas,

A is a factor that accounts for the length of the bridge, the ratio of heavy
traffic loads and service life of the bridge (varies dependent on if it is the
normal stress or the shear stress that is checked, see Equation 3.112)

Aocg is the normal stress amplitude for the detail accounting for the bridge spe-
cific fatigue loads, (SS-EN 1993-1-9 Equation 6.1)

Ao is the normal stress amplitude for the specific detail

ATg is shear stress amplitude of the detail accounting for the bridge specific
fatigue loads, (SS-EN 1993-1-9 Equation 6.1)

AT is the shear stress amplitude for the specific detail

Each detail of the bridge is checked separately. The fatigue class for a certain detail
can be found in SS-EN 1993-1-9 Table 8.1-8.10. The risk for fatigue is regarded
as safe if Equation 3.115 and 3.116 is fulfilled for each detail (SS-EN 1993-1-9 8
Equation 8.2).
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Aoy - yry < A (3.115)
Ymf
Aty ey < 2T (3.116)
TYmf
Whereas,
Acg is normal stress amplitude for the detail accounting for the bridge specific
fatigue loads, see Equation 3.113
vrs = 1.0, is a partial factor for the fatigue strength of the material, (SS-EN
1993-2 9.3 (1))
Ao, is the design stress for the specific detail for a fatigue life of 2 million
cycles, (SS-EN 1993-1-9 Table 8.1-8.10)
Yms is a partial factor accounting for the consequences if failure occur and if
inspections are performed, (SS-EN 1993-1-9 Table 3.1)
ATg  is shear stress amplitude for the detail accounting for the bridge specific
fatigue loads, see Equation 3.114
A1, is the design stress for the specific detail for a fatigue life of 2 million

cycles, (SS-EN 1993-1-9 Table 8.1-8.10)

For the case of combined normal- and shear stresses it should be checked that the
criterion in Equation 3.117 is fulfilled (SS-EN 1993-1-9 Equation 8.3).

Aog - A1p -
M)i% 2TE " VFfy\5 <1 (3.117)

AO'C/’}/mf ATC/’me
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Case Studies

Chapter 4 aims to present the achieved results of the conducted case studies. The
chapter will start by stating the limitations that have been considered during the
redesign and then continue presenting each of the studied bridges. Discussions on
the results are carried out in Section 6.1. Further, cost estimations for the original
and redesign of bridge 100-262-1 are presented, showing the eventual economical
savings.

In order to show the potential of replacing conventional carbon steel girders with
flat webs, with stainless steel girders with corrugated webs, two case studies were
conducted. The case studies were carried out by performing a redesign of the steel
cross-sections in existing bridge structures. The redesign was carried out by im-
plementing the new design concept, according to the design procedure as stated in
Chapter 3, and then comparing the final design with the already built structures, fo-
cusing on material savings. The bridges chosen for the case study were both designed
according to Eurocode and relatively newly built. Bridge 100-262-1 was designed in
2015 and built in 2017. Bridge 100-379-1 was designed in 2016 and built in 2017.
Both bridges were designed by the Bridge and Hydraulics Department at WSP. The
redesign for bridge 100-262-1 is carried out in Appendix F. The redesign for bridge
100-379-1 follows the same procedure as the one presented for bridge 100-262-1.

The redesign of the cross-sections were performed for the same load effects except
for the self-weight of the steel, temperature forces, and shrinkage forces. In order
to get comparable results, the redesign was performed with some limitations. The
limitations were made so that the obtained results, in terms of material savings,
comes from the implementation of the new concept, rather than specific design
choices made by the previous engineer. The stated limitations are:

o No redesign of the cross-beams has been carried out since the calculations are
the same regardless of the choice of concept.

o In the new design, the cross-sections are changed at the same locations, similar
to the original designs. However, it is possible that more material could be
saved from changing the cross-sections at more sections along the length of
the bridge.

o The height of the girders is kept constant. However, further studies for deeper
webs are conducted in Chapter 5.

The corrugation shape in the new designs are chosen so that the reduction factors
for local and global shear buckling are equal. This was done by adjusting the depth
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of the corrugation, as, and then choosing an appropriate flat-fold length, a;. The
corrugation shapes are presented in Table 4.5 for bridge 100-262-1 and Table 4.16
for bridge 100-379-1.

For the new designs, the temperature loads results in large compressive stresses due
to a larger value for the linear coefficient of thermal expansion as mentioned in
Section 3.4.2.2. This effect is further discussed in Section 5.3.

4.1 Bridge 100-262-1 over Delangersbron at Forsan,
Bole

The first bridge that was evaluated was the bridge 100-262-1 shown in Figure 4.1.
The bridge is a one-span twin-girder composite bridge with carbon steel girders and
flat webs. The flanges are made in carbon steel grade S420ML. The web, stiffeners,
and cross-beams are made in carbon steel grade S355. It is located in Bole, in the
northern part of Sweden. The overall geometry and cross-section of the bridge are
presented in Table 4.1 and Figure 4.2. The bridge has two lanes and a pedestrian
walkway.

Figure 4.1: Bridge 100-262-1, picture taken from BaTMan

For the original bridge design, the loads in ultimate limit state are governing. The
utilization ratios for the original and the new design are listed in Table 4.2. The
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Table 4.1: The geometry of bridge 100-262-1

Bridge length | 52 meter
Span length 51 meter
Bridge width | 10.0 meter
Bridge height | 2.37 meter

FRI BROBREDD 10,0 m

PPL +46,13 |
VR 0,25 SL VAG 754 SEK. 0/300

GC 3.0 K325 /] K325 | VRO025

25 % 25% | 25% W
1l T gt

14 m

1.2 m

Figure 4.2: Cross-section of bridge 100-262-1

utilization ratios describes the demand over the capacity, and, therefore, imposed to
be a good tool for quantifying the safety against failure for the design. In the new
design, the utilization ratio for LT-buckling is considerably less than for the original
design. The increase in capacity is dependent on the width of the flange, which is
larger for the new design. For a larger flange width, the stiffness around the weak
axis increases non-linearly, resulting in a much larger capacity against LT-buckling.
Values for the flange width, and other sectional dimensions, are listed in Table 4.3
and Table 4.4.

Table 4.2: Utilization ratios for bridge 100-262-1

Governing design checks Original design | New design
ULS, LT-buckling during casting 93% 80%
ULS, bending capacity 99% 100%
ULS, shear capacity 95% 97%

The sectional dimensions, before and after the redesign, are presented in Table 4.3
and 4.4. The redesign is carried out using duplex stainless steel, grade 1.4162. At
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10.5 meters distance from either of the supports, the web thickness and the flange
dimensions are changed. For the change in the flange width, the transition length
is 0.8 meters. For the change of the flange thickness, the transition has a slope of
1:4. The shape of the corrugation is presented in Table 4.5.

Table 4.3: Sectional dimensions for bridge 100-262-1 at # = 0 — 10.5 meters (near

support)

Sectional | Original design | New design
constants [mm)] [mm]

bty 650 765

Lo 42 35

by 1000 825

ts 48 50

tw 20 8

Py 1960 1965

Table 4.4: Sectional dimensions for bridge 100-262-1 at x = 10.5 — 25.5 meters

(mid-span)

Sectional | Original design | New design
constants [mm] [mm]

bru 800 850

tru 42 45

by 1200 1225

ts 55 50

tw 17 6

Py 1953 1955

Table 4.5: Corrugation shape for bridge 100-262-1, notations according to Figure

2.5

Corrugation shape

aq 120mm
Qs 119mm
as 70mm
Qy 96mm
« 36deg
w 216mm
s 239mm

Comparing the dimensions provided in the two Tables 4.3 and 4.4, it is clear that
in the new design, the thickness of the web has changed significantly compared to
other dimensions. This change, or more precisely the reduction in the web thickness,
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results in a total weight reduction and the calculations showed that a material saving
of 23% could be achieved. The material savings mainly comes from the main girders,
but also from the studs and welds. The material savings are presented in Table 4.6.

Table 4.6: Material savings in percent and mass between the original and the new
design

Part Material savings
7] kg]

Main girder 23% 24 - 10° kg

Studs 21% 122 kg

Cross-beams 4% 175 kg

Welds 23% 11 kg

Total savings | 23% 25 - 10° kg

4.1.1 Cost estimation

In order to show the potential of using stainless steel girders with corrugated webs,
in terms of economical savings, a cost estimation for producing and maintaining
the steel girder was requested from Stal och Rormontage AB. An independent party
were consulted since they could appreciate the actual net present value, dependent
on their purchase prices. The unit prices for the bridge’s parts were separated from
the overall cost estimation, these are listed in Table 4.7. As can be seen in Table
4.9, the total cost, affiliated with the production of the girders, does not differ much
between the two concepts.

Table 4.7: Material cost for bridge 100-262-1 according to Stal och Rérmontage
AB (Personal communication, May 22, 2020)

Part Original design | New design
Steel, general | 9/12* SEK /kg 28 SEK /kg
VKR-profile | 15 SEK/kg 40 SEK /kg
Studs 50 SEK/kg 50 SEK/kg

*Steel grade S355/5420

Table 4.8: Total material consumption

Original design | New design
117 014 kg 88 768 kg
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Table 4.9: Total cost for bridge 100-262-1 according to Stal och Rérmontage AB
(Personal communication, May 22, 2020)

Part Original design | New design

Material cost 1 800 000 SEK 2 800 000 SEK
Production cost | 2 100 000 SEK 1 500 000 SEK
Total cost 3 900 000 SEK 4 300 000 SEK

Table 4.9 shows that the production cost for the original design is higher than for the
new design. According to Lars-Ake Persson at Stal och Rormontage AB (Personal
communication, 26 may, 2020), the increased production cost for producing the
bridge in carbon steel originates from:

» Longer welding time in the factory (labour cost increases)

» Cost of painting (stainless steel needs to be pickled, however, the cost of pick-
ling is lesser than the cost of painting)

e The needed on-site work is faster for the new design than for the original
design (welding and painting)

The total cost of the new design is 400 000 SEK greater than the cost of the original
bridge. However, when evaluating the total cost of a bridge during its full service life,
the need for maintenance should be considered when comparing the two alternatives.
As mentioned in Chapter 1, the cost of maintaining stainless steel structures is
neglectable compared to carbon steel structures. In order to create an estimation
for these costs, Stal och Rormontage AB has a tool for estimating the maintenance
cost of repainting the carbon steel bridge throughout its service life. The tool is using
values from tabloids stated by the Swedish Transport Administrations for the service
periods, and cost estimations for each service measure. In these cost estimations, the
same interest rate of 3.5% is used as the Swedish Transport Administration uses in
their cost estimations. The costs affiliated with repainting the bridge is presented in
Table 4.10. The calculated cost only considers painting costs and no costs associated
with traffic delays.
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Table 4.10: Maintenance costs for bridge 100-262-1 during its service life, produced
in carbon steel

Year | Service measure | Cost Net present value
10 Paint touch up 572 000 SEK 405 502 SEK
20 New cover paint 880 000 SEK 442 258 SEK
30 Paint touch up 572 000 SEK 203 791 SEK
40 Repainting 2 024 000 SEK | 511 207 SEK
50 Paint touch up 572 000 SEK 102 419 SEK
60 New cover paint 880 000 SEK 111 702 SEK
70 Paint touch up 572 000 SEK 51 472 SEK
80 Repainting 2 024 000 SEK | 129 117 SEK
90 Paint touch up 572 000 SEK 25 868 SEK
100 New cover paint 880 000 SEK 28 213 SEK
110 Paint touch up 572 000 SEK 13 000 SEK
Total costs 10 120 000 SEK | 2 024 549 SEK

When considering the maintenance costs presented in Table 4.10, associated with
the repainting of the bridge, the total cost for the original bridge, presented in Table
4.9, increases with approximately 2 000 000 SEK. Reviewed values for the total cost
of the different designs, including the maintenance cost, are listed in Table 4.11.

Table 4.11: Total cost for the steel girders in bridge 100-262-1 during the service
life of the bridge

Part Original design | New design

Material costs 1 800 000 SEK 2 800 000 SEK
Production costs 2 100 000 SEK 1 500 000 SEK
Maintenance costs | 2 024 000 SEK -
Total costs 5 924 000 SEK 4 300 000 SEK

Table 4.11 shows that the overall cost of using girders in stainless steel with cor-
rugated webs is lesser than the cost of the original design. The difference in net
present value is 1 624 000 SEK.

4.2 Bridge 100-379-1 over a gorge north of Hogsta

The second case study is performed on a simply supported twin-girder composite
bridge, located over a ravine in Hogsta, Vastmanland County. The bridge is orig-
inally designed with carbon steel, grade S355. The theoretical span length of the
bridge is 36 meters and it is a two-lane road bridge. The bridge is shown in Figure
4.3 and the geometry of the bridge is listed in Table 4.12.
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Figure 4.3: Bridge 100-379-1, picture taken from BaTMan

Table 4.12: The geometry of bridge 100-379-1

Bridge length | 38 meter
Span length 36 meter
Bridge width | 6.6 meter
Bridge height | 2.16 meter

The original design is governed by the fatigue limit state, denoted by FAT, whereas
the highest utilization ratios are obtained for the normal stress amplitude in the
flanges. The redesign of the bridge is conducted with duplex stainless steel, grade
1.4162, and governed by fatigue in the lower flange, and by ULS-loads in the up-
per flange. The highest utilization ratios for the original and the new design are
presented in Table 4.13. The normal compressive stresses in the upper flange for
stainless steel girders are larger than for carbon steel girders, due to temperature ef-
fects, causing a larger utilization ratio. The bridge changes cross-section dimensions
at 11 meters, thus, one of the governing checks is at the one of the notches there.

Table 4.13: Governing utilization ratios for bridge 100-379-1

Governing checks Original design | New design
FAT, notch at 11 meters distance from either 98% 94%

of the supports

FAT, joint between lower flanges in mid-span 96% 100%
ULS, normal stresses in upper flange 82% 99%
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The cross-sectional dimensions for the original design and the redesign is presented
in Table 4.14 and 4.15. The corrugation shape is presented in Table 4.16. Since FAT
governed the design of the flanges, the redesign of bridge 100-379-1 only resulted in
a change of the web thickness, keeping the same flange dimensions. The change of
the flange and the web thicknesses was placed at a distance of 11 meters from either

of the supports.

Table 4.14: Sectional dimensions for bridge 100-379-1 for x = 0 — 11 meters (near

support)

Sectional | Original design | New design
constants [mm] [mm]

b 400 400

tru 25 25

by 600 600

th 45 45

tw 16 5

hoy 1830 1830

Table 4.15: Sectional dimensions for bridge 100-379-1 for x = 11 — 18 meters

(mid-span)

Sectional | Original design | New design
constants [mm)] [mm]

bty 400 400

Tty 30 30

by 600 600

177 50 50

tw 14 4

Py 1820 1820

Table 4.16: Corrugation shape for bridge 100-379-1

Corrugation shape

aq 100mm
as 102mm
as 60mm
Qg 83mm
o 36deg
w 183mm
s 202mm

The calculations showed a material saving of 29%. This saving mainly comes from
changing the dimensions of the web. All material savings are presented in Table

4.17.
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Table 4.17: Material savings in percent and mass between the original and the
new design, bridge 100-379-1

Part Material savings
(7] [kg]

Main girder 30% 12 - 10° kg

Studs 35% 123 kg

Cross-beams 4% 108 kg

Welds 4% 1 kg

Total savings | 29% 12 - 103 kg
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Parametric studies

In the following chapter, the results of five different parametric studies are presented.
Discussions on the subjects will continue in Section 6.2.

When concluding what factors affect the design of a composite bridge built with
stainless steel girders and corrugated webs, some parameters were identified as gov-
erning or interesting to further evaluate. These parameters are related to either the
use of corrugated webs, the choice of material, or both.

Five analyses are conducted to more specifically determine the parameter’s influence
on the studied bridge concept. The analyses consider the corrugation parameter’s
influence on the effective width, the corrugation’s influence on the shrinkage forces,
the influence of the linear coefficient of thermal expansion on the stress distribution,
the corrugation’s influence on the elastic bending stiffness, and the web height’s
influence on material savings.

5.1 The corrugation’s influence on the effective
width of steel flanges

An effective width for the steel flanges in cross-section class four is calculated in order
to make sure that the part of the flange that is assumed to be contributing with
stiffness, does not risk to buckle locally under compressive loading. The effective
width is both affected by the use of corrugation and the choice of material. As
mentioned in Section 3.3.1.2, the effective width is only used if the part fulfills the
requirements for cross-section class four. If the part is in cross-section class four,
a reduction of the contributing flange is calculated. The size of the reduction is
dependent on the slenderness, which then is dependent on the choice of material
and whether or not corrugated webs are used.

Dependent on the corrugation geometries, the outstanding part of the flange, b, will
vary. For a web with a deep corrugation, the length of the outstanding flange will
be larger, thus posing a greater risk of being in cross-section class four. However,
the shape of the corrugation provides a stabilizing effect thanks to its high out-of-
plane stiffness, meaning that a deep corrugation supports the flanges during lateral
loading.

In order to evaluate the influence of the corrugation on the effective width, a study
is conducted. In the study, five different cross-sections are investigated as follows:
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A cross-section with flat webs, in carbon steel

A cross-section with corrugated webs, in carbon steel

A cross-section with flat webs, in stainless steel

A cross-section with corrugated webs, in stainless steel

A cross-section with corrugated webs, in stainless steel, using the definition
described by Johansson et al. (2007) to define the outstanding part of the
flange (described in Section 3.3.1.2)

AN

The material dependency for the calculation of the effective width comes from the
reference factor, €, calculated according to Equation 3.18 (stainless steel) and 3.19
(carbon steel). The reference factor then affects the calculation of the slenderness
(Equation 3.23), which is used to calculate the reduction factor for the flange buck-
ling. In the study, values for stainless steel grade 1.4162 (lean duplex) and carbon
steel grade S355 are used.

As mentioned, a deep corrugation provides lateral restraint to the flanges, but for
a deep corrugation, the outstanding part of the flange increases, thus increasing
the risk of flange buckling. Therefore, the buckling coefficient, k., is used when
calculating the slenderness. The factor accounts for the corrugation’s out-of-plane
stiffness, leading to that the buckling coefficient, k,, is larger for a corrugated web
than for a flat web, which in many cases leads to a smaller reduction of the flange
buckling capacity.

5.1.1 Formulation of the buckling coefficient, k,

In Section 3.3.1.2, it is stated that the equation given by SS-EN 1993-1-5 for calcula-
tion of k, (Equation 3.20), is incorrectly formulated. The formulation stated by the
Eurocodes delimits the contribution from k, for corrugated webs resulting in that
no reduction of the flange buckling capacity is considered. In Figure 5.1, the calcu-
lated reduction factors based on the Eurocodes, or as proposed in Section 3.3.1.2,
are compared. The reduction factor is calculated for a girder in stainless steel with a
varying width of the upper flange ranging from 500 millimeters to 2500 millimeters.
The depth of the corrugation, as, is set to 75 millimeters. The reduction factor for
a girder with flat webs is shown as well.
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Figure 5.1: Reduction factor for varying flange width, a3=75 mm

5.1.2 Investigation of the reduction factor for different cor-
rugation depths

The reduction factors for different corrugation depths, a3, ranging from 75 millime-
ters to 200 millimeters are investigated. The reduction factor, p, is calculated for an
increasing width of the top flange. Figure 5.2, 5.3, and 5.4 illustrates the reduction
factor dependent on the depth of the corrugation and width of the flanges. In the
figures, the blue lines show the reduction factor for girders with corrugated webs.
Red lines show the reduction factor for girders with flat webs, and the green lines
illustrate the reduction factor using the definition of the outstanding flange defined
by Johansson et al. (2007). All calculations are presented in Appendix B.

Figure 5.2 shows the relation between the reduction factor, p, and the flange width
for a corrugation depth of 75 millimeters. Both girders with flat webs and corrugated
webs are compared. In the figure, it could be seen that for the same flange width
the reduction factor for a corrugated web is larger than the reduction factor for a
flat web. The graph also shows that the reduction factor for carbon steel (dotted
lines in Figure 5.2) is larger than the factor for stainless steel.
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Figure 5.2: Reduction factor for varying flange width, a3=75 mm

Exact values for the reduction factor, p, with the flange width 1100 millimeters and
75 millimeters corrugation depth, is presented in Table 5.1. The flange width of
1100 millimeters is chosen in order to show an arbitrary point in the curve, where
all reduction factors a equal or smaller than unity.

Table 5.1: Values of p for b,y = 1100mm and a3z = 75mm

Type of girder p

Corrugated web, stainless steel 0.86
Corrugated web, stainless steel (Johansson et al., (2007)) | 0.90
Flat web, stainless steel 0.79
Corrugated web, carbon steel 0.95
Flat web, carbon steel 0.88

In Figure 5.3, the reduction factor for an increased corrugation depth is shown. The
depth of the corrugation is set to 137.5 millimeters. When increasing the corrugation
depth, the length of the free part of the outstanding flange increases, thus decreasing
the reduction factor for a girder with corrugated webs. This results in the reduction
factor, for the girder with corrugated webs, becomes less than 1.0, at a similar
flange width as a girder with flat webs. The difference in the slope of the curves
between the corrugated web and the flat web is coming from the difference in the
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buckling coefficient, k,, described at the beginning of this section. Exact values for
the reduction factor are presented in Table 5.2.
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Figure 5.3: Reduction factor for varying flange width, a3=137.5 mm

Table 5.2: Values of p for b,y = 1100mm and ag = 137.5mm

Type of girder p

Corrugated web, stainless steel 0.82
Corrugated web, stainless steel (Johansson et al., (2007)) | 0.90
Flat web, stainless steel 0.79
Corrugated web, carbon steel 0.91
Flat web, carbon steel 0.88

The reduction factor for a corrugation depth of 200 millimeters is shown in Figure
5.4. In the figure, it could be seen that the curve is irregular for the modified way
to define the outstanding part of the flange. The irregularity depends on if the
criterion for the length of the outstanding flange in Equation 3.22 is fulfilled or not.
In this case, the criterion is first fulfilled for a flange width of approximately 830
millimeters. For flange widths below 830 millimeters the criterion is not fulfilled
and the same way to define the outstanding flange as for corrugated webs is used.
Hence, the curve for the modified way and the curve for a stainless steel girder with
corrugated web is plotted on top of each other, as can be seen in the figure. Once
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the criterion is fulfilled the reduction factor increases since the theoretical distance
of the outstanding flange is reduced. Exact values for the reduction factor, p, for a
corrugation depth of 200 millimeters is presented in Table 5.3.
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Figure 5.4: Reduction factor for varying flange width, a3=200 mm

Table 5.3: Values of p for b,y = 1100mm and az = 200mm

Type of girder p

Corrugated web, stainless steel 0.79
Corrugated web, stainless steel (Johansson et al., (2007)) | 0.90
Flat web, stainless steel 0.79
Corrugated web, carbon steel 0.88
Flat web, carbon steel 0.88

From Table 5.1, 5.2, and 5.3 it could be interpreted that for deeper corrugations, the
reduction factor decreases, which means that the effective width decreases as well.
However, it is shown that for the modified way of defining the outstand flange, the
reduction factor is kept unchanged as long as the criterion, stated in Section 3.3.1.2
(Equation 3.22) is fulfilled. When the criterion is fulfilled, the buckling coefficient,
k., is calculated for the average outstand of the flange. The buckling coefficient is
then only dependent on the flat-fold lengths of the corrugation, hence independent
on the depth, as. Therefore, the reduction factor is kept constant for the modified
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way of defining the outstand flange, which can be seen in Table 5.1, 5.2, and 5.3.
The reduction factor is larger for the modified formulation thanks to the lateral
restraint coming from the corrugation.
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5.2 Corrugation influence on shrinkage forces

When using corrugated webs instead of flat webs in girders, the cross-sectional prop-
erties change. This influences the applied forces caused by the shrinkage of concrete
since they are strictly dependent on the cross-sectional properties. If the girder is
designed with corrugated webs, the stress distribution over the cross-section differs
from a girder designed with flat webs. The difference is caused by the change in
cross-sectional area, change of center of gravity, and change in stiffness. As men-
tioned in Section 3.3.3.1, the calculations for a girder with a corrugated web is
conducted without any contribution from the web. When the concrete slab is sub-
jected to shrinkage, compulsive stresses arise in the steel section. The stresses in
the top flange of the steel are larger for a corrugated web than for a flat web, and
therefore their influence on the design loads in ULS is of interest.

The study is conducted for the bridge 100-262-1 using the same input data as pre-
sented in Section 4.2. Forces and stresses in the steel and the concrete are calculated
according to Section 3.5.1.2. The stresses are calculated to show the stress distribu-
tion over the cross-section. All calculations are presented in Appendix C.

In Figure 5.5, the stress distribution over the cross-section is presented. The blue
lines represent a cross-section designed with corrugated webs, and the red lines
represent a cross-section with flat webs. In order to visualize what happens when
the web height is increased, the dotted lines represent the stress distribution for an
increase of 25% in web height. The variable, z, shows the distance measured from
the bottom steel flange for the web height h,, = 1.0h,0. In Table 5.4 and Table 5.5,
exact values for the stress distribution are presented. It can be interpreted from
Figure 5.5 that the compressive stresses in the upper steel flange for a corrugated
web is larger than for a flat web, although the opposite is true for the tensile stresses.
The tensile stresses are, however, small and have a small influence in the ULS-loads.
Furthermore, it can be interpreted that an increase in the web height does not result
in any substantial change in the stress distribution.

Table 5.4: Stress distribution over the cross-section for h,, = 1.0h,o = 1955mm,
whereas the distance, z, measures the distance from the bottom steel flange

Stresses
z (m) | Corrugated web | Flat web | Deviation
Upper concrete 2.37 0.58 MPa 0.72 MPa —20%
Lower concrete 2.05 0.96 MPa 1.11 MPa —13%
Upper steel flange | 2.05 —34.83 MPa —32.66 MPa +7%
Lower steel flange 0 2.12 MPa 4.69 MPa —55%
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Table 5.5: Stress distribution over the cross-section for h,, = 1.25h,,0 = 2444mm,
whereas the distance, z, measures the distance from the bottom steel flange

Stresses
z (m) | Corrugated web | Flat web | Deviation
Upper concrete 2.37 0.63 MPa 0.81 MPa —22%
Lower concrete 2.05 0.95 MPa 1.13 MPa —16%
Upper steel flange | 2.05 —35.11 MPa —32.39 MPa +8%
Lower steel flange | -0.49 1.76 MPa 4.81 MPa —63%
2,000 |- -
1,500 |- :
El i |
B 1,000
N
500 |- .
— Corrugated web, hy, = 1.0hyo | 5 \\
0|/ — Flat web, f, = 1.0hy0 }
- == Corrugated web, h,, = 1.25h, N O
--= Flat web, hy, = 1.25/, oI
I I I I I I | LY k|
—45 —40 —35 =30 —25 —20 —15 —10 =5 O 5 10

Stress distribution o.s (MPa)

Figure 5.5: Stress distribution due to shrinkage for corrugated webs and flat webs
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5.3 The influence of the linear coefficient of ther-
mal expansion on the stress distribution

Stainless steel is more responsive to temperature variations than carbon steel, as can
be seen in Table 3.18. The linear coefficient of thermal expansion for stainless steel is
33% larger than for carbon steel. This means that during the design of a composite
bridge in stainless steel, considerations must be done so that the resulting stresses
are kept low. Furthermore, the guidelines allow a composite bridge designed in
concrete and carbon steel to use the same coefficient for both materials. The design
code does not give any recommendations for the coefficient for a girder in stainless
steel, and therefore a strain difference between the two materials is calculated. The
calculations are carried out following the procedure presented in Section 3.4.2.2.3.

Four different studies are conducted in order to consider the influence of the thermal
expansion coefficient. Stresses are calculated for the characteristic value of the load.
First, the influence of corrugation and stainless steel is evaluated. Secondly, the
web height is increased and two comparisons are made dependent on the design.
The third study compares the compressive stresses dependent on the maximum
temperature variations in Sweden. The last study evaluates the stress distribution
dependent on the largest and smallest value for the temperature stress. The studies
are conducted for bridge 100-262-1, and input data is taken from Section 4.2. The
largest stress differences between the concrete and the steel are calculated for the
load cases presented in Section 3.4.2.2.3. For the first two studies, the stress is
calculated for the mean temperature variation. In the last two studies, the stress is
calculated for the largest and the smallest temperatures. The maximum temperature
variations are studied since expansion in the steel gives rise to compressive stresses in
the upper steel flange, and the tensile stresses in the lower flange. The temperature
stresses are, therefore, enhancing the ULS-loads. The studied temperature variations
are listed in Table 5.6.

Table 5.6: Showing the studied temperature ranges (TSFS 2018:57)

Variable Value Description

ATN cap 25 — 35°C | is the interval for the maximum temperatures in
Sweden

mean(ATy exp) 30°C is the mean maximum temperature

TN eapmin 25°C is the smallest maximum temperature

TN expmaz 35°C is the largest maximum temperature

5.3.1 Influence of corrugation and stainless steel

The first part of the study shows the stress distribution over the cross-section for
the mean temperature, listed in Table 5.6. Stresses in the concrete and the steel
parts are calculated for four different levels, placed at the top and at the bottom of
each part. The comparison is made for four different cross-sections, illustrated in
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Figure 5.6. The plot shows that using a corrugated web in stainless steel results in
the largest compressive stresses in the upper steel flange. The smallest compressive
stresses are achieved for a carbon steel girder with flat webs. The largest tensile
stresses are obtained for a girder with flat webs, however, they are small. As can be
seen in Figure 5.6 the corrugation has a small effect on the stresses and the main
influencing parameter is the choice of material. Stresses are presented in Table 5.7.

z (mm)
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0 |=— Flat web, stainless steel
- == Corrugated web, carbon steel
--- Flat web, carbon steel
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Stress distribution oep,, (MPa)

20

Figure 5.6: Stress distribution due to temperature differences; investigating the
influence of using stainless steel girders with corrugated webs

Table 5.7: Stress distribution for four different girders, whereas the distance, z,
measures from the bottom steel flange

Stainless steel

Carbon steel

Part z | Corrugated | Flat | Corrugated | Flat
- [m] [MPa] [MPa] [MPa] [MPa]
Upper concrete | 2.37 0.58 0.88 0.21 0.31
Lower concrete | 2.05 2.51 2.90 0.90 1.04
Upper steel flange | 2.05 —69.21 —66.94 —24.72 —23.91
Lower steel flange | 0 3.84 9.29 1.37 3.32
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5.3.2 Influence of the height of the web

The next study is carried out with the same input data as the first. Two comparisons
are performed to find out if the stresses are more dependent on the choice of girder
(corrugated web or flat web) or the choice of material, considering an increase in the
depth of the web. The first comparison is presented in Figure 5.7 and shows what
influence the choice of girder has (exact values are shown in Table 5.8). The next
comparison is presented in Figure 5.8 and shows what influence the material choice
has (exact values are listed in Table 5.9). From both figures, it could be stated that
for an increased web height, the stresses do not increase nor decrease considerably.
Still, it could be seen that the material choice has a larger influence on the stresses
than the increase in the web height.
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Figure 5.7: Stress distribution due to temperature variations when the web height
is increased, for girders in stainless steel

Table 5.8: Stress distribution due to temperature variations when the web height
is increased, for girders in stainless steel

Corrugated web Flat Web
haw = 1.0hyo | by = 1250y | by = 1.0hyo | hy = 1.25h40
Part [MPa|] [MPa|] [MPa|] [MPa|]
Upper steel flange —69.21 —70.05 —66.94 —67.24
Lower steel flange 3.84 3.27 9.29 9.77
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Figure 5.8: Stress distribution due to temperature variations when the web height
is increased, using corrugated webs

Table 5.9: Stress distribution due to temperature variations when the web height
is increased, using corrugated webs

Stainless steel Carbon steel
hy = 1.0hyo | by = 1.25h0 | by = 1.0hy | hy = 1.25hy0
Part [MPa] [MPa] [MPa] [MPa]
Upper steel flange —69.21 —70.05 —24.72 —25.02
Lower steel flange 3.84 3.27 1.37 1.17
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5.3.3 Influence of the maximum temperature variations

In order to show how the calculated maximum temperature variations influences the
stresses in the upper flange, the stresses are plotted for the full temperature range in
Figure 5.9. The plot mainly shows that the compressive stresses in the upper flange
are larger for a girder in stainless steel. It could also be seen that the compressive
stresses are insignificantly larger for a corrugated web than for a flat web. However,
the difference rather comes from the choice of material. The stresses are constant
for carbon steel because the linear coefficient of thermal expansion is the same for
both the concrete and carbon steel.
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Figure 5.9: Stresses in upper flange dependent on the maximum temperature,
ATN.@:E])

5.3.4 The magnitude of the temperature variations influ-
ence on the stress distribution

In the last study the stress distribution over the cross-section is shown for the max-
imum and minimum temperature variations, ATy ,p, described in Table 5.6. The
results can be seen in Figure 5.10. As expected, the graph shows that a larger
temperature variations gives rise to larger compressive stresses. Exact values are
presented in Table 5.10, displaying a linear relationship between the stresses and
the temperature variation.
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Figure 5.10: Stress distribution over the cross-section for ATy e, = 25°C and
ATy ezp = 35°C

Table 5.10: Comparison of compressive steel stresses in the upper steel flange
(MPa)

ATy exp = 25°C | ATN eqp = 35°C | Deviation (%)
Corrugated web | —64.27 MPa —74.15 MPa 13%
Flat web —62.16 MPa —T71.72 MPa 13%
Deviation (%) 3% 3%
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5.4 The corrugation’s influence on the elastic bend-
ing stiffness

The elastic section modulus is used for calculating the sectional stresses. Girders
with corrugated webs has a negligible axial stiffness in the longitudinal direction,
due to the accordion effect. The web is thereby assumed not to contribute to the
stiffness and therefore excluded in the calculation of the center of gravity and the
moment of inertia. This leads to decreased elastic section modulus. Three studies
are performed to investigate the influence of neglecting the web. The first study is
performed on a steel-only girder. The second study is carried out for a composite
section, and the third is performed on a composite section with an increased web
height of 25%. The elastic section modulus is calculated according to Equation 5.1.

I I
Wy = min(—%, —2—) (5.1)

th hw - th

Whereas,

Wy is the elastic section modulus
I, is the moment of inertia
2y 1s the distance from the center of gravity

hy  is the height of the web

5.4.1 Influence on the steel cross-section

The study is performed on four different types of girders to investigate the difference
in elastic section modulus when comparing flat webs with corrugated webs. The
dimensions of the studied girder are presented in Appendix E. The examined sections
for the steel cross-section are listed as:

. Steel cross-section with corrugated web

. Steel cross-section with flat web, 10 millimeter web
. Steel cross-section with flat web, 16 millimeter web
. Steel cross-section with flat web, 20 millimeter web

=W N
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The difference in elastic bending stiffness for girders with corrugated webs and gird-
ers with flat webs are plotted in Figure 5.11, and shows that there is a deviation
which increases for an increasing web thickness and web height. The figure shows
the elastic bending stiffness for varying web height and for an upper flange width of
800 millimeters. The elastic section modulus calculated according to Equation 5.1,
where the distance to the centre of gravity has an influence. In the studied cases,
the center of gravity for the steel cross-section is located closer to the bottom flange
than to the top flange because of its dimensions being larger. Meaning that the sizes
of the flanges has an influence on the section modulus as it affects the distance to
the centre of gravity. However, the main affecting factor is the web height.
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Figure 5.11: The elastic bending stiffness for varying web height, b,y = 800mm

If, instead, the width of the flange is studied, the deviation in stiffness for the studied
cross-sections changes, as showed in Figure 5.12. In the figure, it can be seen that
a change in slope occurs for all girder types. For all girders with flat webs the
change of slope is located at a flange width of around 850 millimeters. The change
of slope depends on the effective width. For corrugated webs a larger width of 900
millimeters is allowed before the slope is reduced. The deviation in stiffness between
girders with flat webs and girders with corrugated webs, for different dimensions, is
presented in Table 5.11. The results changes if the shape of the corrugation changes.
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Figure 5.12: The elastic bending stiffness for varying flange width, h,, = 2000mm

n (%)
tw = 10mm | t, = 16mm | t, = 20mm
by =0.7m , hy, = 1m 8% 11% 14%
by =0.8m , hy =1m 6% 10% 12%
b =0.9m , hy, =1m 2% 5% 8%
by =0.Tm , hy, = 2m 14% 20% 24%
by =0.8m , hy =2m 12% 18% 21%
by =0.9m , hy, =2m 7% 13% 16%
by =0.7m , hy, = 3m 19% 27% 31%
by =0.8m , hy, = 3m 17% 24% 28%
by =09m , h, = 3m 12% 19% 23%
Table 5.11: Deviation in elastic section modulus between girders with flat webs
Wel corr
and corrugated webs, n =1 — ———
Wel,flat

5.4.2 Influence on the composite cross-section

The same study that was carried out for the steel section is performed on the com-
posite section. For the composite section, the distance from the centre of gravity to
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the top flange is greater than the distance to the bottom flange. Therefore, in Equa-
tion 5.1, the part below the center of gravity is governing. The examined sections
for the composite cross-sections are listed as:

1. Composite cross-section with corrugated web

2. Composite cross-section with flat web, 10 millimeter web
3. Composite cross-section with flat web, 16 millimeter web
4. Composite cross-section with flat web, 20 millimeter web

Similar behavior as for the steel cross-section can be seen for the composite section.
The deviation between the cross-sections is smaller for the composite section com-
pared to the steel section. This can be seen in Figure 5.13 and the deviation is listed
in Table 5.12.
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Figure 5.13: The elastic bending stiffness for a varying web height

n (%)
tw = 10mm | t, = 16mm | t, = 20mm

by =0.8m , hy, =1m 4% 6% 8%

by =0.8m , hy, =2m 8% 12% 15%

by =0.8m , hy = 3m 12% 17% 20%

Table 5.12: Relative difference in stiffness between a girder with flat webs and a

. . Wel corr
girder with corrugated webs, n =1 — ———
Wei, flat
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5.4.3 Influence on the composite cross-section with an in-
creased web height

High out-of-plane stiffnesses in the web are obtained when corrugated webs are used.
These stiffnesses yield possibilities to have very slender and deep girders without
needing any thick web plates. For a flat web girder an increased web height demands
thicker web plates, and more stiffeners in order to obtain the needed shear buckling
capacity, hence, not a suitable solution. Therefore, a study is carried out for a case
where a girder with a corrugated web has an increased web height of 25%, compared
to three girders with flat webs (thicknesses ranging from 10 to 20 millimeters) where
the web height is kept unchanged. In order to illustrate the possibility to have a
deeper web for the corrugated web girder, the curve for the elastic section modulus
of the corrugated web is translated 25% to the left in Figure5.14.
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Figure 5.14: The elastic bending stiffness for a varying web height

For an increase of web height of 25% for the corrugated web girder, it obtains
comparable or greater bending stiffness than the girders conducted with flat webs.
A comparison for the stiffnesses are presented in Table 5.13. Negative values means
that the deeper corrugated web girder has a greater bending stiffness.
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n (%)
tw = 10mm | t, = 16mm | t, = 20mm
b =0.8m , hy = 1m, (hy.cw = 1.25m) —15% —12% —11%
by =0.8m , hy =2m, (hy.cw = 2.5m) —13% —8% —5%
by =0.8m , hy, = 3m, (hy.cw = 3.75m) —9% —2% 2%
Table 5.13: Comparison for the difference in bending stiffness when increasing the
We corr
web height with 25%, n = 1 — —2-
Wel,flat
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5.5 Influence of web height on the material sav-
ings

One of the advantages of using girders with corrugated webs is the increase in shear
capacity, since the risk of shear buckling decreases. If the risk of shear buckling de-
creases the depth of the web can be increased. When the web height is increased the
stiffness of the cross-section increases and the flange dimensions could be decreased,
as can be seen in Section 5.4. Further, the web thickness can be decreased. With
this in mind material savings could be obtained with regards to a deeper web. In
most cases the free height beneath the bridge is governing the design. A study is
conducted for the case when it does not govern the design to show how much larger
the material saving could be, if a deeper web is used.

The study is done for the bridge 100-262-1. The bridge is appropriate to study since
the span length is long and it is positioned over water, hence allowing for a deeper
web. Six different designs are evaluated for different web heights. The same input
data are used and the design is then optimized with regards to the largest material
savings.

The angle of the corrugation is kept constant to 36 deg. The corrugation depth,
as, and the flat-fold length, a;, is chosen so that the reduction factors for local and
global shear buckling are equal. When a good design for the corrugation is achieved
the rest of the girder is redesigned, see Table 5.14 and Table 5.15. Utilization ratios
are chosen so that they are alike the original design and comparable for different
girder heights. The ratios are listed in Table 5.16.

The calculated material savings are presented in Table 5.17 and Figure 5.15, and
calculated with regards to the original design (carbon steel girder with flat webs).
The results show that for an increased web height, increased material savings are
possible to a certain point. Using a prediction for the material savings it could, for
the studied bridge, be interpreted that no additional savings can be made after an
increase in web height for a factor of 2.1. When comparing the optimal depth of the
web to the original design (carbon steel girder with flat webs) a material saving of
~ 47% is possible. The material savings for different web heights together with the
prediction is plotted in Figure 5.15.
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Table 5.14: Chosen cross-sectional design for X = 0m — 10.5m

Cross-section dimensions (mm)

h bfu tfu hw tw bfl tfl aq as
1.0 2050 | 765 | 35 | 1967 | 9 | 850 | 48 | 120 | 70
1.25% | 2560 | 725 | 35 | 2475 | 7 | 700 | 50 | 124 | 73
1.375 | 2820 | 675 | 35 | 2735 | 7 | 600 | 50 | 135 | 80
1.5 3075 | 580 | 35 | 2990 | 7 | 550 | 50 | 153 | 90
1.75%% | 3590 | 600 | 35 | 3510 | 6 | 600 | 45 | 185 | 110
2.0%* 14100 | 575 | 30 | 4025 | 6 | 525 | 45 | 215 | 125
*Change of cross-section at X = 11.5m
**Change of cross-section at X = 12.5m
Table 5.15: Chosen cross-sectional design for X = 10.5m — 26m
Cross-section dimensions (mm)
h bfu tfu hw tw bfl tfl aq as
1.0 2050 | 830 | 45 | 1953 | 6 | 1180 | 52 | 120 | 70
1.25% | 2560 | 725 | 45 | 2460 | 5 | 925 | 55| 124 | 73
1.375 | 2820 | 675 | 45 | 2720 | 5 | 825 | 55 | 135 | 80
1.5 3075 | 675 | 40 | 2980 | 5 | 750 | 55 | 153 | 90
1.75%*% | 3590 | 700 | 35 | 3505 | 4 | 700 | 50 | 185 | 110
2.0%* | 4100 | 575 | 35 | 4015 | 4 | 625 | 50 | 215 | 125
*Change of cross-section at X = 11.5m
**Change of cross-section at X = 12.5m
Table 5.16: Utilization rates for ULS-checks
Utilization ratios (%)
No.u,mazx No.u,mazx No.l,;maz | MV, max
(casting) | (service life)
1.0 71 100 100 93
1.25 69 100 98 98
1.375 69 100 100 96
1.5 70 100 99 87
1.75 65 100 100 97
2.0 76 98 96 90
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Table 5.17: Material savings for an increased girder height

Material savings (-)

0.6

0.55

0.5

0.45

<
NS

0.35

=
w

0.25

0.2

0.15

0.1

Web height Percentage (%) | Mass (kg)
increase factor (-)

1.0 22.9% 25000 kg
1.25 31.8% 35000 kg
1.375 35.4% 39000 kg
1.5 39.1% 43000 kg
1.75 43.2% 47000 kg
2.0 46.6% 51000 kg
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Figure 5.15: Material savings with regards to an increase in web height
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Discussion

The sixth chapter aims to discuss the results that were obtained for the conducted
case and parameter studies. Throughout the chapter the concept of using stainless
steel girders with corrugated webs will be discussed and any source of errors will be
clarified.

6.1 Case studies

The case studies that have been carried out in Chapter 4 showed that by redesigning
existing bridges using the concept of stainless steel girders with corrugated webs,
material savings of 20-30% were obtained. The saving mainly comes from the pos-
sibility to decrease the web thickness as the risk of shear buckling decreases when
using corrugated webs. Both of the studied bridges had relatively deep webs in
their original design which then demanded thicker webs in order to avoid buckling.
Therefore large material savings could be achieved in the redesign of the structures.

The first bridge that was studied was bridge 100-262-1, whereas the governing check
is the ULS-loads, both before and after the redesign. This lead to that the web could
be redesigned, making use of the increase in the shear buckling capacity obtained
from the use of corrugation. Thereafter, the flanges were optimized with regards to
higher yield stress coming from the use of stainless steel (cross-section class three
resulted in that no effective width needed to be calculated). The next bridge was
100-379-1, whereas the normal stresses in the lower flange in the fatigue limit state
governed, both before and after the redesign. This meant that only an increase in
stiffness could decrease the normal stresses, which by extension would mean that the
material usage would increase. Since the shear stresses in the fatigue limit state were
not governing, the web thickness was made thinner with regards to the ULS-loads
hence decreasing the material usage.

The concept of using stainless steel girders with corrugated webs has only been tested
on bridges with relatively deep webs. Therefore, it is not anticipated to achieve simi-
lar results for girders with less depths. As mentioned the main parameters governing
the material savings is the dimensions of the web. It could, therefore, be stated that
the possibility to save material is strictly dependent on that either of these param-
eters being allowed to be adjusted. The minimum allowed plate thickness is four
millimeters according to Krav Brobyggande, as mentioned in Section 3.2.1. This
means that girders depending on a thinner web thickness for the material saving
will not gain as much by using this concept. However, if there are no restrictions on

105



6. Discussion

the height of the bridge, deeper webs can be used, leading to that the flanges could
be optimized, thus save more material. Discussions on this subject is continued in
Section 6.2.5.

For bridge 100-262-1, the compressive stresses caused by temperature variations
govern the design in ULS. This results in a stress magnitude of around 30% of the
total yield stress in the upper flange. The large temperature stresses results in
that the dimensions for the upper flange is slightly larger for the new design using
stainless steel compared to the original design using carbon steel. When comparing
the utilization ratios for the original and the new design, it seems that the gain
in strength descending from using stainless steel is lost in the top flange due to
the increased temperature stresses. Meaning that with regards to the design of the
upper flange, almost no gain is obtained when using stainless steel girders instead
of carbon steel girders.

In the two conducted studies, it could be argued that the majority of the savings
come from using corrugated webs rather than stainless steel. For bridge 100-262-1
the flanges are made in carbon steel, grade S420. This means that the material
savings that could be gained from a higher yield stress when using stainless steel
are smaller compared to a girder in carbon steel, grade S355. The bridge 100-379-1
is designed using steel grade S355 but since it is governed by the fatigue strength,
the design strength is independent of the steel grade. However, the saving that has
been presented for bridge 100-379-1 depends mainly on the fact that the webs in the
original design are made of thick plates.

The cost estimation for bridge 100-262-1, made by Stal och Rérmontage AB, shows
that the suggested design concept can be economically motivated for the new design.
When accounting for the costs of repainting, the net present value of both alterna-
tives clearly shows the benefit of using stainless steel girders with corrugated webs.
However, it should be mentioned that this is a simple cost analysis, not accounting
for all economical aspects that should be considered if an LCC-analysis were to be
conducted. Further economical aspects to consider in order to get a better evalua-
tion of the concepts are traffic conjunctions during service measures, the size of the
needed cranes in the construction phase (hence the price of the cranes), and the rate
of recycling at the end of the service life. These aspects would, however, be more
beneficial for the new design concept since it is maintenance-free in terms of repaint-
ing, lighter, and 100% recyclable in the end of its service life (Stalbyggnadsinstitutet,
2017).

6.2 Parametric studies

The parametric studies that have been carried out in Chapter 5 have shown both
the advantages and the disadvantages of designing stainless steel girders using corru-
gated webs. The advantages have been savings in terms of material usage, meanwhile
the disadvantages have been large stresses due to temperature loads that might be
inevitable for this type of design.
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In the parametric studies, no effective cross-section is considered for the flat web
girders. More specific the web is not reduced, even if it fulfills the criterion for
cross-section class four. This is a source of error, which has an impact on the elastic
section modulus. Meaning that, in the parametric studies, when comparing flat web
girders to corrugated girders, a larger stiffness, for flat web girders, than allowed
is accounted for. This affects the studies for the shrinkage and the temperature
stresses, shown in Section 5.2 and 5.3. If the effective height of the flat web girders
were to be calculated, larger stresses are expected, since the stiffness decreases.

6.2.1 Effective width of the compressed flange

The calculated effective width is different for a girder with a corrugated web com-
pared to a girder with a flat web. The difference mainly depends on the depth of
the corrugation. As shown in Section 5.1, the reduction factor, p, for corrugated
webs are larger for shallow corrugation depths when following the design codes. For
increasing corrugations depths the reduction factor for corrugated webs decreases.
However, the method suggested by Johanssons et al., (2007) results in constant
values for the reduction factor, even if the corrugation gets deeper.

The yield strength of steel is dependent on the size of the plates, more specifically
the thicknesses. This is clearly shown in Table 2.3 (stainless steel) and Table 3.9
(carbon steel), whereas smaller plate thicknesses has higher strength parameters.
For the flanges in corrugated web girders, larger values for the reduction factor, p,
are achieved, which is shown in Section 5.1. For a larger reduction factor, thinner
flanges can be used, thus, resulting in a higher yield strength for the specific part.
This means that a higher material utilization is obtained. However, the increase in
yield strength is different dependent on the choice of steel. For stainless steel the
limits for the yield stress are changed at thicknesses of 8, 13.5, and 75 millimeters
(6.4, 10, and 75 millimeters for steel grade 1.4162). For carbon steel the limits are
changed at 16, 40, and 63 millimeters. Therefore, in the conducted case studies,
no increased yield strength for the stainless steel girders were achieved as the limits
were far from either of the parts thicknesses.

Furthermore, the effective width has an influence on the LT-buckling in the casting
phase. For flanges in corrugated web girders, the value for the reduction factor is
larger, hence, the calculated effective width is larger. When using the simplified
method, presented in Section 3.6.1.1.1, the dimensions of the compressed flange is
used for calculating the moment of inertia around the weak axis. Since the moment
of inertia around the weak axis is highly dependent on the width of the flange, a
small increase in the effective width results in a cubic increase in stiffness. This
increase in stiffness has a large influence on the LT-buckling capacity.

Lastly, the equations given by Appendix D in SS-EN 1993-1-5 should be discussed
regarding their applicability in bridge design. As shown in Figure 5.1, the reduction
factor is not on the safe side for the evaluated cross-sections. Calculations showed
that no reduction should be made, even for very wide flanges, as long as corrugated
webs are used. In the case studies, this was considered by limiting the buckling
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coefficient, k., when calculating the reduction factor.

6.2.2 Influence of corrugation on the shrinkage stresses

Shrinkage induces compressive stresses in the upper steel flange. These have a sub-
stantial influence on the overall ULS-loads, since they sometimes are larger than the
multi-component traffic load (Appendix F). Figure 5.5 shows that the compressive
stresses in the upper steel flange are larger for a corrugated web than for a flat
web. The difference descends from the negligence of the web for the section using
corrugation. When neglecting the web, the sectional area and the bending stiffness
decreases, but the sectional forces decrease as well. However, the sectional constants
decrease with a higher rate than the sectional forces causing an increase of compres-
sive stresses in the upper flange. Note that the study for the shrinkage stresses is
independent of the material, meaning that only the concept of using corrugation
influences the stresses.

In Section 5.5, it is shown that for an increased web height, material savings could
be made. Therefore, the stresses for a 25% deeper web are calculated. However,
Figure 5.5 shows that there is a negligible difference in the stress magnitude if the
height is increased. The stresses are kept close to constant because of the sectional
forces increasing with the same rate as the sectional constants.

6.2.3 Influence of the material choice and corrugation on
the temperature stresses

For bridge 100-262-1, the temperature stresses in the upper flange are the design
load case. Temperature is governing since the linear coefficient of thermal expansion
is much larger for stainless steel than for carbon steel. Furthermore, the thermal
coefficient for composite bridges using carbon steel is recommended, by the design
codes, to be taken the same as for concrete, which is even smaller than the coefficient
for carbon steel. The coefficient for stainless steel is 60% larger than for concrete.
The study, presented in Section 5.3 mainly aims to show the influence of the linear
coefficient of thermal expansion, but also to highlight the difference in stress when
using corrugated webs instead of flat webs.

Figure 5.6 shows that the compressive stresses in the upper steel flange are much
larger when using stainless steel instead of carbon steel. There is a marginal differ-
ence for the stresses dependent on if the girder is built with corrugated webs or flat
webs. The compressive stresses are caused by the strain difference between the steel
and the concrete. Only the strain difference is studied since the bridge is simply
supported and, therefore, only the internal differences between parts is of relevance.
For a continuous bridge, both the strain difference and the resulting restraining
forces would have an impact. The strain difference is dependent on the maximum
temperatures in the surrounding air and an additional temperature difference be-
tween parts defined by SS-EN 1991-1-5. For girders in carbon steel, only the latter
is of relevance, since the concrete and the steel will expand or contract the same,
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thus, the strain difference will be zero, which cause the stresses for stainless steel to
be much larger.

Since the calculations are based on the report of a previously designed bridge, the
study follows the same presumptions. However, the method of applying a strict
temperature difference between parts could sometimes be rather conservative, as
it assumes that there is a distinct temperature difference in the joint between the
concrete and the steel. The other method presented in the guidelines assumes a
linear temperature difference over the cross-section. No study has been carried out
using this method, but further studies should aim to investigate the full effect of
temperature differences in composite bridges with stainless steel girders.

In order to see how the stress distribution changes for a deeper web, a study is
conducted for an increase of 25% of the girder height. The investigation conducted
in Section 5.5 shows that an increase in the web height resulted in substantial savings
of material. However, it should be noted that it exists a optimum web height from
where no excessive material saving was obtained. The temperature stresses do not
seem to be strongly dependent on the depth of the web. In the calculations, it
rather looks like the applied forces on the section increase as much as the sectional
constants, hence, resulting in only a slight increase of stresses, see Figure 5.7 and
Figure 5.8.

The temperature stresses are also dependent on the location of the bridge, therefore,
it was investigated if stainless steel structures are more suitable in the northern
part of Sweden. Surrounding temperatures in the environment are given by TSFS
2018:57, whereas the maximum temperature variations cause the worst load case
for a simply supported composite bridge with stainless steel girders. The highest
temperatures are found in the southern part of Sweden, even if it was shown that the
relative difference between the south and the north is small. Figure 5.10 compares
the largest temperature variations to the smallest temperature variations. For a
girder with corrugated webs in stainless steel, the difference in the compressive
stresses is 13% (Table 5.10), for the highest and the lowest maximum temperature
variations. The difference between these stresses further makes up for 2% of the
yield stress for the characteristic loads, meaning that the location of the bridge does
not matter as much as the overall use of a temperature-responsive material, thus
stainless steel.

6.2.4 Corrugation’s influence on the elastic section modulus

The study on the corrugation’s influence on the elastic section modulus showed
that the stiffnesses varied as expected. When calculating the stiffnesses for a girder
with corrugated webs, the webs are neglected, and therefore the bending stiffness
is smaller compared to a flat web. However, one of the main advantages of using
corrugated webs over flat webs is the possibility to increase the web height without
increasing the risk of buckling. Therefore, the study showed that for an increased
web height of 25% for the girder with corrugated webs, the elastic section modulus
was comparable or larger than the girder with flat webs. Note that the height of the
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flat web was not increased as it is limited by the risk of buckling. This means that
the loss of bending stiffness when neglecting the web could be regained by increasing
the web height for a girder using corrugated webs.

6.2.5 Girder height’s influence on the material savings

In the first sections of this chapter, it has been discussed that there are positive
effects if the web height is increased when using the concept of stainless steel girders
with corrugated webs. The elastic bending stiffness increases for a deeper web, and
the temperature stresses, which are the design load case for bridge 100-262-1, are
kept close to constant for an increased height. Therefore, the material savings with
regards to an increased depth of the web is studied. The savings that could be
achieved by increasing the height of the girder spans from approximately 25% to
50% for bridge 100-262-1, see Section 5.5.

The study showed that material savings could be achieved for girder heights up to
a factor of 2.1 in comparison to the original design. However, in most cases, it
is not reasonable to have such deep webs, and therefore material saving of 50% is
not possible in practice. Neither does any supplier have that large plates in their
standard assortment, meaning that high costs might overcome the saving itself.
Nevertheless, it is worth stressing that the study showed that for every linear increase
in the depth of the web resulted in a quadratic saving with regards to material usage,
which means that as long as the free height beneath the bridge is not compromised
the objective should always be to maximize the depth of the web.

During the design of the six girders, the same utilization ratios were aimed so that the
results were comparable, and a trend line could be obtained. When using standard
dimensions, this is not always possible since a change in a single millimeter in the web
thickness could result in a 20% larger or smaller capacity for thin web thicknesses
(~4—6mm). In order to be able to decrease the web thickness wherever needed, the
section for where the web changes thickness was displaced. By moving the section,
a larger material saving could be obtained.

The design of the girders starts with a redesign of the corrugation. The corrugation
is chosen so that one segment length, s, is as short as possible, leading to less material
usage. The angle of the corrugation, «, and the depth of the corrugation, as, are
the two governing parameters controlling the segment length. For a fixed angle, the
depth of the corrugation should be chosen as small as possible. In Table 5.14 and
Table 5.15, it is shown that the depth needs to be increased for an increasing web
height.

The study that has been done for the material savings is very much bridge specific.
The correlation between the girder height and the material savings is dependent on
the overall geometry, the applied loads, but most important the governing checks.
However, it shall still be noted that the savings will behave quadratic for any bridge
when increasing the depth of the web. Dependent on the governing design check,
different material savings are expected for different bridges.
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Conclusions

The following chapter will conclude and respond to the aims and objectives that
were set up at the beginning of this thesis.

The aim of this thesis has been to study the applicability and effectiveness of using
the concept of stainless steel girders with corrugated webs when designing steel-
concrete composite bridges. The effectiveness was studied with regard to any mate-
rial savings that could be achieved by applying the concept. Further, the objective
was to identify the differences that most influences the design.

Applicability, during the design of a composite bridge with stainless steel girders
and corrugated webs, some struggles arose as the design procedure was formulated.
First, it was noticed that the formulation of calculating the effective width of the
steel flanges was not applicable for the design of corrugated webs. Therefore, be-
fore applying the method formulated by the Eurocodes, further studies should aim
to investigate the behaviour of the girder during compressive loading. Next, the
compressive stresses in the upper steel flange arising from strain differences due
to temperature variations should be more thoroughly studied as these are one of
the governing load cases for both of the studied bridges. For instance, a finite ele-
ment model should be set up for the girder, studying the influence on the stresses
dependent on how the temperature strains are implemented.

Effectiveness, the concept of using stainless steel girders with corrugated webs re-
duces the material usage of composite bridges compared to if a traditional flat web
design in carbon steel is used. Material savings between 20-30% can be expected
if the girder height is kept unchanged. The material savings are, however, highly
dependent on the bridge height. Without any restrictions on the free height beneath
the bridge, the material savings approaches 50% compared to the original design.
It is concluded that a linear increase in the depth of the web results in a consider-
able saving of material up to a certain point. The effectiveness, from an economical
aspect, of the suggested concept is in the case studies, showed to be competitive
compared to the investment cost of the original concept. The cost estimation, in-
cluding the net present value, showed an economical saving of 27% (representing 1
624 000 SEK), for the redesigned bridge, bridge 100-262-1. Thus, it is expected that
further economical savings are expected if the estimation were to be carried out for
the deeper girders.

In conclusion it should be stressed that the concept of using stainless steel girders
with corrugated webs has good prospects to be implemented in the industry today.
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A

Load combinations

A.1 Ultimate limit state

Table A.1: Load combinations, ultimate limit state - (EQU) 6.10

Permanent loads | sup inf | Max Min Reference

Self-weight 1.0 1.0 |~ - L.1-sup |09 -inf SS-EN 1990 4.1.2 (5)

Asphalt cover 1.1 09|~ - 1.1 sup |09 -inf SS-EN 1991-1-1 5.2.3 (3) , TSFS 2018:57 5 ch. 3§
Shrinkage 1.0 1.0 1.0 - sup 1.0 - inf SS-EN 1990 4.1.2 (3), SS-EN 1992-1-1 2.4.2.1 (1)
Variable loads v, Main Other Reference

Traffic 0.75 Ya 1.5 Yq - 1.5 - Wy TSFES 2018:57 4 ch. 8 § Table 4.2

Acceleration 0.75 Vg 1.5 0.6 |- 1506 - ¥y | SS-EN 1990:2002 Table A2.1

Temperature 0.6 Ya © 1.5 va - 1.5 - Uy SS-EN 1990:2002 Table A2.1




II

Table A.2: Load combinations, ultimate limit state - (STR/GEO) 6.10a

Permanent loads | sup inf | Max Min Reference

Self-weight 1.0 1.0 |~ - 1.35 - sup | 1.0 - inf SS-EN 1990 4.1.2 (5)

Asphalt cover 1.1 0.9 |~ - 1.35 - sup | 1.0 - inf SS-EN 1991-1-1 5.2.3 (3) , TSFS 2018:57 5 ch. 3§
Shrinkage 1.0 1.0 | 1.0 - sup 1.0 - inf SS-EN 1990 4.1.2 (3), SS-EN 1992-1-1 2.4.2.1 (1)
Variable loads v, Main Other Reference

Traffic 0.75 Yg - 1.5 - Wy Ya - 1.5 - Wy TSFES 2018:57 4 ch. 8 § Table 4.2

Acceleration 0.75 Ya - 1.5 - 0.6y | 74 - 1.5 - 0.6 - ¥y | SS-EN 1990:2002 Table A2.1

Temperature 0.6 Yq - 1.5 - Wy Yq - 1.5 - Wy SS-EN 1990:2002 Table A2.1

Table A.3: Load combinations, ultimate limit state - (STR/GEO) 6.10b

Permanent loads | sup inf | Max Min Reference

Self-weight 1.0 1.0| g -0.89 135 sup | 1.0 - inf SS-EN 1990 4.1.2 (5)

Asphalt cover 1.1 09|79 -0.89 135 sup| 1.0 - inf SS-EN 1991-1-1 5.2.3 (3) , TSFS 2018:57 5 ch. 3§
Shrinkage 1.0 1.0 1.0 - sup 1.0 - inf SS-EN 1990 4.1.2 (3), SS-EN 1992-1-1 2.4.2.1 (1)
Variable loads v, Main Other Reference

Traffic 0.75 Ya © 1.5 - va - 1.5 - Uy TSFES 2018:57 4 ch. 8 § Table 4.2

Acceleration 0.75 Ya 1.5 - 0.6 va - 1.5+ 0.6 - ¥g | SS-EN 1990:2002 Table A2.1

Temperature 0.6 Yqg - 1.5 - Yg - 1.5 - Wy SS-EN 1990:2002 Table A2.1

A.2 Serviceability limit state

SUOTYRUI(UIOD PROT Y
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Table A.4: Load combinations, serviceability limit state - Frequent - 6.15b

Permanent loads | sup inf Max Min Reference

Self-weight 1.0 1.0 1.0 - sup | 1.0 - inf | SS-EN 1990 4.1.2 (5)

Asphalt cover 1.1 0.9 1.0 - sup | 1.0 - inf | SS-EN 1991-1-1 5.2.3 (3) , TSFS 2018:57 5 ch. 3§
Shrinkage 1.0 1.0 1.0 - sup | 1.0 - inf | SS-EN 1990 4.1.2 (3), SS-EN 1992-1-1 2.4.2.1 (1)
Variable loads U A Uy | Main Other Reference

Traffic 0.75 0.75 0 vy Uy TSFES 2018:57 4 ch. 8 § Table 4.2

Acceleration 0.75 0.75 0 - - SS-EN 1990:2002 Table A2.1

Temperature 06 06 05|, v, SS-EN 1990:2002 Table A2.1

Table A.5: Load combinations, serviceability limit state - Quasi permanent - 6.16b

Permanent loads | sup inf Max Min Reference

Self-weight 1.0 1.0 1.0 - sup | 1.0 - inf | SS-EN 1990 4.1.2 (5)

Asphalt cover 1.1 09 1.0 - sup | 1.0 - inf | SS-EN 1991-1-1 5.2.3 (3) , TSFS 2018:57 5 ch. 3§
Shrinkage 1.0 1.0 1.0 - sup | 1.0 - inf | SS-EN 1990 4.1.2 (3), SS-EN 1992-1-1 2.4.2.1 (1)
Variable loads Y, ¥; W, | Main Other Reference

Traffic 0.75 0.75 0 Uy Uy TSFES 2018:57 4 ch. 8 § Table 4.2

Acceleration 0.75 0.75 0 v, v, SS-EN 1990:2002 Table A2.1

Temperature 06 06 0.5 W, Uy SS-EN 1990:2002 Table A2.1

SUOTYRUIqUIOD PROT Y
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Parameter study: Effective width

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
B: 10f12

Appendix E

E.1  Geometry

b= 42 mm
bqf:: 800 mm
tyi= 55 mm
blf:: 1150 mm
10 mm
t,=|16 mm
20 mm

Aypeld *= 4 mm

E.1.1

a.; =110 mm

0.:=36 deg

a.3:=T75 mm

a

yyi=— < =128 mm
sin <occ
a
Apyi= < =103 mm
tan occ)

S.:=a,; +a,=238 mm

wy.i=a,;+a.,=213 mm

SC
—=1.11
w,

b, a t
Cur(ty s byp) = uf+ o
f< ’ uf) b b 5

E
Y I S
fur 210000

12/05/2020

Thickness of upper flange

Width of upper flange

Thickness of lower flange

Width of lower flange

Thickness of web

Weldthroat thickness

Corrugation shape

Flatfold length

Corrugation degree

Corrugation depth

legnth of hypopythis

Length of angled part

Length of corrugation

Straight length

Ratio corrugation/straight length

—V2-a,,

3y

Influence of corrugation on elastic bending stiffness

Sz a1+

d3

= I




Parameter study: Effective width

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
B:20f12

E.2 Corrugated web stiffness

E.2.1 Plate buckling of compressive flange corrugated - SS-EN 1993 1-4 5.2.3

hheam (hw> = hw + tuf+ t[f

Apopg =0 +2 a.y SS-EN 1993-1-5 D.2.2.(1) Equation D.4
- Cur (s Buy) i - i
ki (1> b,g) =043 + SS-EN 1993-1-5 D.2.2.(1) Equation D.4
A Apend
ky=0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4
Ko (15 Bg) 5= min (g (3 b)) SS-EN 1993-1-5 D.2.2.(1) Equation D.4

Cur (b buy)

t -
Apu <tw, buf) = i Slenderness of flange plate SS-EN 1993-1-1 (2)
284 <&, \ kp, (1, by)

Pu(tsby) =i 4, (1,,b,7) <0.748 Reduction of flange area SS-EN 1993-1-5 (2) 4.4
‘ Equation 4.3. Same for carbon steel as for Stainless
1
steel
else

2

- (xpu (t,b,)—0.188 7 1)
lpu (tw ’ buf>

Begic corr (s Bug) =Py (3 by) = by SS-EN 1993-1-5 Table 4.1

12/05/2020



Parameter study: Effective width

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

E.2.2 Stiffness steel beam

Ly

beﬂhﬁcorr <tw ) buf> ° tuf'

t
+ blf' tlf' (hbeam <hw> - f)

Zg <hw 2 by buf> =

begiu_corr (tw > bug) * tu+ b=y

2

tu
2f —Zg <hw Ly buf)) d

begi cor (b Bug) +
12

3
1ot = bt

2

3
b'l/'. ly + blf' Ly (hbeam (hw) - i ~Z <hw 3 bws b“f))

+

2

—_—
L(h,,t,,b,,

Wg"f"o”' (hw s by buf> = ﬁ
g wo w Yy

ty+
WguicorrZ <hw ’ tw 5 buf) = bej]uicorr <tw ’ buf> ° tuf' (hw + Y f)

Appendix D calculation

[y <hw 2Ly s bu)
hbeam (hw> —Zg <hw sy byf)

ngfcnrr <hw ’ tw ’ buf) =

E.2.3 Stiffness composite section

Ay (b bug) 3= tug e corr (s bug) + 1y by

2
Aslab.ﬁc =15m

hm.slab =032 m
beﬂ;mid =485 m

A
ASI*Short <tw 9 b“f) = AS (tw ) bu ) + %
L2

Lyt 1ty

ngfcorrZ (hw) = b_lf' t_lf' (hw + T

AH/EY
B:30f12

Area of composite section for shortterm loads

A lab. h .slab !
slabfic '%‘Fl‘uf' beﬁu_corr (tw’ buf) : hm~31‘1b+%f

n
L2

7
+ tlf' blf' (hm.slab + tuf+ hw + 7f

Zip short (hw sy buf> = 1
slab.fic

n + tuf' bejfu_corr <tw ) buf) + tlf' blf
IL,
2

Centre of gravity from the top

12/05/2020
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2

Iyﬁshort (hw oy buf> = Iy (hw oltmg buf> +4, <lw , buf> . <<Zg <hw, Ly buf> + hm.slab) ~ Zip_short <hw, Ly b, >> d
h 3 beﬁimid
m.slab
an A 1ab h 1ab :
+ 12 + Sn;ﬁc ' m;a ~ Zip_short <hw 3 b bu)

w (h t b f> — Iyﬁshort <hw ’ tw ) buf>

comp.corru \"*w» *w “u
thfshort <hw ’ tw ) buj)

I y_short <hw ’ tw ’ b u/)

/4
<hbeam (hw> + hm.slab> - thf.v/wrt <hw s Ly buf>

comp.corr.l <hw 1l b“f) =

E.3 Flat web stiffness

E.3.1 Plate buckling of compressive flange flat we - SS-EN 1993 1-4 5.2.3

bu t\V
c%f<tw7 bllf) = 2f _7 -V2- Ayeld
k=043
Cur (b buy)
t.
Ty (o bug) 1= '

uf
284+ 6,0\ kp

Pu(tsby) =if 4, (t,,b,7) <0.748
[

else

. (xpu (ty,b,) —0.188 ,1]

min S
’1/714 (Zw ’ buf)

beg <tw J buf) =Pu <tw7 buf) by

12/05/2020



Parameter study: Effective width

Master thesis: Design of composite steel- concrete bridges
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AH/EY
B:50f 12

E.3.2 Stiffness steel beam flat web

begiu (tws bug) * tus*

Ly h,, ly
hoe|h h,) —ty———|+ bty | B h,,) ——
b )+tw w ( beam( w) tlf b )+ If tlf ( beam( w> 2)

z Ryt by =
g flat ( wo bwo uf)
begiu (tw Oug) * tug+ Oy ty+ 1+

2
t

;f_ g_ﬂat(hw7tw7bu)) d

b (ty by 1,7
Iy_ﬂat<hw,tw’buf>:: eﬁ‘ix( ,12f> 4 +beﬁ‘it(tw?buf).tuf'(

t,oh,’ h,,
+ +tw'hw' g_ﬂat(hwatwabuf)_tuf_T d

12

bl o1 } I
* f12f + 0y tye (hbeam (hW) _?f ~ Zg flat (hw 2 b b“>

Iy_ﬂat (hwatwvbu>
Zg_ﬂat (hwatwvbu>

Iy_ﬂat (hw’ tw’ bu>
hbeam (hw) ~Zg flat <hW$ Lys bu>

Wguﬂat (hw s buf> =

ng_ﬂat <hw by s buf) =

E.3.3 Stiffness composite section

As_ﬂat (tw ) buf’ hw> = uf® beﬁ‘i[ <tw 5 buf> + tlf. blf‘i‘ tw . hW

Area of composite section for shortterm loads

Centre of gravity from the top

12/05/2020

Created with PTC Mathcad Express. See www.mathcad.com for more information.



Parameter study: Effective width

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

Iy_short_ﬂat (hw ’ tw ’ buj>
th_shart_ﬂat (hw ) tw 9 buf>

Wcamp‘ﬁaﬁu (hW’ tW’ b“f> =

1, (gt byy)
W, hot . b )= y_short_flat \lw » Lw » Oy
comp-ﬂat.l( wobwo b!f) (hbealn <hw) + hmslab) = Zyy short flat <hw, ty, buf>

forie 1..length (hw>
out «— min (Wcompﬂatl (hw ) ZLw ’ buj) ) Wcompﬂatu (hw.7 Ly bu ))

1

I/Vcomp.‘/"lat (tw? buf> =

out

Wcomp.ﬂat (x ) tw ’ buf) = linterp (hw ’ Wcompﬂat (tw 9 buf) ,)C)

12/05/2020
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Parameter study: Effective width

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
B:70f 12

E.4 Comparisson Steel cross-section

h,:=\foriel..21 byjpior:=||fori € 1..81
H out +—1 m+0.1 m-(i—1) Houu—o.s m+0.01 m+(i—1)
| |
out out
Wau corr Elastic bending stiffness corrugated web- W=l/z
Weu corr Elastic bending stiffness corrugated web- SS-EN 1993-1-5 Appendix D calculation
Weou flar Elastic bending stiffness flat web- W=l/z

------ = Flat Web

= Corrugated web

Flange width 800mm

A

0.16
0.15
0.14
0.13
0.12
w. <hw,6 mm , 800 mm> <m3>

0.11 8gu_corr

w.

01 gu_corr2

(hw,6 mm , 800 mm) <m3>
)

0.09 Weou flat <hW, 10 mm , 800 mm) <m3

0.08

0.07

~—
—_
3
w
~—

Weu ftat (yy 30 mm 800 mm

0.06
0.05

0.04

0.03

12/05/2020
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AH/EY
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Flange width 900mm

0.19
0.17
0.16

0.14 /% <hw, 6 mm,900 mm> <m3>

gu_corr

0.13

&

0.11

Weau corr2 (hw ,6 mm, 900 mm) (m3>
)

W e tat (P> 10 mm ;900 mm)~ (m’
W tat (s 20 mm ;900 mm) (m*)

0.1
0.08

0.07

We ftat (o 30 mm ,900 mm

~
—
3
“w
~

0.05

0.04

Flange width 1000mm

A

0.18
0.16
0.15

Weu corr (s 6 mm ;1000 mm) (m*)

0.13
gu_corr

0.12
8

W corr2 (I, 6 mm ;1000 mm) (m*)
)

01 W e st (yy» 10 mm 1000 mm)  (m?

0.09

0.07

Weu ftat (Byy» 30 mm , 1000 mm

~—
_
3
w
~—

0.06

0.04

v

12/05/2020



Parameter study: Effective width

. . ) . AH/EY
Master thesis: Design of composite steel- concrete bridges B: 9 of 12
using Stainless steel girders with corrugated web 90
E.4.1 Comparisson Steel cross-section, deviation
Web thickness 10mm Web thickness 16mm
/4 1 6 700 /4 1 6 700
n = 1— gu_corr( m,6 mm, mm) — 8% 0= 1— gu_corr( m,6 mm, mm) _ 11%
W par (1 m ;10 mm , 700 mm) W st (1 m, 16 mm , 700 mm)
W, 1 6 800 /4 1 6 800
np=1— g",CUVV( 0 o\ T mm) —6% n=1— guicarr( m,06 mm, mm) —10%
Weuiar (1 m ;10 mm, 800 mm) Wi (1 516 mm ;800 mm)
/4 1 m,6 mm,900 mm Wi core\1 m,6 mm,900 mm
0= 1— guicorr( ) — 0= 1— gU_ ( ) — 5%
W (1 m, 10 mm , 900 mm) Weu (1 m ;16 mm ,900 mm)
W, 2 m,6 mm,700 W, con (2 m,6 mm,700
nyi= 1— gufcnrr( m mm mm) —14% n,i= | _&u ( m mm mm) —20%
Wguﬂm(z malo mm7700 mm) Wguﬂat(z m,16 mm,700 mm)
W, 2 m,6 mm,800 W, con(2 m,6 mm,800
’72 = 1 _ guicorr( m mm mm) = 12% ’72 = 1 _ gu_co. ( m mm mm) = 18%
W 1t (2 m, 10 mm , 800 mm) W (2 M, 16 mm ;800 mm)
/4 2 6 900 /4 2 6 900
’72 = 1 _ gu_corr( m’ mm’ mm) - 7% ’72 = 1 _ gu_corr( m? mm’ mm) = 13%
I/Vgu_ﬂat(2 m, 10 mm , 900 mm) Wgu_ﬂa,(Z m, 16 mm ,900 mm)
W corr (3 6 700 W corr (3 6 700
’72 = 1 _ guiwrr( m’ mm? mm) — 19% ’72 = 1 _ guiwrr( m’ mm I mm) — 27%
W 1t (3 m ;10 mm , 700 mm) W f1a(3 m, 16 mm , 700 mm)
/4 3 6 800 W, 3 6 800
’72 = 1 _ guicarr( m’ mm 9 mm) — 17% ’72 = 1 _ guicarr( m’ mm 9 mm) :24%
Weu 1t (3 m, 10 mm , 800 mm) Weu ot (3 m 16 mm ,800 mm)
W, 3 m,6 mm,900 W, con (3 m,6 mm,900
7= 1— gufcorr( m mm mm) _ 12% 7= 1— g ( m mm mm) _ 19%
W 1t (3 m, 10 mm , 900 mm) Weu par(3 m ;16 mm ,900 mm)
Web thickness 20mm
W, 1 m,6 mm,700 W, core (3 m,6 mm 700
= 1— gufcnrr( m mm mm) —149% n,= 1— gu_ ( m mm mm) —31%
W 1t (1 m,20 mm , 700 mm) W s (3 m 520 mm , 700 mm)
W, 1m,6 800 W, won(3m,6 800
gy 1 = Ve con (1,6 1,800 mm) gy 1 = o3, 6 mm 800 mm) _
W 1t (1 m,20 mm , 800 mm) W (3 M, 20 mm ,800 mm)
w. 1 6 900 /4 3 6 900
’71 = 1 _ gu_corr( m’ mm’ mm) =8% ’72 = 1 _ gu_corr( m’ mm’ mm) =23%
Wguﬂat(l m, 20 mm 9 900 mm) Wguﬂat(3 m, 20 mm s 900 mm)
W cor\2 6 700
0= 1— guiwrr( m,6 mm, mm) — 24%
W f1a(2 m,20 mm , 700 mm)
W, 2 m,6 mm, 800
’72 o= 1 _ guicorr( m mm mm) = 21%
W f1a(2 m,20 mm , 800 mm)
W, 2 m,6 mm,900
’72 =1— guicnrr( m mm mm) — 16%

12/05/2020

/4 ﬁm(Z m,20 mm,

8u

900 mm)
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E.4.2 Comparisson Steel cross-section, flange width

0.11
0.1
0.1

0.09

w (2 m,6 mm, bufp,m) <m3>

corr
0.08 g

0.08

0.07

Wguicorﬂ <2 m, 6 mm ’ bufplot) <m3 >
)

Wgu_ﬂat <2 m, 10 mm ’ buf.plot) (m3

Wgujlat <2 m, 20 mm ) buf.'plat> <m3 >

Wguﬂat (2 m730 mmvbuf.plot> (m3>

0.07

0.06

0.05

0.05

0.04

v

0.5 0.58 0.66 0.74 0.82 0.9 098 1.06 1.14 1.22 1.3
bufplot m)

12/05/2020
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E.5 Comparisson composite cross-section

W comp.corri Elastic bending stiffness corrugated web
W comp.fiat.i Elastic bending stiffness flat web

Flange width 800mm
A
0.3
0.28
0.26
0.24

Wcomp.cornl <hw ’ 6 mm ’ 800 mm) <m3 >

0.22

W somptans (o 10 mm 800 mm) (m*)

comp.flat h,,20 mm,800 mm> <m3>

W comprtars (B » 30 mm ;800 mm) (m*)

0.18

0.16

—~

0.14

0.12

0.1

0.08

\4

Flange width 900mm

A
0.26
0.24
0.22

0.2 /%4

comp.corr.l

(hw,6 mm , 900 mm) (m3>

0.18

W eomp flat. <hw, 10 mm,900 mm> <m3>

W eompiats (s 16 mm 900 mm) (m*)

Wcomp_ﬂm_,<hw,20 mm , 900 mm> <m3>

0.16

0.14

0.12

0.1

0.08

v
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. . . . AH/EY
Master thesis: Design of composite steel- concrete bridges B: 12 of 12
using Stainless steel girders with corrugated web - 1eo
Flange width 1000mm
A
0.26
0.25
0.23
0.22
0.2
W compeoret (125 + b, 6 mm ;1000 mm) (m® )
0.19
017 W compiats (s 10 mm ;1000 mm)  (m*)
%6t S, TEEEETTssssTesssTTssssssssss=
0.14 Wcomp.ﬂat.l <hw, 16 mm, 1000 mm) <m3>
0.13
. W eompiats (s 20 mm ;1000 mm) (m*)
0.1
0.08
1 1.2 I‘.l 1.6 1.8 é 2.2 24 21()’ 218 3 >
hy, (m)
E.5.1 Comparisson composite cross-section, deviation
WCO’"PCU”’-](I g 6 mm ? 800 mm) Wcamp.mrr.l(l /%) 6 mm ’ 800 mm)
nl_comp =1- = 4% ”I_comp =1- = 6%
Wcompﬂat.l(l 2 10 mm 9 800 mm) Wcompﬂat.l(l m, 16 mm 9 800 mm)
/4 2 m,6 mm,800 mm W omp.corri\2 m,6 mm , 800 mm
N2_comp *= 1- COmP»CDrKI( ) =8% M2 comp = 1 - Al( ) =12%
¥ W comptats (2 m , 10 mm , 800 mm) - W comp fias1 (2 m ;16 mm ,800 mm)
W, 3m,6 , 800 W, (3 m,6 , 800
13 comp ™= 1— comp.corr.l( m, 6 mm mm) =12% 13 comp™= | = P .l( m, 6 mm mm) =17%
B Wcomp.ﬂat.l(3 g 10 mm Y 800 mm) - Wcomp.ﬂat.l(?’ m, 16 mm ’ 800 mm)
Wcomp.cm,(l m,6 mm, 800 mm)
M1 _comp= 1— =8%
W eompfiai (1 m ;20 mm ,800 mm)
/4 2 m,6 mm,800 mm
772_c0mp == comp.carr.l( ) 9 ) _ 15%
W eomp fias (2 m ;20 mm ,800 mm)
W ompcors (3 1,6 mm , 800 mm)
13 comp=1———"+ =20%

Wcomp.ﬂatl (3 m, 20 mm ) 800 mm)
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Parameterstudy evaluating the corrugation's influence on the shrinkage stresses

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
C:10f5

C Corrugation influence on shrinkage forces

£.,=2.46.107" Total shrinkage - SS-EN 1992-1-1 3.1.4, Equation 3.8
Agiap fie=1.576 m’ Area of concrete slab
Ny et =Ny, = 14.9 Modular ratio considering creep

C.1 Cross-sectional constants
Functions are created for calculation of the cross-sectional constants.

Steel section

A (Bgs tos oy s Ly by 1) =Dyt + Iy o b+ b e 1y

L

bu'tu' +hw'tw'
fu S 7

+bﬂ'tﬂ'

t+hw
T

t
tﬁ,+hw+§

z(bs, , t;  h,,t,, by, ty) =
</“’/“’ wI W) ﬂ’ﬂ> A<bﬁ4’tﬁ45hwﬁtw’bj[’tjl>

bu'tu?, til
[<b/uat/uahwatwabﬂatﬂ>:: ]12] +bﬁ4'tﬁ4'(Z<bjuatjuahwatwabﬂatﬂ>_%) d

2

t,+h,’ h,
+ b, hy +tju_Z<b]uat]uahwatwabﬂatﬂ> d
12 2
2
byet, (t \
+- +bﬂ'?ﬂ'k§+hw+f/u—z<b_/m?/mhw’fwbﬂ%ﬂ)}

Composite section

A.l b.fi
Acomp (st s s by 1) 5= A (B s o 4, b 1) + ;;mﬂc
L cs

A —h t h t
M‘M"‘b,’u‘?fu‘ﬂ"‘hw‘%‘ fﬁﬂ‘l +bﬂ.;ﬂ. ;fu+hw+i
n 2 2 2 2
Zeomp (Djics s oy b by 1) 1= —=2
comp \Yfu s “fustwotwo Cfly M) 4
slab.fic
7+A<bfu’tfu’hw’tw’bﬂ)tﬂ>
nLics . . . .

2
Leomp (B> s Pt B 10) 5= 1 (B s Pyt O 10) +-A (b B oyt b 10) = (2 (B B o s b ) &)
_Zcomp <bfu ’ Z_quv hw 9 ZLw 9 bﬂ7 tﬂ)

h 3 be[f 2

m.slab *
+Zcomp <bfu ’ Z_Lﬁ,{ ’ hw 9 ZLw 9 b_ﬂ7 tﬂ))

nLicx + Aslab:ﬂc . hmslab
12 N g 2

+
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Parameterstudy evaluating the corrugation's influence on the shrinkage stresses
Master thesis: Design of composite steel- concrete bridges

AH/EY

using Stainless steel girders with corrugated web C:20f5
Dimensions
bg,:=850 mm 1y, =45 mm Dimensions upper flange
h,,:=1955 mm t,:=17 mm Dimensions web - note that for the corrugated web the thickness
is set to zero
bp=1225 mm 1y:=50 mm Dimension lower flange
oot (15 oy s 1) =Py + 1, + 1 Total height of steel girder

C.2 Shrinkage force

nLishort E. =134 GP . L s
+E,=13. a Effective modulus of elasticity for concrete
nLics

Eceﬁ'::

Shrinkage force on composite section

F

cs

=gt Eceﬁ" Aslabﬁc =5202 kN

h .slab
Mcs<bﬁ4’l}‘i4’hw’tw’bﬂ’tﬂ> ::ch'(Zcomp<bﬁ4’tﬁ4’hw’tw’bﬂ’tﬂ>+ m2”1 )

Forces acting in the steel

4 <b/ua?/uahwafwab_/h ?ﬂ> _ A <b_/ua Ly Py s by s by s ?ﬂ>
Acomp <b_/u s Bivs Py s Ly s b s ?ﬂ> Leomp <b_/u s bis Py s By s g ?/1>

h .slab
.(ZCOn1p<b/u’%’hw’fw’bﬂa?ﬂ>+ mzw ) 2 (Bjus tiy oy > by 1) +

ch;t <b/uat/uahwatwa bﬂa tﬂ> =F e

hmAslab

- (ZCO’”P <bﬁ4 ’ Z.L/il ’ hw shws b_/l ) Z_L/[> +

R )
Icomp <bfu 9 Z_qu 9 hwa twa b_ﬂa tﬂ>

Mcsist <bfu > Uit s Dy s by bﬂa tﬂ> = * M, <bfu > Uiy hyy s by s bﬂa tﬂ>

F

C.

s_cor ::chist <bfu ’ Z_qu ’ hw ’ 0 mm ’ b_ﬂa ZLﬂ> =1214 kN

F

G

sjw::chist <bfu ’ Z_qu ’ hwa twa b_ﬂa tﬂ> =1441 kN

F
0= —84%

chJ‘W
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Mcsﬁcor = Mcsﬁst <b/u ’ t/u ’ hw ’ 0 mm ’ bﬂa l}‘l> =1702 kN-m

Mcsjw::Mcsist <b/ual}‘i4’hw’twabﬂ’l}‘l> =1938 kN+m

M
oi=— S0 — Q8%
Mcsjw

Stress in upper flange due to shrinkage

_chisl <bji4 ) tﬁu hw s b s bﬂa tﬂ> J
A(byis s oyt by 1)
Mo o (B s Pt s 1) =2 (B By o5 5 b 1)
(byis tes oy s 5 b 1)

O-C“‘,“f<bfi4 ? tﬁl ’ hw ’ tw 9 bﬂ; tﬂ> =

Oc¢s coruf*= ocsfuf<bﬁ4 ) tﬁn hy,, 0 mm, bﬂa tﬂ> =—34.8 MPa

O-CSJWAM/':: O-C~V7uf<bﬁ4 B t/u B hW B tW B bﬂ’ t/]> = —32.7 MPa

= O-r:sicanuf: 107%
ach‘Wuf

Stress in lower flange due to shrinkage

~Fes (B> s vt b ) J
A (b iy st b )
ettt .0 O ) = )
(gt s s b )

Oes_ iy (B> b P> > B 1) +=

ocsfcon_lf:: ocsilf<bfu ’ Z_qu ’ hw ’ 0 mm ’ bﬂa tﬂ> =2.12 MPa

Os_iety*= Oes 1y (g s oyt by 1) = 4.7 MPa

g::M: 45%
Ocs_finlf
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Forces acting in the concrete
Aslabﬁc Aslabﬁc
nLics nLics

chc<b/iut/uahwatwabﬂatﬁ>::ch' 1— -
- Acomp <bju 9 tjiu hw 9 tw 9 bﬂa tﬂ> Icomp <bﬁ4 9 tju 9 hw ’ tw ’ bﬂ? tﬂ>
2

m.slab

* | Zcomp <bﬁ4 > Ui hy sty bﬂa tﬂ> +

| by
A il 'hmAslab3
12 ny

Mcsic <bﬁu t/u ) hw by bﬂa tﬂ> = M, <bﬁu tju ’ hw s by bﬂa tﬂ>

[comp <bﬁn tju ’ hw ’ tw ’ bﬂa tﬂ>

Stress in upper part of slab

ch; <bjua tju ’ hw 9 tw ’ bﬂa tﬂ> J

Aslabﬁc

Ocs us <bﬁ4 9 tﬁu hw sty bﬂa l}‘l> =

.slab
Mcsic <bﬁ45 tju 9 hw yhws bﬂa tﬂ> .
— " :
E bejf' hmslab
o-csiconus = ocsius <bju ’ tju ’ hwa 0 mm ’ bﬂa tﬂ> =0.58 MPa
O-CSJWMS = ocsius <bﬁ45 tju ’ hw ’ tw ’ bﬂa tﬂ> =0.7 MPa
= Ocs corus —80%
O-CSJ‘WMS
Stress in lower part of slab
F. by t;,h,,t,,by,t
Oy 1 <b_fu’l_qu’hW’ ‘), b_ﬂa tﬂ> — cs7c< i s Yios T s by 9 Of1 ﬂ> N
Aslab:ﬁc
h .slab
Mcsic <bfu 9 Z_qu 9 hw sl b_ﬂa tﬂ> * m£ -

+

1 3
_be 'hmva
12 off .slab

(Byis s 1y O mim by 17) = 1.0 MPa

ocsicon Is*—Yecs Is

ocsjwls = O-csils <bfu ’ Z_qu ’ hw ’ tw ’ b_ﬂa tﬂ> =1.1 MPa

_ Ocs corls _ 87%
Ocs _fwls
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C.3 Stress distribution

Red line = flat web
Blue line = corrugated web
=1.0 h,

------ =125 h,

The below plot displays the stresses over the height of the cross-section whereas the top coordinates
represents the stresses in the concrete (tensile stresses) and the bottom coordinates represents the stresses in
the steel. The dotted line shows the stresses for if the web height is increased with 25%.

2400+

2100t

18001

1500+

1200+

900

600+

—40 —-35 -30 —25 -20 —15 -10 7\\ \\ ) 5

—600+
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D Influence of linear coefficient of thermal expansion

For composite bridges conducted with carbon steel the thermal expansion coefficient could be taken the same
for both concrete and steel. This means that for a simply supported bridge no strain difference caused by
external temperature variations will take place between the two components. For steel girders in stainless steel
however the coefficient is 60% larger for stainless steel compared to concrete, this means that strain differences
will occur between the sectional parts.

a,:=10.107° Thermal expansion coefficient - concrete - SS-EN 1991-1-5 Table C.1.
o,:=16+107° Thermal expansion coefficient - stainless steel - SS-EN 1991-1-5 Table C.1.
0, =12+107° Thermal expansion coefficient - carbon steel - SS-EN 1991-1-5 Table C.1.
T):=10 AA1(3)

Tpin= T<—48 , —20) Interval for minimum temperature in Sweden - TSFS 2018:57 -8 ch 2 §
T = T(30 , 40) Interval for maximum temperature in Sweden - TSFS 2018:57 -8ch 2 §
Tamin = Tmin+4 Figure 6.1

ATy eon=Tp—T, in Contraction - Equation 6.1

Tcmax = Tmax+4 Figure 6.1
ATN xp= Ty mar — Ty Expansion - Equation 6.1
AT, =15 Temperature difference steel and

concrete - SS-EN 1991-1-5

Material parameters
Jur=450 MPa Yield strength - lower flange, stainless steel

Jy esi=335 MPa Yield strength - lower flange, carbon steel (cs) (40 mm <t< 63 mm)

11-05-2020
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Strains are calculated for two load cases; one dependent on the strain difference between components caused
by local temperature variations. The other is given in SS-EN 1991-1-5 as a temperature difference between

components.

D.1.1 Stainless steel

AgLCIfcan <A TNcon> == <ass - ac> ° ATNAcan

AgLC,Ifexp <ATNAexp> = <ass - ac> ° ATNexp

AgLCZfst = O ATcht =24.0 1075

Aepcs =02 4T 54 =15.0 1073

Agy ¢, +=max <AchAzfsz ) ASLCA276> =24.010"

gtemp_vsicon = _ASLCAZ + AgLC[ﬁcan <A TN con>

gtemp ss_exp =4 €rc2 +4 €rc1 _exp <A T, N. exp>

D.1.2 Carbon steel

gtempAcs =0 ATCZS! =150 1075

AgLCIfcan <A TNcon> = <acs - ac> * ATNcon

AgLCerxp <ATNAexp> = <acs - ac> ° ATNAexp

AgLCZJt =0t ATczsl =18.0 1075

AgLCZﬁC =0 ATCZst =15.0 1075

Agpcoi=max (degcy oy Aepcs ) =18.0 107°

11-05-2020

Difference in strain between steel and concrete for contraction
(temperature drop) - load case 1

Difference in strain between steel and concrete for expansion
(temperature raise) - load case 1

Difference in strain between steel and concrete for when the
steel is 15 degrees warmer or colder than concrete - load case 2

Difference in strain between steel and concrete for when the
concrete is 15 degrees warmer or colder than concrete - load
case 2

Only evaluating the worst case for load case 2, i.e. when
there are a temperature drop or rise in the steel

Minimum strain difference; temperature drop and the
steel drops even lower

Maximum strain difference; temperature raises and the
steel heatens up even higher

ATNAexp

Creating a vector
ATNAexp

gtemp carb *= gtempA cs®

Difference in strain between steel and concrete for contraction
(temperature drop) - load case 1

Difference in strain between steel and concrete for expansion
(temperature raise) - load case 1

Difference in strain between steel and concrete for when the
steel is 15 degrees warmer or colder than concrete - load case 2

Difference in strain between steel and concrete for when the
concrete is 15 degrees warmer or colder than concrete - load
case 2

Only evaluating the worst case for load case 2, i.e. when
there are a temperature drop or rise in the steel
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8lempcsicon = _ASLCAZ + AgLCA 1 _con <ATNAcan>

8lempA cs_exp = ASLCAZ + ASLC 1_exp <A TNexp>

AH/EY
D:30of 12

Minimum strain difference; temperature drop and the
steel drops even lower

Maximum strain difference; temperature raises and the
steel heatens up even higher

v

o
>

_8tempAssicon ( 10 75>

gtempAssiexp < 10 75>

gtempAcs < 10 75>

Figure. Showing how the strain varies dependent for if stainless steel or carbon steel is used, as well as if
expansion or contraction takes place

11-05-2020
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D.2 Cross-sectional constants

Functions are created for calculation of the cross-sectional constants.

Steel
A <b/uaf/uahwafwabﬂafﬁ> =by oty +hy ot +byety

t; h t
Rl U el R AR e

z(bg  t;  h,,t, by, ;)=
</“’/“’ wotw? ﬂ’ﬂ> A<b]u,tjuahwatw’bﬂatﬂ>

2

bu'tu?, til
[<b/iut/uahwatwabﬂatﬁ> ::%"'bﬁl'tﬁz'(Z<bjuatjuahwatwabﬂatﬂ>_%) d

2

t,oh,’ h
+ W12W +i,0 by, 2W+tﬁ4—Z<bﬁntﬁuhwatwabﬂatﬂ>) d
2
bﬂ'tﬂ3 i
+—+bﬂ'tﬂ' 5 +hw+tju_z<bjuatjuahwatw’bﬂatﬂ>

Composite section

A.l b.fi
Acomp (s Gios oy s by 1) 5= A (b L s Py 15 b 1) +an“’
L_short
Ay —h . h t
TR o P byt L ety |l [ Byt | G+ By L
— nLishort 2 2 )
Zeomp <bju 9 tfu’ hw sty bﬂ’ tﬂ> = y
slab.fi
I A (B iy Moy > b5 1)
nLishort

2
Icomp<bfu’?fu’hw’fw’bﬂ’?ﬂ>’:1<bfu’?fu’hw’fw’b_ﬂ’?ﬂ>+A<bfu’?fu’hw’fw’bﬂ’?ﬂ>.(Z<bfw?fmhw»fw»b_ﬂ’?ﬂ>(J ) (J
~ Zcomp <bfu ’ Z_quv hw by b_ﬂ7 tﬂ)

b
hmuvlab3 * " & 4 {h \2
+ Lt S| S oy (B s b )|
12 nLjhort 2
by, :=850 mm t;, =45 mm Dimensions upper flange
h,,:=1955 mm Height of web
bp=1225 mm t7:=50 mm Dimension lower flange
oot (1 Py s 1) =P+ 1, + 1 Total height of steel girder
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D.2.1 Temperature dependent forces and load effects

Applied forces in system analysis acting on the composite section

Ftemp<bﬁnt/whwatwabﬂatﬂa8> =g+ Eg-4 <bjuat/u’hwatwabﬂatﬂ>

A/[temp <b/i4at/i4ahwatwabﬂa tﬂa8> ::Flemp <bjuatjuahwatwabﬂa tﬂa8> : <Z <bjiutjuahwatwabﬂ7tﬂ> - <Zcomp <bju7tju7hw7tw7bﬂ7tﬂ>>>

Forces acting in the steel

Ftemth <b/uat/uahwatwabﬂatﬂa8> ::Ftemp <bjuatjuahwatwabﬂatﬂa8> d
A<bjuatjuahwatwabﬂ’tﬂ> + A<bju’tju7hw7tw7bﬂ7tﬂ>
Acomp <bﬁ4 9 tjua hw 9 tw ’ bﬂ’ tﬂ> Icomp <bﬁu tju ’ hw ’ tw ’ bﬂ? tﬂ>

2
(2 B s s s D 1) = Ceomp (B s Mo b B 1))

1=

[<bjuatjuahwatwabﬂatﬂ>
[comp <bju ’ tju 9 hw’ tw’ bﬂ’ tﬂ>

A/[temth <b/u ’ t/u ’ hw ’ tw ’ bﬂa l}‘l ’ 8> = 'Mtemp <bju ’ tﬁu hw I ZLw I bﬂ ’ ZLﬂ ’ 8>

Calculating stresses in lower flange (steel)

—Fiemp st <bﬁ4 s b Py s B s by U 8> J
A (bjus s oy s b 1)
A/[zemp,st <bﬁ4 s L h,,t,, b_ﬂ, s 8> . <h,o, <fﬂ Jh,, %> —z <b_/i4 s hyyt,, b/h Zﬂ))
I (bgis o st B )

Olemp stl <bﬁ4 9 tju 9 hw, t,, bﬂ’ tﬂa g> =

+

Calculating stresses in upper flange (steel)

_Ftempist <bfu ’ Z_qu ’ hwa twa b_ﬂa Zﬂa 8>

A (byis s oyt by )
_A/Itempjt <bfu ’ qu ’ hwa Lys b_ﬂa Zﬂa 8> °z <bfu ’ qu ’ hw by s b_ﬂ ’ tﬂ>
1 (byis s Pyt by 1)

O-tempistZ <bfu ’ Z_qu ’ hwa twa bﬂa Z_Lﬂa g> =

+

Forces acting in the concrete

Ftempic <bfu Ly hy sty s b_ﬂa I, g> ::Ftemp <bfu Ly hy sty s b_ﬂa I, 8> d
Aslahﬁc Aslahﬁc

nLishort nLJhort
- d
Acomp <bfu ’ Z_qu’ hw ’ ZLw ’ b_ﬂa ZLﬂ> Icomp <bfu’ Z_Lﬁ,{ 9 hw 9 ZLw 9 b_ﬂ7 ZLﬂ>

j
(2 (Bies s s > By 1) = Geomp (B G P 515 10))) *  Zeomp (B B P B B 1) -

1 by o3

* m.slab

12 nLishort

Memﬁ c <bﬁl’tfu’hW’ Ly bﬂa s g> =
_ . . . - [Comp <bﬁ,{ . Z.qu, hw ) tW 9 bﬂ, tﬂ>

'Altemp <bfu ’ Z_Lﬁ,{ ’ hw? tw? b_ﬂ7 Z_Lﬂ7 g>
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Calculating stresses in upper slab part of slab

0‘[6mp7€1 <b/u ’ tﬁu hw ’ tw

Ftempj <bﬁ4 s Uity Iy sty bﬂa s 8> J

) bﬂa I, 8> =
Aslabﬁc

Mempﬁc <bﬁ4 > Lics hy sty bﬂa I, 8> :

hmslab

1 3
_be 'hmsa
12 off .slab

Calculating stresses in lower slab part of slab

0’[6"1[7762 <b/u ’ tﬁu hw ’ tw

Ftempj <bﬁ4 > Lo By sty bﬂa I, 8> J
Aslabﬁc

Moy c <bju sl s s by B 8> .

abﬂal}‘lag> =

hmslab

+

1 3
_be 'hmsa
12 off .slab

D.2.1.1 Load effects for flat web (lower flange)

tupyi= 17 mm Used in original design
Flemp_fiv (‘9) = Fromp st <bju s Uiy Mo s L s Oy B 8> Flat web
Mienp fiv (¢) =Mienp s <bju by Moy s Dy B 8) Flat web
Otemp_fw (8) = Otemp stl <bju s Uiy hy, L s bﬂ, I, 6‘> Flat web
Tremp_fw (€)= Tremp_si2 (B> G s ow s Lo s B s 15 ) Flat web, upper flange

D.2.1.2 Load effects for corrugated web (lower flange)

F temp_cor (8) =F temp_st

M,

O-tempicar (8) = O-tempJZJ

<bfu, Ly hy s O mm by 1y, g) Corrugated web

temp_cor (8) ::]utempist <bfu ’ Z_qu ’ hwa 0 mm ’ b_ﬂa Z_Lﬂa g> CorruQated web

<bfu s by, 0 mm byt g> Corrugated web

Olemp coru (8) = Oomp si2 <bfu s by h,,0 mm, bﬂ, b g> Corrugated web, upper flange

AH/EY
D:6 of 12
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D.3 Stress distribution over the height of the cross-section

D.3.1 Comparison for flat- and corrugated web + stainless- or carbon steel

Red line = flat web
Blue line = corrugated web
= Stainless steel

...... = Carbon steel

The below plot displays the stresses over the height of the cross-section whereas the top coordinates
represents the stresses in the concrete and the bottom coordinates represents the stresses in the steel. The
dotted line shows the stresses for if instead carbon steel girders are used.
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“\ 2000+
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Y\ 1750
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X
i\ 15001
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\\
\
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XY 12501
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10001

v
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Utemp fw.ss (MP [1)

atempicon cs (MP (1)
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D.3.2 Comparison for flat- and corrugated web when increasing the web height

Red line = flat web
Blue line = corrugated web
= Original web height

------ = Increased web height of 25%

The below plot displays the stresses over the height of the cross-section whereas the top coordinates
represents the stresses in the concrete and the bottom coordinates represents the stresses in the steel. The
dotted line shows the stresses for if the web height is increased with 25%.

24007
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18001
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12001

900+
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/|
v

—600T

MPa)

O-Iempicoms (
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D.3.3 Comparison for stainless- and carbon steel when increasing the web height
Red line = increased web
Blue line = original web

= Stainless steel

...... = Carbon steel

The below plot displays the stresses over the height of the cross-section whereas the top coordinates
represents the stresses in the concrete and the bottom coordinates represents the stresses in the steel. The
dotted lines shows the stresses for if a girder in carbon steel is used.
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D.4 Resulting stresses in the upper- and lower flange for varying temperature

D.4.1 Resulting stress in lower flange (tension)

Red line = cross-section with flat web

Blue line = cross-section with corrugated web

Oromp fiv <am,npssfxp> Resulting stress - flat web, stainless steel

Otemp cor <ammpssiexp> Resulting stress - corrugated web, stainless steel

(— <8tempm,b> Resulting stress - flat web, carbon steel (a,,=a, )
Otemp cor <8[empw,.b> Resulting stress - corrugated web, carbon steel (a., =a,.)
A 30
10
9
8
;
. O-temp  fw <8temp_wiexp> (MP a)
'
N Otempicar <gtempuvsiexp> (MP a)
4
N T it e L L - cmcmiacm i acm i m i mcm i m @i mcmemeam, - Cremp fu < gtempAcarb> ( Mpa)
2
B I U - Gremp cor Exemp.cars) (MPa)
0 : : : : : : : : >
25 26 27 28 29 3P 31 32 33 34 35

Om.cor ss 3= Mmean <o',empim, <g,empssiexp>> =3.84 MPa Mean stress in lower flange due to expansion - corrugated web,
stainless steel (prospective bridge design)
o
Noncor g5 = —r= = 1% Utilization ratio for lower flange due to thermal expansion in
- For comparison to total strength
Op.cor cs*=Mmean <o',empiw, <gmmpm,b>> =1.37 MPa Mean stress in lower flange due to expansion - corrugated web,
carbon steel (a,, = a,., according to guidelines)
o
Nmcor osi=——22 =0.41% Utilization ratio for lower flange due to thermal expansion in
- y_cs comparison to total strength
Mean difference between:
mean Otemp_cor <8tempss7exp> -28 - girder with stainless steel and corrugated web
o <8 > ’ - girder with carbon steel and flat web
temp_cor \Ctemp.carb
mean ( O-tempicor <8tempAssiexp> ) —04
atemp  fw <8tempAssiexp>
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D.4.2 Resulting stress in upper flange (compression)

Red line = cross-section with flat web

Blue line = cross-section with corrugated web

otemp  fwau <8tempAssiexp>
Otemp coru <8tempssiexp>
otemp  fwau <8tempcarb>

Otemp coru <8tempA carb>

Resulting stress - flat web, stainless steel
Resulting stress - corrugated web, stainless steel
Resulting stress - flat web, carbon steel (a,,=a,)

Resulting stress - corrugated web, carbon steel (o, =a.)

AH/EY
D: 11 0of 12

30

29 3P 31

O-temp  fwu <8temp_9s7exp> (MP (1)

Otemp_coru <gtempAssiexp> (MP a)

O-temp  fwu <8tempx:arb> (MP a)

Otempiconu <gtempAcarb> (MP a)

O-m,corjs i=mean

|am.cor ss|
nm.coriss 8BS — = 15%

Sy

<0-tempicaku <gtemp_vs7exp

)) =—69 MPa

Om.cor_cs *=Mmean <O-temp7wku <gtempAcarb>> =—25 MPa

o |O-mAcorics|
n m.cor_cs "

=7%

y cs

TG (atempconu <8tempssiexp> ) —1.0

atemp  fwu <8tempAssiexp>

TG ( Otemp_coru <8tempAssiexp> ) —28

Otemp coru <8 temp. carb>
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Mean stress in upper flange due to expansion - corrugated web,
stainless steel (prospective bridge design)

Utilization ratio for upper flange due to thermal expansion in
comparison to total strength

Mean stress in upper flange due to expansion - corrugated web,
carbon steel (a,, = a,., according to guidelines)

Utilization ratio for lower flange due to thermal expansion in
comparison to total strength

Mean difference between:
- girder with stainless steel and corrugated web
- girder with carbon steel and flat web
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D.4.3 Comparison for the stress distribution for 47,,,, ,...,and 47y, ..,
Red line = flat web
Blue line = corrugated web

= Stainless steel

...... = Carbon steel

The below plot displays the difference in stress dependent for the maximum temperature during expansion
(ATy exp max) @nd the minimum temperature during expansion (47 o, min)
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Appendix E

E.1  Geometry

tyi=42 mm
bqf:: 800 mm
blf:: 1150 mm
10 mm
t,=|16 mm
20 mm

Ayeld = 4 mm

E.1.1

a.; =110 mm

0.:=36 deg

a.3:=T75 mm

a

agy=— =128 mm
sin <occ
a
Apyi= < =103 mm
tan occ)

S.:=a,; +a,=238 mm

wy.i=a,;+a.,=213 mm

SC
—=1.11
w,

b, a t
Cur(ty s byp) = uf+ o
f< ’ uf) b b 5

E
Y I S
fur 210000
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Width of upper flange
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E.2 Corrugated web stiffness

E.2.1 Plate buckling of compressive flange corrugated - SS-EN 1993 1-4 5.2.3

hheam (hw> = hw + tuf+ t[f

Apopg =0 +2 a.y SS-EN 1993-1-5 D.2.2.(1) Equation D.4
- Cur (s Buy) i - i
ki (1> b,g) =043 + SS-EN 1993-1-5 D.2.2.(1) Equation D.4
A Apend
ky=0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4
Ko (15 Bg) 5= min (g (3 b)) SS-EN 1993-1-5 D.2.2.(1) Equation D.4

Cur (b buy)

t -
Apu <tw, buf) = i Slenderness of flange plate SS-EN 1993-1-1 (2)
284 <&, \ kp, (1, by)

Pu(tsby) =i 4, (1,,b,7) <0.748 Reduction of flange area SS-EN 1993-1-5 (2) 4.4
‘ Equation 4.3. Same for carbon steel as for Stainless
1
steel
else

2

- (xpu (t,b,)—0.188 7 1)
lpu (tw ’ buf>

Begic corr (s Bug) =Py (3 by) = by SS-EN 1993-1-5 Table 4.1
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E.2.2 Stiffness steel beam

Ly

beﬂhﬁcorr <tw ) buf> ° tuf'

t
+ blf' tlf' (hbeam <hw> - f)

Zg <hw 2 by buf> =

begiu_corr (tw > bug) * tu+ b=y

2

tu
2f —Zg <hw Ly buf)) d

begi cor (b Bug) +
12

3
1ot = bt

2

3
b'l/'. ly + blf' Ly (hbeam (hw) - i ~Z <hw 3 bws b“f))

+

2

—_—
L(h,,t,,b,,

Wg"f"o”' (hw s by buf> = ﬁ
g wo w Yy

ty+
WguicorrZ <hw ’ tw 5 buf) = bej]uicorr <tw ’ buf> ° tuf' (hw + Y f)

Appendix D calculation

[y <hw 2Ly s bu)
hbeam (hw> —Zg <hw sy byf)

ngfcnrr <hw ’ tw ’ buf) =

E.2.3 Stiffness composite section

Ay (b bug) 3= tug e corr (s bug) + 1y by

2
Aslab.ﬁc =15m

hm.slab =032 m
beﬂ;mid =485 m

A
ASI*Short <tw 9 b“f) = AS (tw ) bu ) + %
L2

Lyt 1ty

ngfcorrZ (hw) = b_lf' t_lf' (hw + T

AH/EY
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Area of composite section for shortterm loads

A lab. h .slab !
slabfic '%‘Fl‘uf' beﬁu_corr (tw’ buf) : hm~31‘1b+%f

n
L2

7
+ tlf' blf' (hm.slab + tuf+ hw + 7f

Zip short (hw sy buf> = 1
slab.fic

n + tuf' bejfu_corr <tw ) buf) + tlf' blf
IL,
2

Centre of gravity from the top
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Iyﬁshort (hw ’ tw ) buf> ::Iy <hw ) tw ) buf> +As <tw 9 buf) ° <<Zg <hw7 tw’ buf> + hm.slab) _thishort <hw7 tw’ bu >> d

3 beﬁimid
hm.slab 7 ’
L
2 A h
“F =P slabfic , | Zmslab ~ Zip_short (hw shws bu)
12 7 2 :
L, giort (Mo s by s Dur
VV('omp.curr.u (hwv Lys b“f) R— 0”( wrw? ”f)

Zz;;fshort <hw 3 hws b“f)

1 y_short <hw ’ tw ’ b u/)
<hbeam (hw> + hm.slab> - thf.vhort <hw s Ly buf>

Wcomp.curr‘.l <hw ’ tW ’ b“f) =

E.3 Flat web stiffness

E.3.1 Plate buckling of compressive flange flat we - SS-EN 1993 1-4 5.2.3

b, L,
ct!f<tw7 bllf) = 2f _7 -V2- Ayeld
k=043
Cu (b biy)
t -
/lpu <tw7 buf) = )

uf
28.4+5,0\/ky

Pu(tsby) =if 4, (t,,b,7) <0.748

|
else
min (ipu (tw ’ buf> — 02'188 , 1]
’1/714 (tw ’ bwf)

beg <tw J buf) =Pu <tw’ buf) by

12/05/2020
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E.3.2 Stiffness steel beam flat web

begiu (tws bug) * tus*

Ly h,, ly
hoe|h h,) —ty———|+ bty | B h,,) ——
b )+tw w ( beam( w) tlf b )+ If tlf ( beam( w> 2)

z Ryt by =
g flat ( wo bwo uf)
begiu (tw Oug) * tug+ Oy ty+ 1+

2
t

;f_ g_ﬂat(hw7tw7bu)) d

b (ty by 1,7
Iy_ﬂat<hw,tw’buf>:: eﬁ‘ix( ,12f> 4 +beﬁ‘it(tw?buf).tuf'(

t,oh,’ h,,
+ +tw'hw' g_ﬂat(hwatwabuf)_tuf_T d

12

bl o1 } I
* f12f + 0y tye (hbeam (hW) _?f ~ Zg flat (hw 2 b b“>

Iy_ﬂat (hwatwvbu>
Zg_ﬂat (hwatwvbu>

Iy_ﬂat (hw’ tw’ bu>
hbeam (hw) ~Zg flat <hW$ Lys bu>

Wguﬂat (hw s buf> =

ng_ﬂat <hw by s buf) =

E.3.3 Stiffness composite section

As_ﬂat (tw ) buf’ hw> = uf® beﬁ‘i[ <tw 5 buf> + tlf. blf‘i‘ tw . hW

Area of composite section for shortterm loads

Centre of gravity from the top

12/05/2020
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Iy_short_ﬂat (hw ’ tw ’ buj>
th_shart_ﬂat (hw ) tw 9 buf>

Wcamp‘ﬁaﬁu (hW’ tW’ b“f> =

1, (gt byy)
W, hot . b )= y_short_flat \lw » Lw » Oy
comp-ﬂat.l( wobwo b!f) (hbealn <hw) + hmslab) = Zyy short flat <hw, ty, buf>

forie 1..length (hw>
out «— min (Wcompﬂatl (hw ) ZLw ’ buj) ) Wcompﬂatu (hw.7 Ly bu ))

1

I/Vcomp.‘/"lat (tw? buf> =

out

Wcomp.ﬂat (x ) tw ’ buf) = linterp (hw ’ Wcompﬂat (tw 9 buf) ,)C)

12/05/2020
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E.4 Comparisson Steel cross-section

h,:=\foriel..21 byjpior:=||fori € 1..81
H out +—1 m+0.1 m-(i—1) Houu—o.s m+0.01 m+(i—1)
| |
out out
Wau corr Elastic bending stiffness corrugated web- W=l/z
Weu corr Elastic bending stiffness corrugated web- SS-EN 1993-1-5 Appendix D calculation
Weou flar Elastic bending stiffness flat web- W=l/z

------ = Flat Web

= Corrugated web

Flange width 800mm

A

0.16
0.15
0.14
0.13
0.12
w. <hw,6 mm , 800 mm> <m3>

0.11 8gu_corr

w.

01 gu_corr2

(hw,6 mm , 800 mm) <m3>
)

0.09 Weou flat <hW, 10 mm , 800 mm) <m3

0.08

0.07

~—
—_
3
w
~—

Weu ftat (yy 30 mm 800 mm

0.06
0.05

0.04

0.03
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Flange width 900mm

0.19
0.17
0.16

0.14 /% <hw, 6 mm,900 mm> <m3>

gu_corr

0.13

&

0.11

Weau corr2 (hw ,6 mm, 900 mm) (m3>
)

W e tat (P> 10 mm ;900 mm)~ (m’
W tat (s 20 mm ;900 mm) (m*)

0.1
0.08

0.07

We ftat (o 30 mm ,900 mm

~
—
3
“w
~

0.05

0.04

Flange width 1000mm

A

0.18
0.16
0.15

Weu corr (s 6 mm ;1000 mm) (m*)

0.13
gu_corr

0.12
8

W corr2 (I, 6 mm ;1000 mm) (m*)
)

01 W e st (yy» 10 mm 1000 mm)  (m?

0.09

0.07

Weu ftat (Byy» 30 mm , 1000 mm

~—
_
3
w
~—

0.06

0.04

v
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E.4.1 Comparisson Steel cross-section, deviation
Web thickness 10mm Web thickness 16mm
/4 1 6 700 /4 1 6 700
n = 1— gu_corr( m,6 mm, mm) — 8% 0= 1— gu_corr( m,6 mm, mm) _ 11%
W par (1 m ;10 mm , 700 mm) W st (1 m, 16 mm , 700 mm)
W, 1 6 800 /4 1 6 800
np=1— g",CUVV( 0 o\ T mm) —6% n=1— guicarr( m,06 mm, mm) —10%
Weuiar (1 m ;10 mm, 800 mm) Wi (1 516 mm ;800 mm)
/4 1 m,6 mm,900 mm Wi core\1 m,6 mm,900 mm
0= 1— guicorr( ) — 0= 1— gU_ ( ) — 5%
W (1 m, 10 mm , 900 mm) Weu (1 m ;16 mm ,900 mm)
W, 2 m,6 mm,700 W, con (2 m,6 mm,700
nyi= 1— gufcnrr( m mm mm) —14% n,i= | _&u ( m mm mm) —20%
Wguﬂm(z malo mm7700 mm) Wguﬂat(z m,16 mm,700 mm)
W, 2 m,6 mm,800 W, con(2 m,6 mm,800
’72 = 1 _ guicorr( m mm mm) = 12% ’72 = 1 _ gu_co. ( m mm mm) = 18%
W 1t (2 m, 10 mm , 800 mm) W (2 M, 16 mm ;800 mm)
/4 2 6 900 /4 2 6 900
’72 = 1 _ gu_corr( m’ mm’ mm) - 7% ’72 = 1 _ gu_corr( m? mm’ mm) = 13%
I/Vgu_ﬂat(2 m, 10 mm , 900 mm) Wgu_ﬂa,(Z m, 16 mm ,900 mm)
W corr (3 6 700 W corr (3 6 700
’72 = 1 _ guiwrr( m’ mm? mm) — 19% ’72 = 1 _ guiwrr( m’ mm I mm) — 27%
W 1t (3 m ;10 mm , 700 mm) W f1a(3 m, 16 mm , 700 mm)
/4 3 6 800 W, 3 6 800
’72 = 1 _ guicarr( m’ mm 9 mm) — 17% ’72 = 1 _ guicarr( m’ mm 9 mm) :24%
Weu 1t (3 m, 10 mm , 800 mm) Weu ot (3 m 16 mm ,800 mm)
W, 3 m,6 mm,900 W, con (3 m,6 mm,900
7= 1— gufcorr( m mm mm) _ 12% 7= 1— g ( m mm mm) _ 19%
W 1t (3 m, 10 mm , 900 mm) Weu par(3 m ;16 mm ,900 mm)
Web thickness 20mm
W, 1 m,6 mm,700 W, core (3 m,6 mm 700
= 1— gufcnrr( m mm mm) —149% n,= 1— gu_ ( m mm mm) —31%
W 1t (1 m,20 mm , 700 mm) W s (3 m 520 mm , 700 mm)
W, 1m,6 800 W, won(3m,6 800
gy 1 = Ve con (1,6 1,800 mm) gy 1 = o3, 6 mm 800 mm) _
W 1t (1 m,20 mm , 800 mm) W (3 M, 20 mm ,800 mm)
w. 1 6 900 /4 3 6 900
’71 = 1 _ gu_corr( m’ mm’ mm) =8% ’72 = 1 _ gu_corr( m’ mm’ mm) =23%
Wguﬂat(l m, 20 mm 9 900 mm) Wguﬂat(3 m, 20 mm s 900 mm)
W cor\2 6 700
0= 1— guiwrr( m,6 mm, mm) — 24%
W f1a(2 m,20 mm , 700 mm)
W, 2 m,6 mm, 800
’72 o= 1 _ guicorr( m mm mm) = 21%
W f1a(2 m,20 mm , 800 mm)
W, 2 m,6 mm,900
’72 =1— guicnrr( m mm mm) — 16%

12/05/2020
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E.4.2 Comparisson Steel cross-section, flange width

0.11
0.1
0.1

0.09

w (2 m,6 mm, bufp,m) <m3>

corr
0.08 g

0.08

0.07

Wguicorﬂ <2 m, 6 mm ’ bufplot) <m3 >
)

Wgu_ﬂat <2 m, 10 mm ’ buf.plot) (m3

Wgujlat <2 m, 20 mm ) buf.'plat> <m3 >

Wguﬂat (2 m730 mmvbuf.plot> (m3>

0.07

0.06

0.05

0.05

0.04

v

0.5 0.58 0.66 0.74 0.82 0.9 098 1.06 1.14 1.22 1.3
bufplot m)
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E.5 Comparisson composite cross-section

W comp.corri Elastic bending stiffness corrugated web
W comp.fiat.i Elastic bending stiffness flat web

Flange width 800mm
A
0.3
0.28
0.26
0.24

Wcomp.cornl <hw ’ 6 mm ’ 800 mm) <m3 >

0.22

W somptans (o 10 mm 800 mm) (m*)

comp.flat h,,20 mm,800 mm> <m3>

W comprtars (B » 30 mm ;800 mm) (m*)

0.18

0.16

—~

0.14

0.12

0.1

0.08

\4

Flange width 900mm

A
0.26
0.24
0.22

0.2 /%4

comp.corr.l

(hw,6 mm , 900 mm> <m3>

0.18

W eomp flat. <hw, 10 mm,900 mm> <m3>

W eompiats (s 16 mm 900 mm) (m*)

Wcomp_ﬂm_,<hw,20 mm , 900 mm> <m3>

0.16

0.14

0.12

0.1

0.08

v
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Flange width 1000mm
A
0.26
0.25
0.23
0.22
0.2
W compeoret (125 + b, 6 mm ;1000 mm) (m® )
0.19
017 W compiats (s 10 mm ;1000 mm)  (m*)
%6t S, TEEEETTssssTesssTTssssssssss=
0.14 Wcomp.ﬂat.l <hw, 16 mm, 1000 mm) <m3>
0.13
. W eompiats (s 20 mm ;1000 mm) (m*)
0.1
0.08
1 1.2 I‘.l 1.6 1.8 é 2.2 24 21()’ 218 3 >
hy, (m)
E.5.1 Comparisson composite cross-section, deviation
WCO’"PCU”’-](I g 6 mm ? 800 mm) Wcamp.mrr.l(l /%) 6 mm ’ 800 mm)
nl_comp =1- = 4% ”I_comp =1- = 6%
Wcompﬂat.l(l 2 10 mm 9 800 mm) Wcompﬂat.l(l m, 16 mm 9 800 mm)
/4 2 m,6 mm,800 mm W omp.corri\2 m,6 mm , 800 mm
N2_comp *= 1- COmP»CDrKI( ) =8% M2 comp = 1 - Al( ) =12%
¥ W comptats (2 m , 10 mm , 800 mm) - W comp fias1 (2 m ;16 mm ,800 mm)
W, 3m,6 , 800 W, (3 m,6 , 800
13 comp ™= 1— comp.corr.l( m, 6 mm mm) =12% 13 comp™= | = P .l( m, 6 mm mm) =17%
B Wcomp.ﬂat.l(3 g 10 mm Y 800 mm) - Wcomp.ﬂat.l(?’ m, 16 mm ’ 800 mm)
Wcomp.cm,(l m,6 mm, 800 mm)
M1 _comp= 1— =8%
W eompfiai (1 m ;20 mm ,800 mm)
/4 2 m,6 mm,800 mm
772_c0mp == comp.carr.l( ) 9 ) _ 15%
W eomp fias (2 m ;20 mm ,800 mm)
W ompcors (3 1,6 mm , 800 mm)
13 comp=1———"+ =20%

Wcomp.ﬂatl (3 m, 20 mm ) 800 mm)
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1 Prerequisites

In order to show the potential of replacing conventional carbon steel for stainless steel and implementing the
procedure of using corrugated web a redesign of an existing structure is carried out. The project is a part of the
master thesis: Design of composite steel-concrete brdiges using Stainless steel girders with corrugated web.
The work is carried out at WSP's Bridge and Hydraulic Department in Gothenburg.

The studied bridge type is composite steel- concrete bridges.

1.1  Guidelines and Design codes

The governing guidlines and design codes are:
* Krav Brobyggande v3.0
* Rad Brobyggande v3.0
e TSFS 2018:57 (TRVFS 2011:12)
e SS-EN 1990
¢ SS-EN 1991-1-1
¢ SS-EN 1991-1-6
¢ SS-EN 1991-2
¢ SS-EN 1992-1-1
¢ SS-EN 1992-2
e SS-EN 1993-1-1
¢ SS-EN 1993-1-4
¢ SS-EN 1993-1-5
¢ SS-EN 1993-1-8
¢ SS-EN 1993-1-9

* SS-EN 1993-2

1.2 Software

The design of the bridge is carried out in the following programs:

- Mathcad Prime Design of cross-section
- Stripstep System analysis

1.3 Safety class and partial safety factor

The bridge is based on the risk for physical, economical or social loss in case of a failiure placed
in a saftety class.

safety class:=3 Safety class of the bridge, TSFS 2018:57

74 (safety_class) =1.00 Partial safety factor TSFS 2018:57

18-05-2020
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2 Material

2.1  Stainless steel girder

The choosen steel grade is duplex stainless steel 1.4162. Material strengths are presented below for different
thicknesses.

Sy smm =530 MPa Proof strength for ¢< 8 mm - SS- EN 1993-1-4:2006/A1:2015

Ju smm="700 MPa Ultimate strength for 1< 8 mm - SS- EN 1993-1-4:2006/A1:2015
Sy 13.5mm =480 MPa Proof strength for ¢< 13.5 mm - SS- EN 1993-1-4:2006/A1:2015
Ju 13.5mm =680 MPa Ultimate strength for 1< 13.5 mm - SS- EN 1993-1-4:2006/A1:2015
Sy 75mm =450 MPa Proof strength for ¢ <75 mm - SS- EN 1993-1-4:2006/A1:2015

Ju 75mm =650 MPa Ultimate strength for ¢ <75 mm- SS- EN 1993-1-4:2006/A1:2015

For duplex steel 1.4162 the limits for the proof- and ultimate strength is differ from the other grades.
Below yield strengths should be chosen for thin plates.

Sy 6.4mm+=530 MPa Proof strength for 1< 6.4 mm- SS- EN 1993-1-4:2006/A1:2015
Sy 10mm =480 MPa Proof strength for 1< 10 mm - SS- EN 1993-1-4:2006/A1:2015
Jouri=1 75mm =450 MPa  fo., /=1, 75mm= 650 MPa Choosen strength in upper flange
Sori=1y 75mm =450 MPa  furi=F, 75,m =650 MPa Choosen strength in lower flange

The yield strength for the web is chosen manually dependent on the thickness of the web.

E, =200 GPa Modulus of elasticity - SS-EN 1993-1-4 2.1.3 (1)

Yap:=1.0 Partial coefficient considering the resistance of the cross-section -TSFS 18 ch 2 §
Yari=1.0 Partial coefficient considering the resistance of members to instability -TSFS 18 ch 2 §
Yapi=1.2 Partial coefficient considering the resistance of the cross-section in tension to fracture

-TSFS18ch 2 §

18-05-2020
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2.1.1 Studs, screws and bolts
Dependent on the choosen steel grade the fasteners are subcategorised into specific groups. For steel grade

1.4162 the valid group is D4. The group then gives the nominal strength values dependent on a choosen
property class.

SteelGrade =*1.4162” Steel grade

Group =“D4” Group

PropertyClass =“80” Choosen property class

Sy =800 MPa Ultimate strength of fastener - Stalbyggnadsinstitutet (2017)
Sy =600 MPa Permanent 0.2- proof stength - Stalbyggnadsinstitutet (2017)
Yupi=1.2 Partial factor for calculation of resistance in a connection

- TSFS 18 ch 2§

yyi=1.25 Partial factor for calculation of resistance in shear studs - SS-EN
1994-1-1 2.4.1.2 (5)

2.1.2 Welds

Characteristic values for the ultimate strength

Juwpari=min (fuurs Fugs Ju 135,”,”) =650 MPa Ultimate strength for parent material in weld (taken for annealed steel,
R t>8 mm)
- SS- EN 1993-1-4:2006/A1:2015 "12 Modification to 6.3, Design of
Welds")
Juwpni=max Wf,fulf> =650 MPa Ultimate strength of filler material for duplex steel

- Stalbyggnadsinstitutet (2017)

Design resistance of fillet welds

The design resistance for fillet welds are calculated according to SS-EN 1993-1-8 4.5.3.

B.,=1.0 Correlation factor - SS-EN 1993-1-4 6.3
S pw=min <fu WparsJu Wﬁ,,> =650 MPa Ultimate strength of the weaker part joined
0.9-
frwa 1= min( Jurw : f“‘FW) =487.5 MPa  SS-EN 1993-1-8, Equation (4.1)
- w® VM2 Va2
fFWdJ::f“‘#: 312.7 MPa Design shear strength - SS- EN 1993-1-8, Equation (4.4)

ﬂw'yMZ'\/g
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Desian resistance of butt welds (full penetration
The design resistance for butt welds is taken the same as the weaker of the parts connected.
Spwai=min <qupr aﬁn/ﬁlz> =650 MPa Design resistance for butt welds - SS- EN 1993-1-8, 4.7.1 (1)

18-05-2020
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2.2 Concrete slab

The concrete slab is not designed in this calculation report. However some parameters are necessary in order
to determine factors for phenomenom such as shrinkage and creep.

2.2.1 Concrete

The choosen concrete class is C35/45.

for=35 MPa Compressive strength - SS- EN 1992-1-1 Table 3.1
Som=43 MPa Mean compressive strength - SS- EN 1992-1-1 Table 3.1
=3. a ean tensile strength - SS- -1-1 Table 3.
om=23.2 MP M il h - SS- EN 1992-1-1 Table 3.1

f‘ct()ﬂ5 =22 MPa

5% fractile tensile strength - SS- EN 1992-1-1 Table 3.1

E,.,=34 GPa Youngs modulus - SS- EN 1992-1-1 Table 3.1

y.:=1.5 Partial safety factor concrete (Permanent and variable loads)
- SS- EN 1992-1-1 Table .2.1N

yepi=12 Partial safety factor concrete (Accidental loads)
- SS- EN 1992-1-1 Table 2.1N

o..=1.0 Accounting for longterm effects on the compressive strength
- TSFS2018:57 14ch 3 §

o.,:=1.0 Accounting for longterm effects on the tensile strength
- TSFS2018:57 14ch 3 §

S _ , ,
foa =04 +—=23.3 MPa Design compressive stength
Ve

fctd::act~f”0—‘05: 1.47 MPa
Ye

18-05-2020
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2.2.1.1 Creep function

RH:=80

ty

wi=2 B+2 h,, 4, =20.340 m

Case study evaluating bridge 100-262-1
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A,=3.472 m?
244,
hy= =341 mm
u
0.7
@ = (M) =087
ﬁﬂ1
0.2
4= (%ﬂ) —0.96
orr= | if for,>35 MPa =120
( | RH
]+¢.al ca,

3| h
0.1-4/—L
mm

else
| — RH
1+ 100
3| h
0.1 4/——
mm
ﬂfcm::ﬂzz'6
Jem
MPa
1
Bu <f()> = 0z
0.1+~
day

?g <f0> = Qi * Brom * Bro <f0>

wooics =0 ( 1 day) =2.79

q)wjern1 =9y (7 day) =195

18-05-2020

AH/EY
2:50f 6

[%] - Relative humidity in the ambient air

[days] - Time for first loading

Is the perimeter of the cross-section in contact with the
atmosphere, see chapter 3

Area of full slab section - chapter 3

SS- EN 1992-1-1 B.1 (B.6)

SS- EN 1992-1-1 B.1 (B.8c)

SS- EN 1992-1-1 B.1 (B.8c)

SS- EN 1992-1-1 B.1 (B.3a,b)

SS- EN 1992-1-1 B.1 (B.4)

SS- EN 1992-1-1 B.1 (B.5)

Nominal creep value - SS- EN 1992-1-1 B.1 (B.2)

Final creep value for shrinkage (t= 1 day) -
SS-EN 1994-2 5.4.2.2 (4)

Final creep value for permanent loads (t= 7 day) -
SS-EN 1994-25.4.2.2
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2.2.2 Reinforcement

The used reinforcement is K500C-T. The modulus of elasitcity for the reinforcement is assumed to be same as the
structural steel in the girders according to SS-EN 1994-2, 3.2 (2).

Ju=500 MPa SS- 212540:2014 Table C.2

E, :=E;=200 GPa SS- EN 1994-2 3.2(2)

yo:=1.15 Permanent and variable loads SS- EN 1992-1-1 Table 2.1N
Vofari=1.15 Fatigue loading SS- EN 1992-1-1 Table 2.1N

y4:=1.0 Accidental loading SS- EN 1992-1-1 Table 2.1N

Jra ::%:435 MPa Design yield strength - SS-EN 1990 6.3.3

2.2.3 Modular ratios for linear elastic analysis

Calculated according to SS-EN 1994-2, 5.4.2.2, Equation (5.6).

E
nyi=——=>5.88 Modular ratio between stainless steel and concrete

cm

D1 permi=1.1 Creep factor depending on the load durance for permanent loads
- SS-EN 1994-2 54.2.2

Pr s:=0.55 Creep factor depending on the load durance for shrinkage
- SS-EN 1994-2 54.2.2

nL short i =Ng* (1 +0- 0) =59 Modular ratio for short-term loads and temperature
N perm =N * <1 + 01 perm gowJ,erm> =185 Modular ratio for permanent loads (excl. shrinkage)

Ny o =MNpe <1 +0r st gowﬂ> =149 Modular ratio for shrinkage

18-05-2020
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3 System

In the following chapter the input data for the bridge's geometries is presented. The cross-sectional parameters

that are presented is preliminary and used for the system analysis. In chapter 5 the final design is presented.

3.1 Primary system - longitudinal

lconsole:0'5 m lspan:51 m lmnmle:O.5 m
3 1 1
1 |2 3 %
By =2.05 hyupp =203 m
TN\SNFF CONNECTION |

The bridge is modelled as a simply supported bridge in the software StripStep-2. Due to the beams depth the
supports are set offset from the neutral axis. This is modelled with a stiff connection in the system analysis.

3.1.1 Cross-section dimensions

S, Length coordinate

b, Thickness of upper flange

by, Width of upper flange

¢, Thickness of web

h, Height of web

i Thickness of lower flange

by Width of lower flange

Element 1
St tug byt hyg  tp by

(mm)  (mm) (mm) (mm) (mm) (mm) (mm)

0 35 670 9 1967 48 850

500 35 670 9 1967 48 850

28-04-2020
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Element 2

Ser2 b2 buo o,

Case study evaluating bridge 100-262-1 AH/EY
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Important! Two exactly the same values will not work

h t b
w2 N2 N2 with the linterp- function. Therefore 0.1 millimeter

(mm) (mm) (mm) (mm) (mm) (mm) (mm) must be added for a X-value where you want to

0 35 670
10500 35 670
10500 42 670
11300 42 800
25500 42 800
Element 3
Sz tusz busz b3

~N 9 9 o o

cross-sectional properties at the same time.
1967 48 850

1967 48 850
1953 55 850
1953 55 1180
1953 55 1180

hy,3 iz by

(mm)  (mm) (mm) (mm) (mm) (mm) (mm)

0 35 670 9
500 35 670 9

1967 48 850
1967 48 850

mean (tg, ;+h,, ;+15 1) =2050 mm

Check to see that the depth of the girder is kept constant

mean (1, ,+h,, ,+1t; ;) =2050 mm

3.1.2 Corrugation shape

a,; =170 mm

0,.:=36 deg

a.;:=100 mm

= =170
i (ay) "
Quyi= s 138 mm
tan <ac>

S.:=a,; +a., =340 mm
wyi=a.; +a., =308 mm

ri= =1.11

Sec
We

Flat-fold length S=dtd
Corrugation angle S
Sk
Corrugation depth oY
Fu Y
dy d
Length of angled part W

Length of hypopythis

Length of corrugation

Straight length

Ratio corrugation/flat-fold length

28-04-2020
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3.1.3 Effective width

3.1.3.1 Effective width, concrete slab

The effective width at mid-span for the concrete flanges is calculated according to SS-EN 1994-1-1 5.4.1.2.

byy=by+ > b, Principal for calculating the effective width - SS- EN 1994-1-1 Equation (5.1)
whereas,

b, is the distance between centres of the outstand shear connector

b,; is the value of the effective width of the concrete flange on each side of the web

The effective width at end support for the concrete flanges is calculated according to SS-EN 1994-1-1 5.4.1.2.

bey=by+ > Bibei Principal for calculating the effective width - SS- EN 1994-1-1 Equation (5.4)
whereas,
B; is an reduction factor according to Equation (5.5)
Mid-span
WL .

by mia*=400 mm Distance between studs bO
L,:=L=51m For simply supported bridges beff
B,.,=2.525m Distance between edge beam and centre of web - bO -
B;,=2.800 m Distance between centre line of the bridge and el bez

" centre of web g -

b

e _mid 1 = out

. Le b() mid
min|—,B,,,———= =2325m
8 2

b

e_mi in

. Le b() mid
4 =min|—,B;, ——— =2.600 m
2 8 2

b@ﬁimid =min b()ﬁmid+ Z beﬁmida g) =4.925 m

28-04-2020



Case study evaluating bridge 100-262-1

. . . . AH/EY
Master thesis: Design of composite steel- concrete bridges 3. 40f 13
using Stainless steel girders with corrugated web -40
Support
by supp =330 mm Distance between studs
L,=51m For simply supported bridges
B,:=2525m Distance between edge beam and centre of web
B;,,=2.800 m Distance between centre line of the bridge and
centre of web
L b
by oy =min| =%, B, —— | =236 m
_supp, 3 B
(L By upp |
Be supp. = min | —<, By ——=2| =2 635 m
-2 8 2
. L, .
S :=min|[0.55+0.025. ,1.01=1.0 Equation (5.5)
! be supp
9 1
. L, .
S :=min|[0.55+0.025- ,1.0(=1.0 Equation (5.5)
2 be supp.
— 2
E: 4925 mm Half the bridge width (the calculations is done for half the cross-

section due to symmetry)

. > B . . . )
begr supp=min | by g, + > 8- be supp s > =4.925m  Effective width (can not be larger than the width of the bridge)

28-04-2020
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Liyansi :=%+max <Se,1> =13.250 m Transition length for effective width (end span to midspan)

10.000

9.000

8.000

7.000

6.000

5.000

by <Xeﬂ> (m)

4.000
3.000
2.000

1.000

v

11111111
\\\\\\\\\

Xy (m)

28-04-2020
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3.1.3.2 Effective width, steel flanges
Calculation of the effective width in the steel flanges with regards to shear lag is calculated according to SS-EN
1993-1-5 3.2.

t,
beﬁ.J:ﬂ . b0+—W Effective width with regards to shear lag under elastic conditions
- Equation (3.1)

L.
Xcheck uf:: e =26.0m
- 2
Xcheckﬁlf:: 0.2 Lbridge: 10.4 m
Upper flange
oy:=1.0 Equation given in Table 3.1. For webs without any longitudinal
stiffeners a,=1.0.
bfu:=bg, <)(check7uf> =800 mm Width of upper flange - see Appendix B - Preliminary sizing
twi=t, <)(check7u/> =7 mm Thickness of web - see Appendix B - Preliminary sizing
b0:= bfuT—tw =397 mm Figure 3.2 (Notations for shear lag)
0!() . b{)
Kfit = =0.008 = K5 (Xopeer o) =0.008 Table 3.1
span
Beneer = || if xfir <0.02 =1.00 S for sagging bending, one-span bridge
H p—1.0

elseif 0.02 <xfit<0.70
-
14 6.4 xfi’
elseif 0.70 < xfu
L

8.6 «fu’

«—

«—

Calculating the effective flange width for upper flange

2 ﬂcheck . b() +w= 800 mm

boyi= || if Bepeck =1.0 =0.800 m = Byp i, (Xopeek o) =0-800 m
H b «— bfu
else

H b min (2 upecs + O+ w0, b
b

Lower flange

28-04-2020
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bfl:==b, <Xcheck7,f> =850 mm Width of lower flange - see Appendix B - Preliminary sizing
twi=t, <Xcheck7,f> =9 mm Thickness of web - see Appendix B - Preliminary sizing
b0:= bﬂ;tw =421 mm Figure 3.2 (Notations for shear lag)
Qg «b0
Kfl == =0.008 = Ky (Xpeer ) =0.008 Table 3.1
span
Beneer:= || i ©/1<0.02 =1.00 S for sagging bending, one-span bridge
H p—1.0
elseif 0.02 <xf1<0.70
1
— _
14 6.4 «fl”
else if 0.70 <xfl
1
—
8.6 xfI
Calculating the effective flange width for lower flange
2 Boheck * PO+ tw =850 mm
bosi= || if Bepeex=1.0 =0.850 m = by 1 (Xopeer ) =0.850 m
|6
else
H b min (2 B ey bO+tw, bfl)
b
A 10 26
1220+
1170+
11201
10701
10201 beﬂﬁ <XSS> (mm)
9701
9201 bﬂ <XSS> (mm)
870+

820+

7704 \
720+ / bfu <XSS> mm)
Al s AP

0 5 10 15 20 25 30 35 40 45 50 55

v

28-04-2020
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3.1.4 Cross-sectional constants for system analysis

For the system analysis an equivalent cross-section is calculated converting the concrete slab into steel.

3.1.4.1 Concrete slab

The thickness of the concrete slab varies over the width of the bridge. For calculation of the self-weight the
different heights of the slab is integrated over the width, see the graph below.

hgiap Height of slab over the transverse direction

Serab Transverse distance

A
655

600

220) 350 —l /\ |_ ( )
- hslab mm
o |/\/ \I _ Stab AT

215

160

105

50

0 1 2 3 4 5 6 7 8 9 10 11

Sslab (m)
(hslabl. + hslabl. 4 1)
Ay = Z > . (SS,abi+ 1 —Sslabi) Principal for calculating the area of the slab
Agap=3.472 m* Area of concrete slab

The stiffness of the concrete slab is calculated for the mean thickness, excluding the edge beam.

Ry 10 =320 mm Mean slab height (includes height of heel)

Migack =25 mm Height of heel (for concrete slab)

28-04-2020
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3.1.4.2 Cross-sectional constants during construction
The bridge is checked so that the steel girder (alone) can withstand the loads that are imposed during
construction such as the self-weight of curing concrete.
Ay 4 is the area of the steel including the web, for calculation of self-weight
Ag is the area of the steel excluding the web, for stiffness calculations
A
115.10°
107.10° I \
98-10°
90-10* \\
81-10%
2
7310° A <Xss> (mm >
64-10° 5
- Ag 4 <Xss> <mm >
47.10°
39-10°
30-10%
0 % 1‘(] 1‘5 2‘(] 2‘5 35‘( 35‘5 -£(J -1‘5 5‘0 5‘5 g
SS (m‘)
L.
Ay (%) =0.099 m* Area at mid-span
I, qeer s the area of the steel excluding the web, for stiffness calculations
A 26
98107
93.10°
88-10°
83-10°
78-10°
73-10° 4
68-10° Iyﬁsteel <XSS> <mm >
63-10°
58-10°
53-10°
48-10°
0 ;) 1}J 1‘5 Z}J 2‘5 1%}J 1’.‘5 -£1J -1‘5 G}J 5‘5 g
Xss (m)
L.
I, S,eel( b”dge) =0.0887 m* Stiffness at mid-span
- 2

28-04-2020
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Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 Toiremt Mliex ly A a
[m] [ [ [10°m? | [10°n7] | [kN/mi
0.000 -1.293 20580 G600.824 643 G6.330
0.500 -1.293 20580 G00.824 643 6.320

Element 2 - Node 2- 3

5 tosreat Pt he A g

] |l | (ml | (0| (0 | v
0.000 -1.293 2050 600.824 643 6330
10,500 -1293 2050 600.824 643 6.330
10,500 | 1270 2050 | 703.868 749 6.796
11.300 -1.340 2080 6a7.081 984 8.579
25800 | -1340 2050 | 887081 985 8.579
39.700 -1.340 2080 8a87.081 985 8.579
40.500 -1270 2080 703.668 749 6796
40500 [ -1293 20580 | 600824 43 £.330
51.000 -1283 2080 600.824 643 6330

Element 3 - Node 3- 4

5 tarsees Pl ly A g
[m] [ [m] [10°'m*] | [10°m?] | [kMIm]

0.000 | -1.293 2050 | 600824 | 643 6.330

0500 | -1.293 2050 | 600824 | 643 6.330

System model used in Strip-Step2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -2.05 R
2
3 51.500 | 0.00 -2.05 YZR
3
4 52.000 | 0.00 -3

28-04-2020
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3.1.4.3 Cross-sectional constants for variable loads (short term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.121 2.370 1717.585 3321
0.500 0121 2.370 1717.85 3321

Element 2 - Node 2- 3

3 tofizet Fiot Ly A

[m] [m] m] | (0'mY | [10°m?)
0.000 0121 2370 1717.565 3321
10.500 -0.121 2.370 1717.55 3321
10,500 -0.153 2.370 1924 .19 427
11.300 -0.243 2370 2529.69 3664
25500 -0.243 2.370 252969 3664
35700 -0.243 2370 2529.69 3664
40500 -0.153 2370 192419 3427
40.500 -0.121 2.370 1717.55 331
51.000 0121 2370 1717.565 3321

Element 3 - Node 3- 4

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.121 2.370 1717.585 3321
0.500 0121 2.370 1717.55 3321

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -2.05 R
2
3 51.500 | 0.00 -2.05 YZR
3
4 52.000 | 0.00 3

28-04-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
3:120f 13

3.1.4.4 Cross-sectional constants for additional permanent loads (long term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 tu"su: h:u: l',.- A
(] [m] [m] [10°'m7 | [10°m?]
0 0.464 2370 |1381.533 1495

05 0.464 2370 [1381.532 1495

Element 2 - Node 2- 3

5 todizet ht{-t |1,r A
[m] [m] [m] | [10°mT | [10%m?)
0 0464 2370 (1381533 1495

105 0464 2370 |1381.533 | 1495
105 0.508 2370 [1526.8%5 | 1602
1.3 .644 2370 1922266 | 1838
255 0.644 2370 |1922.266 | 1838
397 0.644 2370 1922266 | 1838
405 0.509 2370 |1526.898 | 1602
40.5 0.464 2370 |1381.533 1495
51 0.464 2370 |1381.633 1495

Element 3 - Node 3- 4

3 tu"su: h:u: l',.- A
(] [m] [m] [10°'m7 | [10°m?]
0 0.464 2370 |1381.533 1495

05 0.464 2370 [1381.532 1495

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -2.08 IR
2
3 51.500 | 0.00 -2.05 YZR
3
4 52.000 | 0.00 -3

28-04-2020
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3.1.4.5 Cross-sectional constants for shrinkage analysis
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

5 terrzat Nt Iy A
[m] [m] [m] [10°m% | [10°m]
0 -0.389 2.370 145339 1700
s -0.389 2.370 1453.3% 1700

Element 2 - Node 2- 3

5 tosrzat htc-t |1,-' A
[m] [m] [m] [10*m*] | [10%m"]
0 -0.389 2370 1453.391 1700

10.5 -0.389 2.370 1453.3 1700
10.5 0433 2.370 1609.761 1806
11.3 -0.563 2.370 | 2042.908 2042
255 -0.563 2.370 | 2042.908 2042
39.7 -0.5663 2.370 | 2042.908 2042
40.5 -0433 2.370 1609.761 1806
405 -0.389 2.370 1453.391 1700
51 -0.389 2.370 1453.391 1700

Element 3 - Node 3- 4

5 tosrzat h'tc-t |1,r A
(m] [m] [m] [10*m®] | [10%]
0 -0.389 2.370 1463.391 1700

D& -0.389 2.370 1463.391 1700

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
1 0.000 | 0.00 1
2 0.500 | 0.00 -2.05 R
2
3 51.500 | 0.00 -2.05 YZR
3
4 52.000 | 0.00 -3

AH/EY
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4 Loads and load combinations
41 Permanent loads
41.1 Self-weight
4.1.1.1 Steel
The self-weight is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: STEEL
pe=75.51 k—zj Self-weight of stainless steel - SS-EN 10088-1:2014 Table E.1 or E.2
m

The self-weight for each element is calculated in chapter 3.

4.1.1.2 Concrete

The self-weight of the slab is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: SLAB

Wet_Concrete :=“NO” "YES" or "NO" dependent if the previous designer has used the weight
of wet concrete

p.=Iif| Wet_Concrete =*“NO”, 25 k—N,26 Ll =25 Ll Self-weight of concrete (reinforced) - SS-EN
m’ m’ m’ 1992-1-1 Table A.1
A =347 m’ Area of slab, see chapter 3
Aslab *Pe kN . .
Gap'=——— =434 — Self-weight of concrete slab, (half of the load goes to each girder) -
2 m applied in the casting stage

If the previous designer has considered that the hardened concrete has a smaller self-weight a reduction in self-weight
is applied in the system analysis for permanent loads.

Appendix X. Name in Strip-Step2: AVSLAB

kN
N Aslab * <_1> ES KN
slab perm =1 | Wet_Concrete = “NO”,0 —, ™ |=0.000Y
m 2 m

28-04-2020
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4.1.1.3 Asphalt covering
The weight of the asphalt covering is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: ASPH

tooy =110 mm Thickness of asphalt cover
Voo i=22 N Weight of asphalt cover
m3
B=985m Width of bridge
tCOV * yCOV * B kN . . . .
Zeov ::T: 11.92 — Self-weight of aspalt covering (half of the weight goes to each girder)
m

4.1.1.4 Crash barrier

The value for the self-weight of the crash barrier is assumed. Name in Strip-Step2: BARR

g.5:=0.25 KN Weight per beam

m

4.1.1.5 Form-work

Assumes the self-weight of the form-work to be 50 k—é;(bridge surface). Name in Strip-Step2: FORM

m
B=985m Width of bridge (inside edge beams)
b,, =400 mm Width of edge beam
B+2.b,
8w ::M +50 kg2 +g=2.61 k—N Weight of edge beam
’ 2 m m

28-04-2020
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4.1.2 Shrinkage
The shrinkage force is calculated and used in Strip-Step2, Appendix X. Name in Strip-Step2: E:SHRINK

hy=341 mm Equivalent thickness, calculated in chapter 2
t=120 yr

t=43829.1 day

Som=43 MPa Mean compressive strength - see chapter 2
t,:=1 day
RH:=80% Krav Brobyggande B.3.1.5
t—t
day .
Pasi= =0.994 SS-EN 1992-1-1 3.1.4 Equation 3.10
(1—t) ( )’
514004 !
day 1 mm
k=it 200 mm < h,<300 mm =0.73 SS-EN 1992-1-1 3.1.4 table 3.3
( h \
0.85 —|—2—200-0.001
mm

else if 300 mm < hy,<500 mm

ho
0.75 — | —=—300|-0.0005

mm
elseif /,>500 mm
|07
else
|10
RH,):=100%
Oy =4 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
0y5:=0.12 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
3
Pry=1.55- {1 — (RH ) \: 0.76 SS-EN 1992-1-1 Appendix B.2 equation B12
U, )
Somo =10 MPa SS-EN 1992-1-1 Appendix B.2 (1)

|s

\
|
)) 1070« fpy;=2.53.10"" SS-EN 1992-1-1 Appendix B.2 equation B11

~

(
| —ag+
€,q0:=0.85+ ((220+ 110+ ay,,) €'
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g =Puas kp+eg0=184+107" Drying shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.9
_ fck _fcmo -6 __ -5 ;
Eoqpi=2.5 Pa «107°=63-10 SS-EN 1992-1-1 3.1.4 Equation 3.12
a
I(foAz- =
Bo=1—e' )19 SS-EN 1992-1-1 3.1.4 Equation 3.13
Eog =P €oqp=6.25+107> Autogenous shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.11
€= Epgt E,q=2.46+10" Total shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.8
4.1.2.1 Shrinkage force
The shrinkage force and corresponding moment is calculated accordingly:
n =14.91 Modular ratio accounting for creep and shrinkage
Ny ghore=5.88 Modular ratio
n
E, = Lshort \E,, =13.4 GPa Effective modulus of elasticity for concrete
. nLics
Agiap i =1.576 m’ Area of concrete slab (half of the cross-section used in
' system analysis)

Fogi=e Ec o Agiap fic = 5206 kN Total shrinkage force
€y i=Zpp o (0 m)=0.389 m The shrinkage force is applied in the center of gravity for the

composite section

h
M =F |z, (0 m)+ m‘ZSl"b =2859 kN+m Total bending moment
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Shrinkage - anchorage of studs

Forces in the concrete

Aslabﬁc Aslabﬁc )
ny cs ny cs hnmlab
Fccs::ch' 1— n - — |2 s 0m)+ =826 kN
f ey 05

beﬁ»(O m)=4.925m

AH/EY
4: 50f 16

Force in concrete

Effective width of flange

1 bejf(o m) 3
< *ysiab
12 n
M, = Los M =18 kN+m Moment in concrete
N [yics (0 m)
h
. Mcjs . m.slab
opi=—==2 2 =0.31 MPa Stress in concrete, upper edge of slab
Aslabﬁc 1 ° bejf(o m) ° hnmlab
12
h
e Mcjs . m.slab
oyi=—== 2 =0.73 MPa Stress in concrete, lower edge of slab
Ava ic 1
slab.fi — beﬁ”(o m) * hmslab3
12
+
N:= 71T *Agap i =826 kN = F, =826 kN Force imposed on studs caused by shrinkage
2 ' B (used in chapter 6)
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4.2 \Variable loads
4.2.1 Vertical trafic load
Eurocode vehicle, LM1
Dynamic amplifier is already included in the Eurocode- vehicles.
Point loads, TS
Q=300 kN 0,:=200 kN
OLQI = 09 O!QZ = 0.9
Q=0+ a9, =270 kN Q=0+ a9, =180 kN
Uniformly distributed loads, UDL

kN kN
q=9 —- qoi=2.5 —-

m m
aql ::0.8 an:: 10

kN kN
q1:=4q 15" 01 =720 — 9= o " 02 =2.50 —
m m

Eurocode vehicle, LM2
Q=400 kN -0y, =360 kN
Trafikverket vehicle, "typfordon”
The vehicles stated in "Barighetsberakning av broar" is calculated for A/B = 180/ 300 kN.
A,=180 kN B:=300 kN
D;:=1.20 Dynamic amplifier - TSFS 2018:57 11 ch.2 §

kN
Qtr:: 5 -

m
The geometries of the "Typfordon" is found in TDOK 2013:0267 10.2.
Eurocode vehicle, fatigue (number 3) “LED mi 6.00 m i1.zu m"_
The fatigue vehicle consists of two boggie pairs with a T
distance of 6 meteres in between, see Figure. T tH—Hr e m— - — - — - — - -

Opur; =120 kN Weight of each axle 2.0{[ m
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4.2.1.1 Divison of loads - Eurocode vehicles

Oror:=0;+ 0>, =450 kN

B=9.850 m Width of bridge deck

b,, =400 mm Width of edge beam

Aoyge =Boy—bep=2.125 m Distance from edge to girder
Ayirgeri=2 B;,=5.6 m Distance between steel girders
d,:=3m Width of loaded lane

q

dy3+=dgipger— (3 M —dogq.) —d, = 1.7 m Width of the third distributed load

dq
dgirder + dedge —d,——

+Q2' q )

d
Ql * (dgirder + dedge - ?q

Qtot * dgirder

=0.897

F fp Im.1°=

Fp im2i=1—=F, 4,1 =0.103

+QZ' g

d
q;-° dq * (dgirder + dedge - 7(]

d
dy* (dyiger+ dogge— 1.5 d,) +

AH/EY
4: 7 of 16

Total weight of vehicles in first and second lane

Load divider point load - Beam 1, EC- vehicle

Load divider point load - Beam 2, EC- vehicle

=28.99 k—N

F fq Im.1°=
dgirder

m

Uniformly distributed load (incl. load divider) - Beam 1, EC-

vehicle

28-04-2020
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4.2.1.2 Divison of loads - 'Trafikverket' vehicles
When the load divider is calculated consideration of the dynamic amplifier is taken into account.

(| d,) ( d,\)
Ll * Ldgirder + dedge - 7(]) +0.8- Ldgirder + dedge - dq - 7(1)) * QI
Frp = =0.874 Load divider point load - Beam 1,
- 1.8+ Q) dgirger Trafikverket- vehicle
Frp yoi=1—F;, 4, =0.126 Load divider point load - Beam 2, Trafikverket- vehicle

Distributed load beam 1, choosen the same as previous designer

4.2.1.3 Divison of loads - Fatigue vehicles (Eurocode)

( d,)
Q 1° Ldgirder + dedge - 7(1)
=1.112 Load divider point load - Beam 1, Fatigue- vehicle

F fp FAT1*=
Q 1° dgirder

Frp pur2=1—Fp, gy =—0.112 Load divider point load - Beam 2, Fatigue- vehicle

28-04-2020
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4.2.2 Horizontal trafic load
The eccentricity for the acceleration load is placed upon the asphalt covering.

Lbridge

+ g0 =0.673 m Eccentricity where the acceleration load is acting
(top of the asphalt cover)

Cpri= tcov + thishort (

Eurocode vehicle
The force is used in Strip-Step2, Appendix X. Name in Strip-Step2: BRLM

w;i=3m

Qlkﬁbr =0.6- Qop* 2.0,+0.1- Qgro g Wy ‘Lbridge: 436.3 kN

ﬂ: 4.20 KN Acceleration per unit length per beam

m

qik br*=
* Lpridge

Trafikverket vehicle
The force is used in Strip-Step2, Appendix X. Name in Strip-Step2: BRTYP

Should be calculated for the heaviest vehicle for loads in one lane.

Qtrﬁbr = min <035 * Qmax ’ 500 kN>

0.88
1.0
1.10
1.17
1.32
0.44+4+1.32+0.44+1.32
Br:=max 0.55+1+1.32 *B,[|=1056 kN Weight of all B- vehicles
0.44+1.10+1.1040.66
044 +1.32+0.4441.32
0.55+1+1.32
0.44+1.10+1.1040.66
0.33+1+1.32
| 0.554+0.55+0.554+0.33+0.12

Oy p-i=min (0.35 Br,500 kN) =370 kN

LY

m

—ﬂ:&ss

dp pri= Acceleration per unit length per beam

* Lbridge
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4.2.2.1 Horizontal side trafic load

25% Q1 b

Py side car’=
h_side_car*=1ax ([ 25% - Qtrﬁbr

D =109.1 kN  Horisontal side force from the acceleration load (used in chapter 7)

P

\ side car="Ph_side car® mslab _ 62 kN Vertical side force from the acceleration load (used in chapter 7)

4.2.3 Temperature load

Temperatures are determined according to SS-EN 1991-1-5, 6.1.3 unless otherwise stated.

Load case 1 - local temperature differences for Hlldiksvall

Ty=10° A1(3)

Tpin=-38 ° TSFS 2018:57-8ch 2§
Tp=34° TSFS2018:57-8ch 2§
Tamin = Tmin+4 °=-34° Figure 6.1

ATy con=Ty—T,,;,=44 ° Contraction - Equation 6.1
TGJT[LIX = Tmax +4 O: 38 ° Flgure 61

ATN xp= Ty — Tp=28 ° Expansion - Equation 6.1
AT:=T, pux— Lo in="72 ° Total temperature difference

Load case 2 - either of the components are larger than the other
AT 5 =15 ° Temperature difference between concrete and steel -

SS-EN 1991-1-5, 6.1.6
4.2.3.1 Coefficients of thermal linear expansion
For composite bridges normally it is suggested to use the same thermal linear expansion coefficient, according

to SS-EN 1991-1-5 Table C.1. However for stainless steels the thermal linear expansion coefficient is much
larger than for concrete and hence a more through calculation is needed for the strain.

a.:=10-107° Thermal expansion coefficient - concrete - SS-EN 1991-1-5 Table C.1.
0,=16-107° Thermal expansion coefficient - stainless steel

- SS-EN 1991-1-5 Table C.1.

O =12 10°° Thermal expansion coefficient - carbon steel
- SS-EN 1991-1-5 Table C.1.
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4.2.3.2 Strains for the different load cases

AT,

A1 cont= —<am—ac> . Nem — _26.4 107°  Difference in strain between steel and concrete for contraction

B ° (temperature drop) - load case 1
AE[C ) pp= <aﬂ— ac> JNew 168107 Difference in strain between steel and concrete for expansion

N ° (temperature raise) - load case 1
Aepe s o= 0O A 2401070 Difference in strain between steel and concrete for when the steel is

B ° 15 degrees warmer or colder than concrete - load case 2

AT,

AchAzfc =q, e At —15.0 107° Difference in strain between steel and concrete for when the

° concrete is 15 degrees warmer or colder than concrete - load case 2

Aepcr=max (Aeyc 5 o, Aepc, ) =24.0 107 Only evaluating the worst case for load case 2, i.e. when there are a
temperature drop or rise in the steel

Eremp, = —Aepco+Aepc ) on=—50.4 107 Minimum strain difference; temperature drop and the steel drops even
- lower
Eromp. = A8 o A81c 1 0y =40.8 107 Maximum strain difference; temperature raises and the steel heatens up
2 even higher

4.2.3.3 Temperature load - global analysis

The concrete is transformed to steel. Already defined parameters are calculated in chapter 3.

b0 m
L): 0.837 m Width of transformed concrete
nLishort
A
Zslabfie — 0268 m? Area of transformed concrete
nLjhort
As,(O m) =0.064 m* Area of composite section
Zyy short (0 m) =121.1 mm Distance from top of concrete to center of gravity for composite
section
L, ghors (0 m) =0.172 m* Moment of inertia for composite section

—6476 ; ;
F, :=¢, *E+A,(0 m)= kN Force on composite section
temp temp s sl( ) [ 5243 ] p
Chemp F=Zip short (0 m)=121.1 mm Level at which the force is imposed on the system

Chomp 1= Zpp st0et (0 M) =2y 10 (0 m)=1.172 m  Eccentricity for the bending moment
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M,,,=F =| 7738 oy Bendi ite secti
remp "= temp * €romp M= 6144 .m ending moment - composite section
Anchorage of temperature load imposed on studs
Concrete
Aslabﬁc Aslabﬁc
N =F . nLishort _ nLishorl _ [ —1897 ] N
c_temp *— * temp -
Aslfshort (0 m) [yishort (0 m) 1536
hmAslab
° ((thsteel(o m) —Zip short (0 m)> ° (thshort (0 m) + 5 ))
1 bejf(o m) 3
E * ni * hnmlab 101
L_short -
Mcitemp = = * Miemp = [ ) ] kN+m
[yishort (0 m)

N, M -
o= e femp =|~0001 3/p, Stress in concrete, upper edge of slab

Avlabﬁc 1 2 0.00

o g'bejf(o m) 'hmAslab

N, M -
0,i= ctemp | c_temp :[ fg;] MPa Stress in concrete, lower edge of slab

Av ab.fic 1 .

slab g'beﬂ(o m) 'hmuvlabz
0,10, —1897 . ) .
Niemp = * Agap fie = kN Force imposed on studs caused by shrinkage (used in chapter 6 when
1536 calculating the anchorage of the slab by the studs)
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4.2.4 Wind load

v,=23 "
S

q,=0.54 kPa

Wind load on bridge only

MW=4220 m
LSL=45.45 m

Ry s1ap=320 mm
Migack =25 mm
b:=B,,=10.65 m
Cypop =5.600 m
d;:==0.6 m

L, .
bridge | 4 50 mm =2.445 m

d:= hmslab + hklack + htotjteel (

d,=d+2+d,=3.645 m

b _Hhe

dtot

0 24 b
Cho <b , d,0,> =linterp|| 4 |,|1.3],—
41] [13] %o

L. d
Zpi= (LSL —MW— htotisteel ( bridge + ;0[ =3022.5 mm

2
Fw:: Qp'c_,ﬁa() <b’dtot> 'dtot:3'14 ];l_N
o ( Livige ||
L ;l _htotisteelk bzdg )} N
Qv p=Fye =—0.128 —
N Cyveb m

28-04-2020
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Wind speed, [FldiKSVaIl- TSFS 2018:57 Figure 7.1

Peak velocity pressure - TSFS 2018:57 Table 7.1

Reference height - water surface
Reference height - lower edge slab
Mean slab height, see chapter 3
Height of heel (concrete slab)
Width of bridge (total)

Center distance between girders

Assume crash barrier height

SS- EN 1991-1-4,Table 8.1

Ratio

SS-EN 1991-1-4, Figure 8.3

Eccentricity between upper steel flange and center of pressure

Horizontal composant of wind load on bridge per meter length

Wind load on bridge, vertical composant per beam
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Wind load on bridge and vehicle

dZ::2 m

dypi=d+d,=4.445 m

dio
+ tot
2

L. ..
z,i= (LSL — MW =iy e (ﬂ =3422.5 mm

2

oo (bydy) =174

kN
Foi=q,+ch <b ) dt0t> *diy =418 —

m

dtot h Lbridge
T ot steel T N
F,. =0.129

qhbv =1,

AH/EY
4: 14 of 16

Assumed height of vehicle

Total height for the bridge and the vehicle

Eccentricity between upper steel flange and center of pressure

Horizontal composant of wind load on bridge per meter length

Wind load on bridge and trafic, vertical composant per beam

Civeb m
WIND :=“NO” Choosing if wind load should be included (neglectable) in the
global system analysis (StripStep-2). However included for
local effects in chapter 7.
q,:= if(WIND =“YES”, max <abs <qv b> ,abs <qv bv>> ,0 k—N) =0.00 KN Design wind load
- - m m

28-04-2020
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4.3 Load combination

Four different system analysis is carried out using the software StripStep-2 in order to consider various
stiffnesses. Thereafter stresses is calculed for each load individually before summarized. The load combination
factors for each load is included in the system analysis with the below presented values.

In order to stay consequent with the previous design of the bridge, all load combination factors is the same as in
the original design.

y,=1.00 Partial safety factor - see chapter 1
4.3.1 Ultimate limit state

Load combination factors - Appendix X, casting

W =120y, Load combination factor - steel
Wi=120-y, Load combination factor - slab
Whoi= 12094 Load combination factor - form-work

Load combination factors - Appendix X, long term

v =120 Load combination factor - form-work (relaxation)
Weoyi=1320y, Load combination factor - asphalt covering
Wep =120y, Load combination factor - crash barrier

Load combination factors - Appendix X, short term

Wiemp =14 Load combination factor - temperature

Woiti =1+ Ya Load combination factor - vertical trafic load
Wi pri=0.6 74 Load combination factor - horisontal trafic load
Yprot mutii = 1.5 74 Load combination factor - vertical trafic load
Yprott temp :=0.6+ 1.5y, Load combination factor - horisontal trafic load

Load combination factors - Appendix X, shrinkage

W =1.0 Load combination factor - shrinkage

28-04-2020
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Load combination factors (including force) - Local checks
P h_side =P h_side_car® l//n1ulli7br * WbrottJnulti =982 kN

4.3.2 Servicability limit state

Allowed deflection is determined for the vertical trafic loads.

Waor= 0.75 Frequent load - Eq. 6.15b
+
M =1.667 Scale factor considering boggi loads in two lanes
1
Frp m1=0.897 Already accounted for
Fry im1= 1.000 Already accounted for

VEC = Vaer= 0.75

Frp 11=0.874 Load divider, beam 1
D,=1.20 Already accounted for
Yop = Waer* Frp v:1=0.655 Load coefficient, considering two lanes (1+0.8)

(//kvasiitemp :=0.5

(//kvasiimulti 8= 075

AH/EY
4: 16 of 16
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5 Capacity checks during construction

The capacity check that is carried out in this chapter is bending moment capacity with respect to lateral torsional
buckling in the casting phase

In the casting phase the normalforces in the cross-section are neglectible.

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

Xehock m=26 m Coordinate for control calculations - bending moment

Xopoor v=15m Coordinate for control calculations - shear force

5.1 Load effects

Load effects retrieved from Strip-Step2, Appendix X.

Bending moment

My uis Bending moment descending from permanent loads during construction in ultimate limit state
My sis Bending moment descending from permanent loads during construction in service limit state
A 26

22500+
20000+
17500+
15000+
12500+

My urs (X) (kN' m)

10000+

75004 MdﬁSLS (X) (kN' m)

5000

2500

v

( > 10 15 20 25 0 > 40 45 50 55
—2500+
X (m)
M, uis <Xcheck7m> =21141 kN+m Bending moment at control point - ULS
My g5 <Xcheck7m> =17617 kN-m Bending moment at control point - SLS

18-05-2020
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Shear force
Vius Shear force descending from permanent loads during construction in ultimate limit state
Vi sis Shear force descending from permanent loads during construction in service limit state
4 2
1650+ \
1500+
13507N

1200+

1050+

900+

7501

600+

4501

3007

150+

Va urs (XcheckJ) =1581 kN Shear force at control point - ULS

Vass (Xchecki» =1317 kN Shear force at control point - SLS

18-05-2020
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5.2 Redesign of cross-section

S, Length coordinate
b, Thickness of upper flange
by, Width of upper flange

Thickness of web

h, Height of web

4 Thickness of lower flange
by Width of lower flange

fyW Chosen yield strength - web
Element 1

St tur bug twr heg i bag S

(mm) (mm) (mm) (mm) (mm) (mm) ~(mm)

0 35 765 9 1965 50 825 f,

10mm

500 35 765 9 1965 50 825 f,

10mm

Element 2

Sz o buo byo hyo tgs bpy, [l

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 765 1965 50 825 £, jomm
10500 35 765 1965 50 825 £, jomm
10500 45 765 1955 50 825 £, 5pum

11300 45 850 1955 50 1225 £, 6.4mm

A o & © ©

25500 45 850 1955 50 1225 f, 6.4mm

Element 3

Sz lusz bus tws hys  lgs bps o fas

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 765 9 1965 50 825 £, 1omm
500 35 765 9 1965 50 825 £, 1omm

hyoyy = mean <tﬁ471 + hWJ + th1> =2050 mm
Check to see that the girder height is kept constant
hypr2 3= mean <tﬁ472 + hWJ ar tﬂfg) =2050 mm

18-05-2020
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5.2.1 Shape of corrugation

a.; =120 mm Flatfold length

0,.:=36 deg Corrugation degree

a,z:="T70 mm Corrugation depth

Apergi="S mm Weld throat thickness
a

ayi=— S =119 mm Legnth of hypotenuse

a.yi=—"——=96 mm Length of corrugation depth, see figure
tan <ac>

S, =da.;+a,=239 mm Length of corrugation

Wei=a. +a.,=216 mm Straight length

7= % =1.105 Ratio corrugation/straight length

c

18-05-2020
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5.2.2 Cross-section classification

The cross-section classes is determined according to SS-EN 1993 1-4 5.2.2 with updated limits from SS-EN
1993 1-4:2006/A1:2015. Since the web is corrugated and does not contribute to the axial stiffness the web is
not classified.

Cw (X) = hw (X) —2-V2- Ayeld

bulx) a tlx
¢ (x) ::/“—()+ < » () V2 a,, Distance from web weld toe to free edge on upper
2 2 2 flange
by(x) a tlx
c,f(x) = ﬂ( ) - W( ) —\/E *Ayolq Distance from web weld toe to free edge on lower
2 2 2 flange

Cross-section class, upper flange

E,=200 GPa Modulus of elasticity
Jouy=450 MPa Proof strength of top flange
235 K
&yt = . =0.71 SS-EN 1993-1-4 5.2.2 Table 5.2
Sour 210000
. Cu/'(x) :
cscuf(x) = || if = ) <9 ¢, Cross-section class upper flange
t;, \x )
fuu
’ “cscl”
c,rlx
elseif 9 ¢,< o) <10 ¢,
Iy '
“csc2”
crlx
elseiif 10 &<~ ) <ldg,
el '
“csc3”
else
“csc4”
e5€ur (Xoneck m) = “csc4” Cross-section class at X, ,, =26.000 m
cscuf<Xcheck7v> =“csc4” Cross-section class at X, ,=1.500 m

18-05-2020
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Cross-section class, lower flange

E,=200 GPa

f,y=450 MPa

235 E;
fr 210000

81/»::

csc,f(x) =||if £ <9 g

13 i3]
s¢i(Xopeek m) =“cscé

13 ”
s¢i(Xopeer ) = ““csc3

Inx
“cscl”
celx
elseif 9 ¢,< ) <10 g
£ (%)
“csc2”
clx
elseif 10 ;< o) <ldg
Inx
“csc3”
else
“csc4”

Modulus of elasticity

Proof strength of top flange

SS-EN 1993-1-4 5.2.2 Table 5.2

Cross-section class lower flange

Cross-section class at X e ,, =26.000 m

Cross-section class at X .. ,=1.500 m

AH/EY
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5.2.3 Plate buckling of compressive flange

If the compressed flange is in cross-section class four an effective width of the compressed flange is calculated
according to SS-EN 1993-1-4 5.2.3. Updated values are taken from SS-EN 1993 1-4:2006/A1:2015. Since the
web is corrugated the buckling factor &, is calculated according to SS-EN 1993-1-5 D.2.1 (2)

Ao = ey +2 =313 mm SS-EN 1993-1-5 D.2.2.(1) Equation D.4
Cu=Cor (Xeneck m) =450 mm Width of outstand flange from weld toe to free edge
b=t <)(check7m> =45 mm Thickness of upper flange
b= b, (Xeheek m) =850 mm Width of upper flange
8uf: 071
(e, \ .
k,;:=043+ L J =25 SS-EN 1993-1-5 D.2.2.(1) Equation D .4
Apend

k,,:=0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4
ky:=min (ky; ,k,5) = 0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4

CM

t
A= =064 Slenderness of flange plate SS-EN 1993-1-1 (2)

" 8ok,

Reduction of flange area SS-EN 1993-1-5 (2) 4.4
pi=if|1 <0.748, 1.0 4p—0.188) 1.00 Equation 4.3. Same for carbon steel as for Stainless
— p =V yI1.Vy——mm | — 1.

2 steel
’lp

byyi=b,+p=850 mm = Bogic (Xeteck m) =850 mm

A
918+

begi, (X) (mm)

S0 35 40 45 50 55

v

0 5 10 15 20 25

by, (x) = by (x) Renaming the width of flange in order to minimize errors
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5.2.6 New cross-sectional constants during casting
L, el (x) Stiffness of steel girder alone (excluding the web)
Zyp steel (x) Distance from the top of the top flange to the center of gravity for the steel section
Wer steel (x) Elastic bending stiffness of steel girder alone (excluding the web)
4 1.5 26.0
1.275
1.2 V \'
1.125
1.05
n Iyﬁsteel (X) (01 m4>
0.9
0525 Welisteel (X) <01 m3 >
0.75
0.675 / \ Ztp steel (X) (m)
0.6
0.525
0.0 7)‘,(J l(J,(J lf;,(J 2“‘,“ 27;,(J ?i(J,(J i’»’)‘,(J -1(J‘,(J -'13‘,() S(J,(] Gf;,lJ .
X (m)
Coordinates and cross-sectional constants for control calculations
Xehock m=26 m X- coordinate for control calculations, bending moment
Ay (Xepeer m) =0.1 m? Area
—3 .
L, steel <Xcheck7m> = (94 - 10 ) m* Stiffness
Zyy steel <Xcheck7m> =1.255m Center of gravity
Wer steer <Xcheck7m> = (75 . 10_3> m’ Elastic bending resistance
Keheck v=1.5m X- coordinate for control calculations, shear force
Ay (Xopeer ) =0.068 m” Area
-3 4 .
L, steet (Xeneck ) = (65-107%) m Stiffness
2y steet (Xeheek v) =1.235 m Center of gravity
Wei steel <Xcheck7v> = <53 . 10*3> m’ Elastic bending resistance
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5.2.4 Lateral torsional buckling of compressive flange - SS-EN 1993-1-4 5.4.2.1

Simplified method only consisdering buckling of top flange according to SS-EN 1993-1-4 5.4.2.1

o;7:=0.76
1,:=7.29 m
bef:: bejfu <)(check7m> =850 mm

=t (X

check_m

> =45 mm
E =200 GPa

frug=450 MPa

b2t
Ly=—9—7=0.002 m*
12
7[2 -E'Y .[Zf
N,y pi=———F =85539 kN
2

/

cr

b eotref .
Arr = [M —0.449
NcrLT

Prr u:=05- <1 +a;re </1LT_M— 0.2> +/1LT_MZ> =0.7

Buckling curve d, welded open cross-section

Distance between the cross-beams

Width of upper flange

Thickness of upper flange

Modulus of elasticity

Proof strength

Moment of inertia, upper flange

Critical buckling load

SS-EN 1993-1-4 5.4.2.1 Equation 5.9

SS-EN 1993-1-4 5.4.2.1 Equation 5.7

XL o= min ! ,11=0.816 X7 (Xeteck m) =0.816

Dy u+N\ Dy u® =y

SS-EN 1993-1-4 5.4.2.1 Equation 5.6

Py = hy (Xepeek m) =1955 mm Height of web
L=ty <Xcheck7m> =50 mm Thickness of lower flange
kp=1.1 Increase in capacity due to simlified method
' used, SS-EN 1993-1-1 6.3.2.4 (2)B

by te kg Xur 0t fou L+t
Mgy =L AT S By o+ L—L|=30925 kN-m = Mgy ir (Xeheek m) =30925 kN-m

- Imi - B

18-05-2020
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5.2.5 Check of lateral torsional buckling

Check of the buckling capacity of the girders is performed.

MRd‘u‘LT(X) Capacity of the girder against LT- buckling during casting
My yrs (X) Load effects during casting, Appendix ¥
A
315001
280001
245001
21000
175001
L1000} My 115(X) (kN-m)
105001
Mpgurr(X) (kN<m)
70001
35001
) > 10 15 20 25 30 35 40 45 >0 55 .
—3500T
X (m)
M, X
Npax 3= MAX LS() =68% Maximum utilization rate of the steel cross-section during
Mg rr(X) casting
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5.3 Stresses in steel cross-section

The stresses in the top and bottom flange is calculated for the loading senario to be able to superposition
them with the other loadcases to determinte the ultimate capacity of the composite section.

Upper flange

Control calculation at midspan

M:=My yr5 (Xopeck m) =21141 kN+m Load effext at midspan
I:=1, oo (Xopec m) =0.094 m* Moment of inertia at midspan
Z3= 2y, sreel <Xcheck7m> =1.255m Centre of gravity at midspan maesured from

the top of the beam

iz All =281 MPa = Gy, 115 cast (Xeteet m) =281 MPa

Ofii ULS cast (X) Stresses in the lower flange in the casting phase.

450
400+
350+
300+

250+

2004 G.yufmsfcm (X) (MPLI)

T ngufx (X) (MP(Z)

100+

501

—50+

nmax 8

— max ( O-SfuiULSicast (X) ) — 62%
Jour

18-05-2020
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Lower flange
Check calculation at midspan
M:=M; ys <Xcheck7m> =21141 kN+m Load effect at midspan
I:=1, oot (Xopec m) =0.094 m* Moment of inertia at midspan
Z3=Zr steel <Xcheck7m> =0.795 m Centre of gravity at midspan measured from

the bottom of the beam

M. 178 MPa = Oyt vLs cast (Xeheck m) =178 MPa

0=

Oy ULS cast (X) Stresses in the lower flange in the casting phase.

450
400+
350+
300+
250+

O-SﬂiULSicast (X) (MP a)

200+

150+

Joupx (X) (MP a)

100+

501

—50+

X (m)

Ay = QX ( Osf1 ULS cast (X) ) —40%

S

18-05-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
6: 10f 25

6 Capacity checks - Ultimate limit state, global

The capacity checks that are to be carried out are bending moment capacity, shear capacity, web breathing and
design of studs, both in ULS and due to fatigue

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

Xopook m=26 m Coordinate for control calculations - bending moment
Xopoor v=0.5m Coordinate for control calculations - shear force

6.1 Load effects in ULS

6.1.1 Bending moment with corresponding axial force

Permanent loads during casting do not contribute with any stresses in the concrete since the entire slab is
casted in one step. Load effects retrieved from Strip-Step2, Appendix X.

Bending moment in the ultimate limit state

My urs (x) =My (x) + M, (x) +M, e (o) + M55 (x) + Mg, (x)

My uis Design bending moment effect from all loads
My (x) Bending moment during casting (Appendix X)
M, (x) Bending moment from multi component loads (Appendix X)
M, (x) Bending moment from temperature loads (Appendix X)
Myss (x) Bending moment from additional permanent loads after construction (Appendix X)
Myrss (x) Bending moment from shrinkage (Appendix X)
4 26
58500+
52000+
455001 MdeLS (X) (kN' m)
39000+
495001 My, (X) (kN-m)
26000 M, (X) (kN- m)
19500+
130004 A/Itemp (X) (kN' m)
65001 =
(e Ny Mus () (o)
U( 5 10 15 20 25 30 35 40 45 50 55 .
0 M5, (X) (kN-m)
X (m)
My yis (Xeheek m) =58124 kN-m Bending moment at control point - ULS
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Axial force in the ultimate limit state
NdiULS(x) = Nysi (x) + N, (x) + Neemp () + Nz () + Ny, (x)
Ny uis Design normal force from all loads
Nyrs (x) Normal force during casting (Appendix X)
N, (x) Normal force from multi components loads (Appendix X)
Neemp (x) Normal force from temperature loads (Appendix X)
Nyrss (x) Normal force from additional permanent loads after construction (Appendix X)
Nypss (x) Normal force from shrinkage (Appendix X)
4 26
1500+
“1 5 10 15 20 25 30 35 40 45 50 5‘5 g
1500] Ny uis(X) (kN)
Nuwsi () (k)
—4500+
~6000¢ Ny (X) (kN)
75001 ]vtemp (X) (kN)
—9000+
~105001 Nuss (X) (kN)
Nussy (1) (&)
X (m)
Ny uLs <Xcheck7m> =—11682 kN Normal force at control point - ULS

14-05-2020
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Va ues Shear force descending from permanent loads during construction in ultimate limit state
Vs (x) Shear force during casting (Appendix X)
Virss (%) Shear force from variable loads (both temperature and traffic) (Appendix X)
Virss (x) Shear force from additional permanent loads after construction (Appendix X)
Virss (x) Shear force from shrinkage (Appendix X)
Al 1
4950+
4500
4050+
36007 Vd ULS (X) (kN)
3150+
2700 VULSZ (X) (kN )
2250
Virs (X) (kN)
Vinsa (%) (1)
900+
sof
e — ] Ym0 w
U( 5 10 15 20 25 30 35 40 45 50 55

VdiULS <Xcheck7v> =4511 kN

Shear force at control point - ULS

14-05-2020
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6.2 Cross-sectional constants
For calculations, see chapter 5.

1300
1200
1100
1000
900
800
700
600
500
400
300
200

100

A

]

0.245

0.225

0.205

0.185

0.165

0.145

0.125

0.105

0.085

0.065

»

15 20 25 30

40

e

45

50

v

0.395
0.365
0.335
0.305
0.275
0.245
0.215
0.185
0.155
0.125
0.095

0.065

0 5 10

»

15 20 25 30

40

45

50

15 20 25 30

v
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Aslfsteel (X) <m2 )

Aslfshort (X ) <m2 >

Ayt pern (X) (m*)

Aslfcs (X) (m : >
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6.3 Stresses in steel cross-section

The stresses is calculated for each load case taking into acount load duration and creep. The stresses are
then superpositioned.

6.3.1 Stresses during casting

M=My;s; (Xopeck m) =21141 kN+m Bending moment
I:=1, oo (Xopec m) =0.094 m* Moment of inertia
222, ot (Xeheek m) = 1255 mm Center of gravity from top flange
hi=hpoum <Xcheck7m> =2050 mm Height of girder
M . .
0y, '= 7 «—z=-281 MPa = Oy cast <Xcheck7m> =—281 MPa Stresses in upper flange from loads durng casting
M . .
0= 7 (h=2)=178 MPa = 6, <Xcheck7m> =178 MPa Stresses in lower flange from loads durng casting

6.3.2 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for
the composite section directly as the force is acting there. The other one is the temperature load where the load
is acting on the steel section and so stresses must be calculated for that specific section. The worst load case is
determined dependent on the largest stress in each part whereas the multi-component load is the main load for
the lower flange, and the temperature load is the worst load case for the upper flange.

6.3.2.1 Multi component loads (traffic)

M:=M,, (Xojoeh ) =20647 kN+m Bending moment
N:=N,, <Xcheck7m> =0 kN Normal force
A=Ay shor <Xcheck7m> =0.367 m* Cross-sectional area
I:=1, g0 <Xcheck7m> =0.242 m* Moment of inertia
Z3=Z ghont <Xcheck7m> =223 mm Center of gravity from top flange
h=hy,,, <Xcheck7m> =2050 mm Height of girder
- =0IN 09M, (—z)=—17MPa = oy, (Xepee m) =—17 MPa Stresses in upper flange from short
A I - term loads
o :=M+ LS M, (h—z)=234 MPa = a,,,(X =234 MPa Stresses in lower flange from short
s s.L.tr \“*check_m
A I term loads

14-05-2020
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6.3.2.2 Temperature loads
M:=M,,, <Xcheck7m> =8379 kN+m Bending moment
N:=N,p, <)(check7m> =—6476 kN Normal force
A=Ay et Kopeck ) =0.1 m* Cross-sectional area - steel section
A=A ghon <Xcheck7m> =0.367 m’ Cross-sectional area - composite section
L=1, oot (Xopeck m) =0.094 m* Moment of inertia - steel section
I:=1, g0 <)(check7m> =0.242 m* Moment of inertia - composite section
Z3i=Zyy steel <Xcheck7m> =1255 mm Center of gravity from top flange - steel section
Z3= 2y ghont <Xcheck7m> =223 mm Center of gravity from top flange - composite section
h=hy,., <Xcheck7m> =2050 mm Height of girder
M:=—=+M=3270 kN+m Bending moment imposed on steel section
A A 2 . .
Ny=Ne|ll—|—+— <ZS— > =—1887 kN Normal force imposed on steel section
A 1

15N, 1.5M; )

Oy i= ‘ S (—z) =—94 MPa = Gy, somp (Xeneck m) =—94 MPa Stresses in upper flange from short
A 8 B term loads

09N, 09 M, .

0= —+ — <h —zs> =8 MPa = Ogjjomp <Xcheck m) =8 MPa Stresses in lower flange from short
A I B term loads

6.3.3 Stresses due to additional permanent loads

M:=M; g <Xcheck7m> =4192 kN-m Bending moment

I:=1, o (Xepeck m) =0.187 m* Moment of inertia

2522, porm (Xeheck m) =602 mm Center of gravity from top flange
=Ry (Xepeek m) =2050 mm Height of girder

14-05-2020
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M .
Ogyi=—- (—z) =—13 MPa = G <Xcheck m> =—13 MPa Stresses in upper flange from
1 a additional permanent loads
M .
0, =—-+(h—2z) =32 MPa = Oglperm <Xcheck m) =32 MPa Stresses in lower flange from
1 - additional permanent loads

6.3.4 Stresses due to shrinkage

In the same manner as the temperature load must be calculated for the steel section, the shrinkage which acts on the
concrete section must be converted for the steel section.

M= My 0 (Xopeck m) =3765 kN+m Bending moment
N:=Ny;s <Xcheck7m> =-—5206 kN Normal force
A=Ay sieel <Xcheck7m> =0.1m’ Cross-sectional area - steel section
A=Ay <)(check7m> =0.205 m* Cross-sectional area - composite section
I[=1, oo <Xcheck7m> =0.094 m* Moment of inertia - steel section
I:=1, <Xcheck7m> =0.198 m* Moment of inertia - composite section
231 =2y ool <Xcheck7m> =1255 mm Center of gravity from top flange - steel section
Z3=2Zy o <Xcheck7m> =526 mm Center of gravity from top flange - composite section
= Ry (Xepeek m) =2050 mm Height of girder
M :=—+M=1796 kN -m Bending moment imposed on steel section
Av Av hm slab hm slab hm slab .
Nyi=Ne|———e¢|z——= lzgt———|z——— =—1519 kN Normal force imposed on steel
4 1 2 2 2 section
NS‘ MS‘ .
Ogyi=—+—-:+ <—zs> =—39 MPa = Oy shrink <Xcheck m> =—39 MPa Stresses in upper flange due
N B to shrinkage
Ny | M .
o, ;=—+—+(h—z) =0 MPa = 0y shrink (Xeheok m) =0 MPa Stresses in lower flange due to
Ay L - shrinkage

14-05-2020
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6.3.5 Summary of stresses
The stresses from the different phases are summarised accordingly.
Os.u (X) = Oy y.cast (X) + Os.u.shrink (X) + O-SAuAperm (X) + Os.u.tr (x) + O-SAuAlemp (x) Stresses in upper ﬂange
Os1 (X) =05 I cast (X) + Os.1shrink (X) + O-SAlAperm (x) + Os.Ltr (x) + O-SJAtemp (x) Stresses in lower ﬂange
A 26
495
450
405
360
315 “Osu (X) (MPa)

0, (X) (MPa)

225

180

135 fylfx(X) (MPa)

" fyufx (X) (MPLI)

45

v

[l 5 10 15 20 25 30 35 40 45 50 >5
X (m)
—Os.y (X) . e
N umar i=max | —=—21=100% Maximum utilization rate - upper flange
];ufx (X)
O-SAI(X) \ . - .
o e 2= MIAX L—J =100% Maximum utilization rate - lower flange
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6.4 Calculation of stresses in concrete
The stresses in the concrete is calculated with the same principle as the steel taking creep into account.

6.4.1 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for the
composite section directly as the force is acting there. The other one is the temperature load where the load is acting
on the steel section and so stresses for the concrete must be calculated separately.

6.4.1.1 Traffic and wind loads

M:=M,, (Xojoeh ) =20647 kN+m Bending moment

N:=N,, (Xojeck m) =0 kN Normal force

A=Ay shor <Xcheck7m> =0.367 m* Cross-sectional area

I:=1, g0 <Xcheck7m> =0.242 m* Moment of inertia

Z3= 2y, ghont <Xcheck7m> + Ny g1y = 543 mm Center of gravity from top flange

h=hy,,, <Xcheck7m> =2050 mm Height of girder

nF::nL2:5.88 Modular ratio

o= (ﬁ + _M.Z) A s MPa = O short (Xeteck m) =—8 MPa Stresses in concrete from short-term loads
A 1 np =

6.4.1.2 Temperature load
M::Memp <Xcheck7m> =8379 kN-m

N::]vtemp <)(check7m> =—6476 kN

nF::nL2:5.88 Modular ratio

A=Ay ghon <Xcheck7m> =0.367 m’ Cross-section area - composite section

Acof=Astap fic* ! =0.268 m* Cross-section area - effective concrete section
/ e

A=A 5. =1.576 m’ Cross-section area - concrete section

=1, ot (Xopeck m) =0.242 m* Moment of inertia - composite section
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3
L=bo (Xopeek m) * m‘lﬂzab =0.013 m* Moment of inertia - concrete section
b (X, P siap”
L= e Koteck ) cmslah  —0.002 m* Moment of inertia - effective concrete section
’ nr 12
222, sort (Xeheck m) =223 mm Center of gravity - composite section
h
Z,:= m‘;ab =160 mm Center of gravity - concrete section
1
M, ::C‘Teﬂ eM=79 kN+m Bending moment imposed on concrete slab
Ac eff Ac eff hm slab .
N_.:=N- T—T <zs—z> olz+ 2 =—1887 kN Normal force imposed on concrete slab
-N, M, .-z, .
0.:= y +17 =026 MPa = 0, mp <Xcheck7m> =0.26 MPa Stresses in concrete from temperature loads
6.4.2 Stresses due to additional permanent loads
M= My; g5 (Xopeck m) =4192 kN+m  Bending moment
I:=1, e <Xcheck7m> =0.187 m* Moment of inertia
Z3=Z perm <Xcheck7m> + N, aa =922 mm  Center of gravity from top flange
hi=hpoum <Xcheck7m> =2050 mm Height of girder
npi=ng = 18.48 Creep
—M.z 1 .
o,i=———«—=—1.1 MPa = [ <Xcheck m> =—1.1 MPa Stresses in concrete from permanent
1 np - loads
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6.4.3 Stresses due to shrinkage
M:=My;q, <Xcheck7m> =3765 kN-m Bending moment
N:=Nyes <Xcheck7m> =—-5206 kN Normal force
npi=ng = 14.91 Modular ratio considering creep
A=Ay o (Xopeok m) =0.205 m? Cross-section area - composite section
A o= Agiap fic * L _ 0.106 m* Cross-section area - effective concrete section
r
Ap=Agpap e =1.576 m’ Cross-section area - concrete section
I=1, <Xcheck7m> =0.198 m* Moment of inertia - composite section
h 3
L5=by (Xopeek m) * m‘;lzab =0.013 m* Moment of inertia - concrete section
by (X, P stat”
L= e (Xoteck ) Lmslab —0.001 m* Moment of inertia - effective concrete section
' nr 12
222, oo (Xepeck m) =526 mm Center of gravity - composite section
h
zpi= 0% — 160 mm Center of gravity - concrete section
1
M, ::C‘Teﬂ eM=17 kN+m Bending moment imposed on concrete slab
2
Ac eff Ac eff hm slab .
N, :=N-|1—- A —— I —e|z+ 2 =—1215 kN Normal force imposed on concrete slab
—N, M, -—z, . .
0.:= +——=0.6 MPa = O ghrink <Xcheck m) =0.6 MPa Stresses in concrete from shrinkage
AC c B
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6.4.4 Summary of stresses
O (X) = Oc.short (X) + Oc. temp (X) + O-CAperm (x) + O .shrink (X) Stresses in concrete

25

23

20

18

15

£ (X) (MPa)

10

—0.(X) (MPa)

—0. (X) . e e
N e.max 3= Max =35% Maximum utilization rate - upper flange
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6.5 Shear capacity

The shear capacity of the corrugated steel girder is calculated accoridng to SS-EN 1993-1-5, Appendix D.
The local- and global buckling factor are calculated according to SS-EN 1993-1-5, Appendix D.

Local buckling factor

a,; =120 mm a,,=119 mm Corrugation geometries
ey i=max (@, ,a,.) =120 mm SS-EN 1993-1-5D.2.2.(2)
twi=t,, (Xopeer ) =9 mm Web thickness
w 2
7, =483 E,- ( ) =5434 MPa SS-EN 1993-1-5 D.2.2.(2) Equation D.7
acmax

fyw <Xcheck7v>

Ao i= =0.226 SS-EN 1993-1-5 D.2.2.(2) Equation D.6
TCV * \/g
(115 ) _ . .
x;i=min ,1[=1.00 = yx.; <Xcheck V> =1.00 Reduction factor local buckling - SS-EN 1993-1-5
L0-9 + 4 B D.2.2.(2) Equation D.5

Global buckling factor

Dy=— " M 1) kNem SS-EN 1993-1-5 D.2.2.(3)

_ Es.tw-ac32 . <3 ad+acz>

D,:= =1628 kN-m SS-EN 1993-1-5D.2.2.(3)
12 w,
hw:=hy, (Xepeer ) = 1965 mm Web height
324 ,
= N+m=445 MPa SS-EN 1993-1-5 D.2.2.(3) Equation D.10
w e hw?
X
A= M =0.79 SS-EN 1993-1-5 D.2.2.(3) Equation D.9
V' s
(15 ) - i
Xgi=min| ———,11=1.00 = e <XCh€ck v> =1.00 Global buckling factor SS-EN 1993-1-5 D.2.2.(3)
LO.S +17 ) - Equation D.8
xe=min (yg, ) =1 = e (Xoeek ) =1.00 SS-EN 1993-1-5D.2.2
o fyw <)(check7v> _ _ _
Via=xc» 22l e hwetw=4901 kN = Vg (Xojeer ) =4901 kN SS-EN 1993-1-5D.2.2.(1) Eq.D.4

Ym1 \/g

14-05-2020
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A1l
5000+
4500+
4000+
3500+
3000+
2500+ VdeLS (X ) (kN )
2000+
VRdw (X ) (kN )
1500+ —————————
1000+
S(J(JJ'
U( 5 10 15 20 25 30 35 40 45 50 55 "
X (m)
Nymae = 93% Maximum utilization rate

14-05-2020
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6.6 Web breathing

Web breathing is checked against the largest subsection of the corrugation. The subsection is considered to be a
stiffened plate. The check is performed according to SS-EN 1993-2, 7 4.

hw (Lbridge ) s
f >30+4. " =<“Check breathing” SS-EN 1993-27.4 (2)Eq: 7.5

tw Lbridge m
2

H out +— “Check breathing”

Breathing check:=|| i

else
H out +— “OK!”
bp =max <ad R ad) =120 mm "Fictive" plate, longest distance of corrugation
by ui=1, <)(check7v> =9 mm Thickness of web
hwﬁu = hw <)(Ch€ck7v> =1965 mm Height of web
7[2 * ES‘ * tW u2
O ,i= S =4 MPa SS-EN 1993-2 7.4 (3)
124(1=v?) hy,
C/':: Cuf <)(check7v> =406 mm
.. b .
k, =|if —£->1 =1435.87 SS-EN 1993-1-5 Appendix A.3
& . i
out—534+4. W“)
b,
else
h 2
out —4+534. ( W")
b,
2
. ( (a,+2 a.,) ) .
ko yi=min l0.43 + LiJ , 0.6J =0.6 SS-EN 1993-1-5 Appendix D
<
0, gpser =0 MPa Is zero due to accordion effect of web
Vi=Vgg <Xcheckj> =1370 kN Shear force from casting
Sy steel = Suw steel <)(check7v> = <33 . 1073> m’ Second moment of area, casting
L oot =1, steel <Xcheck7v> =(65-107) m* Moment of inertia, casting
o V] * Sujteel _ .
Ty EDser cast u'=————="16 MPa Shear stresses from casting

I y steel u*® 2 wu

14-05-2020
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Vy=Vge <Xcheckj> =1269 kN Shear force from short term loads
Sy short = Suw short <Xcheckj> = <78 . 1073> m’ Second moment of area, short term loads
Ly short =1, short <Xcheck7v> = <173 . 10*3> m* Moment of inertia, short term loads
VZ * Suishorl _
——= =64 MPa Shear stresses from short term loads

Tx.ED. ser_short u =

I y _short u® twﬁu

Vii=Vorss (Xeneer v) =274 kN Shear force from permanent term loads
Su_perm*=Suw perm <)(check7v> = <65 . 1073> m’ Second moment of area, permanent term loads
Ly perm w =1y perm <Xcheck7v> = <140 . 1073> m* Moment of inertia, permanent term loads
o V3'Sujerm _ aee
Ty ED.ser perm u'=——————=14 MPa Shear stresses from additional permanent loads
I y perm_u*® twﬁu

Tx,ED,sel;u = TxAED.sericastiu + Tx,ED,serfshortﬁu + Tx.ED.ser - perm_u =154 MPa Tx.ED.ser <Xcheck7v> =154 MPa

2

2
; I.1.7,
Breathingiu = | if ( Oy ED.ser ) + ( x.ED.ser_u ) <1.1 =“OK!"” = Breathing <Xcheck7v> — “OK!”

ko‘ u' O-Eiu kriu * O-Eiu

H out — “OK!”
else
H out — “Not OK!”

O%.ED.ser : il x.ED.ser (X)
C0-0,(0) k()0 ()
Nbreathing = MAX Z £ 1 - £ =6% Maximum utilization breathing

14-05-2020
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6.7 Studs

6.7.1 Ultimate limit state

AH/EY
6: 17 of 25

The capacity of the studs in the ultimate limit state are calculated according to SS-EN 1994-2 6.6.3

d

d =22 mm

hga =200 mm
Jup =800 MPa

fo swai=min (f,;,,500 MPa) =500 MPa

h
stud -9
dstud
e hstud _
Qgpud = lf 3 S S 4 =1.0
stud
h
a—02.|1+22
stud
h
else if 4 <
dstud
H a—1
a
” 0.8 'fu stud * T * dctud2
P,;:==min = - =122 kN
4eyp
} 0.29. Aud dstud2 * Vfck * Ecm

| Vv
Suf short <Xcheck7v> =(76-107%) m?
Virs: (Xeheck v) =2538 kN

[yjhort <Xcheck7v> = <173 . 1073> m4

_ S:,gfishort <)(check7v> * VULSZ <XCh€Ck,V> =1108 k_N

‘L's h =
I y_short <)(check7v> m

Suf perm <Xcheck7v> = <53 . 1073> m’

14-05-2020

Diameter of stud
Length of stud
Characteristic strength of studs

Ultimate strength shear stud
- SS-EN 1994-2 6.6.3.1 (1)

Ratio height- diameter

Correction factor for length to diameter ratio shear stud
SS-EN 1994-2 6.6.3.1 (1)

Capacity of one shear stud SS-EN 1994-2 6.6.3.1 Eq:
6.18,6.19

Second moment of area
Shear force

Moment of inertia

Shear force per meter between concrete and top
flange for short term loads

Second moment of area
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Virss (Xeheek ) =329 kN

ijerm <Xcheck7v> = <140 * 1073) m4

I = SufJ)erm <Xcheck7v> * VULS3 <Xcheck7v> — 124 k_N

P [y _perm <Xcheck7v> m
kN

Ti= |1'Sh +‘L'pe| =1232 —
m

AH/EY
6: 18 of 25

Shear force

Moment of inertia

Shear force per meter between concrete and top
flange for permanent loads

Total shear force per meter between concrete and top
flange

14-05-2020
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74 0.9 max Qi br
Nygi= <q1k*b b > =10.1 1 Nog stud <Xcheck V) =10.1 i Number of studs needed per meter
P, m - - m
My stud (X) Provided amount of studs in a certain section
Mg stud (X) Needed amount of studs in a certain section

10.5+

9.9
9.34 /
8.7

) (1]

3|~

;’,,7: nrdistud (X) (

\
)

v

6.7.1.1 Additional studs for full anchorage

Case 1: Temperature and shrinkage causes the slab to contract and therefore they are working in the opposite
direction as the shear flow from ULS- loads during bending.

The anchorage length is calculated according to SS-EN 1994-2, 6.9 (3).
B,,=2525m Distance from centre web to outer part of edge beam
B, =28 m Distance from web to centerline bridge

b:=max (B,,,B,) =28 m

Lypen=15b=42m Anchorage length - SS-EN 1994-2, 6.9 (3)
Neg sua=826 kN Shrinkage force imposed on studs - calculated in chapter 4
|Nlemp7smd1| =1897 kN Temperature force imposed on studs causing contraction - calculated

14-05-2020

in chapter 4
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1.0 N,
nedics ::ﬂ: 16 i
lanch °Prd m
L5 |N, lem;)jtlui1 |
Mo tomp i =———=55 —
ey lanch <P rd m
1

nedﬁanch.l = nedfcs + neditemp =71 —
m

nrdistud(o m) =10.1 i

m
check; =if <ned7anch. 1< n,dﬂud(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check; =“No extra studs are needed”

Case 2: Temperature causes the slab to expand and therefore working in the same direction as the shear flow
from ULS- loads during bending. Shrinkage causes the slab to contract, i.e. working in the opposite direction.

1
—nedics = —1.6 ;
]\/le,,wj,m,2 =1536 kN Temperature force imposed on studs causing expansion
- calculated in chapter 4
1.5-0.6 ]vtempistud2 1
Neq temp = =27 —
N lanch ° Prd m

Neq stud(o m) =1.8 L
- m

1
nedﬁanch.Z = nedistud (0 m) + nedftemp - nedfcs =29 —
m

nrdistud(o m) =10.1 L

m

check, :=if <ned7anch_ 5 < n,dismd(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check,=“No extra studs are needed”

14-05-2020
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Extra studs needed due to shrinkage and temperature
My stud.adj (X) Needed amount of studs with regards to extra anchorage due to temperature and shrinkage
My stud (X) Provided amount of studs in a certain section (ULS- loads)

Mo stua(X) Needed amount of studs in a certain section

v

Table. Showing the adjusted need for studs near supports

X Mg Mg sgj
0 101 101
05 101 101
42 101 101

6 9.0 9.0
1 7.6 7.6
20 2.3 5.3

14-05-2020
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6.7.2 Fatigue limit state

6.7.2.1 Capacity

AH/EY
6: 22 of 25

The fatigue capacity is calculated according to SS-EN 1993-1-9, Table 8.5 and SS-EN 1994-2, 6.8.3.

At.:=90 MPa

At =4, A1,

A, =155
0,:=410 kN
0,:=480 kN

N, :=0.05+10°

Ny:=0.5-10°

1

(N
/qu — th . ( obs) —0.64
Q() N()

tLd:: 120

1

0
as=[222) =102
100

Aai=1.0

/lv ::/lul "%2"%3 '/lu4: 1.02

VYmF = 1.0

Az,
VEr® Aop, <——
YmF

ed,
Fy quai=At,«—" =342 kN
‘ 4

7

F
Foy guai= ’if’“d =33.7 kN

v

14-05-2020

SS-EN 1993-1-9 - Table 8.5 (10)

Bridge length less than 100m - SS-EN 1994-2 6.8.6.2 (4)

Mean weight of large vehicles in the slow lane

SS-EN 1994-2 6.8.6.2 (4) and SS-EN 1993-2 Eq. 9.10

Expected service life [years]

TSFS 2018:57-27ch. 3§

SS-EN 1993-2, 9.3 (1)

SS-EN 1994-2, 2.4.1.2 (6)

Shear fatigue capacity - one stud

Considering trafic load
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6.7.2.2 Fatigue load

Viur (X) Fatigue load from trafic - see Appendix X

41
500
450
400
350
300
250

Viar (X) (kN)
200 —_—
150
100
50
[l 5 10 15 20 25 30 35 40 45 50 55 .
X (m)

b= sV - stud_capacity

I m

Suf = Sufjhort <Xcheck7v> =0.076 m3
Vi= VFAT <Xcheck7v> =494 kN

I:= [yjhort <Xcheck7v> =0.173 m4

P 7
Ar::%:216k—N

m

Fry sua=34 kN Fatigue capacity - one stud
At 1 1
nediAr = =64 — = nedistudAAr <Xcheck7v> =64 —
Frd stud m m

14-05-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
6: 24 of 25

6.7.2.3 Design of studs with regards to fatigue

Ned stud Az (X) Needed amount of studs with regards to fatigue
My stud (X) Provided amount of studs in a certain section
Mo stua(X) Needed amount of studs in a certain section

,_
/!
:I

et e () (i)

4
\

) (]

v

\:

| U

a

=

U

Q

&

—~~

>
—_
SN———

Extra need of studs with regards to fatigue

s nedisludAAT (X) 13 99 ¢ 2
Check :=if | max W , “No extra studs are needed” , “Extra studs are needed
nrdistud

Check =“No extra studs are needed”

6.7.3 Summary - design of studs

Table. Showing the stud design for half of the span

-:{ ni-tud.IJEEd nStIJd.I'IEE'd nStIJd.fElt

0 101 1.8 0.0
0.5 101 101 6.4
4.2 10.1 9.1 2.9
6 9.0 8.6 2.6
11 76 12 49
20 5.3 4.8 3.6

14-05-2020
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6.8 Utilization rates

Ny umar = 100% Stresses in top flange
N 1max = 100% Stresses in lower flange
Nocmax =35% Stresses in concrete
Nymax=93% Shear capacity
Mbreathing = 6% Breathing

AH/EY
6: 25 of 25
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7 Capacity checks - Ultimate limit state, local

The capacity checks that are to be carried out are to evaluate the local effects. The capacity of the capacity of
stiffeners, welds and cross-beam is performed in this chapter.

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

Xopook m=26 m Coordinate for control calculations - bending moment
Xopoor v=15m Coordinate for control calculations - shear force

71 Load effects in ULS

7.1.1 Bending moment with corresponding axial force

Permanent loads during casting do not contribute with any stresses in the concrete since the entire slab is
casted in one step. Load effects retrieved from Strip-Step2, Appendix X.

Bending moment in the ultimate limit state

My urs (x) =My (x) + My, (x) + Moy () + M55 (x) + Mg, (x)

My uis Design bending moment effect from all loads

Mg (x) Bending moment during casting (Not used here - Appendix X)

My (x) Bending moment from variable loads (Appendix X)

My ss (x) Bending moment from additional permanent loads after construction (Appendix X)
Mgy (x) Bending moment from shrinkage (Appendix X)

4 26
58500+
52000+
45500+
39000+ MdeLS (X) (kN. m)
Mo (1) (o)
26000+
195001 M,y (X) (kN- m)
00— ~_ Myys; (X) (kN«m)
N e S T —~ R
( 5 10 15 20 25 30 35 40 45 50 55 MULS4 (X) (kN' m)
—6500+
X (m)
My yis (Xeheek m) =58124 kN-m Bending moment at control point - ULS

18-05-2020
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Axial force in the ultimate limit state

NdiULS(x) = Nyysi (x) + Nygs (x) + Neemp () + Nz () + Ny (x)

Ny uis Design bending moment effect from all loads
Nyrs (x) Bending moment during casting (Not used here - Appendix X)
Nyrss (x) Bending moment from variable loads (Appendix X)
Nyrss (x) Bending moment from additional permanent loads after construction (Appendix X)
Nyrsq (x) Bending moment from shrinkage (Appendix X)
4 26
1500+
‘}( 5 10 15 20 25 30 35 40 45 50 5‘5 g
—1500+
Ny vs(X) (kN)
—3000+
—4500+ NULSZ (X) (kN)
—6000+
]vtemp (X ) (kN )
—7500+
—9000+ NULS3 (X) (kN)
—10500+
Nypss (X) (kN)
—12000+
X (m)
Ny uLs <Xcheck7m> =—11682 kN Bending moment at control point - ULS

18-05-2020
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7.1.2 Shear force

Va us () = Vs () + Vs (x) + Viemp () + Viss (x) + Vs (x)

AH/EY
7: 30f 36

Va ues Shear force descending from all load effects in ultimate limit state
Vs (x) Shear force during casting (Appendix X)
Virss (%) Shear force from variable loads (Appendix X)
Virss (x) Shear force from additional permanent loads after construction (Appendix X)
Virss (x) Shear force from shrinkage (Appendix X)
A 2
38501
35007 N
3150+
2800 VdeLS (X) (kN)
2450
2100 VULSZ (X) (kN)
1750+ g
14004 Vtemp (X) (kN)
1050+
ool Vowss (X) (kN)
3504
“ T //Il ‘ . Virse(X) (kN)
) [l 5 10 15 20 25 30 35 40 45 50 55 -
X (m)
Vi uLs (Xched@) =3545 kN Shear force at control point - ULS

18-05-2020
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7.2 Transeverse stiffeners

Field

Xpsei=11 m Location where the web changes thickness
lage =15 mm Thickness of stiffener

s =360 mm Width of stiffener

Cross section class

t .
CSCS[ = lf ast_f Sg 8uf :“CSC 1”
bastj'
“CSC 1”

. tastj'
elseif 9 ¢, < <10¢,
ast f
“CSC 27

t .
elseif 10 ¢, <L <14 ¢,
ast_f

“CSC3”
else
“CSC4”

The length of the web that is contributing is 11 ¢t according to SS-EN 1993-1-4 5.7 (3)
814/': 0.71
t, <xm,> =7 mm

bwﬁaszj':: 11 g“. * tW <xavst> =54 mm

/
1= if Lzﬁ The minimum allowed stiffness - SS-EN 1993-1-5 9.3.3 Equation 9.6
hw <xavst>
3
j —0.75- hw <xavst> ° ZLw <xavst>
/
elseif — < < \/E
hw <xavst>
3 3
1.5<h ot
j — w <xavst> - w <xavst>
ICV
J
3 3 2
2 * bW asi + tav * ZLW xavv tav * bav bav + ZLW xaw —
Ly = < _ast_f "f> < "> 4o Tast ) tast £* Dast 1* ’J—<’>) = (240 .10 6) m*
12 12 2 Stiffness of stiffener
. Ixastj e . . . . .
if —=>1 =“OK! Controll if stiffener satisfies stiffness requirment
st
CLOK!”
else
“NOT OK”

18-05-2020
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Support
X =05 m Location of support
b, i=26 mm Thickness of stiffener
b, =440 mm Width of stiffener
t
CSCyi=| if 2L<9 ¢, =“CSC1”  Cross section class
ast
H LGCSC 1”
t
elseif 9 £, <—"-<10 ¢,
ast
“CSC2”
t
elseif 10 ¢, <—"-<14 ¢,
ast
“CSC 3”
else
“CSC4”
The length of the web that is contributing is 11 ¢t according to SS-EN 1993-1-4 5.7 (3)
guf: 0.71
tW <xavst> = 9 mm
by ai=11g,p0 8, <xm,> =70 mm
. ZCV ] . .
I,:=|| if —2\/5 The minimum allowed stiffness - SS-EN 1993-1-5 9.3.3 Equation 9.6
hw <xavst>
3
/=075 (50 1 (i)
/
elseif — < < \/E
hw <xavst>
| s i)
. 15 * hW xavs * tW xavs
||] — 1 - 1
ZCV
|
J
Astﬁsup = tast b ast + ZLw <x avst> b w_ast
3 3
2.bW as +tav .tW xavv tav 'bav —
L= < s "> < "> 42| 2L o <369~ 10 (’> m’ Stiffness of stiffener
12 12
. Ixast . . . e . .
if >1 =“OK!” Controll if stiffener satisfies stiffness requirment
st
GLOK!”
else
“NOT OK”

18-05-2020
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Check of out of plane buckling according to SS-EN 1993-1-5 9.4 (2)

h, <xm[> =1965 mm

Ly ast=0.75h,, (Xp05) = 1474 mm SS-EN 1993-1-4 5.7 (2)

Astﬁsup: <1 * 1072> m2
. [xast
1:= =175 mm

st_sup

I, :
Dy i= = fY_W:().B

el E;
5= 0.49 SS-EN 1993-1-4 5.7 (2)

@”S’ =05- <1 + Oy </Iast_ 02> +’1ast2> =0.49

Kast i=Min ! , 1.0\ =1 Buckling factor stiffener
L¢ast+ \Y ¢as12 _/Iast2 J
Y =1
Deb ot of o
N, =t o Jow Kas =10982 kN Buckling load of stiffener

Ym1

Vi uLs <)(check7v> =3545 kN

nm::Mzns%

NbArd

Utilization ratio

18-05-2020

AH/EY
7: 6 of 36



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

7.3 Welds
Material parameters

Sy =650 MPa
fuy=650 MPa

£, p=0650 MPa

p,=10

Vertical loads on web
Distributed loads on web

Concrete: 2. =gua* 1.2=52 kN
m
Cover: Zasyi=&eov* 1.32=16 kN
m

Point loads on web

The trafic load spreads though the concrete, cover and the road according to SS-EN 1991-2 Figure 4.4

--> |oad distributs 1:1. LM2 is the dimensioning load

b =02 m

Wwheel *=

togy =110 mm

bloadiweb = bwheel + <hm“€lab + ZLcov> +2=1060 mm

L5 -0
p,ie 12 QaktGor _prg KN
2'bload7web m
l.S‘Qak‘aQI kN
= =79
2. <2 m+bload7web> m
kN
Pweb _gc+gavf+P1+P2_377 -
m

18-05-2020

TSFS 2018 _57 11 kap 2par

Thickness of the cover

AH/EY
7.7 of 36
Ultimate tensile stress of upper flange
Ultimate tensile stress of lower flange
Ultimate tensile stress of filler material
Ultimate tensile stress of joint
SS-EN 1993-1-4 6.3
Design self weight concrete -ULS
Design self weight cover -ULS
£
Hiurseend 1.0 -
- e - l =0
CEWTWAN 1200
v |
X TL ! |

f ‘t

Assume all load goes to one girder
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Weld between web and top flange at support x=0.5m

Fillet weld

a:=4 mm Weld thickness

Kepeck wi=0.5 m X-location at support
Pweb

oy (a)=—22 Perpendicular normal stresses in weld
\/E 2ea

o, (a) =33 MPa

7, (a) =0, (a) Perpendicular shear stresses in weld

Suwﬁshort (X ) ° VdiULS (X )

Parallell shear stresses in weld
[yjhort (X) *2ea

T (Xa a) =

2 2 2
Oog wu(X,0) = \/ oy (a) +3- (1'” (x,a) +7,(a) ) Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1

Oeq_wu <‘X6heck7w] ’ a> =177 MPa

0.9-

Ora L = 09w _ 458 Mipa SS-EN 1993-1-8 4.5.3.2 (6) EQ: 4.1

- V2
ORd eg™= Jurv__ 54> v SS-EN 1993-1-8 4.5.3.2 (6) EQ: 4.1

- ﬂw *Vm2

X a
Mw_uf eq 1°= Teq v <a check wl » > =33% Utilization ratio
Rd _eq
a

My uf L 1°= JL( ) —7% Utilization ratio

ORd L

Weld between web and top flange at x=11m

Fillet weld
a=4 mm Weld thickness
Keheck w2i=11 m X-location at change of web thickness
Ooq vu (Xeheek w2+ @) =127 MPa Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1
o (a) =33 MPa Perpendicular normal stresses in weld
M uf eq 2= Py <jz’mwz ) =24% Utilization ratio
_eq
Mo uf 1 2= a(a) =7% Utilization ratio

ORd L

18-05-2020
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Weld between web and lower flange at support x=0.5m

Butt weld

T (X) = Slwishort (X) * VdiULS (X)
" Iy short (X) * tw (X)

Ty Xeteek w1) = 184 MPa
=440 mm

b bearing B

Phegying = 5000 kN

Alwisup (X) = tw (X) * bbearing + ZLast * <bbearing - ZLw (X)>

P bearin
o, (x) = —E =
Alwisup (X )

oy <)(check7w]> =330 MPa

2 2
+3 17, (x)

e )=\, ()
O-C’q,Wl <Xcheck7w]> =459 MPa
ORd eq = 542 MPa

Opa L =488 MPa

_ O-eqiwl <Xcheck7w1 > —8 5%

n w lf eq 1 S
O-Rdieq
o; (X,
77W7]f7L71 — L < check7w1> — 68%
ORd L

18-05-2020

Parallel shear stresses in weld

Width of bearing plate

Bearing force

Loaded area from bearing

Perenperdicular normal stresses in weld

Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1

Capacity of joint - Von Mises stresses

Capancity of joint - stresses perpendicular to weld

Utilization ratio

Utilization ratio

AH/EY
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Weld between stiffener and lower flange at support x=0.5m

Butt weld

Vertical force taken by the stiffener from the bearing

Lt <bbearing =1, (X)>

Pvﬁast (X) = Pbearing °
Alwisup (X)
Horizontal force as a result of 3:1 spread of load i )/J
=
Py siae=98 kKN Side force from acceleration
P (x) :
P h_ast (X ) ::% +P h_side : 1.'.\- 4 _:;1'
ify
TSP I SUNSE RS

oy <)(check7w]> =330 MPa

— Phiast (X)
2ty bug

ast

s (x ) :

2 2

Oeq sl (x):= \/UL (x) +37,(x)
Oeq_st <XCheck7w]> =345 MPa
ORd eq = 542 MPa

Opa L =488 MPa

_ O-eqisl <Xcheck7w1 > —6 4%

n w_Ilf eq 2 =
O-Rdieq
o; (X,
nw7y7L72 — L < check7w1> — 68%
ORd L

18-05-2020

See above WLT ' T:?zi

Parallell shear stresses in weld

Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1
Capacity of joint - Von Mises stresses

Capancity of joint - stresses perpendicular to weld

Utilization ratio

Utilization ratio



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

Weld between web and lower flange at x=1m

Fillet weld
a=4 mm

Xcheckﬁw3 =1m

0;:=0 MPa
DALY
T <Xcheck7w3 ’ a> =93 MPa

Oeq_wu <)(Check7w3 ; a> =174 MPa

Opd og =542 MPa

O-eqiwu <Xcheck7w3 9 (l> =3 2%

n w If eq 3 =
O-Rdieq

Weld between web and lower flange x=11m

a=4 mm
XcheckﬁwZ =11 m
O-eqiwu <)(check7w2 ’ Cl> =127 MPa

Opd og =542 MPa

Oeq_wu <XCh€Ck7W2 ’ a> =24%

n w lf eq 4 S
O-Rdieq

18-05-2020

Weld thickness

X-location

Perpendicular normal stresses in weld

Perpendicular shear stresses in weld

Parallell shear stresses in weld

Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1

Capacity of joint - Von Mises stresses

Utilization ratio

Weld thickness

X-location

Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1

Capacity of joint - Von Mises stresses

Utilization ratio

AH/EY
7: 11 of 36
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7.2.1 Utilization welds and stiffeners

Stiffener

Nase=32% Buckling of stiffener

Welds

Ny uf eq 1= 33% Weld at x=0.5 m upper flange equvilant stress

My uf I 1= 7% Weld at x=0.5 m upper flange normal stress

nwiufieq72:24% Weld at x=11 m upper flange equvilant stress

Nw uf L 2= 7% Weld at x=11 m upper flange normal stress

Nw If eq 1= 85% Weld at x=0.5 m lower flange equvilant stress

N i 1 1=68% Weld at x=0.5 m lower flange normal stress

N Ifeq 2— 64% Weld at x=0.5 m stiffener and lower flanger equvilant stress

Ny if 1 2= 68% Weld at x=0.5 m stiffener and lower flanger normal stress

N Ifeq 3— 32% Weld at x=1 m lower flange, change of weld, equvilant
stress

Ny if eq 4= 24% Weld at x=11 m lower flange equvilant stress

18-05-2020

AH/EY
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7.3 Cross-beams

7.3.1 Cross-section at support

ir

l

| -

*I @i%""‘ il"'

T Porcpriaes

L

oo

I

—

Assume support cross-beam dimensions

h =660 mm

w_cbs't
Ly cbs =20 mm
Uy cps =20 mm
by cps =400 mm
Uit chs =20 mm
by, cbs =400 mm

hcbs B hwﬁcbs + tﬂicbs ar tfuicbs =700 mm

Frcts =fny="480 MPa

18-05-2020

Height of web -Cross-beam

Thickness of web -Cross-beam

Thickness of lower flange -Cross-beam

Width of lower flange -Cross-beam

Thickness of upper flange -Cross-beam

Width of upper flange -Cross-beam

Height of Cross-beam

Yield stress Cross-beam

AH/EY
7: 13 of 36
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t
CSCyi= || if Ry <9 Eyy =“CSC1” Cross-section class lower and
bﬂfcbs upper flange
-~ tw cbs
5 -
“CSC 1~
t
elseif 9 ¢,< A cbs <10 ¢,
% - twicbs
“CSC2”
t
elseif 10 ¢,,< P cbs <ldeg,
bﬂ chbs
Ly
w_cbs
5 X
“CSC 3~
else
“CSC 4~
t,
CSC,,:= || if h‘ubs <72 &, =“CSC 1” Cross-section class web
w_cbs
H (.GCSC 1”
. tw cbs
elseif 72 ¢, < ——<76 ¢,
w_chs
“CSC2”
t
elseif 76 ¢, <=~ <90 ¢,
w_chs
“CSC 3”
else
“CSC 4”
Cross-sectional constants cross-beam
Acbs = hwﬁcbs * twicbs + Z_Lﬂicbs * b_ﬂicbs + Z_quicbs * bfuﬁcbs = <29 * 1073) mZ
3 3 { \2 3
hw cbs ° tw chs ZLﬂ chbs 'bﬂ chs hcbs ZLﬂ chs Zqu cbs ‘b/u cbs -3 4
[cv:: — — '7l+tcs'bcs' —— +— = J=(2-10 m
b 12 12 Jlchs = Ieh L 2 2 } 12 ( )
2
hcbs Zqu chbs
+ Z_quicbs * b 'fir_cbs 5 - T
By st ens. tens® Pt s Lir ens* Prs cbs
[zich:: w_chbs " *w_cbs + ‘fl_cbs ™ “fl _cbs + “fu_cbs " “fu_cbs — <21 4.1 07(,> m4

12 12 12

h t
Swuﬁcbs = Z_quicbs * bfuﬁcbs * ( ;bs - %) = <3 . 1073> m3

Swlﬁcbs = Swuﬁcbs = <3 * 1073) m3

18-05-2020
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Forces in cross-beam
d;;+=0.8 m Distance from lifting point to the centre of the main girder -Cross-beam

X

check_cbs =0.5m

P lift = VULSI <)(checkicbs> + VULS3 <)(checkicbs>
Py=1973 kN

Pinai=22 kN+1.5-0.3=9900 N

(h,(x) B )
Medﬁcbs(x) ::Pl,‘ﬁ'dhﬁ+Pwmd-L 2( )+ 2b‘

Medﬁcbs <)(checkicbs> =1591 kN+m
7.3.1.1 Bending capacity at bearing change

My s ::ﬂ-fw:sm kN « m
- 05 .thS

Moy s (Xoteck o) = 1591 kN m

Medicbs <Xcheckicbs> —5 0%

M, rd_chs

n cb M =

18-05-2020

Location of support cross-beam

Lifting force when chaning bearing

Lifting force when chaning bearing

Wind force acting on the structure

Bending moment arising when changing bearing

Total moment at bearing change

Bending moment capacity

Bending moment

Utilization ratio
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7.3.1.2 Shear capacity at bearing change

Npara_cb*= 1.2 SS-EN 1993-1-55.1 (2)

235 MPa-E,
ey TS =07 SS-EN 1993-1-4 Table 5.2
reps+210 GPa

. . hw cbs 56.2- cb
buckling check:=| if ———<

2 w_chs n 'para_cb

=“Check plate buckling” SS-EN 1993-1-55.1 (2)

H “No plate buckling check”
else

“Check plate buckling”

/

er cbs *= Agirder = 5.6 m Buckling length of cross-beam

Aeps*= lcricbs -2 dliﬁ =4m

a
k= || if h—b >1 =545 SS-EN 1993-1-5A.1 (2)
w_chs
h 2
out — 534+ 4+ | b
Aeps
else
h 2
out — 44534+ | b
Acps
7[2 'Ev' tw cbs2
O¢_chs*= — =166 MPa SS-EN 1993-1-5A.3 (1)
- 12 <1 - v2 > * hwﬁcbs2
Ter cbs =Ky O py =904 MPa SS-EN 1993-1-5 5.3 (3) Eq: 5.4
Doy cbs =076+ rebs _ 55 SS-EN 1993-1-5 5.3 (3) Eq: 5.3
- Tcricbs

18-05-2020
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if buckling check = “Check plate buckling”
0.65

X w_cbs =

out <—

if /Iw cbs <
n ‘para_ch
H nparaicb

else if 0.65

<Ay ops <0.65
nparaicb -
0.65

A

else

w_cbs

1.56
09144

w_cbs

else

out < nparaicb

 cbs ® Dy ops by
wafd — Xwicbs fycbs w_cbs " ‘w_cbs —4295 kN
\/g *Vmi

P,
ncbiV:: hﬁ = 46%
bw.rd

7.3.1.3 Buckling at bearing change

lcricbs =5.6m
L
=g | =P — 86 mm
Acbs
/
/chs — cr_cbs fycbs =1.02
i\ E
Qops = 0.76

Dy = 0.5+ (14 0oy (Rp— 0.2) + 2> ) = 1.33

1

Xbicbs = > 5 =0.46
@cbs + Y ¢cbs _/chs
oA ..
med i Xbicbs cbs fycbs —6401.2 kN
- VM1
P, M, X
ncombicbs — wind + ed;bs( checkfcbs) — 50%
N, b.rd_cbs Mrd cbs

AH/EY
7: 17 of 36

=1.17 SS-EN 1993-1-4 2006/A1 Table 5.4

Shear capacity of cross-beam

Utilization ratio

Buckling length of cross-beam

Radius of gyration

Slenderness of cross-beam - SS-EN 1993-1-4

54.21Eq:5.8

Buckling curve C - SS-EN 1993-1-4 Table 5.3

SS-EN 1993-1-4 5.4.2.1 Eq: 5.7

SS-EN 1993-1-4 5.4.2.1 Eq: 5.6

Buckling load

Utilization ratio

18-05-2020
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7.3.1.4 Weld at bearing change
Fillet weld web
a=4 mm

S P,
T v obei= [wuicbsz lift —288 MPa
- «Deq

y_cbs

O-eqicbil = m =499 MPa

O oq=542 MPa

Ocq ch_1

—_€q.cb i _

n ch eq 1°— - 92%
O-Rdieq

Butt weld at lifting point

Svou cbs * Pii
U o= =115 MPa
o I vy cbs ® twﬁcbs
diger =275 mm
tasticbs =22 mm
b ast_cbs =127 mm
P,
O-Lilicbs = i =85 MPa

twicbs * djack + ZLasticbs * dl@ft

O-eqicbs = \/O-Lilicbs2 +3. Tllilicbxz =217 MPa

ORd oq =542 MPa

Ora 1 =488 MPa

Oeq cb
.— _eq.cos __
’7cb72q72 =1 = 4()%
ORdieq

O], | cbs
Hep p 27— = 18%
ORd L

18-05-2020

) PE Ty ns
; | \
|

Weld thickness

Parallell shear stresses in weld

Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1

Capacity of joint - Von Mises stresses

Utilization ratio

Parallell shear stresses in weld

L FTHATH
o=t e

Perpendicular normal stresses in weld

Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1

Capacity of joint - Von Mises stresses

RV STV ASG

AH/EY
7: 18 of 36

12t

(T2

Capacity of joint - Normal stress perpendicular to weld

Utilization ratio

Utilization ratio
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Butt weld at stiffener

' ST VI N €,
oDt Dasens 47 4y Load taken by stiff | | 22
ast*— = 0aa taken py stirener — 1TF X
<djack +2-b asticbs>
i

Py = Hori Va

b asti= orisontal component of load I REA|

N RS
: \ JL
1 ] / ) _l-_f_ Pl-\ .
1/ ] _ T Ph.
o Phiast _ )

Tl cbs ast = =57 MPa Parallell shear stresses in weld

o 2.b ast_cbs * tasticbs
0y, 1 chs =85 MPa see above
Oey chs 5= \/ULchbsz +3. T,,jbuxtz =130 MPa Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1
ORd eqg= 542 MPa Capacity of joint - Von Mises stresses
Ogq =488 MPa Capacity of joint - Normal stress perpendicular to weld

o O-eqicbsis —9 4? . . )
Nep eq 3:7=—————24/0 Utilization ratio
O-Rdieq
Op | cbs - . .
Nep 1, 3:=———=18% Utilization ratio
ORd L

18-05-2020
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Fillet weld at stiffener

a:=4 mm

Length of contributing weld

0.2. hw chs
by =122 Twch 008
150-a

lweld = waJ * hWﬁcbs = 0647 m
Stresses in weld

P
Tl cbs_ast*= o« =92 MPa
o 2'2'a'lweld

P h_ast® \/E

2'2'a'lweld

=43 MPa

O-Licbsiast =

TLﬁcbsﬁast = O-Licbsiast =43 MPa

Teq cbs ast™= V 01 1 ebs” +3+ (T chs ast’ +TL chs axi’) =195 MPa  Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1

O oq =542 MPa
Opa =488 MPa
Oeq cbs_as
ncbieqji = ks = 36%
O-Rdieq

O chs ast
ey 1 4 =————=9%
ORd L

18-05-2020

AH/EY

Parallell shear stresses in weld

Normal stress perpendicular to weld

Perpendicular shear stress in weld

Utilization ratio

Capacity of joint - Von Mises stresses

Capacity of joint - Normal stress perpendicular to weld

Utilization ratio

Utilization ratio
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Joint between cross-beam and main girder
iy .
Web is butt welded v RN TN S R
P, [/:' | 1.0 '
T e = =149 MPa = e
_ tW76b5 * hWﬁch 1 g ! I=|=.---= wwwwwwwww ,..,.,,‘ - _‘F_Mk
‘_P i e b o Oy M
N I I D3
B 7 T T'\;
0.8
Fa
19 =\/3.1 2 =259 MPa Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1
eq cb j Il web_j
ORd eg =342 MPa Capacity of joint - Von Mises stresses
_ O-eqicbj _ - . .
Neb g 5 =——2L=48% Utilization ratio
O-Rdieq
Flanges is fillet welded
Lyela 71:=450 mm Lenght of weld
a:=6 mm Thickness of weld
P lift * Alifi . . .
Fyyi=————=2254 kN Force in flanges from bending moment due to excentric
heps loading
FM .
Ty g ji=————————==209 MPa Parallell shear stresses in weld
lweldﬂ‘a‘z‘z
Oog b ;=\ 3" THJ,J-z =362 MPa Von Mises stresses in weld - SS-EN 1993-1-8 4.5.3.2 EQ: 4.1
ORd oq =542 MPa Capacity of joint - Von Mises stresses
=i 67% Utilizati i
Neb eq 6°= = 0 ilization ratio
O-Rdieq

18-05-2020
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7.3.1.6 Service state
A check is performed to see if the service state loads is the dimensioning case

Assumes all horisontal force goes to the cross-beam

P,,.=10 kN Calculated in chapter 4
Py siae=98 kKN Calculated in chapter 4
Moy service (x):= <P wind + P hﬁside> : ( o () + ﬁ)
2 2
Moy service Keneck cbs) =144 kN-m Bending moment
Mg cbs <Xcheck7cbs> =1591 kN+m Bending moment capacity of cross-beam

service_state := I if Moy service <Xcheck}bs> <M.q cbs <Xcheck7cbs> = “Not dimensioning”
“Not dimensioning”
else
“Dimensioning”

18-05-2020
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7.3.2 Cross-beam in field
7.3.2.1 Top bar in casting phase
Assume VKR 140x140x5 mm as top bar
hy, =140 mm

A =2670 mm?

cbf top B

L ey 10p=807+10* mm*

X

Ly /= (240-10°) mm*

[xastj' =30

1 x_cbf top

AH/EY
7: 23 of 36

Height of top bar

Area of top bar

Stiffness of top bar

Stiffness of transeverse stiffener

Stiffness ratio between stiffener and top bar

Due to the large difference in stiffness of the components little bending moment will be transferred

between them

The horizontal force in the bar from the construction phase is assumed to be 1.5% of the compressive force of

the top flange.

F ;:M: 10814 kN
o hw <)(check7m>

Phoricb/;top = Fcitop . 15% = 162 kN
Pwindicbf:: 30 kN

Pthorfcbfitop ::Phoricbfitop'i_Pwindicbf' 03 * 15 = 176 kN

Buckling of compressed top bar

acbf:: 0.49

I
i=1 | Dcblion _ 55
Act iop
lcr chs ’fycbs
/IbeJop = 7[*.1 . T = 16

B 1op =05+ (14 teps (Reny 1op = 0.2) + Ay 10 ) =2.1

1
Xd?f;lop = =0.29

2 2
Deps 1op+ \/ Devf 1op” —henf 1op

18-05-2020

Compressive force in the top flange

Compressive force in cross-beam in field

Total horisontal force in cross-beam

Buckling curve C - SS-EN 1993-1-4 Table 5.3

Radius of gyration

Slenderness of cross-beam - SS-EN 1993-1-4
5.421EqQ:5.8

SS-EN 1993-1-4 5.4.2.1 Eq: 5.7

SS-EN 1993-1-4 5.4.2.1 Eq: 5.6
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A, e . .
Nb,«dfd;f'ﬁmp — cbf top ];zcbs Xclzfitop =307 kN

Ym2

P
’]bejop — D _hor_cbf top — 57%

b.rd_cbf top

Bending moment from excentric bar fixation

15 mm

e:=2. + 10 mm=25 mm

Medﬁcbfitop =P D_hor cbf top * e=4 kN-m

[x cbf to,
Mrdicbfitop = # 'fycbs =55kN-m
D My

P M
Hebf top_comb*= DoATohiiop + od_cbf_top =65%

N, b.rd_cbf top M, rd_cbf top

7.3.2.2 Diagonal bar in Casting phase
Assume VKR 120x120x5 mm as diagonal bar

hdiagivkr =120 mm

ly=" 02 m=2.6m
2
l,:=13m

/
0= atan (l—”) =27 deg
b

I
b —291m

e
T cos (ag,)

PDihoricbfitop =196 kN

P D diag cbf =
cos <(Zcb

18-05-2020

Buckling load

Utilization ratio

L .*"lgll‘f:l.‘“" l

L § |_

Utilization ratio

Height of vkr bar

Distance to centre of cross-beam

Distance between the top and bottom bar

Length of diagonal

AH/EY
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Buckling of compressed diagonal bar
L cby diagi =498+ 10* mm* Stiffness of diagonal bar
Acir diag=2270 mm® Area of diagonal bar

L .
= | 2=9g — 47 Radius of gyration

Acb/;diag
y) = Liiag [ frebs _ o7 s

cbf diag i =——*\|=— =0. enderness of cross-beam - SS-EN 1993-1-4

el E; 5.421Eq:5.8

Pesy diag=0.5 (14 i (Ao ding—02) + ety diag” ) = 1.16  SS-EN 1993-1-4 5.4.2.1 Eq: 5.7

Xetf diag = ! =0.56 SS-EN 1993-1-4 5.4.2.1 Eq: 5.6

2 2
Dpf diagt \/ Dty diag. — *ebf diag

_ Acb/;diag 'fycbs * Xebf diag —507 kN

N, b.rd_cbf diag*= Buckling load
Ym2
M.y cvf diag'=Pp diag cboy*€=5 kN+m

Ix cbf dia,
Mrdfcb/;diag = # 'fycbs =40 kN-m
-2 * Ndiag vir

Pp 4 M, i
ncbfidmg — D diag cbf + ed_cbf diag — 51%

Utilization ratio

b.rd_cbf diag M, rd_cbf diag

Bottom bar

Same conditions as top bar, therefore no further check needed

18-05-2020
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7.3.2.3 Joint between cross beam and main girder

Weld of top bar

Nyvd by My
Fi=max 0.7 2210 g 7, LD p o op| =277 KN
2 0.14 m

a:=4 mm

Fll

_ =173 MPa
2:2:0.1mea

Tl cbf top *=

Bolted connection bottom and diagonal bar

TOThLT Msloo

Xpoir ::100%: 50 mm Distance in x from rotational-centre to bolt
Vbols =12V 60 mm Distance in y from rotational-centre to bolt
L, =4 Xyt F 4V =0.0244 m? Rotational stiffness

Three load cases will be considered according to Rad Brobyggande
1. "real load"

2. 70% of normal force capacity

3. 70% of moment capacity

Load case 1
P
P,:= % =49 kN Real load case
Load case 2
N _
P,:=0.7- %: 89 kN 70% of normal force capacity
Load case 3

0.7 M, e ® X
H;:= rd_cbf diag_Tholt _ 57 kN 70% of moment capacity

L cry

_ 0.7« Mrd,d?f,diag * Vbolt

Vs: =69 kN 70% of moment capacity

1, chy

18-05-2020
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P;:=\/V* + Hy® =89 kN

P i=max (P;, Py, P3) =89 kN
Capacity bolts

Choose diameter 20 mm 10.9 bolts

dboll =20 mm

S, =800 MPa

Abo,[::db"lt—z.n:314 mm?

a,:=0.6

P St b 56y
Ym2

Bearing resistance base material

x
ab::min( bolt ,fub,l):OB
3edpo fuy

k; = min (2.8~ bolt 1.7,2.5):2.5

dbolt
ke e od, ot .
Fbmd:: 1°%b fulf bolt * tast_f =339 kN
Ym2
Pmax
Mol "= =26%
b.rd

P
Nbolt_v*= — :71%
- vad

18-05-2020

Load composant

Dimensioning load

SS-EN 1993-1-8 Table 3.4

SS-EN 1993-1-8 Table 3.4

SS-EN 1993-1-8 Table 3.4

SS-EN 1993-1-8 Table 3.4

SS-EN 1993-1-8 Table 3.4

Utilization ratio

Utilization ratio

AH/EY
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7.3.2.4 Service state

Loads comes from shrinkage and temperature

i PANSUSN {_-L

Lyo

|{<:.‘ e
o L
o} T
BRI SR B S - _,“1‘:1
y L
£y =246-10"° Shrinkage strain
Eromp=—504+107 Temperature strain
Epr i =g 1 + Eremp * 1.5=—-0.00051 Total strain ULS
dyop =400 mm Distance from top flange to top bar
A opire =650 mm Distance from top bar to centre of main girder
dcentre —6
gcbf::gtot'—:_316' 10
dtop + dcentre
Fovf top esi=Acty 1op* €y Es=—169 kN Force in top bar from shrinkage
o F cbf top_cs | - . )
Nevf top.es = |——=—| =55% Utilization ratio
b.rd_cbf top

18-05-2020
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7.3.3 Utilization cross-beams

Support
Nep_ M= 50%
Neh v= 54%
Necomb_cbs = 63%
Welds

Neb_eq 1= 92%
Neb eqg 2= 40%
Neb L 2= 18%
Neb eq 3= 24%
Heb 1 3= 18%
Neh eq 4= 36%
Heb 1L 4= 9%

Neb eqg 5= 48%

n ch eq 6 = 67%

service_state =“Not dimensioning”

Field

n cbf top = 5 7%

n cbf top_cs — 55 %

n cbf top_comb =65 %

ncbfidiag =51 %

Joints
Npott = 26%

nboltiv =71 %

18-05-2020

Bending moment at bearing change

Shear forces at bearing change

Buckling at bearing change

Fillet weld web

Butt weld at lifting point

Butt weld at lifting point

Butt weld at stiffener lower

Butt weld at stiffener lower

Fillet weld at stiffener to web

Fillet weld at stiffener to web

Joint to main girder web

Joint to main girder flange

Loads from service state

Buckling of top bar

Buckling of top bar service state loads

Combined bending moment and normal force top bar

Buckling of diagonal bar

Bolt capacity

Base material capacity
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7.4 Fatigue

The check for fatigue of welds is carried out according to SS-EN 1993-2 and SS-EN 1993-1-9

using the lambda method

7.4.1 J-method

4o,
Vet Adogp<—

ymf
Aop=lp¢+40

ny:: 10
ny:: 1.35
lpan=51m
Q,,1:=445 kN

Omirdok =410 kN
Q=480 kN
N, :=0.05-10°
N,=0.5-10°

lypan 10 m
Ai=2.55-0.7- =2.14

STe
T

70 m
/ 30
Aypei=1 705 [l =30m) g
m
" som )
1
N 5
/IZ_QmI.{ obs\ —0.58
o, \ )
1
5
/13:{—120\ =1.04
\100)
Agi=1.0
A =2

D= it (s Ay Ry * gy D) = 1.3

A= min (Apype Ay s 23+ 2y D) = 1.48

max,

Aysi=min (Apys s 2 A3+ Ags Apae) = 0.9

18-05-2020

SS-EN 1993-2 9.3 (1)

SS-EN 1993-1-9 Table 3.1

Span length of bridge

Krav Brobyggande E.3.1 (f)

Krav Brobyggande E.3.1 (f)

SS-EN 1993-2 9.5.2 (3)

SS-EN 1991-2 4.6.1 Table 4.5

SS-EN 1993-2 9.5.2 (3)

Moment SS-EN 1993-2 9.5.2 Figure 9.5

AH/EY
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Shear force field SS-EN 1993-2 9.5.2 Figure 9.5

Shear force support SS-EN 1993-2 9.5.2 Figure 9.5

SS-EN 1993-2 9.5.2 Equation 9.10

SS-EN 1993-2 9.5.2 Equation 9.11

TSFS 2018:57 27ch. $3

SS-EN 1993-2 9.5.2 Figure 9.6

SS-EN 1993-2 9.5.2 Equation 9.9

SS-EN 1993-2 9.5.2 Equation 9.9
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7.4.2 Fatigue due to moment

Check midspan

Xeoteck far_1=26 m
0.2

K (x) = (M)

In (x)
Check lower flange joint

A0,:=80 MPa

—— -
L, o (¥) (peam (X) =24 short (%))
LY <Xcheck JazJ) =48 MPa

Ao,

c

Ao-cmed (X) = ks (X) °
Ymr

Ao-cmed <Xcheckjatil> =52 MPa

4 Oc2 | <Xc

nfgtJ — heckjat7]> — 93%
4 O¢.red <Xcheck - fat_1

Check upper flange at stiffener

A0, =80 MPa

_ MFAT(x) Ao

AH/EY
7: 31 0of 36

Location of joint

Size effect SS-EN 1993-1-9 8 Figure 8.3

Fatigue class ¢80 SS-EN 1993-1-9 Table 8.3 (11)

Normal stresses in flange

Fatigue strength SS-EN 1993-1-9 Eq: 7.1

Utilization ratio

Fatigue class ¢80 SS-EN 1993-1-9 Table 8.4 (7)

do,; (x) = <hbeam (x) —Zy short (x) —iy (x)) Normal stresses in flange

1 y_short (x )

4 Oc2 1 <Xcheck Jat71> =46 MPa

Ao,
40, 0q'=—=159 MPa
Tmr
AO_@ XC eCi ai
Mg 2= —= <A ek 1) _ sgo
O-C

18-05-2020

Fatigue strength SS-EN 1993-1-9 Eq: 7.1

Utilization ratio
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Check upper flange studs

A0, =80 MPa

Myyr(x) 4,
Ao-eZJ (X) = L ° <Zl‘177short (X)>
I y_short (X )

Ao, 4 (X,

C

heck JazJ) =17 MPa

46, ,,4=59 MPa

c.re

A0'627] <XcheCkfat,]> :22%

Ao

c

Nfar 3°=

Check at thickness change. x=11m

Xeheck fat 2= 10.99 m

k() (

Check lower flange joint

do,.:=80 MPa

Mpr(x)e4,
AerJ (X) = A ° <hbeam (x) - thishort (x)>
I y_short (X )

40,3 1 (Xeheck_gu_2) =48 MPa

Ao,

c

A6, yeq (x) =k (x) -

mf

4 Oc.red <X

C

heck, ja172> =52 MPa

AO_@ XC ec a
Mo 4= 271( heck_f. Lz) —93%

4 Oc.red <Xcheck jat72>

18-05-2020
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Fatigue class ¢80 SS-EN 1993-1-9 Table 8.4 (9)

Normal stresses in flange

Fatigue strength SS-EN 1993-1-9 Eq: 7.1

Utilization ratio

Size effect SS-EN 1993-1-9 8 Table 8.3

Fatigue class ¢80 SS-EN 1993-1-9 Table 8.3 (11)

Normal stresses in flange

Fatigue strength SS-EN 1993-1-9 Eq: 7.1

Utilization ratio
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Check at notch, x=15m

Xeheck - fat 3= 15 m
Check lower flange joint

do,:=T71 MPa

_ MFAT(X) ° /Im

4 Oc2 1 (X ) " <hbeam (X) ~Zip short (X»

I y_short (X )

405 1 (Xeteck fur 3) =40.02 MPa

Ao,

c

AocAred (X) = ks (X) °
Ymr

4 Oc.red <X

C

heck Jmﬁ3> =46 MPa

4003 1 Kenec ju_3) =87%

Nfar 5=
4 O¢.red <Xcheck - fat 3

7.4.3 Fatigue due to shear forces

Check at support. x=0.5m

Xcheckjatjf =05 m

a:=4 mm
Check upper flange fillet weld, web

ATcillJab :=80 MPa

VFAT (x) ° Suwﬁshort (x) ‘ /IV/’

Az, g (x) =

A%, 1 (Xeheek jur_s) = 18935 MPa

A
Az, =2l 59 MPg
B Tmp
_ ATeJl <Xcheck jat74> =32%

n (fat 6 =
4 Te Ul

18-05-2020

L, ghon (x) s min <tw (x) )2 a>

AH/EY
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Fatigue class ¢80 SS-EN 1993-1-9 Table 8.3 (11)

Normal stresses in flange

Fatigue strength SS-EN 1993-1-9 Eq: 7.1

Utilization ratio

Fatigue class ¢80 m=5 SS-EN 1993-1-9 Table 8.5 (8)

Shear stresses in weld

Fatigue strength SS-EN 1993-1-9 Eq: 7.1

Utilization ratio
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Vertical load on web, see section 7.1

Az, ;=36 MPa

4o, ;=36 MPa

O =120 kN

Pi= O + Ot —76 kN
2bioag wep 2 <2 m +bloadiweb> m

Aoy, ::w: 10 MPa

At :=Ao; =10 MPa

Ao, =\ do,* +47,> =14 MPa

Control

5
do,.\* (47, 4 (X,
wf) + ( eill< checkjat74> ) — 6%

M 77=
s ( 4 0-6714 4 Tcﬁll

Check change of weld lower flange fillet weld. x=1 m

Xcheckjatjf =1m

a:=4 mm

ATcillJab :=80 MPa

VFAT (x) ° Slwishort (x) ° /IVf

Az, g (x) = L, shor (x) » min <fw (x),2- a>

dz, (X,

C

heck fut 4) =41.08 MPa

4 Te Il tab

ATCfH = =59 MPa

Tmf

A‘[eJ] <Xcheck jtltf) =69%
Az, g

n fat 8 =

18-05-2020
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Fatigue class ¢36 m=3 SS-EN 1993-1-9 Table 8.5 (8)

Fatigue class ¢36 m=3 SS-EN 1993-1-9 Table 8.5 (8)

Boggie load fatigue veihcle

Load on web per meter

Normal stresses perpendicular to weld

Shear stresses perpendicular to weld

SS-EN 1993-1-9 5 (6)

Utilization ratio

Fatigue class ¢80 m=5 SS-EN 1993-1-9 Table 8.5 (8)

Shear stresses in weld

Fatigue strength SS-EN 1993-1-9 Eq: 7.1

Utilization ratio
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Check at change of thickness in web, x=11 m

Xeteck ur_4:=10.99 m
a:=4 mm
Check upper flange fillet weld, web

A‘L-Cillitab =80 MPa

VFAT (X) ° Suwﬁshort (X) ° ’IV/'

Az, g (x) = L, hor (x) « min <tw (x),2- a>

Aty i Xeeek far 1) =15.621 MPa

Az,

Az, = — 59 MPg
- Ymr
Are /A Xcheck fat 4
Mt 9°=— ( - 1) _ 56
c ll

Vertical load on web, see section 7.1
Az, ;=36 MPa
4o, =36 MPa

P'\/E"IV/'
4eq

Aoy = =10 MPa

At =40y

Ao,=\ 4o, + 47> =14 MPa

Control

=6%

5
4 awf ’ + 4 Teill <Xcheck jat74>
AGch

Nfat 10°=
( 4 Te

18-05-2020

AH/EY
7: 35 0f 36

Fatigue class ¢80 m=5 SS-EN 1993-1-9 Table 8.5 (8)

Shear stresses in weld

Fatigue strength SS-EN 1993-1-9 Eq: 7.1

Utilization ratio

Fatigue class ¢36 m=3 SS-EN 1993-1-9 Table 8.5 (8)

Fatigue class ¢36 m=3 SS-EN 1993-1-9 Table 8.5 (8)

Normal stresses perpendicular to weld

Shear stresses perpendicular to weld

SS-EN 1993-1-9 5 (6)

Utilization ratio
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7.4.4 Fatigue utilization
Npar 1=93% Check midspan, lower flange joint
Npat 2= 58% Check midspan, upper flange at stiffener
Nt 3=22% Check midspan, upper flange studs
Nar 4= 93% Check x=11 m thickness change, lower flange joint
Npar 5= 87% Check x=15 m notch, lower flange joint
Npar 6=32% Check shear x=0.5 m, upper flange fillet weld
Npar 7= 6% Check combined bending, shear x=0.5 m, upper flange fillet weld
Npar s =69% Check shear x=1 m, lower flange fillet weld
Npar 0=26% Check shear x=11 m, lower flange fillet weld
nfa,710=6% Check combined bending, shear x=11 m, lower flange fillet weld

18-05-2020
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8 Deflection checks - servicability limit state

8.1 Secant modulus of elasticity

As stainless steels display a non-linear behaviour below the yield limit a constant value for the modulus of
elasticity can not be used. A secant modulus of elasticity is calculated dependent on the current stress.

E ,+E
ES.Ser = s.1 5.2
2
E, Secant modulus corresponding to the stress in the tensile flange (lower)
E, Secant modulus corresponding to the stress in the tensile flange (upper)
EY . .
E; <o Iy n> = ‘E Equation for calculating the secant modulus (upper- or lower flange)
1+0.002. 5. ()
5 \r)
SteelGrade =*1.4162” Used stainless steel
n=>5 Ramberg- Osgood parameter for the specific steel grade - SS-

EN 1993-1-4 Table 4.1, Outokumpu - Duplex stainless steel
brochure

18-05-2020
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8.1.1 Calculation of stresses and secant modulus of elasticity

Short-term loads

Nogs o (¥) | Mg o (x)
ruf X):= — + — * shor X
O-SLSJ A /( ) Aslfshort (X ) 1 y_short (X ) ZIIL o ( )

Nsis o (X ) Mgrs 4 (X )
rif\X) = — + — * short \X) — h eam \X
O-SLSJ ! ( ) Aslishort (X ) 1 y_short (X ) <le7 o ( ) ’ ( )>

o-tnmaxiuf:: max <0-SLSJ‘KM/‘(X)> = 34.73 MPa otnmaxilf:: —min <0-SLS71Klf(X)> = 96.34 MPa

Esj <o-tnmax7uf’];ufa I’l> +Esj <o-tnmaxilf7]§;lf7 I’l>

EsAdeﬂ B B =199.96 GPa
Casting loads
Ogs f(x) o NSLSicast (X) MSLSfcast (X) .z , (X)
LS cast.u, o tp_stee
N Asl (X ) I y_steel (X ) -
N, cast\X M, cast \X
O-SLSicastAlf (X ) = S5 cast ( ) + L8 ca ( ) ° <thisteel (X ) - hbeam (x )>

Asl (X) Iyﬁsteel (X)

o-castmaxiuf:: max <0-SLSicast4uf(X)> =234.16 MPa o-castmaxilf:: —min <0-SLSicastAlf(X)> =148.27 MPa

Esj <0-cast4max7uf ’fyuf 9 I’l> +Esj <o-castAmafo 7fylf 9 I’l>

E&eleucast B =196.38 GPa
2
Permanent loads
NSLSJJerm (x) MSLSJ)erm (x)
OsLS enuf(x) = *Zip perm (x)
7 Asl _perm (x) Iy ) _perm (X ) i
N, erm (x ) M, erm (x )
O-SLSJJean(x) = jLSJ) ( ) + ISLSJ) ( ) * <thjerm (X) - hbeam (x)>
sl_perm X y_perm X

apermmaxﬁuf:: max <JSLSJenuf(X)> =17.21 MPa O-permmaxilf:: —min <O-SLSJ7enlf(X)> =21.06 MPa

Esj <0-permAmax7uf 7fyuf ’ I’l> +Esj <O-permAmafo 7fylf 9 I’l)
2

E = =200.00 GPa

s.elev.perm *—

18-05-2020

AH/EY

8:20f5



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

Shrinkage

o (x) = NSLSch (x) MSLSics (X) .z (x)
SLS_cs.uf AS 1 cs (x) [yics ( X ) p_cs

__ NSLSfcs (X) MSLSfcs (x)
OSLS cs.lf (x) = Aslics (x) [yﬁcs (x) * < tp_cs (x) - hbeam (x)>

o-csAmaxiuf:: max <0-SLS76sAuf(X)> =43.7 MPa

o-csAmafo:: —min <0-SLSicsAlf(X)> =0 MPa

£ Esj <0-csAmax7uf’]§1uf’ n> +Esj <acs.max7y7]§1y7 n> =200.00 GPa

s.elevies *=
2

18-05-2020
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using Stainless steel girders with corrugated web -40
8.2 Deflection
Oy (X) Calculated deflection using StripStep-2, see Appendix X
79.32

72

64

56

48

40

5,(X) (mm)

24

16

8

( > 10 15 20 25 0 5 40 45 50 55 g
X (m)
O prmax = Max (5,, (X)> «—=79.32 mm Maximum deflection caused by trafic loads
s.defl

Ly =51.0m Span length

L
= 4‘”’”" =128 mm Allowed displacement - Krav Brobyggande B.3.4.2.2

00
0

5= —2% — 62% Utilization rate - allowed deflection

trall
O ena=2.6 mm Vertical displacement at free end
O end.an’=>S mm Allowed vertical displacement at free end

- Krav Brobyggande B.3.4.2.2

if <5tr7end < 5triendull 9 “OK” 9 “NOT OK”> =“OK”

18-05-2020
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8.2 Elevation of span
LS an T . .
%: 6.375 m Dividing the span into eight parts
E E E

5[0[ (X) = 5cast (X) — + 5perm (X) —_— + 563 (X) :

Es.eleucast E&eleuperm E&eleucs
S ehoosen (X5) Choosen elevation for d,,,(X) including weighing of secant modulus of elasticity
Oror (X) Total deflection including weighing of secant modulus of elasticity
Ocast (X) Deflection from casting loads, see Appendix X
Operm (X) Deflection from permanent loads, see Appendix X
Ocs (X) Deflection from shrinkage, see Appendix X

4 6.875 13.25 19.625 26 32.375 38.75 45.125

350

315 -~ \
280 / / \\
245 / \ . _5 choosen g)_@ - Sn;”:lz -

140 5cast (X) (mm)

v 5perm (X) (mm)

70

Table. Showing the choosen elevation for the span considering casting, permanent and shrinkage loads

X ﬁt:}t ﬁl:h:}'.}i-El‘l

0.50 0 0

6.68 140 140
13.25 249 250
19.63 318 320
26.00 342 340
32.38 318 320
38.75 249 250
4513 140 140
51.50 0 0

18-05-2020
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9 Material savings

The material savings that are achieved thanks to redesigning the bridge with corrugated webs and using
stainless steel is compared to the old design. However it is important to note that dependent on the utilization
rates the savings may always not be comparable. For this bridge the highest utilization ratios are larger than
95% (close to 99,8%) and therefore close to comparable.

9.1 Main girder

The main girder is redesigned with a corrugated web and a slightly slimmer design. Over the full bridge length
this decreases the weight of the bridge. All savings are presented for the full bridge (full width). Consideration
has been taken to the extra web length arising from the corrugation.

V,a=13.25m’ Steel volume - girder with flat web; original design
V,ow=10.56 m* Steel volume - girder with corrugated web; new design
Mo girder:= 1850 ké; V,a=104 10" < kg Weight of girder - flat web; original design
m
Mgy girder = 1951 ké; V=80 10 « kg Weight of girder - corrugated web; new design
m
m .
Ngirder = 1 — rew.ginder _ 5307 Material saving [%] - steel girder
molngirder
AMqing girder=Mold girder — Mnew girder = 24 10° kg Material saving [kg] - steel girder

9.2 Studs
Vitud ola= 12750 cm’ Volume - studs; original design
Vwa new=59530 cm’® Volume - studs; new design
kg - ,
Mg swa*= 1850 - stud old =11 kg Mass - studs; original design
m
— kg _ _ ,
My sma*= 1951 —* stud new =450 kg Mass - studs; new design
m
_ mnewfstud _ . . o
Mg =1 ———=—==21% Material saving [%] - studs
moldistud
Amsavlngﬁstud:: moldistud_ mnewfstud: 122 kg Material SaVing [kg] - studs

14-05-2020
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9.3 Cross-beams

V., =0.59 m’
kg
mold ch = 7850 . Cb:4597 kg
- m3
kg
mnewicb = 7551 3 *Vep= 4422 kg
m

Myew cb
’]Cb = 1 —_—_— 4%
Moid_cb

Amsavingicb = moldicb - mnewﬁcb =175 kg

9.4 Welds
Viwetd o1a=0.0051 m’

V. =0.0038 m°

weld _new

kg

3
m

Mold weld *= 7850 * Veld old = 40 kg

7551 k8.

mnewﬁweld = 3 weld _new

=29 kg

m Id
nweld:: 1 —uzzg%
Mold weld

Amsavingﬁweld = moldiweld - mnewﬁweld =11 kg
9.5 Total savings

— _ 3
moldfbridge = moldjirde/‘ + moldjtud + moldicb =109 10 kg

— _ 3
mnewibridge T mnewgirder + mnewistud+ mnewﬁch =8510 kg

m

i new_bridge __
Moridge = 1 — —22=bridze — 25 5%
moldibridge
Amsaving tot = Amsavingjird@r + Amsavingfstud + Amsavingﬁcb +4m

14-05-2020
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Volume cross-beams old and new design

Mass - cross-beams; original design

Mass - cross-beams; new design

Material saving [%] - studs

Material saving [kg] - studs

Volume - welds; original design

Volume - welds; new design

Mass - welds; original design

Mass - welds; new design

Material saving [%] - welds

Material saving [kg] - welds

Total mass of original design

Total mass of new design

Material saving [%] - full bridge

=2510° kg
Material saving [kg] - full bridge
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Appendix 1 - Strip Step, System analysis — bridge 100-262-1 (cast)

DA

TA

INPUT

STRIP STEP 2 (PC-05-041001)

DATE: 2020-04-28

5
6

TIM

E:

11:50:46

PAGE

\\\I)

1

BW:

(=]

STRIP-STEP2

Project: Bro 100-262-1
Ccomposite steel- concrete bridge using corrugated web in stainless steel
Appendix X - System analysis, Construction phase
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Appendix 1 - Strip Step, System analysis — bridge 100-262-1 (cast)

WSP Sverige AB S TR IP STEP

2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
DATAKVITTO Appendix X - System analysis, Construction phase
0 PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28
0
OENHETER : SI-SYSTEMET
0 LANGDER METER
0 VINKLAR RADIAN
0 LASTER, KRAFTER KILONEWTON
0 P KZNNINGAR, ELASTICITETSMODULER MEGAPASCAL
0 MASSOR TON
0 TEMPERATURER KELVIN
8 FREKVENSER HERTZ

OFR N DESSA GRUNDENHETER SAMT KOMBINATIONER HZRAV GM™RES

FMLJANDE UNDANTAG:
0

VINKEL I GEOMETRIBESKRIVNING OCH
ROTATIONER I DEFORMATIONSRESULTAT GRADER (360/VARV)
0 FMRSKIJUTNINGAR I DEFORMATIONER MILLIMETER

WSN)

SIDA



Appendix 1 - Strip Step, System analysis — bridge 100-262-1 (cast)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
DATAKVITTO Appendix X - System analysis, Construction phase
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

0
MATERIALKONSTANTER

I Kk I E0 I GO/EO0 I DENSI- I OMEGA T I EPSILON I FI-KRYP I

I I I I TET I *100000 I *100000 I I

I--------- I--------- I--------- I--------- I--------- R I--------- I
10000 200000 .500 1.000

ELEMENTTYPER

I NR I ARBETS I E I DEN- I KRYP- I R I TVAR- I F I D I H I K*I I K*A I
I I BIDRAG I G I SITETI IND I I SNITT I I I I I I
I------ I-------- I-------- I------- I------- I------- I------- I------- I------- I------- I--------- I--------- I
1 N 200000 .000 -1.293 2.050 600.824  642.500

BALK 100000 1.000 -1.293 2.050 600.824  642.500

2 N 200000 .000 -1.293 2.050 600.824  642.500

BALK 100000 .206 -1.293 2.050 600.824  642.500

206 -1.270 2.050 703.868  748.900

222 -1.340 2.050 887.081  985.000

500 -1.340 2.050 887.081  985.000

778 -1.340 2.050 887.081  985.000

794 -1.270 2.050 703.868  748.900

794 -1.293 2.050 600.824  642.500

1.000 -1.293 2.050 600.824  642.500

3 N 200000 .000 -1.293 2.050 600.824  642.500

BALK 100000 1.000 -1.293 2.050 600.824  642.500

0
SYSTEMBESKRIVNING

IKNTPTI Y Iz IDELTAY I DELTA Z I LED-TYP I  ALFA I ELEMENT I KNUTPT I
I START I I I I I REAKT. I I TYP I SLUT I
I-------- I--------- I--------- I--------- I--------- I--------- I--------- I--------- I-------- I
1 000 .000 1 2
2 .500 .000 -2.050 ZzR
2 3
3 51.500 .000 -2.050 YzR
3 4
4 52.000 .000 -3 3

WSN)

SIDA



Appendix 1 - Strip Step, System analysis — bridge 100-262-1 (cast) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 3
DATAKVITTO Appendix X - System analysis, Construction phase
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
STANDARDLASTFALL

I LASTFALL I KNUTPUNKT I R I w I LAST- I P-Y I P-Z I M I
I NAMN I START-SLUT I I I TYP I I I I
I---------- I-----------—- I------- I------- I------- I--------- I--------- I--------- I
STEEL 1-2 .000 UTBR -6.33
1.000 UTBR -6.33
2-3 .000 UTBR -6.33
206 UTBR -6.80
206 UTBR -6.80
222 UTBR -8.58
500 UTBR -8.58
778 UTBR -8.58
794 UTBR -6.33
794 UTBR -6.33
1.000 UTBR -6.33
3-4 000 UTBR -6.33
1.000 UTBR -6.33
SLAB 1-2 .000 UTBR -43.40
1.000 UTBR -43.40
2-3 000 UTBR -43.40
1.000 UTBR -43.40
3-4 000 UTBR -43.40
1.000 UTBR -43.40
FORM 1-2 .000 UTBR -2.61
1.000 UTBR -2.61
2-3 .000 UTBR -2.61
1.000 UTBR -2.61
3-4 .000 UTBR -2.61
1.000 UTBR -2.61
LASTKOMBINATIONER
I LASTKOMBINATION I -LASTFALL - I SPANN. I K-KRYP I
I NAMN I ART I NAMN I TYP I FAKTOR I ALTER I IND I I
I---------- I------ I---------- I-------- I-------- I-------- I-------- I-------- I
STEEL STEEL STAND 1.000
SLAB SLAB STAND 1.000
FORM FORM STAND 1.000
BROTT-B STEEL STAND 1.200
SLAB STAND 1.200
FORM STAND 1.200
KVASI STEEL STAND 1.000
SLAB STAND 1.000
FORM STAND 1.000



Appendix 1 - Strip Step, System analysis — bridge 100-262-1 (cast)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Construction phase
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

SNITTKRAFTER

I I STEEL I SLAB I FORM
I PUNKT I-----mmmmm I-----mmmmm I-----mmmmmm I
I I M I N I Q I M I N I Q I M I N I
I----------- I----------I----------I---------- I-------—---I----------I--------—- I---------- I-----—----- I
1.000 01 .05 01 -.10 01
500 -.19 -1.57 -1.33 01 -10.95 -.08
2.000 -.78 -3.15 -5.42 01 -21.80 -.33
2.000 -.78 196.49 -5.37 1106.69 -.32
063 593.12 176.09 3301.72 968.35 198.64
125 1121.29 155.23 6167.87 830.01 371.07
188 1582.26 133.93 8593.06 691.68 516.97
250 1971.60 108.99  10577.30 553.34 636.34
313 2275.44 81.65 12120.60 415.00 729.19
375 2492.12 54.31 13222.94 276.66 795.51
438 2621.64 26.96  13884.33 138.33 835.30
500 2664.01 -.38 14104.77 -.01 848.56
563 2619.23 -27.72  13884.26 -138.35 835.30
625 2487.30 -55.06  13222.80 -276.69 795.50
688 2268.21 -82.41  12120.39 -415.02 729.18
750 1961.96 -109.75  10577.03 -553.36 636.33
813 1570.64 -134.08 8592.71 -691.70 516.95
875 1111.10 -154.26 6167.45 -830.04 371.04
938 587.26 -174.43 3301.24 -968.37 198.61
3.000 -.89 -194.60 -5.93 -1106.71 -.36
3.000 -.85 -.01 3.36 -5.70 .01 22.53 -.34
.500 -.21 -.01 1.78 -1.42 .01 11.68 -.08
4.000 .04 -.01 .19 .14 .01 .83 .01



Appendix 1 - Strip Step, System analysis — bridge 100-262-1 (cast) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 5
RESULTAT Appendix X - System analysis, Construction phase
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

SNITTKRAFTER

I I BROTT-B I KVASI I
I PUNKT I----mmmmmm I----mmmmmm I
I I M I N I Q I M I N I Q I
I----------- I----------I----------I---------- I----------I---------- I---------- I
1.000 07 01 -.13 06 01 -.11

500 -1.92 01 -15.83 -1.60 01 -13.19

2.000 -7.84 01 -31.53 -6.53 01 -26.28

2.000 -7.77 1643.71 -6.48 1369.75

063 4912.18 1443.23 4093.48 1202.69

125 9192.26 1242.22 7660.22 1035.18

188  12830.75 1040.66  10692.29 867.22

250  15822.30 834.74  13185.25 695.62

313 18150.27 625.94  15125.23 521.62

375 19812.68 417.14  16510.57 347.62

438  20809.53 208.34  17341.28 173.61

500 21140.82 -.47 17617.35 -.39

563  20806.55 -209.27  17338.79 -174.39

625  19806.72 -418.07  16505.60 -348.39

688  18141.33 -626.88  15117.78 -522.40

750  15810.38 -835.68  13175.32 -696.40

813  12816.36 -1040.87  10680.30 -867.39

875 9179.51 -1241.07 7649.59 -1034.23

938 4904.52 -1441.27 4087.10 -1201.06

3.000 -8.61 -1641.47 -7.17 -1367.90

3.000 -8.27 32.70 -6.89 27.25

.500 -2.06 16.99 -1.72 14.16

4.000 23 1.29 19 1.08



Appendix 1 - Strip Step, System analysis — bridge 100-262-1 (cast) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 6
RESULTAT Appendix X - System analysis, Construction phase
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

REAKTIONER

I STEEL I SLAB I FORM I
E T I T--mmmmmmmmmmmmmmm oo T--mmmmm oo mm oo I
I I R-ETA I R-ZETA I R-M I R-ETA I R-ZETAI R-M I R-ETA I R-ZETAI R-M I
e S B L e B e B B I
2 -199.64 -1128.49 -67.91
3 -.01 -197.96 -1129.24 -67.94
REAKTIONER
I BROTT-B 1 KVAST I
I PUNKT  I------=mmmmmmmmmmommmmmmooooo T--mmm oo mmmmmmmm oo I
I I R-ETA I R-ZETA I R-M I R-ETA I R-ZETA I R-M I
i S B L O I----------I---mmmm-o- I
2 -1675.24 -1396.03
3 -.01 -1674.17 -1395.14



Appendix 1 - Strip Step, System analysis — bridge 100-262-1 (cast)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Construction phase

PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28
DEFORMATIONER
I I STEEL I SLAB I FORM
I PUNKT  I------------mmmmmmmmmmmmmm oo ettt e e I
I I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I
I-----------I----------I----------I[---------- I----------I-------——--I----——---- I----------I----------I---------- I
1.000 -1.921 1.392 159 -10.358 7.476 -.857 623 .450
.500 -1.921 .696 -.159 -10.358 3.738 -.857 -.623 .225
2.000 -1.921 -.159 -10.358 -.857 -.623
2.000 -1.921 -.159 -10.358 -.857 -.623
.063 -1.920 -8.787 -.155 -10.355 -47.192 -.831 -.623 -2.839
.125 -1.920 -17.078 -.142 -10.351 -91.634 -.759 -.623 -5.513
.188 -1.919 -24.428 -.121 -10.349  -130.900 -.646 -.623 -7.875
.250 -2.010 -30.549 -.100 -10.830 -163.497 -.532 -.652 -9.836
.313 -2.010 -35.516 -.078 -10.829  -189.899 -.415 -.651 -11.425
.375 -2.009 -39.186 -.053 -10.828  -209.389 -.284 -.651 -12.597
.438 -2.009 -41.433 -.027 -10.828  -221.333 -.144 -.651 -13.316
.500 -2.009 -42.185 -10.828  -225.355 -.651 -13.558
.563 -2.009 -41.419 .027 -10.828  -221.333 144 -.651 -13.316
.625 -2.009 -39.157 .054 -10.828  -209.388 .284 -.651 -12.597
.688 -2.010 -35.477 .078 -10.829  -189.898 .415 -.651 -11.424
.750 -2.010 -30.504 .100 -10.830  -163.495 532 -.652 -9.836
.813 -2.100 -24.382 .121 -11.309 -130.898 .647 -.680 -7.875
.875 -2.100 -17.040 .142 -11.312 -91.633 759 -.681 -5.513
.938 -2.101 -8.765 .155 -11.315 -47.191 831 -.681 -2.839
3.000 -2.101 .159 -11.319 .857 -.681
3.000 -2.101 .159 -11.319 .857 -.681
.500 -2.101 .694 .159 -11.319 3.738 857 -.681 .225
4.000 -2.101 1.388 .159 -11.319 7.476 857 .681 .450



Appendix 1 - Strip Step, System analysis — bridge 100-262-1 (cast)

WSP Sverige AB S TR IP
KONSTRUKTIONSTYP RAM
RESULTAT

DEFORMATIONER

STEP 2 PC-05-041001 Project: Bro 100-262-1
Composite steel- concrete bridge using corrugated web i
Appendix X - System analysis, Construction phase

PROJEKT IDENT
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Appendix 1 - Strip Step, System analysis — bridge 100-262-1 (cast) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i -1
RESULTAT Appendix X - System analysis, Construction phase
0 PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
OI NNEH LLSF"™RTECKNING
0

DATAKVITTO SIDA
0 ENHETER
MATERIALKONSTANTER 2
ELEMENTTYPER 2
SYSTEMBESKRIVNING 2
STANDARDLASTFALL 3
LASTKOMBINATIONER 3

RESULTAT
0

I LASTKOMBINATIONS I STABI- I SPZN- I SNITT- I REAK- I DEFOR- I
I NAMN I LITET I NINGAR I KRAFTER I TIONER I MATIONER I
I I I

STEEL 4 6 7

SLAB 4 6 7

FORM 4 6 7

BROTT-B 5 6 8

KVASI 5 6 8
8

0
SISTA SIDA I DENNA BERZKNING
1



Appendix 1 - Strip Step, System analysis — bridge 100-262-1 (cast)

0

WSP Sverige AB

PROJECT NO

NN
OWwWw OO0O0OoO0OUVIULT ©O OO0 OOO0OW NOoOWwWh

FRAME
STATISTIC

SYSTEM NO

Elly Yman

JOINTS
ELEMENTS
ARCHES
REACTIONS

STANDARD LOADCASES
TEMPERATURE LOADC.
SUPPORT SETTLEMENTS
PRESTR. LOADCASES

STRIP

STEP

NO

LOADEL

ocoow

TRACKS (MAX. O ELEMENTS)

TRAFFIC GROUPS
TRAFFIC LOADCASES

CROSS SECTIONS

COMBINATIONS
ADDITIVE
ENVELOPES
CREEP/SHRINKAGE
STRESSES
SECOND ORDER
STABILITY

RESULT POINTS
DEFORMATION POINTS
INFLUENCE LINES

2

o H A

Project: Bro 100-262-1
Composite steel- concrete bridge using corrugated web i
Appendix X - System analysis, Construction phase

DATE

CROSS SECTION EVAL
INPUT EVALUATION
GEOMETRY
LOADCASES
PRESTRESSING
RESULT REQUESTS
MATRIX PREPARATION
GEOMETRY
REDUCTION
LOADING CASES
INFLUENCE LINES
2ND ORDER/CREEP
CALCULATION PARTS
RANDF. REDUCT.

INVERT A22
SYSTEM MATRICES
INVERT VR
TRIANG K
DEFORM URT
GROSSFORCES POO
DEFORMATIONS

BASIC INFL.LINES

TRAFFIC INFL.

INFLUENCE LINES

SECOND ORDER

CREEP

STABILITY
TRAFFIC EVALUATION
COMBINATION PART
RESULT PRINT PART

STRESSES

FORCES / DEFORM

INFLUENCE LINES

1

K

[elelelelelelele]

OONKFENOW OO

\\\I)

INCR

|
W
(=) T

o
o
%]

[=lelelelelelela}

COMP-DATE START-TERM.TIME VERSION
2020-04-28 11:50:46-11:50:46  PC-05-04100
.00 I MATRIX ROWS BAND DETERM PIVOT
I
.00 1 A221 3 2 .10E+01 .10E+01
.06 1 SR 9 8 .11E-35 .10E-07
.00 1 KMIT 9 4 .14E+36 .32E+06
.00 1
I FILE TRK POS FILE TRI
.00 1
.00 1 1 0 0 11
.22 1 2 0 0 14
.00 1 3 0 0 19
.00 1 4 0 0 20
I 7 0 0 21
.05 1 8 0 0 22
.00 1 9 0 0 24
.00 1 10 0 0 25
.00 1
.00 I ERROR WITHIN PROGRAM PART
.88 I NO OF CALLS TO SUBROUTINE DISC
. I
.00 I RESULT PAGES ECHOPRINT
00 I STRESSES
.00 1 GROSSFORCES
.00 1 REACTIONS
.00 1 DEFORMATIONS
.00 1 INFLUENCE LINES
.00 1 STABILITY
00 T---mmmm e
.00 I 1IBM PC
I TOTAL ELAPSED TIME .39 SECONDS
.00 1
.06 I
.00



Appendix 2 — Strip Step, Calculation of
shrinkage loads — bridge 100-262-1



Appendix 2 - Strip Step, System analysis — bridge 100-262-1 (shrinkage)

DA

TA

IN

PUT STRIP STEP 2 (PC-05-041001)

5
1

5
6

DATE: 2020-04-28

TIME:

11:50:50

PAGE

\\\I)

1

BW:

(=]

9000 STRIP-STEP2

9100 Project: Bro 100-262-1

2 3 4 4
6 6 1 6
Elly Y

man

9200 composite steel- concrete bridge using corrugated
9300 Appendix X - System analysis, Shrinkage
1

2010 10000 200000

2020 1 BALK N

2022 0 -0.389 2.37
2022 0.5 -0.389 2.37
2020 2 BALK N

2022 0 -0.389 2.37
2022 10.5 -0.389 2.37
2022 10.5 -0.433 2.37
2022 11.3 -0.563 2.37
2022 25.5 -0.563 2.37
2022 39.7 -0.563 2.37
2022 40.5 -0.433 2.37
2022 40.5 -0.389 2.37
2022 51 -0.389 2.37
2020 3 BALK N

2022 0 -0.389 2.37
2022 0.5 -0.389 2.37
2040 1 0 0

2040 2 0.5 0 -2.05
2040

2040 3 51.5 0 -2.05
2040

2040 4 52 0

2050 E:SHRINK 2 3 0 -0.389
JOINTS:

2052 -2859

2050 3 4 0 -0.389
2052 2859

2140 KRYMP E:SHRINK STAND 1.00

2170 1 2 2 S DEF
2170 2 3 16 S DEF
2170 3 4 2 S DEF

1453.
1453.

1453.
1453.
1609.
2042.
2042.
2042.
1609.
1453.
1453.

1453.
1453.

KONC

KONC

5206

-5206

<wWwhH W N
N



Appendix 2 - Strip Step, System analysis — bridge 100-262-1 (shrinkage) \\ \ )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 1
DATAKVITTO Appendix X - System analysis, Shrinkage

0 PROJEKT IDENT KONSTR.IDENT NR DATUM

o Elly Yman 20-04-28

OENHETER : SI-SYSTEMET

0 LANGDER METER

0 VINKLAR RADIAN

0 LASTER, KRAFTER KILONEWTON
0 P KZNNINGAR, ELASTICITETSMODULER MEGAPASCAL
0 MASSOR TON

0 TEMPERATURER KELVIN

8 FREKVENSER HERTZ

OFR N DESSA GRUNDENHETER SAMT KOMBINATIONER HZRAV GM™RES
FMLJANDE UNDANTAG:
0

VINKEL I GEOMETRIBESKRIVNING OCH
ROTATIONER I DEFORMATIONSRESULTAT GRADER (360/VARV)
0 FMRSKIJUTNINGAR I DEFORMATIONER MILLIMETER



Appendix 2 - Strip Step, System analysis — bridge 100-262-1 (shrinkage) \\ \ )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 2
DATAKVITTO Appendix X - System analysis, Shrinkage
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
MATERIALKONSTANTER

I Kk I E0 I GO/EO0 I DENSI- I OMEGA T I EPSILON I FI-KRYP I

I I I I TET I *100000 I *100000 I I

I--------- I--------- I--------- I--------- I--------- R I--------- I
10000 200000 .500 1.000

ELEMENTTYPER

I NR I ARBETS I E I DEN- I KRYP- I R I TVAR- I F I D I H I K*I I K*A I K*AQ I
I I BIDRAG I G I SITETI IND I I SNITT I I I I I I I
I------ I-------- I-------- I------- I------- I------- I------- I------- I------- I------- I--------- I--------- I--------- I

1 N 200000 .000 -.389 2.370  1453.391 1700.000

BALK 100000 1.000 -.389 2.370  1453.391 1700.000

2 N 200000 .000 -.389 2.370  1453.391 1700.000

BALK 100000 .206 -.389 2.370  1453.391 1700.000

.206 -.433 2.370 1609.761 1806.000

.222 -.563 2.370  2042.908 2042.000

500 -.563 2.370  2042.908 2042.000

.778 -.563 2.370  2042.908 2042.000

.794 -.433 2.370 1609.761 1806.000

.794 -.389 2.370  1453.391 1700.000

1.000 -.389 2.370  1453.391 1700.000

3 N 200000 .000 -.389 2.370  1453.391 1700.000

BALK 100000 1.000 -.389 2.370  1453.391 1700.000

0
SYSTEMBESKRIVNING

IKNTPTI Y Iz IDELTAY I DELTA Z I LED-TYP I  ALFA I ELEMENT I KNUTPT I
I START I I I I I REAKT. I I TYP I SLUT I
I-------- I--------- I--------- I--------- I--------- I--------- I--------- I--------- I-------- I
1 000 .000 1 2
2 .500 .000 -2.050 ZzR
2 3
3 51.500 .000 -2.050 YzR
3 4
4 52.000 .000 -3 3

STANDARDLASTFALL

I LASTFALL I KNUTPUNKT I R I W I LAST-I P-Yy I P-z I M I

I NAMN I START-SLUT I I ITYP I I I I

N O I------- I------- I------- I--------- I--------- I--------- I
E :SHRINK 2-3 .000 -.389 KONC 5206.00 -2859.00
3-4 .000 -.389 KONC -5206.00 2859.00



Appendix 2 - Strip Step, System analysis — bridge 100-262-1 (shrinkage)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
DATAKVITTO Appendix X - System analysis, Shrinkage
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28
LASTKOMBINATIONER
I LASTKOMBINATION I - LASTFALL - I SPANN. I K-KRYP I
I NAMN I ART I NAMN I TYP I FAKTOR I ALTER I IND I I
I---------- I------ I--------=-I-------- I-------- I-------- I-------- I-------- I

KRYMP E:SHRINK STAND 1.000
1

WS

SIDA

)



Appendix 2 - Strip Step, System analysis — bridge 100-262-1 (shrinkage) \ \ \

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 4
RESULTAT Appendix X - System analysis, Shrinkage
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

SNITTKRAFTER

1 1 KRYMP 1
I PUNKT = I----m—mmmmmmmmmmmmmmmoooooooo 1
I I MoI NI Q I
I-------m-- I-------m--I--mmmmmmo I--------—- I
1.000 01 -.22

500 -.05 01 -.22

2.000 -.11 01 22

.188 2858.89  -5205.99
.250 3764.74  -5205.99
.313 3764.74  -5205.99
.375 3764.74  -5205.99
.438 3764.74  -5205.99
.500 3764.74  -5205.99
.563 3764.74  -5205.99
.625 3764.74  -5205.99

.750 3764.75  -5205.99
.813 2858.91  -5205.99
.875 2858.91  -5205.99
.938 2858.91  -5205.99
3.000 2858.91  -5205.99

3.000 -.11 .21
.500 -.06 .21
4.000 -.01 .21



Appendix 2 - Strip Step, System analysis — bridge 100-262-1 (shrinkage) \\ \ )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 5
RESULTAT Appendix X - System analysis, Shrinkage
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

REAKTIONER

1 KRYMP 1
I PUNKT  Tommmmmmmmmmmmmm e I
1 I R-ETA I R-ZETAI R-M I
et ST T I
2 -.22
3 -.01 -.21



Appendix 2 - Strip Step, System analysis — bridge 100-262-1 (shrinkage)

WSP Sverige AB S TR IP
KONSTRUKTIONSTYP RAM
RESULTAT

DEFORMATIONER

STEP 2 PC-05-041001 Project: Bro 100-262-1

PROJEKT IDENT

.511
.511
.511

.511

.534
.046
.374
.968
.561
.155
.251
.658
.064

.877
.550
.038
.013
.013

.013

-7.
-13.
-18.
-22.
-26.
-28.
-29.
-30.
-29.
-28.
-26.
-22.
-18.
-13.

-7.

KONSTR.IDENT
E1ly Yman

Composite steel- concrete bridge using corrugated web i
Appendix X - System analysis, Shrinkage
NR DATUM
20-04-28

WSN)

SIDA



Appendix 2 - Strip Step, System analysis — bridge 100-262-1 (shrinkage)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

0
OI NNEH
0

DATAKVITTO
0

RESULTAT

0 I
I

I-

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Shrinkage
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

LLSF"™RTECKNING

ENHETER 1
MATERIALKONSTANTER 2
ELEMENTTYPER 2
SYSTEMBESKRIVNING 2
STANDARDLASTFALL 2
LASTKOMBINATIONER 3

LASTKOMBINATIONS I STABI- I SPZN- I SNITT- I REAK- I DEFOR- I
NAMN I LITET I NINGAR I KRAFTER I TIONER I MATIONER I
————————————————— e e T it S |
KRYMP 4 5 6

0
SISTA SIDA I DENNA BERZKNING 6
1

WSN)

SIDA
-1



Appendix 2 - Strip Step, System analysis — bridge 100-262-1 (shrinkage)

0

WSP Sverige AB

PROJECT NO

NN
oOwWwWw OO0OCOOHKE O© OO0 OO0OO0OH NOoOWwWh

FRAME
STATISTIC

SYSTEM NO

Elly Yman

JOINTS
ELEMENTS
ARCHES
REACTIONS

STANDARD LOADCASES
TEMPERATURE LOADC.
SUPPORT SETTLEMENTS
PRESTR. LOADCASES

STRIP

STEP

NO

LOADEL

ocooN

TRACKS (MAX. O ELEMENTS)

TRAFFIC GROUPS
TRAFFIC LOADCASES

CROSS SECTIONS

COMBINATIONS
ADDITIVE
ENVELOPES
CREEP/SHRINKAGE
STRESSES
SECOND ORDER
STABILITY

RESULT POINTS
DEFORMATION POINTS
INFLUENCE LINES

2

o H A

Project: Bro 100-262-1
Ccomposite steel- concrete bridge using corrugated web i
Appendix X - System analysis, Shrinkage

DATE

CROSS SECTION EVAL
INPUT EVALUATION
GEOMETRY
LOADCASES
PRESTRESSING
RESULT REQUESTS
MATRIX PREPARATION
GEOMETRY
REDUCTION
LOADING CASES
INFLUENCE LINES
2ND ORDER/CREEP
CALCULATION PARTS
RANDF. REDUCT.

INVERT A22
SYSTEM MATRICES
INVERT VR
TRIANG K
DEFORM URT
GROSSFORCES POO
DEFORMATIONS

BASIC INFL.LINES

TRAFFIC INFL.

INFLUENCE LINES

SECOND ORDER

CREEP

STABILITY
TRAFFIC EVALUATION
COMBINATION PART
RESULT PRINT PART

STRESSES

FORCES / DEFORM

INFLUENCE LINES

1

K

[elelelelelelele]

OORRFRHFHOW OO

\\\I)

INCR

|
ww
wN o

o
o
%]

[=lelelelelelela}

COMP-DATE START-TERM.TIME VERSION
2020-04-28 11:50:50-11:50:50  PC-05-04100
.00 I MATRIX ROWS BAND DETERM PIVOT
I
.00 1 A221 3 2 .10E+01 .10E+01
.00 1T SR 9 8 .36E-35 .43E-08
.00 1 KMIT 9 4 .44E+36 .73E+06
.00 1
I FILE TRK POS FILE TRI
.00 1
.00 1 1 0 0 11
17 1 2 0 0 14
.00 1 3 0 0 19
.00 1 4 0 0 20
I 7 0 0 21
.05 1 8 0 0 22
.00 1 9 0 0 24
.00 1 10 0 0 25
.00 1
.00 I ERROR WITHIN PROGRAM PART
.88 I NO OF CALLS TO SUBROUTINE DISC
. I
.00 I RESULT PAGES ECHOPRINT
00 I STRESSES
.00 1 GROSSFORCES
.00 1 REACTIONS
.00 1 DEFORMATIONS
.00 1 INFLUENCE LINES
.00 1 STABILITY
00 T---mmmm e
.00 I 1IBM PC
I TOTAL ELAPSED TIME .22 SECONDS
.00 1
.00 I
.00



Appendix 3 — Strip Step, Calculation of
permanent loads — bridge 100-262-1



Appendix 3 — Strip Step, System analysis — bridge 100-262-1 (permanent) \\ \ I )

DATA INPUT STRIP STEP 2 (PC-05-041001) DATE: 2020-04-28 TIME: 11:50:53 PAGE 1
CARD 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 7

NO 1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6
1* 9000 STRIP-STEP2 E1lly Yman

2% 9100 Project: Bro 100-262-1

3% 9200 composite steel- concrete bridge using corrugated web in stainless steel
4% 9300 Appendix X - System analysis, Long-term Tloads

5% 2010 10000 200000 1

6% 2020 1 BALK N

7% 2022 0 -0.464 2.37 1381.533 1495

8% 2022 0.5 -0.464 2.37 1381.533 1495

9% 2020 2 BALK N
10* 2022 0 -0.464 2.37 1381.533 1495

11* 2022 10.5 -0.464 2.37 1381.533 1495

12%* 2022 10.5 -0.509 2.37 1526.898 1602

13%* 2022 11.3 -0.644 2.37 1922.266 1838

14%* 2022 25.5 -0.644 2.37 1922.266 1838

15% 2022 39.7 -0.644 2.37 1922.266 1838

16* 2022 40.5 -0.509 2.37 1526.898 1602

17%* 2022 40.5 -0.464 2.37 1381.533 1495

18%* 2022 51 -0.464 2.37 1381.533 1495

19%* 2020 3 BALK N
20% 2022 -0.464 2.37 1381.533 1495
21* 2022 0.5 -0.464 2.37 1381.533 1495

22% 2040 1 0 0 1 2
23* 2040 2 0.5 0 -2.05 ZR

24* 2040 2 3
25% 2040 3 51.5 0 -2.05 YZR

26* 2040 3 4
27% 2040 52 0 -3 3
28%* 2050 FORM 1 4 UTBR -2.611 G/S

Bw: 6 JOINTS 2

29%* 2050 AVSLAB 1 4 UTBR 0 G/S
30%* 2050 ASPH 1 4 UTBR 11.919 G/S
31* 2050 BARR 1 4 UTBR 0.25 G/S
32% 2140 FORM FORM STAND 1.00

33%* 2140 ASPH ASPH STAND 1.00

34%* 2140 BARR BARR STAND 1.00

35%* 2140 AVSLAB AVSLAB STAND 1.00

36% 2140 BROTT-B FORM STAND 1.2

37% 2140 ASPH STAND 1.32

38%* 2140 BARR STAND 1.2

39%* 2140 AVSLAB STAND 1.2

40%* 2140 KVASI FORM STAND 1

41%* 2140 ASPH STAND 1.1

42%* 2140 BARR STAND 1

43%* 2140 AVSLAB STAND 1

44% 2170 1 2 S DEF

45% 2170 2 3 16 S DEF

46* 2170 3 4 2 S DEF



Appendix 3 — Strip Step, System analysis — bridge 100-262-1 (permanent)

WSP Sverige AB S TR IP STEP

2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
DATAKVITTO Appendix X - System analysis, Long-term loads
0 PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28
0
OENHETER : SI-SYSTEMET
0 LANGDER METER
0 VINKLAR RADIAN
0 LASTER, KRAFTER KILONEWTON
0 P KZNNINGAR, ELASTICITETSMODULER MEGAPASCAL
0 MASSOR TON
0 TEMPERATURER KELVIN
8 FREKVENSER HERTZ

OFR N DESSA GRUNDENHETER SAMT KOMBINATIONER HZRAV GM™RES

FMLJANDE UNDANTAG:
0

VINKEL I GEOMETRIBESKRIVNING OCH
ROTATIONER I DEFORMATIONSRESULTAT GRADER (360/VARV)
0 FMRSKIJUTNINGAR I DEFORMATIONER MILLIMETER

WSN)

SIDA



Appendix 3 — Strip Step, System analysis — bridge 100-262-1 (permanent) \\ \ )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 2
DATAKVITTO Appendix X - System analysis, Long-term loads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
MATERIALKONSTANTER

I Kk I E0 I GO/EO0 I DENSI- I OMEGA T I EPSILON I FI-KRYP I

I I I I TET I *100000 I *100000 I I

I--------- I--------- I--------- I--------- I--------- R I--------- I
10000 200000 .500 1.000

ELEMENTTYPER

I NR I ARBETS I E I DEN- I KRYP- I R I TVAR- I F I D I H I K*I I K*A I K*AQ I
I I BIDRAG I G I SITETI IND I I SNITT I I I I I I I
I------ I-------- I-------- I------- I------- I------- I------- I------- I------- I------- I--------- I--------- I--------- I

1 N 200000 .000 -.464 2.370  1381.533 1495.000

BALK 100000 1.000 -.464 2.370 1381.533 1495.000

2 N 200000 .000 -.464 2.370  1381.533 1495.000

BALK 100000 .206 -.464 2.370  1381.533 1495.000

.206 -.509 2.370  1526.898 1602.000

.222 -.644 2.370  1922.266 1838.000

500 -.644 2.370  1922.266 1838.000

.778 -.644 2.370  1922.266 1838.000

.794 -.509 2.370  1526.898 1602.000

.794 -.464 2.370  1381.533 1495.000

1.000 -.464 2.370  1381.533 1495.000

3 N 200000 .000 -.464 2.370  1381.533 1495.000

BALK 100000 1.000 -.464 2.370 1381.533 1495.000

0
SYSTEMBESKRIVNING

IKNTPTI Y Iz IDELTAY I DELTA Z I LED-TYP I  ALFA I ELEMENT I KNUTPT I
I START I I I I I REAKT. I I TYP I SLUT I
I-------- I--------- I--------- I--------- I--------- I--------- I--------- I--------- I-------- I
1 000 .000 1 2
2 .500 .000 -2.050 ZzR
2 3
3 51.500 .000 -2.050 YzR
3 4
4 52.000 .000 -3 3

STANDARDLASTFALL

I LASTFALL I KNUTPUNKT I R I w I LAST- I P-Y I P-Z I M I
I NAMN I START-SLUT I I I TYP I I I I
I---------- I-----------—- I------- I------- I------- I--------- I--------- I--------- I

FORM 1-2 .000 UTBR 2.61

1.000 UTBR 2.61

2-3 000 UTBR 2.61

1.000 UTBR 2.61

3-4 .000 UTBR 2.61

1.000 UTBR 2.61



Appendix 3 — Strip Step, System analysis — bridge 100-262-1 (permanent) \\ \ )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 3
DATAKVITTO Appendix X - System analysis, Long-term loads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
STANDARDLASTFALL (FORTS.)

I LASTFALL I KNUTPUNKT I R I w I LAST- I P-Y I P-Z I M I
I NAMN I START-SLUT I I I TYP I I I I
I---------- I-----------—- I------- I------- I------- I--------- I--------- I--------- I
AVSLAB 1-2 .000 UTBR
1.000 UTBR
2-3 .000 UTBR
1.000 UTBR
3-4 .000 UTBR
1.000 UTBR
ASPH 1-2 .000 UTBR -11.92
1.000 UTBR -11.92
2-3 .000 UTBR -11.92
1.000 UTBR -11.92
3-4 .000 UTBR -11.92
1.000 UTBR -11.92
BARR 1-2 .000 UTBR -.25
1.000 UTBR -.25
2-3 .000 UTBR -.25
1.000 UTBR -.25
3-4 .000 UTBR -.25
1.000 UTBR -.25
0
LASTKOMBINATIONER
I LASTKOMBINATION I -LASTFALL - I SPANN. I K-KRYP I
I NAMN I ART I NAMN I TYP I FAKTOR I ALTER I IND I I
I---------- I------ I---------- I-------- I-------- I-------- I-------- I-------- I
FORM FORM STAND 1.000
ASPH ASPH STAND 1.000
BARR BARR STAND 1.000
AVSLAB AVSLAB STAND 1.000
BROTT-B FORM STAND 1.200
ASPH STAND 1.320
BARR STAND 1.200
AVSLAB STAND 1.200
KVASI FORM STAND 1.000
ASPH STAND 1.100
BARR STAND 1.000
AVSLAB STAND 1.000



Appendix 3 — Strip Step, System analysis — bridge 100-262-1 (permanent) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 4
RESULTAT Appendix X - System analysis, Long-term loads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

SNITTKRAFTER

I I FORM I ASPH I BARR I
I PUNKT I-----mmmmm I-----mmmmm I-----mmmmmm I
I I M I N I Q I M I N I Q I M I N I Q I
I----------- I----------I----------I---------- I-------—---I----------I--------—- I---------- I-----—----- I---------- I
1.000 -.01 01 .01 06
500 08 66 -.35 -2.92 -.01 -.06
2.000 32 1.31 -1.45 -5.90 -.03 12
2.000 31 -66.58 -1.43 303.93 -.03 6.37
063 -198.65 -58.26 906.81 265.94 19.02 5.58
125 -371.08 -49.94 1693.95 227.95 35.53 4.78
188 -516.98 -41.61 2359.99 189.96 49.50 3.98
250 -636.36 -33.29 2904.93 151.97 60.93 3.19
313 -729.21 -24.97 3328.77 113.97 69.82 2.39
375 -795.53 -16.64 3631.51 75.98 76.17 1.59
438 -835.32 -8.32 3813.16 37.99 79.98 80
500 -848.58 3873.70 81.25
563 -835.32 8.32 3813.15 -37.99 79.98 -.80
625 -795.52 16.65 3631.50 -75.98 76.17 -1.59
688 -729.20 24.97 3328.75 -113.98 69.82 -2.39
750 -636.35 33.29 2904.90 -151.97 60.93 -3.19
813 -516.97 41.61 2359.95 -189.96 49.50 -3.98
875 -371.07 49.94 1693.90 -227.95 35.53 -4.78
938 -198.64 58.26 906.75 -265.94 19.02 -5.58
3.000 33 66.58 -1.49 -303.94 -.03 -6.38
3.000 32 -1.30 -1.48 -.01 5.91 -.03 12
.500 08 -.64 -.37 -.01 2.93 -.01 06
4.000 .01 -.01 -.01 -.05



Appendix 3 — Strip Step, System analysis — bridge 100-262-1 (permanent)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Long-term loads
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

SNITTKRAFTER

I I AVSLAB I BROTT-B I KVASI
I PUNKT I-----mmmmm I-----mmmmm I-----mmmmmm I
I I M I N I Q I M I N I Q I M I N I
I----------- I----------I----------I---------- I-------—---I----------I--------—- I---------- I-----—----- I
1.000 09
500 -.38 -3.13 -.32
2.000 -1.57 -6.36 -1.30
2.000 -1.55 328.95 -1.29
063 981.43 287.83 817.86
125 1833.35 246.71 1527.79
188 2554.20 205.59 2128.50
250 3143.99 164.47 2619.99
313 3602.71 123.35 3002.26
375 3930.37 82.24 3275.31
438 4126.96 41.12 3439.14
500 4192.49 3493.74
563 4126.95 -41.12 3439.13
625 3930.35 -82.24 3275.29
688 3602.69 -123.36 3002.24
750 3143.96 -164.47 2619.96
813 2554.16 -205.59 2128.47
875 1833.30 -246.71 1527.75
938 981.37 -287.83 817.81
3.000 -1.62 -328.95 -1.35
3.000 -1.60 -.01 6.39 -1.33 -.01
500 -.40 -.01 3.17 -.34 -.01
4.000 -.01 -.01 -.06 -.01 -.01



Appendix 3 — Strip Step, System analysis — bridge 100-262-1 (permanent)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 6
RESULTAT Appendix X - System analysis, Long-term loads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28
REAKTIONER
I I FORM I ASPH I BARR
I PUNKT B e e ]
I I R-ETA I R-ZETA I R-M I R-ETA I R-ZETA I R-M I R-ETA I R-ZETA I R-M
e B e e R e EE T S e e
2 67.89 -309.83 -6.50
3 67.88 -.01 -309.84 -6.50
REAKTIONER
I I AVSLAB I BROTT-B I KVASI
I PUNKT B B ]
I I R-ETA I R-ZETA I R-M I R-ETA I R-ZETA I R-M I R-ETA I R-ZETA I R-M
e B B e e S e B e I
2 -335.30 -279.42
3 -.02 -335.34 -.01 -279.45

WS

)



Appendix 3 — Strip Step, System analysis — bridge 100-262-1 (permanent) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 7
RESULTAT Appendix X - System analysis, Long-term loads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

DEFORMATIONER

I I FORM I ASPH I BARR I
I PUNKT  I-----------mmmmmmmmmmmmmmmm oo I----mmmmm I-----mmmmmm I
I I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I ROT I
I-----------I----------I----------I---------—- I-------—---I----------I--------—- I----------I----------I---------- I
1.000 .543 -.204 .023 -2.480 .932 -.107 -.052 .020 -.002
.500 .543 -.102 .023 -2.480 .466 -.107 -.052 .010 -.002
2.000 .543 .023 -2.480 -.107 -.052 -.002
2.000 .543 .023 -2.480 -.107 -.052 -.002
.063 .543 1.289 .023 -2.480 -5.883 -.104 -.052 -.123 -.002
.125 .543 2.506 .021 -2.480 -11.438 -.095 -.052 -.240 -.002
.188 .543 3.587 .018 -2.480 -16.374 -.082 -.052 -.343 -.002
.250 .595 4.491 .015 -2.717 -20.503 -.067 -.057 -.430 -.001
.313 .595 5.224 .012 -2.717 -23.849 -.053 -.057 -.500 -.001
.375 .595 5.766 .008 -2.717 -26.319 -.036 -.057 -.552 -.001
.438 .595 6.097 .004 -2.717 -27.833 -.018 -.057 -.584
.500 .595 6.209 -2.717 -28.343 -.057 -.594
.563 .595 6.097 -.004 -2.717 -27.833 .018 -.057 -.584
.625 .595 5.766 -.008 -2.717 -26.319 .036 -.057 -.552 .001
.688 .595 5.224 -.012 -2.717 -23.849 .053 -.057 -.500 .001
.750 .595 4.491 -.015 -2.717 -20.503 .067 -.057 -.430 .001
.813 .647 3.587 -.018 -2.955 -16.374 .082 -.062 -.343 .002
.875 .647 2.506 -.021 -2.955 -11.437 .095 -.062 -.240 .002
.938 .647 1.289 -.023 -2.955 -5.883 .104 -.062 -.123 .002
3.000 .647 -.023 -2.955 .107 -.062 .002
3.000 .647 -.023 -2.955 .107 -.062 .002
.500 .647 -.102 -.023 -2.955 .466 .107 -.062 .010 .002
4.000 .647 -.204 -.023 -2.955 .932 .107 -.062 .020 .002



Appendix 3 — Strip Step, System analysis — bridge 100-262-1 (permanent) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 8
RESULTAT Appendix X - System analysis, Long-term loads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

DEFORMATIONER

I I AVSLAB I BROTT-B I KVASI I
I PUNKT  I-----------mmmmmmmmmmmmmmmm oo I----mmmmm I-----mmmmmm I
I I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I ROT I
I-----------I----------I----------I---------—- I-------—---I----------I--------—- I----------I----------I---------- I
1.000 -2.684 1.008 -.116 -2.237 840 -.096
500 -2.684 504 -.116 -2.237 420 -.096
2.000 -2.684 -.116 -2.237 -.096
2.000 -2.684 -.116 -2.237 -.096
.063 -2.684 -6.367 -.112 -2.237 -5.306 -.094
.125 -2.684 -12.379 -.103 -2.237 -10.316 -.086
.188 -2.684 -17.721 -.088 -2.237 -14.768 -.074
.250 -2.941 -22.190 -.073 -2.451 -18.492 -.061
.313 -2.941 -25.812 -.057 -2.451 -21.510 -.047
.375 -2.941 -28.485 -.039 -2.451 -23.738 -.032
.438 -2.941 -30.123 -.020 -2.451 -25.103 -.016
.500 -2.941 -30.675 -2.451 -25.563
.563 -2.941 -30.123 .020 -2.451 -25.103 .017
.625 -2.941 -28.485 .039 -2.451 -23.738 .032
.688 -2.941 -25.812 .057 -2.451 -21.510 .047
.750 -2.941 -22.190 .073 -2.451 -18.492 .061
.813 -3.198 -17.721 .088 -2.665 -14.768 .074
.875 -3.198 -12.379 .103 -2.665 -10.316 .086
.938 -3.198 -6.367 .112 -2.665 -5.306 .094
3.000 -3.198 .116 -2.665 096
3.000 -3.198 .116 -2.665 096
500 -3.198 504 .116 -2.665 420 096
4.000 -3.198 1.008 .116 -2.665 840 096



Appendix 3 — Strip Step, System analysis — bridge 100-262-1 (permanent) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i -1
RESULTAT Appendix X - System analysis, Long-term loads
0 PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
OI NNEH LLSF"™RTECKNING
0

DATAKVITTO SIDA
0 ENHETER 1
MATERIALKONSTANTER 2
ELEMENTTYPER 2
SYSTEMBESKRIVNING 2
STANDARDLASTFALL 2
LASTKOMBINATIONER 3

RESULTAT

0 LASTKOMBINATIONS I STABI- I SPZN- I SNITT- I REAK- I DEFOR- I

I
I NAMN I LITET I NINGAR I KRAFTER I TIONER I MATIONER I
I I I

FORM 4
ASPH 4
BARR 4
AVSLAB 5
BROTT-B 5

5

KVASI
0 5
SISTA SIDA I DENNA BERZKNING
1



Appendix 3 — Strip Step, System analysis — bridge 100-262-1 (permanent) \\ \ I )

0

WSP Sverige AB STRIP
FRAME
STATISTIC

PROJECT NO SYSTEM NO
Elly Yman

JOINTS
ELEMENTS
ARCHES
REACTIONS

STANDARD LOADCASES
TEMPERATURE LOADC.
SUPPORT SETTLEMENTS
PRESTR. LOADCASES

TRAFFIC GROUPS
TRAFFIC LOADCASES

CROSS SECTIONS

COMBINATIONS
ADDITIVE
ENVELOPES
CREEP/SHRINKAGE
STRESSES
SECOND ORDER
STABILITY

RESULT POINTS
DEFORMATION POINTS
INFLUENCE LINES

NN
OWwWw OO0O0O00COOD) © OO0 OO0OH~ NOWh

STEP

NO

LOADEL

12
0
0
0

TRACKS (MAX. O ELEMENTS)

2

o H A

Project: Bro 100-262-1
Composite steel- concrete bridge using corrugated web i
Appendix X - System analysis, Long-term loads

DATE COMP-DATE START-TERM.TIME VERSION
2020-04-28 11:50:53-11:50:54  PC-05-041001

CROSS SECTION EVAL .00 I MATRIX ROWS BAND DETERM PIVOT INCR
INPUT EVALUATION I
GEOMETRY .00 1 A221 3 2 .10E+01 .10E+01 0
LOADCASES .00 1 SR 9 8 .72E-35 .45E-08 -32
PRESTRESSING .00 1 KM1T 9 4 .22E+36 .65E+06 33
RESULT REQUESTS .06 1
MATRIX PREPARATION I FILE TRK POS FILE TRK POS
GEOMETRY .00 1
REDUCTION .00 1 1 0 0 11 0 0
LOADING CASES .22 1 2 0 0 14 0 0
INFLUENCE LINES .00 1 3 0 0 19 0 0
2ND ORDER/CREEP .00 1 4 0 0 20 0 0
CALCULATION PARTS I 7 0 0 21 0 0
RANDF. REDUCT. .05 1 8 0 0 22 0 0
INVERT A22 .00 1 9 0 0 24 0 0
SYSTEM MATRICES .00 1 10 0 0 25 0 0
INVERT VR .00 1
TRIANG K .00 I ERROR WITHIN PROGRAM PART 0
DEFORM URT .00 I NO OF CALLS TO SUBROUTINE DISC 0
GROSSFORCES POO .00 1
DEFORMATIONS .00 I RESULT PAGES ECHOPRINT 3
BASIC INFL.LINES .00 1 STRESSES 0
TRAFFIC INFL. .00 1 GROSSFORCES 2
INFLUENCE LINES .00 1 REACTIONS 1
SECOND ORDER .00 1 DEFORMATIONS 2
CREEP .00 1 INFLUENCE LINES 0
STABILITY .00 1 STABILITY 0
TRAFFIC EVALUATION 00 I---mmmmm e e
COMBINATION PART .06 I 1IBM PC
RESULT PRINT PART I TOTAL ELAPSED TIME .39 SECONDS
STRESSES .00 1
FORCES / DEFORM .00 1
INFLUENCE LINES .00



Appendix 4 — Strip Step, Calculation of short-
term loads — bridge 100-262-1



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

DA

TA

STRIP STEP 2 (PC-05-041001)

DATE: 2020-04-28

5
6

TIME:

11:50:59

PAGE

\\\I)

1

BW:

INPUT

0 0 1 1 2 2
1 6 1 6 1 6
9000 STRIP-STEP2
9100 Project: Bro 100-262-1
9200
9300
2010 10000 200000
2020 1 BALK N
2022 0 -0.121
2022 0.5 -0.121
2020 2 BALK N
2022 0 -0.121
2022 10.5 -0.121
2022 10.5 -0.153
2022 11.3 -0.243
2022 25.5 -0.243
2022 39.7 -0.243
2022 40.5 -0.153
2022 40.5 -0.121
2022 51 -0.121
2020 3 BALK N
2022 0 -0.121
2022 0.5 -0.121
2040 1 0 0
2040 2 0.5 0
2040
2040 3 51.5 0
2040
2040 52 0
2050 WIND 1 4

6 JOINTS: 2
2050 BRLM 1 4
2050 BRTYP 1 4
2050 D:TEMP1 1 2 0
2052 -7589
2050 3 4 0.5
2052 7589
2050 D:TEMP2 1 2 0
2052 6144
2050 3 4 0.5
2052 -6144
2080 FARB 1 4
2090 A-A 0.0 324
2090 B-B 0.0 237.
2090 1.0
2090 B-C 0.0 270
2090 1.3
2090 B-D 0.0 297
2090 1.8
2090 B-E1 0.0 210.
2090 1.0 210.
2090 2.0
2090 B-E2 0.0 210
2090 1.0
2090 B-F1 0.0 237
2090 1.3 237
2090 2.6
2090 B-F2 0.0 237
2090 1.3
2090 B-Glv 0.0 0
2090 2.5 237
2090 3.8 237
2090 5.1 237
2090 7.5 237
2090 10.0
2090 12.5
2090 B-G2Vv 0.0
2090 2.5
2090 5.0 237
2090 6.3 237
2090 7.6 237

4 5
6 1
E1lly Yman

Composite steel- concrete bridge using corrugated
Appendix X - System analysis, Short- term loads
1

S oo o oo

oo

oo

.37
.37

NN NNNNNNNNN NN
w
~N

NN
[S I |

1717.
1717.

1717.
1717.
1924,
2529.
2529.
2529.
1924.
1717.
1717.

1717.
1717.

UTBR
UTBR
UTBR
KONC
KONC
KONC

KONC

4.2
3.55
6476
-6476
-5243

5243

0.00
0.00



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

DATA

CARD
NO

INPU

T STRIP STEP 2 (PC-05-041001)

DATE: 2020-04-28 TIME: 11:50:59 PAGE

4 5 5 6 6 7 7
6 1 6 1 6 1 6

WSN)

2

oo

B-G2H

NO
wvo
N
w
~N
oo

B-H1Vv

o
=
o

B-H2V

B-H1H

N

w

J
[2¥e o))

B-H2H

=
-]
(=)

g P
©
o

B-I2V

B-I2H

[
o

R S DA A P
OPAPROO: PWUIORO®XRO: OFRUVIVIO: COUVTUVNIOHOWOOWWO: Hoouio:-
o

B-I1H

B-MH

B-MV

oo oo

1
1
0
2
4
6
7
1
1
0
2
5
7
8
1
1
0
2
3
5
1
0
1
4
6
0
1
2
5
0
2
5
6
1
B-Ilv 0.
2
3
7
8
1
0
1
5
8
0
2
6
8
1
0
1
5
6
8
0
1
3
6
8
9
0
1
3
6
8
9
0
2

~
(%}

0.0
0.0

~
(%}



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \ \ \

DATA INPUT STRIP STEP 2 (PC-05-041001) DATE: 2020-04-28 TIME: 11:50:59 PAGE 3
CARD 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 7
NO 1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6
137+ 2090 4.000 297
138* 2090 5.500 178.2
139* 2090 6.600 64.8
140* 2090 B-NV 0.000 64.8
141* 2090 1.100 178.2
142* 2090 2.600 297
143* 2090 4.600 297
144* 2090 6.600 297
145* 2090 Q 7.5 0.0
146* 2090 LM1:uTB 29.4 0
147* 2090 Lm1 0 450
148* 2090 1.2 450
149* 2090 LMm2 0 360
150* 2090 uTM3 0 120
151* 2090 1.2 120
152* 2090 7.2 120
153* 2090 8.4 120
154* 2100 AXEL-A FARB A-A
155% 2100 BO-B FARB B-B FRI B-B
156* 2100 BO-C FARB B-C FRI B-C
157* 2100 BO-D FARB B-D FRI B-D
158%* 2100 BO-E1 FARB B-E1l FRI B-E2
159* 2100 BO-E2 FARB B-E2 FRI B-E1
160* 2100 BO-F1 FARB B-F1 FRI B-F2
161* 2100 BO-F2 FARB B-F2 FRI B-F1
162* 2100 BO-G1 FARB Q B-G1lv FRI
163* 2100 B-G2V Q
164* 2100 BO-G2 FARB Q B-G1H FRI
165* 2100 B-G2H Q
166* 2100 BO-H1 FARB Q B-H1V FRI
167+ 2100 B-H2V Q
168* 2100 BO-H2 FARB Q B-H2H FRI
169+ 2100 B-H1H Q
170* 2100 BO-I1 FARB Q B-I1lv FRI
171* 2100 B-I2V Q
172%* 2100 BO-I2 FARB Q B-I2H FRI
173* 2100 B-I1H Q
174* 2100 BO-M1 FARB B-MV
175%* 2100 BO-M2 FARB B-MH
176* 2100 BO-N1 FARB B-NV
177* 2100 BO-N2 FARB B-NH
178%* 2100 LM-1:U FARB LM1:UTB
179* 2100 Lm-1 FARB LmM1
180* 2100 LM-2 FARB LM2
181* 2100 uTM FARB uT™M3
182%* 2140 AXELLAST M AXEL-A TILLF 1.2
183* 2140 Q
184* 2140 R
185* 2140 DZ
186* 2140 BOGGILAST M BO-B TILLF 1.2 ALTER
187* 2140 Q BO-C TILLF 1.2 ALTER
188* 2140 R BO-D TILLF 1.2 ALTER
189* 2140 Dz BO-E1 TILLF 1.2 ALTER
190* 2140 BO-E2 TILLF 1.2 ALTER
191* 2140 BO-F1 TILLF 1.2 ALTER
192%* 2140 BO-F2 TILLF 1.2 ALTER
193* 2140 BO-G1l TILLF 1.2 ALTER
194%* 2140 BO-G2 TILLF 1.2 ALTER
195%* 2140 BO-HL TILLF 1.2 ALTER
196* 2140 BO-H2 TILLF 1.2 ALTER
197%* 2140 BO-Il TILLF 1.2 ALTER
198+ 2140 BO-I2 TILLF 1.2 ALTER
199* 2140 BO-M1 TILLF 1.2 ALTER
200* 2140 BO-M2 TILLF 1.2 ALTER
201* 2140 BO-N1 TILLF 1.2 ALTER
202* 2140 BO-N2 TILLF 1.2 ALTER
203* 2140 M1 M LM-1 TILLF 0.897
204* 2140 Q LM-1:U 1



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

DATA

CARD
NO

INPUT

STRIP STEP 2 (PC-05-041001)

DATE:

2020-04-28

TIME: 11:50:59

\\\I)

PAGE 4

2140 utmM3

2140 WIND
2140 BRLM

2140 BRTYP
2140 TRAFIC

2140 TEMP
2140 MULTI
2140 BROTT
2140 DEFL

2140 KVASI

N

N

N

N

N;NOZ ZEOO0ZOZEO0ZUOLOEZOEOE OLEUNMOEU™

U™

WIND

BRLM

BRLM
BRTYP
BRTYP

LM1
AXELLAST
BOGGILAST
D:TEMP1
D:TEMP2
TRAFIC
BRLM

TEMP
MULTI

LM1
BOGGILAST
AXELLAST
TEMP
MULTI

TILLF
TILLF

TILLF

STAND
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF
TILLF

1

1.125

[ Y
R

5]
J
N

OOOFROOKRKHHFOOK

ALTER
ALTER
ALTER
ALTER
ALTER
ALTER
ALTER
ALTER
ALTER

ALTER
ALTER
ALTER



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR IP STEP

2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
DATAKVITTO Appendix X - System analysis, Short- term Tloads
0 PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28
0
OENHETER : SI-SYSTEMET
0 LANGDER METER
0 VINKLAR RADIAN
0 LASTER, KRAFTER KILONEWTON
0 P KZNNINGAR, ELASTICITETSMODULER MEGAPASCAL
0 MASSOR TON
0 TEMPERATURER KELVIN
8 FREKVENSER HERTZ

OFR N DESSA GRUNDENHETER SAMT KOMBINATIONER HZRAV GM™RES

FMLJANDE UNDANTAG:
0

VINKEL I GEOMETRIBESKRIVNING OCH
ROTATIONER I DEFORMATIONSRESULTAT GRADER (360/VARV)
0 FMRSKIJUTNINGAR I DEFORMATIONER MILLIMETER

WSN)

SIDA



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \ \ \ )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 2
DATAKVITTO Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
MATERIALKONSTANTER

I Kk I E0 I GO/EO0 I DENSI- I OMEGA T I EPSILON I FI-KRYP I

I I I I TET I *100000 I *100000 I I

I--------- I--------- I--------- I--------- I--------- R I--------- I
10000 200000 .500 1.000

ELEMENTTYPER

I NR I ARBETS I E I DEN- I KRYP- I R I TVAR- I F I D I H I K*I I K*A I K*AQ I
I I BIDRAG I G I SITETI IND I I SNITT I I I I I I I
I------ I-------- I-------- I------- I------- I------- I------- I------- I------- I------- I--------- I--------- I--------- I

1 N 200000 .000 -.121 2.370 1717.546 3321.000

BALK 100000 1.000 -.121 2.370 1717.546 3321.000

2 N 200000 .000 -.121 2.370 1717.546 3321.000

BALK 100000 .206 -.121 2.370 1717.546 3321.000

.206 -.153 2.370  1924.185 3427.000

.222 -.243 2.370  2529.693 3664.000

500 -.243 2.370  2529.693 3664.000

.778 -.243 2.370  2529.693 3664.000

.794 -.153 2.370  1924.185 3427.000

.794 -.121 2.370 1717.546 3321.000

1.000 -.121 2.370 1717.546 3321.000

3 N 200000 .000 -.121 2.370 1717.546 3321.000

BALK 100000 1.000 -.121 2.370 1717.546 3321.000

0
SYSTEMBESKRIVNING

IKNTPTI Y Iz IDELTAY I DELTA Z I LED-TYP I  ALFA I ELEMENT I KNUTPT I
I START I I I I I REAKT. I I TYP I SLUT I
I-------- I--------- I--------- I--------- I--------- I--------- I--------- I--------- I-------- I
1 000 .000 1 2
2 .500 .000 -2.050 ZzR
2 3
3 51.500 .000 -2.050 YzR
3 4
4 52.000 .000 -3 3

STANDARDLASTFALL

I LASTFALL I KNUTPUNKT I R I w I LAST- I P-Y I P-Z I M I
I NAMN I START-SLUT I I I TYP I I I I
I---------- I-----------—- I------- I------- I------- I--------- I--------- I--------- I

WIND 1-2 .000 UTBR

1.000 UTBR

2-3 000 UTBR

1.000 UTBR

3-4 .000 UTBR

1.000 UTBR



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \ \ \

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 3
DATAKVITTO Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
STANDARDLASTFALL (FORTS.)

I LASTFALL I KNUTPUNKT I R I w I LAST- I P-Y I P-Z I M I
I NAMN I START-SLUT I I I TYP I I I I
I---------- I-----------—- I------- I------- I------- I--------- I--------- I--------- I
BRLM 1-2 .000 .673 UTBR 4.20
1.000 .673 UTBR 4.20
2-3 .000 .673 UTBR 4.20
1.000 .673 UTBR 4.20
3-4 .000 .673 UTBR 4.20
1.000 673 UTBR 4.20
BRTYP 1-2 .000 .673 UTBR 3.55
1.000 .673 UTBR 3.55
2-3 000 .673 UTBR 3.55
1.000 .673 UTBR 3.55
-4 000 .673 UTBR 3.55
1.000 .673 UTBR 3.55
D:TEMP1 1-2 .000 -.121  KONC 6476.00 -7589.00
3-4 1.000 -.121  KONC -6476.00 7589.00
D:TEMP2 1-2 .000 -.121  KONC -5243.00 6144.00
o 3-4 1.000 -.121  KONC 5243.00 -6144.00
FARBANOR
I NAMN I KNUTPUNKT I H-W I FARBANEBREDD I
I I START-SLUT I I START I SLUT I
I------ I------------- I--------- I--------- I--------- I
FARB 1-2
2-3
3-4
0
TRAFIKLASTGRUPPER
I LAST- I S I PUNKTLAST I UTBREDD LAST I IND I
I GRUPP I I P-BEL I P-OBEL I P-BEL I P-OBEL I I
I---------- I--------- I--------- I--------- I--------- I--------- I--------- I
A-A .000 324.00 324.00
B-B .000 237.60 237.60
1.000
B-C .000 270.00 270.00
1.300
B-D .000 297.00 297.00
1.800
B-E1 .000 210.60 210.60
1.000 210.60 210.60
2.000
B-E2 .000 210.60 210.60
1.000
B-F1 .000 237.60 237.60
1.300 237.60 237.60
2.600



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \ \ \

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 4
DATAKVITTO Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
TRAFIKLASTGRUPPER (FORTS.)

I LAST- I S I PUNKTLAST I UTBREDD LAST I IND I
I GRUPP I I P-BEL I P-OBEL I P-BEL I P-OBEL I I
I---------- I--------- I--------- I--------- I--------- I--------- I--------- I
B-F2 .000 237.60 237.60
1.300
B-G1lv .000 .00 00
2.500 237.60 237.60
3.800 237.60 237.60
5.100 237.60 237.60
7.500 237.60 237.60
10.000 7.50 00
12.500
B-G2V .000 7.50 .00
2.500
5.000 237.60 237.60
6.300 237.60 237.60
7.600 237.60 237.60
10.000 237.60 237.60
12.500 .00 00
B-G1H .000 .00 .00
2.500 237.60 237.60
4.900 237.60 237.60
6.200 237.60 237.60
7.500 237.60 237.60
10.000 7.50 00
12.500
B-G2H .000 7.50 .00
2.500
5.000 237.60 237.60
7.400 237.60 237.60
8.700 237.60 237.60
10.000 237.60 237.60
12.500 .00 00
B-H1V .000 .00 .00
2.500 237.60 237.60
3.800 237.60 237.60
5.100 237.60 237.60
10.100 .00 00
B-H2V .000 270.00 270.00
1.300 270.00 270.00
4.300 297.00 297.00
800 .00 00
B-H1H .000 237.60 237.60
1.300 237.60 237.60
2.600 237.60 237.60
5.100 .00 00
B-H2H .000 .00 .00
2.500 297.00 297.00
5.500 270.00 270.00
6.800 270.00 270.00
11.800 .00 00

)



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
DATAKVITTO Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

0
TRAFIKLASTGRUPPER (FORTS.)

I LAST- I s I PUNKTLAST I UTBREDD LAST I IND I
I GRUPP I I P-BEL I P-OBEL I P-BEL I P-OBEL I I
R I--------- I--------- I--------- I--------- I--------- I--------- I
B-Ilv 000 00 00

12.900 .00 00
B-I2V .000 297.00 297.00
1.800 297.00 297.00
5.600 237.60 237.60
8.100 .00 00
B-I2H .000 .00 .00
2.500 237.60 237.60
6.300 297.00 297.00
8.100 297.00 297.00
12.100 .00 00
B-I1H .000 297.00 297.00
1.800 297.00 297.00
5.400 180.00 180.00
6.400 180.00 180.00
8.900 .00 00
B-MH .000 178.20 178.20
1.300 270.00 270.00
3.100 270.00 270.00
6.500 237.60 237.60
8.300 237.60 237.60
9.600 237.60 237.60
B-MV .000 237.60 237.60
1.300 237.60 237.60
3.100 237.60 237.60
6.500 270.00 270.00
8.300 270.00 270.00
9.600 178.20 178.20
B-NH 000 297.00 297.00
2.000 297.00 297.00
4.000 297.00 297.00
5.500 178.20 178.20
6.600 64.80 64.80
B-NV 000 64.80 64.80
1.100 178.20 178.20
2.600 297.00 297.00
4.600 297.00 297.00
6.600 297.00 297.00
Q 7.50 .00
LM1:UTB 29.40 .00
LmM1 .000 450.00 450.00

1.200 450.00 450.00
LmM2 .000 360.00 360.00

WS

SIDA

)



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \ \ \

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 6
DATAKVITTO Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
TRAFIKLASTGRUPPER (FORTS.)

I LAST- I s I PUNKTLAST I UTBREDD LAST I IND I
I GRUPP I I P-BEL I P-OBEL I P-BEL I P-OBEL I I
R I--------- I--------- I--------- I--------- I--------- I--------- I
ut™M3 .000 120.00 120.00

1.200 120.00 120.00
7.200 120.00 120.00
8.400 120.00 120.00

0
TRAFIKLASTFALL

I LASTFALL I ~BROMSKRAFT- I FARBANE I DYNAMISKT I LASTGRUPPER 1
I NAMN I DEL AV VERT I EXCENTR I NAMN I TILLSKOTT I NAMN I NAMN I NAMN I
R I--mmmmmmmmm oo I--------- I--------- I--——mmm - I---——mm- - I----—mmmmm I---—mmmmmm 1
AXEL-A FARB A-A
BO-B FARB B-B FRI B-B
BO-C FARB B-C FRI B-C
BO-D FARB B-D FRI B-D
BO-E1 FARB B-E1 FRI B-E2
BO-E2 FARB B-E2 FRI B-E1
BO-F1 FARB B-F1 FRI B-F2
BO-F2 FARB B-F2 FRI B-F1
BO-G1 FARB Q B-G1V FRI
B-G2V Q
BO-G2 FARB Q B-G1H FRI
B-G2H Q
BO-H1 FARB Q B-H1V FRI
B-H2V Q
BO-H2 FARB Q B-H2H FRI
B-H1H Q
BO-I1 FARB Q B-I1V FRI
B-I2V Q
BO-I2 FARB Q B-I2H FRI
B-I1H Q
BO-M1 FARB B-MV
BO-M2 FARB B-MH
BO-N1 FARB B-NV
BO-N2 FARB B-NH
LM-1:U FARB LM1:UTB
LM-1 FARB LM1
LM-2 FARB LM2



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \ \ \

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 7
DATAKVITTO Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
TRAFIKLASTFALL (FORTS.)

I LASTFALL I -BROMSKRAFT- I FARBANE I DYNAMISKT I LASTGRUPPER I
I NAMN I DEL AV VERT I EXCENTR I NAMN I TILLSKOTT I NAMN I NAMN I NAMN I
I---------- I------momo- I--------- I--------- I--------- I--------—- I---------- I---------- I
uTM FARB uTM3

0
LASTKOMBINATIONER

I LASTKOMBINATION I -LASTFALL - I SPANN. I K-KRYP I
I NAMN I ART I NAMN I TYP I FAKTOR I ALTER I IND I 1
R I------ I------ --I-- ~I---mmm - I-------- R I-------- 1
AXELLAST =~ MAXM  AXEL-A TILLF 1.200
MAXQ
MAXRM
MAXRY
MAXRZ
MAXDZ
BOGGILAST MAXM  BO-B TILLF 1.200 ALTER
MAXQ  BO-C TILLF 1.200 ALTER
MAXRM  BO-D TILLF 1.200 ALTER
MAXRY
MAXRZ
MAXDZ BO-E1 TILLF 1.200 ALTER
BO-E2 TILLF 1.200 ALTER
BO-F1 TILLF 1.200 ALTER
BO-F2 TILLF 1.200 ALTER
BO-G1 TILLF 1.200 ALTER
BO-G2 TILLF 1.200 ALTER
BO-H1 TILLF 1.200 ALTER
BO-H2 TILLF 1.200 ALTER
BO-I1 TILLF 1.200 ALTER
BO-I2 TILLF 1.200 ALTER
BO-M1 TILLF 1.200 ALTER
BO-M2 TILLF 1.200 ALTER
BO-N1 TILLF 1.200 ALTER
BO-N2 TILLF 1.200 ALTER
LM1 MAXM  LM-1 TILLF .897
MAXQ  LM-1:U TILLF 1.000
MAXRM
MAXRY
MAXRZ
MAXDZ
LM2 MAXM  LM-2 TILLF 1.000
MAXQ TILLF
MAXRM
MAXRY
MAXRZ
MAXDZ
UTM3 MAXM  UTM TILLF 1.125
MAXQ
WIND WIND STAND 1.000
BRLM MAXM  BRLM TILLF 1.000 ALTER
MAXQ  BRLM TILLF -1.000  ALTER
BRTYP MAXM  BRTYP TILLF 1.000 ALTER
MAXQ  BRTYP TILLF -1.000 ALTER



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \ \ \

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 8
DATAKVITTO Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
LASTKOMBINATIONER (FORTS.)

I LASTKOMBINATION I -LASTFALL - I SPANN. I K-KRYP I
I NAMN I ART I NAMN I TYP I FAKTOR I ALTER I IND I I
I---------- I------ I---------- I-------- I-------- I-------- I-------- I-------- I
TRAFIC MAXM LM1 TILLF 1.000 ALTER
MAXQ AXELLAST TILLF .874 ALTER
MAXDZ BOGGILAST TILLF .874 ALTER
TEMP MAXM D:TEMP1 TILLF 1.000 ALTER
MAXQ D:TEMP2 TILLF 1.000 ALTER
MULTI MAXM TRAFIC TILLF 1.000
MAXQ BRLM TILLF .600
BROTT MAXM TEMP TILLF .900
MAXQ MULTI TILLF 1.500
DEFL MAXDZ LM1 TILLF .750 ALTER
MAXM BOGGILAST TILLF .655 ALTER
AXELLAST TILLF .655 ALTER
KVASI MAXM TEMP TILLF .500
MAXQ MULTI TILLF .750

)



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

SNITTKRAFTER

I I AXELLAST MAX-M I AXELLAST MIN-M I AXELLAST MAX-Q
I PUNKT I-----mmmmm I-----mmmmm I-----mmmmmm I
I I M I N I Q I M I N I Q I M I N I
I----------- I---------- I---------- I---------- I---------- I---------- I---------- I---------- I-----—----- I
1.000 .01 12 01
500 .03 12 -97.20 -388.81 03
2.000 06 12 -194.40 -388.81 06
2.000 09 233.28 -194.41 3.81
063 1161.87 364.50 -182.25 3.81 1161.87
125 2168.82 -48.60 -170.10 3.81 2168.82
188 3020.85 -72.90 -157.95 3.81 3020.85
250 3717.96 291.60 -145.80 3.81 3717.96
313 4260.15 267.30 -133.65 3.81 4260.15
375 4647.43 -145.80 -121.50 3.81 4647.43
438 4879.79 -170.10 -109.35 3.81 4879.79
500 4957.24 -194.40 -97.20 3.81 4957.24
563 4879.77 -218.70 -109.35 -3.81 4879.77
625 4647.40 -243.00 -121.50 -3.81 4647.40
688 4260.11 -267.30 -133.65 -3.81 4260.11
750 3717.91 -291.60 -145.80 -3.81 3717.91
813 3020.80 -315.90 -157.95 -3.81 3020.79
875 2168.77 -340.20 -170.10 -3.81 2168.77
938 1161.84 -364.50 -182.25 -3.81 1161.84
3.000 -194.40 -3.81
3.000 -194.40 388.80
.500 -97.20 388.80
4.000 -.03



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i

RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28
SNITTKRAFTER
I I AXELLAST MIN-Q I BOGGILAST MAX-M I BOGGILAST MIN-M
I PUNKT I I e e I
I I I I M I Q
I I I-------=--I---------- I--------
-89.10 -356
-178.20 -356
. . . . -178.20
.063 1161.87 -24.30 5703.58 1513.98 -167.07
.125 2168.82 -48.60 10482.72 1384.73 -155.93
.188 3020.85 -72.90  14485.96 970.36 -144.79
.250 3717.96 -97.20 17810.14 1180.58 -133.65
.313 4260.15 -121.50 20414.03 585.95 -122.52
.375 4647.43 -145.80  22246.50 254.60 -118.06
.438 4879.79 -170.10 23338.61 16.37 -115.83 .
.500 4957.24 -194.40  23623.45 -135.90 -113.60 .
.563 4879.77 -218.70  23354.41 -360.67 -118.76 -1.
.625 4647.40 -243.00 22234.33 -512.94 -123.91 -1.
.688 4260.11 -267.30  20406.39 -589.08 -129.06 -1.
.750 3717.91 -291.60 17822.45 -827.30 -134.21 -1.
.813 3020.80 -315.90  14450.45 -982.93 -139.36 -1.
.875 2168.77 -340.20 10484.25 -1397.30 -150.08 -3.
.938 1161.84 -364.50 5712.55 -1510.39 -160.80 -3.
3.000 -388.80 3.49 -171.52 -3.
3.000 -171.52 356
.500 -82.42 356
4.000 -.16




Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

SNITTKRAFTER

I I BOGGILAST MAX- I BOGGILAST MIN-Q I
I PUNKT I I
I I I
I I
1.000 .03 65 -.01 03
500 20 65 -89.10 -356.41 16
2.000 36 65 -178.20 -356.41 29
2.000 36 1936.05 -3.36 41
063 5654.84 1774.28 1512.23 -33.63 4609.52
125  10290.64 1614.32 4103.86 -91.96 8616.38
188  13924.16 1456.19 7369.60 -177.85  12006.17
250  16578.39 1300.32  10275.55 -268.64  14761.07
.313  18627.34 1168.81  13219.27 -377.02  16892.45
.375  19426.52 .01 1015.80  15323.37 -480.77  18406.91
438  19409.74 869.94  17257.47 -601.61  19320.09
500 18617.64 730.13  18860.17 -739.66  19609.75
563  17277.71 602.30  19626.79 -879.68  19324.60
625  15345.49 481.45  19535.72 -1021.54  18415.93
688  12982.98 370.28  18572.37 -1165.40 16883.75
750  10106.78 264.23  16831.38 01  -1320.20 14742.55
813 7390.19 178.34  14121.01 -1476.83  11992.18
875 4126.09 92.4 10322.24 -1619.36 8618.30
938 1492.47 33.25 5670.87 -1779.46 4620.90
3.000 3.49 -.03 -1941.37
3.000 -49.14 -.10 356.67
.500 -74.69 -.10 356.67
4.000 -.17 .45

SIDA
11




Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 12
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

SNITTKRAFTER

I I LM1 MIN-M I LM1 MAX-Q I LM1 MIN-Q I
I PUNKT I-----mmmmm I-----mmmmm I
I I M I N I Q I M I N I Q I
I----------- I----------I----------I---------- I-------—---I----------I--------—- I

1.000 .03 53 -.01

500 -101.83 -411.01 .16 53 -101.83 -411.01

2.000 -205.50 -418.36 .29 53 -205.50 -418.36

2.000 -205.51 4.03 -3.43 1543.91 -3.31

063 -192.89 .96 4466.05 1402.17 1987.01 -41.64

125 -180.28 3.96 8069.28 1266.29 4520.09 -101.37

188 -167.66 3.96  10911.00 1141.37 6915.04 -166.97

250 -155.05 3.96 12966.03 1017.20 9115.84 -238.42

313 -142.43 3.96  14322.85 898.90  11066.50 -315.73

375 -129.82 3.96  15037.47 786.45  12548.60 -393.80

438 -117.20 3.96  15165.91 679.86  13847.19 -482.82

500 -104.59 3.96  14764.17 579.12  14727.62 -577.70

563 -96.63 -3.24 13888.28 484.24  15133.87 -678.43

625 -106.95 -3.24  12594.23 395.22  15009.95 -785.03

688 -117.28 -3.24 10938.03 312.06  14299.84 -897.48

750 -127.61 -3.24 8975.69 234.75  12947.54 -1015.78

813 -137.94 -3.24 6763.22 163.30  10897.04 -1139.95

875 -148.26 -3.24 4584.01 102.80 8092.34 -1269.97

938 -158.59 -3.24 2055.55 43.07 4477.43 -1405.85

3.000 -168.94 -736.15 4.03 -3.70 -1547.58
3.000 -169.02 -.07 418.55 -39.10 -.08 418.55
.500 -65.30 -.07 411.20 -65.30 -.07 411.20
4.000 -.14 .37



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

SNITTKRAFTER

I I LM2  MAX-M I LM2 MIN-M I
I PUNKT I-----mmmmm I-----mmmmm I
I I M I N I Q I M I N I Q I
I----------- I----------I----------I---------- I-------—---I----------I--------—- I
1.000 .01 11 01
500 .03 11 -90.00 -360.01 03
2.000 06 11 -180.00 -360.01 06
2.000 08 216.00 -180.00 3.53
063 1075.81 337.50 -168.75 3.53 1075.81
125 2008.17 -45.00 -157.50 3.53 2008.17
188 2797.08 -67.50 -146.25 3.53 2797.08
250 3442.56 270.00 -135.00 3.53 3442.56
313 3944.58 247.50 -123.75 3.53 3944.58
375 4303.17 -135.00 -112.50 3.53 4303.17
438 4518.33 -157.50 -101.25 3.53 4518.32
500 4590.04 -180.00 -90.00 3.53 4590.04
563 4518.31 -202.50 -101.25 -3.53 4518.31
625 4303.15 -225.00 -112.50 -3.53 4303.15
688 3944.55 -247.50 -123.75 -3.53 3944 .54
750 3442.51 -270.00 -135.00 -3.53 3442.51
813 2797.03 -292.50 -146.25 -3.53 2797.03
875 2008.12 -315.00 -157.50 -3.53 2008.12
938 1075.78 -337.50 -168.75 -3.53 1075.78
3.000 -180.00 -3.53
3.000 -180.00 360.00
.500 -90.00 360.00
4.000 -.03

SIDA
13




Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 14
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28
SNITTKRAFTER
I I LM2 MIN-Q I UTM3  MAX-M I UTM3 MIN-M I
I PUNKT I----mmmmmm s e e ittt I
I I M I N I Q I M I N I Q I
I------==-=--= I----------I----------I---------- I----------I-------——--I----——---- I
1.000 -360.01 .01 16
500 -90.00 -360.01 .05 16 -33.75 -135.00
2.000 -180.00 -360.01 .09 16 -67.50 -135.00
2.000 -3.53 .12 317.12 -67.50 1.32
063 1075.81 -22.50 1467.14 460.26 -63.28 1.32
125 2008.17 -45.00 2718.86 294.58 -59.06 1.32
188 2797.08 -67.50 3766.48 260.50 -54.85 1.32
250 3442.55 -90.00 4596.84 226.42 -50.63 1.32
313 3944.58 -112.50 5242.51 202.56 -46.41 1.32
375 4303.17 -135.00 5677.88 36.89 -42.19 1.32
438 4518.33 -157.50 5904.10 2.81 -37.97 1.32
500 4590.04 -180.00 5913.05 26.67 -33.75 1.32
563 4518.31 -202.50 5900.28 -4.01 -29.53 1.32
625 4303.15 -225.00 5678.47 -169.68 -25.31 1.32
688 3944.55 -247.50 5246.25 -203.76 -26.97 -.77
750 3442.51 -270.00 4596.77 -227.62 -29.43 -.77
813 2797.03 -292.50 3762.60 -261.70 -31.88 -.77
875 2008.12 -315.00 2724.47 -427.37 -34.33 -.77
938 1075.78 -337.50 1470.86 -461.45 -36.78 -.77
3.000 -360.00 -39.23 -.77
3.000 -39.23 135.00
.500 -5.48 135.00
4.000



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 15
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

SNITTKRAFTER

I I UTM3  MAX-Q I UTM3  MIN-Q I WIND I
I PUNKT I-----mmmmm I-----mmmmm I-----mmmmmm I
I I M I N I Q I M I N I Q I M I N I Q I
I----------- I----------I----------I---------- I-------—---I----------I--------—- I---------- I-----—----- I---------- I
1.000 01 16
500 05 16 -33.75 -135.00
2.000 09 16 -67.50 -135.00
2.000 .05 494.34 -.77
063 1467.14 460.26 617.80 -12.92
125 2716.96 426.17 1337.06 -29.96
188 3749.50 392.09 2315.82 -55.89
250 4564.77 358.01 3441.30 -89.97
313 5162.78 323.93 4349.49 -124.05
375 5543.51 289.85 4931.79 -154.72
438 5783.02 259.18 5416.31 -188.80
500 5740.08 225.10 5683.56 -222.88
563 5479.88 191.02 5733.54 -256.97
625 5002.41 156.94 5566.25 -291.05
688 4307.68 122.86 5181.71 -325.13
750 3395.68 88.77 4579.89 -359.21
813 2266.42 54.69 3760.81 -393.29
875 1310.45 29.37 2724.47 -427.37
938 589.31 12.33 1470.86 -461.45
3.000 1.32 -495.53
3.000 -11.83 -.01 135.03
.500 -5.48 135.00
4.000 -.04 11



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

SNITTKRAFTER

I I BRLM MAX-M I BRLM MIN-M I BRLM MAX-Q
I PUNKT I-----mmmmm I-----mmmmm I
I I M I N I Q I M I N I Q I
I----------- I----------I----------I---------- I---------- I----------I---------- I
1.000 -.01 01

500 83 -1.05 01 -.83 1.05 01 -.83 1.05

2.000 1.66 -2.10 -.01 -1.66 2.10 01 -1.66 2.10

2.000 1.66 -2.10 -11.66 -1.66 2.10 11.66 -1.66 2.10

.063 24.88 15.49 11.66 -24.88 -15.49 -11.66 24.88 15.49

.125 51.42 28.88 11.66 -51.42 -28.88 -11.66 51.42 28.88

.188 77.95 42.26 11.66 -77.95 -42.26 -11.66 77.95 42.26

.250 97.70 55.65 11.66 -97.70 -55.65 -11.66 97.70 55.65

.313 122.61 69.04 11.66 -122.61 -69.04 -11.66 122.61 69.04

.375 147.52 82.43 11.66 -147.52 -82.43 -11.66 147.52 82.43

.438 172.42 95.81 11.66 -172.42 -95.81 -11.66 172.42 95.81

.500 197.33 109.20 11.66 -197.33 -109.20 -11.66 197.33 109.20

.563 222.23 122.59 11.66 -222.23 -122.59 -11.66 222.23 122.59

.625 247.14 135.98 11.66 -247.14 -135.98 -11.66 247.14 135.98

.688 272.04 149.36 11.66 -272.04 -149.36 -11.66 272.04 149.36

.750 296.95 162.75 11.66 -296.95 -162.75 -11.66 296.95 162.75

.813 343.34 176.14 11.66 -343.34 -176.14 -11.66 343.34 176.14

.875 369.88 189.53 11.66 -369.88 -189.53 -11.66 369.88 189.53

.938 396.42 202.91 11.66 -396.42 -202.91 -11.66 396.42 202.91

3.000 422.96 216.30 11.66 -422.96 -216.30 -11.66 422.96 216.30

3.000 1.66 -2.10 01 -1.66 2.10 -.01 1.66 -2.10

500 83 -1.05 01 -.83 1.05 -.01 83 -1.05
4.000 01 -.01

SIDA
16




Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

SNITTKRAFTER

I I BRLM MIN-Q I BRTYP MAX-M I BRTYP MIN-M
I PUNKT I-----mmmmm I-----mmmmm I------mmmmm e
I I M I N I Q I M I N I Q I M I N I
I----------- I----------I----------I---------- I---------- I---------- I---------- I---------- I-----—----- I
1.000 -.01 -.01
500 83 -1.05 -.01 .70 -.89 -.01 -.70 89
2.000 1.66 -2.10 -.01 1.41 -1.77 -.01 -1.41 1.77
2.000 1.66 -2.10 -11.66 1.41 -1.78 -9.86 -1.41 1.78
063 -24.88 -15.49 -11.66 21.03 13.09 9.86 -21.03 -13.09
125 -51.42 -28.88 -11.66 43.46 24.41 9.86 -43.46 -24.41
188 -77.95 -42.26 -11.66 65.89 35.72 9.86 -65.89 -35.72
250 -97.70 -55.65 -11.66 82.58 47.04 9.86 -82.58 -47.04
313 -122.61 -69.04 -11.66 103.63 58.35 9.86 -103.63 -58.35
375 -147.52 -82.43 -11.66 124.69 69.67 9.86 -124.69 -69.67
438 -172.42 -95.81 -11.66 145.74 80.98 9.86 -145.74 -80.98
500 -197.33 -109.20 -11.66 166.79 92.30 9.86 -166.79 -92.30
563 -222.23 -122.59 -11.66 187.84 103.62 9.86 -187.84 -103.62
625 -247.14 -135.98 -11.66 208.89 114.93 9.86 -208.89 -114.93
688 -272.04 -149.36 -11.66 229.94 126.25 9.86 -229.94 -126.25
750 -296.95 -162.75 -11.66 250.99 137.56 9.86 -250.99 -137.56
813 -343.34 -176.14 -11.66 290.21 148.88 9.86 -290.21 -148.88
875 -369.88 -189.53 -11.66 312.64 160.19 9.86 -312.64 -160.19
938 -396.42 -202.91 -11.66 335.07 171.51 9.86 -335.07 -171.51
3.000 -422.96 -216.30 -11.66 357.50 182.83 9.86 -357.50 -182.83
3.000 -1.66 2.10 -.01 1.41 -1.78 -1.41 1.78
500 -.83 1.05 -.01 70 -.89 -.70 89
4.000 -.01

SIDA
17



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 18
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

SNITTKRAFTER

I I BRTYP MAX-Q I BRTYP MIN-Q I TRAFIC MAX-M I
I PUNKT I-----mmmmm I-----mmmmm I-----mmmmmm I
I I M I N I Q I M I N I Q I M I N I Q I
I----------- I---------- I---------- I---------- I---------- I---------- I---------- I---------- I-----—----- I---------- I
1.000 .01 -.01 03 57
500 -.70 89 01 .70 -.89 -.01 17 57
2.000 -1.41 1.77 .01 1.41 -1.77 -.01 32 57
2.000 -1.41 1.78 9.86 1.41 -1.78 -9.86 44 1229.24
063 21.03 13.09 9.86 -21.03 -13.09 -9.86 4984.93 1323.22
125 43.46 24.41 9.86 -43.46 -24.41 -9.86 9161.90 1210.25
188 65.89 35.72 9.86 -65.89 -35.72 -9.86 12660.73 848.09
250 82.58 47.04 9.86 -82.58 -47.04 -9.86 15566.07 1031.83
313 103.63 58.35 9.86 -103.63 -58.35 -9.86 17841.86 512.12
375 124.69 69.67 9.86 -124.69 -69.67 -9.86 19443.44 222.52
438 145.74 80.98 9.86 -145.74 -80.98 -9.86 20397.95 14.31
500 166.79 92.30 9.86 -166.79 -92.30 -9.86 20646.90 -118.78
563 187.84 103.62 9.86 -187.84 -103.62 -9.86 20411.76 -315.22
625 208.89 114.93 9.86 -208.89 -114.93 -9.86 19432.81 -448.31
688 229.94 126.25 9.86 -229.94 -126.25 -9.86 17835.19 -514.85
750 250.99 137.56 9.86 -250.99 -137.56 -9.86  15576.82 -723.06
813 290.21 148.88 9.86 -290.21 -148.88 -9.86 12629.69 -859.08
875 312.64 160.19 9.86 -312.64 -160.19 -9.86 9163.23 -1221.24
938 335.07 171.51 9.86 -335.07 -171.51 -9.86 4992.77 -1320.08
3.000 357.50 182.83 9.86 -357.50 -182.83 -9.86 05
3.000 1.41 -1.78 -1.41 1.78
.500 70 -.89 -.70 89
4.000



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 19
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

SNITTKRAFTER

I I TRAFIC MIN-M I TRAFIC MAX-Q I TRAFIC MIN-Q
I PUNKT I-----mmmmm I-----mmmmm I-----mmmmmm I
I I M I N I Q I M I N I Q I M I N I Q
I----------- I---------- I---------- I---------- I---------- I---------- I---------- I---------- I-----—----- I---------- I
1.000 -.01 .03 57 -339.82
500 -101.83 -411.01 .17 57 -101.83 -411.01
2.000 -205.50 -418.36 .32 57 -205.50 -418.36
2.000 -205.51 4.03 32 1692.11 -3.33
063 -192.89 .96 4942 .33 1550.72 1987.01 -41.64
125 -180.28 3.96 8994.02 1410.92 4520.09 -101.37
188 -167.66 3.96  12169.71 1272.71 6915.04 -166.97
250 -155.05 3.96  14489.51 1136.48 9115.84 -238.42
313 -142.43 3.96  16280.29 1021.54  11553.64 -329.52
375 -129.82 3.96  16978.78 887.81  13392.62 -420.19
438 -117.20 3.96  16964.11 760.32  15083.03 -525.81
500 -104.59 3.96 16271.82 638.14  16483.79 -646.46
563 -103.79 -1.41  15100.72 526.41  17153.82 -768.84
625 -108.29 -1.41  13411.96 420.79  17074.22 -892.82
688 -117.28 -3.24 11347.13 323.62  16232.25 -1018.56
750 -127.61 -3.24 8975.69 234.75  14710.62 -1153.85
813 -138.05 -3.33 6763.22 163.30  12341.76 -1290.75
875 -148.67 -3.33 4584.01 102.80 9021.64 -1415.32
938 -159.29 -3.33 2055.55 43.07 4956.34 -1555.25
3.000 -169.91 -3.33 4.03 -.03 -1696.76
3.000 -169.90 339.81 -39.10 -.08 418.55
.500 -84.95 339.81 -65.30 -.07 411.20
4.000 -.14 .38 -.15 .40



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

SNITTKRAFTER

I I TEMP  MAX-M I TEMP  MIN-M I TEMP MAX-Q
I PUNKT I-----mmmmm I-----mmmmm I
I I M I N I Q I M I N I Q I
I----------- I----------I----------I---------- I-------—---I----------I--------—- I
1.000 7589.09  -6476.00 .17 -6144.01 5243.00 -.32
500 7589.13 -6476.00 .17 -6144.09 5243.00 -.32
2.000 7589.17  -6476.00 .17 -6144.17 5243.00 -.32
2.000 7589.31  -6476.00 -.01 -6144.25 5243.00 01
063 7589.29  -6476.00 -.01 -6144.24 5243.00 01
125 7589.27  -6476.00 -.01 -6144.22 5243.00 01
188 7589.25 -6476.00 -.01  -6144.20 5243.00 01
250 8379.30 -6476.00 -.01 -6783.83 5243.00 01
313 8379.28  -6476.00 -.01 -6783.81 5243.00 01
375 8379.25 -6476.00 -.01 -6783.79 5243.00 01
438 8379.23 -6476.00 -.01 -6783.78 5243.00 01
500 8379.21  -6476.00 -.01 -6783.76 5243.00 01
563 8379.19  -6476.00 -.01 -6783.74 5243.00 01
625 8379.17  -6476.00 -.01 -6783.72 5243.00 01
688 8379.15 -6476.00 -.01 -6783.71 5243.00 01
750 8379.12 -6476.00 -.01 -6783.69 5243.00 01
813 7589.03 -6476.00 -.01 -6144.03 5243.00 01
875 7589.01  -6476.00 -.01 -6144.01 5243.00 01
938 7588.99  -6476.00 -.01  -6143.99 5243.00 01
3.000 7588.97  -6476.00 -.01  -6143.97 5243.00 01
3.000 7588.97  -6476.12 .05 -6143.89 5243.07 -.24
500 7588.98  -6476.12 .05 -6143.95 5243.07 -.24
4.000 7588.99  -6476.12 .05 -6144.01 5243.07 -.24

SIDA
20



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 21
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

SNITTKRAFTER

I I TEMP MIN-Q I MULTI MAX-M I MULTI MIN-M
I PUNKT I-----mmmmm I-----mmmmm I-----mmmmmm I
I I M I N I Q I M I N I Q I M I N I Q
I----------- I----------I----------I---------- I---------- I---------- I---------- I---------- I-----—----- I---------- I
1.000 -6144.01 5243.00 -.32 03 57
500 -6144.09 5243.00 -.32 67 -.63 57 -101.83 -411.01
2.000 -6144.17 5243.00 -.32 1.31 -1.26 57 -205.50 -418.36
2.000 7589.31  -6476.00 -.01 1.44 -1.26 1222.25 -205.51 4.03
063 7589.29  -6476.00 -.01 4984.93 1323.22 -207.82 -9.29 -3.04
125 7589.27  -6476.00 -.01 9161.90 1210.25 -211.13 -17.33 -3.04
188 7589.25  -6476.00 -.01 12660.73 848.09 -214.43 -25.36 -3.04
250 8379.30 -6476.00 -.01  15566.07 1031.83 -213.67 -33.39 -3.04
313 8379.28  -6476.00 -.01 17841.86 512.12 -216.00 -41.42 -3.04
375 8379.25  -6476.00 -.01  19443.44 222.52 -218.33 -49.46 -3.04
438 8379.23  -6476.00 -.01  20397.95 14.31 -220.66 -57.49 -3.04
500 8379.21  -6476.00 -.01  20646.90 -118.78 -222.99 -65.52 -3.04
563 8379.19  -6476.00 -.01 20411.76 -315.22 -237.13 -73.55 -8.41
625 8379.17  -6476.00 -.01 19432.81 -448.31 -256.58 -81.59 -8.41
688 8379.15  -6476.00 -.01 17835.19 -514.85 -280.51 -89.62 -10.24
750 8379.12  -6476.00 -.01  15576.82 -723.06 -305.78 -97.65 -10.24
813 7589.03  -6476.00 -.01  12629.69 -859.08 -344.05 -105.68 -10.33
875 7589.01  -6476.00 -.01 9163.23 -1221.24 -370.60 -113.72 -10.33
938 7588.99  -6476.00 -.01 4992.77 -1320.08 -397.14 -121.75 -10.33
3.000 7588.97  -6476.00 -.01 -423.68 -129.78 -10.33
3.000 -6143.89 5243.07 -.24 -170.90 1.26 339.80
500 -6143.95 5243.07 -.24 -85.45 63 339.80
4.000 -6144.01 5243.07 -.24



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

SNITTKRAFTER

I I MULTI MAX-Q I MULTI MIN-Q I BROTT MAX-M
I PUNKT I-----mmmmm I-----mmmmm I-------mmmm
I I M I N I Q I M I N I Q I M I N I
I----------- I---------- I---------- I---------- I---------- I---------- I---------- I---------- I-----—----- I--
1.000 03 57 -339.82 6830.22  -5828.40
500 17 57 -101.83 -411.01 6831.23  -5829.35
2.000 32 57 -205.50 -418.36 6832.23  -5830.29
2.000 32 1692.11 1.00 -1.26 -10.33 6832.54  -5830.28
063 4942 .33 1550.72 1972.08 -9.29 -48.63  14307.75  -5828.40
125 8994.02 1410.92 4489.24 -17.32 -108.37  20573.20  -5828.39
188  12169.71 1272.71 6868.27 -25.36 -173.96  25821.42  -5828.39
250  14489.51 1136.48 9057.22 -33.39 -245.42  30890.47  -5828.39
313 16280.29 1021.54  11480.08 -41.42 -336.51 34304.14  -5828.39
375 16978.78 887.81  13304.12 -49.45 -427.19  36706.49  -5828.39
438  16964.11 760.32  14979.58 -57.48 -532.80 38138.23  -5828.39
500 16271.82 638.14  16365.40 -65.52 -653.46  38511.64  -5828.39
563  15100.72 526.41  17020.48 -73.55 -775.84  38158.91  -5828.39
625  13411.96 420.79  16925.93 -81.58 -899.82  36690.46  -5828.39
688  11347.13 323.62  16069.03 -89.61  -1025.55  34294.01 -5828.39
750 8975.69 234.75  14532.46 -97.65 -1160.85 30906.44 -5828.39
813 6763.22 163.30  12135.75 -105.68  -1297.74  25774.66  -5828.39
875 4584.01 102.80 8799.71 -113.71  -1422.32 20574.96  -5828.39
938 2055.55 43.0 4718.48 -121.74  -1562.24  14319.24  -5828.39
3.000 4.03 -253.80 -129.78  -1703.75 6830.07  -5828.40
3.000 -39.10 -.08 418.55 -1.00 1.26 -.01 6830.07  -5828.51
.500 -65.30 -.07 411.20 -.50 .63 -.01 6830.08  -5828.51
4.000 -.15 .40 -.01 6830.09  -5828.51

SIDA
22



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 23
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

SNITTKRAFTER

I I BROTT MIN-M I BROTT MAX-Q I BROTT MIN-Q I
I PUNKT I-----mmmmm I-----mmmmm I-----mmmmmm I
I I M I N I Q I M I N I Q I M I N I Q I
I----------- I---------- I---------- I---------- I---------- I---------- I---------- I---------- I-----—----- I---------- I
1.000 -5529.61 4718.70 -.29 6830.22 -5828.40 1.01  -5529.61 4718.70 -510.02

.500  -5682.43 4718.70 -616.80 6830.48  -5828.40 1.01  -5682.43 4718.70 -616.80

2.000 -5838.01 4718.70 -627.83 6830.73 -5828.40 1.01  -5838.01 4718.70 -627.83

2.000 -5838.09 4718.70 6.05 .48 2538.16 6831.87  -5830.29 -15.50

063  -5841.54 4704.76 -4.55 7413.49 2326.08 9788.49  -5842.34 -72.95

125  -5846.49 4692.71 -4.55  13491.04 2116.37  13564.21  -5854.39 -162.56

188  -5851.43 4680.66 -4.55  18254.57 .01 1909.06  17132.72 -5866.43 -260.95

250  -6425.95 4668.61 -4.55  21734.27 .01 1704.71  21127.20 -5878.48 -368.13

313 -6429.43 4656.56 -4.55  24420.44 .01 1532.32  24761.46  -5890.53 -504.77

375  -6432.91 4644.52 -4.55  25468.17 .01 1331.72  27497.50  -5902.58 -640.79

438  -6436.39 4632.47 -4.55  25446.17 .01 1140.49  30010.68 -5914.63 -799.21

500 -6439.86 4620.42 -4.55  24407.73 .01 957.20  32089.39  -5926.67 -980.20

563 -6461.07 4608.37 -12.61  22651.08 01 789.62  33071.98 -5938.72  -1163.77

625  -6490.22 4596.32 -12.61  20117.94 01 631.19  32930.15 -5950.77  -1349.74

688  -6526.10 4584.27 -15.35  17020.69 485.43  31644.77  -5962.82  -1538.34

750  -6563.99 4572.22 -15.35  13463.54 352.13  29339.89  -5974.87 -1741.28

813  -6045.71 4560.17 -15.49  10144.84 244.95  25033.76  -5986.92  -1946.62

875  -6085.50 4548.13 -15.49 6876.01 154.21  20029.67  -5998.97  -2133.48

938 -6125.30 4536.08 -15.49 3083.32 64.60 13907.82 -6011.01  -2343.37

3.000 -6165.10 4524.03 -15.49 6.04 6449.36  -6023.06  -2555.64

3.000 -5785.85 4720.66 509.48 6771.42 -5828.62 627.87  -5531.00 4720.66 -.23

.500  -5657.73 4719.72 509.48 6732.13 -5828.62 616.84  -5530.30 4719.71 -.23

4.000 -5529.61 4718.77 -.22 6830.09  -5828.73 .64  -5529.61 4718.77 -.23



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM

E1ly Yman 20-04-28

SNITTKRAFTER

I I DEFL MAX-M I DEFL MIN-M I KVASI MAX-M
I PUNKT I-----mmmmm I-----mmmmm I------mmmmm e

I I M I N I Q I M I N I Q I M I N I

I----------- I----------I----------I---------- I-------—---I----------I--------—- I---------- I-----—----- I

1.000 02 43 3794.57  -3238.00

500 13 43 -76.38 -308.26 3795.07  -3238.47

2.000 24 43 -154.13 -313.77 3795.57  -3238.94

2.000 33 921.23 -154.13 3.02 3795.74  -3238.94

063 3735.84 991.66 -144.67 2.97 7533.34  -3238.00

125 6866.19 907.00 -135.21 2.97 10666.06  -3238.00

188 9488.30 635.58 -125.75 2.97 13290.17  -3238.00

250  11665.65 773.28 -116.29 2.97 15864.20 -3238.00

313 13371.19 383.80 -106.83 2.97 17571.03  -3238.00

375  14571.46 166.76 -97.36 2.97 18772.21  -3238.00

438  15286.79 10.72 -87.90 2.97 19488.08  -3238.00

500 15473.36 -89.02 -78.44 2.97 19674.78  -3238.00

563  15297.14 -236.24 -77.79 -1.06 19498.41 -3238.00

625  14563.49 -335.98 -81.16 -1.06 18764.19  -3238.00

688  13366.19 -385.85 -87.96 -2.43  17565.96  -3238.00

750  11673.71 -541.88 -95.71 -2.43 15872.18 -3238.00

813 9465.04 -643.82 -103.46 -2.50 13266.78 -3238.00

875 6867.18 -915.23 -111.42 -2.50 10666.93  -3238.00

938 3741.72 -989.31 -119.37 -2.50 7539.07  -3238.00

3.000 2.29 -127.33 -2.50 3794.48  -3238.00

3.000 -127.33 254.66 3794.48  -3238.06

.500 -63.67 254.66 3794.49  -3238.06

4.000 -.11 28 3794.50  -3238.06

SIDA
24



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR IP
KONSTRUKTIONSTYP RAM
RESULTAT

SNITTKRAFTER

STEP 2 PC-05-041001 Project: Bro 100-262-1

PROJEKT IDENT

KVASI MIN-M

KONSTR.

Elly

IDENT
Yman

Composite steel- concrete bridge using corrugated web i

Appendix X - System analysis, Short- term Tloads

NR

KVASI MAX-Q

-3238.00
-3238.00
-3238.00

-3238.12 313.
-3238.12 308.

-3238.17

HHHH

KVASI MIN-Q

DATUM
20-04-28

S

IDA
25



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 26
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

REAKTIONER

1 1 AXELLAST MAX-RM 1 AXELLAST MIN-RM I AXELLAST ~MAX-RETA I
I PUNKT  I-----m=mmmmmmmmmmmmmmmmmoooo o T--mmmmmmmmmmmmmmmmm oo T--mmmmmmm oo mmmm e I
I I R-ETA I R-ZETA I R-M I R-ETA I R-ZETAI R-M I R-ETA I R-ZETAI R-M I
I-------m-- I---------- I---------- I--------—- e B e B B I
2
3
REAKTIONER
1 1 AXELLAST ~MIN-RETA 1 AXELLAST ~MAX-RZETA I AXELLAST ~MIN-RZETA 1
I PUNKT  I-----—mmmmmmmmmmmommmmmmmooo T--mmm o mmmmmmmmo—o oo T-—mmm o m o mm oo I
I I R-ETA I R-ZETA I R-M I R-ETA I R-ZETAI R-M I R-ETA I R-ZETAI R-M I
I-------mo- I---------- R I--------- e B e B I
2 3.81 -392.62
3 -.01 -233.51 3.82 -392.60
REAKTIONER
1 1 BOGGILAST MAX-RM 1 BOGGILAST MIN-RM I BOGGILAST MAX-RETA 1
I PUNKT  T-----m=—mm—mmmmmmommmmmmmoooo e T--mmm o m oo mmmo oo I
I I R-ETA I R-ZETA I R-M I R-ETA I R-ZETAI R-M I R-ETA I R-ZETAI R-M I
I-------mo- I---------- I---------- I--------- e B e B I
2
3 -358.00
REAKTIONER
1 1 BOGGILAST MIN-RETA I BOGGILAST MAX-RZETA I BOGGILAST MIN-RZETA I
I PUNKT  I-----m=—mmmmmmmmmommmmmmmooo I I
I I R-ETA I R-ZETA I R-M I I
I-------mo- I---------- I- I I
2 3.36 -1968.16
3 -.08 -1415.75 3.50 -.06 -1974.84



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 27
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

REAKTIONER

1 1 LM1 MAX-RM I LM1 MIN-RM 1 LM1 MAX-RETA 1
I PUNKT  I---—mm=mmm—mmmmmmommmmmmmoooo T-mmmmmmmmmmmmmmmm oo T--mmmmmmm oo I
I I R-ETA I R-ZETA I R-M I R-ETA I R-ZETAI R-M I R-ETA I R-ZETAI R-M I
I-------m-- I---------- I---------- I--------—- e B e B B I
2
3
REAKTIONER
1 I LMLl MIN-RETA I LML MAX-RZETA I LM1 MIN-RZETA I
I PUNKT  I-----—=mmmmmmmmmmmmmmmmmooooo T--mmmmmmmmmm o mo oo T--mmmmmm o mm o mmmmmm—o I
I I R-ETA I R-ZETA I R-M I R-ETA I R-ZETAI R-M I R-ETA I R-ZETAI R-M I
I-------mo- I---------- R I--------- e B e B I
2 3.31 -1568.49
3 -.07 -1220.04 4.04 -.04 -1567.95
REAKTIONER
1 1 LM2 MAX-RM I LM2 MIN-RM 1 LM2 MAX-RETA I
I PUNKT  T-----—=mmm—mmmmmmommmmmmooooo T--mmmmmmmmmmm o mm oo T---mmmmmmmmmm oo I
I I R-ETA I R-ZETA I R-M I R-ETA I R-ZETAI R-M I R-ETA I R-ZETAI R-M I
I-------mo- I---------- I---------- I--------- e B e B I
2
3
REAKTIONER
1 I LM2 MIN-RETA I LM2 MAX-RZETA I LM2 MIN-RZETA I
I PUNKT  I------=mmmmmmmmmmommmmmmooooo I I
I I R-ETA I R-ZETA I R-M I I
I-------mo- I---------- I- I I
2 3.53 -363.54
3 -.01 -216.21 3.53 -363.52



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \ \ \ )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 28
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

REAKTIONER

1 WIND 1
I PUNKT  Tommmmmmmmmmmmmm e I
1 I R-ETA I R-ZETAI R-M I
et ST T I
2
3



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 29
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

DEFORMATIONER

I I AXELLAST MAX-DZ I AXELLAST MIN-DZ I BOGGILAST MAX-DZ I
I PUNKT  I-----------mmmmmmmmmmmmmmmm oo I----mmmmm I-----mmmmmm I
I I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I ROT. I
I-----------I----------I----------I---------—- I-------—---I----------I--------—- I---------- I-----—----- I---------- I
1.000 -2.094 .700 .080 .063 -.041 -.005 -12.991 3.963 .454
.500 -1.924 .350 .080 .053 -.020 -.005 -12.032 1.982 .454
2.000 .058 -.004
2.000 .116 -.004
063 .055 .231 -.004 -1.929 -4.423 .078 .109 .213 -.003
125 057 .408 -.003 -1.941 -8.626 .072 .110 .387 -.003
188 059 .535 -.002 -1.962 -12.390 .062 L1112 .524 -.002
250 .061 .618 -.001 -2.146 -15.623 .053 .114 .627 -.002
.313 .063 .670 -.001 -2.193 -18.296 .042 .115 .704 -.001
.375 .065 .696 -2.250 -20.284 .029 .117 .756 -.001
.438 .067 .698 -2.415 -21.512 .017 .119 .785
.500 .069 .677 .001 -2.486 -21.989 121 .791
.563 .153 .698 -2.558 -21.512 -.017 .148 .793
.625 .155 .696 -2.678 -20.284 -.029 .150 .770 001
.688 .156 .670 .001 -2.736 -18.296 -.042 .151 .723 001
.750 .159 .618 .001 -2.782 -15.623 -.053 .154 .650 002
.813 .161 .535 .002 -2.831 -12.390 -.062 .155 .549 002
.875 .163 .408 .003 -2.852 -8.626 -.072 .157 .409 003
.938 .165 .231 .004 -2.864 -4.423 -.078 .159 .227 004
3.000 -14.618 -.434
3.000
.500 -2.868 .350 -.080 .167 -.020 .005 -16.245 1.981 -.454
4.000 -2.699 .700 -.080 .157 -.041 .005 -15.286 3.962 -.454



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 30
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

DEFORMATIONER

I I BOGGILAST MIN-DZ I LM1 MAX-DZ I LM1 MIN-DZ I
I PUNKT  I-----------mmmmmmmmmmmmmmmm oo I----mmmmm I-----mmmmmm I
I I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I ROT. I
I-----------I----------I----------I---------—- I-------—---I----------I--------—- I---------- I-----—----- I---------- I
1.000 .058 -.038 -.004 -10.680 3.225 .370 .065 -.043 -.005
.500 .049 -.019 -.004 -9.899 1.613 .370 .055 -.021 -.005
2.000 -12.285 .434
2.000 -12.989 .425
.063 -12.057 -25.045 .442 .061 .246 -.004 -9.920 -20.373 .360
.125 -12.131 -48.781 .407 .063 .436 -.003 -9.982 -39.650 .330
.188 -12.254 -69.923 .349 .065 .572 -.002 -10.081 -56.809 .284
.250 -12.604 -87.587 .288 .067 .661 -.001 -10.398 -71.225 .236
.313 -13.022 -101.887 .224 .070 .718 -.001 -10.616 -82.984 .185
.375 -13.578  -112.478 .155 .072 .747 -10.994 -91.772 .128
.438 -13.909  -118.941 .077 .074 .750 -11.348 -97.188 .067
.500 -14.329 -121.076 .075 .729 .001 -11.685 -99.025 -.001
.563 -14.664  -118.895 -.079 .077 .687 .001 -12.035 -97.192 -.068
.625 -15.069  -112.448 -.154 .078 .626 .001 -12.367 -91.773 -.128
.688 -15.498  -101.907 -.223 .137 .592 .001 -12.643 -82.983 -.185
.750 -15.778 -87.593 -.289 .139 .545 .001 -12.860 -71.218 -.236
.813 -16.012 -69.913 -.350 .141 .471 .002 -13.040 -56.808 -.284
.875 -16.145 -48.756 -.407 .143 .359 .002 -13.138 -39.647 -.330
.938 -16.219 -25.038 -.442 .144 .203 .003 -13.202 -20.373 -.360
3.000 .151 004
3.000
.500 .160 -.020 .005 -13.223 1.613 -.370 .142 -.017 .004
4.000 .151 -.039 .005 -12.442 3.225 -.370 .133 -.035 .004



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR IP
KONSTRUKTIONSTYP RAM

DEFORMATIONER

RESULTAT

STEP 2 PC-05-041001 Project: Bro 100-262-1

PROJEKT IDENT

LM2 MAX-DZ
DELTA-Y I DELTA-Z I
-1.939 .648
-1.782 .324

051 .214
.053 378
.055 .495
.057 .572
.059 .621
.060 .645
.062 .646
.063 .627
.141 646
.143 .645
.145 .621
.147 .572
.149 .495
151 378
.152 .214
-2.656 .324
-2.499 .648

KONSTR.IDENT
E1ly Yman

\\\I)

SIDA
Composite steel- concrete bridge using corrugated web i 31
Appendix X - System analysis, Short- term Tloads
DATUM
20-04-28
LM2 MIN-DZ I WIND I
-------------------------------- e ittt §
DELTA-Y I DELTA-Z I ROT. I DELTA-Y I DELTA-Z I ROT. I
------------------------------ I----------I----------I----------1
.058 -.038 -.004
.049 -.019 -.004
-1.786 -4.096 .072
-1.797 -7.987 .067
-1.817 -11.472 058
-1.987 -14.466 .049
-2.030 -16.941 039
-2.083 -18.781 .027
-2.237 -19.918 016
-2.302 -20.360
-2.368 -19.918 -.016
-2.480 -18.781 -.027
-2.533 -16.941 -.039
-2.576 -14.466 -.049
-2.621 -11.472 -.058
-2.640 -7.987 -.067
-2.652 -4.096 -.072
.154 -.019 .004
.145 -.038 .004



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term) \\ \ I )

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1 SIDA
KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i 32
RESULTAT Appendix X - System analysis, Short- term Tloads
PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

DEFORMATIONER

I I TRAFIC MAX-DZ I TRAFIC MIN-DZ I DEFL MAX-DZ I
I PUNKT  I-----------mmmmmmmmmmmmmmmm oo I----mmmmm I-----mmmmmm I
I I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I ROT I DELTA-Y I DELTA-Z I ROT. I
I-----------I----------I----------I---------—- I-------—---I----------I--------—- I---------- I-----—----- I---------- I
1.000 -11.354 3.464 .397 .065 -.043 -.005 -8.509 2.596 .297
.500 -10.516 1.732 .397 .055 -.021 -.005 -7.881 1.298 .297
2.000 .050 -.004 -10.737 .380 .038 -.003
2.000 102 -.004 -11.352 .371 .076 -.003
063 .061 246 -.004 -10.538 -21.890 .387 .046 .185 -.003
125 .063 436 -.003 -10.603 -42.635 .356 .047 .327 -.002
188 .065 572 -.002 -10.710 -61.113 .305 .049 .429 -.001
250 .067 661 -.001 -11.016 -76.551 .252 .051 .496 -.001
.313 .070 .718 -.001 -11.381 -89.049 .196 .052 .539 -.001
.375 .072 747 -11.867 -98.305 .135 .054 .560
.438 .074 .750 -12.156  -103.954 .068 .055 .562
.500 .075 .729 .001 -12.524  -105.820 .056 .546
.563 .129 .693 -12.816  -103.914 -.069 .097 .519
.625 .131 .673 .001 -13.170 -98.280 -.135 .098 .505
.688 .132 .632 .001 -13.545 -89.066 -.195 099 .474 001
.750 .134 .568 .001 -13.790 -76.557 -.253 101 .426 001
.813 .136 .480 .002 -13.995 -61.104 -.306 102 .359 001
.875 .143 .359 .002 -14.110 -42.613 -.355 107 .269 002
.938 .144 .203 .003 -14.176 -21.883 -.386 .108 .152 .002
3.000 -12.776 -.379 .132 .004 -9.575 -.284
3.000
.500 -14.198 1.731 -.397 .146 -.018 .004 -10.640 1.298 -.297
4.000 -13.360 3.463 -.397 .137 -.036 .004 -10.012 2.595 -.297



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR IP
KONSTRUKTIONSTYP RAM
RESULTAT

DEFORMATIONER

STEP 2 PC-05-041001 Project: Bro 100-262-1
Composite steel- concrete bridge using corrugated web i
Appendix X - System analysis, Short- term Tloads

PROJEKT IDENT

.049
.041
.047

.508
.897
.946
.026
.256
.529
.894
.110
.386
.605
.870
.151
.334
.488
.575
.624
.099

.109
.103

-16.
-31.
-45.
-57.
-66.
-73.
-77.
-79.
-77.
-73.
-66.
-57.
-45.
-31.
-16.

DEFL MIN-DZ

032
016

KONSTR.IDENT
E1ly Yman

WS

SIDA
33

)



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

WSP Sverige AB S TR I P STEP 2 PC-05-041001 Project: Bro 100-262-1

KONSTRUKTIONSTYP RAM Composite steel- concrete bridge using corrugated web i
RESULTAT Appendix X - System analysis, Short- term Tloads
0 PROJEKT IDENT KONSTR.IDENT NR DATUM
E1ly Yman 20-04-28

0
OI NNEH LLSF"™RTECKNING
0

DATAKVITTO SIDA

0 ENHETER 1
MATERIALKONSTANTER 2
ELEMENTTYPER 2
SYSTEMBESKRIVNING 2
STANDARDLASTFALL 2
FARBANOR 3
TRAFIKLASTGRUPPER 3
TRAFIKLASTFALL 6
LASTKOMBINATIONER 7

RESULTAT

0 I LASTKOMBINATIONS I STABI- I SPZN- I SNITT- I REAK- I DEFOR- I

I NAMN I LITET I NINGAR I KRAFTER I TIONER I MATIONER I
I------mmmmmm - I---------- I---------- I---------- I---------- I---------- I

AXELLAST 9 26 29
BOGGILAST 10 26 29
LM1 11 27 30
LM2 13 27 31
ut™M3 14
WIND 15 28 31
BRLM 16
BRTYP 17
TRAFIC 18 32
TEMP 20
MULTI 21
BROTT 22
DEFL 24 32
KVASI 24

0
SISTA SIDA I DENNA BERZKNING 33
1

\\\I)

SIDA

-1



Appendix 4 - Strip Step, System analysis — bridge 100-262-1 (short-term)

STRIP
FRAME
STATISTIC

WSP Sverige AB

PROJECT NO
0

SYSTEM NO
Elly Yman

JOINTS
ELEMENTS
ARCHES
REACTIONS

STANDARD LOADCASES
TEMPERATURE LOADC.
SUPPORT SETTLEMENTS
PRESTR. LOADCASES

N
O+ OoouT NOowh

TRAFFIC GROUPS
TRAFFIC LOADCASES

0 CROSS SECTIONS

14 COMBINATIONS
1 ADDITIVE
43 ENVELOPES

0 CREEP/SHRINKAGE
0 STRESSES

0 SECOND ORDER

0 STABILITY

RESULT POINTS
DEFORMATION POINTS
0 INFLUENCE LINES

STEP

NO

LOADEL

13
0
0
0

TRACKS (MAX. 3 ELEMENTS)

2

o H A

Project: Bro 100-262-1
Composite steel- concrete bridge using corrugated web i
Appendix X - System analysis, Short- term loads

DATE COMP-DATE START-TERM.TIME VERSION
2020-04-28 11:50:59-11:51:09  PC-05-041001
CROSS SECTION EVAL .00 I MATRIX ROWS BAND DETERM PIVOT
INPUT EVALUATION I
GEOMETRY .00 1 A221 3 2 .10E+01 .10e+01
LOADCASES .00 1 SR 9 8 .18E-35 .36E-08
PRESTRESSING .00 1 KM1T 9 4 .88E+36 .14E+07
RESULT REQUESTS .05 1
MATRIX PREPARATION I FILE TRK POS FILE TRK
GEOMETRY .00 1
REDUCTION .06 I 1 0 0 11 0
LOADING CASES .22 1 2 0 0 14 0
INFLUENCE LINES 1.70 1 3 0 0 19 0
2ND ORDER/CREEP .00 1 4 0 0 20 0
CALCULATION PARTS I 7 0 0 21 0
RANDF. REDUCT. .00 1 8 0 0 22 0
INVERT A22 .05 1 9 0 0 24 0
SYSTEM MATRICES .00 1 10 0 0 25 0
INVERT VR .00 1
TRIANG K .00 I ERROR WITHIN PROGRAM PART 0
DEFORM URT .00 I NO OF CALLS TO SUBROUTINE DISC 0
GROSSFORCES POO .00 1
DEFORMATIONS .00 I RESULT PAGES ECHOPRINT 8
BASIC INFL.LINES 00 1 STRESSES 0
TRAFFIC INFL. A1 1 GROSSFORCES 17
INFLUENCE LINES .00 1 REACTIONS 3
SECOND ORDER .00 1 DEFORMATIONS 5
CREEP .00 1 INFLUENCE LINES 0
STABILITY .00 1 STABILITY 0
TRAFFIC EVALUATION 00 T---meme e e
COMBINATION PART .05 I 1IBM PC
RESULT PRINT PART I TOTAL ELAPSED TIME 9.99 SECONDS
STRESSES .00 1
FORCES / DEFORM A1 1
INFLUENCE LINES .00

\\\I)

INCR

|
ww
Swo

o
o
%]

[=lelelelelelela]



F. Calculation report - bridge 100-262-1

CCXLIV



G

Investigation of the web height’s
influence on the material savings -
Calculation reports

In the following chapter the calculation reports for the investigation of the web
height’s influence on the material savings are presented. In general, the reports
consists of the same calculations as Appendix F (Calculation report for bridge 100-
262-1). Only the calculations that in any way differ from the original calculation
report are presented. The scope of the extracts involves increasing the girder height
with the factor 1.25, 1.375, 1.5, 1.75 and 2.0.

CCXLV



Extracts - Calculation report 1.25hy,



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
3:10f13

3 System

In the following chapter the input data for the bridge's geometries is presented. The cross-sectional parameters
that are presented is preliminary and used for the system analysis. In chapter 5 the final design is presented.

3.1 Primary system - longitudinal

lconsole:0'5 m lspan:51 m lmnmle:O.5 m
3 1 1
1 |2 3 %
By =2.56 By =2.56 m
TN\SNFF CONNECTION |

The bridge is modelled as a simply supported bridge in the software StripStep-2. Due to the beams depth the
supports are set offset from the neutral axis. This is modelled with a stiff connection in the system analysis.

3.1.1 Cross-section dimensions

S, Length coordinate
b, Thickness of upper flange
by, Width of upper flange

Thickness of web

h, Height of web
i Thickness of lower flange
by Width of lower flange

New height of girder is taken as: Round(2050 «1.25, 10) =2560

Element 1
Ser tuwr bus tey hyy tgg by
0 35 600 8 2477 48 850
500 35 600 8 2477 48 850

28-04-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

Element 2

Ser2 s buo t,o o hy

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 600 8 2477
10500 35 600 8 2477
10500 42 600 6 2463
11300 42 800 6 2463
25500 42 800 6 2463

Element 3

Sz tusz busz .z hy;

(mm)  (mm) (mm) (mm) (mm)

(m;n) (mm)

0 35 600 8 2477
500 35 600 8 2477

mean (1, ;+h, ;+1t; ) =2560 mm

mean (1, ,+h,, ,+1t; ;) =2560 mm

3.1.2 Corrugation shape

a.; =150 mm Flat-fold length

0,.:=36 deg Corrugation angle

a.3:=80 mm Corrugation depth
c3

Aepi=

acs

=136 mm Length of angled part

AH/EY
3:20f13

Important! Two exactly the same values will not work
with the linterp- function. Therefore 0.1 millimeter
must be added for a X-value where you want to
cross-sectional properties at the same time.

S=d+ &y

By

Lo

dy d

a.y= =110 mm Length of hypopythis

S, = aff‘-’ﬁ gg): 286 mm Length of corrugation

w.i=a, +a.,=260 mm Straight length
s,

r.i=——=1.10 Ratio corrugation/flat-fold length
WC

28-04-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
3:60f13

3.1.3.2 Effective width, steel flanges
Calculation of the effective width in the steel flanges with regards to shear lag is calculated according to SS-EN
1993-1-5 3.2.

t,
beﬁ.J:ﬂ . b0+—W Effective width with regards to shear lag under elastic conditions
- Equation (3.1)

L.
Xcheck uf:: e =26.0m
- 2
Xcheckﬁlf:: 0.2 Lbridge: 10.4 m
Upper flange
oy:=1.0 Equation given in Table 3.1. For webs without any longitudinal
stiffeners a,=1.0.
bfu:=bg, <)(check7uf> =800 mm Width of upper flange - see Appendix B - Preliminary sizing
tw:=t, <)(check7u/> =6 mm Thickness of web - see Appendix B - Preliminary sizing
b0:= bfuT—tw =397 mm Figure 3.2 (Notations for shear lag)
0!() . b{)
Kfit = =0.008 = K5 (Xopeer o) =0.008 Table 3.1
span
Beneer = || if xfir <0.02 =1.00 S for sagging bending, one-span bridge
H p—1.0

elseif 0.02 <xfit<0.70
-
14 6.4 xfi’
elseif 0.70 < xfu
L

8.6 «fu’

«—

«—

Calculating the effective flange width for upper flange

2 ﬂcheck . b() +w= 800 mm

boyi= || if Bepeck =1.0 =0.800 m = Byp i, (Xopeek o) =0-800 m
H b «— bfu
else

H b min (2 upecs + O+ w0, b
b

Lower flange

28-04-2020



Case study evaluating bridge 100-262-1

AH/EY
Master thesis: Design of composite steel- concrete bridges 7of13
using Stainless steel girders with corrugated web 3: 70
bfl:==b, <Xcheck7,f> =850 mm Width of lower flange - see Appendix B - Preliminary sizing
twi=t, <Xcheck7,f> =8 mm Thickness of web - see Appendix B - Preliminary sizing
b0:= bﬂ;tw =421 mm Figure 3.2 (Notations for shear lag)
Qg «b0
Kfl == =0.008 = Ky (Xpeer ) =0.008 Table 3.1
span
Beneer:= || i ©/1<0.02 =1.00 S for sagging bending, one-span bridge
H p—1.0
elseif 0.02 <xf1<0.70
1
— _
14 6.4 «fl”
else if 0.70 <xfl
1
—
8.6 xfI
Calculating the effective flange width for lower flange
2 Boheck * PO+ tw =850 mm
bosi= || if Bepeex=1.0 =0.850 m = by 1 (Xopeer ) =0.850 m
|6
else
H b min (2 B ey bO+tw, bfl)
b
A 10 26
1200+
1140+
1080+
“‘jj:j by <Xss> (mm)
900+ bﬂ <XSS> (mm)
840F —_— reeeccccce—-
780t beﬂju <XSS> (mm)
7201
660+ bfu <XSS> (mm)
S ——d e —— . e e eeesesss:.

0 5 10 15 20 25 30 35 40 45 50 55

28-04-2020



Case study evaluating bridge 100-262-1

. . . , AH/EY
Master thesis: Design of composite steel- concrete bridges 3. 90f13
using Stainless steel girders with corrugated web :
3.1.4.2 Cross-sectional constants during construction
The bridge is checked so that the steel girder (alone) can withstand the loads that are imposed during
construction such as the self-weight of curing concrete.
Ay 4 is the area of the steel including the web, for calculation of self-weight
A is the area of the steel excluding the web, for stiffness calculations
sl J
A
115-10%
107-10%
98-10%
90-10%
81.10°
2
7310° A <Xss> (mm >
64-10° 5
- Ag 4 <Xss> <mm >
47-10%
39.10%
30-10%
0 % 1‘(] 1‘5 2‘(] 2‘5 3‘( 3{‘5 -£(J -1‘5 5‘0 5‘5 g
SS (m‘)
Lbridge 2 .
Agy|———[=0.099 m Area at mid-span
: 2
I, qeer s the area of the steel excluding the web, for stiffness calculations
A 26
155-10°
147-10°
138-10°
130-10°
121.10°
113-10°
4
104-10° Iyﬁsteel <XSS> <mm >
96-10°
87.10°
79-10°
70-10°
0 ;) 1}J 1‘5 Z}J 2‘5 li}J l’.‘G -1‘1J -1‘5 G}J 55 .
Xgs (m)
Lbridge 4 . .
L, sieer =0.1397 m Stiffness at mid-span
- 2

28-04-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
3: 10 0f 13

Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 Toiremt Mliex ly A a
[m] [ [ [10°m? | [10°n7] | [kN/mi
0.000 -1.680 2860 879.476 G618 6.312
0.500 -1.680 2860 379476 618 6.312

Element 2 - Node 2- 3

5 tosreat Pt he A g

] |l | (ml | (0| (0 | v
0.000 -1.680 2 560 879476 618 6312
10,500 -1.680 2 560 679476 618 6.312
10,500 | -1.653 2560 |1032958( 720 6.660
11.300 -1.676 2560 1396627 984 6_664
25500 | -1676 2560 |1396627| 985 8665
39.700 -1.676 2560 [1396.627 985 8.665
40.500 -1.653 2560 1032958 720 6660
40500 | -1.680 2560 | 879476 f18 £.312
51.000 -1.680 2560 879.476 618 6312

Element 3 - Node 3- 4

5 tarsees Pl ly A g

[m] [ [m] [10°'m*] | [10°m?] | [kMIm]
0.000 | -1.680 2560 | 879.476 | 618 6.312
0500 | -1.680 2560 | 879.476 618 B.312

System model used in Strip-Step2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -2.56 R
2
3 51.500 | 0.00 -2.56 YZR
3
4 52.000 | 0.00 -3

28-04-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
3: 11 0of 13

3.1.4.3 Cross-sectional constants for variable loads (short term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.1845 2.880 260268 3297
0.500 -0.185 2.880 260268 3297

Element 2 - Node 2- 3

3 tofizet Fiot Ly A

[m] [m] m] | (0'mY | [10°m?)
0.000 -0.185 2.880 2602.68 3297
10.500 -0.185 2.880 2602.68 3297
10,500 -0.224 2.880 2919.66 3398
11.300 -0.334 2.880 Je46.42 3664
25500 -0.334 2.880 3846.42 3664
35700 -0.334 2.880 3846 42 3664
40500 -0.224 2880 2919.66 33948
40.500 -0.185 2.880 260268 3297
51.000 -0.185 2.880 2602.68 3297

Element 3 - Node 3- 4

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.1845 2.880 260268 3297
0.500 -0.185 2.880 260268 3297

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -2.56 R
2
3 51.500 | 0.00 -2.56 YZR
3
4 52.000 | 0.00 3

28-04-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
3:120f 13

3.1.4.4 Cross-sectional constants for additional permanent loads (long term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 ot o Pt ly A
Ll [m] [m] [10'm7 | [10°m’]
0 0.613 | 2880 |2100.016| 1471
0.5 0613 | 2880 [2100.016| 1471

Element 2 - Node 2- 3

5 todizet ht{-t |1,r A
[m] [m] [m] | [10°mT | [10%m?)
0 0.613 2880 (2100016 1471

105 0.613 2880 | 2100016 | 1471
105 0.670 2880 (2322604 | 1572
1.3 .84 2880 29440581 1838
255 0.524 2680 |2944 051 1836
397 0.8 2880 |2944.051 1838
405 {.670 2880 (2322604 | 1472
40.5 0.613 2880 |2100.016 | 1471
51 0.613 2880 (2100.016 ] 1471

Element 3 - Node 3- 4

3 ot o Pt ly A
Ll [m] [m] [10'm7 | [10°m’]
0 0.613 | 2880 |2100.016| 1471
0.5 0613 | 2880 [2100.016| 1471

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -2.56 IR
2
3 51.500 | 0.00 -2.56 YZR
3
4 52.000 | 0.00 -3

28-04-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

3.1.4.5 Cross-sectional constants for shrinkage analysis
Input for StripStep-2 (Appendix X)
Element 1 - Node 1- 2
5 tosrzat Dot Iy A
(m] [m] [m] [10*m®] | [10%n"]

0 -0.519 2.880 | 2209100 1675
D& -0.519 2.880 | 2209.100 1675

Element 2 - Node 2- 3

5 tosrzat htc-t |1,-' A
[m] [m] [m] [10*m*] | [10%m"]
0 0518 28380 2209100 1675

10.5 -0.519 2830 | 2209100 16745
10.5 0474 2.880 | 2443889 1777
11.3 0726 2.880 | 3123.943 2042
255 -0.726 2.880 | 3123.M3 2042
39.7 -0.726 2.880 3123.943 2042
40.5 -0.574 2.880 | 2445889 1777
405 -0.515 2.880 | 2209.100 1675
51 -0.519 2.880 | 2209.100 1675

Element 3 - Node 3- 4

5 tosrzat h'tc-t |1,r A
(m] [m] [m] [10*m®] | [10%]
0 -0.519 2.880 | 2209100 1675

D& -0.519 2.880 | 2209.100 1675

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
1 0.000 | 0.00 1
2 0.500 | 0.00 -2.56 R
2
3 51.500 | 0.00 -2.56 YZR
3
4 52.000 | 0.00 -3

AH/EY
3: 130f 13

28-04-2020



Case study evaluating bridge 100-262-1

AH/EY
Master thesis: Design of composite steel- concrete bridges - 10f16
using Stainless steel girders with corrugated web 4:10
4 Loads and load combinations
41 Permanent loads
41.1 Self-weight
4.1.1.1 Steel
The self-weight is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: STEEL
pe=75.51 k—zj Self-weight of stainless steel - SS-EN 10088-1:2014 Table E.1 or E.2
m

The self-weight for each element is calculated in chapter 3.

4.1.1.2 Concrete

The self-weight of the slab is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: SLAB

Wet_Concrete :=“NO” "YES" or "NO" dependent if the previous designer has used the weight
of wet concrete

p.=Iif| Wet_Concrete =*“NO”, 25 k—N,26 Ll =25 Ll Self-weight of concrete (reinforced) - SS-EN
m’ m’ m’ 1992-1-1 Table A.1
A =347 m’ Area of slab, see chapter 3
Aslab *Pe kN . .
Gap'=——— =434 — Self-weight of concrete slab, (half of the load goes to each girder) -
2 m applied in the casting stage

If the previous designer has considered that the hardened concrete has a smaller self-weight a reduction in self-weight
is applied in the system analysis for permanent loads.

Appendix X. Name in Strip-Step2: AVSLAB

kN
N Aslab * <_1> ES KN
slab perm =1 | Wet_Concrete = “NO”,0 —, ™ |=0.000Y
m 2 m

24-04-2020



Case study evaluating bridge 100-262-1 AH/EY

Master thesis: Design of composite steel- concrete bridges - 30f16
using Stainless steel girders with corrugated web 4:30

4.1.2 Shrinkage
The shrinkage force is calculated and used in Strip-Step2, Appendix X. Name in Strip-Step2: E:SHRINK

hy=341 mm Equivalent thickness, calculated in chapter 2
t=120 yr

t=43829.1 day

Som=43 MPa Mean compressive strength - see chapter 2
t,:=1 day
RH:=80% Krav Brobyggande B.3.1.5
t—t
day .
Pasi= =0.994 SS-EN 1992-1-1 3.1.4 Equation 3.10
(1—t) ( )’
514004 !
day 1 mm
k=it 200 mm < h,<300 mm =0.73 SS-EN 1992-1-1 3.1.4 table 3.3
( h \
0.85 —|—2—200-0.001
mm

else if 300 mm < hy,<500 mm

ho
0.75 — | —=—300|-0.0005

mm
elseif /,>500 mm
|07
else
|10
RH,):=100%
Oy =4 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
0y5:=0.12 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
3
Pry=1.55- {1 — (RH ) \: 0.76 SS-EN 1992-1-1 Appendix B.2 equation B12
U, )
Somo =10 MPa SS-EN 1992-1-1 Appendix B.2 (1)

|s

\
|
)) 1070« fpy;=2.53.10"" SS-EN 1992-1-1 Appendix B.2 equation B11

~

(
| —ag+
€,q0:=0.85+ ((220+ 110+ ay,,) €'
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g =Puas kp+eg0=184+107" Drying shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.9
_ fck _fcmo -6 __ -5 ;
Eoqpi=2.5 Pa «107°=63-10 SS-EN 1992-1-1 3.1.4 Equation 3.12
a
I(foAz- =
Bo=1—e' )19 SS-EN 1992-1-1 3.1.4 Equation 3.13
Eog =P €oqp=6.25+107> Autogenous shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.11
€= Epgt E,q=2.46+10" Total shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.8
4.1.2.1 Shrinkage force
The shrinkage force and corresponding moment is calculated accordingly:
n =14.91 Modular ratio accounting for creep and shrinkage
Ny ghore=5.88 Modular ratio
n
E, = Lshort \E,, =13.4 GPa Effective modulus of elasticity for concrete
. nLics
Agiap i =1.576 m’ Area of concrete slab (half of the cross-section used in
' system analysis)

Fogi=e Ec o Agiap fic = 5206 kN Total shrinkage force
€y i=Zpp o (0 m)=0.519 m The shrinkage force is applied in the center of gravity for the

composite section

h
M =F |z, (0 m)+ m‘zsmb =3534 kN-m Total bending moment
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Shrinkage - anchorage of studs

Forces in the concrete

Aslabﬁc Aslabﬁc )
ny cs ny cs hnmlab
F, =F |1— o Tt 0 (0m)+ =771 kN
N Aslfcs (0 m) Iyﬁcs (0 m) ( - ( ) 2 )

beﬁ»(O m)=4.925m

AH/EY
4: 50f 16

Force in concrete

Effective width of flange

1 bejf(o m) 3
< *ysiab
12 n
M, = Los M, =14 kN+m Moment in concrete
N [yics (0 m)
h
. Mcjs . m.slab
opi=—==2 2 =0.32 MPa Stress in concrete, upper edge of slab
Aslabﬁc 1 ° bejf(o m) ° hnmlab
12
h
e Mcjs . m.slab
oyi=—== 2 =0.66 MPa Stress in concrete, lower edge of slab
Ava ic 1
slab.fi — beﬁ”(o m) * hmslab3
12
+
N:= 71T “Agapie=TIL KN = F, =711 kN Force imposed on studs caused by shrinkage
2 ' B (used in chapter 6)
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4.2.2.1 Horizontal side trafic load

25% Q1 b

Py side car’=
h_side_car*=1ax ([ 25% - Qtrﬁbr

D =109.1 kN  Horisontal side force from the acceleration load (used in chapter 7)

P

\ side car="Ph_side car® mslab _ 62 kN Vertical side force from the acceleration load (used in chapter 7)

4.2.3 Temperature load

Temperatures are determined according to SS-EN 1991-1-5, 6.1.3 unless otherwise stated.

Load case 1 - local temperature differences for Hlldiksvall

Ty=10° A1(3)

Tpin=-38 ° TSFS 2018:57-8ch 2§
Tp=34° TSFS2018:57-8ch 2§
Tamin = Tmin+4 °=-34° Figure 6.1

ATy con=Ty—T,,;,=44 ° Contraction - Equation 6.1
TGJT[LIX = Tmax +4 O: 38 ° Flgure 61

ATN xp= Ty — Tp=28 ° Expansion - Equation 6.1
AT:=T, pux— Lo in="72 ° Total temperature difference

Load case 2 - either of the components are larger than the other
AT 5 =15 ° Temperature difference between concrete and steel -

SS-EN 1991-1-5, 6.1.6
4.2.3.1 Coefficients of thermal linear expansion
For composite bridges normally it is suggested to use the same thermal linear expansion coefficient, according

to SS-EN 1991-1-5 Table C.1. However for stainless steels the thermal linear expansion coefficient is much
larger than for concrete and hence a more through calculation is needed for the strain.

a.:=10-107° Thermal expansion coefficient - concrete - SS-EN 1991-1-5 Table C.1.
0,=16-107° Thermal expansion coefficient - stainless steel

- SS-EN 1991-1-5 Table C.1.

O =12 10°° Thermal expansion coefficient - carbon steel
- SS-EN 1991-1-5 Table C.1.
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4.2.3.2 Strains for the different load cases

AT,

A1 cont= —<am—ac> . Nem — _26.4 107°  Difference in strain between steel and concrete for contraction

B ° (temperature drop) - load case 1
AE[C ) pp= <aﬂ— ac> JNew 168107 Difference in strain between steel and concrete for expansion

N ° (temperature raise) - load case 1
Aepe s o= 0O A 2401070 Difference in strain between steel and concrete for when the steel is

B ° 15 degrees warmer or colder than concrete - load case 2

AT,

AchAzfc =q, e At —15.0 107° Difference in strain between steel and concrete for when the

° concrete is 15 degrees warmer or colder than concrete - load case 2

Aepcr=max (Aeyc 5 o, Aepc, ) =24.0 107 Only evaluating the worst case for load case 2, i.e. when there are a
temperature drop or rise in the steel

Eremp, = —Aepco+Aepc ) on=—50.4 107 Minimum strain difference; temperature drop and the steel drops even
- lower
Eromp. = A8 o A81c 1 0y =40.8 107 Maximum strain difference; temperature raises and the steel heatens up
2 even higher

4.2.3.3 Temperature load - global analysis

The concrete is transformed to steel. Already defined parameters are calculated in chapter 3.

b0 m
L): 0.837 m Width of transformed concrete
nLishort
A
Zslabfie — 0268 m? Area of transformed concrete
nLjhort
As,(O m) =0.062 m* Area of composite section
Zyp short (0 m) =185 mm Distance from top of concrete to center of gravity for composite
section
L, ghors (0 m) =0.26 m* Moment of inertia for composite section

Fromp = Eemp “E,A,(0 m)= [ _ggig] kN Force on composite section
Ctemp F*=Zip short (0 m) =185 mm Level at which the force is imposed on the system

Chomp 1= Zpp steet (0 M) =25 10 (0 m)=1.495 m  Eccentricity for the bending moment
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Moy =Fromp* Clomp M= [ _3;3] kN «m Bending moment - composite section
Anchorage of temperature load imposed on studs
Concrete
Aslabﬁc Aslabﬁc
N =F . nLishort _ nLishorl _ [ —1755 ] N
c_temp *— * temp -
Aslfshort (0 m) [yishort (0 m) 1420
hmAslab
° ((thsteel(o m) —Zip short (0 m)> ° (thshort (0 m) + 5 ))
1 bejf(o m) h 3
= *nslab
12 ny short —82
Mcitemp = - * Mtemp = 66 kN' m
[yishort (0 m)

N, M -
o= e femp :[ 0‘14] MPa Stress in concrete, upper edge of slab

Avlabﬁc 1 2 0.11

o g'bejf(o m) 'hmAslab

N, M -
0,i= ctemp | c_temp :[ fgg] MPa Stress in concrete, lower edge of slab

Av ab.fic 1 .

slab g'beﬂ(o m) 'hmuvlabz
0,10, —1755 . ) .
Niemp = Agiah fic = kN Force imposed on studs caused by shrinkage (used in chapter 6 when
1420 calculating the anchorage of the slab by the studs)
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5 Capacity checks during construction

The capacity check that is carried out in this chapter is bending moment capacity with respect to lateral torsional
buckling in the casting phase

In the casting phase the normalforces in the cross-section are neglectible.

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

Xehock m=26 m Coordinate for control calculations - bending moment

Xopoor v=15m Coordinate for control calculations - shear force

5.1 Load effects

Load effects retrieved from Strip-Step2, Appendix X.

Bending moment

My uis Bending moment descending from permanent loads during construction in ultimate limit state
My sis Bending moment descending from permanent loads during construction in service limit state
A 26

22500+
20000+
17500+
15000+
12500+

My urs (X) (kN' m)

10000+

75004 MdﬁSLS (X) (kN' m)

5000

2500

v

( > 10 15 20 25 0 > 40 45 50 55
—2500+
X (m)
M, uis <Xcheck7m> =21141 kN+m Bending moment at control point - ULS
My g5 <Xcheck7m> =17617 kN-m Bending moment at control point - SLS

13-05-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
5:20f12

Shear force
Vius Shear force descending from permanent loads during construction in ultimate limit state
Vi sis Shear force descending from permanent loads during construction in service limit state
4 2
1650+ \
1500+
13507N

1200+

1050+

900+

7501

600+

4501

3007

150+

Va urs (XcheckJ) =1581 kN Shear force at control point - ULS

Vass (Xchecki» =1317 kN Shear force at control point - SLS

13-05-2020
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5.2 Redesign of cross-section

S, Length coordinate
b, Thickness of upper flange
by, Width of upper flange

Thickness of web

h, Height of web

4 Thickness of lower flange
by Width of lower flange

fyW Chosen yield strength - web
Element 1

St tur bug twr heg i bag S

(mm) (mm) (mm) (mm) (mm) (mm) ~(mm)

0 35 725 7 2475 50 700 £ 1omm
500 35 725 7 2475 50 700 £ 1omm

Element 2

Sz o buo Lo hyo tgs by, [l

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 725 7 2475 50 700 £, jomm
11500 35 725 7 2475 50 700 £, jgum

10500
11500 45 725 5 2460 55 700 £, 6pum 10500
12300 45 725 2460 55 925 £, 5 umm 11300

5
25500 45 725 5 2460 55 925 £, 6.4mm

Element 3

Sz lusz bus tws hys  lgs bps o fas

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 725 7 2475 50 700 £, 1omm
500 35 725 7 2475 50 700 £, 1omm

By =mean (tg, 1 +h,, ;+1; ;) =2560 mm
Check to see that the girder height is kept constant
By =mean (i, ,+h,, ,+15 ) =2560 mm

13-05-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
5:40f 12

5.2.1 Shape of corrugation

a.; =124 mm Flatfold length
0,.:=36 deg Corrugation degree
a,z3:="T73 mm Corrugation depth
Apergi="S mm Weld throat thickness

. =124 mm Legnth of hypotenuse

Aoy ::L: 100 mm Length of corrugation depth, see figure
tan <ac>

S, =da.;+a,=248 mm Length of corrugation

Wei=a.; +a.,=224 mm Straight length

roi= % =1.106 Ratio corrugation/straight length

c
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5.2.2 Cross-section classification

The cross-section classes is determined according to SS-EN 1993 1-4 5.2.2 with updated limits from SS-EN
1993 1-4:2006/A1:2015. Since the web is corrugated and does not contribute to the axial stiffness the web is
not classified.

Cw (X) = hw (X) —2-V2- Ayeld

bulx) a tlx
¢ (x) ::/“—()+ < » () V2 a,, Distance from web weld toe to free edge on upper
2 2 2 flange
by(x) a tlx
c,f(x) = ﬂ( ) - W( ) —\/E *Ayolq Distance from web weld toe to free edge on lower
2 2 2 flange

Cross-section class, upper flange

E,=200 GPa Modulus of elasticity
Jouy=450 MPa Proof strength of top flange
235 K
&yt = . =0.71 SS-EN 1993-1-4 5.2.2 Table 5.2
Sour 210000
. Cu/'(x) :
cscuf(x) = || if = ) <9 ¢, Cross-section class upper flange
t;, \x )
fuu
’ “cscl”
c,rlx
elseif 9 ¢,< o) <10 ¢,
Iy '
“csc2”
crlx
elseiif 10 &<~ ) <ldg,
el '
“csc3”
else
“csc4”
CSCur (Xopeck m) = “c3¢3” Cross-section class at X, ,,=26.000 m
cscuf<Xcheck7v> =“csc4” Cross-section class at X, ,=1.500 m
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Cross-section class, lower flange

E,=200 GPa

f,y=450 MPa

235 E;
fr 210000

81/»::

csc,f(x) =||if £ <9 g

|| A

17 EE)
csclf<Xcheck7m> ="csc3

13 ”»
cs¢i(Xopeer ) = ““csc3

Inx
“cscl”
elseif 9 ¢,< le(x) <10 g
£ (%)
“csc2”
else if 10 &< ol 4 &y
Inx
“csc3”
else

Modulus of elasticity

Proof strength of top flange

SS-EN 1993-1-4 5.2.2 Table 5.2

Cross-section class lower flange

Cross-section class at X, ,, =26.000 m

Cross-section class at X .. ,=1.500 m

AH/EY
5:60f 12
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5.2.3 Plate buckling of compressive flange

If the compressed flange is in cross-section class four an effective width of the compressed flange is calculated
according to SS-EN 1993-1-4 5.2.3. Updated values are taken from SS-EN 1993 1-4:2006/A1:2015. Since the
web is corrugated the buckling factor &, is calculated according to SS-EN 1993-1-5 D.2.1 (2)

Ao 7= oy +2 =325 mm SS-EN 1993-1-5 D.2.2.(1) Equation D.4
Cu=Cor (Xeneck m) =389 mm Width of outstand flange from weld toe to free edge
b=t <)(check7m> =45 mm Thickness of upper flange
b= by, (Xeheek m) =725 mm Width of upper flange
8uf: 071
(e, \ .
k,;:=0.43 +L J =19 SS-EN 1993-1-5 D.2.2.(1) Equation D .4
Apend

k,,:=0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4
ky:=min (ky; ,k,5) = 0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4

CM

t
Ji=— =056 Slenderness of flange plate SS-EN 1993-1-1 (2)

" 8ok,

Reduction of flange area SS-EN 1993-1-5 (2) 4.4
pi=if|1 <0.748, 1.0 4p—0.188) 1.00 Equation 4.3. Same for carbon steel as for Stainless
— p =V yI1.Vy——mm | — 1.

2 steel
’lp

bejf:: bu p= 725 mm = beffu <Xcheck7m> = 725 mm

A
1595+

begi, (X) (mm)

by (X) (mm)

798+

v

¢ 5 10 15 20 25 30 35 40 45 50 55

by, (x) = by (x) Renaming the width of flange in order to minimize errors
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5.2.6 New cross-sectional constants during casting
L, el (x) Stiffness of steel girder alone (excluding the web)
Zyp steel (x) Distance from the top of the top flange to the center of gravity for the steel section
Wer steel (x) Elastic bending stiffness of steel girder alone (excluding the web)
A 1.5 26.0
1.62
1.53 I
1.44 v M
1.35
1.26 4
1.17 / \ [yfsteel (X) (01 m >
1.08
0.99 Welisteel (X) <01 m3>
0.9
0.81 thisteel(X) (m)
0.72
0.63
0.0 7)‘,(] UJ‘,(J 17;,(J 2“‘,“ 27;,(J ?i(J,(J iiT;,(J -1(J‘,(J -'13‘,() S(J,(] Gf;,lJ .
X (m)

Coordinates and cross-sectional constants for control calculations

Xehock m=26 m X- coordinate for control calculations, bending moment
Ay (Xepeer m) =0.084 m? Area

L steet (Xoneek m) = (125-107°) m* Stiffness

Zip steel <Xcheck7m> =1.552 m Center of gravity

Wer steer <Xcheck7m> = (81 . 10_3> m’ Elastic bending resistance

Keheck v=1.5m X- coordinate for control calculations, shear force

Ay <Xcheck7v> =0.06 m* Area

L steet Koot ) = (93+107°) m* Stiffness

2y steet (Xeheek v) = 1477 m Center of gravity

Wel steel <Xcheck7v> = <63 . 10*3> m’ Elastic bending resistance
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5.2.4 Lateral torsional buckling of compressive flange - SS-EN 1993-1-4 5.4.2.1

Simplified method only consisdering buckling of top flange according to SS-EN 1993-1-4 5.4.2.1

o;7:=0.76
1,:=7.29 m
bef:: bejfu <)(check7m> =725 mm

=t (X

check_m

> =45 mm
E =200 GPa

frug=450 MPa

b2t
Ly=—2—7=0.001 m*
12
7[2 -E'Y .[Zf
N,y pi=———7 =53079 kN
2

/

cr

b eotref .
/ILT_,,:”M:QS%
NcrLT

@y u=0.5+(1+a.re (A7, —02) + A7, ) =076

1

XLt yi=nun

D ut+y Dy’ =l

hwﬁu = hw <‘Xchgck7m> =2460 mm
= tﬂ <)(check7m> =55 mm

k.ﬂ:: 1.1

M bt kg i u fog
Rdu.lT u*—

Ym1

13-05-2020

t
hwﬁu +

Buckling curve d, welded open cross-section
Distance between the cross-beams

Width of upper flange

Thickness of upper flange

Modulus of elasticity

Proof strength

Moment of inertia, upper flange

Critical buckling load

SS-EN 1993-1-4 5.4.2.1 Equation 5.9

SS-EN 1993-1-4 5.4.2.1 Equation 5.7

XLT <Xcheck7m> =0.761

SS-EN 1993-1-4 5.4.2.1 Equation 5.6

Height of web
Thickness of lower flange

Increase in capacity due to simlified method
used, SS-EN 1993-1-1 6.3.2.4 (2)B

=30854 kN+m = Mpg 17 (Xepeck ) =30854 kN-m

SS-EN 1993-1-5 D.2.1 Equation D.1
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5.2.5 Check of lateral torsional buckling

Check of the buckling capacity of the girders is performed.

AH/EY

5: 10 0f 12

MRd‘u‘LT(X) Capacity of the girder against LT- buckling during casting
My yrs (X) Load effects during casting, Appendix ¥
A
315001
280001
24500 &
210001
175001
L1000} My 115(X) (kN-m)
105001
Mpgurr(X) (kN<m)
70001
35001
) > 10 15 20 25 30 35 40 45 >0 55 .
—3500T
X (m)
M, X
Npax 3= MAX LS() =69% Maximum utilization rate of the steel cross-section during
Mg rr(X) casting
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5.3 Stresses in steel cross-section

The stresses in the top and bottom flange is calculated for the loading senario to be able to superposition
them with the other loadcases to determinte the ultimate capacity of the composite section.

Upper flange

Control calculation at midspan

M:=My yr5 (Xopeck m) =21141 kN+m Load effext at midspan
I:=1, oo (Xopee m) =0.125 m* Moment of inertia at midspan
Z3= 2y, sreel <Xcheck7m> =1.552 m Centre of gravity at midspan maesured from

the top of the beam

iz All =262 MPa = Gy, 115 cast (Keteek m) =262 MPa

Ofii ULS cast (X) Stresses in the lower flange in the casting phase.

450
400+
350+
300+

250+

2004 G.yufmsfcm (X) (MPLI)

T ngufx (X) (MP(Z)

100+

501

—50+

nmax 8

— max ( O-SfuiULSicast (X) ) — 58%
Jour

13-05-2020
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Lower flange
Check calculation at midspan
M:=M; ys <Xcheck7m> =21141 kN+m Load effect at midspan
I:=1, oo (Xopee m) =0.125 m* Moment of inertia at midspan
2= 21 sreel <Xcheck7m> =1.008 m Centre of gravity at midspan measured from

the bottom of the beam

M. =170 MPa = Oyt vLs cast (Xeheck m) =170 MPa

0=

Oy ULS cast (X) Stresses in the lower flange in the casting phase.

450
400+
350+
300+
250+

O-SﬂiULSicast (X) (MP a)

200+

150+

Joupx (X) (MP a)

100+

501

—50+

X (m)

Ay = QX ( Osf1 ULS cast (X) ) —138%

S
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6 Capacity checks - Ultimate limit state, global

The capacity checks that are to be carried out are bending moment capacity, shear capacity, web breathing and
design of studs, both in ULS and due to fatigue

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

X

heck m =26 m Coordinate for control calculations - bending moment

Xopoor v=0.5m Coordinate for control calculations - shear force

6.1 Load effects in ULS

6.1.1 Bending moment with corresponding axial force

Permanent loads during casting do not contribute with any stresses in the concrete since the entire slab is
casted in one step. Load effects retrieved from Strip-Step2, Appendix X.

Bending moment in the ultimate limit state

My urs (x) =My (x) + M, (x) +M, e (o) + M55 (x) + Mg, (x)

My uis Design bending moment effect from all loads
My (x) Bending moment during casting (Appendix X)
M, (x) Bending moment from multi component loads (Appendix X)
M, (x) Bending moment from temperature loads (Appendix X)
Myss (x) Bending moment from additional permanent loads after construction (Appendix X)
Myrss (x) Bending moment from shrinkage (Appendix X)
4 26
63000+
56000+
49000 MdeLS (X) (kN' m)
42000+
450001 M5, (X) (kN+m)
28000 M, (X) (kN-m)

21000
140004 /—_\ A/Itemp (X) (kN.m)
7000+ / \ My, (X) (kN- m)

( 5 10 15 20 25 30 35 40 45 50 55

—7000 Mgy (X) (kN- m)

\4

X (m)

My us <Xcheck7m> =60859 kN-m Bending moment at control point - ULS
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Axial force in the ultimate limit state
NdiULS(x) = Nysi (x) + N, (x) + Neemp () + Nz () + Ny, (x)
Ny uis Design normal force from all loads
Nyrs (x) Normal force during casting (Appendix X)
N, (x) Normal force from multi components loads (Appendix X)
Neemp (x) Normal force from temperature loads (Appendix X)
Nyrss (x) Normal force from additional permanent loads after construction (Appendix X)
Nypss (x) Normal force from shrinkage (Appendix X)
4 26
750(]{ ” ‘ ” A - ” ”
—1500 Nd ULS (X) (kN)
—25001 -
Nupsi (X) (kN)
—4500+
N,(X) (k)
—6500+ e —
75001 ]vtemp (X) (kN)
—8500+
Nuzs; (X) (kN)
—10500+
R Nyzse(X) (kN)
X (m)
Ny uLs <Xcheck7m> =—11435 kN Normal force at control point - ULS
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6.1.2 Shear force

Va us () = Vs () + Vs (x) + Vs (x) + Vipse ()

AH/EY
6: 30f 25

Va ues Shear force descending from permanent loads during construction in ultimate limit state
Vs (x) Shear force during casting (Appendix X)
Virss (%) Shear force from variable loads (both temperature and traffic) (Appendix X)
Virss (x) Shear force from additional permanent loads after construction (Appendix X)
Virss (x) Shear force from shrinkage (Appendix X)
Al 1
4950+
4500
4050+
36007 Vd ULS (X) (kN)
3150+
2700 VULSZ (X) (kN )
2250
Virs (X) (kN)
Vinsa (%) (1)
900+
sof
e — ] Ym0 w
U( 5 10 15 20 25 30 35 40 45 50 55

VdiULS <Xcheck7v> =4512 kN

Shear force at control point - ULS

13-05-2020
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For calculations, see chapter 5.
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Aslﬁsteel (X) <m2 )

Aslfshort (X ) <m2 >

Ayt pern (X) (m*)

Aslfcs (X) (m : >
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6.3 Stresses in steel cross-section

The stresses is calculated for each load case taking into acount load duration and creep. The stresses are
then superpositioned.

6.3.1 Stresses during casting

M= My g1 (Xopeck m) =21166 kN+m Bending moment
I:=1, oot (Xopee m) =0.125 m* Moment of inertia
222y, ot (Xeheek m) = 1552 mm Center of gravity from top flange
hi=hpoum <Xcheck7m> =2560 mm Height of girder
M . .
0y, '= 7 «—z=-262 MPa = Oy cast <Xcheck7m> =—262 MPa Stresses in upper flange from loads durng casting
M . .
0= 7 «(h=2)=170 MPa = 6, <Xcheck7m> =170 MPa Stresses in lower flange from loads durng casting

6.3.2 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for
the composite section directly as the force is acting there. The other one is the temperature load where the load
is acting on the steel section and so stresses must be calculated for that specific section. The worst load case is
determined dependent on the largest stress in each part whereas the multi-component load is the main load for
the lower flange, and the temperature load is the worst load case for the upper flange.

6.3.2.1 Multi component loads (traffic)

M=M,, (Xojoeh ) =20646 kN+m Bending moment

N:=N, <Xcheck7m> =—0.04 kN Normal force

A=Ay shor <Xcheck7m> =0.351 m* Cross-sectional area

I:=1, g0 <Xcheck7m> =0.314 m* Moment of inertia

Z3=Z ghont <Xcheck7m> =247 mm Center of gravity from top flange

h=hy,,, <Xcheck7m> =2560 mm Height of girder

- =0IN 09M, (—z)=—15MPa = oy, (Xepeer m) =—15 MPa Stresses in upper flange from short

A I - term loads

o, = ION 1S M (h—z)=228 MPa = 0y}, (Xepeek m) =228 MPa Stresses in lower flange from short
A I - term loads

13-05-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

6.3.2.2 Temperature loads

M:=M,, (Xepeck ) =10242 kN-m
N:= ]vtemp <)(check7m> =—6229 kN

As = Aslfsleel <X

check_m,

) =0.084 m’

A= Aslishort <X

C

heck m) =0.351 m’

[s = [yisteel <Xc

peck ) =0.125 m*
[::[yjhort <)(check7m> =0314 m4
Zs ::thjteel <)(check7m> = 1552 mm

z ::thishort <)(check7m> =247 mm

h = hbeam <Xcheck7m> = 2560 mm
[v
M, := [ «M=4085 kN+m
]Vs::N.(l— _Y-|-—Y <ZS— >2)):—1928 kN
A 1
15N, 1.5M,
0, ,= ] . <_Zs> =—111 MPa
4 I
09N, 09 M,
=22 OO ()= g
A 1

) S

Osu. temp

Os.1. temp

Bending moment

Normal force

Cross-sectional area - steel section

Cross-sectional area - composite section

Moment of inertia - steel section

Moment of inertia - composite section

AH/EY
6: 6 of 25

Center of gravity from top flange - steel section

Center of gravity from top flange - composite section

Height of girder

Bending moment imposed on steel section

Normal force imposed on steel section

(Xeheck m) =—111 MPa
B term loads

<Xcheck m> =9 MPa
B term loads

6.3.3 Stresses due to additional permanent loads

M::MULS3 <Xcheck7m> =4192 kN+m
[::ijerm <)(check7m> =0.25 m4

z ::thjerm <)(check7m> =687 mm
hi= hbeam <Xcheck7m> =2560 mm

13-05-2020

Bending moment

Moment of inertia

Center of gravity from top flange

Height of girder

Stresses in upper flange from short

Stresses in lower flange from short
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. (—z) =—12 MPa = G <Xcheck m> =—12 MPa Stresses in upper flange from
1 a additional permanent loads

<

Os.

ji=—-«(h—z)=31 MPa O L perm <Xcheck m) =31 MPa Stresses in lower flange from
1 - additional permanent loads

6.3.4 Stresses due to shrinkage

In the same manner as the temperature load must be calculated for the steel section, the shrinkage which acts on the
concrete section must be converted for the steel section.

M:=My;s, <X

Check7m> =4612 kN+m Bending moment

N:=Ny;s <Xcheck7m> =-—5206 kN Normal force

As ::Aslisteel <)(check7m> =0.084 m :
A ::Aslics <)(check7m> =0.189 m2

[s = [yisteel <Xcheck7m> =0.125 m4

I:=1 <X

y_cs e

heck m) =0.263 m"
Zgi= thjteel <)(check7m> = 1552 mm

Z3=2Zy o <X

check_m

):595 mm

hi= hbeam <Xcheck7m> =2560 mm

I
M,:= 1 “M=2197 kN+m

Cross-sectional area - steel section

Cross-sectional area - composite section

Moment of inertia - steel section

Moment of inertia - composite section

Center of gravity from top flange - steel section

Center of gravity from top flange - composite section

Height of girder

Bending moment imposed on steel section

13-05-2020

h
m.slab _ (Z— méslab))) —_1378 kN

Normal force imposed on steel
section

Stresses in upper flange due

Oy v.shrink <Xcheck7m> =—44 MPa : sses
O shrinkage

Stresses in lower flange due to

Oy [ shrink <Xcheck7m> =1 MPa fress
shrinkage
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6.3.5 Summary of stresses

The stresses from the different phases are summarised accordingly.

Os.u (X) = Oy y.cast (X) + Oy v shrink (x) + Os.uperm (X) + Osuar (x) + Os.u.temp (x) Stresses in upper ﬂange
Os1 (X) =05 I cast (X) + Os.1shrink (X) + O-SAlAperm (x) + Os.Ltr (x) + O-SJAtemp (x) Stresses in lower ﬂange
A 26

410
365

320

—0,,(X) (MPa)

275

a,,(X) (MPa)
185 —
140 fylfx (X) (MP a)

s (X) (MPa)

v

0 5 10 15 20 25 30 35 40 45 50 55

—Os.y (X) . e
N umar i=max | —=—21=100% Maximum utilization rate - upper flange
];ufx (X)
(0,,(X))
HoLmax *= maxL %:(%) J: 98% Maximum utilization rate - lower flange
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6.4 Calculation of stresses in concrete
The stresses in the concrete is calculated with the same principle as the steel taking creep into account.

6.4.1 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for the
composite section directly as the force is acting there. The other one is the temperature load where the load is acting
on the steel section and so stresses for the concrete must be calculated separately.

6.4.1.1 Traffic and wind loads

M:=M

r

<Xcheck7m> =20646 kN+m

NN, (X

C

heckﬁm) =0 kN

A ::A.vljho;'t <Xcheck7m> =0.351 mZ

[::[yjhort <)(check7m> =0314 m4

Zi= thishort <)(check7m> + hnmlab =567 mm

hi= hbeam <Xcheck7m> =2560 mm

npi=ng, = 5.88

6.4.1.2 Temperature load
M:=M,uy (Xepeck m) =10242 kNm

N::]vtemp <)(check7m> =—6229 kN

npi=ng = 5.88

A ::Asljhort <Xcheck7m> =0.351 m2

L — 0268 m?

Acejf:: Aslahﬁc *
nr

A=Ay 5o =1.576 m*

I:= ijhort <)(check7m> =0.314 m4

13-05-2020

= Ocshort <Xcheck7m> =—6 MPa

Bending moment

Normal force

Cross-sectional area

Moment of inertia

Center of gravity from top flange

Height of girder

Modular ratio

Stresses in concrete from short-term loads

Modular ratio

Cross-section area - composite section

Cross-section area - effective concrete section

Cross-section area - concrete section

Moment of inertia - composite section
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3
L=bo (Xopeek m) * m‘lﬂzab =0.013 m* Moment of inertia - concrete section
b (X, P siap”
L= e Koteck ) cmslah  —0.002 m* Moment of inertia - effective concrete section
’ nr 12
222, ort (Xeheck m) =247 mm Center of gravity - composite section
h
Z,:= m‘;ab =160 mm Center of gravity - concrete section
1
M, ::C‘Teﬂ eM=T74 kN+m Bending moment imposed on concrete slab
Ac eff Ac eff hm slab .
N_.:=N- T—T <zs—z> olz+ 2 =—1928 kN Normal force imposed on concrete slab
-N, M, .-z, .
0.:= y +17 =034 MPa = 0, mp <Xcheck7m> =0.34 MPa Stresses in concrete from temperature loads
6.4.2 Stresses due to additional permanent loads
M= My; g5 (Xopeck m) =4192 kN+m  Bending moment
I:=1, e <Xcheck7m> =025 m* Moment of inertia
Z3=Z perm <Xcheck7m> + h,, an=1007 mm Center of gravity from top flange
hi=hpoum <Xcheck7m> =2560 mm Height of girder
npi=ng = 18.48 Creep
—M.z 1 .
o,i=———+—=—0.9 MPa = O perm <Xcheck m> =—0.9 MPa Stresses in concrete from permanent
1 np - loads
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6.4.3 Stresses due to shrinkage
M:=My;q, <Xcheck7m> =4612 kN+-m Bending moment
N:=Nyes <Xcheck7m> =—-5206 kN Normal force
npi=ng = 14.91 Modular ratio considering creep
A=Ay o (Xopock m) =0.189 m? Cross-section area - composite section
A o= Agiap fic * L _ 0.106 m* Cross-section area - effective concrete section
r
Ap=Agpap e =1.576 m’ Cross-section area - concrete section
I:=1, <Xcheck7m> =0.263 m* Moment of inertia - composite section
h 3
L5=by (Xopeek m) * m‘;lzab =0.013 m* Moment of inertia - concrete section
by (X, P stat”
L= e (Xoteck ) Lmslab —0.001 m* Moment of inertia - effective concrete section
' nr 12
222, oo (Xepeck m) =595 mm Center of gravity - composite section
h
zpi= 0% — 160 mm Center of gravity - concrete section
1
M, ::C‘Teﬂ eM=16 kN+m Bending moment imposed on concrete slab
2
Ac eff Ac eff hm slab .
N, :=N-|1—- A —— I —e|z+ 2 =—1102 kN Normal force imposed on concrete slab
—N, M, -—z, . .
O.:= +——=0.5 MPa = O ghrink <Xcheck m) =0.5 MPa Stresses in concrete from shrinkage
AC c B
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6.4.4 Summary of stresses

O (X) = Oc.short (X) + Oc. temp (X) + o-cperm (x) + O .shrink (X) Stresses in concrete

25

23

20

18

15

13

10
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Jex(X) (MPa)

—0.(X) (MPa)

—0. (X) . el
N o.max = MAX =27% Maximum utilization rate - upper flange
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6.5 Shear capacity

The shear capacity of the corrugated steel girder is calculated accoridng to SS-EN 1993-1-5, Appendix D.
The local- and global buckling factor are calculated according to SS-EN 1993-1-5, Appendix D.

Local buckling factor

a.; =124 mm a., =124 mm Corrugation geometries
ey =max (@, ,a,5) =124 mm SS-EN 1993-1-5D.2.2.(2)
twi=t,, (Xopeer ) =7 mm Web thickness
w 2
7, =483 E,- ( ) =3069 MPa SS-EN 1993-1-5 D.2.2.(2) Equation D.7
acmax

fyw <Xcheck7v>

Ao i= =0.301 SS-EN 1993-1-5 D.2.2.(2) Equation D.6
TCV * \/g
(115 ) _ . .
x;i=min ,11=096 = ., <Xcheck V> =0.96 Reduction factor local buckling - SS-EN 1993-1-5
L0-9 + 4 B D.2.2.(2) Equation D.5

Global buckling factor

Dy=——= . “—6kN-m SS-EN 1993-1-5 D.2.2.(3)

_ Es.tw-ac32 . <3 ad+acz>

D,:= =1374 kN-m SS-EN 1993-1-5D.2.2.(3)
12 w,
hw:=hy, (Xepeer ) =2475 mm Web height
324 ,
= N+m=263 MPa SS-EN 1993-1-5 D.2.2.(3) Equation D.10
tw e hw?
X
A= M =1.03 SS-EN 1993-1-5 D.2.2.(3) Equation D.9
V' s
(15 )L _ _ -
Agi=min|———, 11=0.97 = e <XCh€ck7v> =0.97 Global buckling factor SS-EN 1993-1-5 D.2.2.(3)
LO.S +4 ) Equation D.8
xc=min (xg, ;) =0.96 = e (Xopeek ) =0.96 SS-EN 1993-1-5D.2.2
o fyw <)(check7v> _ — —
Via=xc» 22l e hwetw=4599 kN = Vg (Xojeek 1) =4599 kN SS-EN 1993-1-5D.2.2.(1) Eq.D.4

Ym1 \/g

13-05-2020
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Al 1
4950+
4500+
4050+
3600+
31504
27001 Vi us(X) (kN)
22501 —
1800 VRdw(X) (kN)
1350+
900+
45(]4'

( i) 10 15 20 25 30 35 40 45 50 55 "

X (m)
Nmax = 98% Maximum utilization rate
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6.7 Studs

6.7.1 Ultimate limit state
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The capacity of the studs in the ultimate limit state are calculated according to SS-EN 1994-2 6.6.3

d

d =22 mm

hga =200 mm
Jup =800 MPa

fo swai=min (f,;,,500 MPa) =500 MPa

h
stud -9
dstud
e hstud _
Qgpud = lf 3 S S 4 =1.0
stud
h
a—02.|1+22
stud
h
else if 4 <
dstud
H a—1
a
” 0.8 'fu stud * T * dctud2
P,;:==min = - =122 kN
4eyp
} 0.29. Aud dstud2 * Vfck * Ecm

| 1A%
Suf short <Xcheck7v> = <81 . 10’3> m’
Virs: (Xeheck v) =2538 kN

[yjhort <Xcheck7v> = <228 . 1073> m4

_ S,,!fishort <)(check7v> * VULSZ <Xcheck7v> —899 k_N

‘L's h =
I y_short <)(check7v> m

Suf perm <Xcheck7v> = <58 . 1073> m’

13-05-2020

Diameter of stud
Length of stud
Characteristic strength of studs

Ultimate strength shear stud
- SS-EN 1994-2 6.6.3.1 (1)

Ratio height- diameter

Correction factor for length to diameter ratio shear stud
SS-EN 1994-2 6.6.3.1 (1)

Capacity of one shear stud SS-EN 1994-2 6.6.3.1 Eq:
6.18,6.19

Second moment of area
Shear force

Moment of inertia

Shear force per meter between concrete and top
flange for short term loads

Second moment of area
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Virss (Xeheek ) =329 kN

IJLPerm <Xch€0k,"> = <189 ’ 1073) m’
T = Su/;Derm <Xch€0k,"> : VULS3 <X6h66kfv> =101 k—N
pe [y ' perm <Xcheck7v> n
kN

Ti= |1'Sh +‘L'pe| =1000 —
m

AH/EY
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Shear force

Moment of inertia

Shear force per meter between concrete and top
flange for permanent loads

Total shear force per meter between concrete and top
flange
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74 0.9 max
Mogi= <q”tb” q”—b’> =82 1= Ned stud <Xcheck7v> =82 i Number of studs needed per meter
P, m m
My stud (X) Provided amount of studs in a certain section
Mg stud (X) Needed amount of studs in a certain section

5 1
7 nedistud (X ) (;)

3|~

:Z \/ nrdistud (X) (

\
)

v

6.7.1.1 Additional studs for full anchorage

Case 1: Temperature and shrinkage causes the slab to contract and therefore they are working in the opposite
direction as the shear flow from ULS- loads during bending.

The anchorage length is calculated according to SS-EN 1994-2, 6.9 (3).
B,,=2525m Distance from centre web to outer part of edge beam
B, =28 m Distance from web to centerline bridge

b:=max (B,,,B,) =28 m

Lypen=15b=42m Anchorage length - SS-EN 1994-2, 6.9 (3)

Nes sua=T71 kN Shrinkage force imposed on studs - calculated in chapter 4

|Nmmp wud | = 1755 kN Temperature force imposed on studs causing contraction - calculated
| - in chapter 4

13-05-2020
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1.0 N,
Mg o= —0 =15 1
lanch °Prd m
L5 |N, lem;)jtlui1 |
Neq temp = =51 —
B lanch 'Prd m
1

nedﬁanch.l = nedfcs + neditemp =6.6 —
m

nrdistud(o m) =82 i

m
check; =if <ned7anch. 1< n,dﬂud(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check; =“No extra studs are needed”

Case 2: Temperature causes the slab to expand and therefore working in the same direction as the shear flow
from ULS- loads during bending. Shrinkage causes the slab to contract, i.e. working in the opposite direction.

1
—nedics = —1.5 ;
]\/le,,wj,m,2 =1420 kN Temperature force imposed on studs causing expansion
- calculated in chapter 4
1.5-0.6 ]vtempistud2 1
ned temp = = 25 -
N lanch ° Prd m

Neq stud(o m) =15 L
- m

1
nedﬁanch.Z = nedistud (0 m) + nedftemp - nedfcs =25 —
m

nrdistud(o m) =8.2 i

m

check, =if <ned7anch_ 5 < n,dismd(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check,=“No extra studs are needed”

13-05-2020
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Extra studs needed due to shrinkage and temperature
My stud.adj (X) Needed amount of studs with regards to extra anchorage due to temperature and shrinkage
My stud (X) Provided amount of studs in a certain section (ULS- loads)

Mo stua(X) Needed amount of studs in a certain section

(;: / nedistud (X) k;)

v

Table. Showing the adjusted need for studs near supports

X Mg Mg sgj
0 8.2 8.2
05 8.2 8.2
42 8.2 8.2
6 7.3 7.3
11 6.2 6.2
20 43 4.3

13-05-2020
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6.7.2 Fatigue limit state

6.7.2.1 Capacity
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The fatigue capacity is calculated according to SS-EN 1993-1-9, Table 8.5 and SS-EN 1994-2, 6.8.3.

At.:=90 MPa

At =4, A1,

A, =155
0,:=410 kN
0,:=480 kN

N, :=0.05+10°

Ny:=0.5-10°

1

(N
/qu — th . ( obs) —0.64
Q() N()

tLd:: 120

1

0
as=[222) =102
100

Aai=1.0

/lv ::/lul "%2"%3 '/lu4: 1.02

VYmF = 1.0

Az,
VEr® Aop, <——
YmF

ed,
Fy quai=At,«—" =342 kN
‘ 4

7

F
Foy guai= ’if’“d =33.7 kN

v
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SS-EN 1993-1-9 - Table 8.5 (10)

Bridge length less than 100m - SS-EN 1994-2 6.8.6.2 (4)

Mean weight of large vehicles in the slow lane

SS-EN 1994-2 6.8.6.2 (4) and SS-EN 1993-2 Eq. 9.10

Expected service life [years]

TSFS 2018:57-27ch. 3§

SS-EN 1993-2, 9.3 (1)

SS-EN 1994-2, 2.4.1.2 (6)

Shear fatigue capacity - one stud

Considering trafic load
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6.7.2.2 Fatigue load

Viur (X) Fatigue load from trafic - see Appendix X

41
500
450
400
350
300
250

Viar (X) (kN)
200 —_—
150
100
50
[l 5 10 15 20 25 30 35 40 45 50 55 .
X (m)

b= sV - stud_capacity

1 m
Suf = Sufjhort <Xcheck7v> =0.081 m3

Vi= VFAT <Xcheck7v> =494 kN

I:= [yjhort <Xcheck7v> =0.228 m4

S,V
At:= AR 175 k_N
1 m
Fra swa=34 kN Fatigue capacity - one stud
At 1 1
nediAr = =52 — = nedistudAAr <Xcheck7v> =52 —
Frd stud m m

13-05-2020
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6.7.2.3 Design of studs with regards to fatigue

Ned stud Az (X) Needed amount of studs with regards to fatigue
My stud (X) Provided amount of studs in a certain section
Mo stua(X) Needed amount of studs in a certain section
A
91
N l\\ LN |
81 ~ Rl
| N s ' 1
7 1l N ’I' : Ned stud.Ar (X) (_)
6 Jl hOt < ! m
[

) (]

v
\:
| U
a
=
U
Q
&
—~~
>
—_
SN———

Extra need of studs with regards to fatigue

s nedisludAA‘t (X) 13 99 ¢ 2
Check :=if | max W , “No extra studs are needed” , “Extra studs are needed
nrdistud

Check =“No extra studs are needed”

6.7.3 Summary - design of studs

Table. Showing the stud design for half of the span

-:{ ni-tud.IJEEd nStIJd.I'IEE'd nStIJd.fElt

0 8.2 1.9 0.0
0.5 8.2 8.2 3.2
4.2 8.2 7.4 4.8
6 7.3 7.0 46
11 6.2 5.9 4.0
20 43 3.9 29

13-05-2020
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6.8 Utilization rates

Ny umar = 100% Stresses in top flange
Notmax = 98% Stresses in lower flange
Nocmax =277 Stresses in concrete
Nmax = 98% Shear capacity
Mbreathing = 9% Breathing

AH/EY
6: 25 of 25

13-05-2020
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9 Material savings

The material savings that are achieved thanks to redesigning the bridge with corrugated webs and using
stainless steel is compared to the old design. However it is important to note that dependent on the utilization
rates the savings may always not be comparable. For this bridge the highest utilization ratios are larger than

95% (close to 99,8%) and therefore close to comparable.

9.1 Main girder

The main girder is redesigned with a corrugated web and a slightly slimmer design. Over the full bridge length
this decreases the weight of the bridge. All savings are presented for the full bridge (full width). Consideration
has been taken to the extra web length arising from the corrugation.

V,a=13.25m’

View=9.24 m’

moldgirder:: 7850 kf *Vold= 104 103 'kg
m

m =7551 X8y 70 10° ke

new_girder * 3 new —
m

m ird
] — [new girder —=133%
molngirder

n girder =

4 msaving - girder =My | girder — Moy ' girder

9.2 Studs
Vstudiold =72750 cm ’

Vitud new=48490 cm’

kg

moldixtud :=7850 3
m

* Vstud old =571 kg

m

7551 K8, s new =366 kg

new_stud = 3
m

m tud
= | B
moldistud

4 msavingistud = moldixtud - mnewfstud =205 kg

13-05-2020

=34 10° kg

Steel volume - girder with flat web; original design

Steel volume - girder with corrugated web; new design

Weight of girder - flat web; original design

Weight of girder - corrugated web; new design

Material saving [%] - steel girder

Material saving [kg] - steel girder

Volume - studs; original design

Volume - studs; new design

Mass - studs; original design

Mass - studs; new design

Material saving [%] - studs

Material saving [kg] - studs
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9.3 Cross-beams

V., =0.59 m’
kg
mold ch = 7850 . Cb:4597 kg
- m3
kg
mnewicb = 7551 3 *Vep= 4422 kg
m

Myew cb
’]Cb = 1 —_—_— 4%
Moid_cb

Amsavingicb =Mold b~ Mpew b= 175 kg
9.4 Welds
Vietd o1a=0.0051 m’

V. =0.0038 m°

weld _new

k
Mg yweia*= 1850 —é; *Vivetd ota=40 kg
m

7551 ke,

mnewﬁweld = 3 weld _new

=29 kg

m Id
nweld:: 1 —uzzg%
Mold weld

Amsavingﬁweld = moldiweld - mnewﬁweld =11 kg
9.5 Total savings

— _ 3
moldfbridge = moldjirde/‘ + moldjtud + moldicb =109 10 kg

— _ 3
mnewibridge T mnewgirder + mnewistud+ mnewﬁch =7510 kg

m

i new_bridge __
Moridge = 1 — —c2=bridze — 31 8%,
moldibridge
Amsaving tot = Amsavingjird@r + Amsavingfstud + Amsavingﬁcb +4m

13-05-2020

saving_we
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Volume cross-beams old and new design

Mass - cross-beams; original design

Mass - cross-beams; new design

Material saving [%] - studs

Material saving [kg] - studs

Volume - welds; original design

Volume - welds; new design

Mass - welds; original design

Mass - welds; new design

Material saving [%] - welds

Material saving [kg] - welds

Total mass of original design

Total mass of new design

Material saving [%] - full bridge

w=23510° kg
Material saving [kg] - full bridge
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3 System

In the following chapter the input data for the bridge's geometries is presented. The cross-sectional parameters
that are presented is preliminary and used for the system analysis. In chapter 5 the final design is presented.

3.1 Primary system - longitudinal

lconsole:0'5 m lspan:51 m lmnmle:O.5 m
3 1 1
1 |2 3 %
By =2.82 hyypp =282 m
TN\SNFF CONNECTION |

The bridge is modelled as a simply supported bridge in the software StripStep-2. Due to the beams depth the
supports are set offset from the neutral axis. This is modelled with a stiff connection in the system analysis.

3.1.1 Cross-section dimensions

S, Length coordinate
b, Thickness of upper flange
by, Width of upper flange

Thickness of web

h, Height of web
i Thickness of lower flange
by Width of lower flange

New height of girder is taken as: Round(2050 - 1.375, 10) =2820

Element 1
Ser tuwr bus tey hyy tgg by
0 35 600 8 2737 48 850
500 35 600 8 2737 48 850

08-05-2020
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Element 2

Ser2 s buo t,o o hy

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 600 8 2737
10500 35 600 8 2737
10500 42 600 6 2723
11300 42 800 6 2723
25500 42 800 6 2723

Element 3

Sz tusz busz .z hy;

(mm)  (mm) (mm) (mm) (mm)

(m;n) (mm)

0 35 600 8 2737
500 35 600 8 2737

mean (1, ;+h, ;+1t; ) =2820 mm

mean (1, ,+h,, ,+1; ;) =2820 mm

3.1.2 Corrugation shape

AH/EY
3:20f13

Important! Two exactly the same values will not work
with the linterp- function. Therefore 0.1 millimeter
must be added for a X-value where you want to
cross-sectional properties at the same time.

a,, =150 mm Flat-fold length S=dir
0,.:=36 deg Corrugation angle oy
d3
a.;:=80 mm Corrugation depth Oi
a.; dy d
a.p= =136 mm Length of angled part
sin <ac> W
ac3 .
a.y= =110 mm Length of hypopythis
tan <ac>
S.=a.;+a,=286 mm Length of corrugation
wyi=a.; +a., =260 mm Straight length
s,
r.i=——=1.10 Ratio corrugation/flat-fold length
WC

08-05-2020
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3.1.3.2 Effective width, steel flanges
Calculation of the effective width in the steel flanges with regards to shear lag is calculated according to SS-EN
1993-1-5 3.2.

t,
beﬁ.J:ﬂ . b0+—W Effective width with regards to shear lag under elastic conditions
- Equation (3.1)

L.
Xcheck uf:: e =26.0m
- 2
Xcheckﬁlf:: 0.2 Lbridge: 10.4 m
Upper flange
oy:=1.0 Equation given in Table 3.1. For webs without any longitudinal
stiffeners a,=1.0.
bfu:=bg, <)(check7uf> =800 mm Width of upper flange - see Appendix B - Preliminary sizing
tw:=t, <)(check7u/> =6 mm Thickness of web - see Appendix B - Preliminary sizing
b0:= bfuT—tw =397 mm Figure 3.2 (Notations for shear lag)
0!() . b{)
Kfit = =0.008 = K5 (Xopeer o) =0.008 Table 3.1
span
Beneer = || if xfir <0.02 =1.00 S for sagging bending, one-span bridge
H p—1.0

elseif 0.02 <xfit<0.70
-
14 6.4 xfi’
elseif 0.70 < xfu
L

8.6 «fu’

«—

«—

Calculating the effective flange width for upper flange

2 ﬂcheck . b() +w= 800 mm

boyi= || if Bepeck =1.0 =0.800 m = Byp i, (Xopeek o) =0-800 m
H b «— bfu
else

H b min (2 upecs + O+ w0, b
b

Lower flange

08-05-2020
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bfl:==b, <Xcheck7,f> =850 mm Width of lower flange - see Appendix B - Preliminary sizing
twi=t, <Xcheck7,f> =8 mm Thickness of web - see Appendix B - Preliminary sizing
b0:= bﬂ;tw =421 mm Figure 3.2 (Notations for shear lag)
Qg «b0
Kfl == =0.008 = Ky (Xpeer ) =0.008 Table 3.1
span
Beneer:= || i ©/1<0.02 =1.00 S for sagging bending, one-span bridge
H p—1.0
elseif 0.02 <xf1<0.70
1
— _
14 6.4 «fl”
else if 0.70 <xfl
1
—
8.6 xfI
Calculating the effective flange width for lower flange
2 Boheck * PO+ tw =850 mm
bosi= || if Bepeex=1.0 =0.850 m = by 1 (Xopeer ) =0.850 m
|6
else
H b min (2 B ey bO+tw, bfl)
b
A 10 26
1200+
1140+
1080+
“‘jj:j by <Xss> (mm)
900+ bﬂ <XSS> (mm)
840F —_— reeeccccce—-
780t beﬂju <XSS> (mm)
7201
660+ bfu <XSS> (mm)
S ——d e —— . e e eeesesss:.

0 5 10 15 20 25 30 35 40 45 50 55

08-05-2020
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using Stainless steel girders with corrugated web :
3.1.4.2 Cross-sectional constants during construction
The bridge is checked so that the steel girder (alone) can withstand the loads that are imposed during
construction such as the self-weight of curing concrete.
A is the area of the steel including the web, for calculation of self-weight
sl g ¢} g
A is the area of the steel excluding the web, for stiffness calculations
sl g
A
124-10°
115-10°
107-10°
98.10°
90-10°
3 2
S110° Ay <Xss> (mm*)
73-10°
9 3 2
64-10° Ay o <Xss> <mm >
56103
47.10°
39.10°
30-10%
0 % 1‘(] 1‘5 2‘(] 2‘5 3‘( 3{‘5 -£(J -1‘5 5‘0 5‘5 g
SS (m‘)
Lbridge 2 .
Agy|———[=0.099 m Area at mid-span
2
1 is the area of the steel excluding the web, for stiffness calculations
y_steel g
A 26
195-10°
185-10°
175-10°
165-10°
155-10°
145-10°
25109 4
135-10 Iyﬁsteel <XSS> <mm >
125-10°
115-10°
105-10°
95107
85107
0 ;) 1}J 1‘5 Z}J 2‘5 li}J l’.‘G -1‘1J -1‘5 G}J 5‘5 -
Kss (m)
Lbridge 4 . .
L, sieer =0.1701 m Stiffness at mid-span
- 2

08-05-2020
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Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 Toiremt Mliex ly A a
[m] [ [ [10°m? | [10°n7] | [kN/mi
0.000 -1.852 2820 1070.415 G618 G.485
0.500 -1.852 2820 |1070.415 618 6.485

Element 2 - Node 2- 3

5 tosreat Pt he A g

] |l | (ml | (0| (0 | v
0.000 -1.852 2820 1070415 618 6485
10,500 -1.652 2820 1070415 618 6485
10,500 | -1.822 2820 |1257.867( 720 6.790
11.300 -1.847 2820 [1700.716 984 6.795
25600 | 1847 2820 |1700.716| 985 8.795
39.700 -1.647 2820 (1700716 985 8.795
40.500 -1.622 2820 1257867 720 6.790
40500 | -1.852 2820 |1070.415| 618 f.485
51.000 -1.852 2820 |1070.415 618 6485

Element 3 - Node 3- 4

5 tarsees Pl ly A g

[m] [ [m] [10°'m*] | [10°m?] | [kMIm]
0.000 | -1.852 2820 |1070.415| 618 B.485
0500 | -1.852 2820 |1070.415| 618 6.485

System model used in Strip-Step2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 2.2 R
2
3 51.500 | 0.00 -2.82 YZR
3
4 52.000 | 0.00 -3

08-05-2020
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3.1.4.3 Cross-sectional constants for variable loads (short term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.217 3.140 3125.63 3297
0.500 -0.217 3.140 I125.63 3297

Element 2 - Node 2- 3

3 tofizet Fiot Ly A

[m] [m] m] | (0'mY | [10°m?)
0.000 0217 3140 312563 3297
10.500 -0.217 3.140 3125.63 3297
10,500 -0.260 3140 350814 3398
11.300 -0.380 3.140 4624 60 3664
25500 -0.380 3140 4624 60 3664
35700 -0.3380 3.140 4624 60 3664
40500 -0.260 3.140 3508.14 33948
40.500 -0.217 3140 3125.63 3297
51.000 -0.217 3.140 3126.63 3297

Element 3 - Node 3- 4

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.217 3.140 3125.63 3297
0.500 -0.217 3.140 2563 3297

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 2.2 R
2
3 51.500 | 0.00 -2.82 YZR
3
4 52.000 | 0.00 3

08-05-2020
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3.1.4.4 Cross-sectional constants for additional permanent loads (long term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 tu"su: h:u: l',.- A
(] [m] [m] [10°'m7 | [10°m?]
0 40.685 3140 | 2527.859 1471

05 0.685 3140 (2527859 1471

Element 2 - Node 2- 3

5 todizet ht{-t |1,r A
[m] [m] [m] | [10°mT | [10%m?)
0 {685 3140 | 2527 859 1471

105 .685 3140 (2527859 1471
105 D747 3140 | 2797.657 | 1472
1.3 0.916 3140 ([3549.003 | 1838
255 0.916 3140 | 3549.003 | 1836
397 0.916 3140 (3549003 | 1838
405 L.747 3140 [2797B5T| 1572
40.5 0.685 3140 | 2527858 1471
51 {.685 340 (2627 8R9 | 147

Element 3 - Node 3- 4

3 tu"su: h:u: l',.- A
(] [m] [m] [10°'m7 | [10°m?]
0 40.685 3140 | 2527.859 1471

05 0.685 3140 (2527859 1471

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -2.82 IR
2
3 51.500 | 0.00 -2.82 YZR
3
4 52.000 | 0.00 -3

08-05-2020
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3.1.4.5 Cross-sectional constants for shrinkage analysis
Input for StripStep-2 (Appendix X)
Element 1 - Node 1- 2
5 tosrzat Dot Iy A
(m] [m] [m] [10*m®] | [10%n"]

0 -0.582 3140 | 2657.903 1675
D& -0.652 340 | 2657.903 1675

Element 2 - Node 2- 3

5 tosrzat htc-t |1,-' A
[m] [m] [m] [10*m*] | [10%m"]
0 0582 3.140 2657903 1675

10.5 -0.582 3.140 | 2657.8903 16745
10.5 -0.643 3140 | 2948 236 1777
11.3 -0.8083 3.140 | 3763.696 2042
255 -0.808 3140 | 3763.696 2042
39.7 -0.808 3.140 3763.696 2042
40.5 -0.643 3140 | 2945.236 1777
405 -0.552 340 | 2657.903 1675
51 -0.582 3140 | 2657.903 1675

Element 3 - Node 3- 4

5 tosrzat h'tc-t |1,r A
(] [m] [m] [10*m] | [10%n"]
0 -0582 3140 2657903 1675

D& -0.552 340 | 2657.903 1675

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
1 0.000 | 0.00 1
2 0.500 | 0.00 2.2 R
2
3 51.500 | 0.00 -2.82 YZR
3
4 52.000 | 0.00 -3

AH/EY
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4 Loads and load combinations
41 Permanent loads
41.1 Self-weight
4.1.1.1 Steel
The self-weight is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: STEEL
pe=75.51 k—zj Self-weight of stainless steel - SS-EN 10088-1:2014 Table E.1 or E.2
m

The self-weight for each element is calculated in chapter 3.

4.1.1.2 Concrete

The self-weight of the slab is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: SLAB

Wet_Concrete :=“NO” "YES" or "NO" dependent if the previous designer has used the weight
of wet concrete

p.=Iif| Wet_Concrete =*“NO”, 25 k—N,26 Ll =25 Ll Self-weight of concrete (reinforced) - SS-EN
m’ m’ m’ 1992-1-1 Table A.1
A =347 m’ Area of slab, see chapter 3
Aslab *Pe kN . .
Gap'=——— =434 — Self-weight of concrete slab, (half of the load goes to each girder) -
2 m applied in the casting stage

If the previous designer has considered that the hardened concrete has a smaller self-weight a reduction in self-weight
is applied in the system analysis for permanent loads.

Appendix X. Name in Strip-Step2: AVSLAB

kN
N Aslab * <_1> ES KN
slab perm =1 | Wet_Concrete = “NO”,0 —, ™ |=0.000Y
m 2 m

08-05-2020
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4.1.2 Shrinkage
The shrinkage force is calculated and used in Strip-Step2, Appendix X. Name in Strip-Step2: E:SHRINK

hy=341 mm Equivalent thickness, calculated in chapter 2
t=120 yr

t=43829.1 day

Som=43 MPa Mean compressive strength - see chapter 2
t,:=1 day
RH:=80% Krav Brobyggande B.3.1.5
t—t
day .
Pasi= =0.994 SS-EN 1992-1-1 3.1.4 Equation 3.10
(1—t) ( )’
514004 !
day 1 mm
k=it 200 mm < h,<300 mm =0.73 SS-EN 1992-1-1 3.1.4 table 3.3
( h \
0.85 —|—2—200-0.001
mm

else if 300 mm < hy,<500 mm

ho
0.75 — | —=—300|-0.0005

mm
elseif /,>500 mm
|07
else
|10
RH,):=100%
Oy =4 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
0y5:=0.12 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
3
Pry=1.55- {1 — (RH ) \: 0.76 SS-EN 1992-1-1 Appendix B.2 equation B12
U, )
Somo =10 MPa SS-EN 1992-1-1 Appendix B.2 (1)

|s

\
|
)) 1070« fpy;=2.53.10"" SS-EN 1992-1-1 Appendix B.2 equation B11

~

(
| —ag+
€,q0:=0.85+ ((220+ 110+ ay,,) €'
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g =Puas kp+eg0=184+107" Drying shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.9
_ fck _fcmo -6 __ -5 ;
Eoqpi=2.5 Pa «107°=63-10 SS-EN 1992-1-1 3.1.4 Equation 3.12
a
I(foAz- =
Bo=1—e' )19 SS-EN 1992-1-1 3.1.4 Equation 3.13
Eog =P €oqp=6.25+107> Autogenous shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.11
€= Epgt E,q=2.46+10" Total shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.8
4.1.2.1 Shrinkage force
The shrinkage force and corresponding moment is calculated accordingly:
n =14.91 Modular ratio accounting for creep and shrinkage
Ny ghore=5.88 Modular ratio
n
E, = Lshort \E,, =13.4 GPa Effective modulus of elasticity for concrete
. nLics
Agiap i =1.576 m’ Area of concrete slab (half of the cross-section used in
' system analysis)

Fogi=e Ec o Agiap fic = 5206 kN Total shrinkage force
€y i=Zpp o (0 m)=0.582 m The shrinkage force is applied in the center of gravity for the

composite section

h
M =F |z, (0 m)+ m‘zsmb =3864 kN-m Total bending moment

08-05-2020
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Shrinkage - anchorage of studs

Forces in the concrete

Aslabﬁc Aslabﬁc )
ny cs ny cs hnmlab
F, =F. +|1— — - ~ 12, s (0 m)+ =779 kN
N Aslfcs (0 m) Iyﬁcs (0 m) ( - ( ) 2 )

beﬁ»(O m)=4.925m

AH/EY
4: 50f 16

Force in concrete

Effective width of flange

1 bejf(o m) 3
< *ysiab
12 n
M, = Los M, =13 kN+m Moment in concrete
N [yics (0 m)
h
. Mcjs . m.slab
opi=—==2 2 =0.34 MPa Stress in concrete, upper edge of slab
Aslabﬁc 1 ° bejf(o m) ° hnmlab
12
h
e Mcjs . m.slab
oyi=—== 2 =0.65 MPa Stress in concrete, lower edge of slab
Ava ic 1
slab.fi — beﬁ”(o m) * hmslab3
12
+
N:= 71T “Agapie=T19 kN = F, =719 kN Force imposed on studs caused by shrinkage
2 ' B (used in chapter 6)
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4.2.2.1 Horizontal side trafic load

25% Q1 b

Py side car’=
h_side_car*=1ax ([ 25% - Qtrﬁbr

D =109.1 kN  Horisontal side force from the acceleration load (used in chapter 7)

P

\ side car="Ph_side car® mslab _ 62 kN Vertical side force from the acceleration load (used in chapter 7)

4.2.3 Temperature load

Temperatures are determined according to SS-EN 1991-1-5, 6.1.3 unless otherwise stated.

Load case 1 - local temperature differences for Hlldiksvall

Ty=10° A1(3)

Tpin=-38 ° TSFS 2018:57-8ch 2§
Tp=34° TSFS2018:57-8ch 2§
Tamin = Tmin+4 °=-34° Figure 6.1

ATy con=Ty—T,,;,=44 ° Contraction - Equation 6.1
TGJT[LIX = Tmax +4 O: 38 ° Flgure 61

ATN xp= Ty — Tp=28 ° Expansion - Equation 6.1
AT:=T, pux— Lo in="72 ° Total temperature difference

Load case 2 - either of the components are larger than the other
AT 5 =15 ° Temperature difference between concrete and steel -

SS-EN 1991-1-5, 6.1.6
4.2.3.1 Coefficients of thermal linear expansion
For composite bridges normally it is suggested to use the same thermal linear expansion coefficient, according

to SS-EN 1991-1-5 Table C.1. However for stainless steels the thermal linear expansion coefficient is much
larger than for concrete and hence a more through calculation is needed for the strain.

a.:=10-107° Thermal expansion coefficient - concrete - SS-EN 1991-1-5 Table C.1.
0,=16-107° Thermal expansion coefficient - stainless steel

- SS-EN 1991-1-5 Table C.1.

O =12 10°° Thermal expansion coefficient - carbon steel
- SS-EN 1991-1-5 Table C.1.
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4.2.3.2 Strains for the different load cases

AT,

A1 cont= —<am—ac> . Nem — _26.4 107°  Difference in strain between steel and concrete for contraction

B ° (temperature drop) - load case 1
AE[C ) pp= <aﬂ— ac> JNew 168107 Difference in strain between steel and concrete for expansion

N ° (temperature raise) - load case 1
Aepe s o= 0O A 2401070 Difference in strain between steel and concrete for when the steel is

B ° 15 degrees warmer or colder than concrete - load case 2

AT,

AchAzfc =q, e At —15.0 107° Difference in strain between steel and concrete for when the

° concrete is 15 degrees warmer or colder than concrete - load case 2

Aepcr=max (Aeyc 5 o, Aepc, ) =24.0 107 Only evaluating the worst case for load case 2, i.e. when there are a
temperature drop or rise in the steel

Eremp, = —Aepco+Aepc ) on=—50.4 107 Minimum strain difference; temperature drop and the steel drops even
- lower
Eromp. = A8 o A81c 1 0y =40.8 107 Maximum strain difference; temperature raises and the steel heatens up
2 even higher

4.2.3.3 Temperature load - global analysis

The concrete is transformed to steel. Already defined parameters are calculated in chapter 3.

b0 m
L): 0.837 m Width of transformed concrete
nLishort
A
Zslabfie — 0268 m? Area of transformed concrete
nLjhort
As,(O m) =0.062 m* Area of composite section
Zyy short (0 m) =217.2 mm Distance from top of concrete to center of gravity for composite
section
L, ghors (0 m) =0.313 m* Moment of inertia for composite section

Fromp = Eemp “E,A,(0 m)= [ _ggig] kN Force on composite section
Clomp F=Zip short (0 m) =217.2 mm Level at which the force is imposed on the system

Chomp 1= Zpp st0et (0 M) =2y 10 (0 m)=1.635 m  Eccentricity for the bending moment
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Moy =Fromp* Clomp M= [ _1(8);2] kN «m Bending moment - composite section
Anchorage of temperature load imposed on studs
Concrete
Aslabﬁc Aslabﬁc
N =F . nLishort _ nLishorl _ [ —1770] N
c_temp *— * temp -
Aslfshort (0 m) [yishort (0 m) 1433
hmAslab
° ((thsteel(o m) —Zip short (0 m)> ° (thshort (0 m) + 5 ))
1 bejf(o m) h 3
= *nslab
12 ny short —74
Mcitemp = = * Mtemp = 60 kN+m
[yishort (0 m)

N, M -
o= e femp :[ 0‘24] MPa Stress in concrete, upper edge of slab

Avlabﬁc 1 2 0.19

o g'bejf(o m) 'hmAslab

N, M -
0,i= ctemp | c_temp :[ fg;] MPa Stress in concrete, lower edge of slab

Av ab.fic 1 .

slab g'beﬂ(o m) 'hmuvlabz
0,10, —1770 . ) .
Niemp = Agiah fic = kN Force imposed on studs caused by shrinkage (used in chapter 6 when
1433 calculating the anchorage of the slab by the studs)
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5 Capacity checks during construction

The capacity check that is carried out in this chapter is bending moment capacity with respect to lateral torsional
buckling in the casting phase

In the casting phase the normalforces in the cross-section are neglectible.

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

Xehock m=26 m Coordinate for control calculations - bending moment

Xopoor v=15m Coordinate for control calculations - shear force

5.1 Load effects

Load effects retrieved from Strip-Step2, Appendix X.

Bending moment

My uis Bending moment descending from permanent loads during construction in ultimate limit state
My sis Bending moment descending from permanent loads during construction in service limit state
A 26

22500+
20000+
17500+
15000+
12500+

My urs (X) (kN' m)

10000+

75004 MdﬁSLS (X) (kN' m)

5000

2500

v

( > 10 15 20 25 0 > 40 45 50 55
—2500+
X (m)
M, uis <Xcheck7m> =21218 kN-m Bending moment at control point - ULS
My g5 <Xcheck7m> =17681 kN-m Bending moment at control point - SLS
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Shear force
Vius Shear force descending from permanent loads during construction in ultimate limit state
Vi sis Shear force descending from permanent loads during construction in service limit state
4 2
1650+ N
1500+
13501N

1200+

1050+

900+

7501

600+

4501

3007

150+

Va urs (XcheckJ) =1586 kN Shear force at control point - ULS

Vass (Xchecki» =1321 kN Shear force at control point - SLS

12-05-2020
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5.2 Redesign of cross-section

S, Length coordinate
b, Thickness of upper flange
by, Width of upper flange

Thickness of web

h, Height of web

4 Thickness of lower flange
by Width of lower flange

fyW Chosen yield strength - web
Element 1

St tur bug twr heg i bag S

(mm) (mm) (mm) (mm) (mm) (mm) ~(mm)

0 35 675 7 2735 50 600 £ 1omm
500 35 675 7 2735 50 600 £ jomm

Element 2

Sz o buo Lo hyo tgs by, [l

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 675 7 2735 50 600 1, omm
10500 35 675 7 2735 50 600 1, omm
10500 45 675 5 2720 55 600 £, 6.4mm

11300 45 675 2720 55 825 f, 6.4mm

5
25500 45 675 5 2720 55 825 f, 6.4mm

Element 3

Sz lusz bus tws hys  lgs bps o fas

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 675 7 2735 50 600, 1omm
500 35 675 7 2735 50 600 £, 1omm

hyouy i=mean (tg, 1 +h,, 1 +1; ;) =2820 mm
Check to see that the girder height is kept constant
iz i=mean (tg, 5 +h,, 541 ;) =2820 mm

12-05-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
5:40f 12

5.2.1 Shape of corrugation

a.; =135 mm Flatfold length
0,.:=36 deg Corrugation degree
a.;:=80 mm Corrugation depth
Apergi="S mm Weld throat thickness

. =136 mm Legnth of hypotenuse

a.y ::L: 110 mm Length of corrugation depth, see figure
tan <ac>

Sei=a.+a,=271 mm Length of corrugation

Wei=a.; +a., =245 mm Straight length

roi= % =1.106 Ratio corrugation/straight length

c
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5.2.2 Cross-section classification

The cross-section classes is determined according to SS-EN 1993 1-4 5.2.2 with updated limits from SS-EN
1993 1-4:2006/A1:2015. Since the web is corrugated and does not contribute to the axial stiffness the web is
not classified.

Cw (X) = hw (X) —2-V2- Ayeld

bulx) a tlx
¢ (x) ::/“—()+ < » () V2 a,, Distance from web weld toe to free edge on upper
2 2 2 flange
by(x) a tlx
c,f(x) = ﬂ( ) - W( ) —\/E *Ayolq Distance from web weld toe to free edge on lower
2 2 2 flange

Cross-section class, upper flange

E,=200 GPa Modulus of elasticity
Jouy=450 MPa Proof strength of top flange
235 K
&yt = . =0.71 SS-EN 1993-1-4 5.2.2 Table 5.2
Sour 210000
. Cu/'(x) :
cscuf(x) = || if = ) <9 ¢, Cross-section class upper flange
t;, \x )
fuu
’ “cscl”
c,rlx
elseif 9 ¢,< o) <10 ¢,
Iy '
“csc2”
crlx
elseiif 10 &<~ ) <ldg,
el '
“csc3”
else
“csc4”
CSCur (Xopeck m) = “c3¢3” Cross-section class at X, ,,=26.000 m
cscuf<Xcheck7v> =“csc4” Cross-section class at X, ,=1.500 m

12-05-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

Cross-section class, lower flange

E,=200 GPa

f,y=450 MPa

235 E;
fr 210000

81/»::

csc,f(x) =||if £ <9 g

13 it
s¢i(Xopeck m) = “csc3

¢ ”»
s¢i(Xopeek ) = ““csc2

Inx
“cscl”
celx
elseif 9 ¢,< ) <10 g
£ (%)
“csc2”
clx
elseif 10 ;< o) <ldg
Inx
“csc3”
else
“csc4”

Modulus of elasticity

Proof strength of top flange

SS-EN 1993-1-4 5.2.2 Table 5.2

Cross-section class lower flange

Cross-section class at X e ,, =26.000 m

Cross-section class at X .. ,=1.500 m

AH/EY
5:60f 12
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5.2.3 Plate buckling of compressive flange

If the compressed flange is in cross-section class four an effective width of the compressed flange is calculated
according to SS-EN 1993-1-4 5.2.3. Updated values are taken from SS-EN 1993 1-4:2006/A1:2015. Since the
web is corrugated the buckling factor &, is calculated according to SS-EN 1993-1-5 D.2.1 (2)

Ao = oy +2 =355 mm SS-EN 1993-1-5 D.2.2.(1) Equation D.4
Cu=Cor (Xeneck m) =368 mm Width of outstand flange from weld toe to free edge
b=t <)(check7m> =45 mm Thickness of upper flange
b= b, (Xeheek m) =675 mm Width of upper flange
8uf: 071
(e, \ .
k,;:=0.43 +L J =15 SS-EN 1993-1-5 D.2.2.(1) Equation D .4
Apend

k,,:=0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4
ky:=min (ky; ,k,5) = 0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4

CM

t
Joi=— =053 Slenderness of flange plate SS-EN 1993-1-1 (2)

" 8ok,

Reduction of flange area SS-EN 1993-1-5 (2) 4.4
pi=if|1 <0.748, 1.0 4p—0.188) 1.00 Equation 4.3. Same for carbon steel as for Stainless
— p =V yI1.Vy——mm | — 1.

2 steel
’lp

byyi=b,+p=615 mm = bogie (Xeteck m) =675 mm

A
1485+

begi, (X) (mm)

by (X) (mm)

v

¢ 5 10 15 20 25 30 35 40 45 50 55

by, (x) = by (x) Renaming the width of flange in order to minimize errors
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5.2.6 New cross-sectional constants during casting
L, el (x) Stiffness of steel girder alone (excluding the web)
Zyp steel (x) Distance from the top of the top flange to the center of gravity for the steel section
Wer steel (x) Elastic bending stiffness of steel girder alone (excluding the web)
A 1.5 26.0
1.7
1.6 I
1.5 ’
14
/ \ 4
1.2 [yfsteel (X) (01 m >
1.1 3
1 - Welisteel (X) <01 m >
0.9
0.8 thisteel(X) (m)
0.7
0.6
0.0 7)‘,(] UJ‘,(J 17;,(J 2“‘,“ 27;,(J ?i(J,(J iiT;,(J -1(J‘,(J -'13‘,() S(J,(] Gf;,lJ .
X (m)

Coordinates and cross-sectional constants for control calculations

Xehock m=26 m X- coordinate for control calculations, bending moment
Ay <Xcheck7m> =0.076 m* Area

L sweet (Xoneek m) = (140-107°) m* Stiffness

Zip steel <Xcheck7m> =1.682 m Center of gravity

Wei steel <Xcheck7m> = (83 . 10_3> m’ Elastic bending resistance

Keheck v=1.5m X- coordinate for control calculations, shear force

Ay <Xcheck7v> =0.054 m* Area

L sveet Keneer 1) = (102+107°) m* Stiffness

2y steet (Xeheek v) =1.571 m Center of gravity

Wei steel <Xcheck7v> = <65 . 10*3> m’ Elastic bending resistance
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5.2.4 Lateral torsional buckling of compressive flange - SS-EN 1993-1-4 5.4.2.1

Simplified method only consisdering buckling of top flange according to SS-EN 1993-1-4 5.4.2.1

o;7:=0.76
1,:=7.29 m
bef:: bejfu <)(check7m> =675 mm

=t (X

check_m

> =45 mm
E =200 GPa

frug=450 MPa

b2t
Ly=—2—7=0.001 m*
12
7[2 -E'Y .[Zf
N,y = ———F = 42837 kN
2

/

cr

b etre .
ALTJ::HL It _ 0,565
NcrLT

Prr u:=05- <1 +a;re </1LT_M— 0.2> +/1LT_MZ> =0.8

Buckling curve d, welded open cross-section

Distance between the cross-beams

Width of upper flange

Thickness of upper flange

Modulus of elasticity

Proof strength

Moment of inertia, upper flange

Critical buckling load

SS-EN 1993-1-4 5.4.2.1 Equation 5.9

SS-EN 1993-1-4 5.4.2.1 Equation 5.7

Xor wi=min ! A|=0734 = gy (Xopues ) =0.734

Dy u+N\ Dy u® =y

SS-EN 1993-1-4 5.4.2.1 Equation 5.6

Py = hyy (Xeheek m) =2720 mm Height of web
L=ty <Xcheck7m> =55 mm Thickness of lower flange
kp=1.1 Increase in capacity due to simlified method
' used, SS-EN 1993-1-1 6.3.2.4 (2)B

by te kg Xur 0t fou L+t
MRdAuALT u= il XLT7 f)’f hw u+ ! ! :30576 kN'm = MRdAuALT <Xcheck m> :30576 kN'm

- Imi - B

12-05-2020
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5.2.5 Check of lateral torsional buckling

Check of the buckling capacity of the girders is performed.

AH/EY
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MRd‘u‘LT(X) Capacity of the girder against LT- buckling during casting
My yrs (X) Load effects during casting, Appendix ¥
A
315001
280001
24500 ¢
210001
175001
L1000} My 115(X) (kN-m)
105001
Mpgurr(X) (kN<m)
70001
35001
) > 10 15 20 25 30 35 40 45 >0 55 .
—3500T
X (m)
M, X
Npax 3= MAX LS() =69% Maximum utilization rate of the steel cross-section during
Mg rr(X) casting
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5.3 Stresses in steel cross-section

The stresses in the top and bottom flange is calculated for the loading senario to be able to superposition
them with the other loadcases to determinte the ultimate capacity of the composite section.

Upper flange

Control calculation at midspan

M=My g5 (Xopeck m) =21218 kN +m Load effext at midspan
I:=1, oo (Xopec m) =0.14 m* Moment of inertia at midspan
2324 sreel <Xcheck7m> =1.682 m Centre of gravity at midspan maesured from

the top of the beam

iz ]‘14 2=256 MPa = Gy uns et (Xeeck m) =256 MPa

Ofii ULS cast (X) Stresses in the lower flange in the casting phase.

450
400+
350+
300+

250+

2004 G.yufmsfcm (X) (MPLI)

T ngufx (X) (MP(Z)

100+

501

—50+

nmax 8

— max ( O-SfuiULSicast (X) ) — 57%
Jour
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Lower flange
Check calculation at midspan
M:=M; ys <Xcheck7m> =21218 kN-m Load effect at midspan
I:=1, oo (Xopec m) =0.14 m* Moment of inertia at midspan
2= 21 sreel <Xcheck7m> =1.138 m Centre of gravity at midspan measured from

the bottom of the beam

M. =173 MPa = 1 ULs cast (Xeheck m) =173 MPa

0=

Oy ULS cast (X) Stresses in the lower flange in the casting phase.

450
400+
350+
300+
250+

O-SﬂiULSicast (X) (MP a)

200+

150+

Joupx (X) (MP a)

100+

501

—50+

X (m)

Ay = QX ( Osf1 ULS cast (X) ) —138%

S
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6 Capacity checks - Ultimate limit state, global

The capacity checks that are to be carried out are bending moment capacity, shear capacity, web breathing and
design of studs, both in ULS and due to fatigue

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

X

heck m =26 m Coordinate for control calculations - bending moment

Xopoor v=0.5m Coordinate for control calculations - shear force

6.1 Load effects in ULS

6.1.1 Bending moment with corresponding axial force

Permanent loads during casting do not contribute with any stresses in the concrete since the entire slab is
casted in one step. Load effects retrieved from Strip-Step2, Appendix X.

Bending moment in the ultimate limit state

My urs (x) =My (x) + M, (x) +M, e (o) + M55 (x) + Mg, (x)

My uis Design bending moment effect from all loads
My (x) Bending moment during casting (Appendix X)
M, (x) Bending moment from multi component loads (Appendix X)
M, (x) Bending moment from temperature loads (Appendix X)
Myss (x) Bending moment from additional permanent loads after construction (Appendix X)
Myrss (x) Bending moment from shrinkage (Appendix X)
4 26
63000+
56000+
49000 MdeLS (X) (kN' m)
42000+
450001 M5, (X) (kN+m)
28000 M, (X) (kN-m)

21000
140001 /—\ A/Itemp (X) (kN- m)
7000 / \ Myys; (X) (kN- m)

( 5 10 15 20 25 30 35 40 45 50 55

—7000 Mgy (X) (kN- m)

\4

M, uis <X

check_m,

) =62296 kN+-m Bending moment at control point - ULS
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Axial force in the ultimate limit state
NdiULS(x) = Nysi (x) + N, (x) + Neemp () + Nz () + Ny, (x)
Ny uis Design normal force from all loads
Nyrs (x) Normal force during casting (Appendix X)
N, (x) Normal force from multi components loads (Appendix X)
Neemp (x) Normal force from temperature loads (Appendix X)
Nyrss (x) Normal force from additional permanent loads after construction (Appendix X)
Nypss (x) Normal force from shrinkage (Appendix X)
4 26
1500+
“1 5 10 15 20 25 30 35 40 45 50 5‘5 g
1500] Ny uis(X) (kN)
Nuwsi () (k)
—4500+
—6000+ Nir (X) (kN)
75001 ]vtemp (X) (kN)
—9000+
~105001 Nuss (X) (kN)
Nussy (1) (&)
X (m)
Ny uLs <Xcheck7m> =—11435 kN Normal force at control point - ULS
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6.1.2 Shear force

Va us () = Vs () + Vs (x) + Vs (x) + Vipse ()

AH/EY
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Va ues Shear force descending from permanent loads during construction in ultimate limit state
Vs (x) Shear force during casting (Appendix X)
Virss (%) Shear force from variable loads (both temperature and traffic) (Appendix X)
Virss (x) Shear force from additional permanent loads after construction (Appendix X)
Virss (x) Shear force from shrinkage (Appendix X)
Al 1
4950+
4500
4050+
36007 Vd ULS (X) (kN)
3150+
2700 VULSZ (X) (kN )
2250
Virs (X) (kN)
Vinsa (%) (1)
900+
sof
e — ] Ym0
U( 5 10 15 20 25 30 35 40 45 50 55

VdiULS <Xcheck7v> =4516 kN

Shear force at control point - ULS

13-05-2020
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For calculations, see chapter 5.

1750
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1000
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400
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Cross-sectional constants

——

T

j/
I

il

0.35

0.325

0.3

0.275

0.25

0.225

0.2

0.175

0.15

0.125

0.1

15

20

35

40 45 50

_—

:

v

0.35

0.32

0.29

0.26

0.23

0.2

0.17

0.14

0.11

0.08

0.05

15

20

40 45 50

|

| 4

]

15

20

40 45 50

v
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L, ge(X) (m*)

L, gior(X) (m")

Aslﬁsteel (X) <m2 )

Aslfshort (X ) <m2 >

Ayt pern (X) (m*)

Aslfcs (X) (m : >

13-05-20
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6.3 Stresses in steel cross-section

The stresses is calculated for each load case taking into acount load duration and creep. The stresses are
then superpositioned.

6.3.1 Stresses during casting

M=My;s; (Xopeck m) =21218 kN+m Bending moment
I:=1, oo (Xopec m) =0.14 m* Moment of inertia
222, ot (Xeheek m) = 1682 mm Center of gravity from top flange
hi=hpoum <Xcheck7m> =2820 mm Height of girder
M . .
0y, '= 7 «—z=-256 MPa = Oy cast <Xcheck7m> =—256 MPa Stresses in upper flange from loads durng casting
M . .
0= 7 «(h=2)=173 MPa = 6, .u <Xcheck7m> =173 MPa Stresses in lower flange from loads durng casting

6.3.2 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for
the composite section directly as the force is acting there. The other one is the temperature load where the load
is acting on the steel section and so stresses must be calculated for that specific section. The worst load case is
determined dependent on the largest stress in each part whereas the multi-component load is the main load for
the lower flange, and the temperature load is the worst load case for the upper flange.

6.3.2.1 Multi component loads (traffic)

M:=M,, (Xojoeh ) =20647 kN+m Bending moment

N:=N, <Xcheck7m> =—-0.02 kN Normal force

A=Ay shor <Xcheck7m> =0.344 m* Cross-sectional area

I:=1, g0 <Xcheck7m> =0.342 m* Moment of inertia

Z3 =2y, ghont <Xcheck7m> =246 mm Center of gravity from top flange

h=hy,,, <Xcheck7m> =2820 mm Height of girder

- =0IN 09M, (—z)=—13MPa = 0y, (Xepeer m) =—13 MPa Stresses in upper flange from short

A I - term loads

Oy 1SN 1S M (h—2z)=233 MPa = 0y}, (Xepeek m) =233 MPa Stresses in lower flange from short
A I - term loads

13-05-2020
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6.3.2.2 Temperature loads

M =M, (Xepock m) = 11199 kN+m
N:= ]vtemp <)(check7m> =—6229 kN

As = Aslfsleel <X

check_m,

)=0.076 m*

A= Aslishort <X

C

heck m) = 0.344 m’

I =1 X,

_ 4
s y_steel < checkﬁm> =0.14 m

Bending moment

Normal force

Cross-sectional area - steel section

Cross-sectional area - composite section

Moment of inertia - steel section

Moment of inertia - composite section

AH/EY
6: 6 of 25

[::[yjhort <)(check7m> =0.342 m4
Zs ::thjteel <)(check7m> =1682 mm
z ::thishort <)(check7m> =246 mm

hi= hbeam <X

check_m

> =2820 mm Height of girder

I
M, = [ -M=4569 kN-m

Center of gravity from top flange - steel section

Center of gravity from top flange - composite section

Bending moment imposed on steel section

Stresses in upper flange from short
term loads

A, A 2
N,:=N- (1 —|=+= (z,-2) )) =-2014 kN Normal force imposed on steel section
A 1
15N, 15M,
Osu™= - —* <_Zs> =—122 MPa = Os.u.temp <Xcheck m> =—122 MPa
AY IS N
09N, 09 M,
o= . (h—2z) =10 MPa O, 1temp Xeneck m) =10 MPa

) S

6.3.3 Stresses due to additional permanent loads

M:=M; g <Xcheck7m> =4192 kN-m Bending moment

I:=1, o (Xepeck m) =0.276 m* Moment of inertia

222, porm (Xeheck m) =706 mm Center of gravity from top flange
=Ry (Xepeek m) = 2820 mm Height of girder

13-05-2020

Stresses in lower flange from short
term loads
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M .
Oy yi=—- (—z) =—11 MPa ol @ <Xcheck m> =—11 MPa Stresses in upper flange from
1 a additional permanent loads
M .
0, =—-+(h—2z) =32 MPa = Oglperm <Xcheck m) =32 MPa Stresses in lower flange from
1 - additional permanent loads

6.3.4 Stresses due to shrinkage

In the same manner as the temperature load must be calculated for the steel section, the shrinkage which acts on the
concrete section must be converted for the steel section.

M= M0 (Xopeck m) =5040 kN« m Bending moment
N:=Ny;s <Xcheck7m> =-—5206 kN Normal force
A=Ay steer <Xcheck7m> =0.076 m* Cross-sectional area - steel section
A=Ay g <)(check7m> =0.181 m? Cross-sectional area - composite section
I[=1, oo <Xcheck7m> =0.14 m* Moment of inertia - steel section
I:=1, <Xcheck7m> =0.29 m* Moment of inertia - composite section
231 =2y ool <Xcheck7m> =1682 mm Center of gravity from top flange - steel section
Zi=2y, g <Xcheck7m> =609 mm Center of gravity from top flange - composite section
=Ry (Xepeek m) = 2820 mm Height of girder
IS‘ . . .
M :=—+M=2425 kN+m Bending moment imposed on steel section
Av Av hm slab hm slab hm slab .
Nyi=Ne|———e¢|z——= lzgt———|z——— =—1323 kN Normal force imposed on steel
4 1 2 2 2 section
NS‘ MS‘ .
Oy i =—+—- <—zs> =—47 MPa = Oy shrink <Xcheck m> =—47 MPa Stresses in upper flange due
N B to shrinkage
Ny | M .
o, ;=—+—+(h—z) =2 MPa = 0y shrink (Xeeok m) =2 MPa Stresses in lower flange due to
Ay L - shrinkage

13-05-2020
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6.3.5 Summary of stresses

The stresses from the different phases are summarised accordingly.

Os.u (X) = Oy y.cast (X) + Oy v shrink (x) + Os.uperm (X) + Osuar (x) + Os.u.temp (x) Stresses in upper ﬂange
Os1 (X) =05 I cast (X) + Os.1shrink (X) + O-SAlAperm (x) + Os.Ltr (x) + O-SJAtemp (x) Stresses in lower ﬂange
A 26

410
365

320

—0,,(X) (MPa)

275

a,,(X) (MPa)
185 —
140 fylfx (X) (MP a)

s (X) (MPa)

v

0 5 10 15 20 25 30 35 40 45 50 55

—Os.y (X) . e
N umar i=max | —=—21=100% Maximum utilization rate - upper flange
];ufx (X)
(0,,(X))
HoLmax *= maxL %:(%) J: 100% Maximum utilization rate - lower flange

13-05-2020
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6.4 Calculation of stresses in concrete
The stresses in the concrete is calculated with the same principle as the steel taking creep into account.

6.4.1 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for the
composite section directly as the force is acting there. The other one is the temperature load where the load is acting
on the steel section and so stresses for the concrete must be calculated separately.

6.4.1.1 Traffic and wind loads

M:=M

r

(Xeneck m) =20647 kN« m

NN, (X

C

heckﬁm) =0 kN

A ::A.vljho;'t <Xcheck7m> =0.344 mZ

[::[yjhort <)(check7m> =0.342 m4

Bending moment

Normal force

Cross-sectional area

Moment of inertia

Z3= 2y, ghont <Xcheck7m> + Ny s1apy = 566 mm Center of gravity from top flange

hi= hbeam <Xcheck7m> =2820 mm

npi=ng, = 5.88

UC::(E-F_M.Z)o ! :—6 MPa

6.4.1.2 Temperature load
M::Memp <Xcheck7m> =11199 kN-m

N::]vtemp <)(check7m> =—6229 kN

npi=ng = 5.88

A ::Asljhort <Xcheck7m> =0.344 m2

L — 0268 m?

Acejf:: Aslahﬁc *
nr

A=Ay 5o =1.576 m*

I:= ijhort <)(check7m> =0.342 m4

13-05-2020

Height of girder

Modular ratio

= 0, short (Xeheck m) =—6 MPa Stresses in concrete from short-term loads

Modular ratio
Cross-section area - composite section

Cross-section area - effective concrete section

Cross-section area - concrete section

Moment of inertia - composite section
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3
L=bo (Xopeek m) * m‘lﬂzab =0.013 m* Moment of inertia - concrete section
b (X, P siap”
L= e Koteck ) cmslah  —0.002 m* Moment of inertia - effective concrete section
’ nr 12
2522, ort (Xeheck m) =246 mm Center of gravity - composite section
h
Z,:= m‘;ab =160 mm Center of gravity - concrete section
1
M, ::C‘Teﬂ eM=T75kN-m Bending moment imposed on concrete slab
Ac eff Ac eff hm slab .
N_.:=N- T—T <zs—z> . z+# =-2014 kN Normal force imposed on concrete slab
-N, M, .-z, .
0.:= y +17 =039 MPa = 0, mp <Xcheck7m> =0.39 MPa Stresses in concrete from temperature loads
6.4.2 Stresses due to additional permanent loads
M= My; g5 (Xopeck m) =4192 kN+m  Bending moment
I:=1, e <Xcheck7m> =0.276 m* Moment of inertia
Z3=Zp perm <Xcheck7m> + N, an=1026 mm Center of gravity from top flange
B = hpeum <Xcheck7m> =2820 mm Height of girder
npi=ng = 18.48 Creep
—M.z 1 .
o,i=———+—=—0.8 MPa = O perm <Xcheck m> =—0.8 MPa Stresses in concrete from permanent
1 np - loads

13-05-2020
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6.4.3 Stresses due to shrinkage
M:=My;q, <Xcheck7m> =5040 kN+m Bending moment
N:=Nyes <Xcheck7m> =—-5206 kN Normal force
npi=ng = 14.91 Modular ratio considering creep
A=Ay o (Xopeok m) =0.181 m? Cross-section area - composite section
A o= Agiap fic * L _ 0.106 m* Cross-section area - effective concrete section
r
Ap=Agpap e =1.576 m’ Cross-section area - concrete section
I=1, <Xcheck7m> =0.29 m* Moment of inertia - composite section
h 3
L5=by (Xopeek m) * m‘;lzab =0.013 m* Moment of inertia - concrete section
by (X, P stat”
L= e (Xoteck ) Lmslab —0.001 m* Moment of inertia - effective concrete section
' nr 12
222, oo (Xepeck m) =609 mm Center of gravity - composite section
h
zpi= 0% — 160 mm Center of gravity - concrete section
1
M, ::C‘Teﬂ eM=16 kN+m Bending moment imposed on concrete slab
2
Ac eff Ac eff hm slab .
N, :=N-|1—- A —— I —e|z+ 2 =—1052 kN Normal force imposed on concrete slab
—N, M, -—z, . .
0.:= +——=0.5 MPa = O ghrink <Xcheck m) =0.5 MPa Stresses in concrete from shrinkage
AC c B

13-05-2020
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6.4.4 Summary of stresses

O (X) = Oc.short (X) + Oc. temp (X) + o-cperm (x) + O .shrink (X) Stresses in concrete

25

23

20

18

15

13

10

AH/EY
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Jex(X) (MPa)

—0.(X) (MPa)

—0. (X) . el
N o.max = MAX =25% Maximum utilization rate - upper flange

13-05-2020
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6.5 Shear capacity

The shear capacity of the corrugated steel girder is calculated accoridng to SS-EN 1993-1-5, Appendix D.
The local- and global buckling factor are calculated according to SS-EN 1993-1-5, Appendix D.

Local buckling factor

a.; =135 mm a,=136 mm Corrugation geometries
ey =max (@, ,a,) =136 mm SS-EN 1993-1-5D.2.2.(2)
twi=t,, (Xopeer ) =7 mm Web thickness
w 2
7, =483 E,- ( ) =2555 MPa SS-EN 1993-1-5 D.2.2.(2) Equation D.7
acmax

fyw <Xcheck7v>

Ao i= =0.329 SS-EN 1993-1-5 D.2.2.(2) Equation D.6
TCV * \/g
(115 ) _ . .
x;i=min ,11=094 = p., <Xcheck V> =0.94 Reduction factor local buckling - SS-EN 1993-1-5
L0-9 + 4 B D.2.2.(2) Equation D.5

Global buckling factor

Dy=——= . “—6kN-m SS-EN 1993-1-5 D.2.2.(3)

_ Es.tw-ac32 . <3 ad+acz>

D,:= =1648 kN-m SS-EN 1993-1-5D.2.2.(3)
12 w,
hw:=hy, (Xepeer ) =2735 mm Web height
324 ,
= N+m=247 MPa SS-EN 1993-1-5 D.2.2.(3) Equation D.10
tw e hw?
X
A= M =1.06 SS-EN 1993-1-5 D.2.2.(3) Equation D.9
V' s
(15 ) - i
Hgi=min|———,11=0.93 = e <Xcheck v> =0.93 Global buckling factor SS-EN 1993-1-5 D.2.2.(3)
LO.S +17 ) - Equation D.8
xe=min (xg, ;) =0.93 = e (Xoeek ) =0.93 SS-EN 1993-1-5D.2.2
o fyw <)(check7v> _ _ _
Via=xc» 22l e hw e tw=4908 kN = Vg (Xojeek ) =4908 kN SS-EN 1993-1-5D.2.2.(1) Eq.D.4

Ym1 \/g

13-05-2020
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A1l
5000+
4500+
4000+
3500+
3000+
2500+ VdeLS (X ) (kN )
2000+
VRdw (X ) (kN )
1500+ —————————
1000+
S(J(JJ'
U( 5 10 15 20 25 30 35 40 45 50 55 "
X (m)
Nymae = 96% Maximum utilization rate
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6.7 Studs

6.7.1 Ultimate limit state

AH/EY
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The capacity of the studs in the ultimate limit state are calculated according to SS-EN 1994-2 6.6.3

d

d =22 mm

hga =200 mm
Jup =800 MPa

fo swai=min (f,;,,500 MPa) =500 MPa

h
stud -9
dstud
e hstud _
Qgpud = lf 3 S S 4 =1.0
stud
h
a—02.|1+22
stud
h
else if 4 <
dstud
H a—1
a
” 0.8 'fu stud * T * dctud2
P,;:==min = - =122 kN
4eyp
} 0.29. Aud dstud2 * Vfck * Ecm

| Vv
Suf short <Xcheck7v> = <77 . 1073> m’
Virs: (Xeheck v) =2538 kN

[yjhort <Xcheck7v> = <238 . 1073> m4

_ Sl,gfishort <)(check7v> * VULSZ <Xcheck7v> —824 k_N

‘L's h =
I y_short <)(check7v> m

S heck7v> = <57 ° 1073) m3

uf perm <X

C

13-05-2020

Diameter of stud
Length of stud
Characteristic strength of studs

Ultimate strength shear stud
- SS-EN 1994-2 6.6.3.1 (1)

Ratio height- diameter

Correction factor for length to diameter ratio shear stud
SS-EN 1994-2 6.6.3.1 (1)

Capacity of one shear stud SS-EN 1994-2 6.6.3.1 Eq:
6.18,6.19

Second moment of area
Shear force

Moment of inertia

Shear force per meter between concrete and top
flange for short term loads

Second moment of area
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Virss <Xcheckj> =329 kN Shear force
L, perm <Xcheck7v> = <201 . 1073> m* Moment of inertia
S, X <V X
Tpei= u_perm < Ch“k*v> ULS3 < Ch“kfv> =93 kN Shear force per meter between concrete and top
L, perm <Xcheck7v> m flange for permanent loads
Ti= |rsh + rpe| =917 k—N Total shear force per meter between concrete and top
m flange

13-05-2020
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74 0.9 max
ngi= (@110 9or 1) 751 = Ned stud KXeneer v) =15 i Number of studs needed per meter
P, m m
My stud (X) Provided amount of studs in a certain section
Mg stud (X) Needed amount of studs in a certain section

1
4.44 nedistud (X ) (_)
m

3|~

\
)

3.1 \/ Nyd stud (X) (

v

6.7.1.1 Additional studs for full anchorage

Case 1: Temperature and shrinkage causes the slab to contract and therefore they are working in the opposite
direction as the shear flow from ULS- loads during bending.

The anchorage length is calculated according to SS-EN 1994-2, 6.9 (3).
B,,=2525m Distance from centre web to outer part of edge beam
B, =28 m Distance from web to centerline bridge

b:=max (B,,,B,) =28 m

Lypen=15b=42m Anchorage length - SS-EN 1994-2, 6.9 (3)

Nes sua=T79 kN Shrinkage force imposed on studs - calculated in chapter 4

|Nmmp | = 1770 kN Temperature force imposed on studs causing contraction - calculated
| - in chapter 4

13-05-2020
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1.0 N,
Mg o= —0 =15 1
lanch °Prd m
L5 |N, lem;)jtlui1 |
Rog tompi=———-—=52 —
ey lanch <P rd m
1

nedﬁanch.l = nedfcs + neditemp =67 —
m

nrdistud(o m) =15 i

m
check; =if <ned7anch. 1< n,dﬂud(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check; =“No extra studs are needed”

Case 2: Temperature causes the slab to expand and therefore working in the same direction as the shear flow
from ULS- loads during bending. Shrinkage causes the slab to contract, i.e. working in the opposite direction.

1
—nedics = —1.5 ;
]\/le,,wj,m,2 =1433 kN Temperature force imposed on studs causing expansion
- calculated in chapter 4
1.5-0.6 ]vtempistud2 1
ned temp = = 25 -
N lanch ° Prd m

Neq stud(o m) =14 L
- m

nedﬁanch.Z = nedistud (0 m) + nedftemp - nedfcs =24 —

nrdistud(o m) =175 i

m

check, =if <ned7anch_ 5 < n,dismd(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check,=“No extra studs are needed”

13-05-2020
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Extra studs needed due to shrinkage and temperature
My stud.adj (X) Needed amount of studs with regards to extra anchorage due to temperature and shrinkage

My stud (X) Provided amount of studs in a certain section (ULS- loads)

Mo stua(X) Needed amount of studs in a certain section

v

Table. Showing the adjusted need for studs near supports

X Mg Mg sgj
0 7.5 7.5
05 7.5 7.5
42 7.5 7.5
6 6.7 6.7
11 56 5.6
20 40 4.0

13-05-2020
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6.7.2 Fatigue limit state

6.7.2.1 Capacity

AH/EY
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The fatigue capacity is calculated according to SS-EN 1993-1-9, Table 8.5 and SS-EN 1994-2, 6.8.3.

At.:=90 MPa

At =4, A1,

A, =155
0,:=410 kN
0,:=480 kN

N, :=0.05+10°

Ny:=0.5-10°

1

(N
/qu — th . ( obs) —0.64
Q() N()

tLd:: 120

1

0
as=[222) =102
100

Aai=1.0

/lv ::/lul "%2"%3 '/lu4: 1.02

VYmF = 1.0

Az,
VEr® Aop, <——
YmF

ed,
Fy quai=At,«—" =342 kN
‘ 4

7

F
Foy guai= ’if’“d =33.7 kN

v
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SS-EN 1993-1-9 - Table 8.5 (10)

Bridge length less than 100m - SS-EN 1994-2 6.8.6.2 (4)

Mean weight of large vehicles in the slow lane

SS-EN 1994-2 6.8.6.2 (4) and SS-EN 1993-2 Eq. 9.10

Expected service life [years]

TSFS 2018:57-27ch. 3§

SS-EN 1993-2, 9.3 (1)

SS-EN 1994-2, 2.4.1.2 (6)

Shear fatigue capacity - one stud

Considering trafic load
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6.7.2.2 Fatigue load

Viur (X) Fatigue load from trafic - see Appendix X

41
500
450
400
350
300
250

Viar (X) (kN)
200 —_—
150
100
50
[l 5 10 15 20 25 30 35 40 45 50 55 .
X (m)

b= sV - stud_capacity

1 m
Suf = Sufjhort <Xcheck7v> =0.077 m3

Vi= VFAT <Xcheck7v> =494 kN

I:= [yjhort <Xcheck7v> =0.238 m4

S o~V
Ar=20"" 161 KV
I m
Fra swa=34 kN Fatigue capacity - one stud
At 1 1
nediAr = =438 — = nedistudAAr <Xcheck7v> =48 —
Frd stud m m
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6.7.2.3 Design of studs with regards to fatigue

Ned stud Az (X) Needed amount of studs with regards to fatigue
My stud (X) Provided amount of studs in a certain section
Mo stua(X) Needed amount of studs in a certain section

et e () (i)

) (]

v

\:

| U

a

=

U

Q

&

—~~

>
—_
SN———

Extra need of studs with regards to fatigue

s nedisludAA‘t (X) 13 99 ¢ 2
Check :=if | max W , “No extra studs are needed” , “Extra studs are needed
nrdistud

Check =“No extra studs are needed”

6.7.3 Summary - design of studs

Table. Showing the stud design for half of the span

-:{ ni-tud.IJEEd nStIJd.I'IEE'd nStIJd.fElt

0 15 14 0.0
0.5 75 7.3 4.8
4.2 15 6.8 4.4
6 6.7 6.4 42
11 5.6 2.3 37
20 4.0 36 2.7

13-05-2020
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6.8 Utilization rates

Ny umar = 100% Stresses in top flange
N 1max = 100% Stresses in lower flange
Nocmax = 25% Stresses in concrete
Nmax = 96% Shear capacity
Nbreathing = 10% Breathing

AH/EY
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9 Material savings

The material savings that are achieved thanks to redesigning the bridge with corrugated webs and using
stainless steel is compared to the old design. However it is important to note that dependent on the utilization
rates the savings may always not be comparable. For this bridge the highest utilization ratios are larger than

95% (close to 99,8%) and therefore close to comparable.

9.1 Main girder

The main girder is redesigned with a corrugated web and a slightly slimmer design. Over the full bridge length
this decreases the weight of the bridge. All savings are presented for the full bridge (full width). Consideration
has been taken to the extra web length arising from the corrugation.

V,a=13.25m’

View=28.72 m’

moldgirder:: 7850 kf *Vold= 104 103 'kg
m

m =7551 X .y —66 10° - ke

new_girder * 3 new —
m

m ird
Nier 1= | — —menSIrler _ 377
molngirder

4 msaving - girder =My | girder — Moy ' girder

9.2 Studs
Vstudiold =72750 cm ’

14 =44330 cm®

stud_new

kg

moldixtud :=7850 3
m

* Vstud old =571 kg

m

7551 K8, i now =335 kg

new_stud = 3
m

m tud
Nopa =1 — ——=2 = 41%
moldistud

4 msavingistud = moldixtud - mnewfstud =236 kg

12-05-2020

=38 10° kg

Steel volume - girder with flat web; original design

Steel volume - girder with corrugated web; new design

Weight of girder - flat web; original design

Weight of girder - corrugated web; new design

Material saving [%] - steel girder

Material saving [kg] - steel girder

Volume - studs; original design

Volume - studs; new design

Mass - studs; original design

Mass - studs; new design

Material saving [%] - studs

Material saving [kg] - studs
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9.3 Cross-beams

V., =0.59 m’
kg
mold ch = 7850 . Cb:4597 kg
- m3
kg
mnewicb = 7551 3 *Vep= 4422 kg
m

Myew cb
’]Cb = 1 —_—_— 4%
Moid_cb

Amsavingicb =Mold b~ Mpew b= 175 kg
9.4 Welds
Vietd o1a=0.0051 m’

V. =0.0038 m°

weld _new

k
Mg yweia*= 1850 —é; *Vivetd ota=40 kg
m

7551 ke,

mnewﬁweld = 3 weld _new

=29 kg

m Id
nweld:: 1 —uzzg%
Mold weld

Amsavingﬁweld = moldiweld - mnewﬁweld =11 kg
9.5 Total savings

— _ 3
moldfbridge = moldjirde/‘ + moldjtud + moldicb =109 10 kg

— _ 3
mnewibridge T mnewgirder + mnewistud+ mnewﬁch =71 10 kg

m

i new_bridge __
Moridge = 1 — —2<2=bridze — 35 4%,
moldibridge
Amsaving tot = Amsavingjird@r + Amsavingfstud + Amsavingﬁcb +4m

12-05-2020

saving_we

AH/EY
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Volume cross-beams old and new design

Mass - cross-beams; original design

Mass - cross-beams; new design

Material saving [%] - studs

Material saving [kg] - studs

Volume - welds; original design

Volume - welds; new design

Mass - welds; original design

Mass - welds; new design

Material saving [%] - welds

Material saving [kg] - welds

Total mass of original design

Total mass of new design

Material saving [%] - full bridge

w=23910° kg
Material saving [kg] - full bridge
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3 System

In the following chapter the input data for the bridge's geometries is presented. The cross-sectional parameters
that are presented is preliminary and used for the system analysis. In chapter 5 the final design is presented.

3.1 Primary system - longitudinal

lconsole:0'5 m lspan:51 m lmnmle:O.5 m
3 1 1
1 |2 3 %
By =3.08 By =3.08 m
TN\SNFF CONNECTION |

The bridge is modelled as a simply supported bridge in the software StripStep-2. Due to the beams depth the
supports are set offset from the neutral axis. This is modelled with a stiff connection in the system analysis.

3.1.1 Cross-section dimensions

S, Length coordinate
b, Thickness of upper flange
by, Width of upper flange

Thickness of web

h, Height of web

i Thickness of lower flange

by Width of lower flange

The new height of the girder is calculated as: 2050 mm+1.5=3075 mm
Element 1

Ser tuwr bus tey hyy tgg by
(mm) (mm) (mm) (mm) (mm) (mm) (mm)
0 35 600 8 2990 50 700
500 35 600 8 2990 50 700

28-04-2020
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Element 2

Ser2 L2 by s W h,> tay by,
(mm) —(mm) (mm) (mm) (mm) (mm) (mm)
0 35 600 8 2990 50 700
10500 35 600 8 2990 50 700
10500 40 600 6 2980 55 700
11300 40 700 6 2980 55 900
25500 40 700 6 2980 55 900
Element 3

Sz s bas tLes M3 tgs by
0 35 600 8 2990 50 700
500 35 600 8 2990 50 700

mean (tg, ;+h,, ;+1; ;) =3075 mm

mean (tg, ,+h,, 5 +1; ;) =3075 mm

3.1.2 Corrugation shape

a.;=120 mm

0,.:=36 deg

a.3:=T70 mm

a
S —119 mm

= Ges =96 mm

fet= tan <ac>

S.=a.;+a,=239 mm

wyi=ag +a.,=216 mm

Foi= =1.11

Sec
We

Flat-fold length

Corrugation angle

Corrugation depth

Length of angled part

Length of hypopythis

Length of corrugation

Straight length

fw

AH/EY
3:20f13

Important! Two exactly the same values will not work
with the linterp- function. Therefore 0.1 millimeter
must be added for a X-value where you want to
cross-sectional properties at the same time.

S=d+ &y

By

Lo

dy d

Ratio corrugation/flat-fold length

28-04-2020
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3.1.3.2 Effective width, steel flanges
Calculation of the effective width in the steel flanges with regards to shear lag is calculated according to SS-EN
1993-1-5 3.2.

t,
beﬁ.J:ﬂ . b0+—W Effective width with regards to shear lag under elastic conditions
- Equation (3.1)

L.
Xcheck uf:: e =26.0m
- 2
Xcheckﬁlf:: 0.2 Lbridge: 10.4 m
Upper flange
oy:=1.0 Equation given in Table 3.1. For webs without any longitudinal
stiffeners a,=1.0.
bfu:=bg, <)(check7uf> =700 mm Width of upper flange - see Appendix B - Preliminary sizing
tw:=t, <)(check7u/> =6 mm Thickness of web - see Appendix B - Preliminary sizing
b0:= bﬁ’T_tW =347 mm Figure 3.2 (Notations for shear lag)
0!() . b{)
Kfit = =0.007 = &g (Xopeer o) =0.007 Table 3.1
span
Beneer = || if xfir <0.02 =1.00 S for sagging bending, one-span bridge
H p—1.0

elseif 0.02 <xfit<0.70
-
14 6.4 xfi’
elseif 0.70 < xfu
L

8.6 «fu’

«—

«—

Calculating the effective flange width for upper flange

2 ﬂcheck . b() +w= 700 mm

boyi= || if Bepeck =1.0 =0.700 m = byy i, (Xopeek o) =0.700 m
H b «— bfu
else

H b min (2 upecs + O+ w0, b
b

Lower flange

28-04-2020
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bfl:==b, <Xcheck7,f> =700 mm Width of lower flange - see Appendix B - Preliminary sizing
twi=t, <Xcheck7,f> =8 mm Thickness of web - see Appendix B - Preliminary sizing
b0:= bﬂ;tw =346 mm Figure 3.2 (Notations for shear lag)
Qp* b0
Kfl == =0.007 = Ky (Xopeer ) =0.007 Table 3.1
span
Beneer:= || i ©/1<0.02 =1.00 S for sagging bending, one-span bridge
H p—1.0
elseif 0.02 <xf1<0.70
1
— _
14 6.4 «fl”
else if 0.70 <xfl
1
—
8.6 xfI
Calculating the effective flange width for lower flange
2 Beoheck* PO+ tw =700 mm
bosi= || if Bepeex=1.0 =0.700 m = by 1 (Xopeer ) =0.700 m
|6
else
H b min (2 B ey bO+tw, bfl)
b
A 10 26
900+
870+
840+
8104 by n <XSS> (mm)
780+
o7 by <Xss> (1mm)
20+ 9t  reeeccccccc--
690+ beﬁ " fu <XSS> (mm)
6601
6301 by <Xss> (mm)
600 pr— L —— eSS Ssssssss
0 5 10 15 20 25 30 35 40 45 50 55 .
Xss (m)

28-04-2020
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3.1.4.2 Cross-sectional constants during construction
The bridge is checked so that the steel girder (alone) can withstand the loads that are imposed during
construction such as the self-weight of curing concrete.
Ay 4 is the area of the steel including the web, for calculation of self-weight
Ag is the area of the steel excluding the web, for stiffness calculations
A
102-10°
95.10°
89-10%
82.10%
76-10°
69-10° A <XSS> <mm2>
63-10°
E6.1034 2
56-10 Aslﬂ <XSS> <mm >
50-10%
43-10%
37.10%
30-10°
0 % 1‘(] 1‘5 2‘(] 2‘5 35‘( 35‘5 -£(J -1‘5 5‘0 5‘5 g
SS (m‘)
Lbridge 2 .
Ay — =0.078 m Area at mid-span

I, qeer s the area of the steel excluding the web, for stiffness calculations

A 26

182-10°
173-10°

165-10°

156-10°
148-10°
139-10°

Iyﬁsteel <XSS> <mm4 >

131-10°

122-10°

114-10°
105-10°

97.10°

v

40 45 50 55

T

0 5 10 15 20 25 30 3t

Xss (m)

L.
Iysteel( brzldge) =0.1639 m* Stiffness at mid-span

28-04-2020
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Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 Toiremt Mliex ly A a
[m] [ [ [10°m? | [10°n7] | [kN/mi
0.000 -1.813 3075 1207077 REQ G.225
0.500 -1.813 3075 | 1207.077 &E0 6.225

Element 2 - Node 2- 3

5 tosreat Pt he A g

] |l | (ml | (0| (0 | v
0.000 -1.913 3075 | 1207.077 560 6225
10,500 -1.913 3078 | 1207.077 560 6225
10,500 | -1.885 3075 (1355194 @25 6.212
11.300 -1.954 3.075 | 1639354 7Th 7344
25600 | 1954 3075 1639354 | T75 7.344
39.700 -1.954 3.075 | 1639354 775 7344
40.500 -1.685 3.075 1355194 625 6.212
40500 [ -1.913 3075 (1207077 560 £.225
51.000 -1.913 3078 | 1207.077 560 6225

Element 3 - Node 3- 4

5 tarsees Pl ly A g

[m] [ [m] [10°'m*] | [10°m?] | [kMIm]
0.000 | -1.913 3.075 |1207.077| 560 6.225
0500 | -1.913 3075 |1207.077| 560 6.225

System model used in Strip-Step2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -3.075 R
2
3 51.500 | 0.00 -3.075 YZR
3
4 52.000 | 0.00 -3

28-04-2020
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3.1.4.3 Cross-sectional constants for variable loads (short term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.198 3.3945 3219.87 3239
0.500 -0.198 3.395 321987 3239

Element 2 - Node 2- 3

3 tofizet Fiot Ly A

[m] [m] m] | (0'mY | [10°m?)
0.000 -0.198 3.395% 3219.87 3239
10.500 -0.198 3.395 3219.87 3239
10,500 -0.227 3.395 34497 .10 3304
11.300 -0.314 3.395 4347 .57 3454
25500 -0.314 3.395 4347 &7 3454
35700 -0.314 3.395 4347 .57 3454
40500 -0.227 3.395 349710 3304
40.500 -0.193 3.395 3215887 3239
51.000 -0.198 3.385 3219.87 3239

Element 3 - Node 3- 4

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.198 3.3945 3219.87 3239
0.500 -0.198 3.395 321987 3239

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -3.075 R
2
3 51.500 | 0.00 -3.075 YZR
3
4 52.000 | 0.00 3

28-04-2020
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3.1.4.4 Cross-sectional constants for additional permanent loads (long term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 tu"su: h:u: l',.- A
(] [m] [m] [10°'m7 | [10°m?]
0 0. 662 3395 | 2666.540 1413

05 0. 662 3395 (2666540 1413

Element 2 - Node 2- 3

5 todizet ht{-t |1,r A
[m] [m] [m] | [10°mT | [10%m?)
0 {662 3395 | 2666.540 1413

105 0.662 3395 (2666540 | 1413
105 0.705 3395 |2870.529 | 1478
1.3 .845 3395 (3460363 | 1623
255 0.546 3.395 | 3460363 | 1628
397 .846 3395 (3460363 | 1628
405 0.705 3395 (2870529 1478
40.5 {.662 3.395 | 2666.540 | 1413
51 {.662 3395 (2666540 1413

Element 3 - Node 3- 4

3 tu"su: h:u: l',.- A
(] [m] [m] [10°'m7 | [10°m?]
0 0. 662 3395 | 2666.540 1413

05 0.662 3395 (2666540 1413

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -3.075 IR
2
3 51.500 | 0.00 -3.075 YZR
3
4 52.000 | 0.00 -3

28-04-2020
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3.1.4.5 Cross-sectional constants for shrinkage analysis
Input for StripStep-2 (Appendix X)
Element 1 - Node 1- 2
5 tosrzat Dot Iy A
(m] [m] [m] [10*m®] | [10%n"]

0 -0.558 3.385 | 2788.880 1617
D& -0.658 3.295 | 27V88.880 1617

Element 2 - Node 2- 3

5 tosrzat htc-t |1,-' A
[m] [m] [m] [10*m*] | [10%m"]
0 0558 3.395 2788880 1617

10.5 -0.558 3.395 | 2vag.oel 1617
10.5 -0.600 3.395 | 3006.644 1682
11.3 0734 3.395 | 3645.093 1832
255 0.734 3.395 | 3646.093 1832
39.7 0734 3.395 3646093 1832
40.5 -0.600 3.395 3006.644 1682
405 -0.558 3.295 | 27V68.880 1617
51 -0.558 3.395 | 27V68.880 1617

Element 3 - Node 3- 4

5 tosrzat h'tc-t |1,r A
(m] [m] [m] [10*m®] | [10%]
0 -0.558 3.385 | 2788.880 1617

D& -0.658 3.295 | 27V88.880 1617

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
1 0.000 | 0.00 1
2 0.500 | 0.00 -3.075 R
2
3 51.500 | 0.00 -3.075 YZR
3
4 52.000 | 0.00 -3

AH/EY
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4 Loads and load combinations
41 Permanent loads
41.1 Self-weight
4.1.1.1 Steel
The self-weight is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: STEEL
pe=75.51 k—zj Self-weight of stainless steel - SS-EN 10088-1:2014 Table E.1 or E.2
m

The self-weight for each element is calculated in chapter 3.

4.1.1.2 Concrete

The self-weight of the slab is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: SLAB

Wet_Concrete :=“NO” "YES" or "NO" dependent if the previous designer has used the weight
of wet concrete

p.=Iif| Wet_Concrete =*“NO”, 25 k—N,26 Ll =25 Ll Self-weight of concrete (reinforced) - SS-EN
m’ m’ m’ 1992-1-1 Table A.1
A =347 m’ Area of slab, see chapter 3
Aslab *Pe kN . .
Gap'=——— =434 — Self-weight of concrete slab, (half of the load goes to each girder) -
2 m applied in the casting stage

If the previous designer has considered that the hardened concrete has a smaller self-weight a reduction in self-weight
is applied in the system analysis for permanent loads.

Appendix X. Name in Strip-Step2: AVSLAB

kN
N Aslab * <_1> ES KN
slab perm =1 | Wet_Concrete = “NO”,0 —, ™ |=0.000Y
m 2 m

28-04-2020
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4.1.2 Shrinkage
The shrinkage force is calculated and used in Strip-Step2, Appendix X. Name in Strip-Step2: E:SHRINK

hy=341 mm Equivalent thickness, calculated in chapter 2
t=120 yr

t=43829.1 day

Som=43 MPa Mean compressive strength - see chapter 2
t,:=1 day
RH:=80% Krav Brobyggande B.3.1.5
t—t
day .
Pasi= =0.994 SS-EN 1992-1-1 3.1.4 Equation 3.10
(1—t) ( )’
514004 !
day 1 mm
k=it 200 mm < h,<300 mm =0.73 SS-EN 1992-1-1 3.1.4 table 3.3
( h \
0.85 —|—2—200-0.001
mm

else if 300 mm < hy,<500 mm

ho
0.75 — | —=—300|-0.0005

mm
elseif /,>500 mm
|07
else
|10
RH,):=100%
Oy =4 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
0y5:=0.12 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
3
Pry=1.55- {1 — (RH ) \: 0.76 SS-EN 1992-1-1 Appendix B.2 equation B12
U, )
Somo =10 MPa SS-EN 1992-1-1 Appendix B.2 (1)

|s

\
|
)) 1070« fpy;=2.53.10"" SS-EN 1992-1-1 Appendix B.2 equation B11

~

(
| —ag+
€,q0:=0.85+ ((220+ 110+ ay,,) €'

28-04-2020
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g =Puas kp+eg0=184+107" Drying shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.9
_ fck _fcmo -6 __ -5 ;
Eoqpi=2.5 Pa «107°=63-10 SS-EN 1992-1-1 3.1.4 Equation 3.12
a
I(foAz- =
Bo=1—e' )19 SS-EN 1992-1-1 3.1.4 Equation 3.13
Eog =P €oqp=6.25+107> Autogenous shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.11
€= Epgt E,q=2.46+10" Total shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.8
4.1.2.1 Shrinkage force
The shrinkage force and corresponding moment is calculated accordingly:
n =14.91 Modular ratio accounting for creep and shrinkage
Ny ghore=5.88 Modular ratio
n
E, = Lshort \E,, =13.4 GPa Effective modulus of elasticity for concrete
. nLics
Agiap i =1.576 m’ Area of concrete slab (half of the cross-section used in
' system analysis)

Fogi=e Ec o Agiap fic = 5206 kN Total shrinkage force
€y i=Zpp o (0 m)=0.558 m The shrinkage force is applied in the center of gravity for the

composite section

h
M =F |z, (0 m)+ m‘zsmb =3737 kN-m Total bending moment
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Shrinkage - anchorage of studs

Forces in the concrete

Aslabﬁc Aslabﬁc )
ny cs ny cs hnmlab
Fccs::ch' 1— - - — |2 s 0m)+ =785 kN
* ey 05

beﬁ»(O m)=4.925m

AH/EY
4: 50f 16

Force in concrete

Effective width of flange

1 bejf(o m) 3
< *ysiab
12 n
M, = Los M =12 kN+m Moment in concrete
N [yics (0 m)
h
. Mcjs . m.slab
opi=—==2 2 =0.35 MPa Stress in concrete, upper edge of slab
Aslabﬁc 1 ° bejf(o m) ° hnmlab
12
h
e Mcjs . m.slab
oyi=—== 2 =0.64 MPa Stress in concrete, lower edge of slab
Ava ic 1
slab.fi — beﬁ”(o m) * hmslab3
12
+
N:= 71T *Agapie=T85 kN = F, =785 kN Force imposed on studs caused by shrinkage
2 ' B (used in chapter 6)
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4.2.2.1 Horizontal side trafic load

25% Q1 b

Py side car’=
h_side_car*=1ax ([ 25% - Qtrﬁbr

D =109.1 kN  Horisontal side force from the acceleration load (used in chapter 7)

P

\ side car="Ph_side car® mslab _ 62 kN Vertical side force from the acceleration load (used in chapter 7)

4.2.3 Temperature load

Temperatures are determined according to SS-EN 1991-1-5, 6.1.3 unless otherwise stated.

Load case 1 - local temperature differences for Hlldiksvall

Ty=10° A1(3)

Tpin=-38 ° TSFS 2018:57-8ch 2§
Tp=34° TSFS2018:57-8ch 2§
Tamin = Tmin+4 °=-34° Figure 6.1

ATy con=Ty—T,,;,=44 ° Contraction - Equation 6.1
TGJT[LIX = Tmax +4 O: 38 ° Flgure 61

ATN xp= Ty — Tp=28 ° Expansion - Equation 6.1
AT:=T, pux— Lo in="72 ° Total temperature difference

Load case 2 - either of the components are larger than the other
AT 5 =15 ° Temperature difference between concrete and steel -

SS-EN 1991-1-5, 6.1.6
4.2.3.1 Coefficients of thermal linear expansion
For composite bridges normally it is suggested to use the same thermal linear expansion coefficient, according

to SS-EN 1991-1-5 Table C.1. However for stainless steels the thermal linear expansion coefficient is much
larger than for concrete and hence a more through calculation is needed for the strain.

a.:=10-107° Thermal expansion coefficient - concrete - SS-EN 1991-1-5 Table C.1.
0,=16-107° Thermal expansion coefficient - stainless steel

- SS-EN 1991-1-5 Table C.1.

O =12 10°° Thermal expansion coefficient - carbon steel
- SS-EN 1991-1-5 Table C.1.
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4.2.3.2 Strains for the different load cases

AT,

A1 cont= —<am—ac> . Nem — _26.4 107°  Difference in strain between steel and concrete for contraction

B ° (temperature drop) - load case 1
AE[C ) pp= <aﬂ— ac> JNew 168107 Difference in strain between steel and concrete for expansion

N ° (temperature raise) - load case 1
Aepe s o= 0O A 2401070 Difference in strain between steel and concrete for when the steel is

B ° 15 degrees warmer or colder than concrete - load case 2

AT,

AchAzfc =q, e At —15.0 107° Difference in strain between steel and concrete for when the

° concrete is 15 degrees warmer or colder than concrete - load case 2

Aepcr=max (Aeyc 5 o, Aepc, ) =24.0 107 Only evaluating the worst case for load case 2, i.e. when there are a
temperature drop or rise in the steel

Eremp, = —Aepco+Aepc ) on=—50.4 107 Minimum strain difference; temperature drop and the steel drops even
- lower
Eromp. = A8 o A81c 1 0y =40.8 107 Maximum strain difference; temperature raises and the steel heatens up
2 even higher

4.2.3.3 Temperature load - global analysis

The concrete is transformed to steel. Already defined parameters are calculated in chapter 3.

b0 m
L): 0.837 m Width of transformed concrete
nLishort
A
Zslabfie — 0268 m? Area of transformed concrete
nLjhort
As,(O m) =0.056 m* Area of composite section
Zyy short (0 m) =198.5 mm Distance from top of concrete to center of gravity for composite
section
L, ghors (0 m) =0.322 m* Moment of inertia for composite section

Fromp = Eemp “E,A,(0 m)= [ _ig‘;g] kN Force on composite section
Clomp F*=Z1p_short (0 m)=198.5 mm Level at which the force is imposed on the system

Chomp 1= Zpp steet (0 M) =2y 10 (0 m)=1.714 m  Eccentricity for the bending moment
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Moy =Fromp* Clomp M= [ _3221] kN «m Bending moment - composite section
Anchorage of temperature load imposed on studs
Concrete
Aslabﬁc Aslabﬁc
ny short ny short —1783
Nc temp ::Ftemp ° - - - :[ :| kN
- Aslfshort (0 m) [yishort (0 m) 1444
hmAslab
° ((thsteel(o m) —Zip short (0 m)> ° (thshort (0 m) + 5 ))
1 bejf(o m) h 3
= *nslab
12 ny short —69
Mcitemp = = * Mtemp = 56 kN +m
[yishort (0 m)
N, M -
o= e femp —| 70311 y/py Stress in concrete, upper edge of slab
Avlabﬁc 1 2 0.25
o g'bejf(o m) 'hmAslab
N, M, -
0,i= ctemp | c_temp :[ 122] MPa Stress in concrete, lower edge of slab
Av ab.fic 1 .
slab g'beﬂ(o m) 'hmuvlabz
0,10, —1783 . ) .
Niemp = * Agap fie = kN Force imposed on studs caused by shrinkage (used in chapter 6 when
1444 calculating the anchorage of the slab by the studs)
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5 Capacity checks during construction

The capacity check that is carried out in this chapter is bending moment capacity with respect to lateral torsional
buckling in the casting phase

In the casting phase the normalforces in the cross-section are neglectible.

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

Xehock m=26 m Coordinate for control calculations - bending moment

Xopoor v=15m Coordinate for control calculations - shear force

5.1 Load effects

Load effects retrieved from Strip-Step2, Appendix X.

Bending moment

My uis Bending moment descending from permanent loads during construction in ultimate limit state
My sis Bending moment descending from permanent loads during construction in service limit state
A 26

22500+
20000+
17500+
15000+
12500+

My urs (X) (kN' m)

10000+

75004 MdﬁSLS (X) (kN' m)

5000

2500

v

( > 10 15 20 25 0 > 40 45 50 55
—2500+
X (m)
M, uis <Xcheck7m> =20728 kN-m Bending moment at control point - ULS
My g5 <Xcheck7m> =17274 kN-m Bending moment at control point - SLS
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Shear force
Vius Shear force descending from permanent loads during construction in ultimate limit state
Vi sis Shear force descending from permanent loads during construction in service limit state
4 2
1650+
N
1500+
13507 N

1200+

1050+

900+

7501

600+

4501

3007

150+

Va urs (XcheckJ) =1555 kN Shear force at control point - ULS

Vass (Xchecki» =1296 kN Shear force at control point - SLS

12-05-2020
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5.2 Redesign of cross-section

S, Length coordinate
b, Thickness of upper flange
by, Width of upper flange

Thickness of web

h, Height of web

4 Thickness of lower flange
by Width of lower flange

fyW Chosen yield strength - web
Element 1

St tur bug twr heg i bag S

(mm) (mm) (mm) (mm) (mm) (mm) ~(mm)

0 35 580 7 2990 50 550 f,

10mm

500 35 580 7 2990 50 550 f,

10mm

Element 2

Sz o buo Lo hyo tgs by, [l

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 580 7 2990 50 550 £, o
10500 35 580 7 2990 50 550 f, jgum
10500 40 580 5 2980 55 550 f) g smm

11300 40 675 2980 55 750 £y 6.4mm

5
25500 40 675 5 2980 55 750 £, 6.4mm

Element 3

Sz lusz bus tws hys  lgs bps o fas

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 580 7 2990 50 550 £ 10mm
500 35 580 7 2990 50 550 £ 1omm

hyoyy = mean <tﬁ471 + hWJ + th1> =3075 mm
Check to see that the girder height is kept constant
hypr2 3= mean <tﬁ472 + hWJ ar tﬂfg) =3075 mm
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5.2.1 Shape of corrugation

a.; =153 mm Flatfold length

0,.:=36 deg Corrugation degree

a,3:=90 mm Corrugation depth

Apergi="S mm Weld throat thickness
a

agyi=— =153 mm Legnth of hypotenuse

Aoy ::L: 124 mm Length of corrugation depth, see figure
tan <ac>

S.==a.;+a,=306 mm Length of corrugation

Wei=a. +a., =277 mm Straight length

roi= % =1.106 Ratio corrugation/straight length

c

12-05-2020
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5.2.2 Cross-section classification

The cross-section classes is determined according to SS-EN 1993 1-4 5.2.2 with updated limits from SS-EN
1993 1-4:2006/A1:2015. Since the web is corrugated and does not contribute to the axial stiffness the web is
not classified.

Cw (X) = hw (X) —2-V2- Ayeld

bulx) a tlx
¢ (x) ::/“—()+ < » () V2 a,, Distance from web weld toe to free edge on upper
2 2 2 flange
by(x) a tlx
c,f(x) = ﬂ( ) - W( ) —\/E *Ayolq Distance from web weld toe to free edge on lower
2 2 2 flange

Cross-section class, upper flange

E,=200 GPa Modulus of elasticity
Jouy=450 MPa Proof strength of top flange
235 K
&yt = . =0.71 SS-EN 1993-1-4 5.2.2 Table 5.2
Sour 210000
. Cu/'(x) :
cscuf(x) = || if = ) <9 ¢, Cross-section class upper flange
t; \x )
fuu
’ “cscl”
c,rlx
elseif 9 ¢,< o) <10 ¢,
A '
“csc2”
crlx
elseiif 10 &<~ ) <ldg,
el '
“csc3”
else
“csc4”
CSCur (Xopeck m) = “c3¢3” Cross-section class at X, ,,=26.000 m
C8Cur (Xopeek ) = “cs3” Cross-section class at X, , = 1.500 m
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Cross-section class, lower flange

E,=200 GPa

f,y=450 MPa

235 E;
fr 210000

81/»::

csc,f(x) =||if £ <9 g

|| A

17 EE)
csclf<Xcheck7m> ="csc3

13 ”»
escy(Xopeer ) = “cscl

Inx
“cscl”
elseif 9 ¢,< le(x) <10 g
£ (%)
“csc2”
else if 10 &< ol 4 &y
Inx
“csc3”
else

Modulus of elasticity

Proof strength of top flange

SS-EN 1993-1-4 5.2.2 Table 5.2

Cross-section class lower flange

Cross-section class at X, ,, =26.000 m

Cross-section class at X .. ,=1.500 m

AH/EY
5:60f 12
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5.2.3 Plate buckling of compressive flange

If the compressed flange is in cross-section class four an effective width of the compressed flange is calculated
according to SS-EN 1993-1-4 5.2.3. Updated values are taken from SS-EN 1993 1-4:2006/A1:2015. Since the
web is corrugated the buckling factor &, is calculated according to SS-EN 1993-1-5 D.2.1 (2)

Ao = oy +2 =401 mm SS-EN 1993-1-5 D.2.2.(1) Equation D.4
Cu=Cor (Xeneek m) =373 mm Width of outstand flange from weld toe to free edge
L=, <Xcheck7m> =40 mm Thickness of upper flange
b= b, (Xeheek m) =675 mm Width of upper flange
8uf: 071
(e, \ .
k,;:=0.43 +L J =13 SS-EN 1993-1-5 D.2.2.(1) Equation D .4
Apend

k,,:=0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4
ky:=min (ky; ,k,5) = 0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4

CM

t
At .6 Slenderness of flange plate SS-EN 1993-1-1 (2)

P - =0
28.4+5,0/k,

Reduction of flange area SS-EN 1993-1-5 (2) 4.4
pi=if|1 <0.748, 1.0 4p—0.188) 1.00 Equation 4.3. Same for carbon steel as for Stainless
— p =V yI1.Vy——mm | — 1.

2 steel
’lp

byyi=b,+p=615 mm = bogie (Xeteck m) =675 mm

A
696

begi, (X) (mm)

by (X) (mm)

v

by, (x) = by (x) Renaming the width of flange in order to minimize errors
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5.2.6 New cross-sectional constants during casting
L, el (x) Stiffness of steel girder alone (excluding the web)
Zyp steel (x) Distance from the top of the top flange to the center of gravity for the steel section
Wer steel (x) Elastic bending stiffness of steel girder alone (excluding the web)
A 1.5 26.0
1.9
1.8 / \—
1.7 '
1.6
1.5
1.4
1.3 [yfsteel (X) (01 m4>
1.2 ;
11 Welisteel (X) <01 m >
1
0.9 Ztp steel (X) (m)
0.8
0.7 ( \
0.6
0.0 3‘,(] 1(;,(J 17;,(] 21J‘,1J 27;,(] Ci(J,(J i’.v')‘,(J 4(;,(J 47)‘,() S(J,(l 57;,[] .
X (m)

Coordinates and cross-sectional constants for control calculations

Xehock m=26 m X- coordinate for control calculations, bending moment
Ay <Xcheck7m> =0.068 m* Area

L steet (Xeneek m) = (150-107°) m* Stiffness

Zip steel <Xcheck7m> =185m Center of gravity

Wer steer <Xcheck7m> = (81 . 10_3> m’ Elastic bending resistance

Keheck v=1.5m X- coordinate for control calculations, shear force

Ay <Xcheck7v> =0.048 m* Area

L sveet Xeneer 1) = (107+107°) m* Stiffness

2y steet (Xeheek v) =1.762 m Center of gravity

Wei steel <Xcheck7v> = <61 . 10*3> m’ Elastic bending resistance
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5.2.4 Lateral torsional buckling of compressive flange - SS-EN 1993-1-4 5.4.2.1

Simplified method only consisdering buckling of top flange according to SS-EN 1993-1-4 5.4.2.1

o;7:=0.76
1,:=7.29 m
bef:: bejfu <)(check7m> =675 mm

=t (X

check_m

> =40 mm
E =200 GPa

frug=450 MPa

b2t
Ly=—2—7=0.001 m*
12
7[2 -E'Y .[Zf
N,y pi=———7 =38077 kN
2

/

cr

b etre .
ALTJ::HL It _ 0,565
NcrLT

Prr u:=05- <1 +a;re </1LT_M— 0.2> +/1LT_MZ> =0.8

Buckling curve d, welded open cross-section

Distance between the cross-beams

Width of upper flange

Thickness of upper flange

Modulus of elasticity

Proof strength

Moment of inertia, upper flange

Critical buckling load

SS-EN 1993-1-4 5.4.2.1 Equation 5.9

SS-EN 1993-1-4 5.4.2.1 Equation 5.7

Xor wi=min ! A|=0734 = gy (Xopues ) =0.734

Dy u+N\ Dy u® =y

SS-EN 1993-1-4 5.4.2.1 Equation 5.6

Py = hyy (Xeheek m) =2980 mm Height of web
L=ty <Xcheck7m> =55 mm Thickness of lower flange
kp=1.1 Increase in capacity due to simlified method
' used, SS-EN 1993-1-1 6.3.2.4 (2)B

by te kg Xur 0t fou L+t
MRdAuALT u= il XLT7 f)’f hw u+ ! ! :29705 kN'm = MRdAuALT <Xcheck m> :29705 kN'm

- Imi - B

12-05-2020
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5.2.5 Check of lateral torsional buckling

Check of the buckling capacity of the girders is performed.

MRd‘u‘LT(X) Capacity of the girder against LT- buckling during casting
My yrs (X) Load effects during casting, Appendix ¥
A
315001
280001
245001
21000
175001
L1000} My 115(X) (kN-m)
105001
Mpgurr(X) (kN<m)
70001
35001
) > 10 15 20 25 30 35 40 45 >0 55 .
—3500T
X (m)
M, X
Npax 3= MAX LS() =70% Maximum utilization rate of the steel cross-section during
Mg rr(X) casting

12-05-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
5: 11 0of 12

5.3 Stresses in steel cross-section

The stresses in the top and bottom flange is calculated for the loading senario to be able to superposition
them with the other loadcases to determinte the ultimate capacity of the composite section.

Upper flange

Control calculation at midspan

M:=My g5 (Xopeck m) =20728 kN +m Load effext at midspan
I:=1, oo (Xopeck m) =0.15 m* Moment of inertia at midspan
Z3= 2y, sreel <Xcheck7m> =1.85m Centre of gravity at midspan maesured from

the top of the beam

iz ]‘14 2=256 MPa = Gy uns et (Xeeck m) =256 MPa

Ofii ULS cast (X) Stresses in the lower flange in the casting phase.

450
400+
350+
300+

250+

2004 G.yufmsfcm (X) (MPLI)

T ngufx (X) (MP(Z)

100+

501

—50+

nmax 8

— max ( O-SfuiULSicast (X) ) — 57%
Jour
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Lower flange
Check calculation at midspan
M:=M; ys <Xcheck7m> =20728 kN-m Load effect at midspan
I:=1, oo (Xopeck m) =0.15 m* Moment of inertia at midspan
2= Zyir seel <Xcheck7m> =1.225m Centre of gravity at midspan measured from

the bottom of the beam

M. =170 MPa = Oyt vLs cast (Xeheck m) =170 MPa

0=

Oy ULS cast (X) Stresses in the lower flange in the casting phase.

450
400+
350+
300+
250+

O-SﬂiULSicast (X) (MP a)

200+

150+

Joupx (X) (MP a)

100+

501

—50+

X (m)

Ay = QX ( Osf1 ULS cast (X) ) —138%

S
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Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
6: 10f 25

6 Capacity checks - Ultimate limit state, global

The capacity checks that are to be carried out are bending moment capacity, shear capacity, web breathing and
design of studs, both in ULS and due to fatigue

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

X

heck m =26 m Coordinate for control calculations - bending moment

Xopoor v=0.5m Coordinate for control calculations - shear force

6.1 Load effects in ULS

6.1.1 Bending moment with corresponding axial force

Permanent loads during casting do not contribute with any stresses in the concrete since the entire slab is
casted in one step. Load effects retrieved from Strip-Step2, Appendix X.

Bending moment in the ultimate limit state

My urs (x) =My (x) + M, (x) +M, e (o) + M55 (x) + Mg, (x)

My uis Design bending moment effect from all loads
My (x) Bending moment during casting (Appendix X)
M, (x) Bending moment from multi component loads (Appendix X)
M, (x) Bending moment from temperature loads (Appendix X)
Myss (x) Bending moment from additional permanent loads after construction (Appendix X)
Myrss (x) Bending moment from shrinkage (Appendix X)
4 26
65000+
58500+
520001 My yis (X) (kN- m)
45500
39000 Myps; (X) (kN' m)
32500+
26000 M, (X) (kN- m)

19500+
130004 /_\ A/Itemp (X) (kN' m)
ot — 7 ~ My (X) (kv-m)

( 5 10 15 20 25 30 35 40 45 50 55

—65001 Mgy (X) (kN- m)

M, uis <X

check_m,

) =60552 kN-m Bending moment at control point - ULS
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Axial force in the ultimate limit state

NdiULS(x) = Nysi (x) + N, (x) + Neemp () + Nz () + Ny, (x)

Ny uis Design normal force from all loads
Nyrs (x) Normal force during casting (Appendix X)
N, (x) Normal force from multi components loads (Appendix X)
Neemp (x) Normal force from temperature loads (Appendix X)
Nyrss (x) Normal force from additional permanent loads after construction (Appendix X)
Nypss (x) Normal force from shrinkage (Appendix X)
4 26
1000+
> 10 15 20 25 30 5 40 45 50 55 -
—1000 NdﬁULS (X) (kN)
—2000+
—30001 Nyis; (X) (kN)
—4000+
—-')UUU—r ]vtr (X) (kN)
—6000+ e —
70001 ]vtemp (X) (kN)
—8000+
Nosss (1) (k)
—10000+
Nussy(¥) (k)
X (m)
Ny uis <Xcheck7m> =—10851 kN Normal force at control point - ULS
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Va us () = Vs () + Vs (x) + Vs (x) + Vipse ()
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Va ues Shear force descending from permanent loads during construction in ultimate limit state
Vs (x) Shear force during casting (Appendix X)
Virss (%) Shear force from variable loads (both temperature and traffic) (Appendix X)
Virss (x) Shear force from additional permanent loads after construction (Appendix X)
Virss (x) Shear force from shrinkage (Appendix X)
Al 1
4950+
4500
4050+
36007 Vd ULS (X) (kN)
3150+
2700 VULSZ (X) (kN )
2250
Virs (X) (kN)
Vinsa (%) (1)
900+
sof
e — ] Ym0 w
U( 5 10 15 20 25 30 35 40 45 50 55

VdiULS <Xcheck7v> =4485 kN

Shear force at control point - ULS

13-05-2020
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Cross-sectional constants

For calculations, see chapter 5.

1900
1750
1600
1450
1300
1150
1000
850
700
550
400
250

100

A

_

|

://

\:
—

0.38

0.355

0.33

0.305

0.28

0.255

0.23

A

15 20 25 30 35

40 45 50

0.205

0.18

0.155

0.13

0.105

R

v

0.345

A

15 20 25 30 35

40 45 50

0.315 ‘—/

0.285

0.255

0.225

0.195

0.165

0.135

0.105

0.075

0.045

——

N

(

) 5 10

15 20 25 30 35

40 45 50

v
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Aslfsteel (X) <m2 )

Aslfshort (X ) <m2 >

Ayt pern (X) (m*)

Aslfcs (X) (m : >
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6.3 Stresses in steel cross-section

The stresses is calculated for each load case taking into acount load duration and creep. The stresses are
then superpositioned.

6.3.1 Stresses during casting

M=My;s; (Xopeck m) =20728 kN+m Bending moment
I:=1, oo (Xopec m) =0.15 m* Moment of inertia
222, ot (Xeheek m) = 1850 mm Center of gravity from top flange
h=hpum <Xcheck7m> =3075 mm Height of girder
M . .
0y, '= 7 «—z=-256 MPa = Oy cast <Xcheck7m> =—256 MPa Stresses in upper flange from loads durng casting
M . .
0= 7 «(h=2)=170 MPa = 6, <Xcheck7m> =170 MPa Stresses in lower flange from loads durng casting

6.3.2 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for
the composite section directly as the force is acting there. The other one is the temperature load where the load
is acting on the steel section and so stresses must be calculated for that specific section. The worst load case is
determined dependent on the largest stress in each part whereas the multi-component load is the main load for
the lower flange, and the temperature load is the worst load case for the upper flange.

6.3.2.1 Multi component loads (traffic)

M=M,, (Xojoeh ) =20646 kN+m Bending moment

N:=N, <Xcheck7m> =0.01 kN Normal force

A=Ay shor <Xcheck7m> =0.336 m* Cross-sectional area

I:=1, g0 <Xcheck7m> =0372 m* Moment of inertia

Z3=Z ghont <Xcheck7m> =248 mm Center of gravity from top flange

h=hy,,, <Xcheck7m> =3075 mm Height of girder

» 209N 09M (—z)=—12MPa = oy, (Xepeer m) =—12 MPa Stresses in upper flange from short

A I - term loads

Oy 1SN 1S M (h—z)=236 MPa = 0y}, (Xepeek m) =236 MPa Stresses in lower flange from short
A I - term loads
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6.3.2.2 Temperature loads

M:=M,, (Xepeck m) =10332 kN-m
N:= ]vtemp <)(check7m> =—5645 kN

As = Aslfsleel <X

check_m,

) =0.068 m’

A= Aslishort <X

C

heck m) =0.336 m’

I =1 X,

_ 4
s y_steel < checkﬁm> =0.15m

[::[yjhort <)(check7m> =0.372 m4
Zgi= thjteel <)(check7m> = 1850 mm

z ::thishort <)(check7m> =248 mm

h = hbeam <Xcheck7m> = 3075 mm
[v
M, := [ eM=4159 kN+m
Ns==N'(1— S - >2)):—1839 kN
A 1
15N, 1.5M,
0, ,= ] . <_Zs> =—118 MPa
A I
09N, 09 M,
O51+= - = <h _Zs> =6 MPa
A 1

) S

Osu. temp

Os.1. temp

Bending moment

Normal force

Cross-sectional area - steel section

Cross-sectional area - composite section

Moment of inertia - steel section

Moment of inertia - composite section

AH/EY
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Center of gravity from top flange - steel section

Center of gravity from top flange - composite section

Height of girder

Bending moment imposed on steel section

Normal force imposed on steel section

(Xeheck m) =—118 MPa
B term loads

<Xcheck m> =6 MPa
B term loads

6.3.3 Stresses due to additional permanent loads

M::MULS3 <Xcheck7m> =4192 kN+m
[::ijerm <)(check7m> =0.303 m4
z ::thjerm <)(check7m> =733 mm

h= hbeam <Xcheck7m> =3075 mm

13-05-2020
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. (—z) =—10 MPa = G <Xcheck m> =—10 MPa Stresses in upper flange from
1 a additional permanent loads

<

Os.

ji=—e(h—z)=32 MPa O L perm <Xcheck m) =32 MPa Stresses in lower flange from
1 - additional permanent loads

6.3.4 Stresses due to shrinkage

In the same manner as the temperature load must be calculated for the steel section, the shrinkage which acts on the
concrete section must be converted for the steel section.

M:=My;s, <X

Check7m> =4653 kN+m Bending moment

N:=Ny;s <Xcheck7m> =-—5206 kN Normal force

As ::Aslisteel <)(check7m> =0.068 m :
A ::Aslics <)(check7m> =0.174 m2

[s = [yisteel <Xcheck7m> =0.15 m4

I:=1 <X

y_cs e

heck m) =0.318 m*
Zgi= thjteel <)(check7m> = 1850 mm

Z3=2Zy o <X

check_m

>:628 mm

hi= hbeam <Xcheck7m> =3075 mm

I
M,:= 1 -M=2189 kN+m

Cross-sectional area - steel section

Cross-sectional area - composite section

Moment of inertia - steel section

Moment of inertia - composite section

Center of gravity from top flange - steel section

Center of gravity from top flange - composite section

Height of girder

Bending moment imposed on steel section

13-05-2020

h
m.slab (Z— méslab ))) =—1235 kN

Normal force imposed on steel
section

Stresses in upper flange due

Oy v.shrink <Xcheck7m> =—45 MPa : sses
O shrinkage

Stresses in lower flange due to

Oy [ shrink <Xcheck7m> =0 MPa tress
shrinkage
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6.3.5 Summary of stresses
The stresses from the different phases are summarised accordingly.
Os.u (X) = Oy y.cast (X) + Os.u.shrink (X) + O-SAuAperm (X) + Os.u.tr (x) + O-SAuAlemp (x) Stresses in upper ﬂange
Os1 (X) =05 I cast (X) + Os.1shrink (X) + O-SAlAperm (x) + Os.Ltr (x) + O-SJAtemp (x) Stresses in lower ﬂange
A 26
495
450
405
360
315 “Osu (X) (MPa)

0, (X) (MPa)

225

180

135 fylfx(X) (MPa)

" fyufx (X) (MPLI)

45

v

( i) 10 15 20 25 30 35 40 45 50 55
X (m)
—Os.y (X) . - .
N umar i=max | —=—21=100% Maximum utilization rate - upper flange
];ufx (X)
O-SAI(X) \ . L1 .
No Lmax :=Max L—J =99% Maximum utilization rate - lower flange

13-05-2020
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6.4 Calculation of stresses in concrete
The stresses in the concrete is calculated with the same principle as the steel taking creep into account.

6.4.1 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for the
composite section directly as the force is acting there. The other one is the temperature load where the load is acting
on the steel section and so stresses for the concrete must be calculated separately.

6.4.1.1 Traffic and wind loads

M:=M

r

<Xcheck7m> =20646 kN+m

NN, (X

C

heckﬁm) =0 kN

A ::A.vljho;'t <Xcheck7m> =0.336 mZ

[::[yjhort <)(check7m> =0.372 m4

Zi= thishort <)(check7m> + hnmlab =568 mm

hi= hbeam <X

C

heck m) = 3075 mm

npi=ng, = 5.88

o= (M ZM2) Lo s mpa
nr

6.4.1.2 Temperature load
M::Memp <Xcheck7m> =10332 kN-m

N::]vtemp <)(check7m> =—5645 kN

npi=ng = 5.88

A ::Asljhort <Xcheck7m> =0.336 m2

L — 0268 m?

Acejf:: Aslahﬁc *
nr

A=Ay 5o =1.576 m*

I:= ijhort <)(check7m> =0.372 m4

13-05-2020

= Ocshort <Xcheck7m> =—5 MPa

Bending moment

Normal force

Cross-sectional area

Moment of inertia

Center of gravity from top flange

Height of girder

Modular ratio

Stresses in concrete from short-term loads

Modular ratio

Cross-section area - composite section

Cross-section area - effective concrete section

Cross-section area - concrete section

Moment of inertia - composite section
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3
L=bo (Xopeek m) * m‘lﬂzab =0.013 m* Moment of inertia - concrete section
b (X, P siap”
L= e Koteck ) cmslah  —0.002 m* Moment of inertia - effective concrete section
’ nr 12
222, ort (Xeheck m) =248 mm Center of gravity - composite section
h
Z,:= m‘;ab =160 mm Center of gravity - concrete section
1
M. ::C‘Teﬂ «M=64 kN+m Bending moment imposed on concrete slab
Ac eff Ac eff hm slab .
N_.:=N- T—T <zs—z> olz+ 2 =—1839 kN Normal force imposed on concrete slab
-N, M, .-z, .
0.:= y +17 =041 MPa = 0, mp <Xcheck7m> =0.41 MPa Stresses in concrete from temperature loads
6.4.2 Stresses due to additional permanent loads
M= My; g5 (Xopeck m) =4192 kN+m  Bending moment
I:=1, e <Xcheck7m> =0.303 m* Moment of inertia
Z3=Zp perm <Xcheck7m> + h,, an = 1053 mm Center of gravity from top flange
B = hpeum <Xcheck7m> =3075 mm Height of girder
npi=ng = 18.48 Creep
—M.z 1 .
o,i=———+—=—0.8 MPa = O perm <Xcheck m> =—0.8 MPa Stresses in concrete from permanent
1 np - loads

13-05-2020
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6.4.3 Stresses due to shrinkage
M:=My;q, <Xcheck7m> =4653 kN+m Bending moment
N:=Nyes <Xcheck7m> =—-5206 kN Normal force
npi=ng = 14.91 Modular ratio considering creep
A=Ay o (Xopook m) =0.174 m? Cross-section area - composite section
A o= Agiap fic * L _ 0.106 m* Cross-section area - effective concrete section
r
Ap=Agpap e =1.576 m’ Cross-section area - concrete section
I:=1, <Xcheck7m> =0.318 m* Moment of inertia - composite section
h 3
L5=by (Xopeek m) * m‘;lzab =0.013 m* Moment of inertia - concrete section
by (X, P stat”
L= e (Xoteck ) Lmslab —0.001 m* Moment of inertia - effective concrete section
' nr 12
222, oo (Xepeck m) =628 mm Center of gravity - composite section
h
zpi= 0% — 160 mm Center of gravity - concrete section
1
M, ::C‘Teﬂ eM=13 kN-m Bending moment imposed on concrete slab
2
Ac eff Ac eff hm slab .
N, :=N-|1—- A —— I —e|z+ 2 =—-966 kN Normal force imposed on concrete slab
—N, M, -—z, . .
O.:= +——=0.5 MPa = O ghrink <Xcheck m) =0.5 MPa Stresses in concrete from shrinkage
AC c B

13-05-2020
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6.4.4 Summary of stresses

O (X) = Oc.short (X) + Oc. temp (X) + o-cperm (x) + O .shrink (X) Stresses in concrete

25

23

20

18

15

13

10

AH/EY
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Jex(X) (MPa)

—0.(X) (MPa)

—0. (X) . el
N o.max = MAX =23% Maximum utilization rate - upper flange

13-05-2020
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6.5 Shear capacity

The shear capacity of the corrugated steel girder is calculated accoridng to SS-EN 1993-1-5, Appendix D.
The local- and global buckling factor are calculated according to SS-EN 1993-1-5, Appendix D.

Local buckling factor

a.; =153 mm a,, =153 mm Corrugation geometries
ey =max (a,; ,a,) =153 mm SS-EN 1993-1-5D.2.2.(2)
twi=t,, (Xopeer ) =7 mm Web thickness
w 2
7, =483 E,- ( ) =2019 MPa SS-EN 1993-1-5 D.2.2.(2) Equation D.7
acmax

A =0.37 SS-EN 1993-1-5 D.2.2.(2) Equation D.6
(115 ) _ . .
x;i=min ,11=091 = ., <Xcheck V> =091 Reduction factor local buckling - SS-EN 1993-1-5
L0-9 + 4 B D.2.2.(2) Equation D.5

Dy=——= . “—6kN-m SS-EN 1993-1-5 D.2.2.(3)

_ Es.tw-ac32 . <3 ad+acz>

D,:= =2089 kN-m SS-EN 1993-1-5D.2.2.(3)
12 w,
hw =Ry, (Xepeer ) =2990 mm Web height
324 ,
= N+m=247 MPa SS-EN 1993-1-5 D.2.2.(3) Equation D.10
w e hw?
X
A= M =1.06 SS-EN 1993-1-5 D.2.2.(3) Equation D.9
V' s
(15 ) - i
Hgi=min| ———,11=0.92 = e <Xcheck v> =0.92 Global buckling factor SS-EN 1993-1-5 D.2.2.(3)
LO.S +17 ) - Equation D.8
xe=min (xg,7,) =0.91 = e (Xopeek ) =0.91 SS-EN 1993-1-5D.2.2
o fyw <)(check7v> _ _ _
Via=xc» 22l e hwetw=5250 kN = Vg (Xojeek ) = 5250 kN SS-EN 1993-1-5D.2.2.(1) Eq.D.4

Ym1 \/g

13-05-2020
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Al 1
5500+
5000
4500+
4000+
35001
Vaus(X) (k¥)
25007
2000 Veaw (X) (kN)
1500+
1000+
5(](]1 \

U( 5 10 15 20 25 30 35 40 45 50 55 -

X (m)
Nymax = 87% Maximum utilization rate

13-05-2020
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6.7 Studs

6.7.1 Ultimate limit state

AH/EY
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The capacity of the studs in the ultimate limit state are calculated according to SS-EN 1994-2 6.6.3

d

d =22 mm

hga =200 mm
Jup =800 MPa

fo swai=min (f,;,,500 MPa) =500 MPa

h
stud -9
dstud
e hstud _
Qgpud = lf 3 S S 4 =1.0
stud
h
a—02.|1+22
stud
h
else if 4 <
dstud
H a—1
a
” 0.8 'fu stud * T * dctud2
P,;:==min = - =122 kN
4eyp
} 0.29. Aud dstud2 * Vfck * Ecm

| Vv
Suf short <Xcheck7v> = <78 . 1073> m’
Virs: (Xeheck v) =2538 kN

[yjhort <Xcheck7v> = <260 . 1073> m4

_ Sl,gfishort <)(check7v> * VULSZ <Xcheck7v> —762 k_N

‘L's h =
I y_short <)(check7v> m

S heck7v> = <59 ° 1073) m3

uf perm <X

C

13-05-2020

Diameter of stud
Length of stud
Characteristic strength of studs

Ultimate strength shear stud
- SS-EN 1994-2 6.6.3.1 (1)

Ratio height- diameter

Correction factor for length to diameter ratio shear stud
SS-EN 1994-2 6.6.3.1 (1)

Capacity of one shear stud SS-EN 1994-2 6.6.3.1 Eq:
6.18,6.19

Second moment of area
Shear force

Moment of inertia

Shear force per meter between concrete and top
flange for short term loads

Second moment of area
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Virss <Xcheckj> =329 kN Shear force
L, perm <Xcheck7v> = <221 . 1073> m* Moment of inertia
S, X <V X
Tpei= u_perm < Ch“k*v> ULS3 < Ch“kfv> =87 kN Shear force per meter between concrete and top
L, perm <Xcheck7v> m flange for permanent loads
Ti= |rsh + rpe| =850 k—N Total shear force per meter between concrete and top
m flange

13-05-2020
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74 0.9 max
ngi= (@110 9or 1) 701 = Ned stud Xeneer v) =70 i Number of studs needed per meter
P, m m
My stud (X) Provided amount of studs in a certain section
Mg stud (X) Needed amount of studs in a certain section

) (1]

3|~

:i \/ nrdistud (X) (

\
)

v

6.7.1.1 Additional studs for full anchorage

Case 1: Temperature and shrinkage causes the slab to contract and therefore they are working in the opposite
direction as the shear flow from ULS- loads during bending.

The anchorage length is calculated according to SS-EN 1994-2, 6.9 (3).
B,,=2525m Distance from centre web to outer part of edge beam
B, =28 m Distance from web to centerline bridge

b:=max (B,,,B,) =28 m

Lypen=15b=42m Anchorage length - SS-EN 1994-2, 6.9 (3)

Nes sua=T785 kN Shrinkage force imposed on studs - calculated in chapter 4

|Nmmp . | = 1783 kN Temperature force imposed on studs causing contraction - calculated
| - in chapter 4

13-05-2020
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1.0 N,
Mg o= —0 =15 1
lanch °Prd m
L5 |N, lem;)jtlui1 |
Rog tompi=———-—=52 —
ey lanch <P rd m
1

nedﬁanch.l = nedfcs + neditemp =67 —
m

nrdistud(o m) =6.9 i

m
check; =if <ned7anch. 1< n,dﬂud(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check; =“No extra studs are needed”

Case 2: Temperature causes the slab to expand and therefore working in the same direction as the shear flow
from ULS- loads during bending. Shrinkage causes the slab to contract, i.e. working in the opposite direction.

1
—nedics = —1.5 ;
]\/le,,wj,m,2 = 1444 kN Temperature force imposed on studs causing expansion
- calculated in chapter 4
1.5-0.6 ]vtempistud2 1
ned temp = = 25 -
N lanch ° Prd m

Neq stud(o m) =13 L
- m

1
nedﬁanch.Z = nedistud (0 m) + nedftemp - nedfcs =23 —
m

nrdistud(o m) =69 i

m

check, =if <ned7anch_ 5 < n,dismd(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check,=“No extra studs are needed”

13-05-2020
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Extra studs needed due to shrinkage and temperature
My stud.adj (X) Needed amount of studs with regards to extra anchorage due to temperature and shrinkage

My stud (X) Provided amount of studs in a certain section (ULS- loads)

Mo stua(X) Needed amount of studs in a certain section

54
4 /
pu!

v

Table. Showing the adjusted need for studs near supports

X Mg Mg sgj
0 6.9 6.9
05 6.9 6.9
42 6.9 6.9
6 6.2 6.2
11 52 5.2
20 37 3.7

13-05-2020
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6.7.2 Fatigue limit state

6.7.2.1 Capacity
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The fatigue capacity is calculated according to SS-EN 1993-1-9, Table 8.5 and SS-EN 1994-2, 6.8.3.

At.:=90 MPa

At =4, A1,

A, =155
0,:=410 kN
0,:=480 kN

N, :=0.05+10°

Ny:=0.5-10°

1

(N
/qu — th . ( obs) —0.64
Q() N()

tLd:: 120

1

0
as=[222) =102
100

Aai=1.0

/lv ::/lul "%2"%3 '/lu4: 1.02

VYmF = 1.0

Az,
VEr® Aop, <——
YmF

ed,
Fy quai=At,«—" =342 kN
‘ 4

7

F
Foy guai= ’if’“d =33.7 kN

v

13-05-2020

SS-EN 1993-1-9 - Table 8.5 (10)

Bridge length less than 100m - SS-EN 1994-2 6.8.6.2 (4)

Mean weight of large vehicles in the slow lane

SS-EN 1994-2 6.8.6.2 (4) and SS-EN 1993-2 Eq. 9.10

Expected service life [years]

TSFS 2018:57-27ch. 3§

SS-EN 1993-2, 9.3 (1)

SS-EN 1994-2, 2.4.1.2 (6)

Shear fatigue capacity - one stud

Considering trafic load
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6.7.2.2 Fatigue load

Viur (X) Fatigue load from trafic - see Appendix X

41
500
450
400
350
300
250

Viar (X) (kN)
200 —_—
150
100
50
[l 5 10 15 20 25 30 35 40 45 50 55 .
X (m)

b= sV - stud_capacity

1 m
Suf = Sufjhort <Xcheck7v> =0.078 m3

Vi= VFAT <Xcheck7v> =494 kN

I:= [yjhort <Xcheck7v> =0.26 m4

S,V
At:= Sy T 148 k_N
1 m
Fry sua=34 kN Fatigue capacity - one stud
At 1 1
nediAr = =44 — = nedistudAAr <Xcheck7v> =44 —
Frd stud m m

13-05-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
6: 24 of 25

6.7.2.3 Design of studs with regards to fatigue

Ned stud Az (X) Needed amount of studs with regards to fatigue

My stud (X) Provided amount of studs in a certain section

Mo stua(X) Needed amount of studs in a certain section
A
8
7 } \\ ,,7 : 1
5 Y
( ! N - - 2 : Ned stud.Ar (X) (_)
6 : \\\ P H m
-0 3 1
i - i [

) (]

v

\:

| U

a

=

U

Q

&

—~~

>
—_
SN———

Extra need of studs with regards to fatigue

s nedisludAA‘t (X) 13 99 ¢ 2
Check :=if | max W , “No extra studs are needed” , “Extra studs are needed
nrdistud

Check =“No extra studs are needed”

6.7.3 Summary - design of studs

Table. Showing the stud design for half of the span

-:{ ni-tud.IJEEd nStIJd.I'IEE'd nStIJd.fElt

0 6.9 1.3 0.0
0.5 6.9 7.0 4.4
4.2 6.9 6.3 4.1

6 6.2 2.9 39
11 5.2 5.0 34
20 3.7 3.3 2.5

13-05-2020
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6.8 Utilization rates

Ny umar = 100% Stresses in top flange
Notmax = 99% Stresses in lower flange
Noc.max =23% Stresses in concrete
Nmax=87% Shear capacity
Nbreathing = 12% Breathing

AH/EY
6: 25 of 25
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9 Material savings

The material savings that are achieved thanks to redesigning the bridge with corrugated webs and using
stainless steel is compared to the old design. However it is important to note that dependent on the utilization
rates the savings may always not be comparable. For this bridge the highest utilization ratios are larger than

95% (close to 99,8%) and therefore close to comparable.

9.1 Main girder

The main girder is redesigned with a corrugated web and a slightly slimmer design. Over the full bridge length
this decreases the weight of the bridge. All savings are presented for the full bridge (full width). Consideration
has been taken to the extra web length arising from the corrugation.

V,a=13.25m’

v, =818 m’

new

moldgirder:: 7850 kf *Vold= 104 103 'kg
m

m =7551 X8y 62 10° ke

new_girder * 3 new —
m

mneW£irder _41%
Mg | girder

Ngirder *= 1-—

4 msaving - girder =My | girder — Moy ' girder

9.2 Studs

Vstudiold =72750 cm ’

Vstudinew =41120 Cm3
k,

moldixtud :=7850 % * Vstud old = 571 kg
m

mnewfstud :=7551 kf * Vstud new = 310 kg

m

m tud
Nopa =1 — ——=22 = 46%
moldistud

4 msavingistud = moldixtud - mnewfstud =261 kg

13-05-2020

=42 10° kg

Steel volume - girder with flat web; original design

Steel volume - girder with corrugated web; new design

Weight of girder - flat web; original design

Weight of girder - corrugated web; new design

Material saving [%] - steel girder

Material saving [kg] - steel girder

Volume - studs; original design

Volume - studs; new design

Mass - studs; original design

Mass - studs; new design

Material saving [%] - studs

Material saving [kg] - studs
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9.3 Cross-beams

V., =0.59 m’
kg
mold ch = 7850 . Cb:4597 kg
- m3
kg
mnewicb = 7551 3 *Vep= 4422 kg
m

Myew cb
’]Cb = 1 —_—_— 4%
Moid_cb

Amsavingicb =Mold b~ Mpew b= 175 kg
9.4 Welds
Vietd o1a=0.0051 m’

V. =0.0038 m°

weld _new

k
Mg yweia*= 1850 —é; *Vivetd ota=40 kg
m

7551 ke,

mnewﬁweld = 3 weld _new

=29 kg

m Id
nweld:: 1 —uzzg%
Mold weld

Amsavingﬁweld = moldiweld - mnewﬁweld =11 kg

9.5 Total savings

— _ 3
moldfbridge = moldjirde/‘ + moldjtud + moldicb =109 10 kg

— _ 3
mnewibridge - mnewgirder + mnewistud+ mnewﬁch =67 10 kg

m

i new_bridge __
Moridge = 1 — —2<2=bridze 39 1%
moldibridge
Amsaving tot = Amsavingjird@r + Amsavingfstud + Amsavingﬁcb +4m

13-05-2020

saving_weld
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Volume cross-beams old and new design

Mass - cross-beams; original design

Mass - cross-beams; new design

Material saving [%] - studs

Material saving [kg] - studs

Volume - welds; original design

Volume - welds; new design

Mass - welds; original design

Mass - welds; new design

Material saving [%] - welds

Material saving [kg] - welds

Total mass of original design

Total mass of new design

Material saving [%] - full bridge

=43 10° kg
Material saving [kg] - full bridge
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3 System

In the following chapter the input data for the bridge's geometries is presented. The cross-sectional parameters
that are presented is preliminary and used for the system analysis. In chapter 5 the final design is presented.

3.1 Primary system - longitudinal

lconsole:0'5 m lspan:51 m lmnmle:O.5 m
3 1 1
1 |2 3 %
By =359 By =359 m
TN\SNFF CONNECTION |

The bridge is modelled as a simply supported bridge in the software StripStep-2. Due to the beams depth the
supports are set offset from the neutral axis. This is modelled with a stiff connection in the system analysis.

3.1.1 Cross-section dimensions

S, Length coordinate
b, Thickness of upper flange
by, Width of upper flange

Thickness of web

h, Height of web
i Thickness of lower flange
by Width of lower flange

The new height of the girder is calculated as: Round(2050 1.75, 10) =3590

Element 1
Ser tuwr bus tey hyy tgg by
0 35 600 8 3505 50 700
500 35 600 8 3505 50 700

08-05-2020
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Element 2
Ser2 L2 by s W h,> tay by,
(mm) —(mm) (mm) (mm) (mm) (mm) (mm)
0 35 600 8 3505 50 700
10500 35 600 8 3505 50 700
10500 40 600 6 3495 55 700
11300 40 700 6 3495 55 900
25500 40 700 6 3495 55 900
Element 3
Sz s bas tLes M3 tgs by
0 35 600 8 3505 50 700
500 35 600 8 3505 50 700

mean (tg, ;+h,, ;+1; ;) =3590 mm

mean (tg, 5+ h,, > +1; ;) =3590 mm

3.1.2 Corrugation shape

a.;=120 mm

0,.:=36 deg

a.3:=T70 mm

a
S —119 mm

= Ges =96 mm

fet= tan <ac>

S.=a.;+a,=239 mm

wyi=ag +a.,=216 mm

Foi= =1.11

Sec
We

Flat-fold length

Corrugation angle

Corrugation depth

Length of angled part

Length of hypopythis

Length of corrugation

Straight length

fw

AH/EY
3:20f13

Important! Two exactly the same values will not work
with the linterp- function. Therefore 0.1 millimeter
must be added for a X-value where you want to
cross-sectional properties at the same time.

S=d+ &y

By

Lo

dy d

Ratio corrugation/flat-fold length
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3.1.3.2 Effective width, steel flanges
Calculation of the effective width in the steel flanges with regards to shear lag is calculated according to SS-EN
1993-1-5 3.2.

t,
beﬁ.J:ﬂ . b0+—W Effective width with regards to shear lag under elastic conditions
- Equation (3.1)

L.
Xcheck uf:: e =26.0m
- 2
Xcheckﬁlf:: 0.2 Lbridge: 10.4 m
Upper flange
oy:=1.0 Equation given in Table 3.1. For webs without any longitudinal
stiffeners a,=1.0.
bfu:=bg, <)(check7uf> =700 mm Width of upper flange - see Appendix B - Preliminary sizing
tw:=t, <)(check7u/> =6 mm Thickness of web - see Appendix B - Preliminary sizing
b0:= bﬁ’T_tW =347 mm Figure 3.2 (Notations for shear lag)
0!() . b{)
Kfit = =0.007 = &g (Xopeer o) =0.007 Table 3.1
span
Beneer = || if xfir <0.02 =1.00 S for sagging bending, one-span bridge
H p—1.0

elseif 0.02 <xfit<0.70
-
14 6.4 xfi’
elseif 0.70 < xfu
L

8.6 «fu’

«—

«—

Calculating the effective flange width for upper flange

2 ﬂcheck . b() +w= 700 mm

boyi= || if Bepeck =1.0 =0.700 m = byy i, (Xopeek o) =0.700 m
H b «— bfu
else

H b min (2 upecs + O+ w0, b
b

Lower flange
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bfl:==b, <Xcheck7,f> =700 mm Width of lower flange - see Appendix B - Preliminary sizing
twi=t, <Xcheck7,f> =8 mm Thickness of web - see Appendix B - Preliminary sizing
b0:= bﬂ;tw =346 mm Figure 3.2 (Notations for shear lag)
Qp* b0
Kfl == =0.007 = Ky (Xopeer ) =0.007 Table 3.1
span
Beneer:= || i ©/1<0.02 =1.00 S for sagging bending, one-span bridge
H p—1.0
elseif 0.02 <xf1<0.70
1
— _
14 6.4 «fl”
else if 0.70 <xfl
1
—
8.6 xfI
Calculating the effective flange width for lower flange
2 Beoheck* PO+ tw =700 mm
bosi= || if Bepeex=1.0 =0.700 m = by 1 (Xopeer ) =0.700 m
|6
else
H b min (2 B ey bO+tw, bfl)
b
A 10 26
900+
870+
840+
8104 by n <XSS> (mm)
780+
o7 by <Xss> (1mm)
20+ 9t  reeeccccccc--
690+ beﬁ " fu <XSS> (mm)
6601
6301 by <Xss> (mm)
600 pr— L —— eSS Ssssssss
0 5 10 15 20 25 30 35 40 45 50 55 .
Xss (m)
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3.1.4.2 Cross-sectional constants during construction

The bridge is checked so that the steel girder (alone) can withstand the loads that are imposed during

construction such as the self-weight of curing concrete.

Ay 4 is the area of the steel including the web, for calculation of self-weight
Ag is the area of the steel excluding the web, for stiffness calculations

Ay <Xss> (mm ? >

Ay o <Xss> <mm2 >

A
107-10°
100-10%
93.10° ’ ~
86+10°
79:10°
72:10°
65+10°
58:10%
51.10°
44.10°
37.10°
30-10°
0 5 10 15 20 25 3( 35 0 15 50 55 g
SS (m‘)

L.
Ay (%) =0.078 m* Area at mid-span

1

|, steer 18 the area of the steel excluding the web, for stiffness calculations

A 26
250-10°
240-10°

230-10°

220-10°
210-10°
200-10°
190-10°
180-10°
170-10°
160-10°
150-10°
140-10°

130-10°

v

40 45 50 55

T

0 5 10 15 20 25 30 3t

Xss (m)

. Stiffness at mid-span

L, ..
I mg,( ””"ge):o.2244 m*
2

08-05-2020
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Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 Toiremt Mliex ly A a
[m] [ [ [10°m? | [10°n7] | [kN/mi
0.000 -2.235 3580 1651.844 REQ G.569
0.500 -2.235 3580 |1651.844 &E0 6.5649

Element 2 - Node 2- 3

5 tosreat Pt he A g

] |l | (ml | (0| (0 | v
0.000 -2.235 3590 | 1651.844 560 6569
10,500 -2.235 3590 |1651.844 560 6569
10,500 | -2202 3590 |(1855.418| G25 6.469
11.300 -2.283 3.590 | 2244 464 7Th 7602
25600 | -2283 3590 (2244484 T7A 7.602
39.700 -2 283 3590 | 2244 464 775 7602
40.500 -2 202 3.590 1855418 625 6469
40500 | -2235 3590 |1651.844| 560 6569
51.000 -2 235 3690 |1651.844 560 6569

Element 3 - Node 3- 4

5 tarsees Pl ly A g

[m] [ [m] [10°'m*] | [10°m?] | [kMIm]
0.000 | 2.235 3590 |1651.844| 560 B.569
0500 | 2235 3590 |1651.844| 560 6.569

System model used in Strip-Step2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -3.59 R
2
3 51.500 | 0.00 -3.59 YZR
3
4 52.000 | 0.00 -3
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3.1.4.3 Cross-sectional constants for variable loads (short term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.254 3.8910 4330.65 3239
0.500 -0.254 3.910 433065 3239

Element 2 - Node 2- 3

3 tofizet Fiot Ly A

[m] [m] m] | (0'mY | [10°m?)
0.000 -0.264 3910 4330.65 3239
10.500 -0.254 3.910 4330.65 3239
10,500 -0.287 3.810 4705.82 3304
11.300 -0.388 3.8910 5853.53 3454
25500 -0.388 3.810 £853.53 3454
35700 -0.388 3.910 £853.53 3454
40500 -0.287 3.910 4705.82 3304
40.500 -0.254 3.910 4330.65 3239
51.000 -0.254 3.910 4330.65 3239

Element 3 - Node 3- 4

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.254 3.8910 4330.65 3239
0.500 -0.254 3.910 433065 3239

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -3.59 R
2
3 51.500 | 0.00 -3.59 YZR
3
4 52.000 | 0.00 3
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3.1.4.4 Cross-sectional constants for additional permanent loads (long term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 tu"su: h:u: l',.- A
(] [m] [m] [10°'m7 | [10°m?]
0 40.789 3910 |3597.333 1413

05 0.789 3910 ([3597.338 1413

Element 2 - Node 2- 3

5 todizet ht{-t |1,r A
[m] [m] [m] | [10°mT | [10%m?)
0 .789 3910 | 3597.338 1413

105 0.789 3910 (3597338 1413
105 0.839 3910 | 3874.961 | 1478
1.3 -1.003 3910 [4673.921 | 1623
255 -1.003 3910 | 4673921 1628
397 -1.003 3910 [4673.921 1628
405 £.839 3910 [3874.9651 1478
40.5 0.783 3910 | 35897336 | 1413
51 0.789 3910 (3597338 1413

Element 3 - Node 3- 4

3 tu"su: h:u: l',.- A
(] [m] [m] [10°'m7 | [10°m?]
0 40.789 3910 |3597.333 1413

05 0789 3910 [3597.338 1413

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 -3.59 IR
2
3 51.500 | 0.00 -3.59 YZR
3
4 52.000 | 0.00 -3
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3.1.4.5 Cross-sectional constants for shrinkage analysis
Input for StripStep-2 (Appendix X)
Element 1 - Node 1- 2
5 tosrzat Dot Iy A
(m] [m] [m] [10*m®] | [10%n"]

0 -0.669 3.910 3760.040 1617
D& -0.669 3.910 3760040 1617

Element 2 - Node 2- 3

5 tosrzat htc-t |1,-' A
[m] [m] [m] [10*m*] | [10%m"]
0 -0.6659 390 3760040 1617

10.5 -0.669 3910 | 3ve0.040 1617
10.5 0718 3.910 | 4056.001 1682
11.3 -0.873 3.910 | 4921.372 1832
255 -0.873 3910 | 4921.372 1832
39.7 -0.873 3.910 | 4921372 1832
40.5 -0.718 390 | 4056.001 1682
405 -0.665 390 3760040 1617
51 -0.669 3.910 3760040 1617

Element 3 - Node 3- 4

5 tosrzat h'tc-t |1,r A
(] [m] [m] [10*m] | [10%n"]
0 -0.669 3910 3760.040 1617

D& -0.669 3.910 3760040 1617

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
1 0.000 | 0.00 1
2 0.500 | 0.00 -3.59 R
2
3 51.500 | 0.00 -3.59 YZR
3
4 52.000 | 0.00 -3

AH/EY
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4 Loads and load combinations
41 Permanent loads
41.1 Self-weight
4.1.1.1 Steel
The self-weight is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: STEEL
pe=75.51 k—zj Self-weight of stainless steel - SS-EN 10088-1:2014 Table E.1 or E.2
m

The self-weight for each element is calculated in chapter 3.

4.1.1.2 Concrete

The self-weight of the slab is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: SLAB

Wet_Concrete :=“NO” "YES" or "NO" dependent if the previous designer has used the weight
of wet concrete

p.=Iif| Wet_Concrete =*“NO”, 25 k—N,26 Ll =25 Ll Self-weight of concrete (reinforced) - SS-EN
m’ m’ m’ 1992-1-1 Table A.1
A =347 m’ Area of slab, see chapter 3
Aslab *Pe kN . .
Gap'=——— =434 — Self-weight of concrete slab, (half of the load goes to each girder) -
2 m applied in the casting stage

If the previous designer has considered that the hardened concrete has a smaller self-weight a reduction in self-weight
is applied in the system analysis for permanent loads.

Appendix X. Name in Strip-Step2: AVSLAB

kN
N Aslab * <_1> ES KN
slab perm =1 | Wet_Concrete = “NO”,0 —, ™ |=0.000Y
m 2 m
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4.1.2 Shrinkage
The shrinkage force is calculated and used in Strip-Step2, Appendix X. Name in Strip-Step2: E:SHRINK

hy=341 mm Equivalent thickness, calculated in chapter 2
t=120 yr

t=43829.1 day

Som=43 MPa Mean compressive strength - see chapter 2
t,:=1 day
RH:=80% Krav Brobyggande B.3.1.5
t—t
day .
Pasi= =0.994 SS-EN 1992-1-1 3.1.4 Equation 3.10
(1—t) ( )’
514004 !
day 1 mm
k=it 200 mm < h,<300 mm =0.73 SS-EN 1992-1-1 3.1.4 table 3.3
( h \
0.85 —|—2—200-0.001
mm

else if 300 mm < hy,<500 mm

ho
0.75 — | —=—300|-0.0005

mm
elseif /,>500 mm
|07
else
|10
RH,):=100%
Oy =4 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
0y5:=0.12 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
3
Pry=1.55- {1 — (RH ) \: 0.76 SS-EN 1992-1-1 Appendix B.2 equation B12
U, )
Somo =10 MPa SS-EN 1992-1-1 Appendix B.2 (1)

|s

\
|
)) 1070« fpy;=2.53.10"" SS-EN 1992-1-1 Appendix B.2 equation B11

~

(
| —ag+
€,q0:=0.85+ ((220+ 110+ ay,,) €'
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g =Puas kp+eg0=184+107" Drying shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.9
_ fck _fcmo -6 __ -5 ;
Eoqpi=2.5 Pa «107°=63-10 SS-EN 1992-1-1 3.1.4 Equation 3.12
a
I(foAz- =
Bo=1—e' )19 SS-EN 1992-1-1 3.1.4 Equation 3.13
Eog =P €oqp=6.25+107> Autogenous shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.11
€= Epgt E,q=2.46+10" Total shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.8
4.1.2.1 Shrinkage force
The shrinkage force and corresponding moment is calculated accordingly:
n =14.91 Modular ratio accounting for creep and shrinkage
Ny ghore=5.88 Modular ratio
n
E, = Lshort \E,, =13.4 GPa Effective modulus of elasticity for concrete
. nLics
Agiap i =1.576 m’ Area of concrete slab (half of the cross-section used in
' system analysis)

Fogi=e Ec o Agiap fic = 5206 kN Total shrinkage force
€y i=Zpp o (0 m)=0.669 m The shrinkage force is applied in the center of gravity for the

composite section

h
M =F |z, (0 m)+ m‘ZSl"b =4317 kN+-m Total bending moment
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Shrinkage - anchorage of studs

Forces in the concrete

Aslabﬁc Aslabﬁc )
ny cs ny cs hnmlab
Fccs::ch' 1— - - — 12y s 0m)+ =795 kN
* ey 05

beﬁ»(O m)=4.925m

AH/EY
4: 50f 16

Force in concrete

Effective width of flange

1 bejf(o m) 3
< *ysiab
12 n
M, = Los *M, =10 kN+m Moment in concrete
N [yics (0 m)
h
. Mcjs . m.slab
opi=—==2 2 =0.38 MPa Stress in concrete, upper edge of slab
Aslabﬁc 1 ° bejf(o m) ° hnmlab
12
h
e Mcjs . m.slab
oyi=—== 2 =0.63 MPa Stress in concrete, lower edge of slab
Ava ic 1
slab.fi — beﬁ”(o m) * hmslab3
12
+
N:= 71T “Agapie=T95 kN = F, =795 kN Force imposed on studs caused by shrinkage
2 ' B (used in chapter 6)
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4.2.2.1 Horizontal side trafic load

25% Q1 b

Py side car’=
h_side_car*=1ax ([ 25% - Qtrﬁbr

D =109.1 kN  Horisontal side force from the acceleration load (used in chapter 7)

P

\ side car="Ph_side car® mslab _ 62 kN Vertical side force from the acceleration load (used in chapter 7)

4.2.3 Temperature load

Temperatures are determined according to SS-EN 1991-1-5, 6.1.3 unless otherwise stated.

Load case 1 - local temperature differences for Hlldiksvall

Ty=10° A1(3)

Tpin=-38 ° TSFS 2018:57-8ch 2§
Tp=34° TSFS2018:57-8ch 2§
Tamin = Tmin+4 °=-34° Figure 6.1

ATy con=Ty—T,,;,=44 ° Contraction - Equation 6.1
TGJT[LIX = Tmax +4 O: 38 ° Flgure 61

ATN xp= Ty — Tp=28 ° Expansion - Equation 6.1
AT:=T, pux— Lo in="72 ° Total temperature difference

Load case 2 - either of the components are larger than the other
AT 5 =15 ° Temperature difference between concrete and steel -

SS-EN 1991-1-5, 6.1.6
4.2.3.1 Coefficients of thermal linear expansion
For composite bridges normally it is suggested to use the same thermal linear expansion coefficient, according

to SS-EN 1991-1-5 Table C.1. However for stainless steels the thermal linear expansion coefficient is much
larger than for concrete and hence a more through calculation is needed for the strain.

a.:=10-107° Thermal expansion coefficient - concrete - SS-EN 1991-1-5 Table C.1.
0,=16-107° Thermal expansion coefficient - stainless steel

- SS-EN 1991-1-5 Table C.1.

O =12 10°° Thermal expansion coefficient - carbon steel
- SS-EN 1991-1-5 Table C.1.
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4.2.3.2 Strains for the different load cases

AT,

A1 cont= —<am—ac> . Nem — _26.4 107°  Difference in strain between steel and concrete for contraction

B ° (temperature drop) - load case 1
AE[C ) pp= <aﬂ— ac> JNew 168107 Difference in strain between steel and concrete for expansion

N ° (temperature raise) - load case 1
Aepe s o= 0O A 2401070 Difference in strain between steel and concrete for when the steel is

B ° 15 degrees warmer or colder than concrete - load case 2

AT,

AchAzfc =q, e At —15.0 107° Difference in strain between steel and concrete for when the

° concrete is 15 degrees warmer or colder than concrete - load case 2

Aepcr=max (Aeyc 5 o, Aepc, ) =24.0 107 Only evaluating the worst case for load case 2, i.e. when there are a
temperature drop or rise in the steel

Eremp, = —Aepco+Aepc ) on=—50.4 107 Minimum strain difference; temperature drop and the steel drops even
- lower
Eromp. = A8 o A81c 1 0y =40.8 107 Maximum strain difference; temperature raises and the steel heatens up
2 even higher

4.2.3.3 Temperature load - global analysis

The concrete is transformed to steel. Already defined parameters are calculated in chapter 3.

b, (0 m
L): 0.837 m Width of transformed concrete
nLishort
A
Dslabfic —0.268 m> Area of transformed concrete
nLjhort
As,(O m) =0.056 m* Area of composite section
Zyy short (0 m) =254.1 mm Distance from top of concrete to center of gravity for composite
section
L, ghors (0 m) =0.433 m* Moment of inertia for composite section

Fromp = Eemp “E,A,(0 m)= [ _ig‘;g] kN Force on composite section
Chemp F=Zip short (0 m)=254.1 mm Level at which the force is imposed on the system

Chomp 1= Zpp st0et (0 M) =25 10 (0 m)=1.981 m  Eccentricity for the bending moment
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Moy =Fromp* Clomp M= [ _1;(1)28] kN «m Bending moment - composite section
Anchorage of temperature load imposed on studs
Concrete
Aslabﬁc Aslabﬁc
N =F . nLishort _ nLishorl _ [ —1805 ] N
c_temp *— * temp -
Aslfshort (0 m) [yishort (0 m) 1461
hmAslab
° ((thsteel(o m) —Zip short (0 m)> ° (thshort (0 m) + 5 ))
1 bejf(o m) 3
E * ni * hnmlab 59
L_short -
Mcitemp = = * Mtemp = [ 48 ] kN +m
[yishort (0 m)
N, M -
o= e femp —| 70441 hrpy Stress in concrete, upper edge of slab
Avlabﬁc 1 2 0.36
o g'bejf(o m) 'hmAslab
N, M -
0,i= ctemp | c_temp :[ 12(5)] MPa Stress in concrete, lower edge of slab
Av ab.fic 1 .
slab g'beﬂ(o m) 'hmuvlabz
0,10, —1805 . ) .
Niemp = * Agap fie = kN Force imposed on studs caused by shrinkage (used in chapter 6 when
1461 calculating the anchorage of the slab by the studs)
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5 Capacity checks during construction

The capacity check that is carried out in this chapter is bending moment capacity with respect to lateral torsional
buckling in the casting phase

In the casting phase the normalforces in the cross-section are neglectible.

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

Xehock m=26 m Coordinate for control calculations - bending moment

Xopoor v=15m Coordinate for control calculations - shear force

5.1 Load effects

Load effects retrieved from Strip-Step2, Appendix X.

Bending moment

My uis Bending moment descending from permanent loads during construction in ultimate limit state
My sis Bending moment descending from permanent loads during construction in service limit state
A 26

22500+
20000+
17500+
15000+
12500+

10000+

My urs (X) (kN' m)

75004 MdﬁSLS (X) (kN' m)

5000

2500

oy
&

v

( 5 10 15 20 25 30 35 40 45 50 55
—2500+
X (m)
M, uis <Xcheck7m> =20834 kN-m Bending moment at control point - ULS
My g5 <Xcheck7m> =17361 kN-m Bending moment at control point - SLS
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Shear force
Va ues Shear force descending from permanent loads during construction in ultimate limit state
Vi sis Shear force descending from permanent loads during construction in service limit state
4 2
1650+ \
1500+
13507 N

1200+

1050+

900+

7501

600+

4501

300

150+

Va urs (XcheckJ) =1563 kN Shear force at control point - ULS

Vass (Xchecki» =1303 kN Shear force at control point - SLS
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5.2 Redesign of cross-section

S, Length coordinate
b, Thickness of upper flange
by, Width of upper flange

Thickness of web

h, Height of web

4 Thickness of lower flange
by Width of lower flange
Element 1

Ser tur by teyg hyy tg by

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 600 6 3510 45 600
500 35 600 6 3510 45 600

Element 2

Ser2 iz bus tyo hyo lgy, by,

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 600 6 3510 45 600
12500 35 600 6 3510 45 600 10500
12500 35 600 4 3505 S0 600 10500

11300
13300 35 700 4 3505 S0 700
25500 35 700 4 3505 50 700

Element 3

Sz tusz bz tysz hys3 tps by

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 35 600 6 3510 45 600
500 35 600 6 3510 45 600

mean <tfu,1 +h, + th1> =3590 mm

Check to see that the girder height is kept constant

mean (tfuj +h, o+ tﬂj> =3590 mm

AH/EY
K: 30f 12
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5.2.1 Shape of corrugation

a.; =185 mm Flatfold length
0,.:=36 deg Corrugation degree
agz:=110 mm Corrugation depth
Apergi="S mm Weld throat thickness

a.,= =187 mm Legnth of hypotenuse
sin <ac>
a
Aoy =9 =151 mm Length of corrugation depth, see figure
tan <ac>
S.=a. +a.,,=372 mm Length of corrugation
w.i=a, +a., =336 mm Straight length
s
ri= £ =1.106 Ratio corrugation/straight length
w,

c

12-05-2020
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5.2.2 Cross-section classification

The cross-section classes is determined according to SS-EN 1993 1-4 5.2.2 with updated limits from SS-EN
1993 1-4:2006/A1:2015. Since the web is corrugated and does not contribute to the axial stiffness the web is
not classified.

Cw (x) = hw (X) —2-V2- Ayeld

bulx) a tlx
¢ (x) ::/“—()+ < » () V2 a,, Distance from web weld toe to free edge on upper
2 2 2 flange
by(x) a tlx
c,f(x) = ﬂ( ) - W( ) —\/E *Ayolq Distance from web weld toe to free edge on lower
2 2 2 flange

Cross-section class, upper flange

E,=200 GPa Modulus of elasticity
Jouy=450 MPa Proof strength of top flange
235 K
&yt = . =0.71 SS-EN 1993-1-4 5.2.2 Table 5.2
Sour 210000
. Cu/'(x) :
cscuf(x) = || if = ) <9 ¢, Cross-section class upper flange
t; \x )
fuu
’ “cscl”
c,rlx
elseif 9 ¢,< o) <10 ¢,
A '
“csc2”
. Cuf(x)
elseif 10 ¢, <— <ld g,
el '
“csc3”
else
“csc4”
e5€ur (Xoneck m) = “csc4” Cross-section class at X, ,, =26.000 m
C8Cur (Xopeek ) = “cs3” Cross-section class at X, , = 1.500 m
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Cross-section class, lower flange

E,=200 GPa

f,y=450 MPa

235 E;
fr 210000

81/»::

csc,f(x) =||if £ <9 g

13 ”»
s¢i(Xopeck m) =“csc3

13 ”
s¢i(Xopeer ) = ““csc3

Inx
“cscl”
celx
elseif 9 ¢,< ) <10 g
£ (%)
“csc2”
clx
elseif 10 ;< o) <ldg
Inx
“csc3”
else
“csc4”

Modulus of elasticity

Proof strength of top flange

SS-EN 1993-1-4 5.2.2 Table 5.2

Cross-section class lower flange

Cross-section class at X e ,, =26.000 m

Cross-section class at X .. ,=1.500 m

AH/EY
K: 6 of 12
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5.2.3 Plate buckling of compressive flange

If the compressed flange is in cross-section class four an effective width of the compressed flange is calculated
according to SS-EN 1993-1-4 5.2.3. Updated values are taken from SS-EN 1993 1-4:2006/A1:2015. Since the
web is corrugated the buckling factor &, is calculated according to SS-EN 1993-1-5 D.2.1 (2)

Ao = oy +2 =488 mm SS-EN 1993-1-5 D.2.2.(1) Equation D.4
Cu=Cor (Xeneck m) =396 mm Width of outstand flange from weld toe to free edge
b=t <Xcheck7m> =35 mm Thickness of upper flange
b= b, (Xeheek m) =700 mm Width of upper flange
8uf: 071
(e, \ .
k,;:=0.43 +L J =1.1 SS-EN 1993-1-5 D.2.2.(1) Equation D .4
Apend

k,,:=0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4
ky:=min (ky; ,k,5) = 0.6 SS-EN 1993-1-5 D.2.2.(1) Equation D.4

CM

t
Ji=—— =073 Slenderness of flange plate SS-EN 1993-1-1 (2)

" 8ok,

Reduction of flange area SS-EN 1993-1-5 (2) 4.4
pi=if|1 <0.748, 1.0 4p—0.188) 1.00 Equation 4.3. Same for carbon steel as for Stainless
— p =V yI1.Vy——mm | — 1.

2 steel
’1p

byyi=b,+p=700 mm = bogic (Xeteck m) =700 mm

A
7204

begi, (X) (mm)

by (X) (mm)

660

600

v

0 5 10 15 20 25

by, (x) =bop (x) Renaming the width of flange in order to minimize errors
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5.2.6 New cross-sectional constants during casting
L, el (x) Stiffness of steel girder alone (excluding the web)
Zyp steel (x) Distance from the top of the top flange to the center of gravity for the steel section
Wer steel (x) Elastic bending stiffness of steel girder alone (excluding the web)
A 1.5 26.0
2.2
2.05 l ;
1.9
1.75
L6 Iyﬁsteel (X) (01 m4>
1.45
13 Welisteel (X) <01 m3 >
1.15
1 thisteel (X ) (m)
0.85
/ U
0.7

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0

X (m)

Coordinates and cross-sectional constants for control calculations

Xehock m=26 m X- coordinate for control calculations, bending moment
Ay (Xepeer m) =0.06 m? Area

L sweet (Xeneek m) = (181-107°) m* Stiffness

Zyy steel <Xcheck7m> =2.104 m Center of gravity

Wei steel <Xcheck7m> = (86 . 10_3> m’ Elastic bending resistance

Keheck v=1.5m X- coordinate for control calculations, shear force

Ay <Xcheck7v> =0.048 m* Area

L steet Xeneer ) = (149+107°) m* Stiffness

Zyy steel (Xchecki» =2.014 m Center of gravity

Wei steel (Xchecki» = <74 . 10*3> m’ Elastic bending resistance
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5.2.4 Lateral torsional buckling of compressive flange - SS-EN 1993-1-4 5.4.2.1

Simplified method only consisdering buckling of top flange according to SS-EN 1993-1-4 5.4.2.1

o;7:=0.76

l,:=7.29 m

beri=beg, (Xeheck m) =700 mm
1=t (Xeheck m) =35 mm
E, =200 GPa

frug=450 MPa

b2t
Ly=—2—7=0.001 m*
12
7[2 -E'Y .[Zf
N,y pi=———F =37158 kN
2

/

cr

b eotref .
ALTJ::HL It _ 0,545
NcrLT

@, u=0.5+(1+a.7+ (A7, —02) + 47, ) =078

1

XLt yi=nun

D ut+y Dy’ =l

hW,M = hw <)(check7m> =3505 mm
tl = tﬂ <)(check7m> =50 mm

k.ﬂ:: 1.1

My, wll u'=
Ymi

12-05-2020

_ bty kg X1 u* four (h + f
w_u

Buckling curve d, welded open cross-section
Distance between the cross-beams

Width of upper flange

Thickness of upper flange

Modulus of elasticity

Proof strength

Moment of inertia, upper flange

Critical buckling load

SS-EN 1993-1-4 5.4.2.1 Equation 5.9

SS-EN 1993-1-4 5.4.2.1 Equation 5.7

XL <Xcheck7m> =0.748

SS-EN 1993-1-4 5.4.2.1 Equation 5.6

Height of web
Thickness of lower flange

Increase in capacity due to simlified method
used, SS-EN 1993-1-1 6.3.2.4 (2)B

=32185kN+m = Mpgyrr (Xepeck m) =32185 kN-m

SS-EN 1993-1-5 D.2.1 Equation D.1
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5.2.5 Check of lateral torsional buckling
Check of the buckling capacity of the girders is performed.
MRd‘u‘LT(X) Capacity of the girder against LT- buckling during casting
My yrs (X) Load effects during casting, Appendix ¥
A
350001
315001
280001 ‘ \
24500+
210001
175001 MdeLS (X) (kN' m)
140001
105001 MRdAuALT(X) (kN' m)
7000+
35001
) 5 10 15 20 25 iil] 35 40 45 50 55 >
—3500T
X (m)
M, X
Npax 3= MAX LS() =65% Maximum utilization rate of the steel cross-section during
Mpgaurr (X) casting

12-05-2020
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5.3 Stresses in steel cross-section

The stresses in the top and bottom flange is calculated for the loading senario to be able to superposition
them with the other loadcases to determinte the ultimate capacity of the composite section.

Upper flange

Control calculation at midspan

M:=My 15 (Xopeck m) =20834 kN +m Load effext at midspan
I:=1, oo (Xopee m) =0.181 m* Moment of inertia at midspan
2324 sreel <Xcheck7m> =2.104 m Centre of gravity at midspan maesured from

the top of the beam

iz All 2=242 MPa = Gy urs cast (Xeteck m) =242 MPa

Ofii ULS cast (X) Stresses in the lower flange in the casting phase.

450
400+
350+
300+

250+

2004 o-sﬁLULsicmt (X) (MPLI)

T Jj/ufx (X) (MP(Z)

100+

501

—50+

nmax 8

— max ( O-SfuiULSicast (X) ) — 54%
Jour
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Lower flange
Check calculation at midspan
M:=M; ys <Xcheck7m> =20834 kN-m Load effect at midspan
I:=1, oo (Xopee m) =0.181 m* Moment of inertia at midspan
2= 21 sreel <Xcheck7m> =1.486 m Centre of gravity at midspan measured from

the bottom of the beam

M. =171 MPa = Oyt vLs cast (Xeheck m) =171 MPa

0=

Oy ULS cast (X) Stresses in the lower flange in the casting phase.

450

400+
350+
300+
250+

O-SﬂiULSicast (X) (MP a)

200+

150+

Joupx (X) (MP a)

100+

501

—50+

X (m)

Ay = QX ( Osf1 ULS cast (X) ) —138%

S
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6 Capacity checks - Ultimate limit state, global

The capacity checks that are to be carried out are bending moment capacity, shear capacity, web breathing and
design of studs, both in ULS and due to fatigue

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

Xopook m=26 m Coordinate for control calculations - bending moment
Xopoor v=0.5m Coordinate for control calculations - shear force

6.1 Load effects in ULS

6.1.1 Bending moment with corresponding axial force

Permanent loads during casting do not contribute with any stresses in the concrete since the entire slab is
casted in one step. Load effects retrieved from Strip-Step2, Appendix X.

Bending moment in the ultimate limit state

My urs (x) =My (x) + M, (x) +M, e (o) + M55 (x) + Mg, (x)

My uis Design bending moment effect from all loads
My (x) Bending moment during casting (Appendix X)
M, (x) Bending moment from multi component loads (Appendix X)
M, (x) Bending moment from temperature loads (Appendix X)
Myss (x) Bending moment from additional permanent loads after construction (Appendix X)
Myrss (x) Bending moment from shrinkage (Appendix X)
4 26
63000+
56000+
49000 MdeLS (X) (kN' m)
42000+ MULS] (X) (kN. m)
35000+
28000 M, (X) (kN-m)

210001
14000+ /_\ A/ltemp (X) (kN' WI)
70004 / \

o ee— ‘ ‘ ‘ L Myys; (X) (kN«m)

( 5 10 15 20 25 30 35 40 45 50 55

—7000 Mgy (X) (kN- m)

\4

M, uis <X

check_m,

) =62988 kN-m Bending moment at control point - ULS
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Axial force in the ultimate limit state

NdiULS(x) = Nysi (x) + N, (x) + Neemp () + Nz () + Ny, (x)

Ny uis Design normal force from all loads
Nyrs (x) Normal force during casting (Appendix X)
N, (x) Normal force from multi components loads (Appendix X)
Neemp (x) Normal force from temperature loads (Appendix X)
Nyrss (x) Normal force from additional permanent loads after construction (Appendix X)
Nypss (x) Normal force from shrinkage (Appendix X)
4 26
1000+
> 10 15 20 25 30 5 40 45 50 55 -
—1000 NdﬁULS (X) (kN)
—2000+
—30001 Nyis; (X) (kN)
—4000+
—-')UUU—r ]vtr (X) (kN)
—6000+ e —
70001 ]vtemp (X) (kN)
—8000+
Nosss (1) (k)
—10000+
Nussy(¥) (k)
X (m)
Ny uis <Xcheck7m> =—10851 kN Normal force at control point - ULS
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Va us () = Vs () + Vs (x) + Vs (x) + Vipse ()

AH/EY
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Va ues Shear force descending from permanent loads during construction in ultimate limit state
Vs (x) Shear force during casting (Appendix X)
Virss (%) Shear force from variable loads (both temperature and traffic) (Appendix X)
Virss (x) Shear force from additional permanent loads after construction (Appendix X)
Virss (x) Shear force from shrinkage (Appendix X)
Al 1
4950+
4500
4050+
36007 Vd ULS (X) (kN)
3150+
2700 VULSZ (X) (kN )
2250
Virs (X) (kN)
Vinsa (%) (1)
900+
sof
e — 1 Ym0
U( 5 10 15 20 25 30 35 40 45 50 55

VdiULS <Xcheck7v> =4494 kN

Shear force at control point - ULS
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For calculations, see chapter 5.

2150

1950

1750

1350

1150

950

750

350

150

A
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Cross-sectional constants

—_—

0.445

0.415

0.385

0.355

0.325

0.295

0.265

0.235

0.205

0.175

0.145

20

40 45 50

—

o
=

v

0.345

0.315

0.285

0.255

0.225

0.195

0.165

0.135

0.105

0.075

0.045

20

40 45 50

o |
>

20

40 45 50

o |
>

v
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Aslﬁsteel (X) <m2 )

Aslfshort (X ) <m2 >

Ayt pern (X) (m*)

Aslfcs (X) (m : >
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6.3 Stresses in steel cross-section

The stresses is calculated for each load case taking into acount load duration and creep. The stresses are
then superpositioned.

6.3.1 Stresses during casting

M:=My;s; (Xopeck m) =20834 kN+m Bending moment
I:=1, oot (Xopec m) =0.181 m* Moment of inertia
222, ot (Xeheek m) =2104 mm Center of gravity from top flange
h=hpum <Xcheck7m> =3590 mm Height of girder
M . .
0y, '= 7 «—z=-242 MPa = Oy cast <Xcheck7m> =—242 MPa Stresses in upper flange from loads durng casting
M . .
0= 7 . (h —z) =171 MPa = 0.4 <Xcheck7m> =171 MPa Stresses in lower flange from loads durng casting

6.3.2 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for
the composite section directly as the force is acting there. The other one is the temperature load where the load
is acting on the steel section and so stresses must be calculated for that specific section. The worst load case is
determined dependent on the largest stress in each part whereas the multi-component load is the main load for
the lower flange, and the temperature load is the worst load case for the upper flange.

6.3.2.1 Multi component loads (traffic)

M:=M,, (Xojoeh ) =20647 kN+m Bending moment

N:=N, <Xcheck7m> =0.01 kN Normal force

A=Ay shor <Xcheck7m> =0.327 m* Cross-sectional area

I:=1, g0 <Xcheck7m> =0.433 m* Moment of inertia

Z3 =2y, ghont <Xcheck7m> =252 mm Center of gravity from top flange

h=hy,,, <Xcheck7m> =3590 mm Height of girder

» 209N 09M (—z)=—11MPa = oy,, (Xepeer m) =—11 MPa Stresses in upper flange from short

A I - term loads

Oy 1SN 1S M (h—2z)=239 MPa = 0y}, (Xepeek m) =239 MPa Stresses in lower flange from short
A I - term loads
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6.3.2.2 Temperature loads

M:=M,, (Xepock m) =11937 kN+m
N:= ]vtemp <)(check7m> =—5645 kN

As = Aslfsleel <)(check7m> =0.06 m2
A= Aslishort <Xcheck7m> =0.327 mZ

[s = [yisteel <Xc

peck ) =0.181 m*
[::[yjhort <)(check7m> =0.433 m4
Zgi= thjteel <)(check7m> =2104 mm

z ::thishort <)(check7m> =252 mm

h = hbeam <Xcheck7m> = 3590 mm
[v
M, ==« M=4997 k-
]Vs::N.(l— _Y-|-—Y <ZS— >2)):—1958 kN
A 1
15N, 1.5M,
0, ,= ] . <_Zs> =—136 MPa
4 I
09N, 09 M,
=220 OOMe (=7 i
A 1

) S

Osu. temp

Os.1. temp

Bending moment

Normal force

Cross-sectional area - steel section

Cross-sectional area - composite section

Moment of inertia - steel section

Moment of inertia - composite section

AH/EY
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Center of gravity from top flange - steel section

Center of gravity from top flange - composite section

Height of girder

Bending moment imposed on steel section

Normal force imposed on steel section

<Xcheck m> :—136 MPLI
B term loads

<Xcheck m> =7 MPa
B term loads

6.3.3 Stresses due to additional permanent loads

M::MULS3 <Xcheck7m> =4193 kN+m
[::ijerm <)(check7m> =0.362 m4
z ::thjerm <)(check7m> =771 mm

hi= hbeam <Xcheck7m> =3590 mm

13-05-2020

Bending moment

Moment of inertia

Center of gravity from top flange

Height of girder

Stresses in upper flange from short

Stresses in lower flange from short



Case study evaluating bridge 100-262-1

. . . . AH/EY
Master thesis: Design of composite steel- concrete bridges 6: 7 of 25
using Stainless steel girders with corrugated web o
Oy '= M, (—z) =—9 MPa = G <Xcheck m> =—9 MPa Stresses in upper flange from
1 a additional permanent loads
M .
0, =—-+(h—2) =33 MPa = Oglperm <Xcheck m) =33 MPa Stresses in lower flange from
1 - additional permanent loads

6.3.4 Stresses due to shrinkage

In the same manner as the temperature load must be calculated for the steel section, the shrinkage which acts on the
concrete section must be converted for the steel section.

M= My 4 (Xopeck m) =5379 kN+m Bending moment
N:=Ny;s <Xcheck7m> =-—5206 kN Normal force
A=Ay sieel <Xcheck7m> =0.06 m* Cross-sectional area - steel section
A=Ay g <)(check7m> =0.165 m* Cross-sectional area - composite section
I:=1 e <Xcheck7m> =0.181 m* Moment of inertia - steel section
I:=1, <Xcheck7m> =0.377 m* Moment of inertia - composite section
231 =2y ool <Xcheck7m> =2104 mm Center of gravity from top flange - steel section
Z3=2Zy o <Xcheck7m> =655 mm Center of gravity from top flange - composite section
=Ry (Xepeek m) =3590 mm Height of girder
[S‘ . . .
M :=—+M=2585 kN+m Bending moment imposed on steel section
Av Av hm slab hm slab hm slab .
Nyi=Ne|———e¢|z——= lzg+——|z——— =—1156 kN Normal force imposed on steel
4 1 2 2 2 section
NS‘ MS‘ .
Oy i=—+——+ <—zs> =—49 MPa = Oy shrink <Xcheck m> =—49 MPa Stresses in upper flange due
N B to shrinkage
Ny | M .
o, ;=—+—+(h—z) =2 MPa = 0y shrink (Xeeok m) =2 MPa Stresses in lower flange due to
Ay L - shrinkage
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6.3.5 Summary of stresses

The stresses from the different phases are summarised accordingly.

Os.u (X) = Oy y.cast (X) + Oy v shrink (x) + Os.uperm (X) + Osuar (x) + Os.u.temp (x) Stresses in upper ﬂange
Os1 (X) =05 I cast (X) + Os.1shrink (X) + O-SAlAperm (x) + Os.Ltr (x) + O-SJAtemp (x) Stresses in lower ﬂange
A 26

410
365

320

—0,,(X) (MPa)

275

a,,(X) (MPa)
185 —
140 fylfx (X) (MP a)

s (X) (MPa)

v

0 5 10 15 20 25 30 35 40 45 50 55

—Os.y (X) . e
N umar i=max | —=—21=100% Maximum utilization rate - upper flange
];ufx (X)
(0,,(X))
HoLmax *= maxL %:(%) J: 100% Maximum utilization rate - lower flange
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6.4 Calculation of stresses in concrete
The stresses in the concrete is calculated with the same principle as the steel taking creep into account.

6.4.1 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for the
composite section directly as the force is acting there. The other one is the temperature load where the load is acting
on the steel section and so stresses for the concrete must be calculated separately.

6.4.1.1 Traffic and wind loads

M:=M

r

(Xeneck m) =20647 kN« m

NN, (X

C

heckﬁm) =0 kN

A ::A.vljho;'t <Xcheck7m> =0.327 mZ

[::[yjhort <)(check7m> =0.433 m4

Zi= thishort <)(check7m> + hnmlab =571 mm

hi= hbeam <X

C

heck m) = 3590 mm

npi=ng, = 5.88

o= (M ZM2) Lo s mpa
nr

6.4.1.2 Temperature load
M::Memp <Xcheck7m> =11937 kN+-m

N::]vtemp <)(check7m> =—5645 kN

npi=ng = 5.88

A ::Asljhort <Xcheck7m> =0.327 m2

L — 0268 m?

Acejf:: Aslahﬁc *
nr

A=Ay 5o =1.576 m*

I:= ijhort <)(check7m> =0.433 m4

13-05-2020

= Ocshort <Xcheck7m> =—5 MPa

Bending moment

Normal force

Cross-sectional area

Moment of inertia

Center of gravity from top flange

Height of girder

Modular ratio

Stresses in concrete from short-term loads

Modular ratio

Cross-section area - composite section

Cross-section area - effective concrete section

Cross-section area - concrete section

Moment of inertia - composite section
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3
L=bo (Xopeek m) * m‘lﬂzab =0.013 m* Moment of inertia - concrete section
b (X, P siap”
L= e Koteck ) cmslah  —0.002 m* Moment of inertia - effective concrete section
’ nr 12
2:=2, ort (Xeheck m) =252 mm Center of gravity - composite section
h
Z,:= m‘;ab =160 mm Center of gravity - concrete section
1
M. ::C‘Teﬂ «M=63 kN+m Bending moment imposed on concrete slab
Ac eff Ac eff hm slab .
N_.:=N- T—T <zs—z> olz+ 2 =—1958 kN Normal force imposed on concrete slab
-N, M, .-z, .
0.:= y +17 =049 MPa = 0, mp <Xcheck7m> =0.49 MPa Stresses in concrete from temperature loads
6.4.2 Stresses due to additional permanent loads
M= My; g5 (Xopeck m) =4193 kN+m  Bending moment
I:=1, e <Xcheck7m> =0.362 m* Moment of inertia
Z3=Z perm <Xcheck7m> + N, 0= 1090 mm Center of gravity from top flange
B = hpeum <Xcheck7m> =3590 mm Height of girder
npi=ng = 18.48 Creep
—M.z 1 .
o,i=———«—=—0.7 MPa = O perm <Xcheck m> =—0.7 MPa Stresses in concrete from permanent
1 np - loads

13-05-2020
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6.4.3 Stresses due to shrinkage
M:=My;q, <Xcheck7m> =5379 kN-m Bending moment
N:=Nyes <Xcheck7m> =—-5206 kN Normal force
npi=ng = 14.91 Modular ratio considering creep
A=Ay o (Xopeck m) =0.165 m? Cross-section area - composite section
A o= Agiap fic * L _ 0.106 m* Cross-section area - effective concrete section
r
Ap=Agpap e =1.576 m’ Cross-section area - concrete section
I=1, <Xcheck7m> =0.377 m* Moment of inertia - composite section
h 3
L5=by (Xopeek m) * m‘;lzab =0.013 m* Moment of inertia - concrete section
by (X, P stat”
L= e (Xoteck ) Lmslab —0.001 m* Moment of inertia - effective concrete section
' nr 12
2:=2;, oo (Xepeck m) =655 mm Center of gravity - composite section
h
zpi= 0% — 160 mm Center of gravity - concrete section
1
M, ::C‘Teﬂ eM=13 kN-m Bending moment imposed on concrete slab
2
Ac eff Ac eff hm slab .
N, :=N-|1—- A —— I —e|z+ 2 =—-905 kN Normal force imposed on concrete slab
—N, M, -—z, . .
0. = +——==04 MPa = O sprink (Xeheck m) =04 MPa Stresses in concrete from shrinkage
AC c B

13-05-2020
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6.4.4 Summary of stresses

O (X) = Oc.short (X) + Oc. temp (X) + o-cperm (x) + O .shrink (X) Stresses in concrete

25

23

20

18

15

13

10

AH/EY
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Jex(X) (MPa)

—0.(X) (MPa)

—0. (X) . el
N o.max = MAX =19% Maximum utilization rate - upper flange

13-05-2020
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6.5 Shear capacity

The shear capacity of the corrugated steel girder is calculated accoridng to SS-EN 1993-1-5, Appendix D.
The local- and global buckling factor are calculated according to SS-EN 1993-1-5, Appendix D.

Local buckling factor

a,; =185 mm a,, =187 mm Corrugation geometries
ey =max (@, ,a,) =187 mm SS-EN 1993-1-5D.2.2.(2)
twi=t,, (Xopeer ) =6 mm Web thickness
w 2
7, =483 E,- ( ) =993 MPa SS-EN 1993-1-5 D.2.2.(2) Equation D.7
acmax

A SS-EN 1993-1-5 D.2.2.(2) Equation D.6
(115 ) _ . .
x;i=min ,11=079 = x., <Xcheck V> =0.79 Reduction factor local buckling - SS-EN 1993-1-5
L0-9 + 4 B D.2.2.(2) Equation D.5

Global buckling factor

Dyi=——= . “—4kN-m SS-EN 1993-1-5 D.2.2.(3)

Es.tw-ac32 . <3 ad+acz>

D= =2669 kN+m SS-EN 1993-1-5D.2.2.(3)
12 w,
hw:=hy, (Xepeer ) =3510 mm Web height
= Nem=224 MPa SS-EN 1993-1-5 D.2.2.(3) Equation D.10
Ji= Sy =1.17 SS-EN 1993-1-5 D.2.2.(3) Equation D.9
V3
—mm{ L5 ) \: 0.80 = Xeg (Xopeer v) =0.80 Global buckling factor SS-EN 1993-1-5 D.2.2.(3)
LO 547 ) B Equation D.8
xc=min (xg, 7)) =0.79 = e (Xoeek ) =0.79 SS-EN 1993-1-5D.2.2
Via= Xc-fy—”;/_- hw e« tw=5093 kN = Veaw Keneek ) = 5093 kN SS-EN 1993-1-5D.2.2.(1) Eq.D.4
Tmr*V3

13-05-2020
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Al 1
5500+
5000+
4500+
4000+
35001
Vaus(X) (k¥)
25007
2000 Veaw (X) (kN)
1500+
1000+
5(](]1 \

U( 5 10 15 20 25 30 35 40 45 50 55 -

X (m)
Nymax=97% Maximum utilization rate
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6.7 Studs

6.7.1 Ultimate limit state

AH/EY
6: 17 of 25

The capacity of the studs in the ultimate limit state are calculated according to SS-EN 1994-2 6.6.3

d

d =22 mm

hga =200 mm
Jup =800 MPa

fo swai=min (f,;,,500 MPa) =500 MPa

h
stud -9
dstud
e hstud _
Qgpud = lf 3 S S 4 =1.0
stud
h
a—02.|1+22
stud
h
else if 4 <
dstud
H a—1
a
” 0.8 'fu stud * T * dctud2
P,;:==min = - =122 kN
4eyp
} 0.29. Aud dstud2 * Vfck * Ecm

| 1A%
Suf,short <Xcheck7v> = <88 . 1073> m’
Virs: (Xeheck v) =2538 kN

[yjhort <Xcheck7v> = <344 * 1073) m4

_ Sl,gfishort <)(check7v> * VULSZ <Xcheck7v> —654 k_N

‘L's h =
I y_short <)(check7v> m

S heck7v> = <67 ° 1073) m3

uf perm <X

C

13-05-2020

Diameter of stud
Length of stud
Characteristic strength of studs

Ultimate strength shear stud
- SS-EN 1994-2 6.6.3.1 (1)

Ratio height- diameter

Correction factor for length to diameter ratio shear stud
SS-EN 1994-2 6.6.3.1 (1)

Capacity of one shear stud SS-EN 1994-2 6.6.3.1 Eq:
6.18,6.19

Second moment of area
Shear force

Moment of inertia

Shear force per meter between concrete and top
flange for short term loads

Second moment of area
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Virss <Xcheckj> =329 kN Shear force
L perm <Xcheck7v> = <295 . 1073> m* Moment of inertia
S, X <V X
Tpei= u_perm < Ch“k*v> ULS3 < Ch“kfv> =74 kN Shear force per meter between concrete and top
L, perm <Xcheck7v> m flange for permanent loads
Ti= |rsh + rpe| =728 k—N Total shear force per meter between concrete and top
m flange

13-05-2020
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=6.0

ned:_
Prd

nrdislud (X )

nedﬁstud (X )

1
=6.0 —
heck7v> m

Ned stud <XC Number of studs needed per meter

1
m

Provided amount of studs in a certain section

Needed amount of studs in a certain section

=

et sa(X) (

|

1
m

nrdistud (X )

\
)

3|~

(
\

10

v

20 25 40 45 50

6.7.1.1 Additional studs for full anchorage

Case 1: Temperature and shrinkage causes the slab to contract and therefore they are working in the opposite
direction as the shear flow from ULS- loads during bending.

The anchorage length is ca
B,,=2.525m

B, =28m

b:=max (B,,,B,) =28 m

Lpepi=15+b=42m

anci

N,

C

s_stud =795 kN

|V, 1805 kN

13-05-2020

emp_stud. 1 | =

Iculated according to SS-EN 1994-2, 6.9 (3).

Distance from centre web to outer part of edge beam

Distance from web to centerline bridge

Anchorage length - SS-EN 1994-2, 6.9 (3)

Shrinkage force imposed on studs - calculated in chapter 4

Temperature force imposed on studs causing contraction - calculated
in chapter 4
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1.0 N,
Mg o= —0 =15 1
lanch °Prd m
L5 |N, lem;)jtlui1 |
Rog tompi=———-—=053 —
ey lanch <P rd m
1

nedﬁanch.l = nedfcs + neditemp =68 —
m

nrdistud(o m) =59 i

m
check; =if <ned7anch. 1< n,dﬂud(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check; = “Extra studs are needed”

Case 2: Temperature causes the slab to expand and therefore working in the same direction as the shear flow
from ULS- loads during bending. Shrinkage causes the slab to contract, i.e. working in the opposite direction.

1
—nedics = —1.5 ;
]\/le,,wj,m,2 =1461 kN Temperature force imposed on studs causing expansion
- calculated in chapter 4
1.5-0.6 ]vtempistud2 1
ned temp = = 26 -
N lanch ° Prd m

Neq stud(o m) =1.1 L
- m

1
nedﬁanch.Z = nedistud (0 m) + nedftemp - nedfcs =21 —
m

nrdistud(o m) =59 i

m

check, =if <ned7anch_ 5 < n,dismd(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check,=“No extra studs are needed”

13-05-2020
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Extra studs needed due to shrinkage and temperature
My stud.adj (X) Needed amount of studs with regards to extra anchorage due to temperature and shrinkage
My stud (X) Provided amount of studs in a certain section (ULS- loads)

Mo stua(X) Needed amount of studs in a certain section

v

Table. Showing the adjusted need for studs near supports

X Mg Mg sgj
0 59 6.8
05 59 6.8
42 59 6.0
6 53 5.3
11 4.5 4.5
20 32 3.2

13-05-2020
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6.7.2 Fatigue limit state

6.7.2.1 Capacity

AH/EY
6: 22 of 25

The fatigue capacity is calculated according to SS-EN 1993-1-9, Table 8.5 and SS-EN 1994-2, 6.8.3.

At.:=90 MPa

At =4, A1,

A, =155
0,:=410 kN
0,:=480 kN

N, :=0.05+10°

Ny:=0.5-10°

1

(N
/qu — th . ( obs) —0.64
Q() N()

tLd:: 120

1

0
as=[222) =102
100

Aai=1.0

/lv ::/lul "%2"%3 '/lu4: 1.02

VYmF = 1.0

Az,
VEr® Aop, <——
YmF

ed,
Fy quai=At,«—" =342 kN
‘ 4

7

F
Foy guai= ’if’“d =33.7 kN

v

13-05-2020

SS-EN 1993-1-9 - Table 8.5 (10)

Bridge length less than 100m - SS-EN 1994-2 6.8.6.2 (4)

Mean weight of large vehicles in the slow lane

SS-EN 1994-2 6.8.6.2 (4) and SS-EN 1993-2 Eq. 9.10

Expected service life [years]

TSFS 2018:57-27ch. 3§

SS-EN 1993-2, 9.3 (1)

SS-EN 1994-2, 2.4.1.2 (6)

Shear fatigue capacity - one stud

Considering trafic load
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6.7.2.2 Fatigue load

Viur (X) Fatigue load from trafic - see Appendix X

41
500
450
400
350
300
250

Viar (X) (kN)
200 —_—
150
100
50
[l 5 10 15 20 25 30 35 40 45 50 55 .
X (m)

b= sV - stud_capacity

1 m
Suf = Sufjhort <Xcheck7v> =0.088 m3

Vi= VFAT <Xcheck7v> =494 kN

I:= [yjhort <Xcheck7v> =0.344 m4

S,V
Ari=—4"" _127 N
1 m
Fry sua=34 kN Fatigue capacity - one stud
At 1 1
nediAr = =33 — = nedistudAAr <Xcheck7v> =38 —
Frd stud m m

13-05-2020
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6.7.2.3 Design of studs with regards to fatigue

Ned stud Az (X) Needed amount of studs with regards to fatigue
My stud (X) Provided amount of studs in a certain section
Mo stua(X) Needed amount of studs in a certain section

T
l'l
’
’

et e () (i)

AH/EY
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o
— = = - - -

) (]

v
\:
| U
a
=
U
Q
&
—~~
>
—_

Extra need of studs with regards to fatigue

s nedisludAA‘t (X) 13 99 ¢ 2
Check :=if | max W , “No extra studs are needed” , “Extra studs are needed
nrdistud

Check =“No extra studs are needed”

6.7.3 Summary - design of studs

Table. Showing the stud design for half of the span

-:{ ni-tud.IJEEd nStIJd.I'IEE'd nStIJd.fElt

0 6.8 1.1 0.0
0.5 6.8 6.0 3.8
4.2 6.0 2.4 3.9
6 5.3 3.1 33
11 45 4.3 29
20 3.2 29 2.2

13-05-2020
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6.8 Utilization rates

Ny umar = 100% Stresses in top flange
N 1max = 100% Stresses in lower flange
Nocmax = 19% Stresses in concrete
Nymax=97% Shear capacity
Nbreathing = 2770 Breathing

AH/EY
6: 25 of 25
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9 Material savings

The material savings that are achieved thanks to redesigning the bridge with corrugated webs and using
stainless steel is compared to the old design. However it is important to note that dependent on the utilization
rates the savings may always not be comparable. For this bridge the highest utilization ratios are larger than

95% (close to 99,8%) and therefore close to comparable.

9.1 Main girder

The main girder is redesigned with a corrugated web and a slightly slimmer design. Over the full bridge length
this decreases the weight of the bridge. All savings are presented for the full bridge (full width). Consideration
has been taken to the extra web length arising from the corrugation.

V,a=13.25m’

View=1.59 m’

moldgirder:: 7850 kf *Vold= 104 103 'kg
m

m =7551 X8y 57 10° ke

new_girder * 3 new —
m

m ird
Ngier 1= | — —menSIrler _ 457
molngirder

Am =47 10° kg

saving_girder =My | girder — Moy ' girder

9.2 Studs

Vstudiold =72750 cm ’

Vstudinew =36440 Cm3
k,

moldixtud :=7850 % * Vstud old = 571 kg
m

mnewfstud :=7551 kf ° stud_new =275 kg

m

m tud
=l B
moldistud

4 msavingistud = moldixtud - mnewfstud =296 kg

12-05-2020

Steel volume - girder with flat web; original design

Steel volume - girder with corrugated web; new design

Weight of girder - flat web; original design

Weight of girder - corrugated web; new design

Material saving [%] - steel girder

Material saving [kg] - steel girder

Volume - studs; original design

Volume - studs; new design

Mass - studs; original design

Mass - studs; new design

Material saving [%] - studs

Material saving [kg] - studs
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9.3 Cross-beams

V., =0.59 m’
kg
mold ch = 7850 . Cb:4597 kg
- m3
kg
mnewicb = 7551 3 *Vep= 4422 kg
m

Myew cb
’]Cb = 1 —_—_— 4%
Moid_cb

Amsavingicb =Mold b~ Mpew b= 175 kg
9.4 Welds
Viveld oia=0.005 m’

V. =0.0038 m°

weld _new

k
Mg yweia*= 1850 —é; *Vivetd ota=40 kg
m

7551 ke,

mnewﬁweld = 3 weld _new

=28 kg

m Id
nweld:: 1 —uzzg%
Mold weld

Amsavingﬁweld = moldiweld - mnewﬁweld =11 kg
9.5 Total savings

— _ 3
moldfbridge = moldjirde/‘ + moldjtud + moldicb =109 10 kg

— _ 3
mnewibridge T mnewgirder + mnewistud+ mnewﬁch =62 10 kg

m

i new_bridge __
Moridge = 1 — —22=bridee — 43 2%
moldibridge
Amsaving tot = Amsavingjird@r + Amsavingfstud + Amsavingﬁcb +4m

12-05-2020

saving_weld

AH/EY
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Volume cross-beams old and new design

Mass - cross-beams; original design

Mass - cross-beams; new design

Material saving [%] - studs

Material saving [kg] - studs

Volume - welds; original design

Volume - welds; new design

Mass - welds; original design

Mass - welds; new design

Material saving [%] - welds

Material saving [kg] - welds

Total mass of original design

Total mass of new design

Material saving [%] - full bridge

=47 10° kg
Material saving [kg] - full bridge
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3 System

In the following chapter the input data for the bridge's geometries is presented. The cross-sectional parameters
that are presented is preliminary and used for the system analysis. In chapter 5 the final design is presented.

3.1 Primary system - longitudinal

51 m / =05m

console — span console —
"

1
* Tz 3 %%

Ry =41 gy =41 m
WW\STIFF CONNECTION |

/ =0.5m /

®—F

The bridge is modelled as a simply supported bridge in the software StripStep-2. Due to the beams depth the
supports are set offset from the neutral axis. This is modelled with a stiff connection in the system analysis.

3.1.1 Cross-section dimensions

S, Length coordinate
b, Thickness of upper flange
by, Width of upper flange

Thickness of web

h, Height of web
i Thickness of lower flange
by Width of lower flange

The new height of the girder is calculated as: Round(2050 2, 10) =4100

Element 1
Ser tuwr bus tey hyy tgg by
0 35 500 8 4020 45 600
500 35 500 8 4020 45 600

08-05-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

Element 2
Ser2 L2 by s W h,> tay by,
(mm) —(mm) (mm) (mm) (mm) (mm) (mm)
0 35 500 8 4020 45 600
10500 35 500 8 4020 45 600
10500 35 500 6 4015 50 600
11300 35 600 6 4015 50 725
25500 35 600 6 4015 50 725
Element 3
Sz s bas tLes M3 tgs by
0 35 500 8 4020 45 600
500 35 500 8 4020 45 600

mean <tfu,1 +h, + tﬂJ> =4100 mm

mean <tfuj +h, o+ tﬂj> =4100 mm

3.1.2 Corrugation shape

a.; =185 mm

0,.:=36 deg

a.3:=110 mm

a
dpyi=—3 =187 mm
sin <ac>
a
< =151 mm

fet= tan <ac>

S.i=a.+a,=372 mm
wyi=a.; +a., =336 mm

Foi= =1.11

Sec
We

Flat-fold length

Corrugation angle

Corrugation depth

Length of angled part

Length of hypopythis

Length of corrugation

Straight length

fw

AH/EY
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Important! Two exactly the same values will not work
with the linterp- function. Therefore 0.1 millimeter
must be added for a X-value where you want to
cross-sectional properties at the same time.

S=d+ &y

By

Lo

dy d

Ratio corrugation/flat-fold length

08-05-2020
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3.1.3.2 Effective width, steel flanges
Calculation of the effective width in the steel flanges with regards to shear lag is calculated according to SS-EN
1993-1-5 3.2.

t,
beﬁ.J:ﬂ . b0+—W Effective width with regards to shear lag under elastic conditions
- Equation (3.1)

L.
Xcheck uf:: e =26.0m
- 2
Xcheckﬁlf:: 0.2 Lbridge: 10.4 m
Upper flange
oy:=1.0 Equation given in Table 3.1. For webs without any longitudinal
stiffeners a,=1.0.
bfu:=bg, <)(check7uf> =600 mm Width of upper flange - see Appendix B - Preliminary sizing
tw:=t, <)(check7u/> =6 mm Thickness of web - see Appendix B - Preliminary sizing
b0:= bfuT—tw =297 mm Figure 3.2 (Notations for shear lag)
0!() . b{)
Kfit = =0.006 = K5 (Xopeer o) =0.006 Table 3.1
span
Beneer = || if xfir <0.02 =1.00 S for sagging bending, one-span bridge
H p—1.0

elseif 0.02 <xfit<0.70
-
14 6.4 xfi’
elseif 0.70 < xfu
L

8.6 «fu’

«—

«—

Calculating the effective flange width for upper flange

2 ﬂcheck . b() +w= 600 mm

boyi= || if Bepeck =1.0 =0.600 m = By i, (Xopeek o) =0-600 m
H b «— bfu
else

H b min (2 upecs + O+ w0, b
b

Lower flange

08-05-2020
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bfl:==b, <Xcheck7,f> =600 mm Width of lower flange - see Appendix B - Preliminary sizing
twi=t, <Xcheck7,f> =8 mm Thickness of web - see Appendix B - Preliminary sizing

bl — tw

b0:= =296 mm Figure 3.2 (Notations for shear lag)

- b0
i="0""" 20006 = K, (Xepeer ) =0.006 Table 3.1

span

Benear = || it ©1<0.02 =1.00 J for sagging bending, one-span bridge
|p—10
elseif 0.02<xf1<0.70
v
14 6.4 «fl”
else if 0.70 <xfl
1
8.6 /I’

«—

«—

Calculating the effective flange width for lower flange
2 Boheck * PO+ tw =600 mm

b= if Bupeer=1.0 =0.600 m = by 1 (Xopeer ) =0.600 m
|6

else
H b min (2 B ey bO+tw, bfl)

b

'y 10 26
7404
7204
700+
680+
6601 b n <Xss> (mm)
640+
620+ bﬂ <XSS> (mm)
600 e e ————--
=] ( b () ()
540+
5201 l by, <XSS> (mm)
500 peeeeeeetd | e e eeseccceoo

0 5 10 15 20 25 30 35 40 45 50 55
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3.1.4 Cross-sectional constants for system analysis

For the system analysis an equivalent cross-section is calculated converting the concrete slab into steel.

3.1.4.1 Concrete slab

The thickness of the concrete slab varies over the width of the bridge. For calculation of the self-weight the
different heights of the slab is integrated over the width, see the graph below.

hgiap Height of slab over the transverse direction

Serab Transverse distance

A
655

600

220) 350 —l /\ |_ ( )
- hslab mm
o |/\/ \I _ Stab AT

215

160

105

50

0 1 2 3 4 5 6 7 8 9 10 11

Sslab (m)
(hslabl. + hslabl. 4 1)
Ay = Z > . (SS,abi+ 1 —Sslabi) Principal for calculating the area of the slab
Agap=3.472 m* Area of concrete slab

The stiffness of the concrete slab is calculated for the mean thickness, excluding the edge beam.

Ry 10 =320 mm Mean slab height (includes height of heel)

Migack =25 mm Height of heel (for concrete slab)
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3.1.4.2 Cross-sectional constants during construction
The bridge is checked so that the steel girder (alone) can withstand the loads that are imposed during
construction such as the self-weight of curing concrete.
Ay 4 is the area of the steel including the web, for calculation of self-weight
Ag is the area of the steel excluding the web, for stiffness calculations
A
85.10°
80-10% —V \7
74-10°
69-10°
63-10°
2
58:10° A <XSS> <mm >
52.10° 5
s Ay 4 <Xss> <mm >
47.10°
41-10%
36-10%
30-10%
0 % 1‘(] 1‘5 2‘(] 2‘5 35‘( 35‘5 -£(J -1‘5 5‘0 5‘5 g
SS (m‘)
Lbridge 2 .
Ay — =0.057 m Area at mid-span
I, qeer s the area of the steel excluding the web, for stiffness calculations

A 26
250-10°
240-10°
230-10°

220-10°

210-10°
200-10°

9 4
190-10 [yiszeel <XSS> <mm >

180-10°

170-10°
160-10°
150-10°

140-10°

v

40 45 50 55

T

0 5 10 15 20 25 30 3t

Xss (m)

L.
Iysteel( brzldge) =0.2189 m* Stiffness at mid-span
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Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 Toiremt Mliex ly A a
[m] [ [ [10°m? | [10°n7] | [kN/mi
0.000 -2.481 4.100 1750.288 445 6.047
0.500 -2.481 4100 |1750.288 445 6.047

Element 2 - Node 2- 3

5 tosreat Pt he A g

] |l | (ml | (0| (0 | v
0.000 -2.48 4100 |1750.288 445 6047
10,500 -2 481 4100 |1750.288 445 6.047
10,500 | -2.580 4100 |1819.709( 475 5599
11.300 -2 587 4100 |[2189.213 573 6.335
25600 | -2587 4100 |2189.2413| &73 .335
39.700 -2 587 4100 |[2189.213 573 6.335
40.500 -2 580 4100 [1819.709 475 5599
40500 | -243 4100 |1750.288| 445 6.047
51.000 -2 481 4100 | 1750.288 445 6047

Element 3 - Node 3- 4

5 tarsees Pl ly A g

[m] [ [m] [10°'m*] | [10°m?] | [kMIm]
0.000 | -2.481 4100 |1750.288| 445 B.047
0500 | -2.481 4100 |1750.288| 445 B.047

System model used in Strip-Step2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 4.1 R
2
3 51.500 | 0.00 4.1 YZR
3
4 52.000 | 0.00 -3
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3.1.4.3 Cross-sectional constants for variable loads (short term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.216 4420 4434 43 3124
0.500 -0.2186 4.420 4434 .43 INz4

Element 2 - Node 2- 3

3 tofizet Fiot Ly A

[m] [m] m] | (0'mY | [10°m?)
0.000 -0.216 4420 4434 43 3124
10.500 -0.216 4420 4434 43 3124
10,500 -0.253 4. 420 4871.73 3154
11.300 -0.324 4420 5770.41 3261
25500 -0.324 4 420 EYT0.41 3281
35700 -0.324 4420 5770.41 3261
40500 -0.253 4420 4871.73 3154
40.500 -0.216 4 420 4434 43 324
51.000 -0.216 4420 44734 .43 324

Element 3 - Node 3- 4

3 torrae Fitet ly A
[m] [m] [m] [10°'m* | [10°'m?]
0.004a -0.216 4420 4434 43 3124
0.500 -0.216 4.420 4434 43 24

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 4.1 R
2
3 51.500 | 0.00 4.1 YZR
3
4 52.000 | 0.00 3

08-05-2020



Case study evaluating bridge 100-262-1

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
3:120f 13

3.1.4.4 Cross-sectional constants for additional permanent loads (long term)
Input for StripStep-2 (Appendix X)

Element 1 - Node 1- 2

3 tu"su: h:u: l',.- A
(] [m] [m] [10°'m7 | [10°m?]
0 0.746 4420 |3796.719 1293

05 . 746 4420 ([3796.719 1298

Element 2 - Node 2- 3

5 todizet ht{-t |1,r A
[m] [m] [m] | [10°mT | [10%m?)
0 0746 4420 [3796.719 1298

105 0.746 4420 |379%.719| 1298
105 0.820 4420 (4117.360 | 1328
1.3 0.943 4420 14780.403 | 1425
255 0.943 4420 14780403 | 1425
397 0.943 4420 (4780403 | 1425
405 0.820 4420 (4117.360 | 1328
40.5 0.746 4420 |3796.719 | 1298
51 0.745 4420 | 3796.719 ] 1298

Element 3 - Node 3- 4

3 tu"su: h:u: l',.- A
(] [m] [m] [10°'m7 | [10°m?]
0 0.746 4420 |3796.719 1293

05 0.746 4420 ([3796.719 1298

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
0.000 | 0.00 1
2 0.500 | 0.00 4.1 IR
2
3 51.500 | 0.00 4.1 YZR
3
4 52.000 | 0.00 -3
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3.1.4.5 Cross-sectional constants for shrinkage analysis
Input for StripStep-2 (Appendix X)
Element 1 - Node 1- 2
5 tosrzat Dot Iy A
(m] [m] [m] [10*m®] | [10%n"]

0 0622 4.420 3943.330 1602
D& -0.622 4.420 3943.330 1602

Element 2 - Node 2- 3

5 tosrzat htc-t |1,-' A
[m] [m] [m] [10*m*] | [10%m"]
0 0622 4.420 3943 330 1602

10.5 -0.622 4420 | 3943330 1502
10.5 -0.690 4420 | 4289.387 1632
11.3 -0.805 4420 | 4999.833 1630
255 -0.805 4420 | 4593.833 1630
39.7 -0.805 4.420 | 4999833 1630
40.5 -0.690 4420 | 4289387 1532
405 -0.622 4.420 3943.330 1602
51 0622 4.420 3943.330 1602

Element 3 - Node 3- 4

5 tosrzat h'tc-t |1,r A
(] [m] [m] [10*m] | [10%n"]
0 -0622 4.420 3943.330 1602

D& -0.622 4.420 3943.330 1602

System model used in StripStep-2

STARTNODE | Y z DELTA Z | REACTION | EL.NO
[m] [m] [m]
1 0.000 | 0.00 1
2 0.500 | 0.00 4.1 R
2
3 51.500 | 0.00 4.1 YZR
3
4 52.000 | 0.00 -3

AH/EY
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4 Loads and load combinations
41 Permanent loads
41.1 Self-weight
4.1.1.1 Steel
The self-weight is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: STEEL
pe=75.51 k—zj Self-weight of stainless steel - SS-EN 10088-1:2014 Table E.1 or E.2
m

The self-weight for each element is calculated in chapter 3.

4.1.1.2 Concrete

The self-weight of the slab is applied from node 1 to 4 in Strip-Step2, Appendix X. Name in Strip-Step2: SLAB

Wet_Concrete :=“NO” "YES" or "NO" dependent if the previous designer has used the weight
of wet concrete

p.=Iif| Wet_Concrete =*“NO”, 25 k—N,26 Ll =25 Ll Self-weight of concrete (reinforced) - SS-EN
m’ m’ m’ 1992-1-1 Table A.1
A =347 m’ Area of slab, see chapter 3
Aslab *Pe kN . .
Gap'=——— =434 — Self-weight of concrete slab, (half of the load goes to each girder) -
2 m applied in the casting stage

If the previous designer has considered that the hardened concrete has a smaller self-weight a reduction in self-weight
is applied in the system analysis for permanent loads.

Appendix X. Name in Strip-Step2: AVSLAB

kN
N Aslab * <_1> ES KN
slab perm =1 | Wet_Concrete = “NO”,0 —, ™ |=0.000Y
m 2 m
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4.1.2 Shrinkage
The shrinkage force is calculated and used in Strip-Step2, Appendix X. Name in Strip-Step2: E:SHRINK

hy=341 mm Equivalent thickness, calculated in chapter 2
t=120 yr

t=43829.1 day

Som=43 MPa Mean compressive strength - see chapter 2
t,:=1 day
RH:=80% Krav Brobyggande B.3.1.5
t—t
day .
Pasi= =0.994 SS-EN 1992-1-1 3.1.4 Equation 3.10
(1—t) ( )’
514004 !
day 1 mm
k=it 200 mm < h,<300 mm =0.73 SS-EN 1992-1-1 3.1.4 table 3.3
( h \
0.85 —|—2—200-0.001
mm

else if 300 mm < hy,<500 mm

ho
0.75 — | —=—300|-0.0005

mm
elseif /,>500 mm
|07
else
|10
RH,):=100%
Oy =4 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
0y5:=0.12 SS-EN 1992-1-1 Appendix B.2 (1), Cementclass N
3
Pry=1.55- {1 — (RH ) \: 0.76 SS-EN 1992-1-1 Appendix B.2 equation B12
U, )
Somo =10 MPa SS-EN 1992-1-1 Appendix B.2 (1)

|s

\
|
)) 1070« fpy;=2.53.10"" SS-EN 1992-1-1 Appendix B.2 equation B11

~

(
| —ag+
€,q0:=0.85+ ((220+ 110+ ay,,) €'
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g =Puas kp+eg0=184+107" Drying shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.9
_ fck _fcmo -6 __ -5 ;
Eoqpi=2.5 Pa «107°=63-10 SS-EN 1992-1-1 3.1.4 Equation 3.12
a
I(foAz- =
Bo=1—e' )19 SS-EN 1992-1-1 3.1.4 Equation 3.13
Eog =P €oqp=6.25+107> Autogenous shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.11
€= Epgt E,q=2.46+10" Total shrinkage - SS-EN 1992-1-1 3.1.4 Equation 3.8
4.1.2.1 Shrinkage force
The shrinkage force and corresponding moment is calculated accordingly:
n =14.91 Modular ratio accounting for creep and shrinkage
Ny ghore=5.88 Modular ratio
n
E, = Lshort \E,, =13.4 GPa Effective modulus of elasticity for concrete
. nLics
Agiap i =1.576 m’ Area of concrete slab (half of the cross-section used in
' system analysis)

Fogi=e Ec o Agiap fic = 5206 kN Total shrinkage force
€y i=Zpp o (0 m)=0.622 m The shrinkage force is applied in the center of gravity for the

composite section

h
M =F |z, (0 m)+ m‘zsmb =4073 kN+m Total bending moment
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Shrinkage - anchorage of studs

Forces in the concrete

Aslabﬁc Aslabﬁc )
ny cs ny cs hnmlab
Fccs::ch' 1— - - — |2 s 0m)+ =687 kN
* ey 05

beﬁ»(O m)=4.925m

AH/EY
4: 50f 16

Force in concrete

Effective width of flange

1 bejf(o m) 3
< *ysiab
12 n
M, o= Lo M =9 kN-m Moment in concrete
N [yics (0 m)
h
. Mcjs . m.slab
opi=—==2 2 =0.32 MPa Stress in concrete, upper edge of slab
Aslabﬁc 1 ° bejf(o m) ° hnmlab
12
h
e Mcjs . m.slab
oyi=—== 2 =0.55 MPa Stress in concrete, lower edge of slab
Ava ic 1
slab.fi — beﬁ”(o m) * hmslab3
12
+
N:= 71T *Agapie =687 kKN = F, =687 kN Force imposed on studs caused by shrinkage
2 ' B (used in chapter 6)
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4.2.2.1 Horizontal side trafic load

25% Q1 b

Py side car’=
h_side_car*=1ax ([ 25% - Qtrﬁbr

D =109.1 kN  Horisontal side force from the acceleration load (used in chapter 7)

P

\ side car="Ph_side car® mslab _ 62 kN Vertical side force from the acceleration load (used in chapter 7)

4.2.3 Temperature load

Temperatures are determined according to SS-EN 1991-1-5, 6.1.3 unless otherwise stated.

Load case 1 - local temperature differences for Hlldiksvall

Ty=10° A1(3)

Tpin=-38 ° TSFS 2018:57-8ch 2§
Tp=34° TSFS2018:57-8ch 2§
Tamin = Tmin+4 °=-34° Figure 6.1

ATy con=Ty—T,,;,=44 ° Contraction - Equation 6.1
TGJT[LIX = Tmax +4 O: 38 ° Flgure 61

ATN xp= Ty — Tp=28 ° Expansion - Equation 6.1
AT:=T, pux— Lo in="72 ° Total temperature difference

Load case 2 - either of the components are larger than the other
AT 5 =15 ° Temperature difference between concrete and steel -

SS-EN 1991-1-5, 6.1.6
4.2.3.1 Coefficients of thermal linear expansion
For composite bridges normally it is suggested to use the same thermal linear expansion coefficient, according

to SS-EN 1991-1-5 Table C.1. However for stainless steels the thermal linear expansion coefficient is much
larger than for concrete and hence a more through calculation is needed for the strain.

a.:=10-107° Thermal expansion coefficient - concrete - SS-EN 1991-1-5 Table C.1.
0,=16-107° Thermal expansion coefficient - stainless steel

- SS-EN 1991-1-5 Table C.1.

O =12 10°° Thermal expansion coefficient - carbon steel
- SS-EN 1991-1-5 Table C.1.
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4.2.3.2 Strains for the different load cases

AT,

A1 cont= —<am—ac> . Nem — _26.4 107°  Difference in strain between steel and concrete for contraction

B ° (temperature drop) - load case 1
AE[C ) pp= <aﬂ— ac> JNew 168107 Difference in strain between steel and concrete for expansion

N ° (temperature raise) - load case 1
Aepe s o= 0O A 2401070 Difference in strain between steel and concrete for when the steel is

B ° 15 degrees warmer or colder than concrete - load case 2

AT,

AchAzfc =q, e At —15.0 107° Difference in strain between steel and concrete for when the

° concrete is 15 degrees warmer or colder than concrete - load case 2

Aepcr=max (Aeyc 5 o, Aepc, ) =24.0 107 Only evaluating the worst case for load case 2, i.e. when there are a
temperature drop or rise in the steel

Eremp, = —Aepco+Aepc ) on=—50.4 107 Minimum strain difference; temperature drop and the steel drops even
- lower
Eromp. = A8 o A81c 1 0y =40.8 107 Maximum strain difference; temperature raises and the steel heatens up
2 even higher

4.2.3.3 Temperature load - global analysis

The concrete is transformed to steel. Already defined parameters are calculated in chapter 3.

b0 m
L): 0.837 m Width of transformed concrete
nLishort
A
Zslabfie — 0268 m? Area of transformed concrete
nLjhort
As,(O m) =0.045 m* Area of composite section
Zyy short (0 m) =216.3 mm Distance from top of concrete to center of gravity for composite
section
L, ghors (0 m) =0.443 m* Moment of inertia for composite section

Fromp = Eemp “E,A,(0 m)= [ _;tg?] kN Force on composite section
Clomp F*=Z1p_short (0 m)=216.3 mm Level at which the force is imposed on the system

Chomp 1= Zpp steet (0 M) =2, 10 (0 m)=2.265 m  Eccentricity for the bending moment
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Moy =Fromp* Clomp M= [ _1(8)22] kN «m Bending moment - composite section
Anchorage of temperature load imposed on studs
Concrete
Aslabﬁc Aslabﬁc
N =F . nLishort _ nLishorl _ [ —1538 ] N
c_temp *— * temp -
Aslfshort (0 m) [yishort (0 m) 1245
hmAslab
° ((thsteel(o m) —Zip short (0 m)> ° (thshort (0 m) + 5 ))
1 bejf(o m) h 3
= *nslab
12 ny short =52
Mcitemp = = * Mtemp = 42 kN +m
[yishort (0 m)
N, M -
o= e femp =| 7935 mpa Stress in concrete, upper edge of slab
Avlabﬁc 1 2 0.29
o g'bejf(o m) 'hmAslab
N, M -
0,i= ctemp | c_temp :[ igg] MPa Stress in concrete, lower edge of slab
Av ab.fic 1 .
slab g'beﬂ(o m) 'hmuvlabz
0,10, —1538 . ) .
Niemp = * Agap fie = kN Force imposed on studs caused by shrinkage (used in chapter 6 when
1245 calculating the anchorage of the slab by the studs)
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5 Capacity checks during construction

The capacity check that is carried out in this chapter is bending moment capacity with respect to lateral torsional
buckling in the casting phase

In the casting phase the normalforces in the cross-section are neglectible.

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

Xehock m=26 m Coordinate for control calculations - bending moment

Xopoor v=15m Coordinate for control calculations - shear force

5.1 Load effects

Load effects retrieved from Strip-Step2, Appendix X.

Bending moment

My uis Bending moment descending from permanent loads during construction in ultimate limit state
My sis Bending moment descending from permanent loads during construction in service limit state
A 26

22500+
20000+
17500+
15000+
12500+

10000+

My urs (X) (kN' m)

75004 MdﬁSLS (X) (kN' m)

5000

2500

oy
&

v

( 5 10 15 20 25 30 35 40 45 50 55
—2500+
X (m)
My uis <Xcheck7m> =20383 kN-m Bending moment at control point - ULS
My sis <Xcheck7m> =16986 kN-m Bending moment at control point - SLS
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Shear force
Va ues Shear force descending from permanent loads during construction in ultimate limit state
Vi sis Shear force descending from permanent loads during construction in service limit state
4 2
1650+
1500+ \
13507 N

1200+

1050+

900+

7501

600+

4501

300

150+

Va urs (XcheckJ) =1533 kN Shear force at control point - ULS

Vass (Xchecki» =1278 kN Shear force at control point - SLS

11-05-2020

v

Vi us(X) (kN)

Vasis(X) (kN)




Case study evaluating bridge KXEXXXEX

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

5.2 Redesign of cross-section

S, Length coordinate

b, Thickness of upper flange
by, Width of upper flange

¢, Thickness of web

h, Height of web

4 Thickness of lower flange
by Width of lower flange
Element 1

Ser tur by teyg hyy tg by

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 30 575 6 4025 45 525
500 30 575 6 4025 45 525

Element 2

Ser2 iz bus tyo hyo lgy, by,

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 30 575 6 4025 45 525
12500 30 575 6 4025 45 525 10500
12500 35 575 4 4015 50 525 10500

11300
13300 35 575 4 4015 50 625
25500 35 575 4 4015 50 625

Element 3

Sz tusz bz tysz hys3 tps by

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

0 30 575 6 4025 45 525
500 30 575 6 4025 45 525

mean <tfu,1 +h, + th1> =4100 mm

Check to see that the girder height is kept constant

mean (tfuj +h, o+ tﬂj> =4100 mm

AH/EY
K: 30f 12

11-05-2020



Case study evaluating bridge KXEXXXEX

Master thesis: Design of composite steel- concrete bridges
using Stainless steel girders with corrugated web

AH/EY
K: 4 of 12

5.2.1 Shape of corrugation

ag =215 mm Flatfold length

0,.:=36 deg Corrugation degree

agz;:=125 mm Corrugation depth

Apergi="S mm Weld throat thickness
a

agyi=— =213 mm Legnth of hypotenuse

gy ::L: 172 mm Length of corrugation depth, see figure
tan <ac>

S, =a.;+a,=428 mm Length of corrugation

w.i=a.; +a., =387 mm Straight length

7= % =1.105 Ratio corrugation/straight length

c
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5.2.2 Cross-section classification

The cross-section classes is determined according to SS-EN 1993 1-4 5.2.2 with updated limits from SS-EN
1993 1-4:2006/A1:2015. Since the web is corrugated and does not contribute to the axial stiffness the web is
not classified.

Cw (x) = hw (X) —2-V2- Ayeld

bulx) a tlx
¢ (x) ::/“—()+ < » () V2 a,, Distance from web weld toe to free edge on upper
2 2 2 flange
by(x) a tlx
c,f(x) = ﬂ( ) - W( ) —\/E *Ayolq Distance from web weld toe to free edge on lower
2 2 2 flange

Cross-section class, upper flange

E,=200 GPa Modulus of elasticity
Jouy=450 MPa Proof strength of top flange
235 K
&yt = . =0.71 SS-EN 1993-1-4 5.2.2 Table 5.2
Sour 210000
. Cu/'(x) :
cscuf(x) = || if = ) <9 ¢, Cross-section class upper flange
t;, \x )
fuu
’ “cscl”
c,rlx
elseif 9 ¢,< o) <10 ¢,
Iy '
“csc2”
. Cuf(x)
elseif 10 ¢, <— <ld g,
el '
“csc3”
else
“csc4”
CSCur (Xopeck m) = “c3¢3” Cross-section class at X, ,,=26.000 m
cscuf<Xcheck7v> =“csc4” Cross-section class at X, ,=1.500 m
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Cross-section class, lower flange

E,=200 GPa

f,y=450 MPa

235 E;
fr 210000

81/»::

csc,f(x) =||if £ <9 g

13 it
s¢i(Xopeck m) = “csc3

¢ ”»
s¢i(Xopeek ) = ““csc2

Inx
“cscl”
celx
elseif 9 ¢,< ) <10 g
£ (%)
“csc2”
clx
elseif 10 ;< o) <ldg
Inx
“csc3”
else
“csc4”

Modulus of elasticity

Proof strength of top flange

SS-EN 1993-1-4 5.2.2 Table 5.2

Cross-section class lower flange

Cross-section class at X e ,, =26.000 m

Cross-section class at X .. ,=1.500 m

AH/EY
K: 6 of 12
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5.2.3 Plate buckling of compressive flange

If the compressed flange is in cross-section class four an effective width of the compressed flange is calculated
according to SS-EN 1993-1-4 5.2.3. Updated values are taken from SS-EN 1993 1-4:2006/A1:2015. Since the
web is corrugated the buckling factor &, is calculated according to SS-EN 1993-1-5 D.2.1 (2)

Apepa =0, +2 a,4,=559 mm
Cy = cu]'(‘)(checkim> =341 mm

t,=1 (X,

check7m> =35 mm

b, = b/u <X

C

heck m) =575 mm

8qf:: 0.71

2
kﬂ,::0.43+( Cu ) —038

Apend

k,:=0.6

ky:=min (ky; ,k,5) = 0.6

Cu
tu
/lp = =0.63
28.4 . eyt \ k,

. 2,—0.188
p=if|4,<0.748, 1.0, L———|=1.00

p

byyi=b,+p=515 mm = bogie (Xeteck m) =575 mm

A
1265+

SS-EN 1993-1-5 D.2.2.(1) Equation D.4
Width of outstand flange from weld toe to free edge
Thickness of upper flange

Width of upper flange

SS-EN 1993-1-5 D.2.2.(1) Equation D.4
SS-EN 1993-1-5 D.2.2.(1) Equation D.4

SS-EN 1993-1-5 D.2.2.(1) Equation D.4

Slenderness of flange plate SS-EN 1993-1-1 (2)

Reduction of flange area SS-EN 1993-1-5 (2) 4.4
Equation 4.3. Same for carbon steel as for Stainless
steel

begi, (X) (mm)

by (X) (mm)

v

¢ 5 10 15 20

by (x) = b ()

Renaming the width of flange in order to minimize errors

11-05-2020
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5.2.6 New cross-sectional constants during casting
L, el (x) Stiffness of steel girder alone (excluding the web)
Zyp steel (x) Distance from the top of the top flange to the center of gravity for the steel section
Wer steel (x) Elastic bending stiffness of steel girder alone (excluding the web)
A 1.5 26.0

2.65

2.45 'I \

2.25

2.05

o { | Iy steel (X) (01 m4>

1.65

145 Welisteel (X) <01 m3 >

1.25

1.05 Ztp steel (X) (m)

0.85

J I —
0.65
0.0 7)‘,(J 1(;,(J 17;,(] 21J‘,1J 27;,(] ii(J,(J i’.v')‘,(J 4(;,(J -'1:')‘,(] S(J,(l 57;,(] .
X (m)

Coordinates and cross-sectional constants for control calculations

Xehock m=26 m X- coordinate for control calculations, bending moment
Asl <Xcheck7m> = 0051 m2 Area

Iyﬁsteel <Xcheck7m> = (202 * 10_3) m4 Stiffness

Zyp steet (Xeheck m) =2-486 m Center of gravity

Wer steer <Xcheck7m> = (81 . 10_3> m’ Elastic bending resistance

Xched@: L5 m X- coordinate for control calculations, shear force

Asl <Xcheck7v> =0.041 m2 Area

Iyﬁsteel <Xcheck7v> = <165 * 1073> m4 Stiffness

Zyy steel (Xcheck7v> =2.363 m Center of gravity

Wei steel <Xcheck7v> = <70 . 1073> m’ Elastic bending resistance

11-05-2020
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5.2.4 Lateral torsional buckling of compressive flange - SS-EN 1993-1-4 5.4.2.1

Simplified method only consisdering buckling of top flange according to SS-EN 1993-1-4 5.4.2.1

o;7:=0.76

l.,==729 m

b= b, <‘Xcheck7m> =575 mm
1=t (Xeheck m) =35 mm

E =200 GPa

frug=450 MPa

b2t
Ly=—2—7=0.001 m*
12
7[2 -E'Y .[Zf
N,y = ———F =20595 kN
2

/

cr

b etre .
Arr = [M =0.663
NcrLT

Prr u:=05- <1 +a;re </1LT_M— 0.2> +/1LT_uz> =09

Buckling curve d, welded open cross-section

Distance between the cross-beams

Width of upper flange

Thickness of upper flange

Modulus of elasticity

Proof strength

Moment of inertia, upper flange

Critical buckling load

SS-EN 1993-1-4 5.4.2.1 Equation 5.9

SS-EN 1993-1-4 5.4.2.1 Equation 5.7

Xor wi=min ! |=0.667 = sy (Xopuet ) =0.667

Dy u+N\ Dy u® =y

SS-EN 1993-1-4 5.4.2.1 Equation 5.6

Py = hyy (Xepeek m) =4015 mm Height of web
L=ty <Xcheck7m> =50 mm Thickness of lower flange
kp=1.1 Increase in capacity due to simlified method
' used, SS-EN 1993-1-1 6.3.2.4 (2)B

by te kg Xur 0t fou L+t
MRdAuALT u= il XLT7 fyf hw u+ ! ! :26979 kN'm = MRdAuALT <Xcheck m> :26979 kN'm

- Imi - B

11-05-2020
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5.2.5 Check of lateral torsional buckling

Check of the buckling capacity of the girders is performed.

AH/EY

K: 10 of 12

MRd‘u‘LT(X) Capacity of the girder against LT- buckling during casting
My yrs (X) Load effects during casting, Appendix ¥
A
270001
24000
210001
180001
150001
12000+ M, yrs (X) (kN' m)
90001
Mpgurr(X) (kN<m)
60001
30001
) 5 10 15 20 25 30 35 40 45 50 55 .
—3000T
X (m)
M, X
Npax 3= MAX LS() =76% Maximum utilization rate of the steel cross-section during
Mg rr(X) casting

11-05-2020
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5.3 Stresses in steel cross-section

The stresses in the top and bottom flange is calculated for the loading senario to be able to superposition
them with the other loadcases to determinte the ultimate capacity of the composite section.

Upper flange

Control calculation at midspan

M:=My 15 (Xopeck m) =20383 kN +m Load effext at midspan
I:=1 oo (Xopee m) =0.202 m* Moment of inertia at midspan
2324 sreel <Xcheck7m> =2.486 m Centre of gravity at midspan maesured from

the top of the beam

o= All :2=251 MPa = Oy urs cast (Xeteck m) =251 MPa

Ofii ULS cast (X) Stresses in the lower flange in the casting phase.

450
400+
350+
300+

250+

2004 o-sﬁLULsicmt (X) (MPLI)

T Jj/ufx (X) (MP(Z)

100+

501

—50+

nmax 8

— max ( O-SfuiULSicast (X) ) — 56%
Jour

11-05-2020
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Lower flange
Check calculation at midspan
M:=M; ys <Xcheck7m> =20383 kN-m Load effect at midspan
I:=1 oo (Xopee m) =0.202 m* Moment of inertia at midspan
2= 21 sreel <Xcheck7m> =1.614 m Centre of gravity at midspan measured from

the bottom of the beam

o All =163 MPa = Gy 115 cast (Xeteck m) = 163 MPa

Oy ULS cast (X) Stresses in the lower flange in the casting phase.

450

400+
350+
300+
250+

O-SﬂiULSicast (X) (MP a)

200+

150+

Joupx (X) (MP a)

100+

501

—50+

X (m)

Ay = QX ( Osf1 ULS cast (X) ) —36%

S

11-05-2020
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6 Capacity checks - Ultimate limit state, global

The capacity checks that are to be carried out are bending moment capacity, shear capacity, web breathing and
design of studs, both in ULS and due to fatigue

The checks are done using vectors and closed areas. Therefore calculations are verified using a "control-
calculation" for each important check. Values relevant for the control calculations are presented in blue.

Xopook m=26 m Coordinate for control calculations - bending moment
Xopoor v=0.5m Coordinate for control calculations - shear force

6.1 Load effects in ULS

6.1.1 Bending moment with corresponding axial force

Permanent loads during casting do not contribute with any stresses in the concrete since the entire slab is
casted in one step. Load effects retrieved from Strip-Step2, Appendix X.

Bending moment in the ultimate limit state

My urs (x) =My (x) + M, (x) +M, e (o) + M55 (x) + Mg, (x)

My uis Design bending moment effect from all loads
My (x) Bending moment during casting (Appendix X)
M, (x) Bending moment from multi component loads (Appendix X)
M, (x) Bending moment from temperature loads (Appendix X)
Myss (x) Bending moment from additional permanent loads after construction (Appendix X)
Myrss (x) Bending moment from shrinkage (Appendix X)
4 26
63000+
56000+
49000 MdeLS (X) (kN' m)
42000+ MULS] (X) (kN. m)
35000+
28000 M, (X) (kN-m)

210004
14000+ /_\ A/Itemp (X) (kN'm)
N N M) ()

( 5 10 15 20 25 30 35 40 45 50 55

—7000 Mgy (X) (kN- m)

\4

My us <Xcheck7m> =60890 kN -m Bending moment at control point - ULS

14-05-2020
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Axial force in the ultimate limit state
NdiULS(x) = Nysi (x) + N, (x) + Neemp () + Nz () + Ny, (x)
Ny uis Design normal force from all loads
Nyrs (x) Normal force during casting (Appendix X)
N, (x) Normal force from multi components loads (Appendix X)
Neemp (x) Normal force from temperature loads (Appendix X)
Nyrss (x) Normal force from additional permanent loads after construction (Appendix X)
Nypss (x) Normal force from shrinkage (Appendix X)
4 26
1000+
71““‘]% 5 10 15 20 25 30 35 40 45 50 55 NdiULS (X) (kN)
—2000+
—3000+ NULSI (X) (kN)
—4000+
—5000] N, (X) (kN)
—6000+
70001 ]vtemp (X) (kN)
—8000+
Nuzs; (X) (kN)
—9000+
—10000+ NULS4 (X) (kN)
X (m)
Ny uis <Xcheck7m> =-9692 kN Normal force at control point - ULS

14-05-2020
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6.1.2 Shear force

Va us () = Vs () + Vs (x) + Vs (x) + Vipse ()

Vi urs

Shear force descending from permanent loads during construction in ultimate limit state
Shear force during casting (Appendix X)

Shear force from variable loads (both temperature and traffic) (Appendix X)

Shear force from additional permanent loads after construction (Appendix X)

Shear force from shrinkage (Appendix X)

Al 11
4500
4050
3600+
3150+ Vd ULS(X) (kN)
Virs2 (X) (kN)
2250+
1800 VULSI (X) (kN)
1350+
900 VULS3 (X) (kN)
5 1
— ] Fu
i 5 10 15 20 25 30 35 40 45 50 55
X (m)

VdiULS <Xcheck7v> =4463 kN

Shear force at control point - ULS

14-05-2020



Case study evaluating bridge 100-262-1

. . ) , AH/EY
Master thesis: Design of composite steel- concrete bridges 6 4 0f 25
using Stainless steel girders with corrugated web 40
6.2 Cross-sectional constants
For calculations, see chapter 5.
A

2650
2400 _I \_
2150
1900

) th steel (X) (mm)
1650
1400 th short (X) (mm)
1150 =

900 Zip perm (X) (mm)

650 /' ‘\

w———— B Zp oo (X) (mm)

150 — —_

0 5 10 15 20 25 30 35 40 45 50 55 g
X (m)

0.51
0.475

0.44 [ \
0.405

[yisteel (X) <m4 )

0.37
— 1 o () (m*)

0.3
0.265 [yjerm (X) <m4 )
0.23 4
0.195 ( W [}LCS (X) <m >
0.16

0 5 10 15 20 25 30 35 40 45 50 55

X (m)
A
0.34
0.3] e I —
0.28
0.25 Aslfsteel (X) <m2 )
0.22
0.19 Ay shont (X) <m2 >
0.16 P \ -
(U5 E 2 S N Ag perm (X) <m2 )
0.1
0.07 Ay o (X) <m2>
0.04 r —_— -
0 5 10 15 20 2 30 35 10 15 50 55 "
X (m)
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6.3 Stresses in steel cross-section

The stresses is calculated for each load case taking into acount load duration and creep. The stresses are
then superpositioned.

6.3.1 Stresses during casting

M=My;s; (Xopeck m) =20383 kN+m Bending moment
I:=1, oo (Xopec m) =0.202 m* Moment of inertia
222, ot (Xeheck m) =2486 mm Center of gravity from top flange
hi=hpoum <Xcheck7m> =4100 mm Height of girder
M . .
Oy i= 7 «—z=-251 MPa = Ogycast <Xcheck7m> =—251 MPa Stresses in upper flange from loads durng casting
M . .
0= 7 «(h—2)=163 MPa = 0, .u <Xcheck7m> =163 MPa Stresses in lower flange from loads durng casting

6.3.2 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for
the composite section directly as the force is acting there. The other one is the temperature load where the load
is acting on the steel section and so stresses must be calculated for that specific section. The worst load case is
determined dependent on the largest stress in each part whereas the multi-component load is the main load for
the lower flange, and the temperature load is the worst load case for the upper flange.

6.3.2.1 Multi component loads (traffic)

M:=M,, (Xojoeh ) =20647 kN+m Bending moment
N:=N, <Xcheck7m> =0.01 kN Normal force
A=Ay shor <Xcheck7m> =0319 m* Cross-sectional area
I:=1, g0 <Xcheck7m> =0.506 m* Moment of inertia
Z3 =2y, ghont <Xcheck7m> =266 mm Center of gravity from top flange
h=hy,,, <Xcheck7m> =4100 mm Height of girder
- =0IN 09M, (—z)=—10MPa = 0y, (Xeheer m) =—10 MPa Stresses in upper flange from short
A I - term loads
o :=M+ LS M, (h—z)=235 MPa = a,,,(X =235 MPa Stresses in lower flange from short
s s.L.tr \“*check_m
A I term loads

14-05-2020
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6.3.2.2 Temperature loads

M:=M,, (Xepeck ) =10642 kN-m
N:= ]vtemp <)(check7m> =—4486 kN

As = Aslfsleel <X

check_m,

)=0.051 m’

A= Aslishort <X

C

heck m) =0.319 m’

[s = [yisteel <Xc

peck ) =0.202 m*
[::[yjhort <)(check7m> =0.506 m4
Zgi= thjteel <)(check7m> =2486 mm

z ::thishort <)(check7m> =266 mm

h = hbeam <Xcheck7m> = 4100 mm
[v
M= M=4243 KN+
]Vs::N.(l— _Y-|-_Y <Zs_ >2)):—1518 kN
A 1
15N, 1.5M,
0, ,= ] . <_Zs> =—123 MPa
4 I
09N, 09 M,
O51+= - = <h _Zs> =4 MPa
A 1

) S

Osu. temp

Os.1. temp

Bending moment

Normal force

Cross-sectional area - steel section

Cross-sectional area - composite section

Moment of inertia - steel section

Moment of inertia - composite section

AH/EY
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Center of gravity from top flange - steel section

Center of gravity from top flange - composite section

Height of girder

Bending moment imposed on steel section

Normal force imposed on steel section

(Xeheck m) =—123 MPa
B term loads

<Xcheck m> =4 MPa
B term loads

6.3.3 Stresses due to additional permanent loads

M::MULS3 <Xcheck7m> =4192 kN+m
[::ijerm <)(check7m> =0.427 m4
z ::thjerm <)(check7m> =835 mm
hi= hbeam <Xcheck7m> =4100 mm

14-05-2020

Bending moment

Moment of inertia

Center of gravity from top flange

Height of girder

Stresses in upper flange from short

Stresses in lower flange from short
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Oy '= M, (—z) =—8 MPa = G <Xcheck m> =—8 MPa Stresses in upper flange from
1 a additional permanent loads
M .
0, =—-+(h—2z) =32 MPa = Oglperm <Xcheck m) =32 MPa Stresses in lower flange from
1 - additional permanent loads

6.3.4 Stresses due to shrinkage

In the same manner as the temperature load must be calculated for the steel section, the shrinkage which acts on the
concrete section must be converted for the steel section.

M= My 0 (Xopeck m) =5026 kN +m Bending moment
N:=Ny;s <Xcheck7m> =-—5206 kN Normal force
A=Ay sieel <Xcheck7m> =0.051 m* Cross-sectional area - steel section
A=Ay g <)(check7m> =0.157 m* Cross-sectional area - composite section
I[=1, oo <Xcheck7m> =0.202 m* Moment of inertia - steel section
I:=1, <Xcheck7m> =0.444 m* Moment of inertia - composite section
231 =2y ool <Xcheck7m> =2486 mm Center of gravity from top flange - steel section
Zi=2y, g <Xcheck7m> =705 mm Center of gravity from top flange - composite section
=Ry (Xepeek m) =4100 mm Height of girder
M :=—+M=2279 kN-m Bending moment imposed on steel section
Av Av hm slab hm slab hm slab .
Nyi=Ne|———e¢|z——= lzgt———|z——— =—1013 kN Normal force imposed on steel
4 1 2 2 2 section
NS‘ MS‘ .
Oy i=—+——+ <—zs> =—48 MPa = Oy shrink <Xcheck m> =—48 MPa Stresses in upper flange due
N B to shrinkage
Ny | M .
0, ;=—+——+(h—z)=—1 MPa = 0y ) shrink (Xeheck m) =—1 MPa Stresses in lower flange due to
Ay L - shrinkage

14-05-2020
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6.3.5 Summary of stresses
The stresses from the different phases are summarised accordingly.
Os.u (X) = Oy y.cast (X) + Os.u.shrink (X) + O-SAuAperm (X) + Os.u.tr (x) + O-SAuAlemp (x) Stresses in upper ﬂange
Os1 (X) =05 I cast (X) + Os.1shrink (X) + O-SAlAperm (x) + Os.Ltr (x) + O-SJAtemp (x) Stresses in lower ﬂange
A | 26
450
405
360
—0,,(X) (MPa)
270
o,/(X) (MPa)
180 -
135 fylfx (X) (MPa)
90
45 fyufx (X) (MPLI)
[l 5 10 15 20 25 30 35 40 45 50 >5 g
X (m)
—0,, (X
N umar = max( %u(X) ) =98% Maximum utilization rate - upper flange
yufx (X)
X
N L max := Max LJSI—()) =96% Maximum utilization rate - lower flange
yif-x (X)
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6.4 Calculation of stresses in concrete
The stresses in the concrete is calculated with the same principle as the steel taking creep into account.

6.4.1 Stresses due to variable (short term) loads

The variable loads are divided into two load cases, one for the traffic load where the stress can be calculated for the
composite section directly as the force is acting there. The other one is the temperature load where the load is acting
on the steel section and so stresses for the concrete must be calculated separately.

6.4.1.1 Traffic and wind loads

M:=M

r

(Xeneck m) =20647 kN« m

NN, (X

C

heckﬁm) =0 kN

A ::A.vljho;'t <Xcheck7m> =0.319 mZ

[::[yjhort <)(check7m> =0.506 m4

Bending moment

Normal force

Cross-sectional area

Moment of inertia

Z3= 2y, ghont <Xcheck7m> + Ny s1apy = 586 mm Center of gravity from top flange

hi= hbeam <Xcheck7m> =4100 mm

npi=ng, = 5.88

UC::(E-F_M.Z)o ! :—4 MPa

6.4.1.2 Temperature load
M= Moy (Xepeck m) = 10642 kN-m

N::]vtemp <)(check7m> =—4486 kN

npi=ng = 5.88

A ::Asljhort <Xcheck7m> =0.319 m2

L — 0268 m?

Acejf:: Aslahﬁc *
nr

A=Ay 5o =1.576 m*

I:= ijhort <)(check7m> =0.506 m4

14-05-2020

Height of girder

Modular ratio

= 0, short (Xeheck m) =—4 MPa Stresses in concrete from short-term loads

Modular ratio
Cross-section area - composite section

Cross-section area - effective concrete section

Cross-section area - concrete section

Moment of inertia - composite section
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3
L=bo (Xopeek m) * m‘lﬂzab =0.013 m* Moment of inertia - concrete section
b (X, P siap”
L= e Koteck ) cmslah  —0.002 m* Moment of inertia - effective concrete section
’ nr 12
2:=2, ort (Xeheck m) =266 mm Center of gravity - composite section
h
Z,:= m‘;ab =160 mm Center of gravity - concrete section
1
M. ::C‘Teﬂ «M=48 kN+m Bending moment imposed on concrete slab
Ac eff Ac eff hm slab .
N_.:=N- T—T <zs—z> . z+# =—I1518 kN Normal force imposed on concrete slab
-N, M, .-z, .
0.:= y +17 =039 MPa = 0, mp <Xcheck7m> =0.39 MPa Stresses in concrete from temperature loads
6.4.2 Stresses due to additional permanent loads
M= My; g5 (Xopeck m) =4192 kN+m  Bending moment
I:=1, e <Xcheck7m> =0.427 m* Moment of inertia
Z3=Zp perm <Xcheck7m> + N, an = 1154 mm Center of gravity from top flange
hi=hpoum <Xcheck7m> =4100 mm Height of girder
npi=ng = 18.48 Creep
—M.z 1 .
o,i=———+—=—0.6 MPa = O perm <Xcheck m> =—0.6 MPa Stresses in concrete from permanent
1 np - loads
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6.4.3 Stresses due to shrinkage
M:=My;q, <Xcheck7m> =5026 kN+m Bending moment
N:=Nyes <Xcheck7m> =—-5206 kN Normal force
npi=ng = 14.91 Modular ratio considering creep
A=Ay o (Xopeok m) =0.157 m? Cross-section area - composite section
A o= Agiap fic * L _ 0.106 m* Cross-section area - effective concrete section
r
Ap=Agpap e =1.576 m’ Cross-section area - concrete section
I:=1, <Xcheck7m> =0.444 m* Moment of inertia - composite section
h 3
L5=by (Xopeek m) * m‘;lzab =0.013 m* Moment of inertia - concrete section
by (X, P stat”
L= e (Xoteck ) Lmslab —0.001 m* Moment of inertia - effective concrete section
' nr 12
222y, oo (Xepeck m) =705 mm Center of gravity - composite section
h
zpi= 0% — 160 mm Center of gravity - concrete section
1
M, ::C‘Teﬂ «M=10 kN+m Bending moment imposed on concrete slab
2
Ac eff Ac eff hm slab .
N, :=N-|1—- A —— I —e|z+ 2 =—775 kN Normal force imposed on concrete slab
—N, M, -—z, . .
0. = +——==04 MPa = O sprink (Xeheck m) =04 MPa Stresses in concrete from shrinkage
AC c B
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6.4.4 Summary of stresses

O (X) = Oc.short (X) + Oc. temp (X) + o-cperm (x) + O .shrink (X) Stresses in concrete

25

23

20

18

15

13

10
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Jex(X) (MPa)

—0.(X) (MPa)

—0. (X) . el
N o.max = MAX =17% Maximum utilization rate - upper flange
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6.5 Shear capacity

The shear capacity of the corrugated steel girder is calculated accoridng to SS-EN 1993-1-5, Appendix D.
The local- and global buckling factor are calculated according to SS-EN 1993-1-5, Appendix D.

Local buckling factor

a.; =215 mm a,=213 mm Corrugation geometries
ey =max (@, ,a,) =215 mm SS-EN 1993-1-5D.2.2.(2)
twi=t,, (Xopeer ) =6 mm Web thickness
w 2
7, =483 E,- ( ) =752 MPa SS-EN 1993-1-5 D.2.2.(2) Equation D.7
acmax

A SS-EN 1993-1-5 D.2.2.(2) Equation D.6
(115 ) _ . .
x;i=min ,11=075 =y, <Xcheck V> =0.75 Reduction factor local buckling - SS-EN 1993-1-5
L0-9 + 4 B D.2.2.(2) Equation D.5

Global buckling factor

Dyi=——= . “—4kN-m SS-EN 1993-1-5 D.2.2.(3)

Es.tw-ac32 . <3 ad+acz>

D= =3462 kN+m SS-EN 1993-1-5D.2.2.(3)
12 w,
hw:=hy, (Xepeer ) =4025 mm Web height
= Nem=207 MPa SS-EN 1993-1-5 D.2.2.(3) Equation D.10
PR /I =1.22 SS-EN 1993-1-5 D.2.2.(3) Equation D.9
V3
—mzn{ L5 ) \: 0.76 = Xeg (Xopeer v) =0.76 Global buckling factor SS-EN 1993-1-5 D.2.2.(3)
LO 547 ) B Equation D.8
xc=min (xg,x,) =0.75 = e (Xopeek ) =075 SS-EN 1993-1-5D.2.2
Via= Xc-fy—”;/_- hw« tw=5526 kN = Veaw Keheck ) = 5526 kN SS-EN 1993-1-5D.2.2.(1) Eq.D.4
Tmr*V3
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Al 1
6050
5500
4950+
4400+
3850
Vaus(X) (k¥)
27501
22004 Veaw (X) (kN)
1650+
1100+
5504] \
U( 5 10 15 20 25 30 35 40 45 50 55 -
X (m)
Nymax = 90% Maximum utilization rate
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6.7 Studs

6.7.1 Ultimate limit state

AH/EY
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The capacity of the studs in the ultimate limit state are calculated according to SS-EN 1994-2 6.6.3

d

d =22 mm

hga =200 mm
Jup =800 MPa

fo swai=min (f,;,,500 MPa) =500 MPa

h
stud -9
dstud
e hstud _
Qgpud = lf 3 S S 4 =1.0
stud
h
a—02.|1+22
stud
h
else if 4 <
dstud
H a—1
a
” 0.8 'fu stud * T * dctud2
P,;:==min = - =122 kN
4eyp
} 0.29. Aud dstud2 * Vfck * Ecm

| 1A%
Suf,short <Xcheck7v> = <89 . 1073> m’
Virs: (Xeheck v) =2538 kN

[yjhort <Xcheck7v> = <393 . 1073> m4

_ Sl,gfishort <)(check7v> * VULSZ <Xcheck7v> —578 k_N

‘L's h =
I y_short <)(check7v> m

S heck7v> = <70 ° 1073) m3

uf perm <X

C

14-05-2020

Diameter of stud
Length of stud
Characteristic strength of studs

Ultimate strength shear stud
- SS-EN 1994-2 6.6.3.1 (1)

Ratio height- diameter

Correction factor for length to diameter ratio shear stud
SS-EN 1994-2 6.6.3.1 (1)

Capacity of one shear stud SS-EN 1994-2 6.6.3.1 Eq:
6.18,6.19

Second moment of area
Shear force

Moment of inertia

Shear force per meter between concrete and top
flange for short term loads

Second moment of area
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Vurss <XcheckJ> =329 kN Shear force
L perm <Xcheck7v> = <341 . 1073> m* Moment of inertia
S, X % X
L uf_perm < Ch“kfv> ULS3 < Ch“kfv> =67 kN Shear force per meter between concrete and top
L, perm <Xcheck7v> m flange for permanent loads
Ti= |rsh + rpe| =646 k—N Total shear force per meter between concrete and top
m flange
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74 0.9 max
ngi= (@110 9or 1) —531 = Med stud Xeneek v) =53 i Number of studs needed per meter
P, m m
My stud (X) Provided amount of studs in a certain section
Mg stud (X) Needed amount of studs in a certain section

/

1
3.1 Neq stud (X) (_)
m

N1

3|~

lv;, \/ nrdistud (X) (

\
)

v

6.7.1.1 Additional studs for full anchorage

Case 1: Temperature and shrinkage causes the slab to contract and therefore they are working in the opposite
direction as the shear flow from ULS- loads during bending.

The anchorage length is calculated according to SS-EN 1994-2, 6.9 (3).
B,,=2525m Distance from centre web to outer part of edge beam
B, =28 m Distance from web to centerline bridge

b:=max (B,,,B,) =28 m

Lypen=15b=42m Anchorage length - SS-EN 1994-2, 6.9 (3)

Nes sua=687 kN Shrinkage force imposed on studs - calculated in chapter 4

|Nmmp . | = 1538 kN Temperature force imposed on studs causing contraction - calculated
| - in chapter 4
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1.0 N,
nedics — cs_stud =13 i
lanch °Prd m
L5 |N, lem;)jtlui1 |
Rog tompi=———-—=45 —
ey lanch <P rd m
1

nedﬁanch.l = nedfcs + neditemp =58 —
m

nrdistud(o m) =53 i

m
check; =if <ned7anch. 1< n,dﬂud(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check; = “Extra studs are needed”

Case 2: Temperature causes the slab to expand and therefore working in the same direction as the shear flow
from ULS- loads during bending. Shrinkage causes the slab to contract, i.e. working in the opposite direction.

1
—nedics = —1.3 ;
]\/le,,wj,m,2 =1245 kN Temperature force imposed on studs causing expansion
- calculated in chapter 4
1.5-0.6 ]vtempistud2 1
n = =22 —
cseny lanch P rd m

Neq stud(o m) =1.0 L
- m

1
nedﬁanch.Z = nedistud (0 m) + nedftemp - nedfcs =18 —
m

nrdistud(o m) =53 i

m

check, =if <ned7anch_ 5 < n,dismd(O m) ,“No extra studs are needed” , “Extra studs are needed”>

check,=“No extra studs are needed”
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Extra studs needed due to shrinkage and temperature

My stud.adj (X) Needed amount of studs with regards to extra anchorage due to temperature and shrinkage
nrdislud (X)

nedﬁstud (X )

Provided amount of studs in a certain section (ULS- loads)

Needed amount of studs in a certain section

44 /

1
2 nrdistud (X) -
m
21 eeeeaeaececaaceaaae
1 T 1
N stud.adj (X) (_)
14 - m
( > 10 15 20 25 0 > 40 45 >0 55 -
X (m)

Table. Showing the adjusted need for studs near supports

X Mg Mg sgj
0 53 5.8
05 53 5.8
42 5.3 5.3
6 47 4.7
11 4.0 4.0
20 2.8 2.8
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6.7.2 Fatigue limit state

6.7.2.1 Capacity

AH/EY
6: 22 of 25

The fatigue capacity is calculated according to SS-EN 1993-1-9, Table 8.5 and SS-EN 1994-2, 6.8.3.

At.:=90 MPa

At =4, A1,

A, =155
0,:=410 kN
0,:=480 kN

N, :=0.05+10°

Ny:=0.5-10°

1

(N
/qu — th . ( obs) —0.64
Q() N()

tLd:: 120

1

0
as=[222) =102
100

Aai=1.0

/lv ::/lul "%2"%3 '/lu4: 1.02

VYmF = 1.0

Az,
VEr® Aop, <——
YmF

ed,
Fy quai=At,«—" =342 kN
‘ 4

7

F
Foy guai= ’if’“d =33.7 kN

v
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SS-EN 1993-1-9 - Table 8.5 (10)

Bridge length less than 100m - SS-EN 1994-2 6.8.6.2 (4)

Mean weight of large vehicles in the slow lane

SS-EN 1994-2 6.8.6.2 (4) and SS-EN 1993-2 Eq. 9.10

Expected service life [years]

TSFS 2018:57-27ch. 3§

SS-EN 1993-2, 9.3 (1)

SS-EN 1994-2, 2.4.1.2 (6)

Shear fatigue capacity - one stud

Considering trafic load
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6.7.2.2 Fatigue load

Viur (X) Fatigue load from trafic - see Appendix X

41
500
450
400
350
300
250

Viar (X) (kN)
200 —_—
150
100
50
[l 5 10 15 20 25 30 35 40 45 50 55 .
X (m)

b= sV - stud_capacity

1 m
Suf = Sufjhort <Xcheck7v> =0.089 m3

Vi= VFAT <Xcheck7v> =494 kN

I:= [yjhort <Xcheck7v> =0.393 m4

S o~V
Ar= 20" 113 BV
I m
Fra swa=34 kN Fatigue capacity - one stud
At 1 1
nediAr = =33 — = nedistudAAr <Xcheck7v> =33 —
Frd stud m m
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6.7.2.3 Design of studs with regards to fatigue

Ned stud Az (X) Needed amount of studs with regards to fatigue
My stud (X) Provided amount of studs in a certain section
Mo stua(X) Needed amount of studs in a certain section

et e () (i)

) (]

v

\:

| U

a

=

U

Q

&

—~~

>
—_
SN———

Extra need of studs with regards to fatigue

s nedisludAA‘t (X) 13 99 ¢ 2
Check :=if | max W , “No extra studs are needed” , “Extra studs are needed
nrdistud

Check =“No extra studs are needed”

6.7.3 Summary - design of studs

Table. Showing the stud design for half of the span

-:{ ni-tud.IJEEd nStIJd.I'IEE'd nStIJd.fElt

0 5.8 1.0 0.0
0.5 5.8 2.3 3.3
4.2 9.3 4.8 3.1
6 4.7 4.3 29
11 4.0 3.8 26
20 2.8 26 19
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6.8 Utilization rates

Noumar=98% Stresses in top flange
Notmax = 96% Stresses in lower flange
Nocmax=17% Stresses in concrete
Nmax = 90% Shear capacity
Nbreathing = 30% Breathing

AH/EY
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9 Material savings

The material savings that are achieved thanks to redesigning the bridge with corrugated webs and using
stainless steel is compared to the old design. However it is important to note that dependent on the utilization
rates the savings may always not be comparable. For this bridge the highest utilization ratios are larger than

95% (close to 99,8%) and therefore close to comparable.

9.1 Main girder

The main girder is redesigned with a corrugated web and a slightly slimmer design. Over the full bridge length
this decreases the weight of the bridge. All savings are presented for the full bridge (full width). Consideration
has been taken to the extra web length arising from the corrugation.

V,a=13.25m’

v,

en=1.1 m"

moldgirder:: 7850 kf *Vold= 104 103 'kg
m

m =7551 X8y 54 10° ke

new_girder * 3 new —
m

m ird
] — [new girder —48%
molngirder

n girder =

4 msaving - girder =My | girder — Moy ' girder

9.2 Studs
Vstudiold =72750 cm ’

Vitud new= 32030 cm’

kg

moldixtud :=7850 3
m

* Vstud old =571 kg

7551 K&, =242 kg

new_stud = 3 stud_new
m

m

m tud
Hopgi= 1 — newsiud _ sgor
moldistud

4 msavingistud = moldixtud - mnewfstud =329 kg

11-05-2020

=50 10° kg

Steel volume - girder with flat web; original design

Steel volume - girder with corrugated web; new design

Weight of girder - flat web; original design

Weight of girder - corrugated web; new design

Material saving [%] - steel girder

Material saving [kg] - steel girder

Volume - studs; original design

Volume - studs; new design

Mass - studs; original design

Mass - studs; new design

Material saving [%] - studs

Material saving [kg] - studs
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9.3 Cross-beams

V., =0.59 m’
kg
mold ch = 7850 . Cb:4597 kg
- m3
kg
mnewicb = 7551 3 *Vep= 4422 kg
m

Myew cb
’]Cb = 1 —_—_— 4%
Moid_cb

Amsavingicb =Mold b~ Mpew b= 175 kg
9.4 Welds
Viveld oia=0.005 m’

V. =0.0038 m°

weld _new

k
Mg yweia*= 1850 —é; *Vivetd ota=40 kg
m

7551 ke,

mnewﬁweld = 3 weld _new

=28 kg

m Id
nweld:: 1 —uzzg%
Mold weld

Amsavingﬁweld = moldiweld - mnewﬁweld =11 kg
9.5 Total savings

— _ 3
moldfbridge = moldjirde/‘ + moldjtud + moldicb =109 10 kg

— _ 3
mnewibridge = mnewgirder + mnewistud+ mnewﬁch =58 10 kg

m

i new_bridge __
Moridge = 1 — 222 — 46.6%
moldibridge
Amsaving tot = Amsavingjird@r + Amsavingfstud + Amsavingﬁcb +4m

11-05-2020
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Volume cross-beams old and new design

Mass - cross-beams; original design

Mass - cross-beams; new design

Material saving [%] - studs

Material saving [kg] - studs

Volume - welds; original design

Volume - welds; new design

Mass - welds; original design

Mass - welds; new design

Material saving [%] - welds

Material saving [kg] - welds

Total mass of original design

Total mass of new design

Material saving [%] - full bridge

Material saving [kg] - full bridge
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