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Comparative structural design of a Timber Concrete Composite bridge
LCA and LCC comparison between concrete and TCC integral bridge
ALEXANDER OTTOSSON

IVAR WESTIN

Department of Architecture and Civil Engineering

Chalmers University of Technology

Abstract

Timber concrete composite (TCC) bridge is a structure system composed of three
main structural elements: timber elements, concrete slab and connections to enable
composite action. TCC bridges main advantage is the structural efficiency. The
materials are used in an efficient manor, with concrete in compression and timber in
tension. To be able to profit from the efficiency of the system, a capable connection
is essential. This means a connection that can provide enough stiffness to create
a good composite action between the materials, strong fasteners to carry the load
subjected to the connection and ductility to prevent brittle failure of the structure.

This thesis investigates the possibility of designing a TCC integral bridge based on
the prerequisites of an existing concrete integral bridge over a small river. Three
connection types are studied: a combination of notches and dowels, dowels alone
and a hybrid of adhesive and dowels. These alternatives are evaluated under both
short and long term loading to assess their structural performance.

The study resulted in a preliminary design of a TCC bridge. The analysis revealed
that the governing stage was the initial service period. Notably, a composite action
of approximately 30% led to the lowest material utilization, highlighting a com-
plex relationship between connection stiffness and structural efficiency. Long term
effects varied depending on the connection type. For low composite action, utiliza-
tion decreased over time, while for high composite action, utilization ratio increased.

To compare the bridge alternatives, a life cycle assessment (LCA) and life cycle cost
(LCC) analysis are conducted to evaluate whether TCC bridges are environmen-
tally and economically competitive with conventional concrete bridges. The LCA
results from the case study indicate that TCC bridges have a lower climate impact
than conventional concrete integral slab bridges when comparing COse emissions
throughout the construction and maintenance phases. The results from the LCC
assessment show that the TCC bridge has a similar expected cost compared to the
integral concrete slab bridge from the case study. However, the cost estimates for
the TCC bridge shows greater uncertainty, resulting in a wider range between the
lower and upper bounds.

Keywords: TCC, timber, bridge, LCA, LCC, notch connection, dowel connection
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1

Introduction

1.1 Background

The construction industry account for 22 percent of the carbon dioxide emissions
in Sweden, according to Boverket, 2025, and about a fifth of these emissions is
emitted during the production of concrete, in particular the cement. Globally, the
production of cement accounts for about 8 percent of the carbon dioxide emissions
according to World Economic Forum, 2024. To reduce emissions, new concepts are
emerging to supplement portions of concrete in constructions. One of these concepts
is Timber Composite Concrete (TCC), which replace parts of concrete with timber.

The concept of TCC is based on the idea of having the right material in the right
place. Concrete is strong in resisting compression forces, but weak in tension. To
counteract low tensile resistance, reinforcement is traditionally embedded in the
concrete to address the tension forces. The concept of TCC is to replace parts of
the reinforced concrete structure subjected to tension, and replace it with timber
beams. Timber has a high tensile strength in relation to its self weight compared
to concrete. A concrete deck is placed on top of the timber beams. This concept
has possibilities in optimization of the structure in terms of material efficiency,
greenhouse emissions and could also prove to be competitive in terms of economy.
However, combining concrete and timber creates complexity in terms of structural
response and long term behavior.

1.2 Aim

The aim of this master thesis is to deepen the understanding of TCC bridges and
the potential application in modern bridges, particularly in integral bridges. This
involves investigating the structural behavior, advantages, disadvantages and limi-
tations of combining timber and concrete. The study aims to evaluate these aspects
through life cycle analysis (LCA) and life cycle cost assessment (LCC), compar-
ing the results with conventional concrete integral bridge designs. Ultimately, the
project seeks to establish a solid foundation for the implementation of TCC in the
construction industry.



1. Introduction

1.3 Objectives

o A literature study of different connections to find the most suitable character-
istics in terms of structural response.

o Examine how different connections affect TCC structures.

e Design TCC bridge with three different connections.

o Evaluate and compare the TCC bridge to a concrete integral bridge through
LCA and LCC.

1.4 Limitations

To concretize and narrow down the project, the following limitations applies:
e The project only considers glulam as the timber material.
e One case of simply supported one span integral bridge with a defined geometry
and load will be investigated.
o The project will not investigate the substructure of the bridge.
o The designed TCC cross section will not change for the different connections.
e The only method used in the design is the v-method.
e Only Load Model 1 will be used for traffic loads.

1.5 Methodology

The impact on structural performance of a TCC bridge will be studied and reviewed
for different connection types between timber and concrete. A literature study will
be performed to understand the existing research on TCC bridges, structural behav-
ior and production methods. Then, case studies will be conducted with emphasis
on reviewing the structural behavior of bridges with three different connections and
production methods. This will be done using a version of Eurocode, SIS-CEN /TS
19103:2022, specially made for timber concrete composite.

LCA and LCC analyses will also be performed to address the environmental and
economic impact of the bridge concepts. To obtain data for the LCC analysis, a
dialogue will be conducted with our supervisors and their corporate partners to gain
a clear understanding of costs, including construction methods, material expenses
and other relevant factors. Data regarding the environmental impact of building
materials will be taken from the Swedish transport administration. In the end, a
discussion and conclusion will be performed to review the results of the different
case studies.
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Literature review

To perform case studies off different connections and production methods for TCC
bridges, a literature review of relevant subjects is presented below. The literature
review will focus on relevant information needed to evaluate the most fitting connec-
tion type and production method that will be analyzed in the case studies. The long
term effects and structural behavior of the three main elements of a TCC bridge
will be covered. In addition, LCA and LCC will be covered as well as calculations
methods of TCC structures according to Eurocode.

2.1 TCC bridges

A timber concrete composite (TCC) bridge is comprised of three main elements:
timber, concrete and connections allowing for the composite action. Furthermore,
the bridge has abutments, foundations, bearings and other components. However,
this report will focus on the superstructure of a TCC bridge.

When a structural element is subjected to transversal forces, tension and compres-
sion stresses arise in the cross section. The work of a structural engineer is to
calculate the stress distribution in members and design the cross section to resist
the expected loads. The idea of a TCC bridge is to increase the structural efficiency,
either by replacing parts of a reinforced concrete member subjected to tensile forces
with timber, or by increasing the stiffness and durability of a timber element by
adding concrete in the compression zone.

Figure 2.1: Example of a TCC bridge cross section.



2. Literature review

The history of TCC bridges dates back to the 1920s and the concept has been a
viable option for different reasons throughout its history. According to Wacker et
al., 2017, 1644 TCC bridges were still in service in USA, where a majority were
built in the 1950s and 1960s. The beginning off TCC bridges began in America in
between the two world wars, when steel was a scarce material due to the production
of army material. The shortage of steel resulted in new ideas of supplementing
steel with another, available material, where timber was an appropriate building
material. Another reason for the TCC concept is to rehabilitate or improve existing
infrastructure, which is beneficial both in terms of economical and environmental
sustainability. In the beginning of the 21st century, the TCC bridge started to rise
in popularity, especially in Europe, as it is seen as a sustainable option compared
to traditional reinforced concrete constructions.

2.1.1 Timber

Timber is one of the oldest and most important building materials historically.
Timber is made from wood and can be modeled as an orthotropic material that
has different characteristics in each direction in relation to the fiber orientation.
The difference between wood and timber is that wood is "the fibrous substance
that makes up a tree", cited from Duffield Timber, 2019, whereas timber is sawn
or processed wood. Timber has three main directions: longitudinal, radial and
tangential, illustrated in Figure 2.2. The longitudinal direction, parallel to the
fibers, has the highest strength of the three directions. The radial and tangential
directions are much weaker. (Swedish Wood, 2019) The orthotropic characteristic
is crucial in the design phase of timber constructions.

Grain direction

Radial direction (R)

// N\ Tangential direction (T)

Longitudinal direction (L)

Figure 2.2: Three principal directions in wood; longitudinal, radial and tangential.

Moisture

Wood is a hygroscopic material, meaning that its moisture content influences its
properties. Naturally, wood contains moisture since water is essential for photo-

4



2. Literature review

synthesis in trees. Most of this water is stored in the cell walls and hollow cell
cavities. During drying, free water in the cell cavities evaporates first, followed by
the bonded water. Wood absorbs moisture in humid conditions and releases it in
dry environments. While the loss of free water does not affect the wood’s volume,
the evaporation of bonded water causes shrinkage. (Swedish Wood, n.d.)

Wood is anisotropic, meaning that shrinkage occur differently in the three main
directions (Swedish Wood, n.d.). Most shrinkage occur in the tangential direction
and least in the longitudinal direction. This causes risk of warping or cracking.
Wood also absorbs water at different rates depending on the grain direction. The
highest absorption occurs along the grain in the longitudinal direction, where wood
can absorb up to 20 times more moisture compared to other directions. This makes
the end grain vulnerable to water absorption. The lowest absorption occurs in the
radial direction, while the tangential direction absorbs approximately twice as much
water as the radial direction (Swedish Wood, n.d.).

To minimize the risk of fungal degradation, Ramage et al., 2017 states that main-
taining a moisture content below 20% is effective. Moisture content also affects the
mechanical properties of timber. As moisture decreases, strength and stiffness in-
crease. Wood naturally seeks to reach moisture equilibrium with its surroundings,
and the rate of moisture change depends on the timber geometry. Thicker beams
dry slower than smaller beams due to their larger cross-sections. In a building, the
equilibrium moisture content is around 8-12% and for exterior environments, the
moisture content is around 16%.

Knots are natural occurring in timber and arise from old tree branches. Knots cause
deviations in the fiber direction, creating an area of different orientation of the fibers
and thereby a reduction in strength (Swedish Wood, n.d.). Reaction wood is also
a phenomenon that arise as a counteraction of wind loads on the tree. Reaction
wood causes changes of the timber properties, leading to unpredicted shrinkage
and swelling which is unwanted from an engineering perspective. To avoid these
effects, engineered timber has been developed. The idea of engineered timber is to
reduce the effects of knots and reaction wood and make a more uniform material.
Glue laminated timber beams and cross laminated timber slabs are examples of
engineered timber.

UV light

Ultraviolet light, a part of the light emitted from the sun, causes damage to the
exterior part of the wood. The UV light breaks down the chemical structure of
lignin and cellulose, which are essential components of the wood (Teaca et al., 2013).
Lignin can be refereed as the glue that bind the cellulose fibers together. When lignin
beaks down, the wood strength decreases and gets more susceptible to cracks and
color changes. The UV light also causes the timber to lose its moisture, further
increasing the risk of cracks.
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Glue laminated timber

Glue lambinated timber, or glulam, is the oldest engineered timber product and
has been around since the beginning of the 20th century (Swedish Wood, 2019). A
comparison of strength to weight ratio between glulam, steel and concrete show that
glulam is the strongest, according to Ong, 2015.

The concept of glulam is to glue several small, knot free, laminates together in the
same fiber direction which creates a more uniform material. The manufacturing of
glulam starts by drying timber in a kiln to desired moisture content. Then, the
timber is strength graded according to national standards. Strength grading can be
done visually or by machine grading. The latter is considered more accurate and less
labour intensive, according to Ong, 2015. To create a material with uniform char-
acteristics, defect areas are removed and the remaining timber are re-joined using
finger joints. Then, the timber is laminated and pressed together using adhesives
and special equipment. The glulam beam can be optimized by using high strength
timber in the top and bottom, where maximal stresses occur. This optimization is
denoted with the letter ¢, as in combined, whereas uniform strength timber lami-
nates are denoted with the letter h, as in homogeneous, as illustrated in Figure 2.3.

/72 2\
172\ 172\
172\ 172\
772\ 12\
- 172\ 172\
72\ 2
Glulam beam (h) Glulam beam (c)

Figure 2.3: Illustration of two glue laminated timber beams, where (h) denotes
homogenous and (c) denotes combined.

Since glulam is comprised of many small laminates, the material can be produced in
almost any shape and is only prevented by the logistics of transportation. Common
widths of glulam beams are between 42-215mm in the Nordic countries ((Swedish
Wood, 2019)), but it is possible to achieve wider beams by block gluing glulam
beams together.

2.1.2 Concrete

Concrete is made up of cement, aggregates, water and admixtures (Madciulaitis et
al., 2009) and is the second most used material in the world. The material has a

6
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wide range of applications and the concrete mixture can be tweaked to gain desired
properties and characteristics. Concrete has a high compressive strength but a low
tensile strength. To counteract the low tensile strength of concrete, steel reinforce-
ment are traditionally casted into the concrete to resist the tensile forces.

Concrete experiences long term effects caused by shrinkage and creep. Shrinkage
occur partly due to the drying of concrete, called drying shrinkage, and partly due to
the hardening of the concrete when the cement hydrates, called autogenous shrink-
age (Harapin et al., 2024). Shrinkage can cause tensile stresses if the concrete is
subjected to restraint. Since concrete has low tensile strength, cracks can appear in
the concrete. Cracks causes reduced durability and non linear behavior.

When concrete is subjected to sustained loads, the stiffness reduces which in term
increases deformation. This is a time dependent phenomenon called creep. Creep
is influenced by the concrete mix, environmental factors and time(Harapin et al.,
2024). Shrinkage and creep are important factors to take into consideration in
the design phase, since its consequences, reduced durability and deflection, can be
governing.

2.1.3 Connections

The performance of TCC systems is largely dependent on the type of connection
between the two materials. According to Dias et al., 2018 the ideal connector should
fulfill three mechanical properties: the connection should have enough strength to
transfer the shear force between the concrete and steel elements. The connection
should be stiff enough to transfer forces without considerable slip. The ideal connec-
tion behaves ductile to avoid brittle failure. In addition to these three properties,
cost and complexity should be taken into account. However, considering these prop-
erties, the ideal connector is not available on the market.

Dowel connector

Dowel type connectors are commonly used in timber structures, and are therefore
natural as a option also for TCC structures (Dias et al., 2018). Figure 2.4 illustrates
a dowel connection. The performance of dowel type connectors is relatively low in
terms of strength and stiffness, but high in ductility. There are different types of
dowel connectors; screws, nails, bolts, dowels etc. These dowel alternatives can be
attached to the glulam beam by screwing, driving or gluing. According to Dias
et al., 2018, the majority of dowel connection in TCC constructions are nails and
SCrews.

There are two types of dowel connections, either perpendicular to the beam or at an
angle in relation to the interacting surface at the top of the beam. A perpendicular
dowel connection is beneficial in terms of ease of production, but lacks structural
efficiency since the connector experience shear and bending (Dias et al., 2018). An
inclined connection increase the structural efficiency since higher amount of load is
taken axially in the connector, but creates a more complication installation process.

7
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Screwing a dowel 90°into the glulam beam is the fastest way to attach the connector.
Since no additional material is required, such as adhesives, this alternative is among
the most economical in terms of production. Other connection methods, such as
adhesives or inclined connectors, is more complicated but can be beneficial in terms
of structural efficiency.

T Concrete

a4 , | __—"Dowel

/Glulam

Dowel connectors

Figure 2.4: Dowel connection

Notch connector

Notch connectors are made by cutting segments in the timber which is filled with
concrete during casting. This type of connection is effective due to its simplicity
and performance (Dias et al., 2018). An illustration of a notch connector is shown
in Figure 2.5. The advantage of notch connections is its high stiffness. However, the
shear and axial load capacity is usually not that high and the failure is brittle. The
disadvantages can be addressed by combining notch connections with some sort of
dowel type fastener to add strength and ductility to the connection. From a pro-
duction point of view, the notches can be carved before assembly, simplifying the
production process and making the connection an economical alternative. Dias et
al., 2018 explains that a majority of notched connections are combined with dowel,
which combines the stiffness of the notches and the ductility of the dowels.
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Figure 2.5: Notch connection

Adhesive connector

According to Buka-Vaivade and Serdjuks, 2021, glued connectors are a great al-
ternative due to its high composite actions and good distribution of shear forces
throughout the surface. High composite actions creates structural efficiency, and
the distribution of shear forces reduces the local stresses. Glue does not corrode as
dowel connections can, which is good in terms of durability. However, the downside
of glued connections are the problem with quality assurance since inspection is hard
to perform. Glued connectors are also hard in terms of construction since the glue
requires strict appliance control and curing conditions. Another downside is the
brittle failure, which is unwanted (Dias et al., 2018).

Buka-Vaivade and Serdjuks, 2021 did numerical experiments on specimens with de-
fects in the glued connector. The conclusion was that the size of the individual
defected areas, that is areas without glue, is more important than the number of
defected areas, since large stress concentrations arise. To improve the quality con-
trol, an alternative production approached was presented which comprise of adding
granite chips to the adhesive layer, and then casting concrete on top. This ap-
proach improves the inspection possibilities, since inspection of each glued granite
chip can be done before casting, which in terms reduce the defected areas. Figure
2.6 illustrates an adhesive connector.
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Figure 2.6: Adhesive connection

Combined notches and "X" connector

Jutila et al., 1997 did a field test of a constructed one span, 18 meter long TCC
bridge in Finland. The bridge was comprised of glulam beams, concrete slab and
connections made from notches and X connectors. The notches were positioned
near the support regions where the highest shear forces occur. The X connector was
composed of 16 mm rebar connected in a 45° angle into the glulam beam by adhe-
sives, as shown in Figure 2.7. The rebar was positioned at an angle to increase the
axial action and thereby the mechanical efficiency, according to Jutila et al., 1997.
The X connectors were positioned at an CC-distance of 800 mm and connected to
the concrete slab. The reinforced concrete slab was 150 mm thick and its rebar
scheme comprised of ¢12 mm with a spacing of 250 mm at the top and bottom,
with additional transversal rebar. There were seven glulam beams with a dimension
of 190 mm x 1350 mm. No dimensions of the notches were presented. To perform
the field test, two heavy trucks were positioned at the bridge for SLS, according to
Finnish codes. The result of the field test indicated that the evaluated connections
performed well in terms of composite action. The deflection for short term loading
was below 1/1500 of the span.

Marques et al., 2020 performed an experimental comparison of two connection types.
Although the experiment focused on rural TCC bridges constructed with timber logs,
valuable insights can be gained from the mechanism of the investigated connections.
The first was X connectors glued into 45° angle pre-drilled holes in timber logs.
The second connector is a dowel hammered into 90° angle pre-drilled timber log
without adhesives. The results of the experiment show that the X connections have
a higher load carrying capacity and minimal slip, but a more brittle failure and more
expensive and complex installation. The dowel connection show a more ductile

10
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behavior and easier installation, but lower strength and more prone to stiffness
reduction due to fatigue loads.

= Concrete

<
I
| /G ulam

X-connector

Figure 2.7: X connection

Combined notches, "X" connector and glue connector

Jutila, 2003 explain the evaluation process for determining a suitable connection for
a proposed TCC bridge in Finland. The paper evaluated four different connections
and fatigue tests were performed. The fatigue test involved a cyclic loading of 160
kN on a million load cycles.

e Specimen 1. X connector and polyurethane adhesive.

e Specimen 2. X connector and epoxy adhesive.

Specimen 3. Steel bar connector, notched and polyurethane adhesive.
Specimen 4. X connector, notched and polyurethane adhesive.

The result of the test shows no damage due to fatigue on all four specimen, but
softening of the shear connectors were noticed. Further, epoxy generated a higher
stiffness than the polyurethane adhesive, and the notched specimen decreased the
slip. Jutila further explains that the addition of notches is inexpensive and increase
the shear capacity by 35 %. Specimen 4 was the chosen connection for the bridge.

2.1.4 Integral bridges

Bridges are subjected to thermal differences during its lifetime, which causes the
material of the bridge to contract or expand in the horizontal direction (Dicleli,
2016). Horizontal forces from braking forces causes movement in the bridge as well.

11
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If these movements are restricted, internal stresses arise which can lead to damages
or failure of the bridge. To counteract this, expansion joints are traditionally fitted
to bridges which allows the bridge to expand and contract. Expansion joints are nor-
mally located at the abutments, or in long bridges over intermediate supports, due
to ease of inspection and maintenance. However, expansion joints have their disad-
vantages; they are often a critical detail in terms of maintenance, and maintenance
or replacement of expansion joints can lead to closure of the road which is unwanted.

An integral bridge is an alternative bridge to traditional bridges with expansion
joints, where the concept is to transfers the horizontal movements to the soil at the
end of the bridge, and thereby eliminating the need for expansion joints (Dicleli,
2016). This reduces maintenance and increases durability of the bridge. Further, it
can create a faster and simplified construction. But, integral bridges require careful
design where thermal expansion and long term effects are essential to take into
consideration. Long term effects include shrinkage and creep of the concrete, soil
densification and increased earth pressure due to cyclic loading of the end console
and fatigue.

12
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2.2 Loads

When designing a structure, it must be capable of withstanding all loads it will be
subjected to throughout its lifetime. Ensuring safety is of high importance, which
is why the design process involves analyzing worst case scenarios for various loads
and calculating the resulting maximum stresses. Once these stresses are determined,
the design of the cross sections begins. The cross sections must be able to resist
the acting forces over time, considering the effects of time dependent behaviors and
environmental conditions that may influence stress distribution.

To design a structure in accordance with Swedish standards, the loads acting on the
bridge must be determined based on SS-EN 1991-2, 2003. This Eurocode specifies
the magnitude of various traffic and environmental loads, as well as how these loads
should be distributed across the structure using different load models. The load
models are the following:

o Load model 1: Relates to vertical distributed loads for trucks and cars. Can
be applied in global and local calculations.

o Load model 2: Relates to a single axis load of 400 kN. Can be deciding on
short spans.

o Load model 3: Combines several axial loads, representing special vehicles.

e Load model 4: Pedestrian loads.

2.2.1 ULS, SLS and fatigue

Structures needs to be designed for three main types of load combinations: ulti-
mate limit state (ULS), service limit state (SLS) and fatigue. ULS refers to the
maximum load a structure can resist before experiencing failure or becoming unsafe
(SS-EN 1991-2, 2003). ULS is essential in design to ensure that structures remain
stable under extreme conditions. ULS applies amplification factors to account for
uncertainties in loading conditions. However, ULS does not take serviceability into
consideration, it is only a criteria that ensures no collapse in worst cases.

Partial factors are used in ULS design, which can be found in Annex A in SS-EN
1990, 2002. The Swedish Transport Agency’s Code of Statutes (TSFS 2018:57, 2018)
explains how load should be combined in order to resist the worst case scenarios. In
the code of statutes, Table 4.4 presents two main load cases, "6.10a" and "6.10b", that
will be considered in this report. 6.10a is a load combination that gives the worst
loading effects for permanent loads. 6.10b, on the other hand, combines variable
load that gives the worst loading effects. TSFS 2018:57 further explains that loads
can be applied in an unfavourable or favourable way. If a variable load creates a
favourable effect, the load can be disregarded, by setting the load factor to zero. For
permanent loads, the load factor can be set to 1. G denotes permanent loads and Q
denotes variable loads. Equation 2.1 denotes load combination 6.10a and equation
2.2 denotes load combination 6.10b.

13
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Z Y6,5.supGr jisup T V6.5t G jint + 70,1 V0,1 Q%1 + Z 70,i¥0,iQk,i (2.1)

i>1 i>1
> &6 jsupCrjsup + V6.5t Grjint + 701Qk1 + Y 70,:%0,iQk.i (2.2)
7>1 i>1

To take service state into consideration, load model SLS is used. The service state
criteria refers to, among many things, deflection and crack widths. SLS refers to
how a construction is perceived, rather than a maximum load the structure can
experience. SLS can often be decisive in the design phase. Equation 2.3 denotes the

characteristic combination of SLS, and equation 2.4 refers to frequent combination
of SLS.

> Grjsup + Grjing + "Qua” + > Vo, Qi (2.3)
j>1 i>1
> Grjsup + Grjing + "V11Qk1" + > Vs i Qi (2.4)
i>1 i>1

Fatigue refers to a local structural damage that increases with cyclic loading (Chang,
2015), and can lead to structural failure. Failure due to fatigue occurs with stresses
well below the maximum stress level of a material. Equation 2.5 denotes the quasi
permanent combination.

Z G jsup + Grjing + Z Uy i Qi (2.5)

>1 i>1

2.2.2 Permanent and variable loads

Structural loads are generally classified in two main categories: permanent loads and
variable loads. These loads can act in three primary directions: vertical, horizontal,
and transversal. The following section presents a detailed list of different load types
and their respective directions.

Permanent loads on a bridge include:
o Self weight - Acts in the vertical direction due to the structures weight.
e Earth pressure - Acts in the horizontal and vertical direction. The horizontal
direction is of high interest for an integral bridge.
o Differential settlements - Occurs due to a difference in settlement between
abutments or supports.
o Shrinkage - Acts in all directions and creates restraint forces.

Variable loads in a bridge include:
o Traffic loads - Acts in the vertical direction and is discussed further below.
« Braking and acceleration forces - Horizontal and transversal forces caused by
breaking or acceleration of vehicles on the bridge.

14
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o Wind loads - Acts in all three directions, but is off highest importance in the
transversal direction. Wind loads acts on the bridge and on the vehicles, which
contributes to a load increase.

o Centrifugal force - Acts in the transversal direction due to vehicles traveling
in a radius.

e Thermal effects - Acts in all directions and is a complex effect that causes
expansion, contraction and restraints.

e Accidental loads - Acts in the most unfavorable direction, often the transversal
direction.

2.2.3 Load model 1

Load model 1 consist of two systems; one system that represents concentrated axle
loads symbolizing heavy vehicles, and the other system that represents uniform
distributed loads symbolizing vehicle traffic. Load model 1 takes the width of the
bridge into account, dividing the width into parallel lanes of 3 meters (SS-EN 1991-
2, 2003). The first lane experiences the most amount of loading, followed by the
second lane and then the third lane. The remaining areas that is not a part of a
lane, experience a distributed load. Table 2.1 summarizes the loads in load model
1.

Table 2.1: Load model 1: Characteristic values

Location Tandem system TS UDL system
Axle loads Qi (kN) | gi or ¢4 (kN/m?)
Lane number 1 300 9.0
Lane number 2 200 2.5
Lane number 3 100 2.5
Other lanes 0 2.5
Remaining area (g,) 0 2.5

aQiQik‘ aQiQilﬁ GQiQik‘

22277 2

T
B ©
j? 2

U\*
3

S L

Figure 2.8: Load model 1.
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2.3 Mechanical properties

To be able to utilize the benefits of TCC, the connection between timber and con-
crete must be effective (Dias et al., 2018). For this reason, strength and stiffness are
important factors to consider in the design phase. In addition, ductility is impor-
tant. Ductility can influence how the two materials act together, and enable load
redistribution and prevent failure in connection. The stiffness of the cross section
is the main factor that determines the deformations of the structure. Connections
have a large impact on the bending stiffness of the system and consequently on the
forces and stress distribution. Additionally, the size and material of the other parts
of the cross section influence the stiffness of the system. Another property that
influences the behavior of the system is strength. The strength is mainly referred to
in the context of connections. The strength of a connector is the ability to transfer
shear forces between timber and concrete. The connection is usually assumed to
have a maximum slip of 15mm at its maximum load.

In TCC systems, the timber in tension and the concrete in compression behave
brittle when failing. Therefore, the ductility in TCC systems is dependent on the
connection (Dias et al., 2018). Ductility in TCC connections is usually achieved
by steel connectors between the timber and concrete. Other connections, such as
notched or glued, usually act brittle. Ductile behavior can be beneficial in terms of
load-carrying capacity and deformations. However, if the capacity of the connection
is larger than expected, the timber or the concrete can still fail before the connec-
tion, resulting in brittle failure mode despite ductile connection (Ceccotti, 2002).

No composite Total strain Stress from bending Normal stress from shear Total stress
action moment force
Cav T A = —
B 4
Neutral Axis + —
+ +
Partial

composite action

1
[
A

4 »

Neutral Axis 7
/ : :

‘

Full composite
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=

T

:

Neutral Axis
+
+

Figure 2.9: Strain- and stress distribution for no-, partial- and full interaction
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2.4 Determination of forces

In composite structures, the equilibrium can be described according to Equation
2.6 where N is the compressive force in the concrete and Ny the tension force in
the timber (Ceccotti, 2002). These forces are caused by the bending moment and
act as a force couple. The intensity of the forces is related to the stiffness of the
connection. The total bending moment in the cross-section can be expressed as the
sum of the local moments from the two elements in the structure, see Equation 2.7
where z is the inner lever arm.

Mext :M1+MQ+NZ (27)

In Dias et al., 2018, the process of determining internal forces in TCC structures is
described. These forces are influenced by several factors. The bending stiffness of
each material in the cross section plays a significant role and depends on both the
size of the cross section and the MOE of each material. Additionally, the behavior
of the connection between the two materials affects the force distribution. Inelastic
strains, as well as long term and non linear effects, also contribute to the develop-
ment of internal forces.

The stress strain distribution in a TCC cross section is largely influenced by the
degree of composite action (see Figure 2.9). The level of interaction, or the rigidity
of the connection, affects how normal forces are distributed between the materials.
Higher composite action leads to reduced strains in the TCC system, which also
impacts the resulting stresses. The normal stress distribution is therefore directly
related to the degree of interaction.

When there is no interaction between the materials, the timber and concrete act
independently to carry the load. In this case, each material must resist both tension
and compression forces. As the composite action increases, the strain distribution
decreases and the neutral axis shifts upward toward the concrete. Although both
materials are still subjected to tension and compression, the concrete experiences
less tension and the timber experiences less compression forces.

In the case of full interaction, the cross section behaves as a single element. The
strain distribution becomes linear across the section and is smaller than in cases of
partial interaction. As a result, the neutral axis is at the same level as the connection
between the concrete and timber. This is because no slip occurs at the connection,
making it very stiff (see Figure 2.10). However, full composite action also leads to
high shear stresses within the connection.

17
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Figure 2.10: Composite action of TCC
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2.5 Long term effects

When designing TCC structures, the long term effects of the materials is important
to consider. Long term effects often induce larger deformations, which can be critical
in SLS calculations (Tannert et al., 2017). All three components in TCC systems
have different long term behavior. The timber part of the system is effected by creep,
mechano sorptive creep and shrinkage/swelling. Concrete is effected by shrinkage
and creep. The connection can also be effected by creep and mechano sorptive creep.

The long term effects in the different materials can cause complications. Due to the
materials being constraint to each other, they cannot shrink/swell freely. Therefore,
long term effects can induce internal stress. Thus, stiff connections may lead to
internal stresses from restraint.

2.5.1 Timber

Timber has various time dependent behaviors. Shrinkage and swelling are long
term effects that influence the volume of timber specimens. The volume changes
can depend on moisture and temperature variations (Tannert et al., 2017). Timber
can reduce its water content through desorption and increase it through adsorption.
When the moisture content in the wood increase, the volume increases, and when
the moisture decreases, the volume decreases. Swelling occurs when the volume is
increased. Shrinkage occurs when the volume decreases. Since timber is modeled
as an orthotropic material, these effects are different for different directions in the
timber specimen. Similar behavior can be observed when timber is effected by tem-
perature variations. When hot, the volume increases and vice versa.

Timber is also affected by creep. Creep is a stress dependent effect that increases
deformation over time. Most of the creep deformations are elastic and will return
when unloaded, but a part of the deformations are permanent. Creep in timber is
affected by the direction of load, the stiffness of the member, moisture content and
temperature. In design, the effect of creep is considered by reducing the MOE of
timber with the deformation factor kgcy.

2.5.2 Concrete

Concrete is affected by several long-term effects, such as shrinkage and creep, which
are important to consider in structural design.

Concrete shrinkage

Stress independent strain or shrinkage is a long term effect for concrete. Shrinkage
starts when the concrete is casted and develops over time (Engstrom, 2007). The
shrinkage of concrete can be divided into two parts: drying shrinkage and autoge-
nous shrinkage. The drying shrinkage is based on the removal of water from the
concrete. Autogenous concrete is based on the chemical process inside the concrete,
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and develops under the hardening process.

Moisture exchange between concrete and air can lead to swelling or shrinkage, but
shrinkage is more common. Usually, a portion of the water in concrete does not
take part in the reaction with cement. This water is stored in the pores, and can be
dried out to the surroundings. Consequently, the concrete volume decreases. Dur-
ing concrete hardening, most of the water will react with the cement. The chemical
process of water and cement reacting will lead to autogenous shrinkage of concrete.

Concrete Creep

Stress dependent deformation is an effect of concrete. Partially, this deformation is
elastic. The other part is called creep deformation, which is a time dependent be-
havior and increases over time (Engstrom, 2007). The creep deformation is assumed
to reach a specific value after long time, called final creep. Except increased defor-
mation, creep effects concrete by making it less stiff. This is taken into consideration
in design by using a reduced modulus of elasticity.
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2.6 Design methods

The design of TCC beams has been based on Annex B in SS-EN 1995-1-1, 2004.
During recent years, new research knowledge has been collected in a technical spec-
ification (SIS-CEN/TS 19103, 2022), which according to Schéanzlin and Dias, 2022
can eventually be the foundation for future Furocodes. In section 2.6.1 the -method
from Eurocode 5 is described.

2.6.1 The y-method

In SS-EN 1995-1-1, 2004, Annex B, a method for analyzing TCC elements is sug-
gested, called the y-method. This method is based on the assumption that the
concrete, timber and the connection behave linear elastically. The method follows
the following procedure for calculation of TCC elements. Equation 2.8 provides the
effective bending stiffness of the cross-section. Fj; indicates the modulus of elasticity
for the member, I; is the moment of inertia and A; the area of the member, a;
is a distance parameter, and -, is the shear coefficient. ~; and a; is calculated in
Equations 2.9, 2.10 and 2.11. In Equation 2.9, s is the spacing, K is the connection
stiffness and L is the length of the element. Figure 2.11 illustrates the distance
parameter a;.

(EQ)ess = Ecl. + %EcAcai + By + Etfta? (2.8)

1
c = 2.9
Te = T e Eciys (2.9)

he+h
Qe T a (2.10)

2
PYcEcAc(hc + ht)

ay = 2.11
' 2(/YCECAC + EtAt) ( )

The ~-factor describes the composite action of the TCC structure, and its value
varies from 0 to 1. For full composite action v = 1, which occurs for an infinitely
stiff. The closer v is to 1, the stiffer the connection.
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Figure 2.11: Illustration of dimensions used in ~-method.

The stresses in the TCC cross section are defined according to Equations 2.12 and
2.13. o; is the stress coming from the composite action of the connection, and o, ;
is the flexural stress. The sum of these stresses is the total normal stress in the
component.
Fia; M
g, = piddt (2.12)
(E1)esy
O, 5 x ElaZM
. -
" (EQ)esy

The shear stress in TCC systems is assumed to be worst in the timber part of the
system. The shear stress in timber is calculated according to Equation 2.14, where
t, is the distance from the bottom of the timber beam to the centroid of composite
action. The shear force in the fastener is calculated according to Equation 2.15.

(2.13)

0,5Eh,

Tt.mar — 77VEd (214)
(ET)cyy

F, = Tttty (2.15)
(E1)eyy

2.6.2 Slip modulus

K is the slip modulus, or the stiffness of the connection. To determined the slip
modulus, there are different formulas depending on type of connection. When SLS
design is considered, the slip modulus is noted as K. In ULS design, the slip
modulus is noted as K,, where the slip modulus is a reduced value of K., see
Equation 2.16.
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K, = 2[(ser (216)
3
In SIS-CEN/TS 19103, 2022, the slip modulus of different types of connections is
described. For dowel type fasteners Equation 2.17 and 2.18 is used. Equation 2.17
is used for dowels, bolts screws and nails (with predrilling). Equation 2.18 is used
for nails (without predrilling). p,, is the mean value of timber density and d is the
fastener diameter.

1.5
P d
Koy =2 2.17
1.5 0.8
Py
Koy =2 2.18
0 (2.18)

For fasteners with steel rebar glued into timber perpendicular to the shear plane,
Equation 2.19 is used to calculate the slip modulus.

Kyer = 0,10 % E, % d (2.19)

The slip modulus of notched connections can be calculated according to Equation
2.20, where h,, is the depth of the notch. The slip modulus for ULS can be assumed
as the same as in SLS. Linear interpolation can be used for notches with a height
between 20mm and 30mm.

1000 N/mm for h,, = 20mm,
Kser = Ku = mm (220)

N
1500 M/mm h, > 30mm.
mm

2.6.3 Load-carrying capacity of connections

To ensure that the connections in TCC systems have enough strength to carry the
load between the concrete slab and the timber beams, the load carrying capacity
of the connection has to be verified. The method for determining the load carrying
capacity is dependent on the type of fastener.

According to SIS-CEN/TS 19103, 2022, for dowel type fasteners, the load carry-
ing capacity should be determined by using Johansen models for timber to timber
connections in single shear. This method is given in Chapter 8 of SS-EN 1995-1-1,
2004. The characteristic embedded strength of the concrete member can be taken as
3 times the characteristic compression strength of concrete. This can be done if the
embedded length of the fastener in the concrete member is at least three times the
diameter of the fastener. For notched connections, load carrying capacity is taken

as the minimum value of 4 failure modes. The formulas for these failure modes are
given in Chapter 10 of SIS-CEN/TS 19103, 2022.
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2.6.4 Long term effects

Several long term effects occur in the different components of a TCC system. To
account for these effects, the stiffness of each part is reduced by a specific factor.
The adjustment for long term effects is made individually for each component in the
system. In TCC systems, the period between three to seven years can be particularly
critical. This is because the rate of creep in concrete is relatively high during this
time, when compared to that of timber (Dias et al., 2018). After this period, the
creep in concrete becomes minimal, whereas the creep deformation in timber is more
gradual and continues over a longer period.

SLS

In SLS, each stiffness of the members is reduced according to Equation 2.21-2.23.

E.
Bugin = ———t (2.21)
1+ gp(tv tO)
Ey
E, i 2.92
L T oy (2.22)
K,
f 14 2kdef ( )

For concrete, the MOE is reduced with the creep factor p. The creep of concrete is
analyzed according to Eurocode 2. For timber, the MOE is reduced with the long
term factor kqe.r. This factor depends on the service class of the timber. For higher
service classes, the timber is exposed to more humidity and outside air, which leads
to more creep in the timber member. Therefore, service class 3 gives a higher value
of creep, and the lower service classes provides lower values for k.

For the connection, the slip modulus is reduced with the creep factor of timber k.
However, the reduction factor is twice as high for the connection.

ULS
In ULS, each stiffness of the members is reduced according to Equation 2.24-2.26.

E
E, i = ¢ 2.24
7 1+ wconcgo(ta tO) ( )
E;
B tfg = ———— 2.25
v I+ wtimkdef ( )
K,
Kyin = (2.26)

I+ wcoankdef

During design of TCC elements in ULS in long term loading, the stiffness of each
element is reduced by the creep factor of each material as in the SLS design pro-
cedure. Additionally, a 1-factor is multiplied with the creep factor, see Table 2.2.
This factor is included to consider the composite action of TCC systems during long
term loading.
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Table 2.2: Modification of creep coefficients for composite action in slab systems
(where byim = beone and £+ < % < 1) and in beam systems (where Lg"c’ef > 5

A tim tim
and 1 < =gl < 5)%,

tim

‘ for t = 0 ‘ for t =3 to 7 years
Concrete, ¢ = 3.5:
Fdes = 0.6 | Peome = 2.6 — 0.872 Peone = 2.5 — 41T
kdef =038 ¢conc =23 - O~5W%'6 d}conc =22 0'87%.2
Concrete, ¢ = 2.5:
kdef = 0.6 | Yeone = 2.0 — 0.57919 Veone = 1.9 — 06711
kdef = 0.8 | Yeone = 1.8 — 0-37%'5 Yeone = 1.7 — 0'5’711‘1
Timber:
All cases ‘ Yiim = 1.0 ‘ Yim = 0.5
Connection:
All cases ‘ Yeonn = 1.0 \ Yeonn = 0.65
NOTE: For t = 0, the values of Ycone, Vtim, and Yeony are 0.
& Linear interpolation may be used for different creep coefficients of timber and concrete.
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2.7 Production

According to Fragiacomo et al., 2018, TCC bridges have benefits in the production
stage compared to reinforced concrete systems. There are two main production
methods used for TCC bridges, cast in-situ and prefabrication.

2.7.1 Prefabrication

Prefabricated TCC systems can be done in several ways. There are two main types
of prefabricated TCC bridges. The first way of production is to manufacture the
timber parts and the concrete parts separately and assembling the parts on the
construction site. To create a good composite action, glued connections is a viable
option for prefabricated elements. For connections with mechanical fasteners, these
are preferably cast into concrete. In these cases, the space for the fasteners and a
space around them is left free. When assembled, these spaces are filled with epoxy
concrete.

The other method is to cast the concrete on top of the timber beams in the factory
and transport the whole system to the construction site. This production method
is beneficial for bridges with a short span or widths, but gets more complicated in
terms of transportation for bridges with large spans or widths.

2.7.2 Cast in situ

One of the two main ways to manufacture a TCC system is to use cast in situ. This
means that the concrete is casted on top of the timber beams. The issue with this
method is that the timber beams must carry the self weight of the concrete during
the curing process, when the fresh concrete has no or low strength. However, this
could be positive compared to standard concrete bridges, where the casting frame
and the fresh concrete need to be held by temporary structures. This might also
be necessary with TCC systems, but the timber beams can carry parts of the load
coming from the self weight of the fresh concrete.

If the weight of the fresh concrete cannot be carried by the timber beams alone,
the casting of the concrete can be divided into parts. Therefore, the concrete can
achieve composite action at certain strategic locations along the bridge and add
strength to the structure. With this method, temporary structures or supports may
be avoidable.

For longer spans, temporary structures may be unavoidable. Temporary supports
can be placed in one or a few places along the bridge to support the timber beams.
Moreover, the casting form can be built on top of the timber beams and the concrete
can be casted. As described in the previous method, it can be beneficial to divide
the castings in steps, to give strength in some parts of the structure before adding
all of the self weight of the concrete.
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2.8 Life cycle assessment (LCA)

In Swedish Standard SS-EN ISO 14040, 2006, Life Cycle Assessment (LCA) is de-
scribed. LCA covers the whole life cycle of a product in order to review the en-
vironmental impact of the product. When analyzing the environmental impact of
a product, the contributions from each part of the life cycle can be acknowledged.
When the source of environmental impacts are known, these can be assessed and
possibly improved on. There are four phases needed to conduct an LCA:

1. Defining goal and scope
2. Analyze inventory

3. Impact assessment

4. Interpretation

2.8.1 Goal and scope definition phase

The first step in a LCA is to define its goal and scope. The goal should specify
the purpose of the assessment, the intended audience, the reason for conducting the
study, and how the results will be used. For example, whether the LCA is compara-
tive or intended for public disclosure. The scope should clearly describe the product
being studied, its function, and the functional unit. It must also define the system
boundaries, allocation procedures, impact categories, assumptions, limitations, data
requirements, the type of critical review, and how the results will be presented.

2.8.2 Life cycle inventory analysis phase (LCI)

The second phase of an LCA is the life cycle inventory analysis phase, where the
data is collected and the calculations are made. This phase is an iterative process,
as more information about the system is acquired during the process. The LCI
begins with collecting data for each of the processes in the life cycle of the product.
This includes the energy usage, raw materials, and other inputs. Also, the outputs
need to be accounted for. All products at the end of life, waste, emissions and
other environmental aspects. After collecting the data, procedures for calculation
are needed. The data needs to be validated and related to the correct process and
the reference flow of the functional unit.

2.8.3 Life cycle impact assessment phase (LCIA)

The next phase of an LCA is the impact assessment. This phase determines the
potential environmental impact with the result of the previous phase. This process
is based on inventory data sorted into environmental impact categories. LCIA can
be iterative and correlate with the scope and goal of the study to see if they are
fulfilled. Consequently, the goal and scope might need to be revised. Factors in
this phase can introduce subjectivity in the LCIA. Therefore, transparency in the
reporting of this phase is required to guarantee the quality of the LCA. The LCIA
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phase can be divided into elements:

o the elements in LCIA is clearly defined

o the scope and goal reflects every element in LCIA

o quality evaluation of the methods and assumptions for each element
 transparency of methods, assumptions and other actions within every element
o transparency of values and subjectivity of every element

There are also limitations of LCIA; it only addresses the aspects given in the goal
and scope. Therefore, LCIA is not a complete valuation of the environmental impact
of the system studied.

2.8.4 Life cycle interpretation phase

In the interpretation phase, the results from the LCI and the LCIA are considered.
The interpretation phase should produce results that reflects the goal and scope of
the LCA and should include conclusions and recommendations.

2.8.5 Klimatkalkyl

The Swedish Transport Administration, Trafikverket, has developed a tool called
Klimatkalkyl, or Climate Calculation, that quantifies energy use and climate im-
pact of infrastructure projects. The tool is useful in LCA, as it provides standard-
ized methods for estimating emissions associated with construction, operation, and
maintenance. Klimatkalkyl takes material usage into account, as well as emissions
from the construction phase such as transportation of materials and maintenance
throughout its lifetime. However, it is important to note that Klimatkalkyl does not
account for end of life recycling or material reuse.
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2.9 Life cycle cost assessment (LCC)

Life cycle cost (LCC) is the process of quantifying a products cost throughout its
lifetime, serving as a good evaluation for decision making (SS-ISO 15686-5, 2022).
LCC should, however, be combined with other evaluations, such as LCA, safety
assessment and functionality assessment, to provide a solid foundation for decision
making. Furthermore, it is of high importance to clarify what costs are included
and what cost are excluded, which results in a clarity for the decision making.
LCC is a part of the whole life cost, where externalities, non construction costs and
income are accounted for. According to SS-ISO 15686-5, 2022, LCC is comprised of
four categories;

o Construction - Cost related to project design, material cost, formwork and
work site.

e Operation - Cost related to insurance, utility and taxes.

o Maintenance - Cost related to repairs, replacement, cleaning and redecoration.

o End of life - Cost related to demolition and disposal.

To perform a sufficient LCC analysis, the scope of the analysis should be clear and
defined, as well as the intention of the project and the expected outcomes. When
the scope is clear, it is easier to understand what types of cost should be included.
This report will focus on TCC bridges and will be evaluated against a conventional
concrete integral bridge. The scope of the LCC analysis is to compare the bridge
types in terms of cost related to construction, materials and maintenance. Cost
related to insurance and taxes are off less importance for the specific scope.

SS-ISO 15686-5, 2022 also addresses the importance of the impact of early deci-

sion making. The earlier an improvement is presented in the life cycle, the higher
potential for improvement and lower cost, and vice versa.
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2.10 Reference bridge

For reference in the following case study, a concrete integral bridge in one span is
used. The bridge has been designed by Inhouse Tech AB. The bridge is part of road
315 in Ange kommun, Vésternorrlands lin, Sweden. The bridge spans over the river
Lansteran, 3 kilometers east of Overturningen.

The prerequisites from the reference bridge is used in design for the TCC bridge.
This includes loads, span length and site conditions. The theoretical span length of
the reference bridge is 16,4m. The width is 7, 5m, which allows for two traffic lanes.
The bridge abutments are supported by drilled steel piles. The concrete bridge is
designed for life length L100 (120 years).
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Methods

This chapter describes the methodology used in the thesis. It includes the design
process of a TCC bridge with three different connection types, as well as the methods
used for the LCA and LCC assessments.

3.1 Design procedure

The design procedure for the TCC bridge was performed in Mathcad Prime 10.0.0.0.
The design was made in nine separate files, one for each time stamp and for the three
connections. The first file was for short term analysis, the second for the time period
3-7 years, and the third for end of life analysis of 80 years. The end of life time
stamp was in accordance with the theoretical length of the service life of the bridge.
Each Mathcad file included both ULS and SLS analysis.

3.1.1 Input data

The design process started with defining the material properties. Concrete class
C35/45 was chosen due to the exposure class of the edge beam, and glulam beams
with strength class GL30c was chosen as well. Furthermore, the geotechnical pre-
requisites was defined as well as the properties of the different types of connections.
Moreover, the preliminary dimensions of the cross section was stated, as well as
an effective width of the slab. As the design procedure is an iterative process, the
dimensions were redefined during the design to optimize the system. However, some
geometries were fixed from the start, such as the length and width of the bridge as
stated in Chapter 2.10. These geometries are fixed in order to perform a good case
study comparison.

3.1.2 Loads

When the input data was determined, the next step was to determine the loads. As
explained in Chapter 2.2, there are different types of loads subjected to the bridge,
and each load has its unique time duration and applied direction. First, the self
weight was calculated. Since the production method was not determined, the pos-
sibility of cast in situ had to be taken into account. During the in situ casting of
a concrete slab on top of glulam beams, the concrete has no strength but all of its
weight. No composite action is obtained, and thus the glulam beams have to be
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verified against lateral torsional buckling of the beams.

Also, this phenomenon creates a difference in creep duration for the timber and
concrete. The combined self weight will create an initial deflection of the system
with only the timber beams stiffness. The initial deflected position is where the
concrete will harden and create the composite effect. As a result, there will be a
higher permanent load acting on the timber, which creates an increase of creep for
the timber. However, this is beneficial for the concrete since less permanent loads
and thus less creep will arise. The concrete is only subjected to permanent loads
from the pavement. This difference in permanent loads has to be taken into account
for the two materials for the time dependent stress calculations.

After the self weight was calculated, the traffic loads had to be determined. This
was done, as explained in Section 2.2.3, by using Load Model 1 (LM1) from SS-EN
1991-2, 2003. In LMI, traffic lanes are positioned on the bridge which represents
distributed loads and axle loads from traffic. To take the worst load position into
consideration, the traffic lanes was positioned as far to one side as geometrically
possible. This approach is called "Lane factor', which calculates the worst amount
of load acting on one beam in the system. This gives a factor to increase the load
acting on one beam, and one lane factor is calculated for boogie loads and UDL
each. Figure 3.1 illustrates the worst traffic load positioning for a beam, which
is then used to calculate the lane factor. The traffic loads and self weight causes
bending moment in the longitudinal and transversal direction.

g Qi Aq1Quk
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Figure 3.1: Traffic load placement for calculating the lane factors

With the calculated lane factor, traffic loads were determined. The traffic loads
act both vertically and horizontally. The horizontal component arises from braking
forces and surcharge. In addition, earth pressure was calculated for at rest, passive,
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and active conditions, along with the additional pressure caused by thermal expan-
sion of the bridge. Earth pressure, surcharge, braking force, and thermal expansion
each generate moments in the end cantilever and over the support. These moments
depend on both the magnitude of the forces and their points of application. The
lever arms of the horizontal forces are influenced by the load distribution. For the
surcharge, the lever arm is calculated as the distance between the centroid of the
rectangular distributed load and the neutral axis. For the remaining horizontal
loads, the lever arm is based on the distance from the centroid of a triangular load
distribution to the neutral axis.

3.1.3 Long-term effects

Several long term effects were considered in the case study to produce a good com-
parison. Each effect are influenced by factors such as load duration, material prop-
erties, environmental conditions, and whether the analysis is performed for ULS or
SLS. These long term effects need to be identified and categorized accordingly.

To evaluate creep for each component of the composite system, the final concrete
creep was first calculated in accordance with SS-EN 1992-1-1, 2005. Based on the
final concrete creep as well as an initial gamma value, Table 2.2 was then used to
determine the creep coefficients for the three defined time steps, as well as for each
material. The calculations were carried out for both ULS and SLS conditions. When
creep was calculated, the MOE could be determined for each load and timestamp.
Figure 3.2 provides an overview of the creep calculation process. Self weight and
earth pressure are permanent loads, which causes creep to reduces the MOE and
thus the stiffness. In contrast, traffic load is considered an instant load and is there-
fore not affected by creep. For temperature loads, a creep coefficient of 0.3 was used
to reflect long term effects for concrete.

Material —> Load Case —>| Time Stamp —> Creep | | Adjusted

Coefficient MOE

Concrete ULS 0 years Use in
Timber SLS 37 years ULS/SLS
Connections 80 years analysis

Figure 3.2: Flowchart of creep calculations.

The long terms effect of the TCC structure is analyzed 3-7 years and 80 years. The
bridge is assumed to have a theoretical life span of 80 years. Therefore, this time
stamp was analyzed. Specific for TCC structure is that concrete and timber have
different rates of the creep in the two materials (Dias et al., 2018). Therefore, the
technical specification (SIS-CEN/TS 19103, 2022) suggest to check the long terms
effect in the time stamp 3-7 years into the service life of the bridge.
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3.1.4 Effect of inelastic strains

In SIS-CEN/TS 19103, 2022 the effects of inelastic strain is described. Inelastic
strain is strains that are not caused by stress, but by shrinkage, swelling and and
thermal expansion. To consider the effect of inelastic strains in TCC systems, the
method in SIS-CEN/TS 19103, 2022, Appendix B is used. The total strains from
shrinkage, swelling and thermal expansion is added together by using a factor from
Appendix B. The strains can be converted into a fictitious load acting on the struc-
ture. This fictitious load is based on the different parameters of the materials in the
TCC system, and it creates an additional moment. The inelastic strains influence
the effective bending stiffness,by a factor that reduces the effective bending stiffness
from the ~-method. The effect of inelastic strain is done separately for the 3 time
stamps.

3.1.5 Determination of stresses

The bending stiffness was calculated according to the y-method, see Section 2.6.1 for
more details. This was done separately for each unique combination of time stamp
and load. With the bending stiffness known, as well as the calculated moment from
Section 3.1.2, the internal stresses in the cross section could be determined. Ac-
cording to the y-method, the moment in the cross section causes two separately
calculated stresses: one stress from bending, and a normal stress caused by the
composite action. The separation of bending and normal stresses were performed
to take the different strength properties of timber into consideration. The stress
calculations were done separately for concrete and timber, and at the top and bot-
tom of the two members. The analysis checked the capacities at two sections. The
first check was in the middle of the span where the highest bending moment occurs.
The second check was over the support, where the maximum negative moment and
largest shear force occur. Moreover, the maximum shear stress and the fasteners
load was calculated. This was checked over the support, where the largest shear
force occur, due to both being dependent on the shear force.

3.1.6 Load combinations

The load combinations in ULS were done according to load combination model
6.10a and 6.10b in SS-EN 1990, 2002, explained in detail in Section 2.2. In SLS,
the loads were combined in; a characteristic combination, a frequent combination
and a quasi-permanent combination. All combinations were done at the two sec-
tions and at the top and bottom of each material, as well as for the connections.
The load combination of stresses were calculated twice to determine both the max-
imum and the minimum stresses, which both can be governing for each material.
When load combining stresses, a differentiation between favorable and unfavorable
stresses for permanent and variable loads had to be done. If a variable load was
favorable, it could set to zero in order to get the worst stresses. However, a per-
manent load that is favorable can not be neglected and has to be taken into account.
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3.1.7 Capacity checks

When the load combinations were completed, capacity checks were performed. This
was done in order to determine the total utilization of each component and to
optimize the TCC bridge.

Capacity of the TCC superstructure

The capacity was checked for each load combination in ULS. The stresses were com-
pared against the corresponding material strengths. For concrete, the bending and
shear stress components were summed, as concrete has the same strength in all
directions. The stresses was checked if it was in tension or compression, and the ap-
propriate material strength was selected accordingly to ensure a correct comparison.
For timber, all stress components were treated separately and checked against the
corresponding strength. Bending stresses were compared to the bending capacity,
tensile forces to the "tension parallel to grain" strength, and compressive forces to
the "compression parallel to grain" strength. The utilization ratios of the individual
components were then summed to determine the total utilization.

Deflection

To calculate deflection, the frequent load combination for SLS was used. In normal
deflection calculations, only the frequent traffic loads should be used. Thus, the
calculated deflection in this report is conservative. Deflection was calculated at mid
span and checked to be less than 1/400 of the span length. Further, the end console
was checked for both downward and upwards deflection, which had to be less than
5 millimeters.

Connections

To verify the load carrying capacity for the fasteners, the methods provided in
Section 2.6.3 was used to determine the capacity for each failure mode. The failure
mode with the lowest capacity was used to determine whether the capacity was
enough to carry the load. The procedure was iterative, and the dimensions of the
fasteners was changed to resist the load acting on the fastener.

Other capacity checks

Furthermore, the lateral torsional buckling capacity was calculated. This was done
by comparing the moment the glulam beams were subjected to during casting of the
concrete slab with the elastic critical moment for lateral torsion. Concrete cracking
over the support was evaluated by comparing the concrete tensile capacity to the
tensile stresses resulting from the loading. Crack width was calculated according to
Chapter 7.4.2 in SS-EN 1994-1-1, 2005, and compared to the maximum crack width
of 0.20 millimeters. Bearing stress perpendicular to grain was verified according to
Chapter 6.1.5 in SS-EN 1995-1-1, 2004.
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3.2 LCA

To conduct the LCA comparison in the case study, the tool Klimatkalkyl was used.
Klimatkalkyl is divided into several modules, each corresponding to different phases
of an infrastructure project. Figure 3.3 illustrates a flowchart off the different mod-
ules from Klimatkalkyl. The first step involves defining the type of construction,
referred to as "Predefined Measures - Construction and Reinvestment'. As earlier
explained, the case study will compare two bridge types, a concrete integral bridge
and a TCC bridge, and the appropriate bridge type will be specified accordingly.
The predefined measure approach ensures accurate representation of emissions from
all construction phases, including maintenance, geological work and on site activities.

Predefined Measures Construction Components
Construction and Reinvestment Construction and Reinvestment
 Specific construction o Material volumes and weight

« Pavement area » Additional components

[ Predefined Measures }

) i [Transportation]
Operation and Maintenance

» Specific transportation

0 fddiizional Maiienrnee distances for building material

» Additional Operations e Not used in the case study

Figure 3.3: Structure of the tool Klimatkalkyl.

Predefined measures are based on emission factors derived from reports and previ-
ous studies on similar constructions. There are no predefined measures for the TCC
bridges in the case study. However, further investigation of alternative predefined
measures resulted in two alternatives. The first alternative was a timber road bridge,
where a report by Pousette et al., 2014 was the foundation in the tool Klimatkalkyl
from which predefined measures are retrieved. Pousette et al., 2014 conducted an
LCA comparison of a built reinforced concrete superstructure to that of an alterna-
tive timber superstructure. The predefined geometry of the bridge from the report
was similar to the predefined geometry in this case study, with a difference in span
length of one meter and the same bridge width. The maintenance procedures taken
into account for the timber bridge included repainting of the timber, as well as re-
placement of the side panel and the pavement.

The second alternative regarding predefined measures was a concrete slab bridge in
which emission values were taken from an average of 96 similar bridge types. The
maintenance procedures taken into account for the concrete slab bridge included
replacement of the pavement and the edge beam. When investigating and compar-
ing what was included in the two different predefined measures, the concrete slab

36



3. Methods

bridge was the most similar to the TCC bridge in the case study. This was because
the concrete slab bridge maintenance included replacement of the edge beam, which
was similar to the maintenance required of the concrete slab on the TCC bridge. As
a result, the concrete slab predefined measures were chosen in the tool Klimatkalkyl.

Following the predefined measures phase, the next phase was "Construction Com-
ponents — Construction and Reinvestment'. Materials such as glulam, concrete,
and reinforcement were specified in terms of volume and weight. These values were
manually calculated for each bridge type and then inserted into the program. The
calculated material data is presented in Appendix A. The next phase allowed for the
addition of maintenance related emissions. However, in most cases, operation and
maintenance emissions were already included in the initial phase. The final step of
the process relates to transportation emissions. Klimatkalkyl includes standard val-
ues for the transport of construction materials and equipment, but users can enter
specific values if location and data are available.

Once all input data had been provided, Klimatkalkyl calculated the total climate
impact and energy use. The results were presented as a detailed Excel output, pre-
sented in Appendix B, categorized by material type and predefined measures, as
well as summarized by the total emissions for the entire construction process.
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3.3 LCC

The life cycle cost assessment was carried out with the guidance and support of
two supervisors, Daniel Josefsson and Samuel Wiik, who referred to previous bud-
gets from construction projects undertaken by Inhouse Tech. In addition, industry
partners working closely with Inhouse Tech provided valuable input regarding costs
related to construction, maintenance, materials and demolition. The quantities of
required materials for both the TCC bridge and the concrete bridge were calculated
in the case study and used in the LCC assessment.

The LCC was structured into four main categories: design, construction, mainte-
nance and end of life. Costs associated with the design phase primarily covered
structural engineering services, such as calculations and technical drawings. Con-
struction costs included materials such as concrete, reinforcement steel and glulam
beams. Other items included in this phase were bearings, pavement, railings, form-
work, crane rental, and site establishment and management.

For maintenance, the assessment considered costs for edge beam and pavement re-
placement, which were assumed to be the same for both bridge types. In addition,
the TCC bridge required further maintenance in the form of repainting and bear-
ing replacement. The demolition category was represented by a predicted fixed
cost. Some costs were presented as fixed amounts, for example crane rental, while
others were volume or area dependent, such as concrete volume or formwork area.
Construction pricing can be difficult to predict, and an alternative approach is to
estimate both minimum and maximum costs for each activity. The actual cost of a
bridge is expected to fall somewhere within this range.
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Results

This chapter presents the results from calculations of three different connection
types. Each connection has its own section, where results are presented in tables that
include the utilization ratio for each main structural element. Further, the maximum
shear stress and fastener load are presented, as well as calculated deflections for
mid span and end console. These calculations are presented for each of the three
time stamps. Capacity checks that are not influenced by a specific connection are
presented in a separate section. The outcome of the LCA and LCC case studies are
also presented in separate sections. A brief interpretation of each result is included
to explain the results more easily. The full discussion are presented in the following
chapter.

4.1 TCC bridge with notched and dowel connec-
tions

In this section, the results from the calculations of a TCC bridge with notched and
dowel connections are presented. Detailed calculations can be found in Appendix A.
Figure 4.1 illustrates the preliminary design of the evaluated connection, consisting
of notches measuring 150x50mm spanning the full width of the glulam beam. Dow-
els with a diameter of 20mm and a length of 400mm are distributed along the center
to center spacing of 775mm between notches, at a rate of 16 dowels per interval.
The exact dowel arrangement is not fixed in this stage, as the design is evaluated
based on an average dowel density per meter rather than precise positioning. The
dowels are embedded halfway in the glulam and halfway in the concrete to balance
the failure modes between dowel yielding, concrete breakout, and glulam crushing.

Table 4.1 shows the critical stresses at midspan at the initial time stamp. Table 4.2
depicts the critical stresses over support at 0 year. The critical stresses are defined
as the highest utilization ratio among the calculated maximum and minimum stress
values. In Table 4.1-4.6, the normal and bending stresses have been separated, as
explained in Section 3.1.7. The risk of cracking was calculated over the support,
and since the tensile forces exceed the concrete tensile strength, cracks are expected
to appear. Thus, the utilization ratio for the concrete over the support is governed
by the reinforcement. The results for the critical stresses at midspan show that
the highest utilization occurs at the bottom of the glulam beam, decreasing slightly
when long term effects are considered. Similarly, the concrete slab experiences its
highest stresses in the top region. The long term effects lead to a slight decrease in
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utilization ratio of the concrete slab.

16 Dowels
400x@20mm

Notch
150x50mm

[T -

C/C 775mm

Figure 4.1: Design of the notched and dowel connection.

Table 4.1: Critical stresses in midspan at the initial time stamp for notch and

dowel connection.

Notch and dowel, midspan, Oy | Critical stress [MPa] | Utilization ratio
Top of concrete ge(ggililg :i:ﬁ 42%
Bottom of concrete ge(gcrlrililg _415:17 19 ™%
Top of timber ge(ilrcrlrililg _Z;%Qg 10%
Bottom of timber ge(;rcrl?glg 3:23 80%

Table 4.2: Critical stresses over support at the initial time stamp for notch and
dowel connection.

Notch and dowel, support, Oy | Critical stress [MPa] | Utilization ratio
Reinforcement at | Normal 41,03 13%
top of concrete Bending 17,10 0
Reinforcement at | Normal 41,03 6%
bottom of concrete [ Bending -17.10 0
: Normal -0,64
Top of timber Bonding 561 22%
. Normal -0,64
Bottom of timber Bending .64 30%
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Table 4.3 shows the critical stresses at midspan at 3-7 years. Table 4.4 depicts
the critical stresses over support at 3-7 years. The reason for checking time stamp
3-7 years is because the difference in creep between timber and concrete can be
governing. The utilization ratios for the midspan is similar to the utilization ratios
for the initial time stamp. However, a difference in critical stresses can be seen in
terms of a larger proportion of bending stresses and lower for normal stresses. The
critical stresses over support follow the same trend as the midspan results.

Table 4.3: Critical stresses in midspan at 3-7 years for notch and dowel connection.

Notch and dowel, midspan, 3-7y | Critical stress [MPa] | Utilization ratio
Top of concrete gefé?r?lg :g:gg 38%
Bottom of concrete gefgililg _357’54?? 8%
Top of timber geffi?ilg _Z;,’E;lo 13%
Bottom of timber g;f;ﬁ; ;l:g(l) 79%

Table 4.4: Critical stresses over support at 3-7 years for notch and dowel connec-

tion.
Notch and dowel, support, 3-7y | Critical stress [MPa] | Utilization ratio

Reinforcement at Normal 41,86 149
top of concrete Bending 17,82 0
Reinforcement at Normal 41,86 6%
bottom of concrete Bending -17.82 0

. Normal -0,65
Top of timber Bending 553 22%

. Normal -0,65
Bottom of timber Bending 553 29%

Table 4.5 shows the critical stresses at midspan at the end of life. Table 4.6 depicts
the critical stresses over support at the end of life. In this timestamp, the final long
term effects are obtained, and the lowest utilization ratios are generated. The critical
stresses and the utilization ratios for the midspan and over support are similar to
the results for 3-7 years.
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Table 4.5: Critical stresses in midspan at 80 years for notch and dowel connection.

Notch and dowel, midspan, 80y | Critical stress [MPa] | Utilization ratio
Top of concrete ge(ﬁé?ilg :g:;&; 39%
Bottom of concrete ge(ﬁé?ilg _35”;5 8%
Top of timber ge(ié?ilg _49’,6847 13%
Bottom of timber georfcrlrililg ;l:g;l 79%

Table 4.6: Critical stresses over support at 80 years for notch and dowel connection.

Notch and dowel, support, 80y | Critical stress [MPa] | Utilization ratio
Reinforcement at Normal 43,4 14
top of concrete Bending 18,9 0
Reinforcement at Normal 43.4 6%
bottom of concrete Bending -18,9 0
. Normal -0,66
Top of timber Bending 551 22%
. Normal -0,66
Bottom of timber Bending 551 29%

Table 4.7 presents the highest calculated shear stresses and utilization ratios over
support for three time stamps. The difference in shear stresses for each time stamp
is very low. Table 4.8 presents the maximum fastener load for notch and dowel
connection at three time stamps. The utilization ratio increases with time, resulting
in an almost full utilization ratio in the end of life time stamp.

Table 4.7: Maximum shear stresses at 3 time stamps for notch and dowel connec-
tion.

Time stamp | Tynee [MPa] | Utilization
0 years 1,98 78%
3-7 years 1,98 78%
80 years 1,99 79%

Table 4.8: Maximum fastener load at 3 time stamps for notch and dowel connec-
tion.
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Time stamp | Fgq [KN] | Frq [kN] | Utilization
0 years 2016 2116 95%
3-7 years 2044 2116 97%
80 years 2072 2116 98%
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Table 4.9 presents the calculated deflections for critical sections and different time
stamps. Midspan deflection calculations are presented in Appendix A. To get the
utilization ratio, the calculated deflection are compared with the deflection require-
ment limit of 1/400 of the span. The highest deflections in midspan occur in the
end of life time stamp. Two deflection checks for the end console are presented, one
for downward deflection and one for uplift deflection. The calculated deflections are
compared to the deflection requirement limit of 5 mm to get the utilization ratio.
The downward deflection have a low utilization ratio, but the uplift deflection is
close to full utilization. The highest utilization ratio occur in the end of life time
stamp.

Table 4.9: Deflections for notch and dowel connection.

Deflection 0 years 3-7 years 80 years
notch+dowel w [mm] | Util. | w [mm] | Util. | w [mm] | Util.
Midspan 914 | 52% | 340 | 83% | 341 | 83%
Deflection end console 0,17 3% 0,3 6% 0,3 6%
Uplift end console 3,95 79% 4,42 88% 4,42 88%

Interpretation of the results from notch and dowel connection

The results indicate that the notch and dowel connection achieves high utilization
ratios at midspan, particularly in the bottom of the timber beam, while the concrete
remains low utilized. The utilization ratios are relatively constant across all time
stages, which reflects the balance between increasing bending stresses and decreas-
ing normal stresses due to long term effects. Shear and fastener utilization increase
slightly over time, which is as expected because of the reduction in stiffness over
time. Deflections at midspan increases with time, confirming the effect of influence
of creep which lowers the stiffness. Overall, the connection offers good composite
action and ductility but leads to increased normal stresses in the timber, which
slightly reduces the structural efficiency.
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4.2 TCC bridge with dowel connections

In this section, the results from the calculations of a TCC bridge with dowel con-
nections are presented. Detailed calculations can be found in Appendix A. The
preliminary design are presented in Figure 4.2, where six dowels are placed in a row
at the width of each glulam beam. The distance between each row are 100mm, and
the dowels have a diameter of 16 mm and a length of 200 mm, embedded halfway
in the glulam and halfway in the concrete slab.

] _ S i i 6 Dowels per row
S s e e 7T 200%@16mm
INE . : S R E C/C 100mm
I

Figure 4.2: Design of the dowel connection.

To create continuity, all three section of connections will present results in a similar
way. Table 4.10 presents the critical stresses at midspan at the initial time stamp.
Table 4.11 depicts the critical stresses over support at the initial time stamp. The
highest utilization ratio in midspan occur in the bottom of the timber.

Table 4.10: Critical stresses in midspan at the initial time stamp for dowel con-
nection.

Dowel, midspan, Oy Critical stress [MPa] | Utilization ratio
Top of concrete georfgilglg :i:% 41%
Bottom of concrete georf(ririlglg Z{’%Q 0%
Top of timber ge(ﬁgilr?}g _f 6?20 20%
Bottom of timber georﬁili; 146?650 78%
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Table 4.11: Critical stresses over support at the initial time stamp for dowel
connection.
Dowel, support, Oy Critical stress [MPa] | Utilization ratio
Reinforcement at | Normal 37,78 13%
top of concrete Bending 17,21 0
Reinforcement at | Normal 37,78 59
bottom of concrete [Bending 17,21 0
. Normal -0,60
Top of timber Bending 566 23%
) Normal -0,60
Bottom of timber Bending 5166 30%

Table 4.12 shows the critical stresses at midspan at 3-7 years. Table 4.13 depicts
the critical stresses over support at 3-7 years. The utilization ratio for the bottom
of timber and top of concrete at midspan decreases slightly, when compared to the
the initial time stamp results. The utilization over support is nearly unchanged.

Table 4.12: Critical stresses in midspan at 3-7 years for dowel connection.

Dowel, midspan, 3-7y Critical stress [MPa] | Utilization ratio
Top of concrete ge(;ré?ilg :iﬁlg 37%
Bottom of concrete gefé?r?lg _i’14 ; 1%
Top of timber gefgililg _f (7)28 22%
Bottom of timber gefsi?ilg 136,7328 75%

Table 4.13: Critical stresses over support at 3-7 years for dowel connection.

Dowel, support, 3-7y Critical stress [MPa] | Utilization ratio
Reinforcement at | Normal 38,22 13%
top of concrete Bending 17,99 0
Reinforcement at | Normal 38,22 59
bottom of concrete | Bending 17,99 0
. Normal -0,60
Top of timber Bending 5 56 22%
. Normal -0,60
Bottom of timber Bending 556 29%

Table 4.14 shows the critical stresses at midspan at the end of life. Table 4.15 depicts
the critical stresses over support at the end of life. In this timestamp, the final long
term effects are obtained, and the lowest utilization ratios are generated.
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Table 4.14: Critical stresses in midspan at 80 years for dowel connection.

Dowel, midspan, 80y Critical stress [MPa] | Utilization ratio
Top of concrete ge(ﬁé?ilg :iﬁlg 37%
Bottom of concrete ge(ﬁé?ilg _j”f 66 1%
Top of timber georfcrlrililg - f 6?;’5 21%
Bottom of timber ge(ﬁé?ilg 130’,7335 74%

Table 4.15: Critical stresses over support at 80 years for dowel connection.

Dowel, support, 80y Critical stress [MPa] | Utilization ratio
Reinforcement at | Normal 39,33 139
top of concrete Bending 19,11 0
Reinforcement at | Normal 39,33 5%
bottom of concrete | Bending 19,11 0
. Normal -0,62
Top of timber Bending 551 22%
) Normal -0,62
Bottom of timber Bending 551 29%

Table 4.16 presents the highest calculated shear stresses and utilization ratios over
support for three time stamps. The shear stress results are identical for the three

time stamps. Table 4.17 presents the maximum fastener load for notch and dowel
connection at three time stamps.

Table 4.16: Maximum shear stresses at 3 time stamps for dowel connection.

Time stamp | Tpnee [MPa] | Utilization
0 years 1,99 79%
3-7 years 1,99 79%
80 years 1,99 79%

Table 4.17: Maximum fastener load at 3 time stamps for dowel connection.

Time stamp | Fgq [kN] | Frq [kN] | Utilization
0 years 193 244 79%
3-7 years 196 244 80%
80 years 199 244 82%

Table 4.18 presents the calculated deflections for critical sections and different time
stamps. The highest deflections in midspan occur in the end of life time stamp. Two
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deflection checks for the end console are presented, one for downward deflection and
one for uplift deflection. The downward deflection have a low utilization ratio, but
the uplift deflection is close to full utilization. The highest utilization ratio occur in
the end of life time stamp.

Table 4.18: Deflections for dowel connection.

Deflection 0 years 3-7 years 80 years
dowel only w [mm] | Util. | w [mm] | Util. | w [mm] | Util.
Midspan 23,2 57% 35,1 86% 35,4 86%
Deflection end console 0,18 4% 0,3 6% 0,31 6%
Uplift end console 4,01 80% 4,41 88% 4,41 88%

Interpretation of the results from dowel only connection

The dowel only connection shows the lowest utilization ratios among the three con-
nections, particularly at midspan, indicating an improved structural efficiency when
compared to the notch and dowel connection. This outcome is linked to the lower
degree of composite action, which results in increased bending stresses and reduced
normal stresses. As explained in the previous chapter, this effect is favorable for tim-
ber, which performs better in bending. While shear and fastener utilization remain
similar to the notch and dowel case, the lower y-factor leads to reduced connection
forces. However, this connection type also results in higher deflections, which may
become critical in certain design scenarios.

47



4. Results

4.3 TCC bridge with adhesive and dowel connec-
tion

In this section, the results from the calculations of a TCC bridge with adhesive and
dowel connections are presented. Figure 4.3 illustrates the preliminary design of the
adhesive and dowel connection. The thickness of the adhesive layer has not been
specified. Table 4.19 shows the critical stresses at midspan at the initial time stamp.
Table 4.20 depicts the critical stresses over support at the initial time stamp.

6 Dowels per row
200xd16mm
C/C 100mm

v <4 4 4 A <
4 v a a4 . . < < 4 <) 4 a u .
L . e Y L Adhesive layer
< . 4 A 4 N <
.

Figure 4.3: Design of the adhesive and dowel connection.

Table 4.19: Critical stresses in midspan at the initial time stamp for adhesive and
dowel connection.

Adhesive, midspan, Oy Critical stress [MPa] | Utilization ratio
Top of concrete georfgilglg :g:g; 44%
Bottom of concrete georf(rirililg _367’587 11%
Top of timber ge(ﬁgilr?}g _59’235 5%
Bottom of timber ge(ﬁ;?r?; g:gg 82%
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Table 4.20: Critical stresses over support at the initial time stamp for adhesive

and dowel connection.

Adhesive, support, Oy Critical stress [MPa] | Utilization ratio
Reinforcement at | Normal 42,93 149,
top of concrete Bending 17,29 0
Reinforcement at | Normal 4293 6%
bottom of concrete [Bending 17,29 0
. Normal -0,66
Top of timber Bending 567 23%
) Normal -0,66
Bottom of timber Bending 567 30%

Table 4.21 shows the critical stresses at midspan at 3-7 years. Table 4.22 depicts
the critical stresses over support at 3-7 years. The utilization ratio in the bottom of

timber at midspan increases, when comparing to the utilization ratio at the initial
time stamp, but is unchanged over support.

Table 4.21: Critical stresses in midspan at 3-7 years for adhesive and dowel con-

nection.
Adhesive, midspan, 3-Ty Critical stress [MPa] | Utilization ratio
Top of concrete georfcrlrililg __63’7248 41%
Bottom of concrete geié?ilg _2’318 12%
Top of timber ge(gcrlrililg - f (fgl 8%
Bottom of timber geonrcrlrililg 150’?051 84%

Table 4.22: Critical stresses over support at 3-7 years for adhesive and dowel

connection.
Adhesive, support, 3-7y Critical stress [MPa] | Utilization ratio

Reinforcement at | Normal 44,01 149
top of concrete [ Bending 17,99 ¢
Reinforcement at | Normal 44,01 6%
bottom of concrete Bending -17,99 0

. Normal -0,67
Top of timber Bonding 556 22%

. Normal -0,67
Bottom of timber Bending 556 30%

Table 4.23 shows the critical stresses at midspan at the end of life.
presents the critical stresses over the support at the same time.

Table 4.24
The maximum
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utilization ratio occurs at midspan in the bottom of the timber at the end of life
stage. At the support, the differences compared to the other two time stamps are
marginal.

Table 4.23: Critical stresses in midspan at 80 years for adhesive and dowel con-
nection.

Adhesive, midspan, 80y Critical stress [MPa] | Utilization ratio
Top of concrete ge(ﬁ;?r?}g :g:ii 42%
Bottom of concrete ge(ﬁgililg _??jj 12%
Top of timber ge(ﬁé?ilg —597,3998 8%
Bottom of timber ge(ﬁé?ilg g:gg 85%

Table 4.24: Critical stresses over support at 80 years for adhesive and dowel con-
nection.

Adhesive, support, 80y Critical stress [MPa] | Utilization ratio
Reinforcement at | Normal 45,81 5%
top of concrete Bending 19,07 0
Reinforcement at | Normal 4581 6%
bottom of concrete [ Bending 19,07 0
. Normal -0,69
Top of timber Bending 5533 22%
. Normal -0,69
Bottom of timber Bending 553 30%

Table 4.25 presents the highest calculated shear stresses and utilization ratios over
support for three time stamps.

Table 4.25: Maximum shear stresses at 3 time stamps for adhesive and dowel
connection.

Time stamp | Tpuee [MPa] | Utilization
0 years 1,97 78%
3-7 years 1,97 78%
80 years 1,97 78%

Table 4.26 presents the calculated deflections for critical sections and different time
stamps. The downward deflection have a low utilization ratio, but the uplift deflec-
tion is close to full utilization. The highest utilization ratio occur in the end of life
time stamp for all deflection checks.
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Table 4.26: Deflections for adhesive and dowel connection.

Deflection 0 years 3-7 years 80 years
adhesive4+dowel | w [mm] | Util. | w [mm] | Util. | w [mm] | Util.
Midspan 19,7 48% 33,2 81% 33,2 81%
Deflection end console 0,15 3% 0,3 6% 0,3 6%
Uplift end console 3,88 8% 4,45 89% 4,45 89%

Interpretation of the results from adhesive and dowel connection

The adhesive and dowel connection has the highest degree of composite action, re-
sulting in full interaction and the lowest deflections among the three connections.
Unlike the other cases, the utilization ratio does not decrease over time, as long term
effects do not change the internal force distribution when full interaction is assumed.
However, despite favorable results from the deflections, the connection has the high-
est utilization ratios when looking at the bottom of timber at midspan. Further, the
connection introduces significant uncertainties related to construction feasibility and
quality assurance. While the concept shows potential from a theoretical standpoint,
its practical implementation remains limited due to lack of familiarity and proven
methods in real bridge projects.
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4.4 Capacity checks for various structural compo-
nents

In this section, other capacity checks are presented. Detailed calculations of the
capacity checks are presented in Appendix A, and the results are presented in Ta-
ble 4.27. The different capacity checks have different units, which are also presented
in combination with the utilization ratio. The results from the calculations of bear-
ing stress perpendicular to the grain and concrete cracking over the support indicate
that full utilization has been reached.

Table 4.27: Summary of capacity checks for various structural components.

Check Calculated Limit Utilization Ratio
Lateral torsional 1.7 MNm | 63.5 MNm 2.7%
buckling

Concrete cracking 3.4 MPa 1.5 MPa 179%

over support

Reinforcement area to prevent 235 cm? 118 cm? 50%
critical crack width 0.20mm

Bearing stress 3.7 MPa 1.8 MPa 206%

perpendicular to grain

Interpretation of the results from various structural components

The additional capacity checks confirm that lateral torsional buckling is not a con-
cern due to the compact cross section of the glulam beams. Cracking in the concrete
above the supports is expected but effectively controlled by the large amount of rein-
forcement from the end console provided, ensuring that crack widths remain within
acceptable limits. Lastly, bearing stress perpendicular to the grain is identified
as a critical design point in the timber detailing, suggesting the need for further
investigation in future work.
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4.5 Results from gamma factor variations

In this section, a modification of the results is presented. To understand the influence
of the ~-factor, or composite action, on the structural behavior, different ~-factors
is plotted against maximum utilization in bottom of timber at midspan. The graph
is shown in Figure 4.4 where the distribution is plotted for the time stamps: 0, 3-7
and 80 years.

Utilization ratio in bottom of timber at midspan
100
95
90
85

80

Utilization ratio, %
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Gamma factor
—e—0Oyears —e—3-7years —@—280 years

Figure 4.4: Utilization variations for bottom of timber at midspan for different
gamma factors.

In Figure 4.5 the influence ~-factors has on deflection at midspan is presented. The
distribution is plotted for the time stamps: 0, 3-7 and 80 years.
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Figure 4.5: Deflection variations for different gamma factors.
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Interpretation of the results for gamma factor variations

The results indicate that structural efficiency does not improve linearly with in-
creased composite action. Instead, the lowest utilization ratio in the bottom of the
timber at midspan occurs around a ~y-factor of 30%, suggesting an optimal balance
between bending and normal stresses. Both very low and very high interaction lev-
els lead to higher utilization, which highlights the importance of evaluating a range
of v-factors during design. The findings also show that long term effects stabilize
within the first few years of service life. Additionally, the influence of unaccounted
friction between materials may affect the effective y-factor and should be considered
in future design evaluations.
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4.6 Results from the LCA

In this section, the results from the LCA of the TCC bridge and the concrete integral
bridge will be presented. The LCA has been conducted using the tool Klimatkalkyl,
which is explained more in detail in Section 3.2. The comprehensive results from
the tool Klimatkalkyl is presented in Appendix B.

Table 4.28 present the results from the LCA of the TCC bridge. The emission and
energy usage are presented for the predefined measure as well as the construction
materials. The total emission and energy usage are summarized at the bottom of
the graph. Table 4.29 present the results from the LCA of the concrete integral
bridge.

Table 4.28: Climate impact and energy use for the TCC bridge.

Phase Unit COze (ton) | Energy (GJ)
Predefined measure
Concrete slab bridge (reference) | 215.25 m? 139.12 1,374.42
Construction material
Reinforcement 10.2 ton 7.47 119.51
Concrete 91.49 m? 36.75 222.18
Glulam 44.14 m? 2.70 501.97
Total 186 2218

Table 4.29: Climate impact and energy use for the concrete integral bridge.

Phase Unit COze (ton) | Energy (GJ)
Predefined measure
Concrete slab bridge (reference) | 215.25 m? 139.12 1,374.42
Construction material
Reinforcement 19.1 ton 13.99 223.79
Concrete 165.61 m?3 66.53 402.18
Total 220 2000
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Interpretation of the results from LCA

The LCA results show that the TCC bridge emits less COqe than the concrete
bridge, primarily due to lower emissions from construction materials. However, the
TCC alternative has slightly higher energy use, which is harder to interpret since
the energy source could be either fossil based or renewable. The comparison is also
affected by differing design life assumptions, although the LCA tool uses a service
life of 80 years for both bridges. Overall, the results suggest that TCC bridges
can offer environmental advantages, especially in regions with access to renewable
energy and timber, though lifespan differences and maintenance needs are important
factors to consider.
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4.7 Results from the LCC

In this section, the results from the LCC analysis are presented. Table 4.30 shows the
life cycle cost of the TCC bridge, while Table 4.31 presents the life cycle costs for the
concrete integral bridge. The costs are divided into the different phases of the service
life. For each bridge, both a lower and an upper cost estimate are provided. Figure
4.6 illustrates the lower and upper cost for each phase and bridge. A detailed version
of the LCC assessment are presented in Appendix C. The maximum and minimum
cost assessments from the LCC are obtained for the TCC bridge.

Table 4.30: LCC results for TCC bridge.

TCC bridge | Low High
Design 350 000 kr | 450 000 kr
Production 1 791 864 kr | 2 427 189 kr
Maintenance | 743 500 kr 893 000 kr
End of life 4 028 kr 4 834 kr
Total 2 889 392 kr | 3 775 023 kr

Table 4.31: LCC results for concrete integral bridge.

Concrete bridge | Low High
Design 200 000 kr 250 000 kr
Production 2 032 600 kr | 2 496 900 kr
Maintenance 723 500 kr 868 000 kr
End of life 3 222 kr 4 028 kr
Total 2 959 322 kr | 3 618 928 kr
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LCC results
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Figure 4.6: Maximum and minimum cost estimates from the LCC of concrete
integral bridge and TCC bridge, only for the superstructure.

Interpretation of the results from LCC

The LCC results suggest that the TCC bridge has the potential to be either more
economical or more expensive than the concrete bridge, depending on project specific
factors. While construction costs may be slightly lower for the TCC bridge, design
costs are higher due to the concept being new. Maintenance costs are similar, with
only minor differences. Overall, the TCC option presents greater cost uncertainty,
especially in early stage projects. However, if the concept becomes more established,
cost efficiency could improve over time. This highlights the importance of continued
development and industry experience.
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Discussion

This chapter discusses the method and the results of the case study, including struc-
tural performance for each TCC bridge with its unique connections, as well as the
outcomes of the LCA and LCC analyses. In addition, limitations associated with
each part are addressed. The chapter is organized into sections in a similar structure
as the results chapter.

5.1 Evaluation of the method

The ~v-method was applied in the design process of the TCC bridge. It was used to
evaluate the degree of composite action and, based on that, determine the effective
bending stiffness and the stress distribution across the cross section. This method,
as defined in Eurocode 5, is a widely accepted and validated analytical approach
for timber concrete composite systems. Its main advantages lie in its simplicity
and compatibility with standard cross sections and design procedures. Moreover, it
provides a clear and traceable framework for structural calculations.

However, the method has several limitations. It relies on simplifying assumptions
to be applicable, the most significant being the assumption of fully linear elastic
material behavior. In practice, materials such as concrete and timber may exhibit
non linear behavior, particularly in cases involving concrete cracking or long term
effects such as creep and shrinkage. Nevertheless, the design approach in this thesis
was adjusted to partially account for these effects. For instance, the non linearity of
cracked concrete was considered in the support region, where compression governs
the behavior. In this case, reinforcement steel was incorporated into the v-method
model instead of the concrete, better reflecting the actual structural behavior.

Long term effects were also addressed by separating the analysis into different load
types and evaluating the structure at three distinct time steps. While this approach
does not provide an exact representation of long term behavior, it captures the gen-
eral trends and is considered acceptable for the scope of this analysis. It is worth
noting that this limitation is not unique to the y-method; analytical methods in
general are unable to fully capture complex time dependent behaviors. For more
detailed and accurate predictions, numerical methods such as finite element analysis
are typically more suitable.

The y-method is well established for the design of TCC buildings, but it was not orig-
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inally developed for bridge applications. The method relies on assumptions suited
to buildings: such as simplified support conditions, load models, and shorter span
lengths. These assumptions do not always align with the characteristics of bridge
structures. In bridge design, where spans are typically longer and load models more
complex, the v-method may not fully capture the structural behavior. In this thesis,
several modifications were made to adapt the method to bridge specific conditions,
which proved to be effective. While the calculations became more advanced due
to considerations of loading types and boundary conditions at the supports, the
method still offered an adequate level of detail for the scope of this project and
successfully captured the key aspects of the bridge behavior.
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5.2 Influence of Connections on Structural Per-
formance

This section is divided into subsections, each addressing a different connection used
in the case study. It includes a discussion of the results from the capacity checks
not influenced by connections, as well as a general discussion and comparison of the
case study.

5.2.1 Notch and Dowel Connection

The results from the case study show that the bottom of the timber experiences
the highest utilization ratios at midspan for the combined notch and dowel connec-
tion, reaching 80% at the initial time stamp. The top of the timber is subjected to
the same magnitudes of normal and bending stresses. However, negative bending
stresses and positive normal stresses gives a combined effect which result in a low
utilization ratio. At the support, the bottom of the timber is primarily subjected to
compressive forces, which also yield a lower utilization ratio.

The concrete slab has a low utilization ratio at midspan, primarily because it is under
compression in the global analysis. When comparing the compressive stress to the
compressive strength of the concrete, the resulting utilization remains low. Crack-
ing occurs at the top of concrete over support, and the resulting tensile forces are
resisted by the reinforcement. Given that reinforcement has a high tensile strength,
the utilization ratio remains low. The low utilization of the reinforcement is due to
the fact that a lot of reinforcement comes from the end console, further discussed in
Section 5.2.4.

The stress distribution within the cross section aligns well with expectations. Nor-
mal stresses act uniformly within each material and are equal in magnitude but
opposite in direction between the timber and concrete. Bending stresses also act
in opposite directions in the top and bottom parts of each material. When these
stresses are combined and compared to the respective material strengths, the re-
sulting utilization ratios align with expectations, higher near the outer edges of the
cross section and decreasing toward the center.

When comparing the results for the three time stages, the utilization ratios are sim-
ilar. At year 0, the maximum utilization ratio in midspan is 80%, while at both 3-7
years and 80 years, the ratio is 79%. These results may initially seem counterin-
tuitive, as the stresses are generally expected to be most unfavorable at the end of
the lifespan of the structure. However, a closer evaluation shows that while bend-
ing stresses increase over time, normal stresses decrease, and thus the total stress
remain largely unaffected. The underlying reason for the similar utilization ratios
over time is that both materials, timber and concrete, are affected by creep which
applies to the permanent loads such as self weight and earth pressure. This time
dependent behavior is accounted for in design by reducing the modulus of elasticity
of the materials. In this case, the self weight of the structure, excluding the pave-
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ment, is assumed to be carried solely by the timber beams without any composite
action. Consequently, the stresses resulting from the self weight are not evaluated
using the y-method, meaning the reduced MOE is not applied. As a result, these
stresses remain unaffected by long term effects and stay constant throughout the
service life of the bridge.

In contrast, the pavement is cast after the concrete has hardened. Thus, its self
weight is carried by the full cross section, considering composite action between
the materials. The same principle applies to fictitious loads resulting from inelastic
strains due to shrinkage, moisture variations, and temperature effects. For these
loads, the increased y-factor and the reduced effective stiffness lead to higher bend-
ing stresses and lower normal stresses over time, an effect clearly reflected in the
results. The reason for the small difference in utilization ratios despite total stress
levels being nearly constant is due to the direction dependent capacity of the timber.

The results from the calculated maximum shear stress show a high utilization ratio.
This ratio increases slightly at the 80 year time stamp. This outcome is expected,
as shear stress is largely unaffected by the long term effects in most load cases. The
effective stiffness in ULS remains unchanged by time dependent factors. The slight
increase in shear stress at the end of life stage is primarily due to the change in
effective stiffness from the permanent load of the pavement. However, since the
pavement contributes only marginally to the total load, the resulting variation in
shear stress is minimal.

Table 4.8 shows that the fasteners are nearly fully utilized. A notable difference
between the trends of the connection calculations and those of the beams and slab
is that the utilization ratio for the connections increases slightly over time. This
variation arises from the way long term effects are considered. In the connection
calculations, only the stiffness changes over time, whereas in the superstructure,
both the modulus of elasticity and stiffness decrease.

Unlike the progression of stresses, the deflection results show a clear increase over
time. The utilization ratios for both the midspan deflections and the uplift at the
end console are high, yet remain below full utilization. An increase is observed in
all three analyses, with the most significant change occurring at midspan, where the
deflection rises from 21.4 mm to 34 mm between the two time stages. This increase
is primarily linked to creep effects in the materials, which lead to a reduction in
stiffness over time. The decreased stiffness significantly influences deformation be-
havior, resulting in the observed increase in deflection.

To summarize the notch and dowel connection, the advantages are reduced de-
flections due to the higher degree of composite action and a ductile failure mode
provided by the dowels. However, there are also disadvantages. The high composite
action increases normal stresses, which timber has a lower capacity to resist, making
the concept less structurally efficient.
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5.2.2 Dowel Connection

The results from the dowel only connection show strong similarities to those of the
notch and dowel connection, with the highest utilization in the bottom of the timber
at midspan. At the supports, the utilization ratios for bending and normal stresses
remain low. Notably, the dowel only connection results in the lowest overall utiliza-
tion ratios among the connections.

The observation that the dowel only connection performs better in terms of utiliza-
tion than the combined notch and dowel connection raises questions regarding the
optimal choice of the v-factor. In this case, the TCC bridge with dowel connection
has a lower v-factor and lower utilization ratios compared to the notch and dowel
connection. One explanation is that a lower degree of composite action leads to
increased bending stresses, while the tension stresses decrease. Since timber has a
higher strength in bending than in tension or compression, the stresses result in a
more favorable utilization profile. This trend is evident in the case study, where the
notch and dowel connection shows higher normal stresses and lower bending stresses
than the dowel only connection. Additionally, long term effects lead to a decrease
in utilization ratio for the bottom of the timber at midspan. This outcome is in line
with the explanation provided in Section 5.2.1.

The results for the utilization of the shear stresses are similar to those presented
in Section 5.2.1, showing a utilization of 79%. The dowels have a utilization of ap-
proximately 80%, with a slight increase when long term effects are considered. It is
worth noting that the maximum fastener load is lower for the dowel only connection
compared to the notch and dowel connection. This can be explained by the fact
that a lower v-factor leads to reduced normal forces, which are the primary forces
resisted by the connections. The connection design is based on the worst case sce-
nario forces, meaning that the case study presents results for the maximum shear
stresses over the support. However, there is great potential for optimization, as the
shear stresses decrease near midspan. This suggests that the quantity and spacing
of the connections could be modified and optimized along the length of the bridge.

One notable difference between the notch and dowel connection and the dowel only
connection is the increase in deflections observed for the dowel only case. This is
expected, as a lower y-factor leads to greater deflection, as explained in Section 2.4.
Although the deflections are higher, they remain within acceptable limits. However,
this aspect should be carefully considered, as deflection may become a governing
factor in certain cases.

To summarize, the advantages of the dowel only connection are the improved struc-
tural efficiency due to the lower composite action. This results in a higher proportion
of bending stresses, which timber can resist more effectively than normal stresses.
Another benefit is the ductile failure behavior provided by the dowels. The main
disadvantage is the increased deflection caused by the low level of composite action.
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5.2.3 Adhesive and Dowel Connection

The results from the adhesive and dowel connection align with a more traditional
approach to structural analysis, where long term effects result in higher utilization
ratios. The adhesive layer is modeled as an infinitely strong connection, yielding a
~v-factor of 1 which creates full interaction between the timber and concrete. With a
~-factor of 1, long term effects do not influence the composite action, which means
that the ratio of bending and normal stresses remains largely unchanged, and con-
sequently, the utilization ratio does not decrease. The utilization ratio for the shear
stress is high but remains below full capacity. Regarding deformations, the adhesive
and dowel connection exhibits the lowest deflection among all three case studies.
This outcome is expected, as full interaction typically results in reduced deflections.

Adhesive connections present several limitations, primarily due to uncertainties in
the construction processes and for quality assurance. FEven if adhesive connec-
tions demonstrate good characteristics during the design phase, practical challenges
emerge during construction. Industry experience and familiarity with adhesive con-
nections are low compared to more conventional alternatives. This decreases the
likelihood of implementation. Extensive on site testing would be necessary to con-
firm the concrete surface bond strength, and maintaining adequate quality assurance
throughout the process would be demanding.

An alternative method involving granite chips to create an initial bond between the
adhesive layer and the concrete, discussed in Section 2.1.3, offers a partial solution
to these concerns. However, this production technique is also relatively unknown
in the construction industry. Given that TCC bridges are already a new concept,
introducing an additional unfamiliar element such as adhesive connections may fur-
ther reduce its acceptance as a viable bridge concept. The combination of a new
structural system and an unproven connection method could increase skepticism
and risk of rejection within the industry. The adhesive connection was included in
the case study to explore the potential of a TCC bridge with full composite ac-
tion. However, the literature review revealed that adhesive connections are the least
researched among the options, with the highest level of uncertainty regarding pro-
duction practices and product performance.

5.2.4 Discussion on other capacity checks

The results from the other capacity checks show that there is no risk of lateral tor-
sional buckling of the glulam beams during the production stage. This outcome is
expected, as the glulam beams have a bulky, almost square cross section. Lateral
torsional buckling typically occurs in slender cross sections, such as steel beams with
thin webs.

The results from Section 3.1.7 also indicate that the concrete will crack above the

supports. This is as expected, since the end console introduces significant bending
moments which, when combined with traffic loads, generate high tensile stresses
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in the concrete above the supports that exceed its tensile strength. However, this
cracking is not problematic due to the large amount of reinforcement extending from
the end console. This reinforcement effectively limits crack widths. As shown in Ta-
ble 4.27, the amount of reinforcement is twice what is needed to restrict the crack
width to 0.20 mm. The high reinforcement demand in the end corner comes from
the large bending moments that arise from the horizontal forces acting on the end
console. Additionally, the reinforcement needs sufficient anchorage length to overlap
with the main longitudinal reinforcement in the superstructure.

The bearing stress perpendicular to the grain is a critical aspect of the timber design
and must be addressed in the final design phase. Designing a connection to elim-
inate this stress is outside the scope of this thesis, but a solution involving dowels
and steel plates could be a promising area for further investigation.

5.2.5 Results from gamma factor variations

The case study shows that the three evaluated connection types result in different
utilization ratios, each with its own v-factor. The dowel only connection has the
lowest utilization ratio in the bottom of the timber at midspan, and the lowest -
factor. Conversely, the adhesive and dowel connection yields the highest utilization
ratio, along with the highest v-factor. This indicates that a higher y-factor does not
necessarily lead to a more optimal utilization ratio for the bottom of the timber at
midspan.

Figure 4.4 illustrates how the utilization ratio varies with the v-factor. The lowest
utilization occurs when the ~-factor is approximately 30%, and the overall trend
suggests that both very low and very high interaction levels lead to higher utiliza-
tion ratios. The figure also presents utilization ratios for each time stamp. It can
be observed that the 0 year time stamp is governing for y-values up to 70%, after
which the end of life time stamp becomes critical. The small difference in results
between the 3-7 year and 80 year time stamps indicates that the long term effects
are largely formed within the first few years of service life.

It is worth noting that the results in Figure 4.4 indicate a lower utilization ratio for
~-factors around 30% at the bottom of the timber at midspan. This comparison is
made with all other parameters constant, such as the cross section, climate condi-
tions and loads. The reduced utilization suggests that there is potential to optimize
the structure. However, it is important to consider that other factors may become
governing as a result, such as shear stresses, connection design or deflection require-
ments. Nevertheless, the figure provides valuable insight into the trends associated
with varying ~y-factors.

It is worth noting that the v-method calculates the «y-factor without accounting for
friction between the concrete and the glulam. Friction arises from both the self
weight of the structure and external loads such as wheel pressure. These unac-
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counted frictional forces would contribute to a higher effective v-factor, which may
become critical during the design phase. Therefore, it is important to consider mul-
tiple y-factors in the design process to ensure that all potential governing failure
modes are properly identified.

Figure 4.5 shows the midspan deflection as a function of ~-factor. As expected,
higher v-factors lead to lower deflections, which is in line with the findings of the case
study. Long term effects cause an increase in deflection, which is also anticipated.
Similar to the utilization ratios, the difference in deflection between the 3-7 year
and 80 year time stamps is minimal, further confirming that most time dependent
effects stabilize early in the lifespan of the bridge.

5.2.6 Comparison and Discussion

One important topic to discuss is that the TCC bridge was not fully optimized in
this project. The reason is that it was decided in the limitations to have a constant
cross section for each connection. This is a disadvantage for the TCC bridge, as
the concept uses more materials than necessary. As shown in the results chapter,
most capacity checks yield relatively low utilization ratios. However, some checks,
such as bearing stress perpendicular to the grain, result in failure. To enable a more
accurate comparison between the TCC bridge and the concrete bridge, the TCC
design needs to be optimized to better reflect its true performance potential. The
concrete bridge, in contrast, was optimized by Inhouse Tech AB, which led to a more

material efficient structure and, consequently, a lower climate impact according to
the LCA.

Key optimization opportunities for the TCC bridge include the glulam beams and
the connections. For the glulam beams, the optimization should aim to bring the
utilization ratios for bending capacity, shear capacity, and bearing stress perpendic-
ular to the grain closer to full capacity. There are reinforcement methods available
which would increase the shear stress capacity of glulam beams, which increases
the beam design possibilities. The optimization of the connections depend on the
specific connection type. For example, dowels can be optimized by adjusting the
quantity, spacing, diameter, and embedment depth. Notches can similarly be opti-
mized with respect to spacing and geometry.
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5.3 Evaluation of the LCA

The LCA results show that the conventional concrete bridge emits 34 tonnes or 18%
more COse, than the TCC bridge. In contrast, the TCC bridge consumes 218 GJ,
or 11% more energy than the concrete bridge.

5.3.1 Evaluation of LCA results

The largest contributor to climate impact for both bridges is the predefined mea-
sure, which includes maintenance and replacement of the edge beam and pavement.
This accounts for 75% of total emissions in the TCC bridge and 63% in the concrete
bridge. These values reflect emissions from materials, transport, and the construc-
tion site over the bridges service life. While the construction materials of the TCC
bridge produce roughly half the emissions of the concrete bridge, this alone is not as
big of a decisive factor as the life cycle maintenance. Still, the TCC bridge achieves
a net saving of 34 tonnes COqe.

The higher energy use of the TCC bridge is harder to interpret, as energy related
climate impact depends on the energy source. Renewable energy produces signifi-
cantly lower COse than fossil fuels. Since renewable energy and timber is accessible
in northern Sweden, the environmental impact of the TCC bridge energy use may
be less significant. For a more comprehensive comparison, site specific factors such
as geographical location and the origin of construction materials should be taken
into account.

A key difference between the bridges lies in their design life: 80 years for the TCC
bridge (maximum in Eurocode 5) and 120 years for the concrete bridge. Though
this complicates comparisons, the predefined measure in the LCA assumes an 80
year lifespan for both bridges. The actual design difference between 80 and 120
years in concrete structures is typically minor, with often just an increase of 10 mm
in cover thickness. There are two ways to compare the bridges. One is to assume
equal design life by slightly reducing the concrete bridge durability requirements.

The other is to accept the 120 year design life of the concrete bridge and compare it
to the 80 year life span of the TCC bridge, factoring in the additional maintenance
needed during the extra 40 years. This would lower the annual climate impact emis-
sions for the construction materials of the concrete bridge. Since maintenance is a
significant contributor of emissions, the longer lifespan of the concrete bridge does
not necessarily translate to proportionally lower emissions per year, but it has to be
considered to ensure a fair and comprehensive comparison.

Timber structures could one day be certified for 120 year lifespans, but this remains

speculative. More research is needed to determine the long term viability and sus-
tainability potential of extended life timber structures.
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5.3.2 Evaluation of LCA method

The LCA was conducted using Klimatkalkyl, a tool developed by the Swedish Trans-
port Administration. This tool was chosen partly due to its user friendly interface
and partly because its data sources are transparent and easy to verify. Additionally,
as an official tool provided by the Swedish Transport Administration, it can be con-
sidered credible and reliable. One limitation of the tool is that it does not allow the
inclusion of specific components such as dowels, notches, or adhesives, which could
have provided valuable insights if included. Moreover, the predefined measures do
not offer a TCC bridge as an option, a limitation that is understandable given that
TCC bridges are still an emerging concept. The analysis could also be improved
by introducing an option to account specifically for the maintenance of the glulam
beams without having to classify the entire structure as a glulam bridge. Allowing
for such an addition, supported by relevant sources, would lead to a more accurate
and comprehensive LCA.

5.3.3 Limitations of the LCA

One limitation of the LCA results is that the climate impact of the structural con-
nections was not included. This was due to the case study evaluating three different
connection types. Furthermore, the environmental impact of the adhesive connec-
tion, both the material itself and the application process, was also excluded from
the assessment.

Another limitation lies in the scope of the analysis. The LCA only evaluates the su-
perstructure rather than the entire bridge system. As a result, the assessment may
not provide a complete picture. While the TCC bridge shows clear environmental
advantages in terms of its superstructure, this may not be true if the substructure
or full bridge system were included.

Additionally, a decision was made early in the thesis to use the existing end console
geometries from the concrete bridge. This was done partly to ensure a consistent ba-
sis for the LCA comparison, and partly due to the limitation of only evaluating the
superstructure. It is worth discussing whether the end console should be considered
part of the superstructure or substructure. The height of the end console depends
on the thermal expansion coefficients of the materials, and this factor would actu-
ally benefit the TCC bridge. Because the TCC bridge has a lower overall thermal
coefficient than the concrete bridge, it would require a smaller end console, thereby

reducing material usage which is beneficial in regard to the climate impact of the
TCC bridge.
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5.4 Evaluation of the LCC

The results from the LCC assessment show that the TCC bridge has the potential
to be a more economical alternative compared to the concrete bridge, while also car-
rying the risk of being more expensive. The interpretation of the results depends on
the assumptions and perspective, adn should be considered as an rough estimation.
The complete LCC results are presented in Appendix C. To better understand the
outcome, the costs are discussed under four main categories.

In the design category, the TCC bridge is expected to have a higher cost than the
concrete integral bridge, with a wider range due to uncertainties. This is as antici-
pated, as new concepts often require more time to develop compared to traditional
projects. In contrast, concrete bridges benefit from numerous reference projects,
which contribute to a more efficient design process. As a result, the design costs for
the concrete integral bridge are lower and have a narrower cost range. However, one
could argue that if the TCC concept becomes more established in the industry, the
design costs could decrease over time.

The construction cost results indicate that the TCC bridge could be more econom-
ical than the concrete bridge. The cost of site establishment is assumed to be equal
or slightly lower for the TCC bridge, which seems reasonable since the use of glulam
beams and less reinforcement may shorten the construction time. This has a direct
impact on site related expenses. The TCC bridge also requires less material overall,
which reduces material costs. However, glulam beams may come with higher pro-
duction and transportation costs, which creates uncertainties that varies between
projects.

The TCC bridge also includes costs related to bearings, which are not needed for the
concrete bridge. On the other hand, the concrete bridge is expected to have lower
formwork costs but higher costs for structural support during construction. This
aligns with the expectations, as the glulam beams in the TCC bridge can partly
function as structural support during casting. The TCC bridge also requires the use
of a crane to place the glulam beams, which introduces further uncertainty. The
cost of crane rental depends on site conditions, accessibility and local demand. In
summary, the construction costs for the two bridge types may be similar, with the
TCC bridge appearing more economical in the lower cost estimates. However, the
concrete bridge may be more favorable in the higher cost scenarios. The actual cost
is expected to fall somewhere in between. A reasonable conclusion is that while the
overall construction costs are comparable, the TCC bridge carries higher uncertainty.

Maintenance costs are nearly identical for both bridge types, with the only difference
being the additional cost of repainting required for the glulam beams on the TCC
bridge. This is a relatively minor addition to the total maintenance cost. These
findings are similar to the maintenance related results from the LCA, discussed in
Section 5.3, where the two alternatives also showed similar performance. The end
of life category considers the net present value, with a discount rate of 3.5 percent
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applied. This results in a minimal cost contribution for both bridge types.

To conclude, the LCC assessment shows that the TCC concept involves greater un-
certainty in cost estimation compared to the concrete integral bridge. Design related
costs are predicted to be higher for the TCC bridge, while construction costs are
expected to be similar or slightly more favorable.

The LCC assessment was conducted in collaboration with industry professionals
who have extensive experience in cost related to tendering, production, and con-
struction. This approach is considered effective, as these professionals have hands
on knowledge of construction related costs. Given the fluctuation in material and
construction prices over time, consulting experts can be regarded as a more realistic
method than relying only on literature, which may be outdated.

One limitation of the LCC method used in this thesis is that the total cost estimates
were reviewed and refined by only one company, Inhouse Tech AB. To get a more
comprehensive result, insights from professionals across multiple companies could

be included.
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Conclusion

The case study conducted in this thesis indicates that TCC bridges have then po-
tential to be a competitive alternative to conventional concrete bridges, both envi-
ronmentally and economically. The outcome of the LCA shows clear environmental
advantage for the TCC bridge. The LCC assessment show mixed results for the
TCC bridge. The cost could be both lower and higher compared to the concrete
bridge. However, the uncertainties is bigger for cost related to the TCC bridge.
This highlights the need for further research and real world implementation to bet-
ter understand the long term economical aspects.

The results from the v-factor variations highlight the complexity of the TCC sys-
tem, where increased interaction does not necessarily lead to improved structural
efficiency. This outcome is primarily due to the material properties of timber, which
exhibits higher capacity in bending than in normal stresses. As the degree of com-
posite action increases, so do the normal stresses in the timber, leading to a less
efficient use of the material. It is also important to note that the calculated ~y-factor
may vary depending on the level of friction between the timber and concrete. Such
frictional effects could influence the degree of interaction and should be considered
to ensure that the most critical design scenario is captured.

This project only considers one single TCC bridge design, comparing it to one con-
crete bridge design. Both bridges is designed based on site specific conditions,
geometries and assumptions, meaning that the results are only valid for this specific
case. Consequently, no broad conclusions can be drawn about TCC in general. How-
ever, it can give valuable insights in how the concept can work. Further research,
including other site conditions and geometries is needed to validate and extend the
understanding of TCC as a concept in bridge construction.

The aim of this thesis was to deepen the understanding of TCC bridges and their ap-
plication in bridge construction, and integral bridges in particular. The structural
analysis of connection types and evaluation of the short and long term loading,
provides an insight into the mechanical behavior of TCC bridge structures. More-
over, the environmental and economical aspects of the concept has been evaluated
and the results show competitiveness compared to a corresponding concrete bridge.
Limitations were identified and discussed. These things considered, the project has
established a strong foundation for further development of of TCC bridges in prac-
tice, meaning that the aim of the thesis has been successfully achieved.
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6.1 Further research

Further research on the TCC bridge concept could focus on optimizing the connec-
tion design for both the dowel only and the combined notch and dowel connections.
This includes optimization in terms of quantity, variable spacing, and geometry of
the dowels and notches. Additionally, conducting both full scale and localized ex-
perimental tests would be valuable for comparing theoretical stiffness calculations
with actual performance. While similar studies have been carried out previously,
applying them specifically to bridge structures would offer new insights.

Another area of interest is the optimization of the glulam beams themselves, par-
ticularly in relation to their structural limitations. This may include reinforcement
strategies to improve shear resistance, as well as connection designs that prevent
failure due to bearing stress perpendicular to the grain. One possible solution could
involve combining dowels with plates or studs to better distribute the normal forces
from the end console and the support reactions. Future studies could also explore
alternative production methods for the different connection types.
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A

Calculation example

Appendix A presents the calculations for one time stamp for the notch and dowel
connection used in the case study. Only a single calculation is included, as presenting
all nine would make the document unnecessarily long. The calculations for the
different connections and time stamps are largely similar, with variations primarily in
connection properties and long term effects such as creep and shrinkage. Therefore,
one representative calculation has been provided.



TCC design 80 years

Geometry and material data

Theoretical span length

Width of bridge

Length of end console

Total length of bridge

Area of bridge deck

Distance between beams(c-c)
Distance from end to center of beam
End console

Height of end console

Width of end console

Thinkness of end console

Wing wall

Length of wing wall

Height of wing wall

Thickness of wing wall

Concrete slab

Thickness of concrete slab

Width of concrete slab
Cross-section area of concrete slab
Moment of inertia, concrete slab
Timber beam

Width of timber beam

Height of timber beam
Cross-section area of timber beams

Moment of inertia, timber beams
Pavement
Thickness of pavement

Edgebeam (Kantbalk)
Height edgebeam
Width edgebeam

Area edgebeam
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Effective width of transverse concrete console

Outer console length
Distance between glulam beams
Equivalent span length for simply

supported beams, Figure 5.1 in 1994-1-1.

Effective width 1.1
Effective width 2.1
Effective width 1
Effective width

New moment of inertia, concrete slab

Concrete C35/45

Partial factors for concrete
Reinforced concrete density

Compressive strength

Mean compressive strength
Mean tensile strength
Tensile strength, 5 percentile

Modulus of elasticity

Reinforcement K500C-T:
Partial factors
Strength
Modulus of elasticity
Yield strain

Glulam GL30c

Climate + load class factor
Partial factor

Crack factor

Bending parallel to fiber

Tension paralllel to fiber

Tension perpendicular to fiber
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frox:=19.5 MPa froa=Trok =14.04 MPa
Ym.t
kmod
fro0x:=0.5 MPa fr90.0*="Fro0k" =0.36 MPa

Y.t



Compression parallel to fiber
Compression perpendicular to fiber
Longitudinal shear

MOE parallell to grain

MOE perpendicular to grain

Shear modulus

Density

Timber weight
Long term coefficient

Pavement
Pavement weight

fo0x=24.5 MPa
fe90k=2.5 MPa
f,:=3.5 MPa
E;005:=10.8 GPa
E90.05:=250 MPa

Gp5:=540 MPa
k

Prii=390 9
m

m
Vtim *= Pt.mean * 9-82 — = 4.22 —

Kger=0.8

kN
Voavi=25 —-
m

K
fooa="Teok* mod —17.64 MPa
Yt

k
fo90d°= o0k mod _ 1.8 MPa
Ym.t

k
fgi=F, e —22 =252 MPa
Ym.t
Eto.mean=13 GPa
Et 90.mean =300 MPa
G ean =650 MPa
k.
Ptmean= 430 —ga
m
kN

m



Connection properties
Dowels
Number of dowels per row
Density timber
Diameter dowel

Stiffness of dowels, SLS
Stiffness of dowels, ULS

Notches
Width of notches
Height of notches
Length of notch
Length of distance between notches
Stiffness of notches, SLS
Stiffness of notches, ULS
Long term coefficient for connection
Total length of notch and between notch
Total stiffness, SLS
Total stiffness, ULS

Geotechnical prerequisits
Crushed blasted rock (krossad sprangsten)

Unit weight

Characteristic friction angle

Partial factor

Design friction angle

Characteristic

Coefficient of earth pressure at rest
Passive coefficient of earth pressure

Characteristic load at rest
Characteristic passive load
Force from earth pressure ar rest
Surcharge

Distributed surcharge

Horisontal force from surcharge

n,:=16

k
P = Pt mean =430 _93
d:=20 mm m

R

Kser.dow*

23 mm

2
K. dow ::g * Kser.dow= <1 65- 105) m

Bpotehes = by

hotches =50 mm
Lnotohes =150 mm
Is notches i= 12.5 + Rpotches = 625 mm
Kser.notches = 1500 «

K o mm
u.notches *— "‘ser.notches

Kyer' =2+ Kyor

8= lotohes + Is.notches = 775 mm

N
Kser= Kser.notches = (1 43 106>m
Ky = Ky notches = <1 A43- 106) ——
mm

kN
Vim =20 3

m
bimx =45 deg
Vp:=1.3

tan
. :=atan [M) =38 deg
Yo

Koci=1—5in ($gm ) =0.29
K

kN
Poy:= <K0.c' Yiim* h,-2> +2=33 m

kN
Pp-k = <KP-C * Yim* hi2> +2=654 7

Foyi=Poy- bi=246.52 kN

_6:20+10-15 kN _ o kN
75 m? m?

Qs:

Hy =Ko+ by Qs+ by=132.46 kN

N
2 (bnotches> = <1 43.

o= (148 (B 1)) + (1—5in (Dgms)) =5.83



Temperature load on end console

Corrigated value for max temperature
Corrigated value for min temperature
Difference between max and min temp
Thermal coefficient for gluelam beam

Thermal coefficient for concrete

Thermal expansion longitudinal
Height of end console

We use the same end console dimension
(3.35m) as the IHT concrete case study
bridge, to recieve a good comparison

Interpolation between passive and
at rest coefficient

Added earth pressure from thermal expansion

Tomax:=(34+5) K=39 K
Tomini=(—45+8) K=-37 K
AT:= (Te.max_ Te.min) =76 K

a;:=0.5-10"°.

K
a,:=10-10°. =

K
Otemp=L+AT-a;+2=3.61 mm

hgg:=max (200« &y, 1.5 M) =1.5m
heJ:=max (h,3.35 m)=3.35 m

6temp ° <Kp.c - KO.c) - 200 —-1.19

APtemp =

hec

At = —BPemp * Mo * Vim=—79.93 kPa



Loads

Self weight
Self weight of concrete 9c=VYeonc* lc* b =28.1 kN
m
. . kN
Self weight of timber 9¢:=VYiim* hy+ b;=5.2 —
m
. kN
Self weight of pavement Gpav = Vpav* (tavement * be) =6.56 —
m
. kN
Self weight from edge beam Geb=Aeb* Voonc=5.06 —
m
. kN
Self weight of formwork rormi=9,°0.1=2.81 —
m
. kN
Total self weight Grot= (Go+ 9+ Jep + Irorm) =41.2 —
m
. . 1
Self weight from wing wall Fuing =2 *Yoonc * twing * wing * (hwing + (hi—Pying) * E) 4=270 kN
+2 'geb'lwing
Lever arm of wing wall
<h . >. Iwing + <hi_hwing> vy . lwing
wing * 'wing 2 2 wing 3
lwingJa =a+ =3.3m
(hi_ hwing>
<hwing ° Iwing> |l lwing
Self weight of end console Fint:=VYeconc* hj* i+ b;=377 kN
Lever arm of end console lint1a==0.7 m+ 0.6 m =1m
Traffic load according to LM1
Adjustment factors for lane 1 aqs:=0.9 aq7:=0.8
Adjustment factors for lane 2 aqr:=0.9 ag=1.0
Adjustment factor for remaining area ay:=1.0
Width of lane w,:=3 m
Width of remaining area Wy:=75m—-2-w,;=15m
Wheel width bypeer:i=0.4 m
Lane number 1
TS load Q=300 kKN-aq,=270 kN
UDL load qq1c:=9 —2-aq1=7.2 k—AZI
Lane number 2 m m
TS load Q=200 kN-aqy,=180 kN
kN kN
UDL load Qo :=2.5 —2-aq2:2.5 —
Remaining area m m
TS load Q=0 kN

UDL area Qu:=2.5 KN
m2



Breaking load according to LM1
According to SS-EN 1991-2, 4.4.1
Breaking load equation
Maximum criteria for breaking load
Minimum criteria for breaking load

Quii=0.6+ags+ (2 Qgy) +0.10- @y Gyy- Wy - L=324 kN
Qui:=max (180 kN - aq;, Qy) =324 kN
Qpy:=min (Qpy, 900 kN) =324 kN



Long-term effects
Creep of concrete

Age of concrete t:=365.80 day=29200 day

Age when drying starts t;:=0 day

Age when load is applied to:="5 day

Cement class Cementclass:=2

Perimeter of concrete slab u=2+t,+2-b,=81m

Notional size of cross-section hy=4.A,+u=545 mm

Relative humidity RH:=80%

Coefficient depending on the ambient relative humidity

By := if f,,,<35 MPa =1.35.10°

h
min 1.5-(1+(o.o12-RH.1oo)18)-—°+250,1500]
mm

else if f,,,>35 MPa

h 0.5 0.5
min|1.5-(1+(0.012- RH-100)"8) . —2 1 250 35 ,1500.- 35
mm fom fom
MPa MPa
. . - ((t—tp) + day) \°3
Time function of creep coefficient Be:= =0.986
B+ ((t—to) + day)
Factor considering relative humidity Qry=if f,,<35 MPa =1.19

1-RH

3| h
01-. H_"
mm

elseif f,,>35 MPa

1+

1—-RH 35 02 35 02
1+ . .
0.1 3| hy fom fom
Nmm \ MPa MPa
16.8

Factor considering concrete Biomi=————=2.56

strength class \/ f.,+ MPa

1

Factor considering the age when load is Bio:= N 0.68
Notional creep coefficient @0:=Pry* Biem * Bip=2.052

Final creep coefficient @ii0:=0g*B.=2.024



Shrinkage of concrete

Reference relative humidity RH,:=100% .
Factor considering the ambient relative humidity Bry:=1.55-[1— R: ) ): 0.76
0
Starting value of drying shrinkage strain £60i=0.335- 107° class N
Factor considering the size of the section ky, = if hy<100 mm

|

else if 100 mm < h, <200 mm

_ h
1-0.85 (100_ 0)

~100—200 mm
else if 200 mm < h, <300 mm
_ h
g5_ 085-0.75 (o0 ho
200 —300 mm
else if 300 mm < h, <500 mm

075 0.75-07 .(30 _&)
300—500 mm
else if hy,>500 mm
o7
k,=0.7

Final value of drying shrinkage €ogi=kKy*Briy* Ec=1.77-107*
Final value of autogenous shrinkage £5:=25- ( I;CPka - 10) -107°=6.25-107°
Total shrinkage of concrete Eosi=Ecgt Ea=24- 107"
Initial composite factor, required for MOE calculations
Composite factor at t=0 Vei= 5 L =0.69

1+ m - Ac ° Ecm ° ls.notches

K, L?

u.notches *



Effective E-modulus for different loads ULS

Modification of creep considering
composite action

Reduction of shrinkage effect
MOE temp concrete

MOE temp timber

MOE creep concrete

MOE timber concrete

Slip modulus ULS

Concrete g0y =1.8-0.3- v °=1.68
Timber Wiim.s0y =1
Connection Weonn.goy =1

€.50,°=0.9:£,,=2.16.10""
ctemp=———=26.15 GPa

Ei temp = Eto.mean=13 GPa

Ecm

Effective E-modulus for different loads SLS

MOE temp concrete
MOE Temperature timber

MOE creep concrete

MOE timber concrete

Slip modulus SLS

Ecoreep'=——————=7.72 GPa
c.creep 1 + (’Uc,goy . (0“0
Et 0.mean
=———— =722 GPa
t.creep
14+ Whim g0y * Kder
K
Ku.creep =_— = (5.48 .10° > —N
1+ "Uconn.SOy' Kger mm
Ec.temp.sls =E,,=34 GPa
Ef-temP-S/S = E{ 0. mean
E,
Ec.creep.s/s = 1 +i: =11.24 GPa
t.to
E o Et.O.rnean —7.22 GP.
tcreep.sis*™—=—— , I a
def
K
Kser.creep = e = <5.48 . 105> L

14+ ¥eomn. 8oy * Kger mm



Effective bending sti

Composite coefficient of concretre cross-section

Composite coefficient of timber cross-section
Distance between center of the timber element
and the center of gravity

Distance between center of the concrete
element and the center of gravity

Effective bending stiffness

Distance from lower edge to the
centroid of the composite cross section

y-method for Notch connection in ULS
Ye.temp *= Ye.func (Ec.temp ’ Ku> =07

Ye.uis = Ye.func <Ecm ) Ku> =0.64

Ye.sw*= Ye.func <Ec.creep7 Ku,creep) =0.75

8t temp = At func (Vc.temp s Ec.temp s Et.temp) =045m
8t uls *= 8t func (Vc.u/s s Ecm s Et.O.mean> =048 m

At sw*= At func <Vc.sw7 Ec.creep7 Et.creep) =0.33m

8c.temp *= Qc.func <at.temp> =0.36 m
8c.uls = Qc.func <at. uls) =032 m
Ac.sw*= c.func <at.sw> =047 m

ffness
Ye.func <Eca K> =

14 m’ «AcE; s

Ye=1 KeL® < )
Vc'Ecm'Ac' tc+ht
ay Y, ,E ,E' . =
tfunc< ¢y =cm t0mean> 2. <Vc‘ Ecm‘Ac"FEt_o,mean‘At)
t.+h
ac func (at> == > t — &

2
Elott func (ch Ecms Eto.means @t ac> =Eeme lo+ Ve Ecme Acras” d
2
h + Et.O.mean ° /t+ Et.O.mean ° At’ ay
t

Ay func (at> =ap+ ?

Eleff.temp = Eleff.func <Vc.temp ’ Ec.temp ’ Et.temp ’ at.temp ’ ac.temp) = (8'27 * 106) kN- m2
6 2
Elott uts = Eloft func (Vc.uls7 Ecms Etomeans 8tuis ac4u/s> = <8'78 -10 > kN-m

El ot ow = Elogt func <Vc.swa Ec,creepa Et.creep » 8c.temp > ac.sw) = <3-87 * 106) kN - m2

hv.t.temp =Ny fune <at.temp> =11m
hytuts =Py func <at.u/s> =113 m

hytswi= Py func <at.sw> =0.99 m

y-method for Notch connection in SLS

Vc.temp.sls = Ye.func (Ec. temp.sls » Kser) =0.64

Ye.sis *= Ye.func <Ecm ) Kser> =0.64

Ye.sw.sis = Ye.func <Ec. creep.sls » Kser.creep) =0.68

8t temp.sls *= 8t func <Vc.temp.sls ’ Ec.temp.sls s Et.temp.sls) =0.
8t sis *= At func <Vc,slsv Ecrm, Et.O.mean> =048 m

8t sw.sls *= 8t func <Vc.sw.sls ’ Ec.creep.sls = creep.sls> =0.39
Ac.temp.sis *= Qc.func <at.temp.sls> =032 m

Ac.sis *= Ac.func <at.s/s> =0.32m

8c.sw.sls *= 8c.func <at.sw.sls> =041m

El eff.temp.sls = El eff.func <Vc.temp ) Ec,temp ) Et.temp.sls ’ at.temp,sls ’ ac.temp.s/s -

Elgtr sts = Elogt func <Vc.slsa Ecms Etomean tsis ac.sls> =
Eleff.sw.sls = Eleff.func <Vc.sw.sls ’ Ec.creep.sls ’ Et. creep.sls at
h v.temp.sls *= h v.func <at.temp.sls>

hysis = Py func (at.sls>

Pyt swsts = Py unc <at.sw. sIs)

48 m

m

)=(8.32-10°) kN-m’
(8.78-10°) kN-m?

SW.sls ) ac,sw.sls> = <4'15 ° 106) kN-m*



Effect of inelastic strains SLS bt
t c

Distance from center of gravity of timberbeam z=———=08m
and concrete slab 2

2, Ecm ° Ac ° Et,o.mean ° At *ZYe

Coeffficient for inelastic strains Cp tunc (Ecm > Eto.means Vo) =11
<Ecm «Ac+ Etomean* At> -l

2

s\ kg
Cp.s/s.creep = Lp.func <Ec.creep.s/s ’ Et.creep.s/s ’ Vc.sw.s/s) = <1 .03-10 ) B
Inelastic strain of concrete s
Shrinkage of concrete from creep

4
¢ shrinkage *= —€c.80y = —-2.16-10

Reference temperature Tp:=10 K

Difference in max temp and ref temp AT, max = Tomax— To=29 K
Difference in min temp and ref temp AT, pin=(Te.min— To) =—47 K
Moisture related strain

Yearly variation of timber moisture content Amc:=2.5

Moisture expansion coefficient parallell grain Q= 107°

Maximum strain moisture, expansion & umax=Amc-a,,=2.5.107°
Minimum strain moisture, contraction &t umin=—Amc-a;,=—-2.5- 107°

Temperature related strain
Shrinkage of concrete from thermal contraction  &; temp. min = 0c* AT; min=—4.7 - 107"
c.temp.max ‘= ag- AT, =29. 10_4

£ c.max
Shrinkage of timber from thermal and moisture & == 0+ AT, pin + & g min=—2.6 + 10~

strain Etmax =0t ATg max+ & umax =171 o

Total strain from min temp Aetomp.min *= Et min — Ec.temp.min = 2-1 * 107*

Total strain from max temp A¢temp max = Etmax — Ec.temp.max = —1-2 + 107*

Max strain from temperature Aoy = MaX (abS (At emp min) » DS (Akiomp max)) =2.1+107"

Difference in inelastic strain between

timber and concrete D8 3= D6 gy — o sprinage =426 107

Fictitious vertical load equivalent Psis.creep = Cp.sis.creep * A6 =44.08 Lol
to inelastic strains m
Partial factor for shirnkage Vess =1
Design value of fictitious load Psis.d.creep = YEsis * Psis.creep = 44.08 L
m

. - kN
Permanent uniformly distributed Qg:=0ip1=41.23 —
load m

+
Modification coefficient of the Cyunc (Eom > Etomean > Y Psisd» Psis» 9a) = 9o+ Peisd
bending stiffness EcmeAc+ Eto.mean* At Pt
°* Msls d
Yer Ecm * Ac + Et.O.mean ° At

CJ.s/s.creep = CJ,func <Ec,creep,sls ) Et.creep.sls s Ve.swsls » psls.d.creep ’ psIsAcreep ’ qd> =0.89

Effective bending stiffness with respect to Elotr sw.sid= Cy sis.creep * Elottsw.sis = 3-71 m* .GPa
inelastic strains
2
. _ 0.8 Psis.creep*@
Bending moment at support caused by the AMyg s o= ——————=-29.8 kNm
fictitious load 2
0.8+ Pyis croep * I
Bending moment in mid span caused by the MMy, o g i=—————% _ —1185.55 kNm

fictitious load



Effect of inelastic strains ULS

k
Cp.uls.creep = p.func <Ec.creepa Et.creep ’ Vc_sw) = <967 * 107) _g
s
I . . kN
Fictitious vertical load equivalent Puis.creep = Cp.uis.creep * A6 =41.18 —
to inelastic strains m
Partial factor for shirnkage Yews:=1.5
Design value of fictitious load Puis.d.creep = YEuls * Puls.creep = 6177 kN
m
. . kN
Permanent uniformly distributed load q,:=1.35-g;,;=55.67 —

m
CJ.uls. creep = CJ.func <Ec.creep ’ Et. creep ’ Vc.sw ’ puls.d.creep ) puls.creep ) qd> =1.15

Effective bending stiffness with respect to Elotrsu]= Cyus.creep * Eletrsw =444 m* . GPa

inelastic strains
2
0.8- puls,creep +a

Bending moment at support caused by the AMse s d= =—27.84 kNm
fictitious load 2
2
: : ; _ 0.8 'puls.creep'l _
Bending moment in mid span caused by the AMg, s /i=—————=1107.66 kKNm
fictitious load
Forces
Forces from self weight (- Fura— e Fod
Support moment from self weight Mg 4= wing.la Wi;g intla__int__ 639 kNm
Gt I°
Span moment from self weight M;g:= o 4 Mg =747 kNm
«(I—2-(h—t
Shear force from self weight Vi max = ot > (he—to) =297 kN
2
. _ 9pav* @ _
Support moment from self weigh of Ms g pavbase = —————=—5.55 kNm
pavement
Support moment from self weigh of Ms.g.pav = —Ms g pavbase + AMgic ys.o = —22.29 kNm

pavement including fictitous load

P
Span moment from self weight of M,,g,pa\,:zgquL Ms g pav + &My yys.1 = 1306 kKNm
pavement 8
o (l—2+(h—t
Shear force from self weight of Vg max pav = Gpav- ( (=) =47.22 kN
pavement 2
Mid span - stresses from selfweight
Total stress in top of concrete Og.c.top.1°= 8] MPa
Total stress in bottom of concrete Og.cbot1= [8] MPa
N . _Mfg ht
Stress in top of timber Ottop.1 ::T' «—=-2.77 MPa
t
. . Mf.g ht
Stress in bottom of timber O pot 1 ::T-?=2.77 MPa
t
. . 0 0
Total stress in top of timber Ogttop. 1= | o =|_o77 MPa
t.top.1 &
. . 0 0
Total stress in bottom of timber Ogthot1= | 5 =577 MPa
t.bot. 1 -




Mid span - stresses from self weight of pavement ULS

-E -a
Normal stress from composite action Oy pavie.1 = Vosw* Eccreop* dosw My g pay=0.8 MPa
Eleff.sw
0.5-E, ot
Stress from bending Og pavm.e1i=————P— « Mg pay=0.341 MPa
Eleff.sw
-0 _
Total stress in top of concrete Oy pave.top.1*= g-paveT ]:[ 0.8 ] MPa
_Gg,pav.rn.c.1 —-0.34
: — _Ug.pauc.1 _ -0.8
Total stress in bottom of concrete Og.pavec.bot.11= = MPa
Ug.pav.m.c.1 0.34
. . Ve E; creep * Atsw _
Normal stress from composite action Ogpavt1i=————————+ Mg 2, =0.712 MPa
Eleff.sw
0.5-E -h
Stress from bending Ogpavmiti=——— %P L Mg ey =1.387 MPa
Eleff.sw
o
Total stress in top of timber Ogpavttopt=| P! ]:[ 0.7 ] MPa
_Ug.pav.m.t.7 -1.39
o
Total stress in bottom of timber Og pavibot 1= g-pavt1 ]: [0'71 ] MPa
Ug.pav.m.t.1 1.39

Mid span - stresses from self weight of pavement SLS

Yeswsis® Ec.creep.s/s * 8cswsls
= -Mf'g.pav:1.11 MPa

Normal stress from composite action Og.pave.sis.1 = =
eff.sw.sls

. 0.5-E s

Stress from bending Og pavmcsis.1=——— 2=« My g ey =0.594 MPa
Eleff.sw.s/s
; —0, —1.1
Total stress in top of concrete Og pavec.top.sis.1 = g.pav.c.sis.1 ]: [ 0.59 MPa
_Ug.paum.c,sls.7 -4

. —0, —-1.11
Total stress in bottom of concrete 157 = g-pav.c.sis.1 ] :[ ] MPa
g.pav.c.bot.sls.1 Ug.pav.m.c.sls. 4 0.59
. . Ve Et.creep.sls * 8t sw.sls _
Normal stress from composite action Og.pavtsis.1 = * Mg pay=0.987 MPa
Eleff,sw,s/s
0.5-E -h
Stress from bending Og pavmtsis.1 = _toreepsls T, M; g pay=1.66 MPa
Eleff.sw.sls
. . (o) 0.99
Total stress in top of timber g, = gpavisist | _ MPa
P gpavtiopslsT _O-g.pav.m.t.sls 1 —1.66
o]
Total stress in bottom of timber Oy pavtbotsis1i=| _ SPAeT }: [0'99] MPa
Ug.pav.m.t.sls.1 1.66




Forces from traffic load
File factor for point loads in LM1

C,—0.5m C,—(25m-C
Q1k+Q1k.(27 +Q, ( 1= ( - 2))
foumr= : ! J =125
Q.LMm1 0. Q1k
C,—(35m-C C,—(55m-C
QZk ! ( 2> + sz ! < 2>
C, C,
+
. s e . 2. Q1k
File factor for distributed loads in LM1
w
Q> Wq (02—71) Qo> Wy (01— —L+3m- Cz))
“wy+
Qi+ Wy c, c,
foomr= + =1.147
Qi+ Wy G Wy
Minimum support moment from traffic load Mg s min*=—Ta.Lm1* (a ——Wgee’] «Q,,=—-371 kNm
qric* Wy
Mg s min*=—Tq.Lm1* a’ u =-20.94 kNm
.. X 1 bwheel
Minimum span moment from traffic load Mo £ min=—Tq.Lm1 o a——2 Q,x=-186 kNm
1k Wy
Mg tmin=—Forpr+ @ %: ~20.94 kNm
Maximum span moment from traffic load Qe (L+ 0.6 m) . (L—O.B m) -2
Maq tmax="fo.mr* 2 / 2 =2753 kNm
2
Q= Wy) -1
Mq.imax =lgimre Q =833.18 kNm
Maximum shear force from traffic load ot 2 (ot -
—2. — —2. — —12m
< < t C)) < < t c)) —568 kN

Vo.max=Tacmr* Quk +fo.mr s Qe /

/
Vig.max=Tqim1* (G W) '5=203-21 kN



Mid span - Max stresses from traffic load (TS) ULS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Veuss® Ecm* @c.u
O gimTous™ Zem* 8euts o5 MPa
Eleff.uls
05-E_, -t
Jameti= Elim «Mq fmax=1.6 MPa
eff.uls
—0 —2.2
OQ.c.top.1*= _UQQ,:':1]= [—1.6] MPa
—Oqc. -2.2
OQcbot.1= GQQC: =[ 16] MPa
.m.c. .
1o :M. M -2 MPa
Qt1 Elyus Q.f.max
0.5-E¢omean*h
Oam.t1 = tomean 1, Mgt max=2.7 MPa
Eleff.uls
| %atr |_| 2
Oq.ttop.1:= _OQ.m.M} = [ o7 MPa
Oq.t1 2
= = MP
OQq.tbot.1 00.m.t.1] [2_7] a

Mid span - Max stresses from traffic load (UDL) ULS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

_ VYeus* Ecm*acus

aq.c.1 - * Mq'f'max =0.7 MPa
Eleff.uls
05-E,, -t
Ogq.m.c.1 =" C. Mq.f.max: 0.5 MPa
Eleff.uls
—| "%t |_ -0.67 MPa
O'q,c.top.1 _Gq.m.c,1 [ ~048 ]
- -0.7
o = q.c.1 — MPa
q.c.bot.1 Gq.m.c_1 [ 0.5]
. E .a
Oy qim L tomean”Shls g —0.6 MPa
Eleff,uls
0.5-E -h
Ogmisi=——— L M. ¢ = 0.8 MPa
Eleff.uls
o 0.6
o — q.t.1 ] — [ ] MPa
attop T _o-qm c.1 -0.5
o 0.6
o =| = MPa
q.t.bot.1 0q.mc1 [0_5]




Mid span - Max stresses from traffic load (TS) SLS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Vesis® Ecm +a

Oo.c1.slsi= WSC% *Mgtmax=2.2 MPa
OQm.c.1.sls ’:% *Mgqtmax=1.6 MPa
OQ.c.top.1.sls*= __GZQ/:::SJ = [ :?2 ] MPa
0Qcbot 1.5l = ;Z:z:zj = [ _fjé] MPa

Yte Et. 0.mean * Atsls
OQ.t1.slsi= El *Maqtmax=2 MPa

eff.sls
05- Et 0.mean * ht
Oamt1ss=————————*Mqmax=2.7 MPa
Eleff.sls
o 2
Q.t.1.sls
o = = MPa
Q.t.top.1.sls [ ]
_UQ.m.t.1.sls] —2.7
Y 2
_ Qti1sls | _ [ ]
0, = = MPa
Q.t.bot.1.sls
UQ.m.t.1.sls] 27

Mid span - Max stresses from traffic load (UDL) SLS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

_ VYesis® Em*acsis

aq.c.1,s/s = * Mq'fmaX: 0.7 MPa
Eleff.sls
0.5-E,, t
Ogmet.sisi=————+ My ¢ max=0.5 MPa
Eleff.sls
—0, -0.67
o — g.clsls |_ MPa
q.c.top.1.sls _Uq,m.c.1.s/s _0.48
—0, -0.7
o = g.c.lsls | _ MPa
q.c.bot.1.sls Gq.m.c. 15is 05
-E -a
Ot 1.sis™= VYt* Etomean* Atsis M, max=0.6 MPa
Eleff.s/s
0.5-E;p, -hy
Ogm.tt1sls= El—mean * Mg tmax= 0.8 MPa
eff.sls
Og.t1.sls 0.6
o = ¢ = MPa
aiopT.slo _o-q.m.c.1.s/s} [ —-0.5 ]

g, =
q.t.bot.1.sls o 05

g.m.c.1.sls

qu.t.1.s/s ]:[0.6] MPa



Horizontal forces

Normal stresses from horizontal forces

Normal stress from surcharge

Normal stress from earth pressure

Stresses caused by breaking force

Normal stress from thermal expansion

Moment from horizontal forces
Distance between traingular pressure and neutral

axis

Distance between rectangular pressure and

neutral axis

Moment from surcharge

Moment from earth pressure

Moment from breaking force

Moment from thermal expansion

—Ho 28.3
Os:=| 2. (A+A,) —[ 0' ]kPa
0
_F0k
- —-52.61
Ook=| 2+ (A+A) [ 0 ]kPa
0
-Q
_ = |_[-69.24] 5
OBreak = 2'<At+Ac> 0
0
9in —79.93
Oy, = = kPa
th 0 :| [ 0
tC
Itrizzg’hec_ ac.sls"'? =176 m
h t
Irec::%_ ac.s/s"'?C =12m
My, i=——> |, oo =—79.69 kNm
M, = —T0k ) — 21713 kN
ept— 2 M= . m

Q
My := _% «I;/=—285.75 kNm

“teh.
Mthermal::%' Itri: —141.51 kNm



Load combinations
Taken from SS-EN 1990:2023, Annex A, Table A.1.8
ULsS

Unfavourable resulting effects
Permanent load

Variable load

Favourable resulting effects
Permanent load

Variable load

SLS

LM1- Boggie load

LM1- Distibuted load

LM1- Breaking load

LM1- Other horizontal load
Temperature load

Safety class 3

Factor according to 6.10b

Gamma factor for earth pressure
Factor for self weight of pavement
Superior

Inferior

yg:=1.35
Yq:=1.5
Yer=1.0
Yar=0
Combined
Woq:=0.75
Woq:=0.40
Wop=0.70
Wo6:=0.75
Wo.tn:=0.60
Vo:=1
§:=0.89
ye:=1.35
Veup =11

Vinsi=0.9

Frequent

W1q:=0.75
Wi4:=0.40
W15:=0.70
W16:=0.75
Wi.n:=0.60

Quasi
W2q:=0
Woq:=0
Wop:=0
W26:=0
Wan+=0.50



Zeros :=

8] MPa

Osur.c.top.1:= 0
Osur.c.bot.1'=0s
Osurt.top.1°= 95

Osur.tbot.1:= Op

Opk.c.top.1*= OBreak
Obk.c.bot.1*= OBreak
Opk.t.top.1 = OBreak

Opk.t.bot.1°= OBreak

Oep.c.top.1:=O0.k
Ogp.c.bot.1:= 00k
Oep.ttop.1°= Oo.k

Oep.thot.1:= Ok

Oth.c.top.1 = Z€r0S
Oth.c.bot.1:= Z€I0S
Oih.ttop.1:= Z€r0S
Oth.t.bot.1 = ZEI0S

Osur.c.top.sis.1'= O
Osur.c.bot.sls.1'= Os
Osurt.top.sis.1°= 95

Osurtbotsis.1= Op

Opk.c.top.sis.1 = OBreak
Opk.c.bot.sls.1*= OBreak
Opk.t.top.sls.1 = OBreak

Opk.tbot.sls.1 = OBreak

Oep.c.top.sis.1 = O0.k
Oep.c.bot.sls. 1= F0.k
Oep.ttop.sis.1°= To.k

Oep.thotsis. 1= 00k

O'th.c.topAsIs.1 ‘=Zeros
Oth.c.bot.sls.1 = Z€r0S
Oth.ttop.sls.1 *= ZEI0S

Oth.tbot.sis.1*= Z€r0S



ULS - 6.10a Mis span

Z’F’f:,j,.mp(fk‘j.mp“ t " YejinfGrging” + "Y1 VYo1Qka” 4 “Z"}'Q:éwn,i(.:?k,f

J=1 izl 6.10a
Z 0.0 ¥ iaupGrianp” + "V0iinfCrging” + "yoa@Qe” +7 Z Y@,iV0,iCQk.i
izl izl 6.10b
Total stress in top of concrete
, —-4.2
Min Omin.c.top.ULS.6.10a.1 *= Yd * (VG * <Ug.c.top.1 + Ysup * Og.pav.c.top. 1> + Ve Oep.c.top. 1> d = [ _2 59] MPa
+VaYar (WO.Q * OQ.c.top.1 + ‘aUO.q * q.c.top.1) d
+0.6+ V4 Va* (Wos* Obkciop.1+ W00 Tsurciop.1) +Va* Woun* Oinciop.1
—3.65
Max Omax.c.top.ULS.6.10a.1°= Ya* VG.f* <og.c.top.1 + Vinf* Ug.pav.c.top.1 + Oep.c.top. 1> 4= 24 MPa
+VYarVYaqr <WO.Q ° OQ.c.top.1 + Yoq- 0q.c.top.1>
Total stress in bottom of concrete
, —4.2
Min Omin.c.bot.ULS.6.10a.1°= Yd * <VG * <Ug.c.bot.1 + Vsup * Og.pav.c.bot. 1) +Ve* Uep.c.bot.1> d = [ 2 59] MPa
+VYacVaq© <Wo.o’ Oq.chot1t Woq* q.c,bot.1) d
+0.6 V4 Vo (Wos* Obkcbot 1+ Wo.6* Tsurchot1) + Va* Wotn* Othc.bot.1
-3.65
Max  Opay cbotuis.6.10a.1=VYa* Vo.re <Ug.c,bot.1 + Yinf* Og.pav.c.bot.1t Tep.c.bot. 1) 4= [ 24 ] MPa
+Va'Var (WO.Q *0q.cbot1t Woq* q.c.bot.1>
Total stress in top of timber
, 3.48
Min Omin.t.top.ULS.6.10a.1°= Yd * (VG * <Ug.t.top.1 + Vsup * Og.pav.t.top. 1) +VYe* 0ep.t.top.1) d = [—9.08} MPa
+VYa' Vo <WO.Q *0Q.ttop.1 T Wogq® q.t.top.1> d
+0.6-y4-vo" <‘IJ0AB * Opk.ttop.1 T Wo.6° Usur.t.top,1> +VYa* Wotn* Oth.t.top.1
3.15
Max Omax.ttop.ULS.6.10a.1°= Yd* YG.r* <Ug.t.top.1 + Vinf* Og.pav.ttop.1 T oep.t.top.1> d= _73 ] MPa
+VaVYar <Wo.o *0Q.ttop.1 T Wogq® Uq.t.rop.1>
Total stress in bottom of timber
. 3.15
Min  Opintbotuts.6.10a.1°=Ya* Yor* (Ug,t,bom *+ Vinf* Og.pav.tbot. 1 Oep.tbot. 1) 4= [7 3 ] MPa
+VasYar (‘»Uo.o *O0q.tbot1 T Wogq® oq.t.bot.1)
M = _13.48 WP
aX  Omax.tbotULS.6.10a.1°= Vd* <VG * <Ug.t.bot.1 + Vsup© g.pav,t.bot.1> + Ve oep.t.bot.1> d ~l9.08 a
+VarVYar ((.Uo.o *O0q.tbot1 T Wog® Uq.t.bot.1> d
+0.6 vy Vq* (Wos* Opktbot 1+ Wo.0* Osurtbot1) + Ya* Wotn* Ttntbot 1
Capacity check
04 Rra (Ogg) =for i € 1..cols (0g,) Oy (Ogq) :=for i € 1..cols (0gy)
if Oed, ,+Ofq, ;< 0 Pa if Od, < 0 Pa
s 51 N
ORd, T Ted ORd, T Teod
else

o] —
Rd2 Ji m.d

(o) —
Rdy ;" Totd else

o — f,
O'Rd Rd,] N t.0.d

g, —
Rd2 i m.d

ORrg



Total stress in top of concrete - min

ORd_min.c.top.ULS.6.10a.1*= Oc.Rd <0min.c.rop.ULs.6.10a.1> =[23.33] MPa

abs <Omin.c.top,ULS.6,1Oa.1 (0,0)+ Omin.c.top.ULS.6.10a.1 (1, 0))

Nmin.c.top.ULS.6.10a.1 = =29%
ORd_min.c.top.ULS.6.10a.1 (0,0)
Total stress in top of concrete - max
ORd_max.c.top.ULS.6.10a.1*= Oc.Rd <O-max.c.topAULS.6.1Oa.1> =[23.33] MPa
_abs <0max.c.top.ULs.6.10a.1 (0,0)+ Omax.c.top.ULS.6.10a.1 (1, 0))
'7max.c.top.ULS.6.10a.1'— 0.0
ORd_max.c.top.ULS.6.10a.1 (0,0)
Total stress in bottom of concrete - min
ORd_min.c.bot. ULS.6.10a.1 *= Oc.Rd <0min.c.bot.ULs.6,10a.1> =[23.33] MPa
- abs <omin.c.bot.ULS.6.10a.1 (0 ’ O) + Omin.c.bot. ULS.6.10a.1 (1 ) O)) = 7%
Nmin.c.bot.ULS.6.10a.1 = =17
ORd_min.c.bot.ULS.6.10a.1 (0,0)
Total stress in bottom of concrete - max
ORd_max.c.bot.ULS.6.10a.1*= Oc.Rd <0max.c.bot.ULs.6.10a.1> =[23.33] MPa
_abs (Omax.c.bot.ULS.6.10a.1 (0,0) + Opmax.c.bot.uLs.6.10a.1 (1 70)> — 5%
Nmax.c.bot. ULS.6.10a.1 = 0.0 =97%
ORd_max.c.bot.ULS.6.10a.1 (0,0)
Total stress in top of timber - min
14.04
ORd_min.t.top.ULS.6.10a.1 = ORd <Umin.t.top.ULS.6.10a.1> = [21 6 MPa
—ab Onmin.t.top.ULS.6.10a.1 (0,0) Onmin.t.top.ULS.6.10a.1 (1,0) —17%
Nmin.t.top.ULS.6.10a.1*= @DS =117

ORd_min.t.top.ULS.6.10a.1 (0,0) ORd_min.t.top.ULS.6.10a.1 (1,0)

Total stress in top of timber - max

14.04
ORd_max.t.top.ULS.6.10a.1 = ORd <Umax.t.top.ULS.6.1Oa.1> = [21 6 ] MPa

.—ab o—max.t.top.ULS.G.105:1.1 (O ’ 0) Omax.t.top.ULS.6.10a.1 (1 ’ 0) = 11%
Nmax.t.top.ULS.6.10a.1 *= A0S 0.0 101" 0
ORd_max.t.top.ULS.6.10a.1 (0,0) ORd_max.t.top.ULS.6.10a.1 (1,0)

Total stress in bottom of timber - min

14.04
ORd_min.t.bot.ULS.6.10a.1 = ORd <omin.t.bot.ULS.6.10a.1> = [21 6 ] MPa

Omin tbotuLs.6.10a.1(00) Ormin.tbotuLs.6.10a.1(150) —56%
- 0

Nimin.t bot ULS.6.10a.1 = @DS 1
ORd_min.t.bot.ULS.6.10a.1 (0,0) ORd_min.tbot.ULS.6.10a.1 (1,0)

Total stress in bottom of timber - max

14.04
ORd_max.tbot.ULS.6.10a.1 *= ORd <Umax.t.bot.ULs.6.10a.1> = [21 6 ] MPa

Ormax.t.bot.ULS.6.10a.1 (0, 0) Ormax.t bot ULS.6.10a.1 (15 0) —67%
- 0

Nimax.tbot ULS.6.10a.1 = ADS 1
ORd_max.t.bot. ULS.6.10a.1 (0,0) ORd_max.tbot.ULS.6.10a.1 (1,0)



ULS - 6.10b Mid span

5 He i 4 R S 6.10a
Z Y 5.mpOrgeup. + TVGdinf Tk ging” + " v01Yo1(ea” +7 Z V.iVo,iCk i
izl izl 6.10b
> € j a1 mupCrganp” + Y@ iinfCriing” + "1 Qk1" + 7 710, %0,:Ck s
j=1 izl
Total stress in top of concrete
, —5.48
Min o-rniru:,top.ULS.b‘.10b.7 =V f' <VG * <Ug.c.top.1 + Vsup ° Ug.pav,c.top.7> + Ve aep,c.top.7> d = [ -3 57] MPa
+VYarVaq© <0Q.c.top.1 + Uq.c.top. 1> d
+0.6- Ya*Yaq- <WO.B ° obk.c.top.1 +Woo Usur.c.top.1> +Va Yot Uth.c.top.1
-5.15
Max Omax.c.top.ULS.6.10b.1°= Ya* VG.f* <Ug.c.top.1 + Oy pav.c.top.1 T+ Uep.c.topj) 4= _3.46 MPa
+Va*VYa© (aQ.c.top.1 + o-q.z:.top.1>
Total stress in bottom of concrete
. —5.48
Min  Opinchoturs.6.106.17=Va" &+ <VG . <0g.c.bot.1 + Vsup© Ug.pav.c.bot.1> +Ve Uep.c.bot.1> d = [ 3 57] MPa
+VaeVaq: (Uo.c.boz.1 + 0g.c.pot. 1> d
+0.6+ Yy Vo* (Wos* Tbkcbot1+ Wo.o* Tsurcbot1) + Ya* Won* Othc.bot.1
—-5.07
Max Omax.c.bot.ULS.6.106.1 = Ya* YG.f* <Og.c.bot.1 + VYine* Ug.pav.c.bot.1 + oep.c.bot. 1> d= [ 3 43] MPa
+Va*VYaor <UQ.c.bot.1 + Og.c.bot. 1)
Total stress in top of timber
; 4.64
Min omin.t.top.ULS.6.10b.1 =Yg f' (VG ° <Og.t.top.1 + Vsup* og.pav.t.top.1> + Ve Oep.t.top. 1) d = [_9 87] MPa
tVaVao- <UQ.t.top.7 + aq.ttop. 1> d
+0.6-yy-Vq- <W0.B * Opi.tiop.1 T Wo.o° Usur.r.top.1> +Va* Wo.th* Oth.ttop.1
4.41
Max Omax.t.top.ULS.6.100.1°= Yd* YG.f* (og,t.top.1 + Vinre Og.pav.t.top.1 + oep.t.top.1> 4= [ -8 73] MPa
+VaVYar <UQ.t.top.1 + Og.t.top. 1)
Total stress in bottom of timber
: 4.41
Min O tboturs.6.106.1°= Ya* Vor (C’g.t.bot.1 + Vinf* Og.pav.tbot.1 T Uep.t.bot.1> 4= [8 73] MPa
+Va+Va* (Tatbot1+ Tgtpot1)
M. _ _|4.64 MP.
aX  Omax.tbot.ULS.6.106.1°= Vd* f‘ <VG * <og.t.bot.1 + Vsup * Ug.pav.tbot. 1> +Ve* Uep.t.bot.1> d ~ o987 a

+VYg' Vo <Oo.t.bon1 +O0q.tbot. 1) o
+0.6 vy Vq* (Wos* Opktbot 1+ Wo.0* Osurtbot1) + Ya* Wotn® Otntbot 1



Capacity check

Total stress in top of concrete - min

ORd_min.c.top.ULS.6.10b.1*= Oc.Rd (Umfn,c.top.ULs.6.70b.1> =[23.33] MPa

abs (0in c.top.uLs.6.106.1 (05 0) + O c.top.uis.6.106.1 (1, 0))

Nmin.c.top.ULS.6.10b.1*= =39%
ORd_min.c.top.ULS.6.10b.1 (0, 0)
Total stress in top of concrete - max
ORd_max.c.top.ULS.6.10b.1 *= Oc.Rd <Umax4c,top.ULs.6.10b.7> =[23.33] MPa
__abs (Omax.ctop.0e5.6.106.1(050) + Orma ctop.us.6.100.1 (1, 0)) —37%
Nmax.c.top.ULS.6.106.1 = 0.0 =37%
ORd_max.c.top.ULS.6.10b.1 ( ) )
Total stress in bottom of concrete - min
ORd._min.c.bot.ULS.6.10b.1 = O Rd (Tmin.c.botuLs.6.100.1) = [ 23.33] MPa
_@bs (Omin.c.botus.6.106.1(050) + Ominc.potus.s.106.1(1,0)) 8%
Nmin.c.bot.ULS.6.10b.1 = =8%
ORd_min.c.bot.ULS.6.10b.1 (0 ) 0)
Total stress in bottom of concrete - max
ORd_max.c.bot ULS.6.106.1 "= T Rd (Tmax.c.bot.uLs.6.100.1) = [ 23.33 ] MPa
_@bs (Omaxcboturs.6.106.1(050) + Omay s poturs.e.1on.1(1,0)) 7%
Nmax.c.bot. ULS.6.106.1 = =17
ORd_max.c.bot.ULS.6.10b.1 (0,0)
Total stress in top of timber - min
14.04
ORd_min.t.top.ULS.6.10b.1 = ORd <Umin.t.top.ULS.6.10b.1> = [ 216 MPa
Onmin.t.top.ULS.6.10b.1 (0, 0) Onmin.t.top.ULS.6.10b.1 (1 ,0)
Nimin.t top.ULS.6.10b.1 °= @S =13%

ORd_min.t.top.ULS.6.10b.1 (0,0) ORd_min.t.top.ULS.6.10b.1 (1,0)

Total stress in top of timber - max

14.04
ORd_max.t.top.ULS.6.10b.1 = ORd <Umax.t.top.ULs.6.10b.1> = [21 6 ] MPa

Nmax.t.top.ULS.6.10b.1 = @bS =

Omax.t.top.ULS.6.10b.1 (0, 0) Omax.t.top.ULS.6.10b.1 (1 70) 9%
0
ORd_max.t.top.ULS.6.10b.1 (0,0) ORd_max.t.top.ULS.6.10b.1 (1,0)

Total stress in bottom of timber - min

14.04
ORd_min.t.bot.ULS.6.106.1 = ORd <Umin.t.bot.ULs.6.10b.1> = [21 6 ] MPa

Omin.t.bot.ULS.6.10b.1 (O ) 0) Omin.t.bot.ULS.6.10b.1 (1 > 0) —729%
— 0

Nimin.t bot.ULS.6.10b.1 = @bS
ORd_min.t.bot.ULS.6.10b.1 (0,0) ORd_min.t.bot.ULS.6.10b.1 (1,0)

Total stress in bottom of timber - max

14.04
ORd_max.t.bot.ULS.6.10b.1 = ORd <O'maxAt.bot,ULS.6,10b.1> = [21 6 ] MPa

OmaxtbotuLs.6.100.1(0,0) Omaxtbotuts.6.100.1(1,0) —79%
- 0

Nmax.tbot.ULS.6.10b.1 = @DS
ORd_max.t.bot. ULS.6.10b.1 (0,0) ORd_max.t.bot. ULS.6.10b.1 (1,0)



SLS - Characteristic combination
Total stress in top of concrete

Min Gmfn.c.top.SLS.kam = Ug,c,top.7 + Vsup * Yg.pav.c.top.sis.1 + O-ep.c.top4sls.7 + <UQ.c.top.7.sls + Uq4c,top.1.sls> 4=

—4.18
—2.74

] MPa

+0.6- <qJ0.B * Opk.c.top.sls.1 +Woo Osur.c.top.sls. 1> +Va Woin* Oth.c.top.sls. 1
M = _| 392\ yp
ax amax.c.top. SLS.kar.1°— og.c.top.1 + Vine* Ug.pav.c.top.sls.1 + Gep.c.top.sls.1 + Oq.. top.1.sls + Uq.c.top. 1.sls — _262 a
Total stress in bottom of concrete
. —4.18
Min Onmin.c.bot.SLS.kar.1*= O'g.c.botj + Vsup * Ug.pav.c.bot.sls. 1 + O'epx:,bot.slsj + <UQ.c.bot.1.sls + O'q.c.bom.sls) d= [ 2.74 MPa
+0.6+ (Wop* Opkcbotsis.t+ Wo.0* Osurcbotsis.t) + Ya* Wotn* Tthcbotsis. 1
-3.92
Max Omax.c.bot.SLS.kar.1*= og.c.bot.1 + Vinf* Gg.pav.c.bot.s/s.1 + Oep.c.bot.sls.1 + (oQ.c.bot.1.sls + oq.c.bot.1.s/s> = [ 2.62 MPa
Total stress in top of timber
. 3.54
Min Gmfn.t.top.SLS.kaM = o-g.t.top.1 + Vsup * VUg.pav.t.top.sls.1 + Gep.t.top.s/s.1 + <UQ.t.top.1.s/s + Gq.t.top.1.sls> 4= [_7 74 MPa
+0.6- <wO.B * Opk.t.top.sls. 1 +Woo Osur.ttop.sls. 1> + Vo Woin® Oih.t.top.sls. 1
3.39
Max Opmax.t.top.SLS.kar.1*= Og.ttop.1 1 Vinr* Og.pav.t.top.sis.1 + Oep.ttop.sis.1 + <UQ.t.top.1.sIs + aq.t.top.1.sls> = [ _7.41 MPa

Total stress in bottom of timber

, 3.39
Min  Opin tbot.sLS kar. 1°= Og.tbot. 1 T Vinf* Og.pavt.bot.sis.1 + Tep.tbot.sis.1 T <Uo.t.bot.1.s/s + Uq.t.bot.1.s/s> = [ 7 .41 ] MPa
M = =354 mp
aX  Opmax.tbot.SLS.kar.1°= Og.tbot.1 1 Vsup * Og.pav.tbot.sis.1 T Tep.tbotsis.1 T <UQ. thot.1.sls T 0q.t.bot.1.s/s> d= 774 a
+0.6 (Wop* Opktbotsis. 1+ Wo.0* Tsurtbotsis.1) + Va* Woin* Othtbotsis. 1
SLS - Frequent combination
Total stress in top of concrete ) }
Iy B _[-319] yp
n amfn.c.top.SLS.freq.1 = o-g.c.top,1 + Vsup ° o-_cjt.pav.c.top.slsj + Uep,c,top.s/s.1 + Yiq* o-Q,c.top.7.sls 4= _2.05 a

+ W1.q°Oq.c.top.1.sls + Wi Oth.c.top.sls. 1
M = | 729 wp
ax amax.c.top. SLS.freq.1°— Ug.c.top.1 + Vinf* og.pav.c.top.sls.1 + aep.c.top.sls.1 + Yiq* GQ.c.top.1.s/s + w1.q * o-q.c.top. 1.sls — ~-1.93
Total stress in bottom of concrete i i
) -3.19
Min Umin.cAbot.SLSfrqu = Og,c,bot.1 + Vsup * Ug.pav.c.bot.sls. 1 + Oep.c.bot,sls.1 + Y1.0*9q.cbot.1.sls 4= 205 MPa

+ Wig* oq.c.bot. 1.sls T W1.th * Oth.c.bot sls.1

—-2.97
Max Gmax.c.bot.SLS.freq.1 = Gg.c.bot.1 + VYinre og.pav.c.bot.s/s.1 + Gep.c.bot.sls.1 tW1.Q°0qcbottsisT W1q*Og.chot.1.sls= [ 1.93 MPa

Total stress in top of timber

. 2.74
Min Gmfn.t.top.SLS.frqu = og.t4top.1 + Vsup * Ug.pav.t.top.sis.1 + Uep4t.top.sls.1 + Yiq GQ.t.top.1.sls d= [ —-6.78 MPa

T Wiq°Oq.ttop.1.sistT W1.th* Oth.t.top.sis.1
M - —| 2%\ mp
X Omax.ttop.SLS.freq.1= Og.ttop.1+ Vint* Og.pavttop.sis.1 T Tep.ttop.sis.1 T W1.0* Oattop.1.sis T Wiq* Ogttop.1.ss= | _g 45 a

Total stress in bottom of timber

. 2.54
Min Onmin.t.bot.SLS.freq.1*= Og.t.bot.1 + Vinf* Og.pav.t.bot.sls.1 + Oep.t.bot.sls. 1 T Wi.q°0qtbot.1.sist W1.q°Oq.thot.1.sls= [6 45 MPa

2.74
Max Omax.t.bot.SLS.freq.1 = Og.thot.1 T+ Vsup * Ogpavtbotsis.1 T Tep.tbotsis.1 T W1.0° Oa.tbot 1.sis ¢ = 6.78 MPa

T W1q°Oq.tbot.1.sis T Wi.th* Oth.tbot.sis.1
Quasi permanent

: [0
Total stress in top of concrete Omin.c.top.SLS.quasi.1 ‘= Og.c.top.1 T W1.th * Oth.c.top.sls.1 = 0 MPa
Total stress in bottom of t = =[] me
otal stress In bottom of concrete omin.c.bot.SLS.quasi.1 = O'g.a:.bot.1 + Wi 0th.c.bot.sls.1 - 0 a
Total stress in top of timb = =| 9 |mp
Otal stress In top ot timber Umin.t.top4SLS.quasf.1 = og.t.top.1 + WYitne 0th.t.top4sls.7 - 277 a

. . 0
Total stress in bottom of timber Omin.t.bot. SLS.quasi.1*= Og.tbot.1 T W1.th* Oth.t bot.sis.1 = [2 77:| MPa



Support analysis
Effective bending stiffness

b 2
Area reinforcement fi20 s100 Ag 0= c . (20 mm) -m=0.01 m?
’ 100 mm 4
b 2
Area reinforcement fi12 s200 Agq0i= c . (12 mm) = (2.12 . 10*3> m?
’ 200 mm 4
Total reinforcement area A tor=As 20+ As 12=0.01 m?
Height top reinforcement hg 50:=t,—40 mm=0.26 m
t,—40 mm—16.mm)-A; 5,4+ (40 mm+16.mm) - A
Effective height reinforcement hg:= <” > s20 ) Asrz =022 m
As.tot
1

Composite coefficient of concretre cross-section g ¢ (ES, K) := >
1+ T+ Asor* Es* S

Composite coefficient of timber cross-section =1 K-L

Vs' s.tot* E <hs+ht>

Distance between center of the timber element (Vs> Es» Etomean) =

and the center of gravity 2. <Vs *Asitot* Es+ Etomean* At>

. hs + ht
Distance between center of the concrete as func (at) = —a
element and the center of gravity 2
Effective bending stiffness Elostund (Vs Es Evomeans 8t 8s) = Vs Eg* As o+ 85"

2
h + Et.O.mean ° /t+ Et.O.mean ° At' a;

Distance from lower edge to the (a)=a+—
centroid of the composite cross section 2

y-method for Notch connection in ULS

Vs.temp *= Vs.func (Ec.temp ’ Ku> =0.99

Vs.us = Vs.tunc (Es+ Ky) = 0.96

Vs.sw*= VYs.func <E K., creep> 0.9

t.temp *= 9t func (Vs.tempa Eg, Et.temp) =011m

t.uls = @t func (Vs.u/sa Ei, Et.o.mean> =011 m

=8¢ func (Vs.sw7 E, Et.creep) =017 m

s.temp *= @s.func <at.temp> =0.65m

s.uls *= 8s.func <at. uls) =0.65m

s.sw= s unc (8rsw) =0.59 m

Iefftem = Elogttunc (Vstemp» Es» Ettemp 8ttemp » s.temp) = (3.65-10°) kN -m’

= Elogttunc (Vauis Es Evomean Bruiss sus) = (3.61-10°) kN~ m”

- = Eletttunc (Va.ow Es Etcrocp s @ttomp ds.ow) = (2:27 - 10°) kN~ m”
v.ttemp® hvfunc <at temp> 0.76 m

.: Ay fune <at u/s> 0.76 m

v.tsw = hv.func <at.sw> =0.82m

mmma'-



y-method for Notch connection in SLS
Vs.temp.sis = Vs unc (Es > Kser) = 0.96
Vs.sis *= Vs.func <Es7 Kser) =0.96
Ys.sw.sis *= Ys.func <Esa Kser.creep) =09
o518 = 8t func (Vs temp.sis » Es s Et temp.sis) =011 m
At sis = At func <Vs4slsv E, Et.O.mean) =0.11m

. <Vs.sw.slsa E, Et.creep.sls> =017 m
s.temp.sls *= 8s.func <at.temp.s/s> =0.65m
s.sls *= 8s func (at.s/s> =0.65m

s.sw.sls *= 8s.func <at.sw.sls> =0.59 m

Q
-
T
3

Q
o~
@
2
@

I

Q
o~
<
3
o

D D Q

/eff.tem.s/ = Elefffunc <Vs.temp ’ Es ’ Et.temp.s/s ’ at.temp.sls ’ as.temp.s/s> =
6 2
Elett func <Vs.slsa Es, Et0.mean> atsis» as.sls> = <3-61 -10 ) kN-m

i

eff.slg ‘=

(3.65-10°) kN-m?

6 2
Ieff.sw.sl = Eleff.func <Vs.sw.slsv Es? Et.creep.slsv 8t sw.sls » as.sw.sls) = <2-4 -10 > kN-m

v.temp.slg ‘= hv.func (at.temp.sls>

>

<
I3

v.func (at.sls>

vt.sw.sls = Mvfunc <at4swsls>
Effect of inelastic strains
Distance from center of gravity of timberbeam
and concrete slab

Coeffficient for inelastic strains

Reference temperature

Difference in max temp and ref temp
Difference in min temp and ref temp
Moisture related strain

Yearly variation of timber moisture content
Moisture expansion coefficient parallell grain
Maximum strain moisture, expansion
Minimum strain moisture, contraction
Temperature related strain

Shrinkage of timber from thermal and moisture
strain

Total strain from min temp

Total strain from max temp

Max strain from temperature

Fictitious vertical load equivalent
to inelastic strains

Partial factor for shirnkage
Design value of fictitious load

Permanent uniformly distributed
load

. Es ° As.tot' Et.O.mean ‘Az Vs.sis

Cound (Es+Etomean: Vo) =T
fun ( s =t.0.mean sS/S> <ES-AS'mt+Et.0‘mean-At>-/2

(5.68-107) X9

2
S

Cp.sls = Cp.func <Es ’ Et.creep.sls ’ Vs.sls)

M=10K
:: Te.max_ T0=29 K
= <Te.min_ To) =47 K

:= 2.5
::10_5
Etuma)=Amc- 0y, =2.5-10"°

:: —Amc-a;,=-25- 10°°

‘= A+ AT i+ Eumin=—2.6 107"
:: O+ AT ax+ Etumax =17+ 107
= & in=—2.6+-10""
Aiomp el = Etmax=1.7+10""

=max (abs (A& omp min) » @S (Aiomp max)) =2.6+ 107

>ll

P

kN
Psis = Cp sis Abtemp=14.78 —
m
YEshrinkage = 1
kN
Psis.d *= YEshrinkage * Psis = 14.78 7

Qd=g=41.23 KN
m

Table 6.1, Annex Ain SIS-CEN/TS 19103:2022



Modification coefficient of the
bending stiffness

CJ.func <Es ) Et.O.mean s Vs.sls s Psis.d s Psis » qd> =

Qg+ Psis.a

Es ° As.tot + Et.O.mean ° At

Vs.sis*® Es ° As.tot + Et.o.mean ° At

Cusis*= Clpunc <Es’ Et.creep.slsv Vs.sis s Psis.d s Psls s qd> =1

Effective bending stiffness with respect to
inelastic strains

Bending moment at support caused by the
fictitious load

Moment from self weight of
pavement and fictious load

Elosrswsis™= Cusis* Elefrswsis=2.4 m* .GPa

0.8:pgs-a’
AMyi gjs 2= _¢ =-9.99 kNm
MS-Q-DHV-S/S =Ms g.pav.base T AM; s o=—15.53 kKNm

Effect of inelastic strains ULS

Coeffficient for inelastic strains

Fictitious vertical load equivalent
to inelastic strains

Partial factor for shirnkage
Design value of fictitious load
Permanent uniformly distributed
load

Modification coefficient of the
bending stiffness

Effective bending stiffness with respect to
inelastic strains

Bending moment at support caused by the
fictitious load

Moment from self weight of
pavement and fictious load

N
C = E,E N = 568-104 N
p.uls p.func < S t.creep Vs.uls> ( > mm
kN
puls = Cp_uls Ag!emp: 14.78 —
m
VEud=1.5 N
Puis.d = YEus * Pus = 22.16 7

q):=1.35- g, = 55.67 KN

m
CJ,uls = CJ.func <Ec,creep ’ Et.creep > Ye.uls s Puis.d s Puis s qd> =11

Elotr su]= Cyuis * Elorsw=2.5 m’ . GPa
. 2
=-9.99 kNm

Ms.g.pav = s.g.paubase+AMﬁC.uls.2:_15'53 kNm

Support - stresses from selfweight in timber

Total stress in top of concrete

Total stress in bottom of concrete

Stress in top of timber

Stress in bottom of timber

Total stress in top of timber

Total stress in bottom of timber

Shear stress

0
Og.s.top.2 = 0] MPa

0
Og.s.bot.2 = [0] MPa

-M h
_S9. 1 _237 MPa

Ot top.2*= |
t

Mgy hy
Ouporzi=— %+ =—2.37 MPa
t

_ 0 |10
Og.ttop.2 = Gt.top.Z] = [2_37] MPa
0 0
Ug.t.bot.Z = O't.bot,2:| - [ 237 ] MPa
r= 2y ~0.42 MPa

g
At * kcr



Support - stresses from self weight of pavement

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Maximum shear stress

Fastener load

Vssw* Es *8s.sw

Og pavs.2i= El . Ms.g.pav: —665.639 kPa
eff.sw
Eg-hg o
Og.pavm.s.2 = Eslis * M g pay=—322.837 kPa
eff.sw
-0 665.64
= g.pav.s..2 — kP
O'g.pav,s,top.Z _O-g,pav,m,s,2j| [ 32284 ] a
—0, 665.64
= g.pav.s.2| _
Og.pav.s.bot.2 = O pavims.2 ] = [—322.84] kPa
-E, -a
o_gpthz:: Yt t.creep = “t.sw . Msgpav: _7.464 kPa
o Eleff.sw -
0.5-E -h
Og pavm.t2*= = toeen T, Ms.g.pav: —29.257 kPa
Eleff.sw
o —7.46
o — g.pav.t.2 — kPa
gpavtion2 _ag.pav.m.t.Z 29.26
o —7.46
o = g.pav.t.2 — kPa
g.pav.t.bot.2 0g.pav.m.t.2 _29.26
T — 05. Et.creep' hv.t.swz . Vg.max.pav —53.33 kPa
g.pav = =J9.
Eleff.sw kcr
ac.ul
Fconn.g.pav =EemeAct Vous® S+ — . Vg.max.pav: 113.31 kN
Eleff.sw

Support - stresses from self weight of pavement SLS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Maximum shear stress

Fastener load

Vs.swsls* Es * 8s.sw.sls
-M

Og pavs.sis.2 ™= s g pavsis = —694.608 kPa
Eleff.sw.sls
E.-h
Og.pavm.s.sis.2*= — . Ms.g.pav.s/s =-336.887 kPa
E/eff.sw.s/s
—0, 694.61
= g.pav.s.sls.2 — kP
Oopausiopsis2 —og.pav.ms,s.z] [ 336.89 } ?
—0 694.61
= g.pav.s.sls.2 — kP.
Gg.paus.bot.sls.z 0g.pav.m.s.sls.2] [ —336.89 ] a

Vie Et.creep.sls * 8t sw.sls

Og pavtsis.2*= * My g pav.sis= —7.789 kPa
Eleff.sw.sls
0.5. Et cree -h
- g p.sls = 't _
o'g.pav.m.t.sls.Z e *Msgpavsis= —30.53 kPa
E/eff.sw.s/s
o —7.79
Og.pav.ttop.sis.2*= gpavtsis.z | - [ 30.53 kPa
_Gg.pav.m.l.sls.Z .
o -7.79 ]
— g.pav.tsls.2 | _ [
o = = kPa
g.pav.t.bot.sls.2
0-g.p«:~n/.m.t.sls.2:| -30.53
2
Tg.pav.sls — 0.5. Et.creep.sls ¢ hv.t.sw.sls . Vg,max.pav —55.65 kPa
Eleff.sw.sls cr

a
— %V, maxpar=118.25 kN

Fconn,g.pav.sls = Ecm ° Ac *Vesis* S
Eleff.sw.sls



Support - Min stresses from traffic load (TS) - ULS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Maximum shear stress

Fastener load

_ Vsus® Es-asys

0gs2= Mg g min=—12.877 MPa
E/eff.u/s
E.-h
Oqms.2i= Es/stO . MQ,s,mm =-5.346 MPa
eff.uls
—Ogs.2 12.877
= = MP
O'Q.s.top.2 _OQ.m.s.Z] [ 5.346] a
| —%asz2|_| 12.877
@sbot2= Oqms.2 B [_5'346] WPa
-E, -a
Ogypi= L tomean Budls 4p o _0.144 MPa
Eleff.uls
0.5-E, .h
Oqmt2+= —— _tomean T, MQ.s.min =-0.872 MPa
E/efﬁu/s
Oqt2 —0.144
= = MP
OQ.tiop.2 —GoAm.t.z} [ 0.872] a
Oqt2 —0.144
= = MP
UQ.t.bot.Z OQ.m.t'2:| [—0872 a
2
- 0.5. Et.O.mean ¢ hv.t.uls VQ_max —0.69 MPa
Q= . =0.
Eleff.uls kcr

a
S\ Vg max = 943.84 kN

Feonn.a=Ecm*Ac*Yeus*S*
/eff.u/s

Support - Min stresses from traffic load (UDL) - ULS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Maximum shear stress

Fastener load

Vs.uts * Es* s ut
o - S.uls S S.uls

q.8.2'~ * Mq.s.min =-726.375 kPa
Eleff.uls
E.-h
Ogmsz=——22 My g min=—301.574 kPa
Eleff.uls
—| Yas2 | _ 726.375
o'q.s.top.2 = _Gq,m.s.Z] = [ 301.574 kPa
—0 726.375
— q.s.2 | _
Og.s.bot.2*= Oymoz = [_301 _574] kPa
Ve Eto. * 8t i
Oqt2= # « M g min=—8.145 kPa
eff.uls
0.5+ E; gymoon bt
Ogm.t2+= El—mean * Mg s min=—49.194 kPa
eff.uls
0 —8.145
Oqrop2i=| "7 |= kPa
ation —oq.m.t.z} [49.194]
Y —8.145
o — q.t.2 — |: kPa
q.t.bot.2 Uq.m.t.2 _49.194
Tyi= 0.5-Eomean* hv.t.u/s2 Vq.max —246.9 kPa
Eleff.uls cr
ac.uls
Feonnq=Ecm*Ac* Vous*S* * Vomax=337.93 kN

El

eff.uls



Support - Min stresses from trafficEIoad (TS) SLS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Maximum shear stress

Fastener load

.E..a
0Q.s.2.sls = M *Mq.smin=—12.877 MPa

Eleff.s/s
Es-h .20
OQm.s.2.sls*= Elis * Mg s.min=—5.346 MPa
eff.sls
—O0qs.2sls 12.877
= = MP.
O'Q.s.top.2.s/s _O'Q,m.s.z.sls] [ 5346 ] a
| —%as2sis|_| 12.877
OQ.s.bot.2.sls = OQ.m.s.2,sls] = [—5.346} MPa

Vie Et. 0.mean * 9t.sis

OQt2slsi= £l * Mg s.min=-—0.144 MPa
eff.sls
0.5-E, - hy
OQm.t2slsi= E/—mean *Mgq.s.min=—0.872 MPa
eff.sls
Oq.t2sis —0.144

= = MP.

O'Q.t.top.2.sls _UQ.m.t,Z.sls] [ 0.872] a
Oq.t2sls —0.144

= = MP.

O0q.t.bot.2.sls UQ.m.t.Z.s/s] [ _0.872 ] a
2
T . 0.5. Et.O.mean'hv.sls . VQ_max —0.69 MPa
@ Eleff.s/s kcr

ac.sis
Fconn.Q.sIs =EomeAc Vesis® S+ : VQ.max =943.84 kN

eff.sls

Support - Min stresses from traffic load (UDL) SLS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Maximum shear stress

Fastener load

_ Vssis® Es-asgs

Og.s.2.51s = = . /\/lq_s_m,-,7 =—726.375 kPa
eff.sls
E.-h
Ogm.s.2.sls = — =%, Mq.s.min =-301.574 kPa
Eleff.sls
—0 726.375
— q.s.2.sls — kP
Oq.s.top.z.sls _Uq.m.s.Z.sls] [ 301.574 ] @
-0 726.375
— g.s.2.sls | _
Og.s.bot.2.sls = Oymozes] [ _301 .574] kPa
Vi Ero. =
Ogt2ssi= # Mg min=—8.145 kPa
eff.sls
0.5+ E; g mean* It
Ogqm.t2sls*= El—mean . Mq.s.min =—-49.194 kPa
eff.sls
o —8.145
o = q.t.2.sls — kPa
q.t.top.2.sls _o-q,m4t,2,s/s 49.194
Y —8.145
o = q.t.2.sls ]:[ ] kPa
q.t.bot.2.sls Uq.m.t.2.sls _49.194
T — 0.5-E;omean* hv.slsz . Vq.max —246.9 kPa
e Elefﬁsls cr '
F = E e A fosls .\ —337.93 kN
conn.q.sls ‘= Ecm* Ac* Vesis*S* * Vg.max— 337.93

El

eff.sls



Support - Min stresses from surcharge ULS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Ys.uis® Es * 8s.uls

Ogurs2=——————+Mg,,=—2.764 MPa
Eleff.uls
E.-h
Oaurmen= s ’s20 M, =—1.148 MPa
Eleff.uls
— . —Osurs.2 _ 2.736
Osurs.top.2"= st _Usur.m.s.2] - [ 1 .148] WPa
— —Osurs.2 _ 2.736
Osurs.bot2= 0+ asunm.s.Z] - [ —1 .148} MPa
. E -a
gy pim L tOmean“ Atuis 4y 0 031 MPa
Eleff.uls
0.5-E -h
Oamppim o —tOmean™ Tt 4y 0,187 MPa
Eleff.uls
Osurt2 —0.059
. Osurt2 _ —0.059
Osurtbot.2*=0s + Gsur,m.t.z] - [ —-0.187 MPa

Support - Min stresses from earth pressure ULS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

.E_.a
Ogp.s.2i= Vosw™ Zs* Bs.ow : MeP:_9'304 MPa
Eleff.sw
E.-h
Oopmozi=———22 . M,,=—4.513 MPa
E/eff.sw
- _Gep.s.Z _ 9.252
Uep.s.top.Z . UO'k+ _Gep,m.s.2:| B [4'51 3 ] Wpa
._ —O'ep_s.2 _ 9.252
Oep.s.bot2'= 0okt Uep.m.s.2] - [ —4.513 ] MPa

Vie Et.creep * 8y sw

Oopi2i= *M,,=-0.104 MPa
Eleff.sw
0.5+ E; greep * Ny
Oepmiz= % M., =—0.409 MPa
ei.sw
t2 —O 157
Oep.tiop.2:=Ook+ :zth 0409 MPa
Gep.t.z —0.157
— - MP.
Oep.thot2*= Ookt Gep,m.t.z] [—0.409 2




Support - Min stresses from breaking force ULS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

_ Vsus* Es-ag s

Opponi= « My, =-9.912 MPa
E/eff.u/s
Es-h
obkmsy:sis'm-/\/’bk:—"'-”f’ MPa
o Eleff.u/s

—Opk.s.2 9.843
Obk.s.top.2 "= OBreak —Ubk.r:.s.Z] - [4.115 ] MPpa

—Opks. 9.843
Obk.s.bot.2 = Opreak + Obk.l;:.i.z - [—4.115 ] MPpa

Vte Et. 0.mean * At.uls

Opk.t2= « My, =-0.111 MPa
Eleff.uls
0.5-E .h
Obkm.t2*= = _tomean T, M,,=—-0.671 MPa
Eleff.uls
Opk.t -0.18
Opk.ttop.2 = OBreak T _0::;21‘2] = [ 0.671 ] MPa
Opk . -0.18

Obk.tbot.2*= Opreak + ob:.l(rr:.tz.Z] = [—0.671 ] MPa

Support - Min stresses from thermal force ULS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

.E..a
Oy i totomp Est8stemn yy 5002 MPa
Eleff.temp
E.-h
Othm.s.2*= — =2, Mipermar=—2.015 MPa
Eleff.temp
. —Oms2 | _|4.922
Oth.s.top.Z'— It _Uth.m.s.Z] B [2'015] MPpa
—Oth.s. 4.922
Oith.s.bot.2*= Otn + Uth.:_:z =[_2'015] MPa

-E -a
Oppp2i= Yt t;lmean t.temp 'MthermaI:_0-056 MPa

eff.temp
0.5-EF .h
Ot ni= ———2080 Moo= —0.329 MPa
o Eleff.temp
Oth.t.2 —0.136
= = MP.
Oth.t.top.2*= Oth + _Gth.m.t.z] [ 0.329] a

Otz ]: [_0.136] MPa

Oh.tbot2'=Om+
Oihm.t2 —-0.329



Support - Min stresses from surcharge SLS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Vs.sis* E *8s.sls

Osurs.2.sls = T M,,=—2.764 MPa
eff.sls
Eg-hg 5
Osurm.s.2.5ls = Elis My, =—1.148 MPa
eff.sls

—Osurs.2.sls [ 2.736 ] MP.
= a
_Gsunm.s.Z.s/s] 1.148

—Osurs.2.sls _ 2.736
T -1.148

Osurs.top.2.sls = 05+

Osurs.bot2.sls = T+

] MPa

Osur.m.s.2.sls

Vie Et. 0.mean * 8t.sls

Osurt.2.sls *= El— «M,,,=—-0.031 MPa
eff.sls
0.5-E, .h
Osurm.t.2.sls = % «M,,,=—-0.187 MPa
eff.sls

Osur.t.top.2.sis = Os+

Osur.t.2.sls ] 0059 MPa
Osur.m.t.2.sls 0. 187

Osur.t.2.sls ] — [_0059] MPa

Osurtbot.2.sis = Op +
Osurm.t2.sls —-0.187

Support - Min stresses from earth pressure SLS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Vs.swsis* E * 8s.sw.sls

O-ep 5.2.5ls ' =-9.709 MPa
Eleff.sw.sls
E.-h
Oepms.z.sls = ———22+ My, =—4.709 MPa
Eleffswsls
— _Gep.s.zs/s _ 9.657
Oep.s.top.2.sls "= 0okt _Uep.ms,z.s/s] = [4.709] MPa
._ —Ogps2sis | _| 9.657
Oep.s.bot.2.sls = ok + aep.m.s.z.sls] = [_4.709] MPa
Yi* Etcreep.sis * @tswst
Oopt2sisi= creep.sis * At.sw.sls Mep: —0.109 MPa
Eleff.sw.sls
0.5-E s h
Oep.m.t.2.sls "= = toeepsh X, Mep =-0.427 MPa
Eleffswsls
t.2.sl —0. 161
Oep.ttop.2.sls = Tok+ ::: N tS:S/J 0 427 MP.

Oep.tbot.2.sls = To.k T+

Crep.t.2.s/s |:—0.161 ]
= MPa
O-ep.m.t.2.sls:| —0.427



Support - Min stresses from breaking force SLS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Vs.sis® Es *8s.sls

Obk.s.2.sls = « My, =-9.912 MPa
E/eff.s/s
E.-h
Opk.m.s.2.sls *= %, Mp,=—4.115 MPa
Eleff.sls
—Obk.s.2. 9.843

Opk.s.top.2.sls *= OBreak + _Ob:kms..:;fls] = [4.115 ] MPa

—Opks.2. 9.843
Opk.s.bot.2.sls *= Oreak + Ubkifiijj = [_4_115 ] MPa

Vie Et. 0.mean * 9t.sis

Obk.t2.sls = «My,=-0.111 MPa
Eleff.sls
0.5-E, -h
Obk.m.t.2.sls = —= _tomean T, My, =—-0.671 MPa
Eleff.sls
. Oprtosis |_|—0.18
o-bk.t,top.zs/s'— OBreak + _O'bk.m.t,S:sls:| —[ 0.671 ] MPa
Obk.t.2. —0.18
Obk.tbot.2.sls *= OBreak + obZ:j;:J = [—0.671 } MPa

Support - Min stresses from thermal force SLS

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Total stress in bottom of concrete

Normal stress from composite action

Stress from bending

Total stress in top of timber

Total stress in bottom of timber

Vs.temp.sls ° Es ° as.temp.sls
Oth.s.2.5ls = « Mypormar = —4.854 MPa

Eleff.temp.sls
E.-h
Oth.m.s.2.sls *= = 2, Mipermai=—2.015 MPa
Eleff,temp.sls

—Oth.s.2.sls 4.774
Oth.s.top.2.sls = Oth + _Uth.ms,z.s/s] = [ 2015 ] MPa

= —Ososis|_| 4.774
Oth.s.bot.2.sls *= Oth + Gth.m.s.2.sls] = [_2.01 5] MPa

. E, .a
Oth.t.2.sls*= L télmean Homp sk Minerma=—0.054 MPa

eff.temp.sls
0.5+ E g mean* h
Othm.t2.sls = —=_tomean ¥ * MthermaI: —0.329 MPa
Eleff.temp.sls
Oith.t.2.sls —0.134
g =0 = MPa
th.ttop.2.sls ‘= Otnh + _Uthm.t.z.s/J [ 0329 ]

o, =0y, +
th.t.bot.2.sls th -0.329

Tt 2.5l } _ [ —0.134] WPa

Oth.m.t2.sls



ULS - 6.10a Support

Z’F’f:,j,.mp(fk‘j.mp“ t " ginf Gk ging” + 101 Vo1 Qka” “Z"}'Q:éwn,i(.:?k,f

izl izl 6.10a
s 5 R P 6.10b
Z 0.0 Y0 iaupGriap” + "0 5infGrging” + "¥010k" + 7 Z Y@,iV0,iCQk.i
3= i>1
Total stress in top of concrete
, 39.4
Min Omin.s.top.ULS.6.10a.2 = Yd * (VG * <Ug.s.top.2 + Ysup* og.pav.s.top.Z) + Ve Gep.s.top.Z) d = [ 17 34] MPa
+VaYar (WO.Q * OQ.s.top.2 + ‘aUO.q * q.s.top.2) d
+0.6-vy4-Vq- (WO.B *Opks.top.2t Woo* asur.s.top.2> +VYa* Wo.th* Oth.s.top.2
24.77
Max Omax.s.top.ULS.6.10a.2°= Ya* VG.f* <Gg.s.top.2 + Vinf* Ug.pav.s.top.z + Gep.s.top.2> 4= [ 11 ] MPa
+VYarVYaqr <WO.Q ° OQ.s.top.2 + Yoq- 0q.s.top.2
Total stress in bottom of concrete
, 39.4
Min Omin.s.bot.ULS.6.10a.2°= Yd * <VG * <Ug.s.bot.2 + Vsup® Gg.pav.s.bot.2> +Ve* Uep.s.bot.2> d = [ _1 7_34] MPa
+VYacVaq© <Wo.o *Oqspot2t Wogq® q.s,bot.2) d
+0.6 V4 Vo (Wos* Obksbot2+ Wo.o* Tsursbot2) + Ya* Wotn* Tths.bot.2
24.77
Max  Opay s.botuLs.6.10a.27= Va* Vo.re <Ug.s,bot.2 + Yint* Og.pav.s.bot.2 + aep.s,bot.2> 4= [_11 MPa
+Va'Var (WO.Q *0qsbot2t Woq* q.s.bot.2>
Total stress in top of timber
, -0.63
Min Omin.t.top.ULS.6.10a.2°= Yd * (VG * <Ug.t.top.2+ Vsup* Ug.pav.t.top.2> +VYe* 0ep.t.top.2> d = [ 5 55] MPa
+VYa' Vo <WO.Q *O0Q.ttop.2t Wogq® q.t.top.2> d
+0.6-y4-vo" <‘IJ0AB * Opk.ttop.2 T Wo.6° Usur.t.top,2> +VYa* Wo.th* Oth.t.top.2
-0.33
Max Omax.ttop.ULS.6.10a.2°= Yd* YG.r* <Ug.t.top.2 + Vinf* Og.pav.ittop.2 T oep.t.top.2> d= [ 3 82] MPa
+VaVYar <Wo.o *O0q.ttop.2t Wogq® Uq.t.rop.2>
Total stress in bottom of timber
. -0.33
Min  Opintbotuts.6.10a.2°=Ya* Yore (Ug.t,bot.2+ Yint* Ogpav.tbot.2 t 0ep.t.bot.2> 4= [_3 82] MPa
+VasYar (‘»Uo.o *O0qtbot2t Wogq® oq.t.bot.2)
—-0.63
Max  Opax.tbotuLs.6.10a.2°= Ya* <VG * <Ug.t.bot.2+ Vsup* g.pav,t.bot.2> + Ve oep.t.bot.2> d = _555 MPa

+VarVYar ((.Uo.o *O0q.tbot2t Wogq® Uq.t.bot.2> d
Shear stress +0.6-v4°Vq- <Wo.s * Opktbot2 T Wo.6° Usur.t,bot.2> +VYa* Wo.th* Oth.t.bot.2
Turs.6.10a*=VYd*VG* <Tg+ Ysup * Tg.pav> tVa Vo (‘»UO.Q T+ Wogq Tq) =1.57 MPa
Fastener load
3
Fconn.ULS.6.1Oa =Yg VG Vsup* Fconn.g.pav+ Ya*VYaq- (wo_Q *Feonn.qt Yoq- Fconn.q> = (1 43-10 > kN



Capacity check

Total stress in top of concrete - min

abs <0min.s.top.ULs.6,10a.2 (0,0)+ Omin.s.top.ULS.6.10a.2 (1, 0))

Nmin.s.top.ULS.6.108.2 = =13%
fyd
Total stress in top of concrete - max
o abs <o’max4s,top.ULS.6.10a.2 (O ) 0) + Umax.s,top.ULS.6.10a.2(1 ’ O)) _ 87
nmax.s.top.ULS.6.10a.2 = =0/
Total stress in bottom of concrete - min vd
_abs (Omin.sbotuLs.6.10.2 (05 0) + Opmin s poturs.6.10a.2(1,0)) — 5%
Nmin.s.bot.ULS.6.10a.2 = . =5%
yd
Total stress in bottom of concrete - max
- abs <Gmax.s.bot.ULS.6.1Oa.2 (0 ’ 0) + omax.s.bot.ULS.6.1Oa.2(1 ) 0)> —3Y
Nmax.s.bot. ULS.6.10a.2 = =3%
fyd

Total stress in top of timber - min

17.64
ORd_min.t.top.ULS.6.10a.2 *= ORd (Umin.t.top.ULs.6.10a.2> = [ 216 ] MPa

O pin.t.top.ULS.6.10a.2 (0 0) N O min.top.uLS.6.10a.2( 15 0)

Nimin.t top.ULS.6.10a.2 *= @0S =22%
ORd_min.t.top.ULS.6.10a.2 (0,0) ORd_min.t.top.ULS.6.10a.2 (1,0)
Total stress in top of timber - max
17.64
ORd_max.ttop.ULS.6.10a.2 *= ORd <Umax.t.top.ULs.6.10a.2> = [21 6 MPa
n = abs Omax.t.top.ULS.6.10a.2 (0,0) Umax.t.top.ULs.6.10a.2(1 70) —16%
max.t.top.ULS.6.10a.2 *— = 0
ORd_max.t.top.ULS.6.10a.2 (0,0) ORd_max.t.top.ULS.6.10a.2 (1,0)
Total stress in bottom of timber - min
17.64
ORd_min.t.bot.ULS.6.10a.2*= ORd <Umin.t.bot.ULs.6.10a.2> = [21 6 MPa
n = abs Umin.t.bot,ULs.6,10a.2(0 ) 0) Umin,t.bot.ULs.6.10a.2(1 > 0) 20%
'min.t.bot.ULS.6.10a.2 *= = °
ORd_min.t.bot. ULS.6.10a.2 (0,0) ORd_min.t.bot.ULS.6.10a.2 (1,0)
Total stress in bottom of timber - max
17.64
ORd_max.t.bot.ULS.6.10a.2 = ORd <Umax.t.bot.ULs.6.10a.2> = [21 6 MPa
= ab Ormax.tbotULs.6.10a.2 (0 0) Omax.tbotuLs.6.10a.2(150) — 297,
Nmax.t.bot.ULS.6.10a.2 *= @DS =49%

ORd_max.t.bot. ULS.6.10a.2 (0,0) ORd_max.t.bot. ULS.6.10a.2 (1,0)

Shear capacity check

T

ULS.6.10a

Nv.uLs.6.10a=————="062%
fv.d



ULS - 6.10b Support

Z’:r'f:,j,sup(fk‘j,mp? + "eginfGrging” + "0 Yo Q1" T?Z'}'Q:dwu,i(.?k,é

i=1 iz1 6.10a
v s v e P 6.10b
Z Ef;‘g’,anpﬂfﬂ' :j,.eup(fk,\j,snp } "‘."‘f}',j,mf(' kjinf 1 e (Jk,l g Z Q. w[]‘t-(gk-i.
izl izl
Total stress in top of concrete
. 43.4
Min o-rnirLs,top.ULS.b‘.10b.2 =V f' <VG * <Gg.s.top.2+ Vsup ° Ug.pav,s.top.2> + Ve aep,s.top.2> d = [ 18 9] MPa
+VYacVaq© <0Q.s.top.2 + 0-q.s.z‘op.2> d
+0.6- Ya*VYaq- <WO.B ° O—bk.s.top.Z +Woo Usur.s.top.2> +Va Yot Uth.s.top.Z
30.32
Max Omax.s.top.ULS.6.100.2°= Ya* VG.f* <Ug.s.top.2 + Oy pavs.top.2 T Uep.s.top42> 4= |: 13.31 ] MPa
+Va*VYa© (aQ.s.top.2 + o-q.s.top.2>
Total stress in bottom of concrete
: 43.4
Min  Opin s poturs.6.10.2°=Va"§+ <VG . <0g.s.bot.2+ Vsup*® Ug.pav.s.bot.Z) +Ve Uep.s.bot.Z) d = [ 1 8.9] MPa
+Va*VYar <UQ.s.bot.2 + oq.s.bot.2> d
+0.6+ Yy Vo' (Wos* Obksbot2+ Wo.o* Tsursbot2) + Ya* Won* Oths bot2
30.26
Max Omax.s.bot.ULS.6.100.2°= Ya* YG.f* <Og.s.bot.2 + VYine* Ug.pav.s.bot.Z + 0-ep.s.bot.2> d= [_1 3.28 MPa
+Va*VYaor <UQ.s.bot.2 + Uq.s.bot.2>
Total stress in top of timber
. —0.66
Min Omin.t.top.ULS.6.1Ob.2 =Yg f' (VG ° <Og.t.top.2 + Vsup* og.pav.t.top.2> + Ve Gep.t.top.2> d = [ 5.51 ] MPa
tVaVao- <UQ.t.top.2 + aq.ttop.2> d
+0.6-yy-Vq- <W0.B * Opitiop2t Wo.o° Usur.t.top.Z) +Va* Wo.th* Oth.ttop.2
-0.39
Max Omax.t.top.ULS.6.100.2°= Yd* VG.f* <og,t.top.2 + Vinre 0'g.pav.t.top,Z'{' oep.t.top.2> 4= [ 4 19] MPa
+VaVYar <UQ.t.top.2 + oq.t.top.2>
Total stress in bottom of timber
. —-0.39
Min O tboturs.6.106.2°= Ya* Vore (C’g.t.bot.z + Vinf* Og.pav.tbot2 T Uep.t.bot.2> 4= [_4 19] MPa
+VaVa* (Tatbot2+ Tgtpot2) 0,66
Max  OpaytpotuLs.6.106.2:=Va*§* <VG ° <og.t.bot.2 + Vsup® g.pav.t.bot.2> +Ve* Gep.t.bot.2> d = [_5.51 ] MPa

+VYg' Vo <Oo.t.bot,2+ Oq.t.bot.2> d
+0.6 V- Va* (Wos* Opktbot2+ Wo.0* Osurtbot2) + Ya* Worn* Ttntbot.2

Shear stress

Tuts.6.100°=VYa* € Va* <Tg+ Vsup* Tg.pav> +VYaeVaqr (TQ"‘ Tq) =1.98 MPa
Fastener load

Feonn.uLs.6.100°=Ya* " YG* Vsup* Fconn.g.pav+ Ya*Vaq- (Fconn.Q + Fconn.q> = <2-O7 * 103) kN



Capacity check

Total stress in top of concrete - min

abs <omin.s.top.ULS.6,10b.2 (0,0)+ Omin.s.top.ULS.6.10b.2 (1, 0))

fyd

=14%

Nmin.s.top.ULS.6.106.2 =

Total stress in top of concrete - max

abs (Umaxs,top.ULs.s.mb.z (0,0)+ Umax.s,top.ULs.6.10b.2(1 ) 0)) —10%

fya

Nmax.s.top.ULS.6.106.2 =

Total stress in bottom of concrete - min

abs <0min.s.bot.ULs.6,10b.2 (0,0) + Opinsboturs.s.100.2 (1 0)) —6%

fra

Nmin.s.bot.ULS.6.10b.2 =

Total stress in bottom of concrete - max

abs <Umax.s.bot.ULS.6.10b.2 (0,0) + Opmaxspoturs.s1on2 (15 0))

fya

=4%

Nmax.s.bot. ULS.6.106.2 =

Total stress in top of timber - min

17.64
ORd_min.ttop.ULS.6.10b.2 *= ORd <omin.t.top.ULS.6.10b.2> = [21 6 ] MPa

[7 — abS ( 0min.t.top.ULS.6.10b,2 (o 5 0) Umin.t.top.ULS‘6.70b<2 (1 N O) ) _ 22?
min.t.top.ULS.6.10b.2 *— = 0

ORd_min.ttop.us.6.106.2(0,0)  Org minttop.urs.6.106.2(1,0)

Total stress in top of timber - max

17.64
ORd_max.t.top.ULS.6.10b.2 *= ORd <Umax.t.top.ULs.6.10b.2> = [21 6 ] MPa

—ab Omax.t.top.ULS.6.10b.2 (0,0) Omax.t.top.ULS.6.10b.2 (1,0) —17%
Nmax.t.top.ULS.6.10b.2 *= @DS 1 =17
o-Rdfmax. t.top.ULS.6.10b.2 (0 ’ O) O'Rdfmax.t.top. ULS.6.10b.2 ( 9 0)

Total stress in bottom of timber - min

17.64
ORd_min.tbotULS.6,105.2 = ORd (Ormin.t bot.ULS.6.10b.2) = [21 6 ] MPa

Omin.tbot uLs.6.106.2 (05 0) Omin tbot uLs.6.106.2(150)
Nimin.t bot.ULS.6.10b.2 = @bS =22%

ORrq_mintboturs.6.1062(0,0)  Org mintboturs.s1o6.2(1,0)

Total stress in bottom of timber - max

17.64
ORd_max.t.bot.ULS.6.10b.2 = ORd <Umax.t.bot.ULs.6.10b.2> = [21 6 MPa
—ab Opmax.tbot.uLS.6.105.2 (05 0) Omax.tbotuLs.6.105.2(1,0) —29%
Nmax.tbot.ULS.6.100.2 *= DS 0.0 101" 0
URd_max.t.botULs.a.10b.2( ,0) URd_max.t.bot.ULs.a10b.2( ,0)

Shear capacity check

T

ULS.6.10b

—— = =T79%
v.d

Nv.uLs.e.100*=



SLS - Characteristic combination
Total stress in top of concrete

. 32.25
Min Gmfn.s.top.SLS.kar.Z = Ug,s,top.2 + Vsup * Vg.pav.s.top.sls.2 + O-ep.s.top 2sis T <UQ.s.top.2.sls + Uq4s,top.2.sls> 4= [

MPa
14.18 ]
+0.6- <qJ0.B * Opk.s.top.2.sls + W 03ur.s.lop.2.sls> +Va Woin* Oth.s.top.2.sls
23.89
Max amax.s.top. SLS.kar.2 = Og.s.top.Z + Vine* Ug.pav.s.top.sls.Z + Gep.s.top.2.sls + Oqs. top.2.sls + Uq.s.top. 2.sls = [ 10.66 MPa

Total stress in bottom of concrete
, 32.25
Min Omin.s.bot.SLS.kar.2 *= O'g.s.bot,Z + Vsup * Ug.pav.s.bot.sls.2 + O'epAs,bot. 2.sls + <UQ.s.bot.2.sls + O'c/.s.botAZ.sIs> d= [ —14.18 MPa

+0.6+ (Wop* Opsbot2.sis T W0.0* Osursbot2.sis) + Ya* Wotn* Tthsbot 2.sis
23.89
Max Omax.s.bot.SLS.kar.2 *= og.s.bot.2 + VYinr* Gg.pav,s.bot.sls.2 + Oep.s.bot.2.s/s + OQ.s.bot.2.s/s + Gq.s.bot. 2.sls= [ ~10.66 MPa

Total stress in top of timber
—-0.51
Gmfn.t.top.SLS.kar.Z = o-g.t.top.2 + Vsup * Ug.pav.t.top.sls.2 + Gep.t.top.Z.s/s + <UQ.t.top.2.s/s + Gq.t.top.2.sls> 4= [ 4.32 MPa

+0.6- <wO.B * Obk.ttop.2.sls +Woo Gsur.t.top.Z.sIs) + Vo Woin® Oih.t.top.2.sls
-0.32
Max Omax.t.top.SLS.kar.2*= Og.ttop.2 1 Vin* Og.pav.t.top.sis.2 + Oep.ttop.2.sls T <UQ.t.top.2.sIs + aq.t.top.Z.sIs) = [ 375 MPa

Total stress in bottom of timber

i - _[-032] p

N Opin.tbot.SLS.kar.2 "= Og.tbot.2 + Vinf* Og.pavtbotsis.2 T Oep.tbot.2.sls T <Uo.t.bot.2.sls + Og.thot 2-s/S> | _3.75 a

y i _[-051] 1p
aX  Omax.tbotSLS.kar.2 "= Og.tbot.2 T Ysup * Ogpavtbotsis.2 T Tep.tbot2.sls T <UQ. thot2.sls T 0q.t.bot.2.s/s> d=1 4.32 a

+0.6 (Wop* Opkrhot2sis + W0.0 Tsurtbot 2.sis) + Va* Wo.n* Otntbot2.sis
SLS - Frequent combination

Total stress in top of concrete
23.23

Min amfn.s.top.SLS.freq.Z = O-g.s.top,2 + Vsup ° o-g.pa\/.s.top.sls.2"' Uep,s,top.Z.sls + Yiq* o-Q,s.top.2.sls 4= [ 10 42] MPa

+ W1.q° Oq.s.top.2.sls + Wi Oth.s.top.2.sls
20.23
Max amax.s.top. SLS.freq.2 = Ug.s.top.2 + Vinf* Og.pav.s.!op.sls.Z + aep.s.top.Z.sIs + Yiq* GQ.s.top.Z.s/s + w1.q * Ug.s.top.2.sls = [ 9.14 MPa

Total stress in bottom of concrete
. 23.23
Min gmin.sAbot.SLSfreq.Z = Og,s,bot.2 + Vsup ¢ g.pav,sAbot.sIs,2+ Oep.s.bot,z.sls + Y10 O9q.sbot.2.sls 4= [ ~10.42 MPa

+ Wig* 0q.s.bot.2.sls + With° Oth.s.bot.2.sls
20.23
Max omax.s.bot.SLS.freq.Z = Gg.s.bot.2 + VYinre og.pav.s.bot.s/s.2 + Gep.s.bot.Z.sls tW1.Q°0qsbot2sisT W1q*Og.sbot.2.sls= [ _9.14 MPa

Total stress in top of timber
. —0.36
Min Gmfn.t.top.SLS.freqz = og.t4top.2 + Vsup * Yg.pav.t.top.sls.2 + Uep4t.top.2.sls + Yiq GQ.t.top.Z.sls d= [ 3.7 MPa

T Wiq°Oqttop.2sist W1.th® Oth.ttop.2.sls
M. — _|—0.28 MP
aX  Omax.ttop.SLS.freq.2 "= Og.ttop.2 T Vinf* Og.pavttop.sis.2 t Oep.ttop.2.sis T W1.Q* Oqttop.2sis T W1.q° Oq.ttop.2.sls = 3.5 a

Total stress in bottom of timber
: . ~0.28
Min Omin.t.bot.SLS.freq.2 *= Og.t.bot.2 + Vinf* Og.pav.t.bot.sls.2 + Oep.t.bot.2.sls T Wi.q°0qtbot2sist W1.q°Oq.thot.2.sls= _35 MPa

—0.36

Max Omax.t.bot.SLS.freq.2 = Og.tbot.2 T Vsup * Og.pavtbotsis.2 T Tep.tbot2.sis T W1.Q° Oa.tbot2.sis ¢ = [ _3.7 ] MPa
T W1q°Oq.tbot2.sist Wi.th* Oth.tbot.2.sis

Quasi permanent

. 2.86
Total stress in top of concrete Omin.s.top.SLS.quasi.2 = Og.s.top.2 T W1.th * Oth.s.top.2.sls = |: 1.21 ] MPa
. f _ _| 2.86
Total stress in bottom of concrete Oy s pot.s1.5.quasi.2 = Og.s.bot.2 T W1.th* Oth.s.bot.2.sls = —1.21 MPa
. . 0
Total stress in top of timber Omin.ttop.SLS.quasi.2 *= Og.t.top.1 T W1.th* Oth.t.top.sis.1 = [ _2 77] MPa
. . 0
Total stress in bottom of timber Opmin.t.bot.SLS.quasi.2 = Og.tbot.1 T W1.th* Oth.tbot.sis.1 = [2 77] MPa



Deformation

Deflection of free console - wing wall

. WF . | .F
Support moment from self weight M, J:= (Fhuingsa W’;g itia* Fine) =—-639 kNm
Maximum deflection for end console W ax.console = MiN (T?O ,5 mm) =5 mm
Frequent combination LM1 - boggie load Qir=Qqx* w1 q=202.5 KN
Frequent combination LM1 - distributed load Qer=Qei* Wyq* W, =8.64 kN
m
Point load at the end of the end console Agefiection:=a—1.2m=0.1m
w | Qe a’ ) + [ Q- a’ Q- a° a Agefiction” p J
LM1.console *— - ° |9 * Qaeflection ™~ 5, || 'QLMm1
3. Eleff.sls 3. Eleff.sls 6- E/eff.sls 62
_<Ms.g+ Mep + Ms.g.pav> a2 _<Msur+ Mbk) a2 _<Mthermal> az
4 . . .
qsea 2 2 2
—— | fomr + +
8- Eleff.s/s 2. Eleff.sw.s/s 2. E/eff.sls 2. E/eff.temp.s/s
w
Nw.LM1.console = —M.console — 6.01 %
max.console
Max deflection in midspan
Maximum deflection for midspan Wnax.midspan *= ﬁ =41 mm
Worst load placement of wheel 1 ay ::é— 0.6 m=76m
Worst load placement of wheel 2 b, ::é—f— 0.6 m=88m
Qe IP 4.a° Qi 4.b,°
w, . = .la,— + .| b, — o f 4=34.1 mm
LM1.midspan 16 Elefﬁsls 1 3. I2 16. Elefﬁsjs 1 3. 12 Q.LM1
5'C71f'/4 . 5'<gt0t+gpav>°l4
384. Eleff.sls e 384. Eleff.sw.sls

Wimt.midspan _ g3 550,

max.midspan

Nw.LM1.midspan =

Uplift of end console

Qypeaq-l a,”|  Quebyel b,?
Oupponi= |- (g B0 | Queebed g b)) e 2410
6- Eleff-S/S /2 6- Eleff.sls /2
Qe 13 f + tot* 13 <Ms.g + Mep + Ms.g.pav) 1.3 Mf.g.pav' /
= leLmt
24. E/efis/s ¢ 24. Eleff.swsls 6- E/eff.sw.s/s 24. E/eff.sw.s/s

Wend.console.uplift *= tan <esupport> «a=4.42 mm

Wend.console.uplifl 88.4%
_—_—-sa - - = . 0

Nw.end.console.uplift =
P 5 mm

=0.3 mm



Verification of fasteners

Fed.conn = Max <F conn.ULS.6.10a» F conn.ULS.6,10b>
Feyoom=2072.41 kN

Dowel-type fasteners n,=16

Diameter d:=20 mm

Ultimate tensile strength f,:==800 MPa

Length of dowel inside timber t,:==200 mm

Length of dowel inside concrete t,:=200 mm

Charachteristic strength of glulam fh.1,:=0.082. (1 —0.01. (L)) [Pk MPa =25.58 MPa

mm kg
m3

Charachteristic strength of concrete

fh.2.k:= 3 fCK: 105 MPa
h.2.k

Ratio between the strengths of materials B:= ; =41
h.1.k
fu d 26 5
Yield moment of the dowel M, gc:=0.3- . +kNm= (5.79 -10 > kNm
MPa \ mm
Pull-out strength Foxrei=0 kN
Fasteners with single shear plane, failure modes:
Fridowet.a =1k t1-d=102.34 kN
Fricdowerb = T2k 1o- d =420 kN
frqpetied t t,)\? t,)\2 t F
Furkdonsici=—t—T— A[B+2-B> - [1+2+|2| |+8°+|-2| —B-[1+2||+—2F=100.13 kN
foiketiod 4.8.(2+B)-M F
F\/.Rk.dowe/.d::’]'os'L' \/Z'B'(1+B)+ B ( B) 2 L _B +ﬂ:<2.96-104> kN
fh 1k*® d' t1
foqyetoed 4.B8.(2+8)-M F
F\/.Rk.dowel.e::’]'os'u‘ \/2‘3'(1+B)+ Bf( dﬁ)l‘z 2 _:B +ﬂ=<2.96°104> kN
h1k=d-12

. F,
Fyricdowerri=1.15+ % “V2-Mygi+fy 1k d +%Rk:(3-55' 104) kN

F\/.Rk.dowe/:= min <F\/.Rk.dowel.a ’ F\/.Rk.dowe/.b ’ F\/.Rk.dowe/.cv F\/.Rk.dowe/.dv F\/.Rk.dowe/.e ’ Fv.Rk.dowe/.f) =100.13 kN

3
F . Ri dowet.tot = N * R dower = <1 6-10 ) kN

FEd.conn =129%

Neonn.dowel *= E
v.Rk.dowel.tot



Notched connections
Minimal shear length of the timber

Strength reduction factor for
concrete cracked in shear

Angle of the concrete strut

Effective design shear strength of
concrete

Notched connections, failure modes:
Shear of concrete

Crushing of concrete

Shear of timber

Crushing of timber

Governing failure mode:

/

min *

fck
vi=06+|1————|=0.52
250 MPa

0.5- <tc + hnotches>

notches

6:= max [atan (

h
,atan ( notches ]) =18.43 deg

<lnotches + Is.notches> notches
vef,
frogi=————2 =361 MPa
(cot(8) +tan(8))

FRra.notches.a*= fved * Protches * Inotches = 914.71 kN
FRd.notches.b = fcd ° bnotches ° lnotches =3325 kN

Fra.notohes.c = Ker* Fr.a* Protones * Imin = 820.66 kN
Fra.notehes.d*= fo.0.d* Protches * Pnotches = 837-9 kN

FRd.notches = Min <FRd.notches.a s FRd.notches.b » FRd.notches.c » FRd.notches.d> =514.71 kN

Utilization ratio

F
Ed.conn
Neonn.notches! *= =98%

F Rd.notches T F v.Rk.dowel.tot

Check for lateral torsional buckling in production

Ekvationer hdamtade franm Béarande konstruktioner del 1

Moment caused by selfweight of timber and
concrete during casting

Moment of intertia along the weak axis
Torsional moment of intertia

Critical moment

Capacity check

e+ 7) I
Maeor = Vd'VG'WZ<1.74- 103> kNm
hy b,
= ‘12' -0.09 m*
h,-b
=t [1-063.—*
ht

M,
nLT::%Z 2.7%

cr



Bearing stress perpendicular to grain capacity

2. <gtot+ gpav> ° (L -2 ti)

Ra=Vq+§-Vo+

2
+Va VYo

+foim e (2 Qu+ Qu)

Maximum upplagslangd
Effective upplagslangd

Factor according to Eurocode 5
Factor according to Eurocode 5
Stresses acting perpendicular to
the grain

Stress capacity from the glulam

Utlization ratio

+Ft meg) J=(4.22.10%) kN

fomre <W1 -L- <C71k+ %k) + Wy L+ qu) 4)

;=600 mm
lys==1=0.6 m
k1 ::1
k ::1

G0 TR +2

UC.QO.d:: :37 MPa

t'lef

ORk.90°= fo.000* K1+ Kc.90=1.8 MPa

g,
Nog0i=—29 = 206%
ORk.90

Risk of cracking over support

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Normal stress from composite action

Stress from bending

Total stress in top of concrete

Normal stress from composite action

Stress from bending

Total stress in top of concrete

_Yeus® Ecm®ac.us

Ug.pav.c.2 = * Ms.g.pav: —30.215 kPa
E/eff.uls
E.,,-t.-05
Og pavm.c.2i= % “ My g py =—21.94 kPa
eir.uls
. _Gg.pamc,Z _ 30.21 kP,
R B P
.E_.a
Ogqpimoue Zom Totls yy 0= —0.722 MPa
Eleff.uls
E., -t.-05
Ogmez=—2 2 "= Mg mn=—0.524 MPa
Eleff,uls
| 7%aqc2 |_|0.722
cQ.c.top.Z‘— —Ogmes = [0.524] MPa
Ye.uts* Ecm* @c.ut
Ogozi=— % . My o min=—40.732 kPa
Eleff.u/s
E..-t.-05
Ogmez= "« My g in=—29.577 kPa
o Eleff.uls -
—0 40.732
- qc2 |__
oq.c.top.Z'— _Uq.m.c.z = [29-577 kPa
<E,,-a
Oupozi= Youts® Eom® 8cus | M,,=—0.422 MPa
- Eleff.uls
E. -t.-05
Oep.m.c.2 ::% M, =—0.307 MPa

eff.uls

_Oep.C.Z _ 0.37
- ]_[0.307] MPa

ep.m.c.2

Oep.c.top.2= Oo.k +




Yeurs* Ecm *8c.uls

Normal stress from composite action Ogyropi=——————+ M, =—0.155 MPa
E/eff.uls
, _ Egpet:005 _
Stress from bending Osyrmc2i=—————+Mg,=—0.113 MPa
Eleff.uls
—0,
Total stress in top of concrete Osurc.top.2:=0s+ sure2 | = [0'127] MPa
—Osurm.c.2 0.113
. . _VYeus® Eem* @c.uis _
Normal stress from composite action Oppeoi=————+ M, =—0.556 MPa
Eleff.uls
. _ Eept:005 B
Stress from bending Opimc.oi=————+M, =—0.404 MPa
E/eff.uls
: ~Obk.c.2 0.487
Total st top of t = = mMP
otal stress in top of concrete Obk.c.top.2 = Oreak + _Gbk.m.c.Z] [0.404] a
. . o Ye.uts* Eom* ac.uis _
Normal stress from composite action Opeoi=—————— Myormar=—0.275 MPa
Eleff.uls
. E,n-t.:05
Stress from bending Ohmeo=——————+*Mpema=—0.2 MPa
Eleff.uls
—0,
Total stress in top of concrete Oith.ctop.2'=Om+ th.c:2 ]: [0'195] MPa
—Oth.m.c.2 0.2

Total stress in top of concrete

Omin.c.top.ULS.6.100.2 = Yd * §' <YG ¢ <Vsup * O'gApav.c.topA2> + Ve Gep.c.top,2> d -
+VYacVar (00. c.top.2 1 Og. c.top.2> d
+0.6-y4-Vq- (WO.B *Opkctop2t Woo* C7sur.c.top.2> +VYa* Wo.th* Oth.c.top.2

[2.14

1.68]MPa

ORd_min.c.top.ULS.6.10b.2*= Oc.Rd <Umin.c.top.ULs.6.10b.2> =[1.47] MPa

abs <amfn.c.top.ULS.6.70b.2 (0,0)+ Omin.c.top.ULS.6.10b.2 (1, 0))

=260%
ORd_min.c.top.us.6.100.2 (0, 0)

Nmin.c.top.ULS.6.106.2 =



Crack width
According to SS-EN 1994-2, 7.4.2

Factor

Factor

Effective tensile strength concrete
Effective width of concrete slab
Area of concrete

Concrete flange thickness

Distance between center of gravity for the uncracked
concrete and the glulam beam

Factor which takes stress distribution into account

Maximum allowed tensile stress in
reinforcement, interpolated between fi16 and fi25

Minimum reinforcement area required for not
exceeding crack width 0.20mm

Reinforcement area over support
Utlilzation degree

Mangdstatistik

Concrete volume
Slab

End console
Edge beam
Wing wall

Glulam beam volume
Pavement volume

Weigh per glulam beam

ks:=0.9

k:=0.8
fotefri=fotm=3.2 MPa
berr1=3.75m
Agi=A,=1.1m"

_0:0,29 m
eff.1

hem=

2y:=2z=0.76 m

Kz:=min ,1]1=0.84
1 + c.m
2.2,
O 120 ‘:M MPa =180 MPa
KookeK of e A
As.min — S c " Icteff ct —0.01 m2
O till.20
2
p=2omm?em b0y 2
4 0.100 m
_ As.min _ )
n:= =50% Crack width not exceeded 0.20mm

a

Vyi=L-t,«b=42.75 m°
V,;:=2h;-b;-t;=30.15 m®
Veepi=2+Agp-L
Viing=4+3.70 m* =14.8 m’

Vii=2-Ap (L—2-t)=44.14 m’

3
Vpavement = tpavement +b-L=9.98 m

V,
M,:= ?t * Pt mean = 9.49 tonne



Density reinforcement

Area fi20 rebar

Area fi16 rebar

Area fi12 rebar

Area fi10 rebar

Ammount of rebar s100
Ammount of rebar s200
Ammount of rebar, cross s100
Ammount of rebar, cross s200
Ammount of rebar, edge beam
Length support rebar

Length span rebar

Length edgebeam LX

Length C-rebar edge

Reinforcement volume, support
Reinforcement volume,span

Reinforcement volume, cross OK
Reinforcement volume, cross UK

Reinforcement edge beam

Reinforcement edges

ki
Prebari= 7800 =

m3
2
Ay (20 mm)? .
4
2
Ay (16 mm)? .1
4
2
Ay (12 mm)? .
4
2
A (10 mm)? .7
4
. b
S100= 500 m
b
=375
20070200 m
L
N5 100.cross *= 0100 m =
L

Ns.200.cross =

—— =95
0.200 m

Nedgebeam *= 10

lsypporti=8+ 1.1 m=2.4m
lspan=1+2+1.1m=18.6 m
l,x:=2.020 m

logge = (0.250+2.0.800) m=1.85m

Mrebar.suppon‘ =2 Propars Az0* Ns.100° lsupport =882 kg
Mrebar.span *= Prepar* A16* Ns.200° /span 4=1709 kg
+ Prebar* A72 *Ns.200° Ispan
M ebarcross. 0k *= Prebar* A16 * Ns.100.cross * (b +0.9- m) =2235 kg
M ebar.cross.uk = Prebar * A16* Ns.100.cross * (b +0.9. m) =2235 kg
Mrebar.edgebeam =2+ Propar* A10* Ns 200.cr0ss * L 4 =2444 kg
+2- Prebar* A10 ¢ nedgebeam -L

Mrebar.edges =2 Prebar* A12 «3-L4 =720.72 kg

+2. Prebar* A12 *Ns.100.cross * /edge

Mtot = Mrebar.supponf + Mrebar.span + Mrebar.cross. OK d= 10226 kg
+ Mrebar.cross. UK + Mrebar.edgebeam d
+ Mrebar.edges



LCA calculation

B.1 LCA for Concrete bridge

Kalkylmapp
Kontakperson:
Namn:
Objektnummer:
Objektnamn:
Atgérdsnummer:
Atgardsnamn:
Arendenummer:

Senast dndrad av:

Resultatsammanstlining

Intemet user
TCC Exjobb
1

1

1

Intemet user 2025-04-29 13:55:30
Intemet user 2025-04-29 13:55:30

Klimatkalkyl
Kalkylnamn: Concrete bridge
Kalkyl4D 1C1456

Skede: Kiimatdeklaration

Org. GKl/underlagskalk: 1
Revideringsdatum GKI/L 2025-04-29
Status: Arbetsversion
Investeringskostnad:

Prisniva: 2025
Region: Norra

Modellversion: Version 8.0

Beskrivning:

Kalkylniva: Ingang C: flexibel ingang av
Skapad Intemet user 2025-04-29 13:59:29

Senast dndrad av: Intemet user 2025-04-29 13:59:29

1,2 och 3)

Klimatbelastning Bygg, totalt Klimatbelastning/ar samt
250 Drift & Underhall/ar
0,14 1
200
0,12
150 0,1 3
g 6.2
<g Byggnadsverk/Konstbyggna &008 = Reinvestering/Ar
8 d o
100 50,06 mDrift & L al
0,04 3
50
0,02 ¥
Y 03
BYGG ton CO2e GJ
6.2 Byggnadsverk/Konstbyggnad 219,5944837 2000,148844
TOTALT 219,5944837 2000,148844
ARLIGT ton CO2e GJ
Bygg & Reinvestering, per ar 2,842816063 31,07334198
Drift & Underhall.per ar
TOTALT 2,842816063 31,07334198
av materi arligt
Astalt, A8, Arligt (ton CO2e)
Asfalt, ABS.

Krossmaterial

Armering, stal, slakarmering
(stang)

_\~\ Owrigt

m Betong, anlaggning, generellt varde (C35/45)
m Armering, stal, slakarmering (stang)
= Diesel (MK 1)
= Krossmaterial
Asfalt, ABS
Asfalt, ABb
Ourigt




Indatasammanstillning

Kiimat (ton CO2e) Energi (GJ)
Ingaende objekt Mangd  Enhet totalt * " Bygg & rei * Drift & L totalt * Bygg & * Drift & L
. . * byggdelar med ivslingd < 60 & * samtliga byggdelar
Totalt 219,5944837 0,130474348 2,842816063 0 2000,148844 7,953815152 31,07334198 0
31,07334198 0
Typéatgéarder
Viégbro, betongplatta (6.2) 215,25 m2 139,1199609 0,130474348 1,836884528 1374,422246 7,953815152 23,25175952
Kommentar typatgard
Byggdelar i typatgird Standardr Egen méngd Enhet
Jord Fall A, Fyll, Vag (6.2) 0 m3/m2
Jord Fall B, Fyll, Vag (6.2) 0 m3/m2
Bergschakt Fall A, Vag (6.2) 0 m3/m2
Jordschakt Fall A, Vag (6.2) 0 m3/m2
Bergschakt Fall B, Vag (6.2) 0 m3/m2
Asfalt, ABb 50 mm (6.2) 1,2 m2/m2
Stal, konstruktion, Vag (6.2) 0 ton/m2
Betong, anléggning, generellt varde, Vag (6.2) 11 m3/m2
Jordschakt Fall B, Vég (6.2) 4,4 m3/m2
Armering, armeringsstal, Vag (6.2) 0,14 ton/m2
Asfalt, ABS 40 mm (6.2) 1 m2/m2
Berg Fall B, Fyll, Vég (6.2) 44 m3/m2
Berg Fall A, Fyll, Vég (6.2) 0 m3/m2
Byggdelar totalt Bygg & reinvest/ar totalt Bygg & reinvest/ar
Armering, armeringsstal, Vég (6.2) 19,1 ton 13,98590624 0 0,174823828 223,7902828 0 2,797378535
Kommentar byggdel ‘
Material och arbetsmoment Standardmiing Egen mén Enhet
Stal, amering 1 ton/ton
Armering, stal,
Klimat (kg C' Energi (MJ/kg) material och
Standardvarde A 1.1
Eget varde
Transport material
Avstand (km) Transportparameter
D1 Jamvag Standarc 500 Ameringsstal
Eget varde
D2 Lastbil lands\ Standarc 300 Armeringsstal
Eget varde
D3 Lastbil nardis Standarc 40 Ameringsstal
Eget varde
Emissionsfaktor:
D1 El, ursprungs Standarc 0,012 kg CO2e/kWh 3,02 MJ/kWh
Eget varde
D2 Diesel (MK 1] Standarc 2,8 kg CO2ell 43,3 M
Eget varde
D3 Diesel (MK 1] Standarc 2,8 kg CO2ell 43,3 M
Eget varde
Kommentar transporter
Betong, anldggning, generellt vérde, Vag (6.2) 165,51 m3 66,48861658 0 0,831107707 401,9363145 0 5,024203931
Drift & Underhall Drift & Underhall/ar Drift & Underhall/ar
Vigbro, betongplatta (6.2) Schablon saknas Schablon saknas
Ingéende emissionsfaktorer
Klimat Energi Kommentar
Namn Standardvirde Eget vard Enhet Standardvirde Eget viirde Enhet
Armering, stal, slakarmering (stang) 07 kg CO2e/kg 11,1 MJrkg
Asfalt, ABb 0,043 kg CO2el/kg 2,59 MJ/kg
Asfalt, ABS 0,049 kg CO2el/kg 3,58 MJ/kg
Betong, anlaggning, generellt vérde (C35/45) 0,164 kg CO2e/kg 0,926 MJrkg
Diesel (MK 1) 2,8 kg CO2e/l 433 L)
El, ursprungsméarkt fémybar (inkopt av Trafikverket) 0,012 kg CO2e/kWh 3,02 MJ/kWh
Jord 0,0003 kg CO2el/kg 0,005 MJlkg
Krossmaterial 0,004 kg CO2el/kg 0,06 MJ/kg
Massor 0 kg CO2e/kg 0 MJrkg
Spréngdmne 2,65 kg CO2e/kg 235 MJrkg
Stal, konstruktionsstal, generellt vérde, ej varmférzinkat 2,27 kg CO2e/kg 28,2 MJrkg
Ingéende transportparametrar
Namn Standardavsté Eget virde Enhet Kommentar
Armeringsstal
Jamvag 500 km
Lastbil landsvégtransport 300 km
Lastbil nardistribution, fran byggvaruhandel 40 km
Fall A-upplag
Dumpe 2 km
Lastbil regiontransport 0 km
Fall B-upplag/takt
Dumper 0 km
Lastbil regiontransport 30 km
Konstruktionsstal
& 1000 km
Lastbil landsvagtransport 200 km
Lastbil regiontransport 100 km
Lastbil nardistribution, fran byggvaruhandel 40 km
Platsgjuten betong
Lastbil nardistribution 35 km
Egna noteringar
Rubrik Notering Skapad Skapad av
Sammanstllning av justeringar
Typatgéirder Byggdel Standardr Egen méngd Enhet
Verifikat
Byggdelar Material och a Emission Standardméngd Egen miingd Enhet Férfragnings-ID Utgangsdatum Status
Transporter byggdelar/material Material Transport Avstand (km) Eget avstand (km) Emissionsfaktor Standard Eget varde Enhet
Drift och underhall Standardming Egen méin Enhet
Ingéende emissionsfaktorer Klimat Eget klim Enhet Energi Egen energi Enhet

Ingaende transportparametrar

Standardavsta Eget vird Enhet



B.2

LCA for

TCC bridge

Kalkylmapp Klimatkalkyl
Kontakperson: Intemet user Kalkylnamn: TCC
Namn: TCC Exjobb Kalkyl4D 1C1455
Objektnummer: 1 Skede: Klimatdeklaration
Objektnamn: Org. GKl/underlagskalky 1
Atgardsnummer: 1 Revideringsdatum GKIl/u1 2025-04-29
Atgardsnamn: Status: Arbetsversion
Arendenummer: 1 Investeringskostnad: 0
Beskrivning: Prisniva: 2025
Skapad av: Internet user 2025-04-29 13:55:30 Region: Norra
Senast éndrad av: Intemet user 2025-04-29 13:55:30 Modellversion: Version 8.0
Beskrivning:
Kalkylniva: Ingang C: flexibel ingang av 1,2 och 3)
Skapad av: Internet user 2025-04-29 13:57:45
Senast édndrad av: Internet user 2025-04-29 13:57:45
Resultatsammanstallning
. . . . 2
Klimatbelastning Bygg, totalt Klimatbelastning/ar samt
200 Drift & Underhall/ar
180 0,14
160
0,12 %
140 4
0,1 ]
120 3
8 6.2
g 100 s &o08 = Reinvestering/ar
o
80 £0,06 3 mDrift & Underhallar
60 A
0,04 %
40
20 3 0,02 3
0 : 03
BYGG ton CO2e GJ
6.2 Byggnadsverk/Konstbyggnad 186,0471364 2218,079498
TOTALT 186,0471364 2218,079498
ARLIGT ton CO2e GJ
Bygg & Reinvestering, per ar 2423474222 33,79747516
Drift & Underhall.per ar
TOTALT 2,423474222 33,79747516
Férdelning av material/arbetsmoment, arligt
Asfalt, ABb Arligt (ton CO2e)
Asfalt, ABS, | ,—é""g‘
Krossmaterial.
m Betong, anlaggning, generellt varde (C35/45)
m Armering, stal, slakarmering (stéang)
m Diesel (MK 1)
. = Krossmaterial
Armering, stal, slakarmering|
(stang) Asfalt, ABS
Asfalt, ABb
Ovrigt
Indatasammanstéllning
Klimat (ton CO2e) Energi (G
Ingaende objekt: Mangd Enhet totalt i * Bygg & rei * Drift & L totalt - B:
* byggdelar med livslangd <60ar  * samtiiga byggdelar * byggdelar med livsléingd < 60 & * samtliga byggdelar
Totalt 186,0471364 0,130474348 2,423474222 0 2218,079498 7,953815152 0
0
Typatgérder
Viégbro, betongplatta (6.2) 215,25 m2 139,1199609 0,130474348 1,836884528 1374,422246 7,953815152

Kommentar typatgard

Byggdelar i typatgird
Jord Fall A, Fyll, Vag (6.2)

Jord Fall B, Fyll, Vag (6.2)

Bergschakt Fall A, Vag (6.2)

Jordschakt Fall A, Vg (6.2)

Bergschakt Fall B, Vag (6.2)

Asfalt, ABb 50 mm (6.2)

Stal, konstruktion, Vag (6.2)

Betong, anliggning, generellt virde, Vag (6.2)
Jordschakt Fall B, Vg (6.2)

Armering, armeringsstal, Vag (6.2)

Asfalt, ABS 40 mm (6.2)

Berg Fall B, Fyll, Vag (6.2)

Berg Fall A, Fyll, Vég (6.2)

Standardmar Egen mangd

N
orabmrmroOoMVOOCOOOO

0,1

Enhet

m3/m2
m3/m2
m3/m2
m3/m2
m3/m2
m2/m2
ton/m2
m3/m2
m3/m2
ton/m2
m2/m2
m3/m2
m3/m2



Byggdelar totalt Bygg & rei totalt Bygg & reir
Armering, armeringsstal, Vég (6.2) 10,2 ton 7,46891328 0 0,093361416 119,5110411 0 1,493888014
Kommentar byggdel ‘
Material och arbetsmoment Standardmé Egen mangd Enhet
Stal, armering 1 ton/ton
Emissionsfaktor: Armering, stal, slakarmering (stang)
Klimat (kg Energi (MJ/kg) material och
Standardvérde 7 11,1
Eget vérde
Transport material
Avstand (km)  Transportparameter
D1 Jamvag  Standard 500 Armeringsstal
Eget vérde
D2 Lastbil lanc Standard 300 Armeringsstal
Eget vérde
D3 Lastbil nérc Standard 40 Armeringsstal
Eget vérde
Emissionsfaktor:
D1 El, ursprun: Standard 0,012 kg CO2e/kWh 3,02 MJ/kWh
Eget vérde
D2 Diesel (MK Standard 2,8 kg CO2e/l 43,3 MJ/I
Eget vérde
D3 Diesel (MK Standard 2,8 kg CO2e/l 43,3 MJ/I
Eget vérde
Kommentar transporter |
Betong, anldggning, generellt varde, Vag (6.2) 91,49 m3 36,75332929 0 0,459416616 222,1808556 [ 2,777260695
Kommentar byggdel ‘ ‘
Material och arbetsmoment Standardma Egen méngd Enhet
Betong 1 m3/m3
Densitet, betong 2350 kg/m3
Emissionsfaktor: Betong, anléggning, generellt virde (C35/45)
Klimat (kg Energi (MJ/kg) material och
Standardvérde 0,164
Eget vérde
Transport material
Avstand (km)  Transportparameter
D1 Lastbil nérc Standard 35 Platsgjuten betong
Eget vérde
Emissionsfaktor:
D1 Diesel (MK Standard 2,8 kg CO2e/l 43,3 MJ/I
Eget vérde
Kommentar transporter
Tré, limtra (6.2) 44,14 m3 2,704932967 0 0,033811662 501,9653551 0 6,274566939
Kommentar byggdel ‘
Material och arbetsmoment Standardma Egen méngd Enhet
Tra, limtra 1 m3/m3
Emissionsfaktor: Tra, limtra
Klimat (kg Energi (MJ/kg) material och
Standardvérde 0,095 24,38
Eget vérde
Transport material
Avstand (km)  Transportparameter
D1 Lastbil lanc Standard 400
Eget vérde
D2 Lastbil narc Standard 40
Eget vérde
Emissionsfaktor:
D1 Diesel (MK Standard 2,8 kg CO2e/l 43,3 MJ/I
Eget vérde
D2 Diesel (MK Standard 2,8 kg CO2e/l 43,3 MJ/I
Eget vérde
Kommentar transporter
Drift & Underhall Drift & Underhall/ar Drift & Underhall/ar
Végbro, betongplatta (6.2) Schablon saknas Schablon saknas
Ingaende emissionsfaktorer
Klimat Energi Kommentar
Namn Standardvér Eget varde Enhet Standardvérde Eget vérde Enhet
Armering, stal, slakarmering (stang) 0,7 kg CO2elkg 1.1 MJ/kg
Asfalt, ABb 0,043 kg CO2e/kg 2,59 MJ/kg
Asfalt, ABS 0,049 kg CO2e/kg 3,58 MJ/kg
Betong, anlaggning, generellt varde (C35/45) 0,164 kg CO2elkg 0,926 MJ/kg
Diesel (MK 1) 2,8 kg CO2e/l 43,3 MJn
El, ursprungsmaérkt formybar (inkopt av Trafikverket) 0,012 kg CO2e/kWh 3,02 MJ/kWh
Jord 0,0003 kg CO2e/kg 0,005 MJ/kg
Krossmaterial 0,004 kg CO2elkg 0,06 MJ/kg
Massor 0 kg CO2elkg 0 MJ/kg
Sprangamne 2,65 kg CO2elkg 235 MJ/kg
Stal, konstruktionsstal, generellt varde, ej varmforzit 2,27 kg CO2elkg 28,2 MJ/kg
Tra, limtra 0,095 kg CO2e/kg 24,38 MJ/kg
Ingaende transportparametrar
Namn Standardavs Eget varde Enhet Kommentar
Armeringsstal
Jamvag 500 km
Lastbil landsvagtransport 300 km
Lastbil nardistribution, fran byggvaruhandel 40 km
Fall A-upplag
Dumper 2 km
Lastbil regiontransport 0 km
Fall B-upplag/takt
Dumper 0 km
Lastbil regiontransport 30 km
Konstruktionsstal
Jamvag 1000 km
Lastbil landsvagtransport 200 km
Lastbil regiontransport 100 km
Lastbil nardistribution, fran byggvaruhandel 40 km
Platsgjuten betong
Lastbil nardistribution 35 km
Egna noteringar
Rubrik Notering Skapad Skapad av
Sammanstallning av justeringar
Typatgérder Byggdel  Standardmiin Egen méngd Enhet
Verifikat
Byggdelar Material oct Emissionsfal Standardméingd  Egen mangd Enhet Forfragnings-ID Utgangsdatum Status
Transporter byggdelar/material Material  Transporttyp Avstand (km) Eget avstand (km) Emissionsfaktor Standard Eget virde Enhet
Drift och underhall Standardmé Egen mangd Enhet
Ingaende emissionsfaktorer Klimat Eget klimat Enhet Energi Egen energi Enhet

Ingdende transportparametrar

Standardavs Eget virde Enhet



LCC calculation

LCC-Low LCC - High
TCC bridge TCC bridge
Design Quantity Unit Price Unit Total cost Design Quantity Unit Price Unit Total cost
Bridge superstructure 1|st 350 000 kr |SEK 350 000 kr Bridge superstructure 1|st 450 000 kr [SEK 450 000 kr
Production Quantity Unit Price Unit Total cost Production Quantity Unit Price Unit Total cost
Concrete C35/45 91,5|m* 3500 kr [SEK/m° 320250 kr Concrete C35/45 91,5[m* 4000 kr [SEK/m® 366000 kr
Reinforcement steel K500C 10,2|ton 20000 kr |SEK/ton 204 000 kr Reinforcement steel K500C 10,2|ton 25000 kr |SEK/ton 255000 kr
Glulam GL30c (1305mm x 950mm) 21,1|m* 1500 kr [SEK/m® 31614 kr Glulam GL30c (1305mm x 950mm) 21,1|m* 2500 kr |SEK/m® 52 689 kr
Processing/Transport glulam 1|st 150 000 kr |SEK 150 000 kr Processing/Transport glulam 1|st 250 000 kr |SEK 250 000 kr
Reinforced rubber bearing 4|st 15000 kr |SEK/st 60 000 kr Reinforced rubber bearing 4|st 25000 kr [SEK/st 100 000 kr
Pavement 145|m2 1200 kr |SEK/m® 174,000 kr Pavement 145[m2 1500 kr |SEK/m? 217500 kr
Railing 38|m 2500 kr [SEK/m 95000 kr Railing 38[m 3500 kr [SEK/m 133 000 kr
Form underside 120|m* 1500 kr |SEK/m® 180 000 kr Form underside 120|m* 2000 kr_[SEK/m* 240 000 kr
Form sides/ edge beam 26|m” 2000 kr [SEK/m” 52 000 kr Form sides/ edge beam 26|m’ 3000kr [SEK/m” 78 000 kr
Falsework 1st 50000 kr |SEK 50 000 kr Falsework 1fst 75000 kr |SEK 75000 kr
Site /mangement etc. 1|st 325000 kr [SEK 325000 kr Site etc. 1[st 400 000 kr [SEK 400 000 kr
Crane (Lift of main beams) 1[st 100000 kr [SEK 100000 kr Crane (Lift of main beams) 1fst 200000 kr [SEK 200 000 kr
Crane 1[st 50000 kr |SEK 50 000 kr Crane 1fst 60000 kr |SEK 60 000 kr
Maintenance Quantity Unit Price Unit Total cost Maintenance Quantity Unit Price Unit Total cost
of edge beam, (3 st) 38[m 9000 kr [SEK/m 342000 kr Replacement of edge beam, (3 st) 38/m 10000 kr [SEK/m 380 000 kr
Replacement of railing (3st) 38|m 3000 kr [SEK/m 114 000 kr Replacement of railing (3st) 38|m 3500 kr [SEK/m 133000 kr
Replacement of pavement (3st) 145|m? 1500 kr [SEK/m?® 217500 kr Replacement of pavement (3st) 145(m? 2000 kr |SEK/m? 290 000 kr
(2st) 1|st 20000 kr [SEK 20000 kr (2st) 1[st 25000 kr [SEK 25000 kr
Inspection (Yearly) 1|st 50000 kr |SEK 50 000 kr Inspection (Yearly) 1|st 65000 kr |SEK 65 000 kr
End of life (Net present value) [Quantity Unit Price Unit Total cost End of life (Net present value) [Quantity Unit Price Unit Total cost
Demolition of bridge superstructure | 1|st 4028 kr [SEK 4028 kr D ition of bridge superstructure 1|st 4834 kr |SEK 4834 kr
2889392 kr 3775023 kr
LCC - Low LCC - High
Concrete bridge Concrete bridge
|Design [Quantity [unit [Price Tunit [otal cost Design | Quantity Junit — Jprice Junit [Total cost
Bridge superstructure [ 1[st [ 200000 kr [SEK [ 200000 kr Bridge superstructure 1[st | 250000kr [SEK 250 000 kr
Production Quantity Unit Price Unit Total cost Production Quantity Unit Price Unit Total cost
Concrete C35/45 165,6(m* 3500 kr |SEK/m® 579600 kr Concrete C35/45 165,6(m* 4000 kr_[SEK/m* 662 400 kr
Reinforcement steel K500C 19,1|ton 20000 kr |SEK/ton 382000 kr Reinforcement steel K500C 19,1(ton 25000 kr |SEK/ton 477 500 kr
Pavement 145|m* 1200kr |SEK/m® 174000 kr Pavement 145|m” 1500kr |SEK/m* 217500 kr
Railing 38|m 2500 kr [SEK/m 95000 kr Railing 38[m 3500 kr [SEK/m 133000 kr
Form underside 163|m’ 1000 kr |SEK/m* 163 000 kr Form underside 163|m’ 1500 kr |SEK/m* 244,500 kr
Form sides/ edge beam 26|m* 1500 kr [SEK/m* 39000 kr Form sides/ edge beam 26[m* 2000 kr |SEK/m* 52000 kr
Falsework 1[st 200000 kr |SEK 200 000 kr Falsework 1st 250000 kr [SEK 250 000 kr
Crane 1st 50000 kr |SEK 50 000 kr Crane 1fst 60000 kr |SEK 60 000 kr
Site /mangement etc. 1|st 350000 kr [SEK 350 000 kr Site etc. 1[st 400 000 kr [SEK 400 000 kr
Maintenance Quantity Unit Price Unit Total cost Quantity Unit Price Unit Total cost
R of edge beam, (3 st) 38|m 9000 kr |SEK/m 342000 kr Replac of edge beam, (3 st) 38|m 10 000 kr |SEK/m 380000 kr
R of railing (3st) 38|m 3000 kr |SEK/m 114 000 kr Replacement of railing (3st) 38|m 3500 kr |SEK/m 133 000 kr
Replacement of pavement (3st) 145|m* 1500 kr |SEK/m* 217500 kr placement of (3st) 145|m* 2000 kr_[SEK/m’ 290 000 kr
Inspection (Yearly) 1|st 50000 kr [SEK 50 000 kr Inspection (Yearly) 1|st 65000 kr [SEK 65 000 kr
End of life (Net present value) Quantity Unit Price Unit Total cost End of life (Net present value) Quantity Unit Price Unit Total cost
Demolition of bridge superstructure 1|st 3222 kr |SEK 3222 kr D ition of bridge superstructure 1|st 4028 kr |SEK 4028 kr
2959 322 kr 3618928 kr
Conc - Low Conc - High TCC - Low TCC - High
Design 200000 kr 250 000 kr 350 000 kr 450000 kr
Production 2032600 kr 2496900 kr 1791864 kr 2427189kr
Maintenance 723500 kr 868 000 kr 743500 kr 893000 kr
End of life 3222kr 4028kr 4028kr 4834kr
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C.1 Elevation view and plan view of concrete bridge
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