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UNDERSPANDA LIMTRABALKAR

BAKGRUND

Tré har under senare ar blivit populart tack
vare sina goda egenskaper gallande klimat-
vanlighet.

Genom att utféra takstolar av limtra i un-
derspdnda system med underliggande
dragband av stal kombineras materialens
goda egenskaper. Genom att tryckstravor-
na tar stdd av linornas dragande kraft mins-
kar momentbelastningen i primarbalken
som sdledes blir mestadels tryckt. D& stal
ar starkt vid axiell belastning och limtra har
goda egenskaper gallande tryckspanningar
parallellt fiberriktningen blir denna struktur
materialeffektiv.

Daremot innebar denna optimering att sys-
temet kan bli kansligt for instabilitetsfeno-
men. Det slanka tvarsnittet i kombination
med den tryckande kraften gor priméarbal-
ken och tryckstravan kansliga for deforma-
tioner ut ur sitt plan. Det var just detta typ
av fenomen som gjorde att Tarfalahallen i
Kiruna kollapsade 2020. Efter kollapsen har
det visat sig att flertalet liknande strukturer
inte uppfyller de krav som stélls, varvid riv-
ning eller ombyggnation skett i flera fall.

SYFTE

Arbetet syftar dels till att underséka hur
noggrant det underspanda balksystemet
behoéver modelleras for att tillrackligt bra
kunna hantera de fall som intraffar i verklig-
heten, dels undersotka hur olika parametrar
paverkar balken sett fran instabilitetsfeno-
men. Modeller byggs upp i olika grader av
komplexitet, for att sedan parametriseras
och jamforas med de andra modellerna.
Malet med arbetet &r att ta fram underlag
och allmanna rad foér hur ett underspant
balksystem bor utformas.

METOD

Tre olika typer av modeller byggs upp i
FEM-programmet RFEM. Principiellt &r det
en endimensionell, en tvadimensionell och
en tredimensionell modell som studeras.
Sedan kan geometriska och mekaniska pa-
rametrar i varje modell varieras med hjalp
av Python. | varje steg berdknas modellens
beteende i instabilitet och den enskilda pa-
rameterns paverkan kan enkelt kvantifieras.

DIVISION OF STRUCTURAL MECHANICS

Faculty of Engineering LTH, Lund University, Box 118, SE-221 00 Lund, Sweden
o Tel: + 46 (0)46-222 73 70 e Fax: + 46 (0)46-222 44 20 e www.byggmek.lth.se

XpTVSM-5265 (2023-03)




MASTER'S DISSERTATION

AT STRUCTURAL MECHANICS

DEPARTMENT OF CONSTRUCTION SCIENCES | FACULTY OF ENGINEERING LTH | LUND UNIVERSITY

ANNIE BOHMAN

annie.bohman@hotmail.com

PRESENTATION
JUNE 2023

REPORT
Will be published as
Report TVSM-5264

SUPERVISORS

Professor KENT PERSSON
Div. of Structural Mechanics, LTH

JESPER AHLQUIST wmsc

Sweco AB

ASSISTANT SUPERVISOR

LINUS ANDERSSON wmsc

Div. of Structural Mechanics, LTH
EXAMINER

PETER PERSSON Associate Professor
Div. of Structural Mechanics, LTH

THE WORK IS PERFORMED AT

DIVISION OF STRUCTURAL
MECHANICS, LTH

IN COOPERATION WITH
SWECO SVERIGE AB

REDUCTION OF EXPLOSION

EFFECTS BY USE OF A SANDWICH

| WALL

BACKGROUND

In March of 2022 it was decided that a
new hospital is to be built in Vaxj6. An im-
portant aspect when designing hospitals is
that it can function also during wars and
crises. Therefore, in 2021 the Swedish Civil
Contingencies Agency (MSB) updated their
guidance report “Den robusta sjukhusbygg-
naden”. This report gives guidelines on how
a hospital should be built to make it act
robustly against antagonistic attacks. This
is, however, stated without any specific
requirements. In another report by MSB,
“Bebyggelsens motstandsférmaga mot ex-
trem dynamisk belastning - Del 3: Kapaci-
tet hos byggnader”, it is mentioned that
sandwich elements can be used favourably
against blast loads, since the layer of insula-
tion leads to an energy consumption when
the outer concrete plate is pressed towards
the inner - load carrying - plate. This would
then lead to the load carrying plate being
affected by a smaller load. How large ef-
fect this would have is not explained more
in depth.

AIM

The aim is to contribute with more knowled-
ge about how blast loads affect sandwich
elements, and to see if sacrificing the outer
plate as well as using the layer of insulation
can lead to reduced damage to the inner
plate. This will be investigated for sand-
wich elements with different constructions.
The questions that will be investigated are:

e Are sandwich elements favourable in blast
load circumstances, and what construc-
tion is in that case the most favourable?

e \What methods of analysis work for this
situation?

METHOD

The methods that will be used are a litera-
ture study, and then the elements will be
modelled in the Finite element program
Abaqus. The results will then be analysed.
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BACKGROUND

Past research with the aim of increasing the
accuracy of finite element models for foot-
fall induced vibrations in floors have shown
that the predicted responses are sensitive
to the applied load function. This can lead
to calculated vibrations levels which do not
reflect the behaviour of the actual building.
A multitude of models exists for predicting
footfall induced vibrations, in which some
models are stochastic and takes into con-
sideration the random nature of human
walking.

AIM

The aim and objective for this master the-
sis is to increase the accuracy of FE-models
that predict footfall induced vibrations. This
will be done by analysing the use of various
load-functions for footfall of a single pede-
strian and then apply it in FE-models. The
questions that will be investigated are:

e How is the response affected by using
different load models and how does it re-
late to responses predicted with design
guides given by the Concrete Society for
The Concrete Centre, Steel Construc-
tion Institute and to experimental mea-
surements on an existing construction?

e How should the stochastic models be
adopted to give balance between conser-
vative result that accounts for uncertainties
and accurate prediction of the vibration le-
vel in the constructed building?

METHOD

The methods that will be used is a litera-
ture study, finite element models made with
the software Abaqus and measurements on
floor structures.
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DYNAMIC BEHAVIOUR
OF FOOTBRIDGES

BACKGROUND

Due to their lower static design loads, foot-
bridges are generally slender structures that
are more vulnerable to vibration issues.
Footbridges are often designed with exces-
sive dimensions relative to the static loads
for these reasons to avoid dynamic loads
exceeding comfort criteria. The reason for
this is that bridges are usually designed in
the early stages for the ultimate limit state
and that it is more difficult to design the
bridge for the vibration requirements in the
serviceability limit state. This often leads to
more material being used to increase the
bridge’s stiffness or otherwise ensure that
the bridge can handle the vibration require-
ments without directly designing the bridge
for them. The utilization rate of the load-
bearing construction elements will then be
lower, and lead to an unnecessarily large
use of materials and an increased amount
of built-in CO2.

It is desirable to be able to determine at an
early stage in a project whether a certain
bridge will need to be designed specifically
for the dynamic loads. There are several
factors that may be decisive for the vibra-
tion criteria in footbridges, e.g. span, width,
support conditions, material choice, etc. In
this thesis, a number of these factors and

their influences will be examined. Such
knowledge is valuable at an early stage to
guide the proceeding of a construction pro-
ject.

AlM

The aim of this master’s thesis is to increase
the understanding of how several parame-
ters affect the dynamic properties of foot-
bridges. In the long term, this may reduce
the amount of material required to ensure
the vibration criteria in the serviceability li-
mit state, and thereby increase the utiliza-
tion ratio of the structures.

METHOD

To be able to determine the bridges’ cha-
racteristics and impacts, the finite element
analysis tool Abaqus will be used. A number
of bridges will be modelled and from a stu-
dy of parameters their dynamic behaviors
will be examined. To evaluate the vibration
criteria, the Eurocodes and the technical
guide on Footbridges from Sétra are used.

DIVISION OF STRUCTURAL MECHANICS

Faculty of Engineering LTH, Lund University, Box 118, SE-221 00 Lund, Sweden
o Tel: + 46 (0)46-222 73 70 e Fax: + 46 (0)46-222 44 20 e www.byggmek.lth.se

XpTVSM-5262 (2022-12)




MASTER'S DISSERTATION

AT STRUCTURAL MECHANICS

DEPARTMENT OF CONSTRUCTION SCIENCES | FACULTY OF ENGINEERING LTH | LUND UNIVERSITY

g 7N

CALLE LIND
ca3663li-s@student.lu.se

PRESENTATION
JUNE 2022

REPORT
Will be published as
Report TVSM-5259

SUPERVISORS

pr HENRIK DANIELSSON
Div. of Structural Mechanics, LTH

ANDREAS GUSTAFSSON Lic Eng
WSP Sverige AB

DANIEL ANDERSON Mmsc

Sédra

EXAMINER

pProfessor ERIK SERRANO

Div. of Structural Mechanics, LTH

THE WORK IS PERFORMED AT

DIVISION OF STRUCTURAL
MECHANICS, LTH & WSP MALMO

IN COOPERATION WITH
WSP SVERIGE AB & SODRA

EVALUATION OF A TESTING

METHOD FOR SHEAR STRENGTH
AND STIFFNESS PROPERTIES FOR
CROSS LAMINATED TIMBER

F/2

F2

F/2

BACKGROUND

Cross Laminated Timber (CLT) is a relatively
new building product, which was first deve-
loped in Central Europe and was introduced
in Sweden in the late 1990s. Since then, CLT
has become more and more popular due to
its many advantages related to favorable
strength and stiffness properties in compa-
rison to its low weight and possibilities for a
high degree of prefabrication. Another ge-
neral advantage that is often highlighted is
the low environmental impact compared to
other materials such as concrete and steel.

Despite the increasing popularity and the
many advantages of CLT the product is still
in the early stages of standardization when
it comes to determining the mechanical
properties.

AIM

The aim of this project is to evaluate one of
the testing methods for shear strength and
stiffness in the European product standard
for CLT, EN 16351. This will include investi-
gations regarding how different parameters
affect the shear strength and stiffness pro-
perties to be determined from testing, in
particular in relation to rolling shear. These

F/2

parameters can for example be:

e Wood species with different stiffness
properties.

e Annual growth ring pattern.

e Edge-gluing vs no edge-gluing of
lamellas.

e Ratio between the thickness and the
width of the lamellas.

METHOD

The first part of the project will consist of
a literature study concerning material, stiff-
ness properties, the effect of rolling shear,
stiffness of different wood species and
technical documents related to testing ac-
cording to EN 16351.

The project will then continue with calcula-
tions according to beam theory and the Fi-
nite Element Method (FEM). FE-models of
the considered test set up will be develo-
ped. 2D or/and 3D models will be created
and used to perform the parameter study.

The project will not include any new labo-
ratory testing, but will instead be based on
calculations and previous tests.
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BACKGROUND

Cross-laminated timber (CLT) made in
Sweden is in general made out of pine or
spruce. This is natural as pine and spruce
are the most common wood species found
in the Swedish forests. There are however
other wood species available domestically,
such as birch, which is the most common
hardwood species in Sweden.

Previous research indicates that CLT-panels
made of other types of wood than pine or
spruce can have a positive effect on the
strength of the panel and on its dynamic
properties. The hardwood market in Swe-
den is not utilized to its utmost potential
due to an absence of businesses which can
refine and utilize hardwood species, e.g.
birch. From a sustainability perspective, uti-
lization of local raw materials, for example
in CLT production, would be preferable to
non-domestic options, such as material ex-
port.

AIM

The aim of the project is to demonstrate
improved static/dynamic performance in
CLT-panels made of other wood species
than pine/spruce. This could contribute to
the current research pool for CLT-panels,
and potentially generate incentive for CLT-
manufacturers in Sweden to diversify their
manufacturing processes further using un-
conventional wood species.

PROBLEM STATEMENT

e What improvements with regards to sta-
tic/dynamic response can be expected with
CLT-panels made of hardwood compared to
conventionally used softwood?

e |s it possible for CLT-panels made of hard-
wood to acquire similar characteristic pro-
perties as CLT-panels made of softwood,
but with a smaller thickness?

METHOD

The project will be divided into four pha-
ses, where the various phases more or less
overlap each other from a time perspective.
In the first phase, a literature review will be
performed. Up-to-date research regarding
CLT-panels stiffness properties will be com-
piled in conjunction with general informa-
tion about CLT as a structural element. In
addition, different beam and plate theories
will be included in the literature review de-
pending on the chosen calculation models.

The second phase consists of an experimen-
tal investigation of CLT-panels. The panels
will be investigated regarding their static
and/or dynamic response for relevant lo-
ading situations. This bridges over to the
third phase, numerical modeling. A nume-
rical model will be calibrated based on the
experimental results. When an acceptable
calibration has been achieved, the impact
of different types of materials on the static
and/or dynamic response can be examined,
e.g. with parametric studies.

Lastly, in the final phase of the project, re-
sults from the previous phases can be ana-
lyzed, compared and conclusions can be
made.
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LATERAL STABILIZATION OF
CROSS LAMINATED TIMBER

BUILDINGS

Modelling approaches

Building variations

Modelling approaches
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Figure 1 — Proposed building variations and modelling approaches
BACKGROUND RESEARCH QUESTIONS

There is a need for more sustainable materials
within todays building industry. Life cycle ana-
lysis of structures have concluded that using
timber as the main material in the load bea-
ring structure, will improve the effects on the
environment. The concept of CLT, Cross La-
minated Timber, was introduced in the early
90’s. CLT is a product that is environmental
positive, renewable and has a long service life.

CLT is an engineered product consisting of
wood layers, where each layer is formed by
timber boards. Every other layer is glued with
the boards being oriented at a 90-degree
angle relative adjacent layers. A CLT element
is typically constructed with 3-11 layers, al-
ways an odd number of layers. The CLT ele-
ment is a great substitute to other materials
and products thanks to its high strength and
stiffness properties. The material has a high
load-bearing capacity compared to its weight
and is therefore of good use in high rise buil-
dings. The opportunity to construct CLT in
many different shapes and sizes makes it a
material with a great range of use.

¢ What type of modelling approaches can be
used in design of CLT buildings for lateral lo-
ading, in this case wind loads?

e What is the effect of modelling choice on
design of CLT buildings experiencing lateral
loads?

e How does the placement and the ratio of
openings affect the stiffness of a CLT buil-
ding?

e How does the organization of different CLT
panels (doors and windows) in a building af-
fect its lateral stiffness? Which configuration
of CLT sections is the most favorable regards
to stiffness?

¢ \What are the effects on the anchorage force
and deformation?

METHOD

Several modelling approaches from literature
will be studied, in simple FE-models (one wall
section), see figure 1. Generic multi-storey
buildings will then be used as cases to investi-
gate the various modelling approaches. The
different cases can include, e.g., a simple and
symmetric/regular structure and asymmetric/
irregular structures. The studying of the dif-
ferent modelling approaches can be done by
comparing the results in terms of stiffness
(deformation) and force distributions, possibly
including e.g., anchorage forces.
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DEVELOPMENT OF FUNCTIONS
FOR VISUALIZATION IN CALFEM

FOR PYTHON

Figure 1 — Example of visualization of a stress problem in Paraview (Jonas Lindemann, 2021)

BACKGROUND

In FE modeling, good tools for visualizing
results are very important. Different models
and analyses also require visualization of re-
sults in different ways. Having good visua-
lization tools aid the understanding of the
results. CALFEM for Python is a FE toolbox
used for teaching in structural and solid me-
chanics. The current tools for visualization
of results don’t cover all cases and need to
be updated, along with addition of functio-
nality for a wider range of problems. This
added functionality will aid students in the
understanding of the FE method. Additional
functionality for visualization in CALFEM for
Python along with functions for exporting
results to more powerful visualization tools
will give users options and streamline the
workflow for visualization. When an export
of results to more powerful visualization
tools is needed, having functions that make
this easy is also helpful. Implementing this
functionality into CALFEM for Python will
make coursework for relevant problems
easier by streamlining the visualization, al-
lowing students and teachers to focus on
the FE problem at hand.

AIM

The main aim of the project is to improve
visualization tools in CALFEM for Python.
Existing tools for visualization will be impro-

ved with regard to functionality and usabi-
lity. Further functionality for visualizing re-
sults will be added with care taken to what
kinds of visualization tools would be useful
in teaching. Functionality for easy export of
results to more powerful visualization tools
such as Paraview will be added. If possible,
developed tools will also be able to visualize
results from CALFEM for MATLAB.

METHOD

The project will begin with a literature study
to research existing libraries for visualiza-
tion in Python. From this study, libraries that
could be useful for implementing visualiza-
tion functionality in CALFEM for Python will
be studied. After researching, existing fun-
ctions in CALFEM for Python will be exami-
ned and improved for usability. Using what
is obtained from the literature study, further
functionality for visualization along with ex-
amples will be implemented into CALFEM
for Python. Export tools for Paraview and
possibly other visualization tools will be im-
plemented alongside the improved visua-
lization tools. If possible, a study of what
specific problems need visualization in cour-
sework will be conducted and tools imple-
mented in accordance with these requests.
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Figure 1 — Example of a similar
editor made in Object Pascal

(16,00, 3.09)

(Jonas Lindemann, 2021)

BACKGROUND

CALFEM in Python is a library used in teach-
ing of the Finite Element Method. In the
courses students use the library to imple-
ment code to solve the exercises and from
this produce results and diagrams. As of
now, in order to produce a geometry for
the problems, all points and connecting
lines and surfaces must be manually defi-
ned in the code which is both tedious work
and limiting to a simple geometry with few
points before becoming difficult to handle.
Because of this, students may struggle and
spend much time working with defining the
geometrical points and connections correct-
ly, drawing focus from the other areas of
the exercises which may be more crucial for
learning of the basics of the Finite Element
Method. Hence, for use in the course “Soft-
ware Development for Technical Applica-
tions” and for use in pedagogical examples
there is an interest in being able to produce
the geometries using a graphical interface
and through this more efficiently modify
and work interactively with the geometry.

AlM

The aim of this project is to implement
functions in the CALFEM for Python tool-
box in order to integrate a graphical user
interface for creating and modifying geo-
metries. In addition, enabling the use of
these functions both within the Python
environment and as a stand-alone program
with options to export geometries for use
in both CALFEM for Python and MATLAB.

METHOD

The project will be initiated with a literature
study to research similar functions in other
libraries and tools in order to find how an
interactive editor can be constructed for
both usability and functionality. Following
this the graphical editor will be imple-
mented and integrated together with the
existing CALFEM for Python source code.
During the process, if possible, a user study
will be performed using students from an
appropriate course to obtain feedback and
ideas on how to utilize the tool in an edu-
cational setting.
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BACKGROUND

When excavating soil for a construction pro-
ject, retaining walls are often used to prevent
soil instability. One category of retaining walls
are steel sheet piles. These sheet piles are usu-
ally vibrated into the ground, due to the effi-
ciency and low cost. This method is especially
convenient when the sheet piles are driven
trough soft soil. In parts of Sweden, however,
the most common type of soil is the glacial till,
that is generally very compact and contains a
large range of grain sizes, where large grains
such as cobbles and boulders are not unusual.
When the sheet pile is vibrated through the
soil and hit an obstacle, i.e., a cobble or boul-
der, there is a risk that the steel sheet pile will
be damaged. However, in today’s method of
vibratory driving, there is no stop criterion de-
signed to avoid this risk. When a sheet pile is
damaged the driving is usually stopped, and
the sheet pile needs to be extracted and repla-
ced, which is both expensive and time consu-
ming. A method of accurately detecting those
situations that could lead to damage of the
sheet piles would thus save time, money and
resources.

PURPOSE

This master’s thesis aims to investigate the
possibility of developing a stop criterion for
vbratory driving of steel sheet piles by stu-
dying how dynamic analysis can be used to
detect situations that could lead to damage
to the sheet piles. The two main questions
that will be investigated are: Which impacts
can result in damage to the sheet piles, and
how can hazardous impacts be detected?

METHOD

A uniaxial model of the steel sheet pile and
vibrator will be created to study if and how the
vibratory driving process and the impact phase
can be described with a simple model. Further-
more, a numerical finite element model of the
sheet pile hitting an obstacle will be created to
simulate the driving process and impact pha-
se. Different types of eccentric impacts will be
investigated in both models to determine
which impacts can result in damage to the
sheet piles. Finally, the models will be used
to study how the hazardous impacts can be
detected.
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BUILDINGS

BACKGROUND

Multi-family houses are in a larger extent
being built using lightweight material such
as timber. The benefits of lightweight con-
structions often lie in lower costs and lower
environmental impact. A large part of the
total energy consumption of a building is
the embodied energy found in the material
itself. This energy consumption is found in
the production and construction stages of a
building where materials such as concrete
and steel are considered to have a high em-
bodied energy.

Studies have shown that residents in buil-
dings using lightweight floors experience
annoyances due to impact sound in a grea-
ter extent than residents in heavyweight
buildings. Low frequency vibration can also
be significant in timber constructions. These
vibrations are problematic as they can be a
source of annoyance among residents. In
buildings with sensitive equipment the vi-
brations are also considered an issue.

By constructing buildings using lightweight
materials a low embodied energy can be ac-
hieved while giving rise to potential issues
with low frequency vibrations and sound.
The choice of material must therefore be
carefully considered in order to achieve a
good balance between the embodied en-
ergy of a structure and the user’s require-
ments.

AIM

The aim of this master’s thesis is to improve
the knowledge regarding the balance bet-
ween embodied energy and vibrational
performance of a structure. The objective
is to establish a methodology in which the
embodied energy and vibroacoustic perfor-
mance can directly be compared for a cho-
sen material. The master’s thesis is expected
to show how different alternatives can be
compared and evaluated with regards to
the choice of material in an early stage.

METHOD

Through finite element analyses a model of
a structure and the ground will be created
for calculations of the vibrational response
due to different types of harmonic loading.
The vibrational responses will be analysed
for different building materials and and va-
riations of parameters such as the thickness
of a floor. A literature study will be per-
formed regarding the embodied energy
of different materials with the purpose of
establishing a basis on the calculations of
embodied energy. Different methods of
summarising the vibrational response of a
building will be evaluated in order to cal-
culate a scalar value which reflects the vi-
brational performance of a structure and
can directly be compared with its embodied
energy.
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AND INFLUENCE OF CONNECTION

STIFFNESS

Figure 1 - Definition of main axes and main direction for shell components (Swedish Wood, 2019)

BACKGROUND

The use of wood-based structural materials
has continuously increased during the last
decades, partly due to the introduction of
Cross Laminated Timber (CLT) at the end
of the 20th century. The basic structure of
CLT consists of an uneven number of layers
where the layers are oriented orthogonally
compared to the adjacent layers. This com-
position gives significant strength and stiff-
ness for in-plane axial loading in two direc-
tions and for in-plane shear. Thus, CLT may
partly overcome some inherent weaknesses
of traditional wood-based structural ele-
ments with unidirectional fibre orientation.

One possibility to handle the impact from
horizontal forces on structures is through di-
aphragm action which demands a sufficient
load bearing capacity and stiffness in the
diaphragms to ensure distribution of forces
and global stability. The elements within the
diaphragm and the connections between
these elements both have an influence on
the total stiffness of the diaphragm.

AlM

The main aim of this master’s project is to
determine the effect that different connec-
tions have on the total shear stiffness and
load bearing capacity of CLT-diaphragms.
The study will focus on commonly used
connections and CLT layups.

Since CLT is relatively new on the market,
a better understanding of the mechanical
characteristics could lead to a broader adap-
tation of the use of the material in multi-
storey buildings. As a result, a completely
renewable material such as wood can ho-
pefully replace the use of other materials to
minimize the impact on our climate that is
caused by the building industry.

METHOD

Initially, a literature review is made conside-
ring the effects and demands regarding di-
aphragm action, types of connections that
are commonly used for CLT elements and
theories considering shear forces and stiff-
ness. Calculations on the effect from con-
nections are initially made by hand followed
by modelling in a finite element software
(RFEM). Results from both approaches will
be analysed, compared, and discussed.
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STRUCTURE-ACOUSTIC

INTERACTION BETWEEN VEHICLE
FLOOR PANELS AND CARPETS

BACKGROUND

Of great importance when developing a car
model is the noise, vibration and harshness
(NVH) attributes as they directly affect the
user experience and often are seen as an in-
dicator of overall vehicle quality. An attribute
that falls within the NVH definition, and that is
especially desired and highly valued amongst
customers, is low interior-noise levels when
the vehicle is in use.

In order to achieve better NVH performance,
especially for premium segment cars, noise
transmitted into the cabin of the vehicle
disturbing the overall user experience, needs
to be reduced. The disturbing noise is trans-
mitted into the cabin either through air, called
airborne, or as structural vibrations through
panels surrounding the cabin, called structure-
borne.

Much of the structure-borne interior-noise is
suspected to primarily stem from the floor pa-
nels of a vehicle. Such floor panels are made
of metal covered by interior carpets to dam-
pen the noise radiation. The vibration interac-
tion in such panel-carpet setups has formerly
been investigated, why the dynamic behaviour
of the coupled system is recognized for criti-
cal frequency ranges. However, the structure-
acoustic interaction between the panel-carpet
setup and the air in the cabin is rather unclear
and not researched enough.

AIM AND OBJECTIVE

Through more accurate predictions of the
structure-borne noise, one may establish more
informed design decisions regarding the floor-
carpet setups, and therefore enhance the NVH
performance in vehicles.

The aim of this Master’s thesis is to improve
the knowledge regarding the structure-
acoustic interaction between vehicle floor
panels and interior floor carpets. The ob-
jective is to analyze and provide a basic un-
derstanding of the disturbing noise radia-
tion process from floor panel-carpet setups,
and the governing physical phenomena.

METHODOLOGY

The project will be conducted with use of the
finite element (FE) method, and will prepare
for potential subsequent experimental verifi-
cation of the findings. Numerical FE analyses
representing the structural and fluid domains
for typical floor panel and interior carpet
setups will be performed. To gain an insight
into the structure-acoustic behaviour of the
system, different ways of modelling the struc-
ture-acoustic coupling between panels, car-
pets and air will be investigated. Main focus
will be laid on the frequency range critical for
structure-borne noise, that is 20-500 Hz.
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BACKGROUND

A commonly used method for determining
the bending stiffness of cross laminated
timber (CLT) is to perform a four-point ben-
ding test of a plate, where the bending stiff-
ness is evaluated by means of the gamma
method and an approximation of the rolling
shear modulus. Usually the approximation
is taken as 50 MPa. The structure of CLT,
where the fibre direction of the laminations
are oriented perpendicular to the fibre di-
rection of each adjacent layer, results in the
rolling shear modulus impacting the stiff-
ness- and load bearing properties.

The gamma method enables analysis of CLT
using conventional Bernoulli-Euler beam
theory since shear deformations are taken
into account by reducing the stiffness con-
tribution from the longitudinal layers by
weighted gamma parameters, and by using
an effective moment of inertia. The gamma
parameters depend on the thickness of the
transverse layer, the modulus of elasticity
(MoE) parallel to grain, the rolling shear
modulus and the length and boundary con-
ditions of the beam.

The rolling shear modulus is typically many
times lower than the longitudinal shear
modulus and displays the same uncertainty
when it is measured as other material pro-
perties for timber. Inaccurate assumptions
of the rolling shear modulus can lead to
large deviations when determining other
stiffness properties from bending tests.
Thus, an alternative method has been sug-
gested, where instead two consecutive th-
ree-point bending tests are carried out on
a CLT beam, where all stiffness properties
are determined by rotating the cross section
90 ° about its longitudinal axis between the
two tests.

:
|
-
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B

PURPOSE AND METHODOLOGY

This project serves to analyse the possibility
of using three-point bending tests to de-
termine the Mok parallel to the fibre direc-
tion and the rolling- and longitudinal shear
modulus for CLT. The suggested method
will be evaluated by comparing data from
laboratory tests with results from analytical
models and 2D and 3D FE-models. The fol-
lowing sub-goals are defined to fulfil this
purpose:

e Define suitable loading conditions and
specimen geometry for the suggested
testing method.

e Show the effect of different material
and geometry parameters when de-
termining the stiffness properties with
the alternative method. This is done
by the means of hand calculations,
calculations with FE-programs and
analysis of data from testing.
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BACKGROUND

Cross-laminated timber (CLT) was first used
in the 1990s, mainly as prefabricated buil-
ding elements, and is becoming a more
used alternative for more sustainable buil-
ding. CLT can be seen as an upscaled ply-
wood: an uneven number of layers, each
built up of multiple boards (laminates), with
each layer oriented perpendicular to the ad-
jacent layers. This structure makes the CLT
relatively shape stable against variations
in moisture, at least for uniform drying.
For large moisture variation, especially in
combination with an uneven moistening/
drying, cracking and delamination can oc-
cur, as well as an irregular deformation.
In this master’s thesis the behavior of CLT
under influence of moisture variations is to
be examined by numerical modeling. Expe-
rimental work is not a part of this project,
however, data from other sources might be
used for comparison.

AIM

The main purpose of this study is to syste-
matically analyze the behavior of CLT for a
number of situations involving moistening
and drying. Several arrangements (number
of layers and their thickness), influence of
edge bonding, gap width between board
edges with no adhesive, and various lo-
ading cases (uneven drying) should be
studied. Generic recommendations and ru-
les of thumb for what arrangements that
might work for each purpose will be given
if suitable.

Another purpose of this project is to answer
questions related to modeling techniques:
how can one build realistic models and how
should the results from the calculations be
evaluated?

METHOD

The project starts with a literature review,
gathering information about the material
and its properties as well as results from
previous modeling and experiments. Cal-
culations and modeling is performed with
a finite element software (Abaqus). Para-
meter studies are most conveniently per-
formed using scripting. The main model is
preceded by simpler cases. This is done as a
way to give understanding of the material,
the structural behavior, and the software it-
self. The experiences and issues that arises
from this pilot test will help to define how
the main model will be constructed and the
scale of the modeling work. Finally, an ana-
lysis of the results is made and all is assem-
bled in a report.
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AMPLIFICATION FACTOR FOR

ROAD BRIDGES
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BACKGROUND

Most of the bridges in Sweden are classi-
fied according to TDOK 2013:0267. In this
standard, different types of vehicle scena-
rios with axle loads A and B are used and
the maximum values of these are determi-
ned in order to classify the bridge. A vehicle
moving on a bridge provides an additional
dynamic load due to road surface irregulari-
ties and the dynamic response of the vehic-
le-bridge interaction. The bearing capacity
calculations therefore includes a dynamic
amplification factor (DAF), which currently
depends on the speed of the vehicle and
the determining length of the bridge.

In a proposal for a pilot study by Plos and
Svedholm from Chalmers University of
Technology it is considered possible to de-
velop a refined model of DAF. The present
formulation is assumed to be too conserva-
tive as there are many parameters that are
not considered. The proposal mentions that
the increased use of air suspension in vehic-
les introduced to the market provides a re-
duced DAF. This has been demonstrated in
several studies where the use of air suspen-
sion provided a smaller DAF in comparison
to the traditional leaf suspension.

A lower value on the DAF can subsequently
provide existing bridges with a higher clas-

Bridge

sification. This means that measurements,
such as reinforcing or replacing the bridge,
to allow for heavier vehicles might not be
needed which provides economic and envi-
ronmental benefits.

OBJECTIVE

The aim of the thesis is to simulate and eva-
luate vehicle-bridge interaction due to road
surface irregularities and different vehicle
models with varying parameters. Parame-
tric studies will be carried out for different
bridges. The results from these simulations
will be compared with the current formula
for the DAF according to Trafikverket.

METHODOLOGY

A toolbox in MATLAB that solves the ve-
hicle-bridge interaction will be used and
verified. The vehicles are modeled as mass-
spring-damper systems moving across the
bridge. The two subsystems, i.e. bridge and
vehicle, are modeled with coupled equa-
tions using FEM and the time-varying dyna-
mic response is solved with the Newmark-
integration scheme. Road surface irregu-
larities are modeled using Power Spectral
Density (PSD) functions with varying surface
roughness.
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THE DYNAMIC CHARACTERISTICS

OF A VIOLIN

BACKGROUND
The Stradivari violins are regarded as the finest
in the world. The geometric shape of these vi-
olins were unique and some of its features will
be studied in the Master’s thesis. The sound
of a violin is produced by vibrations from the
strings that are transmitted to the top plate
and bottom plate through the bridge. The
plates reverberate within the hollow body,
producing the tone characteristic of the violin.
The prestress from the violin strings and the
anisotropy of the wooden material will over
time change the geometry of the violin. The
geometric shape of the violin and the material
properties have a large influence on the ei-
genmodes and resonance frequencies, which
in turn determines the harmonic content that
gives the violin its unique voice.

OBJECTIVE

The aim is to develop numerical models of a
violin that can be used for examining the in-
fluence of the shape of a violin on its tonal
qualities, primarily in terms of harmonic con-
tent. If any property of the Stradivarius violin
yields unique acoustic properties it should also
be examined. Geometric shape, stiffness and
time dependent phenomena such as material
creep are, among others, parameters which
will influence the dynamic properties of the
violin that will be examined.

METHOD

In this Master’s thesis the influence of the geo-
metric shape on the harmonic content will be
examined by modelling a violin and performing
a finite element (FE) analysis. The analysis will
be based on structural dynamic analysis, the
FE method, experimental modal analysis and
material science in the context of wood struc-
tures. Dynamic FE models of parts of a violin
will be developed using Abaqus. The geome-
try will be created from CAD models of shapes
measured from real violins. Experimental dy-
namics analysis will be performed using violin
parts provided by Robert Zuger, violin maker
and designer. The FE-models will then be cali-
brated from the measured dynamic properties
of the individual parts. In addition, numerical
parameter studies will be performed.
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EXPERIMENTELL UTVARDERING
OCH FINITA ELEMENTSIMULERING
AV STOTBELASTNING PA GLAS

Glass
balustrade
Impactor
Fixing
BAKGRUND

Enligt svenska byggregler ska glas, monterat
med en hojd pa 0,6 m eller mindre fran golv-
yta, och en fri hojd stérre an 2 m pa utsida,
utformas pa sadant vis att fallolyckor genom
glaset férhindras. Glas som behdver kontrolle-
ras for fall aterfinns oftast i balustrader, récken
och fonster. Provning av detta sker vanligtvis
genom att lata en pendel, bestdende av en
upphangd impaktor (50-kilosvikt omsluten av
tvd gummidack), falla mot glaset.

Vid design av nya glaskonstruktioner som ska
dimensioneras for fallrisk sker kontroll om
konstruktionen klarar kraven framst genom
provningar med ovanndmnda pendel. Det be-
hovs da goras tester pa flera glas for att fa ett
gott statistiskt underlag; om glaset inte haller
for stotbelastningen maste glaset konstrueras
om. Detta blir dyrt, varfér det finns ett stort
behov av att utveckla en simuleringsmodell for
att kunna dimensionera glas mot stétlaster.

En forsoksuppstalining med 50kg-impaktorn
har anvants vid flertalet tester som utforts pa
avdelningen for Byggnadsmekanik. Glasets
infastning har varierats under foérsoken, och
innefattar bland andra fast inspanning, kla-
minfastning samt bultinfastning. Testerna har
utforts pa glas med varierande tjocklek for
bade enkelglas och tvaglaslaminat med olika
typer av lamineringsmaterial. Vid de experi-
mentella férsdken har matningar gjorts med
accelerometrar monterade pa bade glasskivor-
na och impaktorn. Det var dven tojningsgivare

Bilder fran Marcin Kozlowski, 2019.

pa glaset samt lagesgivare mot glaset pa ett
antal positioner.

Det finns alltsa ett stort underlag av experi-
ment for olika glaskonstruktioner som kan an-
vandas som bas for att utveckla en tillforlitlig
finita elementmodell (FE-modell). Upprattan-
det av en sddan medfér goda forutsattningar
for att, i framtiden, reducera, eller ersatta, ex-
perimentell provning vid produktframtagning i
naringslivet mot mer anvéndbara, och ekono-
miska, simuleringar..

SYFTE OCH METODIK

Syftet med examensarbetet &r att uppratta
finita elementmodeller av olika glaskonstruk-
tioner vid stotbelastning vilka kan kalibreras
mot aktuella forsoksdata. Séledes utformas
féljande delmal for att uppfylla detta syfte:

e Bearbeta och analysera de experimentella
data fran forsoken med hjalp av MATLAB
och/eller Excel.

e Uppratta en FE-modell (i ABAQUS) av en
forsoksuppstallning sadant att analysen
uppvisar jamforbart beteende mot expe-
rimentella provningar.

e  Understka behov av att anvanda kon-
taktytor, olinjart beteende, mm i finita
elementmodellerna.

e Tag fram ett forslag till reducerad modell
av ovanstaende.
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BACKGROUND

The use of cross laminated timber elements
in building construction is an expanding
practice in both Sweden as well as interna-
tionally. The use of such elements is asso-
ciated with various benefits. It is an envi-
ronmentally friendly alternative to concrete
and steel thanks to its low carbon footprint.
In regions where timber is readily available,
cross laminated timber elements can also be
an economical option. Prefabrication of ele-
ments in a factory setting coupled with easy
assembling at the construction site consti-
tutes a logistically viable construction pro-
cess. However, since the use of the material
is rather new there is a lack of knowledge
and experience in designing cross laminated
timber elements. This is further exemplified
by the fact that no Eurocode regulations for
cross laminated timber are available at pre-
sent, although such regulations are under
development. It is against this background
it is seen as relevant to contribute to the
research concerning cross laminated timber
element design.

THESIS OBJECTIVE

The main objective in this project is to in-
vestigate different calculation methods
concerning irregular geometries of cross
laminated timber elements. The main fo-
cus will be set on developing calculation
approaches which can be used to evaluate
cross laminated timber elements with ir-

regular geometries that are loaded in the
out-of-plane direction. The goal with this
project is to investigate how stresses and
deformations in cross laminated timber pla-
tes are affected by the presence of irregular
geometries, such as holes. The results will
constitute the basis for creating guidelines
for the industry that can be used when de-
signing cross laminated timber elements in
the specific loading condition.

METHODOLOGY

The main methodology consists of conduc-
ting a parametric analysis using computer
modelling and simplified analytical met-
hods. Different kinds of models with vary-
ing degrees of detail will be used. The com-
puter modelling will be carried out using
the finite element method. To perform
the modelling the software Abaqus CAE
will be used. The results from the different
methods of analysis will give the answer to
what parameters are important to consider.
The information regarding the effects of
these parameters will be used to create the
aforementioned guidelines.
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DYNAMIC RESPONSE OF CROSS

LAMINATED TIMBER FLOORS

BACKGROUND

Up until the year 1994 the Swedish go-
vernment maintained strict regulations for
wooden structures, limiting all wooden
buildings to no more than two storeys. Sin-
ce then, the regulations have been revised
and the restrictions have been lifted. The
subsequent increase in production of large
timber buildings and accompanying timber
product has also necessitated a broader un-
derstanding of the dynamic properties of
timber solutions.

Cross-laminated-timber, or CLT for short,
is a wooden panel composed of a multi-
tude of wooden planks glued together in
a number of layers, where every layer is
orthogonal to the previous. CLT-panels are
multi-functional and are commonly used for
constructing floors, walls and roofs. Given
the environmentally positive aspects of CLT-
panels, scientific investigation into the sub-
ject will result in better understanding of a
sustainable building material.

AIM

With this Master’s dissertation, | aim to
broaden the understanding of dynami-
cal response of CLT-panels subject to va-
rious types of dynamic loads. Given the
societal interest in more sustainable and
environ-mentally friendly forms of buil-

ding materials, research into this field may
motivate better understanding of dyna-
mical properties of CLT-construction in ur-
ban environments. | will thus enquire into
the possibility of analysing the dynamical
response of CLT panels subject to vari-
ous forms of external and Internal loads.

METHOD

CLT-panels has the advantage of being light,
and thus much easier to transport and install
than other conventional building materials,
such as concrete or steel. These lightweight
properties also contributes to timber con-
structions being susceptible to both sound
transmissions and dynamic response. Ex-
panding on Johannes Wetterholt’s work in
his Master’s dissertation " Modelling crossla-
minated timber floors in dynamic analysis”,
| aim to extend the work to encompass the
dynamical response of CLT-panels due to in-
ternal and external loads such as walking,
trains or other disturbances.

By constructing a reference model of a CLT-
panel in a finite element software, such as
ABAQUS, and comparing the eigenvalue
results with the results of an equivalent
model by reputable scientists, | aim to ve-
rify the models validity before proceeding
to analyse the dynamic response. Once the
reference model has been validated, and
the dynamical load analysis performed,
I will pursue a simpler model that reliably
replicates the results of the reference mo-
del, without requiring the same amount of
computational power.
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EVALUATION OF BUCKLING

LENGTH OF ROOF TRUSSES
Influence of corrugated sheeting

BAKGRUND

Trapetskorrugerad (TRP) plat &r en plat som
pressas sa att veck uppstar i platen som
paminner om vagor. Denna typ av takplat
har anvants sedan mitten av 1800-talet och
anvands idag vanligtvis som takbeldggning
pa storre byggnader som exempelvis hallar,
lagerlokaler eller liknande. En av fordelarna
med TRP-plat jamfort med vanlig stalplat ar
den okade bojstyvheten i korrigeringsrikt-
ningen.

Vanligtvis anvands takplat som takbe-
ldggning for stalramar med fackverk och
monteras idag oftast i tvarriktningen mot
fackverket. Tanken ar att takplaten ska fo-
rebygga knackning av fackverkets éverram,
nar denna utsatts for axiella tryckkrafter,
genom TRP-platens styvhet i planet. Vid
deformation av takplaten pa grund av ver-
tikallast (t.ex. snoélast) kommer dess styv-
het i planet att minska, pa grund av andra
ordningens effekter. Darmed kommer dess
stabiliserande egenskaper att foérandras
(bli samre). Detta innebar att TRP-platens
styvhet eventuellt inte ar tillracklig for att
férhindra knackning av fackverkets tryckta
delar.

MAL OCH SYFTE

Ett mal med examensarbetet ar att studera
hur TRP-platen paverkar knacklangden for
den ovre delen i ett fackverk som ar fast i
TRP-plat.

Ett annat mal &r att undersoka olika model-
leringssatt: vilka valmaojligheter som finns
och hur olika val paverkar berakningsresul-
taten.

Syftet med arbetet ar att bidra till 6kad
kunskap om hur denna typ av konstruktion
kan/bér modelleras.

METOD

En modell, som ska simulera en lagerlokal,
kommer att byggas upp i ett datorprogram
som klarar av att designa byggnadselement.
| detta program kommer dimensioneringen
av byggnadselementen ske. En enklare ana-
lys av samverkan mellan fackverket och TRP-
platen kommer att utféras i detta program,
for att sedan jamforas med en analys i ett
mer avancerat datorprogram, t. ex Abaqus
som medger avancerade olinjdra analyser.
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METODER FOR ANALYS AV
SAMVERKANSGRUNDLAGGNING

BAKGRUND

Gemensamt for alla byggnader &r att de
behdver ndgon form av grundlaggning som
i manga fall leder till en s.k. samverkans-
grundlaggning. | en sadan grundldggning
ar det oftast en kombination av platta, palar
och jord som bér lasterna fran byggnaden.
Detta leder till ett behov av att kunna mo-
dellera denna samverkan for att uppna en
god l6sning pa konstruktionen. For att kun-
na utfoéra en komplett finita elementanalys
av en grundldggning kravs dock omfat-
tande berakningar eftersom bade byggna-
dens och jordens egenskaper behover tas i
beaktande. Detta betyder att utvardering av
en grundlaggning ar bade tids- och resurs-
kradvande i dagslaget. Det finns forenklade
metoder for att minska tids- och resursat-
gangen t.ex. kan jorden modelleras som
férdelade fjadrar under grundlaggningen,
med egenskaper fran jordens baddmodul.
Detta kan dock ge missvisande resultat
eftersom jordens styvhet i horisontalled ej
beaktas vid en sadan berdkning samt att
fiadrarna ej ar kopplade till varandra.

Markens egenskaper dar en byggnad skall
uppféras har betydande inverkan pa hur
grundlaggningen boér dimensioneras samt
vilka sattningar som kan férvantas. Storre
byggnader uppfoérs ofta i etapper vilket
ocksa har betydelse fér det slutliga valet av
grundlaggningsmetod och att sattningar

kan berdknas med god precision. Detta for
att sakerstalla att montering av fasader och
stomkompletteringar ska kunna ga att ut-
féra enligt plan och inte hindras pa grund
av ojamn, eller ovantad, sattning.

MAL OCH METODIK

Det overgripande malet med arbetet ar att
fran en undersokning av olika analysmeto-
der for samverkansgrundlaggning foresla
lampliga forenklade berakningsmetoder
som fortfarande har tillrackligt hég nog-
grannhet. Detta examensarbete kommer
att fokusera pa samverkan mellan platta pa
mark och jord.

For att uppna malen kommer olika forenk-
lade berakningsmetoder att jamftras med
mer detaljerade finita elementanalyser. Pa-
rameterstudier kommer att utféras for de
olika modellerna dar inverkan av parame-
trar som t.ex. jordens och byggnadens styv-
het, och grundlaggningens geometri kom-
mer att beraknas.
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MINIMERING AV VIKT/KOSTNAD

MED HANSYN TILL
INSTABILITETSFENOMEN

BAKGRUND

Dagens samhalle stélls inféor manga utma-
ningar, varav ren och hallbar energiproduk-
tion &r en av de absolut stérsta. Vindkraft-
verk ar en av de l6sningar som framarbetats
for att bidra till var elproduktion. Traditio-
nella designmetoder &r dock av sin natur
opraktiska. Dagens rotorblad byggs i ett
stycke, och staller darfor svara krav pa saval
tillverkning som transport. Dessa utmaning-
ar gor det svart att méta kraven pa hallbar-
het och renlighet med kostnadseffektivitet.

For att motarbeta detta problem utvecklar
Winfoor en ny typ av rotorblad (Triblade),
vars design ska gora det mojligt att pressa
ner kostnaderna samtidigt som det 6ppnar
upp mojligheter fér var man kan bygga
vindkraftverk. Genom att tillverka rotorbla-
det som ett fackverk ar det mojligt att seg-
mentera strukturen. Detta underlattar bade
vid tillverkning och under transport, dar idé-
en ar att ett rotorbladssegment ska fa plats i
en lastbilscontainer av standardmatt. Detta
mojliggdr att man kan bygga kraftverk pa
manga fler platser &n vad man kan idag.

Strukturen kommer med sina egna ut-
maningar, dar ett sarskilt stort problem ar
buckling. For att uppna en effektiv energi-

produktion och minska pa kostnaderna ar
det 6nskvart att ha sa tunnvaggiga balkar
som mojligt i rotorbladen. Tunnvaggiga
balkar 6kar dock risken for buckling vid till-
rackligt stora laster.

MAL OCH METODIK

Malet med exjobbet ar att analysera vilka
krafter som verkar pa balkarna i strukturen,
och sedan optimera dessa med avseende pa
lokal buckling och kostnad. Studien inne-
fattar da olika typer av materialval och kon-
struktionselement. Material som utforskas
ar framst kompositmaterial och stal. Vidare
undersoks dven olika infastningsmetoder i
strukturen for att avgora vad som ar mest
optimalt.

Analysen utfors genom att uppratta en pa-
rametriserad modell i Abaqus. Modellen
upprattas som script for att enkelt kunna
variera olika inparametrar, sa som material,
balkdimensioner och infastningar. Genom
att skapa en sa verklighetstrogen global
modell som mojligt ar det sedan tankbart
att uppratta simplare modeller med en
enskild balk, utsatt for de snittkrafter som
fatts i resultat vid en global analys. Denna
studie ar latt att parametrisera for att analy-
sera manga olika balktyper.
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STALTRAPPORS VIBRATIONSRISK

BAKGRUND

For att ansluta till gdng- och cykelbroar
anvander man ibland trappor. For att
inte ldgga onddig last pa bron anvan-
der man oftast latta staltrappor. Dessa
trappor blir slanka och risken finns det
blir ldga egenfrekvenser som tillsam-
mans med den laga vikten kan fa hoga
vibrationsnivaer fran ganglaster. WSP
Bro & Vattenbyggnad i Malmé vill un-
dersoka mdjligheter att genom para-
meterstudie identifiera vilken typ och
storlek av trappor dar det kan finnas
risk fér problematik med hoga vibra-
tionsnivaer.

OVERGRIPANDE MAL

Malet med examensarbetet dr att man
tidigt i projekteringen ska kunna iden-
tifiera trappor som har en utformning
som kan ge problem med hdéga vibra-
tionsnivaer. En parametrisk finita ele-
mentmodell ska utvecklas i Python for
ABAQUS avsedd att anvandas for att
analysera vibrationsrisk i en godtyck-
lig staltrappa. Slutmalet ar anvandaren
genom att endast ange nddvandiga
parametrar som bredd, langd, osv for
staltrappan kunna fa resultat om hur
kanslig den &r for vibrationer.
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MODEL CORRELATION FOR

DYNAMIC ANALYSIS OF VEHICLE

FLOOR PANELS

BACKGROUND

When designing a car today, the noise,
vibration and harshness (NVH) aspect is
more important than ever before since
consumers have become more sensitive
to and aware of noise and vibrations,
and interior noise levels are often de-
emed as an indicator of overall vehicle
quality.

One main source of interior noise is
structure-borne noise, which originates
from dynamic loading of the vehicle
body. The dynamic loading gives rise to
vibrations that are transmitted through
the vehicle body resulting in noise radi-
ation from the panels into the interior.
One significant source of interior struc-
ture-borne noise are the floor panels of
the car. To reduce noise levels, the floor
panels are covered with carpets that
consist of a foam layer and a heavy rub-
ber layer. However, the interaction bet-
ween the floor panels and carpets are
not fully understood. This causes chal-
lenges and complications when model-
ling noise transmission and predicting
noise levels in the early design stage.

AIM AND OBJECTIVE
The aim of the Master’s dissertation is
to increase the knowledge regarding
the dynamic behaviour of floor panels
and carpets in vehicle bodies in diffe-
rent frequency ranges.

More specifically, the objective is to
gain an understanding of the interac-
tion between, and behaviour of, the
carpet and the floor panel, and to pro-
vide recommendations for analytical
modelling of carpets.

METHOD

Measurements of the vibrations will be
performed on a cut-out of a floor panel
and carpet of a Volvo car. Numerical
models will be correlated with the mea-
surements. The carpet will be modelled
as a non-structural mass as well as with
solid elements using a isotropic ma-
terial model and a poro-elastic mate-
rial model. Different contact conditions
between the carpet and panel will also
be applied. The different modelling
strategies will be compared with the
measured data and evaluated.
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MODELING WOODEN FLOORS
IN DYNAMIC ANALYSIS

BACKGROUND

Floor slabs are designed for vertical and
horizontal force. The resulting dimen-
sions are often governed by servicea-
bility limit state requirements, relating
to deflection and vibration in the verti-
cal direction. Wooden floors are com-
monly slender structures with relatively
low mass which make them sensitive to
dynamic loading. The general recom-
mendations for serviceability limit state
design of wooden floor slabs in Euro-
code 5 have been questioned in the
research community and by engineers.
When modeling wooden floors, diffe-
rent methods may be used. A simple
method is to consider Bernoulli-Euler
or Timoshenko beam theory, where the
floor is modeled as a one dimensional
beam. Alternatively, a more advanced
approach may be used where the floor
is analyzed in two dimensions accor-
ding to plate theory. Full three dimen-
sional models are often not feasible to
use in a practical engineering context.

Wooden floors can be manufactured
in different ways, for example as cas-

sette floor elements with wooden joists
as main load carrying element or using
cross laminated timber (CLT) elements.
CLT elements are manufactured with
several layers of laminations oriented
with a 90 degree angle between the
different layers which results in ele-
ments with significant strength and
stiffness in two orthogonal directions.

OBJECTIVE AND METHOD

The aim for the Master’s dissertation is
to examine differences in the dynamic
response between an advanced three
dimensional model and simplified mo-
dels based on plate or beam theories.
Of specific interest is to investigate
simplifications that can be applied to
the models so that analyses of the mo-
deled floors predict a realistic dynamic
behavior. The finite element method
will be used and various advanced mo-
dels of wooden floors will be created
and analyzed with regard to the dyna-
mic response. First, a CLT floor will be
modeled during the course of the pro-
ject, other types of wooden floors may
be considered.
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STATIC AND DYNAMIC

CHARACTERIZATION OF
ELASTOMERS BY A MODIFIED

HARDNESS TEST

Measurement

BACKGROUND

The traditional method of material tes-
ting of elastomer is based on a double
shear specimen consisting of both rub-
ber and metal parts glued together,
and were the external load is applied
on the metal parts. The reason behind
this method is because homogeneous
state must be achieved in the elastomer
when obtaining the material parame-
ters, for instance the shear modulus.
In practice it is hard to achieve homo-
genous state why a simpler method,
which relies on inhomogenous state,
is going to be investigated experimen-
tally, theoretically and by finite element
method, namely the modified hardness
test.

The experimental part aims at obtain-
ing static and dynamic material para-
meters for two rubber specimens, one
using the modified hardness test and
the other using a double shear spe-
cimen as a reference. For quasi static
loading the Yeoh constants, which are
hyper elastic parameters, will be deter-

mined and compared between the two
different specimens. For the dynamic
harmonic loading the dynamic shear
modulus and phase angle are extrac-
ted from the two specimens and com-
pared. The goal is to find the dynamic
shear modulus and phase angle as a
function of amplitude and frequency in
a simpler and faster way.

AIM AND OBJECTIVE

The aim of the master thesis is to simp-
lify the material characterization of rub-
ber material, where the dynamic and
static material parameters is to be used
in FE-simulations.

To evaluate the simplified method a
literature study is initiated in order to
gather information regarding the be-
havior of rubber material and how it is
modelled using the finite element met-
hod. Thereafter different elastomers
will be tested using both the traditio-
nal method and the simplified method,
and the results will be compared.
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PARAMETER STUDY FOR

DYNAMIC DESIGN OF HIGH-SPEED
RAILWAY BRIDGES

BACKGROUND

The Swedish Transport Administration
is planning to build railway for high-
speed trains, connecting the country’s
three biggest cities: Stockholm, Goth-
enburg and Malmé. The aim of the ex-
pansion is to reduce the strain on the
current rail system and to shorten the
travel time; thus, obtaining a more att-
ractive means of transport. The inten-
ded velocity of the high-speed train is
320 km/h, which is much greater than
today’s limit of 200 km/h. This increase
in velocity will result in larger accelera-
tion forces and higher stresses on the
bridges along the intended railway li-
nes.

AIM

The purpose of this master’s thesis is to
investigate how the high-speed trains
affect different types of bridges regar-
ding dynamics. The main focus will be
on bridges along the East Link, between
Jarna and Link&ping, which constitutes
the first construction phase of the ex-
pansion. Results from this dissertation
could be used as a decision basis to, at

SR e
e

7
77~

an early stage of a project, determine
which type of bridge to use in order
to avoid complications considering the
higher dynamic loads.

METHOD

Two analysis will be performed. In the
first analysis, referred to as Analysis 1,
the impact of different parameters on
the bridge’s sensitivity to dynamic lo-
ading will be evaluated. The parame-
ters that will be varied includes span
length, number of spans and cross-
section height. Several types of bridges
will be covered in Analysis 1; however,
the study is limited to concrete bridges
since it is the most common type of
railway bridge in Sweden. The second
analysis, Analysis 2, will include the
interaction between soil and structure
and will be performed on one of the
bridges from Analysis 1. Ground mo-
dels with fixed boundary conditions,
which are most broadly used today, will
be compared with more realistic, elastic
ground models. The dynamic analysis
will be executed primarily using the
computer software Brigade+.
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COMPUTATIONAL METHODS FOR
ADVANCED STEEL CONNECTIONS

BACKGROUND

During the design stage of complex
steel structures such as truss bridges,
off-shore structures and heavy equip-
ped industrial buildings, numerical
analysis methods are always utilized
to some extent. Today the simulation
technologies have reached very far and
with a detailed analysis it is possible to
capture the response accurately.

In order to perform a detailed analysis,
extensive work is needed during the
modelling stage as well as large com-
puter capacity. For most projects it is
not reasonable to have such time con-
suming analyzes and more simplified
models are used with elastic theory.
However, on a regular basis there is
need for more detailed analyzes of ad-
vanced steel connections that deviates
from the conventional cases.

AIM AND METHOD

This master thesis aims to optimize the
modelling process of non-conventional
steel connections by finding a balance
between accuracy and time efficiency
with the use of finite element software.
Models of different levels of detail will
be evaluated and compared to more ac-
curate models. Included in the process
is to find a detailed model of a connec-
tion where results can be transfered to
from a conventional beam model with
enough accuracy.
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MEKANISKA EGENSKAPER

FOR ACETYLERAD BJORK

BAKGRUND

Traslaget bjork forekommer frekvent i
norra och 6stra delen av Europa och ar
ett av Sveriges vanligaste |6vtrad. Trots
goda mekaniska egenskaper anvands tra-
slaget idag i valdig begrénsad omfattning
for storre lastbarande strukturer (byggna-
der och byggnadsverk). En av anledning-
arna till detta ar traslagets relativt daliga
egenskaper avseende bestandighet i fuk-
tiga miljéer. En mojlighet att forbattra
dessa egenskaper ar via “modifiering” av
tramaterialet.

Modifiering av tra avses har en metod for
att forbattra materialegenskaperna utan
att anvanda miljofarliga trébevarande ke-
mikalier, och med huvudsakligt syfte att
Oka traets bestandighet, reducera fukt-
innehall och angrepp av traférstorande
svampar. Modifieringen kan genomféras
pa flera olika satt, dar acetylering ar en
av metoderna som andrar traets kemiska
struktur, och som kommer vara i fokus
for detta examensarbete. Acetylerat tra
ar mindre hygroskopiskt (tar upp mindre
fukt), vilket leder till att fuktrorelser mins-
kar.

Acetyleringen pdverkar inte bara den
kemiska strukturen av traet utan ocksa
de mekaniska egenskaperna. Mekaniska
egenskaper for acetylerat virke har un-
dersokts i flera studier. Daremot finns det
fa studier som fokuserar pa hur brottme-
kaniska egenskaper paverkas av acetyle-
ring. For att undersoka detta kravs bland
annat kunskap om materialets styvhet
och brottenergi, dar brottenergi definie-
ras som den energi som kravs for att ska-
pa en areaenhet spanningsfri sprickyta.

MAL OCH SYFTE

Malet med examensarbetet ar att under-
soka mojligheten att utdka anvandnings-
omradet for bjork till anvandning i kon-
struktionssammanhang och framfér allt i
utomhusmiljéer. Arbetet kommer attinne-
halla teoretiska och experimentella under-
sokningar dar de brottmekaniska egen-
skaperna for acetylerad bjork ar i fokus.

METOD

| projektet kommer brottenergin att be-
stammas genom Nordtest-metoden vil-
ket ar en trepunktsbdjning av en fritt
upplagd balk. Provkroppen har en ver-
tikal brottanvisning i undersidan av den
mittersta biten. Syftet med metoden &r
att bestdmma brottenergin i mod 1, vin-
kelrdtt fiberriktningen. Vidare kommer
en FE-modell att tas fram i Abaqus med
syfte att analysera forsoksuppstéllningen.
Olika modelleringstekniker och modeller
avseende brottomradets beteende, som
form pa mjuknandekurva och maxspan-
ning, undersoks.

DIVISION OF STRUCTURAL MECHANICS

Faculty of Engineering LTH, Lund University, Box 118, SE-221 00 Lund, Sweden
o Tel: + 46 (0)46-222 73 70 e Fax: + 46 (0)46-222 44 20 e www.byggmek.lth.se

XpTVSM-5234 (2019-01)




MASTER'S DISSERTATION

AT STRUCTURAL MECHANICS

DEPARTMENT OF CONSTRUCTION SCIENCES | FACULTY OF ENGINEERING LTH | LUND UNIVERSITY

P

BJORN PEDERSEN

PRESENTATION
SEPTEMBER 2018

REPORT
Will be published as
Report TVSM-5233

SUPERVISORS

PETER PERSSON prhD
Div. of Structural Mechanics, LTH

OLA FLODEN prhD

Volvo Cars

EXAMINER

Professor KENT PERSSON
Div. of Structural Mechanics, LTH

THE WORK IS PERFORMED AT
DIVISION OF STRUCTURAL

MECHANICS, LTH and
VOLVO CARS, GOTEBORG

IN COOPERATION WITH
VOLVO CARS

CONCEPTUAL DYNAMIC
ANALYSIS OF A VEHICLE BODY

BACKGROUND

The noise, vibration and harshness
(NVH), and body dynamic performance
of automotive vehicles is highly depen-
dent of the components included in the
body structure and compartment since
they add mass, stiffness and damping
to the overall structure. Today, the noise
levels in the compartment are predicted
using complex and detailed computa-
tional models during both early and
late stages of the vehicle development
process. However, detailed information
regarding the vehicle structure is limi-
ted during the concept phase, which
makes the predictions unreliable. It
would be desirable to use simpler and
more robust measures to describe the
NVH performance in the concept pha-
se. Possible measures include eigen-
frequencies of the body without trim
items, or the vibrational response in its
structural frame. In order to decide on
appropriate measures, the correlation
between the NVH performance of the
finalized vehicle body and the results of
the simpler measures needs to be eva-
luated.

AIM AND OBJECTIVE

The long-term aim of the Master’s dis-
sertation is to create an understanding
of how different objective measures
correlate to the overall NVH performan-
ce of the vehicle. More specifically the
dissertation will contribute with an eva-
luation of objective measures suitable
for evaluating the NVH performance in
an early concept development phase.
Objective measures used on the finali-
zed vehicle body also needs to be exa-
mined in order to correlate the findings
from the concept development phase
with the actual NVH performance. Thus
possibly streamlining the working pro-
cess in the concept phase of automo-
tive development by offering a set of
different objective measures.

To evaluate the adequacy of different
objective measures, they need to be
tested for a breadth of different vehicle
bodies. A theoretical basis for the diffe-
rent objective measures will be compi-
led through a literature study and sub-
sequently evaluated through numerical
models. The numerical analysis will be
performed using finite element models
in a commercial software.
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BAKGRUND

Korslimmat tra (KL-trd) har, med sin uni-
ka uppbyggnad av korslimmade brador,
vissa betydande fordelar jamfort med
vanliga solida balkar av tra, till exempel
limtrabalkar. Fordelen med KL-tra ar att
konstruktionen blir styvare och starkare
i fler riktningar eftersom balken har la-
meller i tva olika riktningar. Ett tydligt
exempel ar den avsevart forbattrade
kapaciteten vid belastning vinkelratt
mot balkaxeln. De vertikala bradorna i
elementet fungerar da som armering/
forstarkning av elementet vilket gor att
konstruktionen blir mer robust och mer
tdlig mot sprickbildning och hadltag-
ning. Dessa, och andra fordelar med
denna typ av balkelement, kommer
dock till priset av 6kad komplexitet vid
berdkning av deformationer samt inre
krafter och spanningar vid belastning.
Den skiktade uppbyggnaden av KL-tra
gor att manga olika faktorer maste be-
aktas, exempelvis tvarsnittmatten pa de
ingaende bradorna samt om brddorna
ar kantlimmade eller inte. | nuvarande
Eurocode finns inga rekommendatio-
ner kring berdkning och dimensione-
ring av KL-tra.

MAL OCH METOD

Syftet med detta examensarbete ar att
undersoka berakningsmodeller for KL-
trd avseende styvhet vid balkbelastning
i planet. Foérdjupning inom omradet
kommer att goras med hjdlp av litte-
raturstudier av tidigare teoretiskt och
experimentellt arbete. Olika typer av
numeriska berakningsmodeller (3D FE
solid-modeller, balkrostmodeller och
enklare balkmodeller) kommer att an-
vandas for att utvardera tidigare prov-
ningsresultat.
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STABILISERING AV
FLERFAMILJSHUS BYGGDA
AV VOLYMELEMENT

BAKGRUND

BoKlok anvénder sig av fabrikstillver-
kade volymelement med en bdrande
trdstomme i sina projekt. Den indu-
striella tillverkningsmetoden dar inte
bara tids- och kostnadseffektiv, utan
forbattrar dven arbetsmiljon och fukt-
sakerheten under byggskedet jamfort
med traditionella metoder. Metoderna
som anvands ar val utvecklade for att
effektivisera projekteringen, men det
aterstar fortfarande utmaningar gal-
lande horisontalstabiliseringen av vo-
lymelementen.

De metoder som idag anvands av BoK-
lok for att kontrollera horisontalstabili-
teten hos flervanings-byggnader av vo-
lymelement ar samma som anvands for
traditionella flervaningsbyggnader. Det
innebar att man undersdker tvadimen-
sionella kraftspel for det "varsta fallet”
av en konfiguration av volymelement
(dvs. den hogsta och smalaste bygg-
naden). Nya konfigurationer av volym-
element maste alltsa detaljprojekteras,
vilket ar mycket tidskravande och inef-
fektivt. Eftersom volymelementen kan
ses som tredimensionella “lador” &kar
deras styvhet jamfort med traditionella
byggnader, men det saknas en metod
for att enkelt och virtuellt kunna prova
nya konfigurationer av volymelement
och samtidigt utnyttja denna okade
styvhet.

SYFTE

Syftet med examensarbetet ar att 6ka
kunskapen om horisontalstabilisering
av hogre byggnader med prefabrice-
rade trabaserade volymelement. Malet
ar att skapa en berdkningsmodell som
kan anvandas for att kontrollera hori-
sontalstabiliteten hos flervaningshus
som ar byggda av volymelement.

Examensarbetet ska utféras i samarbe-
te med BoKlok och berdkningsmodel-
len ska kunna anvéndas for att prova
nya konfigurationer av deras byggsys-
tem, exempelvis variationer av antalet
volymelement pa hojden och bredden
av en byggnad. Visionen ar att man i
framtiden ska kunna implementera fler
variabler i modellen for att kunna an-
vanda den som ett verktyg i produktut-
vecklingen.

METOD

Examensarbetesprocessen kommer att
inledas med en litteraturstudie om di-
mensioneringsmetoder for horisontal-
stabilisering. Dessutom genomférs en
undersékning om hur volymelement
dimensioneras och anvands av BoKlok
idag. Darefter kommer berakningsmo-
deller for volymelementen tas fram med
finita elementmetoden. Modelleringen
kommer att utforas i FEM-programmet
Abaqus, men aven i StruSoft for att se-
nare kunna anvandas av BoKlok. For att
kontrollera resultaten och ge indata till
berékningsmodellerna kommer &ven
praktiska provningar utféras pa fram-
tagna foérbindningar mellan volymele-
ment.
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TOWARDS SITE-CITY EFFECTS
ON TRAFFIC-INDUCED BUILDING

VIBRATIONS

BACKGROUND

The demands on buildings regarding vi-
brations are becoming higher than ever
before. Disturbing vibrations in buildings
can be traffic-induced and caused by pla-
cing new buildings closer to existing roads
than before or by building new transporta-
tion systems near existing building struc-
tures. The vibrations can be disturbing for
both humans and sensitive equipment in
for example hospitals and laboratories. The
degree to which the vibrations affect both
humans and equipment depends on the
amplitude and frequency as well as the sen-
sitivity of said subject.

To investigate these vibrations and their ef-
fects, studies can be conducted using large
three dimensional numerical models, often
using finite elements. A problem with this is
that these simulations require a lot of com-
putational time.

In a master's dissertation at the Division
of Structural Mechanics from 2017 [1], a
methodology was developed for analyzing
traffic-induced building vibrations. A large
3D finite element model can, using this
methodology, be reduced by using dynamic
condensation. Reassembling the reduced
model, the computational time needed can
be reduced by 99.7 % compared to the

initial non-reduced model. There is still a
big need in the building industry for more
knowledge and better tools for predicting
vibrations, for use in many stages and pha-
ses of building projects.

OBJECTIVE AND METHOD

The study intends to investigate which fac-
tors that are important to consider when
analyzing traffic-induced vibrations in the
built environment. Specifically, with respect
to involvement of surrounding buildings in
numerical models and so-called site-city ef-
fects, i.e. how neighboring houses affect
each other’s vibrational response. A litera-
ture study will be conducted to establish a
knowledge base about the subject and ap-
proach the state-of-the-art. Numerical ana-
lysis will be performed using finite element
models in the commercial software Abaqus.
Different ways to model the building struc-
tures will be investigated, for example: full
3D finite element models; applying compo-
nent mode synthesis; simple structure with
equivalent mass, stiffness and/or damping;
or simple one degree-of-freedom system.

[1] T. Svensson, R. Torndahl. “Methodo-
logy for analysis of traffic-induced building
vibrations”, Master’s Dissertation, Report
TVSM-5224, Division of Structural Mecha-
nics, Lund University, 2017.
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FRAN ANLAGGNINGSMODELL
TILL BERAKNINGSMODELL

En effektivisering av armeringsprocessen

BAKGRUND

| den traditionella byggprocessen sker arbe-
tet sekventiellt, dar projektet passerar mel-
lan de inblandade parterna | turordning likt
en staffettpinnesprincip. Detta linjara flode
har ett flertal nackdelar; bl. a. fragmente-
ring av projektdata, problem med att bibe-
halla en gemensam forstaelse mellan akto-
rer och missuppfattningar som kan leda till
felaktiga beslut och sena och dyra dndrings-
arbeten. En l6sning pa dessa problem som
pa senare tid fatt storre fotfaste ar att med
hjalp av konceptet Virtual Design and Con-
struction (VDC) skapa en virtuell plattform
for projektet som alla inblandade aktorer
har tillgang till och utgar ifran. Genom di-
gitaliseringen skapas en valstrukturerad och
organiserad grund for ett effektivare och
sparsammare satt att bygga.

Jag praktiserade pa CN3 i somras och hade
i uppgift att modellera anldggnings- och ar-
meringsmodeller i programmen Rhinoceros
och Tekla. I CN3:s svenska projekt samarbe-
tar de med konstruktionsforetaget Center-
|6f & Holmberg. Da modellfiler fran Rhino-
ceros inte gar att anvanda i berdkningssyfte
maste en separat modell skapas av C&H.
Visar det sig att resultaten inte ar tillfreds-
stillande kan forutsattningarna behova
uppdateras, vilket innebar en ny anlagg-
ningsmodell och en ny berdakningsmodell.
Denna process itereras tills alla inblandade
parter ar nojda.

MAL OCH METOD

Da CN3 och andra féretag som arbetar med
VDC standigt soker nya satt att effektivisera
byggprocessen behovs det regelbundet un-
dersdkas om nya metoder kan utvecklas.
Det framsta malet med detta arbete ar att
undersdka hur samarbetet mellan model-
lering och berdkning fungerar och hur det
kan forbattras.

Det finns flera satt att effektivisera sam-
arbetet pa, varav de tva nedanstaende
punkterna undersoks i detta arbete:

e Att automatiskt kunna dversitta anldgg-
ningsmodellen till ett format som be-
rékningsingenjérerna kan tolka. | detta
fall underséks s.k. "collapsed volumes”,
dar tredimensionella  volymer kollap-
sas till férenklade 2-dimensionella ytor
i en fiktiv centrumlinje till volymen. Re-
sultatet exporteras och anvdnds som
underlag av berdkningsingenjoren.

e Att bygga ett verktyg som kan underséka
spdnningsférdelningar i betongstycken
mha. FEM och utforma en principiell ar-
mering till dessa som underlag for att mo-
tivera eventuella féréndringar av modellen
i ett tidigt skede, vilket kan spara tid ge-
nom att undvika onédiga itereringar.

Med underlag fran projekt som utfors av
CN3 ska tre modeller av varierande kom-
plexitet undersdkas och utvarderas.
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SOME DEVIATIONS FROM LINEAR

DYNAMICS DUE TO MORE
ACCURATE DAMPING MODELS
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Damping is present in all dynamic sys-
tems. In one way or another energy is
being dissipated in the system. To cap-
ture this in a computational model is a
difficult task. A common simplification
is to assume that the damping is of a
linear viscous nature. This assumption
provides an equation of motion (linear
dynamics) which is easy to handle mat-
hematically. However, the simplicity of
linear dynamics can in turn result in a
poor representation of the physical rea-
lity. Perhaps the material is not viscous,
perhaps friction is present either inside
the material or at the boundaries?

Different damping models can take
different damping phenomena into
account, and it could be wise to work
with a model or a combination of mo-
dels that represent the physical pro-
perties of the material in the best way
possible. The main idea of the thesis is
to show how more realistic viscoelastic
material models and the inclusion of
frictional effects will give rise to various
nonlinear dynamic phenomena.

c

ke
> fs % )20)
mavAYA
ke

“u “u
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The thesis will present and discuss a
number of existing material models and
different physical aspects connected to
them. For example, rate dependence/
independence, amplitude dependence/
independence, linearity/non-linearity.
Some examples of material models that
will be investigated in a dynamic con-
text are the standard linear solid model,
the Kelvin-Voigt model, and the Cou-
lomb friction-model. Numerical time-
stepping procedures using the central
difference method will be applied in
order to evaluate the different models.
Initially single degree of freedom sys-
tems will be analyzed. The material mo-
dels will then also be applied to multi
degree of freedom systems such as a
three story shear building.
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FE-ANALYSIS OF FLUID-

STRUCTURE INTERACTION

BACKGROUND

Equipment mounted on the hull on the
outside of a submarine may be sub-
jected to shock loading from different
types of explosions. An underwater ex-
plosion will produce several shockwa-
ves and will thus make the equipment
vibrate. To accurately model the oscilla-
tions of the equipment, it is important
to capture the fluid-structure interac-
tion between the equipment and the
surrounding fluid. Such models already
exist and are based on the finite ele-
ment method. However, the existing
models have not been sufficiently va-
lidated with respect to experimental
data. A better understanding of the
limitations of current models will help
improve the design of the mounted
equipment and may be used to deve-
lop the next generation of submarines.

OBJECTIVE AND METHOD
In order to validate current models, a
deep understanding of the concept of

fluid-structure interaction first has to be
gained. This is done by studies of the
theory behind current models. Nume-
rical analysis will then be performed in
the software LS-DYNA for a case where
a box is oscillating in water. Simultan-
eous to the simulations, experiments of
the same case will also be conducted
in order to validate the numerical me-
thods.

The analysis will be focused on the
natural frequencies of the vibrations
and the concept of added mass. In LS-
DYNA, an Eulerian mesh will be used
and the fluid will be modelled using
the material model MAT_ACOUSTIC.
The solver will be explicit. An important
aspect of the project is to validate said
material model. The objective is to
gain a better understanding of the li-
mitations and possibilities of numerical
methods in LS-DYNA for problems with
fluid-structure interaction.
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EVALUATION OF SEISMIC ACTION
IN SWEDEN USING THE EUROPEAN
SEISMIC HAZARD MODEL

BACKGROUND

Within the scope of the EU-FP7 pro-
ject “Seismic Hazard Harmonization in
Europe” the European Seismic Hazard
Model (ESHM13) was developed. From
the model seismic intensity measures
like PGA (“Peak Ground Acceleration”)
and UHS (“Uniform Hazard Spectrum™)
can be obtained for any location within
Europe and Turkey. What can be obser-
ved is the relatively high seismic hazard
along the Swedish west coast compa-
red to the rest of the country.

OBJECTIVE AND METHOD

The seismic action according to
ESHM13 is evaluated with respect to
the regulations of Eurocode 8, speci-
fically along the Swedish west coast
and Skane where the seismic hazard is
higher than the rest of Sweden. There
are no guidance in the Swedish annex
to Eurocode 8 and consequently a de-

sign spectrum is shaped to match the
seismic hazard predicted from ESHM13
as it is supposed to serve as a reference
model for all of Europe.

The seismic action is evaluated with a
parametric study of the response in a
simple structure and a more detailed
case study of a structure that is consi-
dered to be critical. The seismic respon-
se can be compared to the response
from wind load, which normally is the
designing load for horizontal stability in
Sweden.

The objective is to examine the ratio-
nale behind the absence of nationally
determined parameters in the Swedish
annex to Eurocode 8, when conside-
ring the predictions of ESHM13, and
perhaps provide suggestions for future
revisions.
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VISUALISERING AV TIDSBEROENDE
SATTNINGAR | TVA DIMENSIONER:

Framtagning av ett visualiseringsverktyg, avsett for
undervisning inom grundlaggningsteknik, samt
utveckling och tillagg av rutiner i CALFEM f6r Python

BAKGRUND

Da ett jordlager belastas med en
byggnad eller en anlaggning okar
spanningarna i jorden. Initialt utgors
spanningsokningen av ett forhojt por-
vattentryck. Allteftersom vatten trans-
porteras och porvattentrycket utjam-
nas omfordelas dock spanningarna
och effektivspanningen tilltar. Forhal-
landet mellan spanningarna ges av ef-
fektivspanningsekvationen, som anger
att en spanningsokning kan uttryckas
som summan av porvattentrycket och
effektivspanningen. Det &r da effektiv-
spanningen, det vill sdga belastningen
pa kornskelettet, tilltar som sattningar
uppstar. Jordens permeabilitet och vat-
teninnehall avgoér hur lang tid den har
processen tar. Hur vatten transporteras
i jorden beskrivs med hjalp av Darcy’s
lag. | en jord med lag permeabilitet, sa
som lera, kan det ta lang tid innan satt-
ningar uppstar.

| undervisningssammanhang ar det
vanligt att idealisera problemet och
enbart studera endimensionell vatske-
strdmning. Anledningen till den har
férenklingen &r att manga studenter
finner det tvadimensionella fallet svart
att greppa. Det ar darfor av intresse
att pa ett lattéverskadligt satt illustrera
tidsberoende sattningar i tva dimensio-
ner.

SYFTE

Det hér arbetets syfte ar att utveckla ett
program som pa ett pedagogiskt satt
visualiserar tidberoende sattningar i tva
dimensioner.  Visualiseringsverktyget
avses anvandas i undervisningssam-
manhang inom grundldaggningsteknik.

Vidare syftar arbetet till att utveckla
befintliga rutiner i CALFEM f&r Python
samt foresla nya rutiner anpassade for
den hér typen av berdkningsverktyg.

Delmal:

e Utveckla ett verktyg foér berdkning
och visualisering av sattningar. Verkty-
get skall inkludera ett lattanvant gra-
fiskt granssnitt, med syftet att underlat-
ta for studenter att férstd fenomenet.

e Undersoka/utvardera hur CALFEM
fér Python fungerar som underliggan-
de plattform fér utveckling av denna
typ av programvara.

e Foresla tillagg till CALFEM fér Py-
thon for att anpassa det fér denna typ
av utveckling.

e Utveckla visualiseringsrutinerna i
CALFEM f6r Python for att hantera
denna typ av applikationer.

METOD

Arbetet inleds med en litteraturstudie
dar bakomliggande teori inom grund-
laggningsteknik  studeras.  Darefter
utvecklas ett berdkningsverktyg for
en tidsberoende berdkning av jordens
spanningsfordelning och porvatten-
tryck. Programmet utvecklas i program-
meringsspraket Python med hjélp av
rutiner fran CALFEM for Python. Utifran
det har resultatet bestams effektivspan-
ning samt resulterande tojningar. Ett
lattanvant grafiskt granssnitt utvecklas
i granssnittsbiblioteket Qt. En utveck-
ling av existerande visualiseringsrutiner
samt forslag pa nya tilldgg i CALFEM
fér Python foreslas.
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EFFECT OF STRUCTURAL DESIGN

ON TRAFFIC-INDUCED BUILDING

VIBRATIONS

BACKGROUND

Population growth and urbanisation re-
sults in densified cities, where new buil-
dings are being built closer to existing
vibration sources such as road-, tram-
and rail traffic. In addition, construction
of new transportation systems closer to
existing building is conducted. Potenti-
al disturbing vibrations are one issue to
consider in planning urban environme-
nt and densification of cities. The Buil-
ding industry is in need of better know-
ledge and tools for predicting building
vibrations both for early planning stage
and detailed design phases.

Vibrations can be disturbing for hu-
mans but also for sensitive equipment
in hospitals, for example. In determi-
ning the risk for disturbing vibrations to
occur, the distance between the source
and the receiver, the ground properties
and, type and size of the building are
governing factors.

OBJECTIVE AND METHOD

This study intends to analyse which
factors that govern the dispersion of vi-
brations. One of these factors could be
coinciding frequency between the load
and the structures resonant frequency.

What type of structural system and
foundation in the building should be

chosen for avoiding disturbing vibra-
tions, will be investigated. The choices
may involve: the type of construction
material (if it would be a light or heavy
structure); the slab spans being allo-
wed; or the size of the footprint of the
building as well as the layout and types
of foundations (slap, strip footings, pi-
les).

The study aiming at investigating the
influence of various parameters of
structural design of a building on its
obtained vibration levels caused by
external loads from traffic. The study
also seeks to find indicators, for which
structural design solution is suitable for
a certain vibration situation.

The Finite Element Method will be used
for discretising the building structure,
its foundation and the surrounding
soil. A layered ground model will be
employed.

Many degrees of freedom is expected
when soil is implemented in the FE-mo-
del. This means that the model needs
to be reduced to save computational
time. Some dynamic model reduction
technigque together with Frequency Re-
sponse Functions, FRF, will be used in
that aspect.
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BYGGNADERS ROBUSTHET

FE metodik for undersékning
av alternativa lastvagar

BAKGRUND OCH MOTIV

Det finns krav pa att vissa byggnader
ska vara robusta och kunna motsta fort-
skridande ras. Byggnader delas in i olika
konsekvensklasser och beroende pa vil-
ken konsekvensklass den tillhor stélls det
krav pa hur robusthet ska uppnas.

Tre metoder kan anvdndas i Sverige idag.
Detta examensarbete kommer att foku-
sera pa en av metoderna, kallad fiktiv
borttagning, vilket ar en direkt metod.
Metoden innebar kortfattat att det ska
ga att visa att byggnaden &r stabil dven
efter borttagande av en vasentlig bar-
verksdel, t ex en pelare. Metoden ger
en betydligt battre helhetsbild av struk-
turens beteende vid utslagning av ett
element &n den annars vanligt férekom-
mande indirekta metoden.

Ett tidigare examensarbete fran LTH,
“Krav pa robusthet i prefabricerade be-
tongkonstruktioner”, beskriver att meto-
den fiktiv borttagning ar komplicerad, att
Eurokod inte anger nagot tillvdgagangs-
satt for metoden och det inte framgar
hur 6verbryggning ska ske om en lokal
skada intraffar.

| USA finns idag en liknande uppdelning
av byggnader i konsekvensklasser och
fortskridande ras férhindras med meto-
der likt de som anvands i Sverige. En skill-
nad ar att i hogre konsekvensklasser kan
inte den indirekta metoden anvdndas
utan det maste ga att visa att byggna-
den kan omférdela laster om ett barande
element slas ut. Detaljerade anvisningar
om hur detta ska genomféras med FEM-
modeller finns, tre olika metoder kan an-
vandas, linjar statisk, linjar dynamisk och
olinjara dynamisk.

Bildkalla; http:/Awvww.extremeloading.com/

ANGREPPSSATT OCH METODER

En litteraturstudie genomfors for att oka
kunskapen om hur fortskridande ras
hanteras med fokus pa metoden fiktiv
borttagning.

En forenklad FEM-modell av samma
byggnad som undersokts i examensarbe-
tet “Krav pa robusthet i prefabricerade
betongkonstruktioner” tas fram och
dess formaga att omfordela laster un-
dersoks. Resultaten kan sedan jamforas
med de som presenterades i det tidigare
genomfora examensarbetet.

Metoderna som anvands i USA under-
soks genom att statiska linjara, statiska
olinjara och dynamiska olinjara analyser
genomfors och resultaten mellan dem
jamfors. Slutligen gors en beddémning
om det ar lampligt att anvdnda FEM-ana-
lyser vid fiktiv borttagning och hur de i sa
fall bér genomforas.
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FE ANALYSIS OF CRACKING OF

A CONCRETE ARCH DAM DUE
TO SEASONAL TEMPERATURE

VARIATIONS

BACKGROUND

Dams in Northern countries are expo-
sed to large temperature variations bet-
ween summer and winter. In the north
of Sweden many dams are subjected
to variations of about 60-70 °C. These
variations in temperature often result
in cracking of the concrete. This causes
challenges in the design of new dams
and the maintenance of existing dams.
This master thesis is a part of an initia-
tive from the ICOLD-committee “Com-
putational Aspects of Dam Analysis and
Design” with the aim to find a suita-
ble FE-methodology to better analyze
these kinds of phenomena. The result
will be presented on the “14th Interna-
tional Benchmark Workshop on Nume-
rical Analysis of Dams” in Stockholm,
September 2017.

OBJECTIVE AND METHOD

The objective is to analyze the risk for,
and the extent of, cracking in a concre-
te arch dam subjected to seasonal tem-
perature variations. The aim is to esti-
mate the extent of cracking and how
it affects the displacement of the dam.

A thermal analysis will be performed
to determine the temperature distribu-
tion within the dam body caused by the
ambient air temperature and the tem-
perature of the water. The results will
be used to make a mechanical analysis
of the stress and strains levels in the
concrete caused by the temperature
difference. A linear elastic analysis will
provide information about which areas
of the dam where there is risk of crack-
ing and the displacement of the dam.
A non-linear analysis will take into con-
sideration the non-linear material pro-
perties of concrete. This will also show
crack patterns on the dam body.

By evaluating different assumptions
and approaches for both linear analysis
and non-linear analysis conclusions can
be drawn regarding how these influ-
ence the extent of cracking and the re-
sponse of the dam.
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TEMPERATURUTVECKLING

| HARDANDE

BETONGKONSTRUKTIONER

BAKGRUND OCH MOTIV FOR
EXAMENSARBETET

Vid gjutning av grévre betongkons-
truktioner ar temperaturberakningar
vasentliga for olika beddmningar av
en konstruktion, bland annat for att
beddéma om det finns risk for sprick-
bildning. Med hjalp av datorprogram-
met HACON kan varmeutvecklingen i
betongkonstruktioner berdaknas med
finita elementmetoden och pa sa satt
kan man understka hur temperaturen
utvecklas i en konstruktion. | HACON ar
berakningarna fér cementhydratatio-
nen baserade pa matningar med halv-
adiabatisk kalorimetri och standard-
ekvationer fran  betonghandboken,
men genom att istdllet direkt utnyttja
matdata fran isoterm kalorimetri &r det
eventuellt mojligt att fa mer tillforlitliga
resultat med HACON. Detta beror pa
att man anvander sig av verklig varme-
utveckling istallet for en kurvanpassad
varmeutveckling utifran standardekva-
tioner.

| ett tidigare examensarbete vid Bygg-
nadsmaterial LTH av Philip Byberger har
man undersokt om det ar tillforlitligt att
anvanda sig av isoterm kalorimetri for
berdkning av varmeutvecklingen av en
betongkonstruktion. | detta examens-
arbetet ar det tankt att bygga vidare pa
den idén genom att implementera var-
meutvecklingen som mats med isoterm
kalorimetri i HACON.

ANGREPPSSATT OCH METODER

For att forsta betongens hardningspro-
cess, dar varmeutvecklingen sker, kom-
mer en litteraturstudie av hydrationsfa-
serna att utforas. En litteraturstudie om
hur matmetoderna vid halv-adiabatisk
matning och for isoterm kalorimetri ska
aven utforas for att forstd hur matdatan
och berdkningarna kan implementeras
i HACON. | slutet av projektet ska en
storre betongkonstruktion gjutas dar
samma cement ska anvandas for iso-
term kalorimetri och utnyttja datan for
berakning av temperaturutvecklingen
i HACON. Darefter jamférs den verk-
liga temperaturen med den berdknade.
Detta gors for att kunna validera om
det ar tillforlitligt att utnyttja isoterm
kalorimetri i HACON for att uppskatta
hur en verklig temperaturutveckling
kommer att ske.
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NUMERICAL ANALYSIS AND

TESTING OF CONNECTION IN
WIND TURBINE ROTOR BLADE

BACKGROUND

To increase the share of energy from re-
newable sources the global interest in
wind turbines has increased. However,
to reduce the cost of wind turbines and
increase their produced power there is
a need for making their blades larger
and lighter. The company Winfoor AB
develops a new design of wind turbine
rotor blades called Triblade together
with Lund University. A Triblade is built
up by simple small blade parts and
struts to form a three dimensional truss
structure in fibre composite materials.
The new technology alludes to drasti-
cally reduce the weight of the blade.
The design of the blade allows the bla-
de to be manufactured in a number of
smaller components, that can be con-
nected on site. Transportation, which
can be crucial for very long blades, is
hence simplified. Compared to tradi-
tional blades a Triblade can provide an
increased blade length while the cost
can be lowered.

PURPOSE AND METHODS

The purpose of the project is to investi-
gate a connection element in the blade
and design it to transfer the arising for-
ces in an efficient manner. A first de-
sign of the connection element will be
made based on a numerical analysis by
use of the finite element method. Sub-
sequently, the suggested design will be
constructed and subjected to an expe-
rimental test in a laboratory. Based on
the results from the numerical analysis
and the experimental testing, changes
in the design of the connection ele-
ment can be suggested. The goal is to
determine a design of the connection
element that is lightweight with suffi-
cient strength.
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SOIL-STRUCTURE INTERACTION

OF PORTAL FRAME BRIDGES
FOR HIGH-SPEED RAILWAYS

BACKGROUND

In Sweden, high-speed railways is a
subject for public debate. The first st-
age of the high-speed train network,
Ostlanken between Stockholm and
Linkdping, is under investigation, and is
planned to be trafficked in 2028. The
high-speed railway is intended to hold
traffic with speeds up to 320 km/h. At
such speeds, the design requirements
of the accelerations of the bridge su-
perstructure become more stringent.
Previous studies show that the interac-
tion between the bridge and the back-
fill soil can reduce these accelerations.

Dynamic analyses of portal frame brid-
ges are at the consultant offices perfor-
med with finite element software using
shell and beam theory. A way to model
the effects of the surrounding soil is to
apply static springs and dashpots to the
foundation. Apart from being a com-
plex matter to determine the correct
parameters of these springs and dash-
pots, they do not take into account the
moving masses of the backfill. A way
of taking the dynamic nature of the soil
into account is to calculate impedance
functions, and then apply them to the
bridge model as boundary conditions
through so-called connector elements.

k . ko), €@
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OBJECTIVE AND METHOD
Impedance functions will be studied.
Impedance is a complex valued mea-
sure of how much a structure resist
motion when subjected to a harmo-
nic force. The resistance of motion of
a soil-structure interface can be repre-
sented by impedance functions con-
sisting of dynamic springs (real part)
and dashpot coefficients (imaginary
part). The impedances are in this the-
sis calculated in the frequency domain
through steady state analyses on 3D so-
lid bridge-embankment models. Unity
loads and moments are applied to a
reference node for a certain frequency
range. In the same point, the displace-
ments (receptance) are measured and
then inverted, giving the impedance. A
parameter study will be performed, de-
termining what parameters influence
the response of the soil-structure mo-
del the most.
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ANALYSIS AND DESIGN
OF AN ADHESIVE JOINT IN
WIND TURBINE BLADES

The demand for renewable energy is
constantly increasing and in order to
compete with other sources of energy
the wind energy output has to increase.
The power output from wind turbines
are highly dependent on the swept
radius of rotor blades. Increasing the
length of the rotor blades will increase
the weight of the blades, resulting in
higher demands of the structural per-
formance, but also introducing trans-
portation issues. This has introduced
the need for a lightweight blade struc-
ture which can be constructed in mo-
dules and then assembled at the site of
construction. Such modular design re-
quires high attention to the details of
connections to make the structural per-
formance desirable during its life time.

A proposed design for such a connec-
tion was studied with regard to stress
concentrations when subjected to nor-
mal tensile stresses. The design was
also optimized to utilize the material
better by varying certain parameters to

distribute the general stress level more
evenly over the entire structure and av-
oiding local stress concentrations at the
connection.

The optimum design was further in-
vestigated by considering failure in the
adhesive material. Two different types
of epoxy adhesives, one brittle and one
ductile, were compared in terms of
load capacity. A parametric study was
also conducted to investigate in detail
how different failure properties of the
adhesive material will affect this load
capacity.

It was shown that the investigated ad-
hesive joint should be designed such
that abrupt stiffness changes in the
connection are minimized and transi-
tions are made smoothly. It was also
determined that a more ductile ad-
hesive with a somewhat lower failure
strength will yield a stronger joint than
a more brittle adhesive with higher
stiffness and strength.
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ANALYSIS METHOD
FOR STRUCTURES DUE TO
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DESCRIPTION

At the Div. of Structural Mechanics, ear-
lier studies on the deformation due to
impact and explosion loads have been
performed. The use of Ritz vectors,
which represents physical deforma-
tions at a given load case, was proven
successful when analyzing glass panes
subjected to impact loads. The present
study will examine the use of this met-
hod for analyzing building structures
affected by explosion loads. If success-
ful, it will provide a fast and accurate
method for use in the design of new
buildings.

The purpose of this master thesis is to
develop dynamic models that combines

sufficient accuracy with computational
efficiency. The method will be based on
using one or more static deflection mo-
des for the structure that still fulfills the
kinematic boundary conditions.

The planned approach and methodo-
logy is to first perform a literature study
regarding the methods that are used
in the Swedish construction industry
when designing for explosion loads.
The second stage will be to develop
Finite element models of a reference
building structures with full dynamic
analysis which then is reduced using
Ritz vectors based on one or more sta-
tic deflection cases.
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STRUCTURAL ANALYSIS OF
TRUSS CONSTRUCTION FOR
WIND TURBINE BLADES

The usage of wind turbines during the
latest years has grown substantially
and are becoming an increasingly im-
portant source of renewable energy,
as many countries are trying to reduce
their reliance on fossil fuels. In order to
increase the effect of the wind turbi-
nes the length of the blades has been
increased, which has also led to an in-
crease of the cross-section dimensions.
This has led to making the weight of
the blade a more dominating load.
Therefore, it is of great interest to redu-
ce the weight of wind turbine blades to
continue constructing longer blades. To
accomplish this Winfoor are developing
a wind turbine blade that combines
traditional horizontal-axis wind turbine
(HAWT), with a truss system containing
truss bars and a plate connected to the
blades. Winfoor has the ambition to
evolve the wind blade industry by mo-
dify the shape of a HAWT blade into
a Triblade. The results and conclusions
form this thesis are one of many things
that has to be taken into account when
the final design is developed.

As the truss bars are long and slender,
the bars that are being compressed are
more likely to buckle. The structural re-

sponse of a dynamic load applied to the
structure was also studied in this thesis.

Identification and evaluation of the va-
riables, such as Young's module, influ-
ence on the load capacity was compu-
ted with non-linear numerical analysis.
In order to find a design proposal con-
taining both section dimensions and
material properties was two parameter
studies completed. In structural design,
the load capacity was often evaluated
using finite element method (FEM). This
thesis includes non-linear FE analysis,
which considers large deformations.

The blades structural dynamic response
was evaluated using both modal, and
frequency response analysis. Additio-
nally are the response of an impulse
studied using full transient analysis.

The main conclusion from this the-
sis where that buckling truss bars are
problematic when an impulse was ad-
ded to the structure. The impulse crea-
ted from the tower passage was big
enough to change the buckling mode
of the truss bar. This generates a great
variation in stresses for these truss bars,
which cause it to that fatigue, damage,
and this may decrease its life span.

An additionally conclusion was that
the eigenfrequency for each truss bar
should not overlap with the eigenfre-
quency for the global bending mode of
the Triblade.
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VINDSOMBYGGNADER

| TEGELHUS FRAN BORJAN AV
1900-TALET - MED FOKUS PA
ENERGI, FUKT OCH BARIGHET

INTRODUKTION

Projektet utgdrs av tva examensarbeten,
ett i Byggnadsmekanik och ett i Bygg-
nadsfysik.

| Sverige ar det just nu stor brist pa bosta-
der och till stor del sma bostader. Forut-
om att bygga nya bostader kan den aktu-
ella bostadsbristen minskas genom battre
utnyttjande av befintlig bebyggelse, till
exempel vindslagenheter eller pabygg-
nad. En lagandring gallande tillganglig-
het vid vindsombyggnad har i juli 2014
rostats igenom. Den innebar att hiss inte
behover finnas vid ombyggnad av vind till
ldgenheter mindre dn 35 m2.

Hus fran 1920-talet ar ofta utformade
med hoga taklutningar och svenska tak-
stolar vilket betyder stora utrymmen pa
vinden. Det finns idag 90 000 lagenheter
i flerbostadshus fran 1920-talet och 200
000 bostader totalt fran denna tid vilket
betyder att det finns ett stort bestand
som liknande typ av vindsombyggnad
kan appliceras pa.

Att bygga bostdder pa vinden paverkar
hela byggnaden da nya lastférhallan-
den uppkommer. Att utnyttja befintliga

takstolar kraver att man kanner till hur
takstolarna kan bara last. | det ingar hur
férbanden fungerar och hur hég hallfast-
het de ingdende elementen har. For dldre
byggnader déar berdkningar pa de ba-
rande elementen saknas tillampas andra
metoder.

SYFTE OCH METOD

Syftet med examensarbetet ar att ut-
vardera tva olika satt att genomféra en
vindsombyggnad till lagenheter mindre
an 35 m2 i ett aldre flerbostadshus fran
1920-talet. Alternativen kommer att jam-
féras utifran vindsutrymmenas prestanda
nar det galler energi, fukt och barighet.
Rapporten avses kunna utgoéra ett stod
for fastighetsdgare som planerar om-
byggnad av vindsutrymmen.

Forst kommer en litteraturstudie att ge-
nomféras for att undersoka tidigare
forskning pa omradet. Besiktningar av re-
ferensprojekt utfors for att sedan kunna
modellera takkonstruktionen. Den nya
takkonstruktionen kommer att modelle-
ras och optimeras for att sedan utifran en
utvarderingsmall jdmféras med den aldre
konstruktionen.
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STRATEGY FOR STRUCTURAL

DESIGN OF HIGH-RISE BUILDINGS

Goteborg City Gate (CTBUH, 2016)

BACKGROUND

For high-rise structures problems can
occur from horizontal wind loads in
terms of sway that can lead to, for
example, discomfort for people in the
buildings. To evaluate this in the early
stages too detailed models are often
used that may lead to inaccurate and
unreliable results. In addition, the sec-
tion forces and stresses in these advan-
ced models can be difficult to interpret.
This is due to the fact that the building
is statically undetermined and the force
distribution may vary a lot depending
on how the model is idealised and com-
posed. A method for evaluation in the
idealisation step between the physical
and the mathematical model is needed.

These kind of problems are mainly
found when designing precast concrete
buildings. This is due to the complexity
of modelling the realistic behaviour of
the precast concrete elements. Hollow-
core slabs, for example, cannot handle
negative moments and it is difficult to
determine interaction forces between
the elements.

PURPOSE

The purpose of the thesis is to develop
a strategy to be used in the early sta-
ges of designing high-rise structures.
The strategy will focus on generating
a trustworthy idealised finite element
model both in terms of geometry and
in the choice of finite elements. The
model should represent the physical
behaviour of the structure and handle
both static and dynamic loads. In order
to achieve this a literature study and
comparison between calculations by
hand and finite element simulations
will be performed on the high-rise
structure 'Goteborg City Gate’ to be
built in Gothenburg.

REFERENCES

CTBUH. (2016, February 18).

Goteborg City Gate Tower 1. Retrieved
from The Skyscraper Center: http:/
skyscrapercenter.com/building/gote-
borg-city-gate-tower-1/19457

DIVISION OF STRUCTURAL MECHANICS

Faculty of Engineering LTH, Lund University, Box 118, SE-221 00 Lund, Sweden
o Tel: + 46 (0)46-222 73 70 e Fax: + 46 (0)46-222 44 20 e www.byggmek.lth.se

XpTVSM-5213 (2016-03)




MASTER'S DISSERTATION

AT STRUCTURAL MECHANICS

DEPARTMENT OF CONSTRUCTION SCIENCES | FACULTY OF ENGINEERING | LUND UNIVERSITY

NILS PERSSON

PRESENTATION
JUNE, 2016

REPORT
Will be published as
Report TVSM-5212

SUPERVISORS

PETER PERSSON Lic Eng
Div. of Structural Mechanics, LTH

PER JORSTAD Msc

Sweco

EXAMINER

Professor KENT PERSSON
Div. of Structural Mechanics, LTH

THE WORK IS PERFORMED AT
STRUCTURAL MECHANICS, LTH

IN COOPERATION WITH
SWECO

STRATEGY FOR PREDICTING

RAILWAY-INDUCED VIBRATIONS

IN BUILDINGS

BACKGROUND

Urban densification is a way of accom-
modating population growth. Land
adjacent to railways can potentially be
used for constructing residences and
other buildings. There are plans of re-
vamping existing railways as well as
opening tramway systems. Under these
circumstances, nearby buildings will be
exposed to vibrations. If not analysed
correctly, noise and vibrations may be-
come a nuisance for the residents.

When planning new buildings near rail-
way traffic or making changes to exis-
ting railways, the vibration levels need
to be evaluated. It is necessary, even at
an early stage of planning, to assess
the extent of the vibrations and state
requirements for the building in order
to avoid having to make costly changes
at latter stages.

OBJECTIVE AND METHOD

Ground vibrations induced by railway
traffic will be studied. The aim of the
thesis is to develop a strategy for ana-
lysing vibrations in nearby buildings.
The developed method will be general,
and could be used in early stages of
planning. It can include necessary con-
trols to perform, recommendations of
calculation methods to use and other
recommendations based on field mea-
surements or literature. Requirements
for the buildings in terms of founda-
tion and structural design may also be
addressed.

Field measurements of vibrations in
the ground and/or in buildings near
railways will be carried out. Numerical
calculations using the finite element
method will be performed. Conclusions
from measurements, literature, and nu-
merical simulations will be used to es-
tablish the strategy for predicting the
railway-induced vibrations.
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WIND-INDUCED VIBRATION

IN TALL BUILDINGS

INTRODUCTION

The development of lightweight ma-
terial and advanced construction met-
hods combined with urbanization and
the need to accommodate more citi-
zens in a smaller area in recent years
have resulted in the emergence of taller
buildings. Due to their inherently low
mass, damping and slenderness decre-
asing their stiffness, these buildings are
susceptible to wind-induced vibrations
which can effect occupants negatively.
Already barely perceivable acceleration
levels can cause nausea and discomfort
while high acceleration levels can cause
alarm and fear amongst the occupants.

PURPOSE

The purpose of the thesis is to evaluate
acceptable acceleration levels in tall
buildings. Current building codes will
be examined to gain insight in the pro-
cess of estimating acceleration levels.
Accelerations of a tall building sub-
jected to wind-load will be evaluated
using Ritz-vectors. Different methods
to introduce damping in tall structu-
res will be examined and possibly eva-
luated as well. The thesis will focus on
wind-load dynamics in the early stages
of the design process, to give an indica-
tion of the dynamic properties of a tall
building.

The 828-metre (2,717 ft) tall Burj Khalifa in Dubai
has been the tallest building in the world since
2008. Source: Wikipedia
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ARBETSMETODIK VID

PRELIMINAR DIMENSIONERING

AV HOGA HUS

BAKGRUND

Tidigare har byggandet av héga hus
inte varit vanligt i Sverige vilket bland
annat berott pa ekonomiska incita-
ment, brandsdkerhet och arkitekto-
niska normer. P& senare ar har férand-
ringar i samhallet skett vilket lett till
att byggandet av hoga hus blivit allt
mer intressant. Vid konstruktionen av
héga hus uppkommer dock svarighe-
ter som inte finns vid konstruktionen
av lagre hus, detta kan bland annat
vara svaj fran dynamiska vindlaster,
stora utrymmeskrav  fér hisschak-
tet och jordbavningsdimensionering.

SYFTE OCH METOD

Examensarbetet ska ge kunskaper som
ska vara till hjalp vid den preliminara
dimensioneringen av héga hus. Denna
kunskap ska bland annat técka vilka
berékningskontroller som ska goras
och vilka allmanna krav som stélls pa
hoga hus. Vidare kommer det dven un-
dersdkas vad som kravs for att utfora
vindtunnelférsok och vad man kan fa
ut av dem. Malet &r att begransa me-
toderna till handberékningar eller latta
FEM-modeller. En litteraturstudie och
en fallstudie kommer att utforas.

DIVISION OF STRUCTURAL MECHANICS

Lund University, Faculty of Engineering (LTH), Box 118, SE-221 00 Lund, Sweden
o Tel: + 46 (0)46-222 73 70 e Fax: + 46 (0)46-222 44 20 e www.byggmek.lth.se

XpTVSM-5210 (2016-01)




MASTER'S DISSERTATION

AT STRUCTURAL MECHANICS

DEPARTMENT OF CONSTRUCTION SCIENCES | FACULTY OF ENGINEERING | LUND UNIVERSITY

MATTIAS LILJA

PRESENTATION
Spring 2016

REPORT
Will be published as
Report TVSM-5209

SUPERVISORS

DANIEL AKESSON wmsc
Div. of Structural Mechanics, LTH

EXAMINER

JONAS LINDEMANN phD
Div. of Structural Mechanics, LTH & LUNARC

THE WORK IS PERFORMED AT
DIVISION OF STRUCTURAL
MECHANICS

AUGMENTED REALITY FOR
STRUCTURAL CONCEPTUAL

DESIGN

The earliest phase of the design process
is referred to as the conceptual design
phase; the decisions made in this phase
have the highest impact of the decisions
made throughout the design process,
simultaneously the importance of the
conceptual design phase is often over-
looked and structural aspects are often
only considered in a late design stage
[1]. A contributing factor to this is that
very few computational tools are availa-
ble for conceptual design. The challenge
with developing such computational
tools is the fuzzy nature of the problem,
knowledge and constraints are imprecise
and incomplete. Conventional advanced
structural analysis software requires pre-
cise knowledge of the problem and insuf-
ficiently agile to follow a designer’s itera-
tive workflow, and premature use of such
software can negatively affect the quality
of the conceptual design [2].

Which design tool is used to generate
and represent ideas also affect the quality
and quantity of early prototypes, where
guantity is measured as the number of
prototypes that are generated. In [3] it
was shown that physical prototypes ge-
nerated a higher quantity of prototypes
which also were perceived as more novel
compared to using CAD or sketches. The
prototypes that were perceived as more
novel also tended for fare poorly on all
other measureable qualities.

The present work aim to create an aug-
mented reality where the designer can
create and interact with a digital proto-
type. Using a digital prototype enables
real-time feedback of structural perfor-

mance - and also real-time guidance,
where other well performing design al-
ternatives can be presented. A further
possibility with augmented reality is that
the prototype, in this case the structure,
can be visualised in the intended context.

The game engine Unity3D will be used
for this project, with the implementation
in C#. Unity has full support for the 3D
input controller “Leap Motion” and the
virtual reality glasses “Oculus Rift”. The
project seeks to further develop previous
work [4] that has been carried out in the
department.

[1] M. Schlaich, “Challenges in Education-Conceptual
and Structural Design,” 2006, 31st ed., vol. 92, pp.
20-26.

[2] M. Froderberg and R. Crocetti, “Engineers in need
of an improved conceptual design toolbox,” 2014, 37th
ed., vol. 102, pp. 515-521.

[3] A. Haggman, G. Tsai, C. Elsen, T. Honda, and M. C.
Yang, “Connections Between the Design Tool, Design
Attributes, and User Preferences in Early Stage Design,”
J. Mech. Des., vol. 137, no. 7, p. 71408, 2015.

[4] D. Akesson and J. Lindemann, “Using 3D gesture
controls for interacting with mechanical models,” in
World Congress on Computational Mechanics (WCCM
Xl).
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DYNAMIC ANALYSIS OF
VIBRATIONS IN STEEL STAIRCASES
INDUCED BY WALKING

BACKGROUND

Designing a steel staircase often requi-
res more than just checking the load
bearing capacity. The dynamic effects
must be considered as they can create
discomfort for the user and the sur-
rounding environment. How the vibra-
tions spread in the structure depends
on the staircases’ components and con-
nections. This could create problems in
the interface between the structural
engineers and the acoustical engineers
work. This is something we would like to
further investigate in an interdisciplina-
ry master thesis, considering acoustical
engineering and structural dynamics.

THE STRUCTURAL ENGINEER

The structural engineer is to build a FE-
model for the studied staircases. The
model will be altered so that it matches
the response of the real staircases with
consideration to acceleration, vibration
modes and natural frequencies. When
this is achieved the staircase model will
be altered in some way to investigate
the effects. FE-programs such as ABA-
QUS and FEM-design will be used.

OBJECTIVE

The objective of the master thesis is
to investigate how steel staircases can
be designed to create a situation that
is acceptable for the user considering
structural and acoustical engineering.
The influence of connections and struc-
tural components will be considered in
the analysis. For this to be achieved a
case study will be done using staircases
of special interest in the MAX IV-facility
in Lund. The aim is to find possible im-
provements to the existing staircases
that enhance the structural and acous-
tical behaviour of the staircases.

THE ACOUSTICAL ENGINEER

Create a simulation of the acoustical
environment. Perform vibration and
airborne noise measurements. Analyse
the results and compare to the opera-
tive standards. Propose alterations of
the structure to fulfil the requirements
or enhance the acoustical behaviour of
the staircase. Program used for acousti-
cal simulations will be CATT.
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ANALYSIS OF FERROCEMENT AND

TEXTILE REINFORCED CONCRETE
FOR SHELL STRUCTURES

Shell structures can be used to create
smart, lightweight and rigid structures.
Research in minimising the weight and
thickness of the concrete shell structu-
res is just on the doorstep of real tech-
nological evolution.

Reinforcement for thin concrete shell
structures has a long history. Ferroce-
ment, which is the most common rein-
forcement material for shells, has been
a popular method of reinforcing for
many decades. Nowadays, researchers
are trying to find other ways of reinfor-
cing, for instance with textile reinforced
concrete (TRC), which is a woven fabric
of carbon or glass fibres. There is a lot
of interest in TRC, since it has a high
tensile strength and is a very flexible
material. In contrast to TRC, ferroce-
ment has a high thermal conductivity,
it might corrode and needs more cover.
In these applications, a good know-
ledge of material properties is essential,
which is needed to model the shell.

Three reinforcement materials for shell
structures will be analysed: ferroce-
ment, glass-fibre textile and carbon-
fibre textile. The objective of this study
is to compare ferrocement and TRC as
a reinforcement material for thin con-
crete shells. By numerical modelling, it
is possible to find a strategy to model
the properties as an equivalent mate-
rial based on the material properties
of concrete, weave fibres and steel in
TRC and ferrocement. This is done by
verifying finite computational element
(FE-modelling), with measurements on
physical models.

This thesis work is a collaboration with
Block Research Group at ETH Zurich
(Swiss Federal Institute of Technology
Zurich) and the Division of Structural
Mechanics at the Faculty of Enginee-
ring LTH, Lund University.

The image above by kind permission of
Block Research Group.
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COMPUTATIONAL METHOD
FOR BULGING IN INSULATING

GLASS UNITS

An insulating glass unit (IGU) normally
consists of two or three glass panes
which are separated by a spacer. The
spacer creates a cavity between the
glass panes which is filled with a gas to
increase the insulating capacity of the
IGU. To keep the gas in the cavity and
to stop vapor from getting in, the ca-
vity has to be hermetically sealed. This
makes the IGU sensitive to pressure
change and volume change which may
occur if the unit is subjected to tem-
perature changes, changes in ambient
pressure or lateral loads such as wind
loads. Any of these load cases will in-
flict a change in the gas pressure that
changes the cavity volume. When the
gas pressure changes the glass panes
will bulge and stresses will occur.

To study this problem a computational
method was created with the finite ele-
ment method. In the method, was a th-
ree dimensional model created to cal-
culate the displacement and the stress
in the glass that occurs when the unit
is subjected to various loads. The com-
putational method handles different

dimensions of the IGU but is restricted

to rectangular shapes. The method uses
the ideal gas law to find the solution by
iterations.

FE-models were also created in Abaqus
to evaluate the developed method for
different dimensions and load cases.
The Abaqus model used hydrostatic
fluid elements to represent the gas in
the cavity. The difference between the
Abaqus model and the computational
method was small and a difference of
8% was the largest when comparing
displacements.

The computational method was also
compared with the results from the
master thesis made by Martin Anders-
son and Simon Nilsson, who made
experimental tests and FE-analyzes
of insulating glass units subjected to
temperature change. The developed
method had a difference of 2-5 mm
in comparison with the experimental
results, which was similar to the diffe-
rence between the experimental results
and their FE-analysis.
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INELASTIC CAPACITY OF STEEL
FRAME SUBJECTED TO BLAST

LOADING

BACKGROUND

Steel structures on offshore gas and
oil processing topsides/plants shall
be designed for an accidental explo-
sion event. The structures are normally
checked for explosion by performing
a linear static analysis where the drag
pressure is applied as a static wind load
multiplied by a shape factor and dy-
namic amplification factor. This linear-
elastic approach implies that explosion
loading is the governing design condi-
tion for a large portion of steel struc-
tures on a topside, thus driving the
weight and cost.

OBJECTIVE

The objective of the master thesis is to
demonstrate that a typical steel struc-
ture has a significant spare capacity
when utilizing its inelastic capacity and
study how much plastic strain that can
be allowed considering the hydrocar-
bon lines and its supports.

METHOD

A pipe rack is studied in a full non-li-
near analysis, with a given blast load in
one or more locations, in order to in-
vestigate the capacity of the pipe rack.
The deflection and stress of the piping
containing hydrocarbons is critical and
will be given special attention.

The full analysis could be compared
with simplified models, possibly using
beams and plastic hinges in a step wise
linear analysis or non-linear push-over
analysis.

OUTCOME

Verification and documentation of a
design utilizing the pipe rack’s inelastic
capacity is the desired outcome. Poten-
tial savings in weight shall be demon-
strated by evaluating and comparing
the conventional linear elastic design to
the inelastic design verified by the full
non-linear analysis.
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KOMFORT HOS

GANG- OCH CYKELBROAR

BAKGRUND

Beaktandet av komfort hos en gang-
och cykelbro &r av stor betydelse da
dess ofta relativt slanka och latta ut-
formning ofta leder till oonskade vi-
brationer. Det rader emellertid en otyd-
lighet i dagslaget for hur komfort bor
beaktas vid dimensionering av dessa
broar, med svavande och delvis helt
uteblivna foreskrifter i géllande normer.
Detta leder till osakerhet hos bestallar-
na, som i sin tur allt som oftast saknar
erforderlig kunskap i omradet, vilket
resulterar i allt for konservativa krav pa
konstruktionen med ondédigt stora di-
mensioner och kostnader som foljd.

SYFTE

Studien har som mal att bringa klarhet
kring @mnet komfort i gang- och cykel-
broar. | detta ingar bland annat att stu-
dera olika typer av lastimplementation
fran fotgangarna och dess inverkan pa
vibrationer, ta fram kostnadseffektiva
|6sningar for att sakerstalla god kom-
fort samt att jamféra olika rekommen-
dationer fran diverse publikationer vad
galler komfort och dess paverkan pa
slutprodukten.

\NEVAN
av.avi
X507

METOD

Sex givna fackverksbroar i stal ska ana-
lyseras.  Analysen utférs numeriskt i
finita elementsprogrammet Sofistik.
Studien begransar sig till vertikala boj-
moder, dar egenfrekvenser och acce-
lerationer analyseras. Vidare utfors en
verifikation av egenfrekvenserna ana-
lytiskt. For en fullgod dynamisk analys
maste dampningsparametrar for struk-
turen tas fram, varfér matningar pa be-
fintliga broar av samma typ kommer att
utforas.
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TVARDRAGBROTT | TRA

ORSAKAT AV TRYCKBELASTNING
VINKELRATT TRAETS

FIBERRIKTNING

L

0 ) EEEEEE

BAKGRUND

Tra ar ett av de vanligaste byggnads-
materialen och &r ett material med
flera fordelar. Exempel pa fordelar ar
liten miljépaverkan och billig material-
kostnad. Tra ar ett ortotropt material
vilket betyder att dess egenskaper ar
olika i olika riktningar. Dessa riktningar
ar parallellt med fiberriktningen, i radi-
ell riktning (vinkelratt mot arsringarna)
och i tangentiell riktning (parallellt med
arsringarna). Pa grund av ortotropin blir
responsen av belastning olika beroende
pa i vilken riktning belastningen sker.
For ett tratvarsnitt tryckbelastat vin-
kelratt fiberriktningen kan sprickbild-
ning uppsta i tvarsnittet beroende pa
arsringsmonstrets orientering. Kunska-
perna om varfér denna sprickbildning
sker ar i nulaget begransade.

SYFTE

Studien ska ge kunskaper om hur tra
och limtra fungerar som konstruktions-
material. Huvudmalet i arbetet &r att

skapa en berdkningsmodell for tryck-
belastning vinkelrdtt fiberriktningen
av ett limtratvarsnitt. Modellen ska ge
Okad forstaelse for hur spannings- och
téjningsbilden ser ut med hansyn tagen
till arsringsmonster i tvarsnittet. Med
stéd av dessa finita elementmodeller
ska sedan nuvarande dimensionerings-
uttryck och standardiserade provnings-
metoder analyseras och férslag pa for-
battringar ges.

METOD

Tratvarsnitt bestdende av tre eller fler
lameller modelleras med finita element
i Matlab. Resultat fran berakningar ska
sedan jamforas med provningsresultat
varvid modellernas riktighet bedéms.
Utifran modeller och provningar ska
sedan analys av nuvarande dimen-
sioneringsuttryck och standardiserade
provningsmetoder utféras och férslag
till forbattringar ges.
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MODAL TESTING AND
STRUCTURAL IDENTIFICATION

BACKGROUND

Bridges have been built around the
world for at least 3000 years and have
made it possible for man to travel over
obstacles like valleys and rivers, which
has contributed to the rapidly growing
infrastructure we have today. Efforts
made to save materials and reduce
production costs have led to lighter
and slender structures, which in turn
can cause dynamic problems where
the bridge is sensitive to vibrations. Vi-
brations from traffic, wind, wave and
seismic loads may cause major pro-
blems for a lightweight design as the
risk of fatigue of structural elements is
very large. Therefore, it is important to
always study the dynamic parameters:
natural frequencies, mode shapes and
damping ratios using both measure-
ment techniques and computer models.

AIM AND METHOD

The aim of this thesis is to study and
compare different types of measure-
ment methods used to identify struc-
tures dynamic parameters and com-
pare them with numerical calculations.
To facilitate the comparisons between
the methods and avoid environmental
interference, measurements will be car-
ried out in a lab on a well-defined steel
structure.

ABAQUS will be used to create a finite
element model of the structure and the
measurements will be carried out using
hardware/software from Briel & Kjzer.
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UTVECKLING AV METODIK FOR
STRUKTURDYNAMISK ANALYS

AV KLENROR

Vid hallfasthetsutvérdering av rérsystem
skiljer man pa primdra och sekundara
laster.  Anledningen till detta ar att las-
terna ger upphov till olika haverimoder;
for primdra laster ar haverimoden plas-
tisk kollaps medan for sekundara laster
ar haverimoden utmattning och progres-
siv deformation. Typiska sekundarlaster
ar termisk expansion och ankarpunkts-
forskjutningar medan typiska primarlas-
ter ar egenvikt och respons i systemet
orsakat av dynamiska laster. For dyna-
miska laster gors tva typer av analyser:
tidshistorieanalyser dar lasten appliceras
som en tidsberoende funktion och re-
sponsspektrumanalys dar lasten appli-
ceras i form av responsspektra. Nar man
analyserar rérsystem anvands ofta finita
elementprogram med enaxliga element.
Ofta inkluderas avstickande klenror i
samma modell som huvudroret. Detta ar
praktiskt da man pa det sattet far med
huvudrorets paverkan pa klenréren utan
vidare handpalaggning. Detta har dock
ett antal brister. For det forsta ar span-
ningar som uppkommer i klenréret p.g.a.
utbdjning i huvudréret p.g.a. egenvikt
och dynamisk respons att betrakta som
sekundara for klenréret. Vid automatise-
rad utvardering kan analysverktygen inte
sarskilja dessa fran priméara spanningar

utan klenréren blir onddigt konservativt
utvérderade. F&r det andra riskerar man
att raka ut for ett fenomen kallat "tvil-
lingmodsproblematiken”, som uppstar
nar det finns tvd ndrmast identiska mo-
der, dock med en liten masskillnad. Vid
modal superponering kan da en orealis-
tiskt hog respons fas. For det tredje ar
risken for konvergensproblem stérre nar
man har manga klenror i samma modell.

Att analysera klenledningar i separata
modeller skulle 16sa dessa problem. Att
plocka ut anslutningslaster fran statis-
ka analyser och tidshistorieanalyser av
huvudroret for att sedan applicera pa
klenréren later sig om an med en viss
handpaldggning godras.  For respons-
spektrumanalyser ar det betydligt varre.
For dessa laster finns varken tidshisto-
rierespons eller responsspektra i anslut-
ningspunkterna.

Examensarbetet gar ut pa att utreda
metoder for att utféra separata analyser
av klenror. Malet ar att hitta ett enkelt
forfarande som minimerar handpalagg-
ningen. Den storsta utmaningen ligger i
att utreda hur responsspektrumanalyser
ska hanteras och hur laster i anslutnings-
punkterna till klenréren ska tas fram.
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BUKTNING AV ISOLERGLAS

BAKGRUND

Isolerféonster bestar vanligtvis av tva el-
ler tre glas med slutna kaviteter, van-
ligtvis fyllda med argongas for battre
isoleringsférmaga. Da en sadan kon-
struktion utsatts for temperaturférand-
ringar kommer gasen att andra volym
och tryckfoérandringar uppstar. Detta
ger upphov till en trycklast pa glasen
som ger spanningar och deformatio-
ner i glasen. Vid stora glasdimensio-
ner och stora temperaturvariationer
uppstar stora buktningar av glaset och
vid sma glasdimensioner uppstar stora

spanningar vilket medfor att glaset kan
spricka. Detta kan forvarras genom att
andring av lufttrycket som ger ytterli-
gare last pa konstruktionen.

SYFTE OCH MAL

| examensarbetet ska undersdkas vilka
faktorer som paverkar spanningar och
deformationer i isolerfonster. Syftet ar
att studera dessa fenomen for att ta
fram underlag fér dimensionering av
glasen i isolerfonster eftersom det da
finns ett behov av att ha tillgang till
analysverktyg eller till andra metoder
som grafer och tabeller som pavisar
samband mellan buktning/spanning
mot fonstrets uppbyggnad/tempera-
turlast.

METOD

Forst kommer studier géras av hur iso-
lerglasen beter sig vid temperaturva-
riationer. Har ingar ocksa att ta fram
modeller for temperaturvariationen
genom isolerglaset vid férandring av
yttertemperaturen. Finita elementpro-
grammet Abaqus kommer att anvands
fér numerisk modellering som ska jam-
féras med experimentella tester i en
Hotbox. Mdlet ar att fa fram en metod
som kan avgéra nar det finns risk for
sprickning av isolerfénster samt kunna
bestamma inbuktningen av glasen.
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Background

Lightweight and slender structures
have the advantage of being cost effec-
tive, easy to assemble on site as well as
being aesthetically pleasing.

However, slender and lightweight struc-
tures that are subjected to loading from
human activities such as walking and
jumping tend to become susceptible to
vibrations. If not designed correctly, the
vibrations in these constructions may
be perceived as disturbing. Vibrations
can be reduced by changing the struc-
ture i.e. changing the stiffness or mass
of the structure or by adding a tuned
mass damper.

The goal is to design a structure with
relatively high value of the first natural
frequency which will reduce the risk of
crowd-induced resonance.

Aim of thesis

The aim of the study is to investigate
strategies for making realistic dynamic
simulations by means of finite element
modeling. Dynamic simulations will be
compared with experimental results
from dynamic measurements. Results
that will be compared are values of the
lowest natural frequencies, correspon-
ding eigenmodes and values of vibra-
tion amplitudes.

The structure to be investigated is a
two-level balcony in the concert hall
of Malm¢ Live. The structure is made
of slender steel members and support
conditions are limited, with vertical
load carrying members prohibited un-
der most of the balcony. The two-level
balcony will serve as seating place for
spectators. Vibrations that may cause
discomfort must therefore be limited.
The aim is to find strategies to accurate-
ly model and predict the dynamic beha-
vior of similar structures in the future.

Div. of Structural Mechanics - Lund University - Box 118 - SE-221 00 - Lund - Sweden - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.Ith.se - xp5199 (2014-02)



Master’s Dissertation at the Div. of Structural Mechanics

Camilla Fors

MECHANICAL PROPERTIES

OF INTERLAYERS IN LAMINATED
GLASS - Experimental and
Numerical Evaluation

Presentation
Summer 2014

Report
will be published as
report TVSM-5198

Supervisor

Kent Persson, php.
Div. of Structural Mechanics, LTH

Examiner

Per Johan Gustafsson, prof.
Div. of Structural Mechanics, LTH

The work is performed at
Division of Structural
Mechanics, LTH

In cooperation with
Forserum Safety Glass AB

LUN

UNIVERSITY

House made of laminated glass (http://www.santambrogiomilano.it/ )

Background

The architectural and engineering
trend leads towards greater use of
glass in buildings. Growing safety
awareness often requires laminated
glass. Laminated glass is formed as
a sandwich of two or more sheets
of glass and a plastic interlayer. The
interlayer is typically soft polymers
like PVB, SGP or EVA. When lami-
nated glass shatters, the plastic in-
terlayer keeps the pieces of glass in
place. This reduces the risk of cuts
caused by splinters.

Today there are many interlayers on
the market with a large variation in
their properties. For every project,
in different areas of use, it is a chal-
lenging task to choose the most
optimal interlayer.

Objective and method

The main objective of the master thesis
is to investigate a variety of interlayers
and their mechanical properties. La-
boratory tests will be made, as well as
FE-models with the software Abaqus.
From the laboratory tests and the FE-
models, the mechanical properties of
the interlayers will be evaluated. Con-
clusions from the evaluation will lead
to determination of properties which
are suitable for use in simulation. The
conclusions will also be presented as
guidelines on suitable interlayers for
different field of applications.
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Hal som mojliggér
fylining med betong

/¢

Bakgrund

En samverkansbalk utgoérs ofta av
en stalbalk med kring- och igjuten
betong. Syftet ar att konstruktions-
sytemet ska fungera som en helhet
med béttre egenskaper. Samverkan
mellan stalelementet och betong-
elementet erhalls genom horison-
tella skjuvkrafter, vilka 6verfors via
nagon form av skjuvférbindning.

Det ar tidigare vedertaget att sam-
verkansbalkar minskar stalvikten,
jamfért med en balk utan samver-
kan. Samverkan mellan stal och
betong gor att styvheten dkar och
pa sa vis minskar nedbdjning och
pakanningar i stalbalken.

Syfte

Studien ska ge kunskap om sam-
verkansbalkar och belysa skillnader
gentemot balkar utan samverkan.
Malet med studien ar att ta fram en
fungerande och produktionsvanlig
samverkansbalk. Det innefattar bl.a

Skjuvférbindare

Platsgjuten beton
r 9) 9

Haldack

N

Y

Haldack

T

Armeringsjarn — Ingjuten betong

att hitta ett fungerande tvarsnitt samt
att finna en metod sa& att tillrécklig
skjuvforbindning uppnas, sa att stal-
element och betongelementet ej kan
rora sig i forhallande till varandra.Vikt
kommer dven ldggas pa att utforma
ett balktvarsnitt som ar ekonomisk
bra.

Metod

Dagens samverkansbalkar ska stude-
ras och 6verensstammande hallfast-
hetsvarden tas fram, baserat pa balk-
teori. Berakningsmetoden ska sedan
anvandas for att ta fram olika former
for en ny samverkansbalk. Konstruk-
tionssytemet ska dven modelleras i
FEM-programmet ABAQUS dar aktu-
ella tvarsnittsformer provas. Dimen-
sionering ska goéras enligt grundprin-
ciper fran Eurokod och mynna ut i en
dimensioneringstabell. Verifiering av
berakningar baserade pa balkteori och
FEM kommer att ske genom provning
av en framtagen samverkansbalk.
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Bakgrund

Forspanda haldacksplattor tillverkas av
betong och anvands som bjalklagsele-
ment vid prefab-byggande pd grund
av de fordelar som forspanda produk-
ter har. Férdelarna dr bland annat att
sprickbildning reduceras och att tvar-
kraftskapaciteten 6kar samt att ned-
bojningen kan reduceras, vilket leder
till att stérre spannvidder med slankare
tvarsnitt kan anvandas.

Eftersom haldack anvéands i stor ut-
strackning ar det intressant att under-
soka nedbojningen efter lang tid. Det
ar vardefullt att veta hur nedbgjningen
paverkas av de olika parametrar som
definierar geometri, armering, for-
spanning och spannvidd.

Nedbojning efter lang tid kan berak-
nas teoretiskt med datorprogram eller
handberdkningar. Hur val resultaten
stammer med verkligheten brukar inte
verifieras och darfor ar en jamforelse

mellan den verkliga nedbdjningen och
den berdknade intressant att genom-
fora.

Metod

| examensarbetet berdknas nedbdjning
efter lang tid med hjalp av Stusofts be-
rakningsprogram Pre-stress som byg-
ger pa finita elementmetoden. Resul-
taten fran Pre-stress kommer sedan att
jamforas med matningar av nedbdj-
ningen fran ett antal haldack som har
varit belastade under ett antal ar. Exa-
mensarbetet kommer dven omfatta en
litteraturstudie med en undersdkning
av de samband som Pre-stress, FEM
och Eurocode bygger pa samt om det
finns provningsresultat for nedbojning
efter Iang tid i nagon litteratur.

Examensarbetet gors i samarbete med
Starka betongelement och det &r prov-
och matresultat fran deras haldack
som kommer att anvandas.
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Background

Especially for large span structures,
failure can be caused by instability
phenomenon. Today’s standard pro-
cedure in consulting firms is to use
linear finite element analysis to cal-
culate critical buckling loads. Linear
buckling analysis is based on 2nd or-
der theory which is valid for linear ma-
terial models and small deformations.
The result is therefore a theoretical
buckling load.

In a real structure, nonlinear material
behavior and imperfections often pre-
vent the system from achieving this
theoretical buckling strength, leading
a linear analysis to over-predict the
load bearing capacity.

17/ y

Objective and method

The objective of this thesis is to investi-
gate the effect of material properties
and behavior by nonlinear buckling
analysis using finite element method.
Once relevant parameters are deter-
mined the model is compared to li-
near buckling analysis and Eurocode.

This type of analysis can be conduc-
ted for several structural elements but
it is within the scope of this thesis to
examine timber arches. Timber arches
are especially interesting since they
are normally prone to buckling due to
long spans and slender cross sections.
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Gang och cykelbroar ar generellt latta
konstruktioner vilket gér dem kans-
liga for dynamisk last. Vibrationer
uppstar av belastning fran fotgangare
vilket oftast inte &r nagot problem for
konstruktionen i sig men personer
som gar pa bron kan uppleva det som
obehagligt. Det ar darfor viktigt att
undersdka saval accelerationer som
egenfrekvenser. | normen finns grans-
varden, men inte hur de verkliga var-
dena ska berdknas.

The work is performed at
and in cooperation with
Brosys AB, Malm&
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Beskrivning

| detta examensarbete kommer de dy-
namiska egenskaperna for Bagers bro
| Malmd att utredas. Detta kommer
att goras med hjalp av modellering i
finita element-programmet BRIGADE/
Plus samt genom modala matningar
pa bron in-situ. Efter en tidigare dy-
namisk undersdkning installerades
dampare pa bron. Examensarbetet
kommer att fokusera pa hur brons
dampning och lasten fran fotgangare
ska modelleras.
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Description

The interaction between an air blast
and a concrete structure can be stu-
died numerically using the hydro code
LS-Dyna. There is an interest at FOI
to investigate the possibility to nu-
merically study the behavior of large
structures, e.g. multi-story buildings
subjected to the air blast from an ex-
plosive device. This proposal includes
a literature survey of the experimental
and numerical work done in this area
of research and a numerical study of
the response of building blocks, like
walls and/or columns, subjected to air
blasts in order to arrive at a numeri-
cally efficient model of a simplified
multi-story building. The material mo-
del for the concrete will be calibrated
using existing experimental results on
simple building blocks, e.g. concrete
slabs.

Fringe Levels
2.700e-03
2.430e-03 l
2.160e-03 _|
1.890e-03 _
1.620e-03
1.350e-03
1.080e-03 ]
8.100e-04

5.400e-04

2.700e-04 l
0.000e+00
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Background

Glass is by procurers and architects
regarded as a material with desira-
ble aesthetic properties and therefore
more frequent utilized as a building
material. Glass is a translucent ma-
terial which gives a bright, clear and
fresh sensation when used as a visual
part in structures. It is a durable resis-
tant material with a high compressive
and tensile strength. However, glass
is a brittle material that is sensitive to
stress concentrations at supports and
at imperfections such as micro-cracks.
When glass is exposed to tensile stres-
ses, these cracks will grow larger and
the cross section of the glass element
will fracture. This is a major problem
when glass is used as a structural ele-
ment where problems are likely to oc-
cur at connections and supports.

Aim and method

The aim of this master thesis is to
design and analyse a load-bearing
structure containing a glass floor sup-
ported by glass beams. Finite element
analyses will be carried out using Aba-
qus. The dimensions of the cross sec-
tions and the connections will be de-
termined with aid of the calculations.

The stability of the beams and the
whole floor structure can be a major
concern that will be studied. Labo-
ratory tests may be made as well, to
verify the theoretical finite element
calculations.
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Fig. De tva lagsta svdngningsmoderna i en plattrambro.

Bakgrund

For gang- och cykelbroar, vagbroar
samt jarnvagsbroar ar de dynamiska
effekterna intressanta men inte sa val
kanda. P4 senare tid har olika matme-
toder borjat anvandas for att kontrol-
lera vilka lastfall som verkar pa broar
och samma matdata skulle dven vara
mojliga att anvandas till fler analyser.

Syfte

Fragestallningen ar; gar det att, med
matdata fran tradtojningsgivare, upp-
skatta dampning i plattrambroar och
koppla det till en FEM-modell i Bri-
gade Plus.

Metod

Matningar med accelerometrar och
téjningsgivare kommer att genom-
féras pa en bro i Malmé. En FEM-
modell skapas i Brigade Plus. Model-
len anvands for att studera om det ar
maojligt att modifiera olika parametrar
kopplade till dampning och fa over-
ensstdammelse med resultaten fran
matningarna. Resultatet fran accele-
rometrarna ar, i det har examensarbe-
tet, det som modellen och t&jningsgi-
varna ska jamféras med.
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Background

Glass is an appreciated material within
architecture. Today, the glass is, howe-
ver, not in general used as load bearing
material, and thus it is necessary to use
additional substructures to support
and stabilise e.g. glass facades. A good
idea in order to save on materials and
costs would be to use the glass also as
a structural material. Timber has good
strength qualities, appealing aestheti-
cally expression and is considered as
an environmentally friendly building
material. A natural step in the develop-
ment would be to combine these two
materials and allowing them to com-
plete each other’s properties.

In a European collaborative research
project a timber-glass shear wall ele-
ment has been developed. This con-
sists of a 10x1200x2400 mm thick
glass pane of standard float glass with
an LVL-frame adhesively bonded to the
glass along its perimeter .In previous
research several laboratory tests of
these types of shear walls were perfor-
med. The tests, performed for various
modes of loading, indicated that the
shear walls collapsed due to buckling.

Aim & Method

The aim of this master thesis is to
further analyse the stability of the
timber-glass shear wall element. The
results from laboratory tests will be
evaluated and the shear wall element
will also be analysed with the finite
element method using the modelling
and analysis computer software Aba-

qus. The finite element model will be
calibrated to match the results from
experiments in terms of failure loads
assuming failure is due to instability in
the shear wall element.

Once a reasonably good fit to experi-
mental data is obtained further analy-
ses will be made on the influence of
various parameters (e.g. material and
geometry) on the structural behaviour.
Of special interest is also to investigate
the load bearing capacity when combi-
ning vertical and horizontal loads.

The results and conclusions of this
work can serve as a background for
further experimental testing and for
the development of design formulae
for timber-glass composite shear walls.
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Bakgrund

During its lifetime a package is exer-
ted to different loading conditions.
An increased knowledge is therefore
needed regarding how the package
material reacts to the prevailing lo-
ading scenario in a real case situation.
Describing a material in a non-linear
elastic-plastic framework is the ea-
siest way and often most applicable in
many industrial applications. To deve-
lop packages for new applications, the
mechanical behavior of opening devi-
ces is of great interest. On the market
several different concepts exists; cut-
ting through material, tear openings
and shear openings. Having a good
opening performance is crucial for
the overall package performance and
functionality. A better knowledge of
how the damage initiates and propa-

gates in peeling like openings, depic-
ted in Figure 1, is of great interest.

Objective and method

A literature study, to gain knowledge
about the physical phenomenon of
adhesion, and an investigation of the
different ways to implement adhesion
in Abaqus will be done. A number of
setups will be tested experimentally
and evaluated regarding adhesion
properties. Adhesion properties will
be implemented in Abaqus, and cali-
brated, with the objective to describe
the experimental results. A relevant
application will then be modelled
Vin Abaqus. The knowledge gained
from this thesis will be implemented
in future FE-calculations of multilayer
packaging.
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Bakgrund

PyCALFEM é&r en python-implemente-
ring av MATLAB-toolboxen CALFEM,
som anvands till att utféra berdkning-
ar med Finita Elementmetoden. CAL-
FEM anvands som studiehjalpmedel
av studenter som studerar FEM.
PyCALFEM har manga férdelar tack
vare att det ar implementerat i py-
thon. Det gar latt att integrera i andra
pythonprogram, vilket tillater snabb
utveckling av FEM-program. Det ar
dessutom inte beroende av kommer-
siella produkter som t.ex. MATLAB.
Detta gor det mojligt att anvanda pa
HPC-resurser utan licensrestriktioner.

PyCALFEM saknar dock en del av den
funktionalitet som finns i CALFEM.
Syftet med detta examensarbete &r
att implementera en del av denna
funktionalitet samt ocksa lagga till ny
funktionalitet.

Natgenererare

Natgenereraren som pyCALFEM an-
vander for att skapa elementnat kan
bara producera triangulara element.
Det finns mycket fri mjukvara som kan
generera elementnat utfran specifice-
rad geometri. Istallet for att imple-
mentera annu en natgenererare ska
en existerande natgenererare kopp-
las till PyCALFEM genom en plugin-
infrastruktur.

Forsta delen av projektet kommer vara
att leta upp och underséka méjliga
natgenereraralternativ utifran deras
anvandbarhet i pyCALFEM. Det andra
steget ar att skriva wrapperkod i Py-
thon som kan anropa natgenereraren
med olika parametervarden.

Anvandargranssnitt

Det finns ocksa utrymme for forbatt-
ringar i sattet pyCALFEM interagerar
med granssnittsbibliotek. For nuva-
rande ritas all grafik i pyCALFEMs
egna ElementView-fonster.

For att gora det enklare att anvdnda
pyCALFEM i program med anvandar-
gransnitt ska dess uppritningsfunktio-
ner uttokas sa att geometri kan ritas
i godtyckliga fonster skapade i exem-
pelvis wxPython eller PyQt.

Utokad visualiseringsfunktionalitet
Vanliga CALFEM har flera funktio-
ner for ritning av geometri. En del av
dessa saknas i PyCALFEM, och resten
tillater inte alla parametrar som CAL-
FEM tillater.

Den sista delen i projektet ar att fa
upp de grafiska funktionerna i pyCAL-
FEM till samma niva som CALFEM.
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Description

Different touch devices such as the
iPad are becoming increasingly popu-
lar, and apps for these devices have
become a big industry. The purpose of
this master thesis is to evaluate how
the finite element method can be
used on this type of devices.

An app will be created for the iPad
using the existing CALFEM C++. The
user will be able to draw a 2D geome-
try using nodes and lines where the
lines represent beam elements. The
user will be able to test different cons-
traints and loads giving an impression
of how the structure will behave. Gi-
ving the option of showing deforma-
tion, moment, shear or normal forces.
The purpose of the app is to help the
user get the impression how forces
are distributed in different 2D geome-
tries.

It is also examined how to create a
user interface that is intuitive for the
user so that no manual is required to
understand how the app works. This
will be done by observing how users
new to the app work with it.
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Background:

Explosions are accidental actions that
need to be considered in the design
of structures for various applications.
Except from apparent cases, such as
military installations and civil defense
shelters, design with regard to explo-
sions is required for instance in the
processing industry and for tunnels.
The knowledge of how to design buil-
dings to withstand the effect of explo-
sions and other impact actions is limi-
ted. Hence, the aim of this master’s
thesis is to put together information
about available design approaches for
impact loading on concrete structu-
res. This project is a continuation of
four previous Master thesis carried
out 2006, 2009, 2010 and 2012, in
which the behavior of concrete beams
and slabs were studied.

Objective and method:

Previous Master theses have dealt
with the bending response of impulse
loaded structures. The transformation
factors have been derived for beams
and slabs. The response of fragments
hitting a concrete wall have been in-
vestigated and the response of a slab
been determined.

0 1 2 3 4 5
Time ms]

The objective for this thesis is to check
if the moment envelope is too big
during the dynamic loading of a struc-
ture since it will react different from a
statically loaded structure. The dam-
ping of the structure will also be dealt
with briefly. Will the damping have
a great impact of the results? When
neglecting the damping one will be
on the safe side. Shortened reinfor-
cement will also be researched. Bomb
shelters are always built with full re-
inforcement but what happens when
the explosion hits a civil building? Will
the moment capacity be enough?
Possibly different cross sections and
their reaction to a dynamic load will
be researched.

With help from the FEM software ADI-
NA a non-linear model will be made.
This will be made for beam elements.
The FE-model will be compared with
a SDOF-model. An objective is to im-
prove the SDOF-model so it can be
reliable.
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Bakgrund

| nordostra utkanten av Lund pagar
byggandet av forskningsanlaggningen
MAX IV, nésta generations syn-
krotronljusanlaggning som ska ersétta
nuvarande MAX |, Il och lll. MAX IV &r
ett mycket komplext byggnadsprojekt
med hdga krav pa prestanda vad galler
vibrationer. Vibrationer fran externa
kallor kommer framforallt fran vag E22
som passerar MAX IV. Matningar har
gjorts och genomfors kontinuerligt for
attstudera hur vibrationsforhallandena
ser ut i marken. Den stdrre delen av
tiden &r vibrationsnivaerna under de
gransvarden som specificerats for
anldggningen. Emellertid visar
maétningarna att hoga vibrationsnivaer
forekommer under korta tidsperioder
vilka kan komma att vara en oladgenhet
for anldggningen. Méatdata antyder att
kalla fran de har hdga vibrationerna
finns i anslutning till en vagbro 6ver en
mindre vag.

Syfte och fragestallning

Examensarbetet syfte ar att studera hur
de momentant hdga vibrationsnivaer
som har registrerats i marken uppstar.
Framst kommer vagbrons inverkan pa
vibrationerna i marken vid MAX IV att
studeras. Vagbrons dynamiska egen-
skaper i relation till omgivande jord vid
trafiklast samt huruvida vagbron kan
kopplas till de momentant héga
vibrationsnivaernakommer att utredas.
Om ett tydligt samband finns &r malet
att ge forslag pa hur vibrationerna om
mojligt kan reduceras. Om andra

vibrationskallor upptacks som kan vara
orsak till de hoga vibrationsnivaerna
kan de komma att studeras vidare inom
ramen for examensarbetet.

Metod

Vagbron kommer att studeras med
experimentella och numeriska meto-
der. Accelerometrar kommer att
monteras pa bron och i mark for att
bestdmma brons frekvensrespons och
modformer och paverkan pa marken.
En berakningsmodell i finita element-
programmet Abaqus kommer att
utvecklas utifran existerande ritningar
pa vagbron. Lampliga val av material-
data fran jordprovtagningar, ritningar
och litteratur implementeras i
modellen. For val av realistiska lastfall
gors en litteraturstudie. Inledningsvis
studeras en forenklad 2D-geometri for
att skapa en grundlaggande forstaelse
for vagbrons dynamiska verkningssatt.
Déarefter skapas en mer forfinad modell
i 3D déar paverkan av olika kvalitativa
och kvantitativa egenskaper studeras.
Resultaten fran berakningarnakommer
attjamfdras med tidigare matdata samt
nya matningar.
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Background

The MAX IV project is the fourth
synchrotron facility at MAX-lab in Lund,
which already consists of MAX |, MAX Il and
MAX lll. MAX-lab is run jointly by the
Swedish Research Council and Lund
University.

This new state-of-the-art synchrotron
radiation facility is induced by the
development of research at the nanometer
level in many different areas. MAX IV will
consist of an electron gun emitting
electron pulses through a linear accelerator
in to two storage rings, of which the largest
one has a circumference of approximately
500 m. In the ring, the electrons are
accelerated by magnets located on
foundations on the floor. The high-
frequency light (synchrotron light) emitted
by the electron beam is used to perform
measurements at a number of research
stations throughout the ring.

Given the level of precision, there is an
upper limit of vibrations in the facility of 26
nm RMS during 1 second for vibrations
above 5Hz. An active calibration system will
take care of vibrations at lower frequencies.
MAX IV will be located in the north-eastern
area of Lund where the existing ground
consists of a layer of top soil from past
farming activity covering a 12-17 m deep
layer of various types of clay till. Underneath
is the stiffer bedrock. The most concerning
external source of vibrations is the nearby
passing highway, E22.

Objective and method

The overall objective of this master's
dissertation is to investigate one method,
among others, for reducing the level of
vibrations in MAX IV that may be utilized to
meet the vibration requirement: Initial

calculations imply that shaping the
surrounding ground surface into a
landscape of hills and valleys will reduce the
incoming surface waves. Furthermore this
is an aesthetically desirable solution, as the
facility should serve the role as a landmark
and a symbol of Lund as a technological
capital.

Specifically, this dissertation aims at
optimizing the shape of the surrounding
landscape given the natural, mechanical
and aesthetical constraints. Using Altair
Engineering's HyperWorks software
package, a finite element model of the
ground will be established by use of the
pre-processor, HyperMesh. Reference
values of the response at evaluation points
at different distances from a harmonic unit
load will be obtained performing
conventional steady-state analyses using
HyperWorks' solver RADIOSS on a
complete modeled landscape without
hills. Different shape parameters will be
assigned to the same model and
optimizations of these shapes with respect
to the response at the evaluation points will
be carried out in the featured HyperStudy
tool. Initially, a 2D profile will be
investigated, followed by further
optimizations in three dimensions.
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Background

The conventional finite element
program Pipestress is used to analyze
pipe systems from a structural point of
view. Components like pipes, velvets
and branches can be modeled, but not
the pipe supports. Only a stiffness is
added at the node on the pipe system
were the pipe support is attached. For
the dynamic analysis is the response
spectrum then added directly on to the
pipe, when it not can be added on the
pipe support. The missing response
from the pipe supports is suspected to
change the resultin anon-conservative
way.

Purpose

The purpose is to study if the conven-
tional methods used to analyze piping
systems for building vibration is
generally applicable.

Method

The first objective isto make aliterature
study, which includes building vibration
theory and how itis applied in the finite
element method. The regulation of
earthquake design is researched to
make the subsequent modelling in a
sufficient way.

Different kinds of pipe supports are
mapped to find a suitable pipe system.
Asimplified model in the finite element

program Abaqus is created of the
building where the pipe system is
located. An acceleration time history is
added to the foundation of the model
and response spectra are created in the
pipe support attachments points.

In the next step a model of the pipe
system is created in the conventional
used finite element program Pipestress.

A dynamic analysis is made with the
response spectra received from the
Abaqus building model.

A full model is created in Abaqus by
combining the initial Abaqus building
model and the pipe system from
Pipestress and by adding the pipe
supports according to drawings. An
analysis is made with the acceleration
time history as input and the result is
compared with the Pipestress output.

A last comparison is made between an
Abagqus analysis of the pipe system with
supports and the Pipestress analysis of
the pipe systemwithout supports. In this
way are response spectra used as input
in both analyses and Pipestress s tested
if it is conservative.
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Vid en nylig 6vergdng fran svensk till
europeisk byggnorm reducerades
hallfasthetsvarden for tra. En av
reduktionerna géller det karakteristiska
hallfasthetsvardet for tryck vinkelratt
tras fiber. Detta varde har minskats fran
8 MPa till 2.7 MPa for limtré av stan-
dardkvalitet . For balkar med stora upp-
lagstryck kan detta i en del fall medféra
orimligt stora erforderliga upplagsytor.
Detta kan hanteras genom att armera
traet pad nagot satt, t.ex med langa
skruvar, palimmade skivor eller
inlimmade stélstanger, och kanske
dven med inlimmade trastanger
(rundstavar). Armering med inlimmade
rundstavar av tréa har troligen flera
fordelar, bl.a. ekonomiska.

Syfte och metod

Syftet med detta examensarbete ar att
gbéra en numerisk analys av hur
inlimmade rundstavar paverkar
trébalkars kapacitet vid tryck vinkelratt

fiber. | europeisk norm finns en
koefficient, k_, som beaktar lastsprid-
ning och som i normen (EC-5 6.1.5)
sattes lika med 1.75 for alla upplag med
langd mindre &n 400 mm. Det finns
anledning att tro att koefficienten
varierar med olika upplagslangder
under 400 mm och detta skall under-
sokas i detta arbete.

Tillvidgagangssattet ar att provning av
trabalkar sker parallellt med mo-
dellering i FEM-programmet ABAQUS
och dérefter jamfors resultatet for att se
hur modellen stammer Overens med
provningarna. Provningarna sker i
samarbete med ett examensarbete pa
avdelningen for Konstruktionsteknik.
Darefter gors, utifrdn modellen i
ABAQUS, en matematisk modell for att
underséka om och hur forstarkning
med rundstavar paverkar barformaga
och dven hur koefficienten k_bor vara
for tre olika upplagsléngder.
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Broar skall numera berédknas
tredimensionellt och det innebér att
man stélls infér nya utmaningar vid
vissa brotyper. En av dessa typer som
har bérjat anvandas allt mer ar
plattrambroar med i horisontalled
krokta ramben. Denna brotyp anvands
for att f& den undre passagen mer
Oppenvilket avfotgangare och cyklister
upplevs som tryggare &n morka
tunneldppningar.

Broarna har tidigare beraknats
tvadimensionellt med olika spann-
vidder och sedan har armerings-
mangderna interpolerats fram.
Problemet med detta forfarande &r att
man bland annat missar effekten som
uppstar av styvaramben och laster som
ger upphov till lasta rorelser.
Tvangskrafter uppstar av till exempel
temperatur- och krympningslaster som
kan ge upphov till mycket stora
inspanningsmoment. | dag s& saknar
branschen riktlinjer fér hur denna
brotyp skall behandlas.

Syfte och metod

Syftet med examensarbetet ar att
utveckla modelleringsstrategier och
faststalla grundlaggande samband for
plattrambroar med krokta ramben
genom tredimensionell finita
elementmodellering.

Plattrambro med krokta ramben som
fardigstalldes 2010 i Gustavsberg,
Stockholm

Arbetet delas i tvd huvuddelar. Forst
undersoks de geometriska parametrar
som paverkar momentet i bron genom
en parameterstudie av framforallt
forhallandet mellan langd och bredd pa
korbanan samt krékningsradien pa
rambenen.

| den andra delen av projektet
undersoks hur en elastisk modellering
av grundlaggningen och jorden pa-
verkar momenten i bron och samt hur
detta elastiska randvillkor enklast
modelleras.

Det slutliga malet med studierna ar att
faststélla riktvdrden som sedan kan
anvandas av konstruktorer. Analyserna
i examensarbetet kommer att utforas
med finita elementprogrammet
BRIGADE/Plus.
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Urban vindkraft, eller vindkraft i
stadsmiljo, innebar att sma typer av
vindkraftverk placeras i bebyggd miljo
eller pa befintliga byggnader. Vanligen
placeras dessa vindkraftverk pd hogre
byggnaders tak, men det finns aven
exempel pa vindkraftverk fasta pa
fasader. Utformningen av infastningen
mellan byggnad och vindkraftverk ar
viktig for att undvika vibrationer och
skador p& husstommen.

For att minska oOverforingen av
vibrationer till stommen kan kraftverket
fastas in i ett tillrackligt tungt funda-
ment. Ett tillrackligt tungt fundament ar
ett betongblock, vars stora massa helt
enkelt gor att det kravs kraftiga
vibrationer for att dessa ska
transmittieras vidare. Det &r emellertid
inte alltid lampligt att belasta
takbjalklag med en stor punktlast fran
kraftverk och betongfundament. Ett
alternativ skulle d& kunna vara att
vibrationernaistallet dampas, antingen
genom dampande material eller
genom passiva, stamda pelare.

Syfte

Dels ska examensarbetet utreda vilka
typer av laster som vindkraftverk
utsatter dess fundament for. Skiljer sig

lastfallen fér vertikala respektive
horisontala kraftverk at? Om lésningen
med tunga fundament ska kunna
tillampas i stor utstrackning, ar det
ocksa viktigt att belysa de krav och
begransningar som denna Iésning
medfdr. Vidare ska examensarbetet ge
kunskap om hur stora vibrationer som
transmitteras beroende pa hur
infastningen utformas. Hur paverkas
transmitteringen av vibrationer
beroende pa dimension och massa hos
fundamentet? Dessutom bor
examensarbetet utreda ett forslag till
infastning dar vibrationerna ar tankta
att dampas.

Metod

Genom litteraturstudier utreds kraft-
verkets lastpaverkan pa fundamentet
och vilka krav ett tungt betongfunda-
ment staller p&d byggnaden. Finita
elementberakningar ligger tillgrund fér
studien om vibrationstransmissionen
genom betongfundament. Ett antal
geometrier modelleras i badde Abaqus
och MatLab. De laster som verkar pa
fundamenten &r det lastfall som &r
resultatetav litteraturstudien. For att fa
en tydligare bild av vibrationstrans-
missionen, modelleras fundamenten
pa ett referensobjekt.
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Bakgrund och syfte

Metodiken vid analys av rérsystem som
utsatts for termohydrauliska laster ar att
forst rakna fram en last fran en
flodesmodell med stela rander for att
darefter applicera de resultaten i en
separat strukturmodell. Misstankar
finns att man med denna metod far
konservativa resultat. Intresse finns att
undersdka hur styvheteniréretsamt 3D
effekter paverkar last och respons vid
en kopplad analys. Anledning till att
man misstanker att man far
konservativa resultat ar att varje gang
man lagger en kraft pa en elastisk
struktur s& kommer det att ge en
respons somisin tur paverkar resultatet
ytterligare, detta ar nagot den
nuvarande metodiken inte tar hdnsyn
till.

Syftet med uppdraget aratt genomféra
en analys av ett givet rérsystem med
nuvarande metodik och jamfora
resultatet med en fullt kopplad FSI
(Fluid-Structure Interaction) metod.
Detta for att forsoka faststalla huruvida
den etablerade metoden ar konservativ
och i ndgon man kvantifiera konserva-
tismen. En annan anledning ar att
underséka om FSI skulle kunna
anvandas som ytterligare ett verktyg i
de fall da den etablerade metoden inte
ar tillrdcklig. En modell skall konstrue-
ras i Relap utifran en referensmodell
med verkliga testdata och skall darefter
utsattas for, utifran referensen, given
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Budny, DD (1988), FSI experiment,
horisontellt rér med snabbstdngande
ventil. Okopplad teorienligt Joukowsky

belastning vilket ger ger oss en time-
history last. Denna last skall appliceras
i Pipestress vilket ger oss kraftpaverkan
och egenfrekvenser. Resultatet ska
jamforas med referensmodellens
experimentella testdata.

Nasta steg ar att genomforaen kopplad
analys (FSI) dar inte bara det dynamiska
vatsketrycket ger spanningar pa roret
utan rorets deformation kan paverka
vatskan i en iterativ process. Detta bor
ge andra resultat och vi ska darfor
jamfora kraftpaverkan och
egenfrekvenser dven i detta resultat
med den okopplade modellen och
referensen. Huvudsyftet med detta ex-
jobb ar att se om teorin att kopplad
analys ger mer verkliga resultat an den
okopplade genom att studera dessa
resultat.
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Byggnadskonstruktorens traditionella
dimensioneringsprocess utgar fran att
konstruktoren tolkar arkitektens design
for att konstruera en fungerande
struktur. Fran arkitektens design bryter
konstruktoren ut olika analytiska, ofta
enkla tvadimensionella modeller med
syfte att dimensionera byggelement
statiskt och dynamiskt. Vid sarskilda
fall, till exempel vid en komplex
elementgeometri, gor konstruktéren
en egen FEM-modell. Alla dessa enkla
modeller som bryts ut fran strukturen
avviker fran strukturens verkliga
verkningssatt. Detta leder till att de
analytiska modellernas validitet, i vissa
fall, kan ifrdgasattas. Arbetsflodet
leder till ett omfattande informations-
utbyte och samordning mellan
projekteringens discipliner, dar den
fysiska modellen manuellt uppdateras
utifran berdkningarnas resultat. Detta
leder till att manga olika versioner av
den fysiska modellen vaxer fram och
alla dessa skall i slutdanden samordnas.

BIM (Building Information Modeling) ar
en metodik dar den fysiska modellen av
byggnaden representeras i 3D, samt
aven innehaller information utéver
byggnadens geometri. Metoden
innebar att det ar mojligt atti modellen
specificera sadan information som gor
modellen berdkningsbar (material,
tvarsnitt, randvillkor, laster etc). BIM-
modellen kan sedan exporteras till
olika berakningsprogram, dar

andringar som gors i berdknings-
programmen sedan aterférs till den
fysiska modellen. Metoden mojliggér
en gemensam plattform i projek-
teringsfasen, dar missforstand,
kollisioner, olika tolkningar av den
fysiska modellen och risken for
manskliga fel minimeras.

Syfte

Syftet med examensarbetet ar att
undersdka hur byggkonstruktéren kan
anvanda BIM-modellen i sitt
dimensioneringsarbete, samt att
utvardera hur berdkningresultat och
tidsansprak skiljer sig fran traditionell
dimensionering. Syftet ar ocksa att
undersdka vilka kombinationer av
modellformat och berdkningsprogram
som dar att foredra.

Metod

En BIM-modell som beskriver en
befintlig, traditionellt projekterad
konstruktion anvands som
utgangspunkt foratt utféraberakningar
i olika FEM-program. Resultaten
jamférs sedan med de fran den
traditionelladimensioneringen.

For att bilda en uppfattning om vilka
svarigheter och mojligheter som
uppstar vid anvandandet av BIM i
jamforelse med en traditionell
projektering genomfors en fallstudie.
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In modern building, wooden structures
are more commonly used in multiple
storey buildings. This results in light-
weight structures, which often has a
problem with acoustic transmission.

This master thesis will focus on the
propagation of vibrations through a
floor structure with a non supporting
wall. The floor and wall will be built in
an acoustic laboratory using wooden
beams, particle and plaster boards and
mineral wool insulation.

An exciting force will be applied to the
structure and accelerometers used to
register the responding vibrations.

The structure willbe modeled using the
finite element software Abaqus. The
main objective of the thesis is to create
a simulation model which resembles
the experimental setup and results as
good as possible.
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Background

In beverage packages, several sealings
are made to produce a package that
will not leak during its lifetime. The
mechanical behaviour of the package
sealing is thus crucial for the overall
package performance. To develop
packages for new applications, a better
knowledge of the flow of the molten
polymer produced by various types of
sealing techniques is needed. Moreo-
ver, to optimize the sealing process it is
also important to determine what ma-
terial parameters thatis mostimportant
for this process. To determine the ad-
vantages and the disadvantages of
each sealing setup, various setups have
to be studied both numerically using
ABAQUS as well as experimentally.

Objective

The main aim of the study is to define a
FE-modelling strategy for solving mol-
ten polymer flow using the recently
implemented Coupled Eulerian
Lagrangian (CEL) formulation in
ABAQUS. CEL-formulation allows
simulations of fluid-like flowing materi-
als to interact with solid materials.

The study is divided into the following
steps.

e |iteraturestudy

® FE-modellingstrategy and the proce-
dure of using the Coupled Eulerian
Lagrangian formulation.

e Conductexperimental investigations
of sealings with various polymers.

e Calibration of material parameters.
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Bakgrund

| manga fall nar en byggnad skall
uppforas ar det arkitektens uppgift att
rita byggnaden och nar denne ar klar
med sitt arbete kommer ingenjéren in
och berdknar pa dimensioner sa att
byggnaden inte rasar, men om man
istallet Iater arkitekten och ingenjéren
arbeta med byggnaden tillsammans
fran borjan s& kommer byggnadens
struktur och utseende samspela pa ett
satt som kan minska materialatgang
och kostnader, men samtidigt oka
betraktarens forstaelse for byggnadens
funktion. Arkitekten kan geingenjéren
nya satt att tdnka pa och ingenjoren
kan léra arkitekten om byggnadsdelars
egenskaper sa att denne finner nya satt
att uttrycka byggnaden.

Syfte

Detta examensarbete utfors i ett
samarbete mellan en student fran
Arkitektprogrammet och en student
frdn Vég och vattenprogrammet. V-
studenten ar intresserad av arkitektur
ochvarfoérbyggnader ser ut somde gor,
och A-studenten ar intresserad av om
det han ritar verkligen haller i
verkligheten och om det skulle kunna
bli dnnu battre med ndgra sma
andringar, men framst &r de bada
intresserade av att tillsammans lara sig
mer av varandras och sina egna
kunskaper samt upptacka hur
samarbetet fungerar.

Metod

For att utforska detta samarbete och
utveckla sig sjalva kommer de bada
studenterna utveckla en klimatskyddad
vertikalstad. Denna stad kommer att
utvecklas genom att A-studenten goér
arkitektens arbete med att formge,
planldagga och illustrera, medan V-
studenten raknar pa hallfastighet och
kommer med férslag pa andringar i
strukturen. Detta kommer att ske i ett
ndra samarbete fran bérjan och de
bada kommer att ga in pa varandras
omraden. | slutandan kommer
examensarbetet resultera i tva
rapporter, dar de bada studenterna

redovisar enligt respektive program.
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Bakgrund

| Sverige produceras nu ca 2.5 TWh
vindkraftsel per ar. Enligt mal som
Riksdagen har satt upp skall
produktionen ar2020vara 30 TWh per
ar. Detta innebar behov av storre
vindkraftverk och att antalet kommer
att ©ka lavinartat. An sa lange byggs
vindkraftverk framst pajordar med hog
hallfasthet, vilket mojliggor forhal-
landevis enkel grundldggning med
plattfundament med stor vikt och
utbredning. Under kommande ar blir
det aktuellt att bygga aven pa samre
jordar, som siltar och leror. Detta kan
innebdra att konventionell platt-
grundldggning kan bli tekniskt eller
ekonomiskt omdjlig. Alternativa
grundlaggningsmetoder maste darfor
undersokas.

Syfte

Examensarbetet syftar till att
undersdka olika grundlaggnings-
metoder for vindkraftverk, dar platt-
grundlaggning, palade fundament och
samverkansgrundldggning ar de vikti-
gaste. Vidare skall en dimensione-
ringsgang i form av en mall eller even-
tuellt ett datorprogram upprattas.
Dennaskall for aktuell grundlaggnings-
metod beakta bade den geotekniska
dimensioneringen (jordens barfor-
maga) och den strukturella dimen-
sioneringen (barférmaga hos betong-
platta, palar etc.). Dimensioneringen
skall vara enligt Eurocode med
nationella bilagor for Sverige och andra
aktuella lander.

Metod

Olika grundlaggningsmetoder kommer
attunderstkas genom litteraturstudier,
studier av byggda vindkraftverk och
genom berakningar for olika grund-
laggningstyper ochjordar.
Berakningarna goérs mhafinita element
metoden och da i forsta hand mha
programmen PLAXIS och FEM-design.
Analyser gors bade for brott- och
bruksgranstillstdnd, bade for den
geotekniska och den strukturella
dimensioneringen.
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Background:

Tetra Pak uses rubber coated rollers in
the converting process. The rubber
coatedrolleris one of tworollersin anip
where adhesion between molten
polymer and paperboard is created.
Simulations are done in the
development process as atool to predict
the behavior of these rollers. One
importantcomponentin the simulation
model of the roller is material models
covering the dynamic behavior of the
rubber. Dynamic testing of rubber
materials is however a time and cost
consuming process. Today Tetra Pak
uses suppliers to do this kind of testing
of material properties. To speed up the
lead time from testing of rubber
materials to a completed simulation,
this could be done in house at Tetra Pak.

Obijective:

The purpose of this master thesis is to
design equipment for dynamic impact
testing of rubber material according to
the method proposed by Austrellin the
paper Dynamic characterization of
elastomers using impact testing, 2009.
The basic principal is a drop test where
theloadingrateis controlled by the drop
height and the load amplitude is
controlled by the weight of the dropped
body. The force acting on the rubber
specimen and the compression of the

Motor

Position

of [ § e

Rubber J Forve

specimen needs to be measured
simultaneously. Special care must be
taken when designing these measuring
methods since the contact time in the
impact cycle is very short.

Deliverables:

The deliverable is a design proposal for
mechanical drop test device including
measuring equipment. The measuring
equipment shall contain devices to
measure force and deformation
simultaneously during theimpact of the
weight on the rubber specimen. A final
report should be written in english in
template according to Division of
structural mechanics, LTH.

Div. of Structural Mechanics - Lund University - Box 118 - SE-221 00 - Lund - Sweden - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.Ith.se - xp5172(2010-02)



Master's Dissertation at the Div. of Structural Mechanics

Mikael Rosengren

TRAS TRYCKHALLFASTHET
VINKELRATT FIBERRIKTNINGEN

Presentation
Spring 2010

Report
will be published as
report TVSM-5171

Supervisors

Per Johan Gustafsson, prof
Div. of Structural Mechanics, Lund

Arne Emilsson
Limtrateknik AB, Falun

Roberto Crocetti
SP, Boras

Examiner

Kent Persson, php
Div. of Structural Mechanics, Lund

In cooperation with
Limtrateknik AB, Falun

The work is performed at
Div. of Structural Mechanics,
Faculty of Engineering, LU

LUND

UNIVERSITY

Beskrivning

Det karakteristiska hallfasthetsvardet
for tryckbelastning i vinkelratt tréets
fiber har varit sen tidigare 8 MPa. Enligt
ett remissforslag s& kommer en
sankning att gorastill 2.7 MPa. Detta ar
en stor sankning! Darfor ar det
nédvandigt att kunna utnyttja och
faststalla den gynsamma lastsprid-
ningen.

Examensarbetet syftar till att undersoka
hur mycket av lastspridseffekten som
kan tillgodogoras for att kunna rakna
med ett hogre hallfasthetsvérde nar
bara en liten yta belastas. En ny
berékningsmetod for det karakteristi-
ska hallfasthetsvardet ska foreslas med
beaktning av lastspridningen.

Trycket vinkelratt fiber maste begran-
sas med hansyn till:

e Deformationernas storlek

e Krossning

* Uppsprickning

Arbetetinnefattar:

e Spadnnings- och deformations be-
rékningar i Abaqus med Finita
elementmetoden

* Experimentella provningar

o Utveckling av férslag till dimensio-
neringsmetod

Div. of Structural Mechanics - Lund University - Box 118 - SE-221 00 - Lund - Sweden - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.Ith.se - xp5171(2010-02)



Master's Dissertation at the Div. of Structural Mechanics

Juan Negreira Montero

VIBRATION ANALYSIS OF
UNDERGROUND TUNNEL AT
HIGH-TECH FACILITY

Presentation
Summer 2010

Report
will be published as
report TVSM-5170

Supervisor

Kent Persson, rhp
Div. of Structural Mechanics, Lund

In cooperation with
MAX-lab, Lund University

Examiner

Delphine Bard, Lecturer
Div. of Engineering Acoustics, Lund

The work is performed at
Div. of Structural Mechanics,

Faculty of Engineering,
Lund University

UNIVERSITY

Introduction

MAX-lab is a national laboratory
operated jointly by the Swedish
Research Council and Lund University.
Nowadays, the Max project consist on
three facilities (three storage rings):
Max |, Max Il, Max Il and one electron
pre-accelerator called Max Injector.

A new storage ring is needed to
improve material science, such as
nanotechnology. MAX-IV will be 100
times more efficient than already
existing synchrotron radiation facilities,
e.g. it is planned to be the next
generation Swedish synchrotron
radiation facility.

MAX IV will basically consist of a main
source that will be a 3-GeV ring with
state-of-the-art low emittance for the
production of soft and hard x-rays as
well as an expansion into the free
electron laser field. The second source
will be the Linac injector that will
provide short pulses to a short pulse
facility. The Linac will be built as an
underground tunnel next to the main
rng.

Purpose

In this Master Thesis, the vibration
levels at the Linac will be analysed.
Since this construction will be used for
high precision measurements, it will be
asked to have very strict technical
conditions where only very low
vibration levels will be allowed.

It is obvious that the surrounding
elements existing in the area will have
a large influence on the Linac’s
behavior. Next to it there is the E22
freeway that will of course propagate
waves of different frequencies
depending on the traffic density
towards the underground tunnel.
Likewise, a bridge for bus traffic is
planned to be built over the tunnel that
alsomay disrupt the performance of the
Linac measurements.

The main aim of this Master Thesis is to
analyze the influence of the
surrounding vibration sources on the
Max-IV Lab’s underground tunnel by
means of the finite element method. To
achieve this purpose it will be necessary
to model with different assumptions
loads, materials, etc. in order to prove
the fulfillment of the needed
requirements. If technical conditions
are not fulfilled for the proposed
structure, solutions to achieve them
could be pointed out as well.
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Abaqus is a program for Finite Element
Method calculations. You can deter-
mine displacements in flexible bodies
and also do modal analysis on your
system. The programming language is
Python.

Dymola is a program where you can
model and simulate different kinds of
systems, for example mechanical sys-
tems with translation and rotation of
multi-bodies. In Dymola there is a
standard library with different compo-
nents which you can use to set up
models. The programming language
that is used in Dymola is called
Modelica, which is object-oriented and
based on equations.

This master's thesis has two parts. The
firsttaskisto setup amodelin Modelica
which calculates the displacementsina
three dimensional beam element. The
same model shall also be tested in
Abaqus, to compare the simulations.
The second task is to import calcula-
tions from Abaqusinto Dymolaand use
those in the simulations. To do this, a
model will be defined in Dymola where
the displacements only will be calcu-
lated in one part of the model. On this
piece there will be some connecting
points defined, and with this informa-
tion the part of the model will be im-
ported into Abaqus.

/I/ladelan_
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Bakgrund

Limtrébagar till stdrre konstruktioner
har ofta ett rektangulart tvarsnitt som ar
hogt och tunt. For en bage med en
spannvidd om ca 60 m kan tvarsnittets
hojd typiskt vara 8-10 ganger
tvarsnittets bredd. Normalt ar dessa
bagar stabiliserade med hjalp av
takasar eller takbeldaggning som ar
fastsatta i bagens éverkant, medan det
i bagens underkant inte finns nagot
sidostod. Detta ger risk for vippningsin-
stabilitet genom sidoutbdjning av
bdgens underkant kombinerat med
vridning. | dimensioneringsanvisningar,
som t.ex Limtrahandboken, tas hansyn
bara till instabilitet i bagens plan. Nagon
vippningsrisk beaktas inte, vilket kan
tolkas sa att man forutsatter att
anslutningen i bagens 6verkant ar helt
momentstyv.

Det ar emellertid tveksamt om de
avstyvningar och anslutningar som
anvands i praktiken kan betraktas som
momentstyva. Risken for vippnings-
instabilitet ar sarskilt tydlig vid
osymmetrisk belastning, orsakad av
t.ex snodlast. Vid sadan belastning ger
bdde normalkraft och bdéjmoment
tryckspanning i bagens ostagade
underkant.

y ‘\.
L=60m

P’ N

Syfte

Examensarbetet skall ge kunskap om
aktuell typ av instabilitet. Finns risk for
instabilitet i typiskt utformade och be-
lastade limtrabagar? Hur kan man vid
dimensionering, pa ett rimligt enkelt
satt, berdkna eller uppskatta risk for
instabilitet? Examensarbetet boér ge
dels instabilitetsanalysresultat for ett ur-
val av bagar, dels férslag till metod att
pa nagot forenklat satt analysera andra
bagar av samma typ, men med andra
matt. Sammantaget ger detta kunskap
om nar det behovs sidostabilisering
ocksa av bagens underkant alternativt
kunskap om hur momentstyv anslut-
ningen vid bagens ovankant behdver
vara.

Metod

For ett urval av geometrier, laster och
initialimperfektioner kommer insta-
bilitetsanalys att genomféras genom
finita elementberdkningar mha dator-
programmet Abaqus. Vid dessa berak-
ningar modelleras bagarna med 3D
solidelement och anslutningarna till
angransande konstruktionsdelar med
fiadrar. Genom litteraturstudier och/
eller eget utvecklingsarbete kommer
vidare att understkas om det finns
mojlighet att hitta nagon férenklad
analysmetod baserad pa balkteori.
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Bakgrund

Spontdimensionering ar ett komplext
omrade dar konstruktionselement
samverkar med naturliga jordmaterial.
For atten spontvaggskakunnafungera
erfodras det att jordens hallfasthet
mobiliseras. Detta medfor att rorelser i
jorden kravs for att dstadkomma en
jamvikt.

Beroende pa rorelsebilden kommer
jordtrycket mot spontvdggen att
utvecklas olika. Praxis i Sverige ar att
dimensionera efter de anvisningar som
finns i Sponthandboken. Den dimen-
sioneringsmetodik som finns i Spont-
handboken tar ej hansyn till konstruk-
tionens styvhet med undantag for en
metod presenterad av Rowe 1952.

Spontdimensionering férandras kanske
framst genom tillgangen till numeriska
hjalpmedel men dven pa grund av att
nya normer infors.

Syfte

Arbetet ska belysa hur sponten och
jorden samverkar i saval brottgrans-
som i bruksgranstillstand. Hur val
stammer de berdknade jordtrycken
ifrdan Sponthandboken med de som
berdknas med avancerade numeriska
metoder? Vilka konsekvenser kommer
inféorandet av Eurokoden ha fér de
spontvdggar som konstrueras i
Sverige?

Genomfoérande

® Berdkningar avspontdeformationer
samtkrafterispontkonstruktionens
ingdende delar.
Berakningen utfors traditionellt samt
med finita element programmet
PLAXIS.

® Studera hur berékningarna paverkas
av:

- Effekter av uppspanning

- Konstruktionensstyvhet

- Vidhaftningen mellan spont och jord

- Valvbildning ijorden

- Momentreduktion enligt Rowe

- Jordtryck enligt Brinch Hansen

- Effekten av dverlaster i brottgrans-
samtbruksgranstillstandet
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Bakgrund

Palning ar en grundlaggningsmetod
som anvands for olika typer av
byggnationersom hus, vagar, jarnvagar
och broar. Palarna 6verfor lasten fran
den ovanliggande konstruktionen forbi
svaga jordlager ner i eller till mera
barkraftiga jordar eller berg. Palning
gdrs med olika metoder och material
beroende pa typ av konstruktion,
markforhallanden och tillganglig
kunskap och utrustning. Den van-
ligaste metoden ar att man slar ner
palar av betong, trd eller jarn i marken
med hjalp av en padlkran. Denna
konventionella metod ar dock inte
lamplig i alla forhallanden. Slagpalars
diameter ar begransad med hansyn till
att de skall kunna slas ner. Vidare ger
slagningen ljud som vid bygge i tat-
bebyggt omrade kan vara oacceptabel.

I
Gravpalar ar platsgjutna betongpalar
som framstélls genom att borra eller
grava ett hal i marken och sedan fylla
detmed armerad betong. Gravpalarnas
djup och dimension kan anpassas till typ
avbyggnad och beroende palasten och
markforhallandena, kan gravpalar go-
ras anda ner till 100 meters djup.
Gravpalar har stora dimensioner och
anvands huvudsakligen for stora
koncentrerade laster eller dar det finns
krav pd lag ljudniva vid bygge. | Sverige
ar anvandningen av gravpalar ganska
liten jamfort med lander som Tyskland,
England och USA. Trots att gravpalar i
manga situationer troligen har
betydande fordelar ar produktionen av
gravpalar i Sverige annu bara en liten
brakdel av produktionen av slagna
palar.

Syfte

Syftet med examensarbetet ar att
genom litteraturstudier och utvarde-
ringar av olika dimensionerings- och
utférandemetoder komma fram dels till
nagot lampligt val av anvisningar for
utférande och dimensionering, dels till
underlag for kunna bedémma nér
gravpalar ar lampliga utifran tekniska
och ekonomiska aspekter.
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MAX-lab is a national laboratory ope-
rated jointly by the Swedish Research
Council and Lund University.
Nowadays, the MAX project consists of
three facilities (three storage rings). A
new storage ring is needed to improve
material science, such as nanotech-
nology. MAX-IV willbe 100 times more
efficient than already existing
synchrotron radiation facilities.

The floor of the MAX IV building will
mainly be constituted of a concrete
structure thatis built on soil consisting of
mostly boulder clay.

Since the quality of the measurement
results from the MAX IV ring is depen-
denton the precision of the synchrotron
light, a very strict requirement regar-
ding the vibration levels are defined.
The strict requirement is especially put
inthe vertical direction where the mean
vibration level must be less than 26 nm
during one second in the frequency
span of 5-100 Hz.

The structure is exposed to both to
harmonicand transient excitations. The
harmonic excitation is typically working
machines and transient excitations are
typically traffic from the nearby roads
and other human activities in the
building such as walking.

The main objectiveis to study vibrations
at the foundations to the synchrotron
light subjected to diferent excitations.
The aim is to establish realisic finite
element models that predict vibrations
in the foundation with high accuracy.

The ultimate goal is to prove the
fulfilment of the needed requirements.
If technical conditions are not fulfilled
forthe proposed structure, solutions to
achieve them could be pointed out as
well. The vibrations are analysed by the
finite element methodin both transient
as well as steady state solutions. Since
the models become very large, the
technigue of modal reduction is em-
ployed.
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Explicit FEA simulation has become an
important tool for assessment and
improvement of the crashworthiness of
cars. Concept and ideas can be
evaluated in computers long before
physical prototypes are available.

The precision and resolution of the
crash simulation models have improved
tremendously during the last decade
due to extensive method development
andthe hugeincreasein computational
power.

However, several areas are still
handled in a simplified way, e.g. with
multidimensional spring elements,
instead of a more physical modelling.
One such area is rubber bushings in
engine mounts and wheel suspension.
Until recently, the general level of
detail in full car crash models has not
allowed a physical modelling of rubber
bushings with solid elements.

The purpose of this work is to develop
new and improved modelling
techniques for rubber bushings,
compare to traditional modelling and
issue modelling guidelines/recom-
mendations. Testing activities may be
needed in order to identify rubber
material parameters and to verify the
final model, but the work is mainly
theoretical and numerical.
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Problembeskrivning/bakgrund

| kommersiella fastigheter utgoér idag fasa-
der av glas/aluminium ett vanligt vagg-
alternativ. Trenden i byggnadsarkitekturen
medfor att glasstorlekar och tjocklekar
okar i kombination med allt hégre och
storre fasadytor. Dessutom tillfors fasaden
ytterliggare laster i form av olika sol-
avskarmningslésningar etc. Detta innebar
att stomprofilerna maste utnyttjas battre
for att inte resultera i onddigt stora tvar-
snitt. Sapa Building System AB som fasad-
systemleverantér svarar bl.a. for systemut-
veckling, tillhandahallande av kompletta
tillverkningsunderlag, framtagande av be-
hévlig produktionsutrustning samt lager-
hallning av profiler och tillbehor. For detta
andamal kravs framtagande av projek-
terings- och tillverkningsanvisningar.
Dessutom marknadsfor foretaget sig, sina
licenstillverkare och slutprodukten mot
féreskrivande led, arkitekter och konstruk-
torer.

Fragestallningar

e Framtagande av dimensionerings
diagram for delningsprofiler.
Delningsprofilerna studeras var for
sig, med fullstdndig samverkan samt
viss samverkan.

e Bestdmning av glasets stabiliserande
inverkan mot knackning av profiler.

Da glaset ar klamt mot profilen med
en gummilist emellan kommer det
att ha en viss stabiliserande funktion.

e Lastfordelning till narliggande profiler
genom glaset som anvands som
skjuvstabiliserande element. Efter som
brottkan ske pa glaset och det daforlorar
sin stabilisering mot knackning av intil-

liggande profil krdvs att lasten kan foras
over pa de profiler som fortfarande ar
stabiliserade. Detta uppnas genom att
de glas férsedda facken ovan och bred
vid férdelar lasten genom skivverkan ut
till de profiler som kan ta upp lasten.

Forutsattningar

e Fasadsystem SFB 4150 med dess fore-
kommande stomprofiler (rektangulara,
T-formade och I-formade tvarsnitt samt
s.k. delningsprofiler) verifieras fér kom-
binerad tryck-/bojning.

e Berdkningar gors teoretiskt samt med
FEM och utférs enligt linjar bucklings-
teori.

e Praktisk provning kan/ska om méjligt
verifiera ovanstdende berdkningar.

Resultat

Kompletta projekterings- och tillverk-
ningsanvisningar ska upprattas. Med
dessa som underlag upprattas digitalt
hjalpmedel for dagliganvandare (lathund i

Excel eller liknande).

Div. of Structural Mechanics - Lund University - Box 118 - SE-221 00 - Lund - Sweden - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.lth.se - xp5162(0901)



Master's Dissertation at the Div. of Structural Mechanics

Bahatin Gindlz

ANALYSIS OF SETTLEMENTS OF
TEST EMBANKMENTS DURING
50 YEARS - A Comparison
between Field Measurements
and Numerical Analysis

Presentation
Winter 2008

Report
will be published as
report TVSM-5161

Supervisors

Lars Johansson
Rambéll Sverige AB, Malmé

Ola Dahlblom, prof

Div. of Structural Mechanics, Lund

In cooperation with
Ramboll Sverige AB

Examiner

Per Johan Gustafsson, prof
Div. of Structural Mechanics, Lund

The work is performed at
Ramboll Sverige AB,
Malmo

LUN

UNIVERSITY

Test embankment.

VA ‘ﬂ;\reloaﬂdir?q:/N\]\/\A/'\/N/I\/\WW\/f\

Dry Crust Z o et L
|l S LS 7T [T~ Organic clayl,

Organic clay2

Clay2

Varved clay -

For a little more than 50 years, the
Swedish Geotechnical Institute (SGI)
has had test embankments at different
locations in Sweden. The aim with the
test embankments has been to follow
up settlements by field measurements
in order to improve both the general
knowledge and calculation methods.
The purpose of this Master Thesis is that
settlements will be calculated by
numerical methods by use of the finite
element program PLAXIS and compare
the calculated result with field
measurements. The main objective is to
create a numerical model which
describes the current field situation as
realistic as possible.

The compared objects in this work will
be test embankments at Lilla Melldsa
and Ska-Edeby, located in Stockholm.
At Lilla Mellosa two test fills were
constructed by SGIlin 1945 — 1947 while
at Ska-Edeby four test fills were
constructed in 1957. The background to
the building of test fills was the search
of a place for a new international airport
outside Stockholm. The soil condition in
both areas consisted of very com-

Clayl

Sand

pressible soil with
thickness.

The two-dimensional version of Plaxis
will be used for computing settlements.
Plaxis is very practical for solving
complex geotechnical problems
involving settlement or slope stability.
Those elements are then connected by
nodes. The stress and tension in every
element can later be calculated. The
work will be carried out in several steps.
The first part of the work will be a
literature study in order to find relevant
information on the topic. One important
phase of this step is to identify previous
work adopting the same or a similar
method. Analyses will be carried out for
embankments placed on different soil
layer profiles. Different methodologies
will be adopted, i.e. separation
between the mechanical and the pore
water phase, and incorporation of both
at the same time (consolidation),
respectively. Also different soil models
can be adopted in order to describe the
soil behaviour as correctly as possible. A
raw presentation of the results without
any interpretations or judgements will
be given.

layers large
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Background

The dynamic behavior of railway
bridges is in most design codes
traditionally analysed by following an
approach of a so-called "single moving
load" model which is a static load that,
multiplied with a dynamic impact
factor, represents the increase of a
static load to a dynamic situation. This
model does not take into account the
possibility of resonance effects due toa
periodic load, which may appear for
train reaching speeds above 200 km/h.
In 1995, due to several problems with
high speed railway lines, in particular
excessive high acceleration on bridges
that could lead to ballast liquefaction,
the European Rail Research Institute
(ERRI), decided to establish a
committee to study these phenomena.
It resulted in new design codes for
railways with train-speeds above 200
km/h, which included the necessity to
take the effect from periodic load into
account.

When calculating the dynamic effect of
arailway bridge a general used method
is "the travel point force technique".
The methodimplies that by performing
adiscretisation of the structure, divide it
into smaller parts, so called finite

elements, an approximate model of the
bridge is obtained. The trains are
modelled as point forces moving over
the bridge model. By solving the system
of differential equations M*a +C*d +
K*d = f at different time-steps, the
bridge response is calculated.
Depending onthe accuracy of theresult
the structure may be modelled in 1-,2-
and 3-dimensions. A large advanced
model normally produces a more
precise result. Analysing large models
of bridgesis, however, time consuming
and in an early stage of a project a
simple model could significantly reduce
the time needed to perform the
analysis. To benefit from such a
simplified model, it should provide
sufficiently accurate results that have to
be carefully interpreted.

Aim

The aim of the thesis is to develop a
design tool for analysing the dynamic
response of railway bridges subjected to
high-speed trains. The design tool is
intended to be used atan early stage in
the design process to make estimation
of the influence of various design
variables
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Bakgrund

Mot bakgrund av férandringar pa
Europeisk niva finns planer pa att ocksa
i Sverige sanka det normmassiga vardet
pa tras skjuvhallfast. | Sverige planeras
en sankning med ca 30% fran ett
karaktaristiskt varde pa 4.0 MPa (avser
limtrd) till 2.5 eller 3.0 MPa. Detta
skulle i sa fall innebéra att tra forlorar i
konkurrenskraft mot andra kon-
struktionsmaterial somstal och betong.
Det finns darfor ett behov av att
klarliagga om en sadan sankning ar
befogad och att underséka om de
nuvarande grova metoderna for
berékning bjalkars barférmaga mht till
tvarkraftsbrott kan forfinas. Sarskilt for
sa kallade sadelbalkar skulle séankning
av det normassiga skjuvhallfasthets-
vardet innebdra en avgdrande
begransning.

Examensarbetet

e Genom experimentella material-
provningar av tra undersdka hur en
tryckande normalspanning, o, som
verkar samtidigt med en skjuvspan-

ning, t, paverkar traets skjuvhallfast-
het. Som en del i arbetet ingar att
utforma eller vélja ndgon provnings-
metod och att géra spanningsanalys av
aktuell provkropp.

e | en balk ar tvarkraften och darmed
skjuvspanningarna normalt stérst vid
balkens upplag. Med nuvarande
berakningsmetoder predikteras
skjuvbrott pa enkelt satt fran enbart
storleken av nominell skjuvspanning.
Sammanstallning av tidigare resultat
samt jamforelser mellan experimen-
tella provningar, berdkningsanalyser
(Abaqus) och dagens byggnormer
forvantas ge information om huruvida
det &r befogat att sénka normmassigt
varde pa tras skjuvhallfasthet.
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En 6kad industrialisering har inneburit
stora effektivitetsvinster vid nybyggna-
tion av flerbostadshus. Det finns dock
annuinga metoder for standardisering
ochindustrialisering av grundlaggning-
en, vilket gordentillen relativt kostsam
och resurskravande del av byggproces-
sen.

Skanska har startat ett konceptbygge
som kallas Moderna Hus. Syftet ar att
genom standardisering och in-
dustrialisering minska bygg- och
projekteringskostnaderna och dari-
genom skapa ett billigare boende.
Husen ar flerbostadshus som uppfors i
sex till atta vaningar. Stommen ar
prefabricerad och badrummen
kommer som fardiga moduler.
Standardiseringen leder till minskade
byggkostnader, men minskar samtidigt
kundens anpassningsmajligheter.

ldag ar i stort sett allt utom sjalva
grundlaggningen av Moderna Hus
standardiserat. Kostnaderna for
grundldggningen ar relativt hdga och
enstandardisering av grundlaggningen
skulle innebadra en ytterligare
optimering av bygg- och projekterings-
kostnaderna.

Eftersom grundlaggningsmetoden &r
beroende av de geologiska och
geotekniska forutsattningarna pa den
plats dar husen skall uppforas, ar
forutsattningarna for grundléaggningen
mycket olika. De tvd vanligaste
grundlaggningsmetoderna for denna
typ av byggnader ar palgrundlaggning
och grundlaggning pa sjalvbarande
sulor. Examensarbetet kommer darfor
framst att fokusera pa dessa tva
metoder. Arbetet avgransas med att
studera tva typer av naturligt lagrade
jordar - friktionsjord och lera.

Standardiseringsmojligheterna for
grundlaggningen ska undersokas
genom att studera de hittills
genomférda Moderna Hus — projekten
inom Skanska.

Syftet med detta examensarbete ar att
forsoka finna en standard for
grundlaggningen av de prefabricerade
flerbostadshusen.
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Background

In 1994 a change of the Swedish
Construction Code, BKR, made it
possible to design and construct
buildings with more than two storeys
made of wood. A part of the new urban
district Valle Broarin Vaxjo is the quarter
Limnologen where four houses are
being built with the foundation and the
ground floor made of concrete and the
upper seven storeys with wooden
frames. This makes them the highest
buildings made of wood in Sweden.

There are many advantages of using
wood as a construction material; it is
flexible, ecological, economical, fire-
resistantanditis strong comparedtoits
weight. When using wooden frames
special care has to be taken in order to
meet the demands of sound and
vibration isolation which can be
problem with light weighted joists.

Wood is an orthotropic material, i.e it
has three planes of material symmetry.
This means that the material behaves
differently when loaded in different
directions; parallel to the fibers
(longitudinal), radially and tangentially
transverse to the fibers.

Content
The objective of the thesis is to
investigate how vibrations (flexural

One of the houses in Limnologen
Quarter

waves) caused by steps will be
transmitted in the building. The work
will contain two parts. One is carrying
out measurements with the help of a
standardized tapping machine
simulating steps and accelerometers
measuring the accelerations. Several
different cases are investigated: The
transmission of vibrations between floor
andwall, floor and ceiling and between
different floors.

The second part is to develop a FE-
model of the structure to simulate the
dynamic effects of the steps. The
software Abaqus 6.7 will be used for the
simulations. The measurements will act
as reference to see if the model is
accurate. The goal is to verify if a very
simple model of a building can predict
how vibrations are transmitted.
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Stenpelare ar en metod foér grundfor-
starkning som anvands i stora delar av
varlden. | Sverige ar metoden daremot
relativt ny och har hittills anvants bara
fyra ganger. Stenpelare kan installeras
med olika metoder dar den som kom-
mer behandlas mest i detta arbete kal-
las for torr metod.

Vid installation av stenpelare anvands
en maskin bestdende av en vibrator
monterad langst ner pa ett rér med
samma langd som blivande grund-
laggningsdjup. Vibratorn férs nerimar-
ken och darefter fylls den ihaliga
vibratorn med stenmaterial uppifran.
Stenarnasom anvands har en diameter
som varierar mellan 0-50 mm. Ofta ar
dock de finare partiklarna, <4 mm, inte
onskvarda. Fyllnadsmaterialet vibreras
sedan ut genom ett munstycke langst
ner. Nar den kringliggande jorden bju-
der tillrackligt motstand avbryts pack-
ningen och vibratorn dras upp till nasta
niva. Nivaerna som pelarna packas i ar
ungefar en halvmeter at gangen.

LCM AB har som underentreprenor till
Vagverket produktion utfért
stenpelareforstarkning vid ombyggnad
av vag 73 mellan Stockholm och
Nynashamn. Projektet omfattar 1340
stenpelare 6ver en stracka pa 160 m.
Stenpelare har anvants som jord-
farstarkning for en bank upp till nio
meter hog. | samband med véag-
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Principskiss stenpelare

projektet har dven en provbank
upprattts vars syfte ar att undersdka
pelarnas egenskaperilds organisk lera/
gyttja. Syftet med provbanken ar att
utvardera stenpelare som en framtida
forstarkningsmetod vid utbyggnaden
av Varta Hamnen i Stockholm.

Uppgift:
® Att berakna sattningar och
jordstabililtet fér provbanken.

® Jamfora resultaten fran berakningar
med utforda tester.

® Dra slutsatser om antaganden
rorande stenpelarnas beteende

samtberakningsprogrammet
Gretas validitet for svenska leror.
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Background:

Parallel computing is becoming more
and more important in modern Finite
Element Software. As problems grow
larger, computation on a single pro-
cessor may not be fast enough. To
overcome this problem, one can utilize
parallel programming using e.g smp-
machines or clusters.

Furthermore, when local compute
resources are scarce, it can be quite
convenient to take advantage of non-
local resources for performing the
calculations.

Task:

The purpose of this thesis work is to
investigate some ways of parallelizing
existing Finite Element Code. There are
several ways to do this, we will be
focusing on openMP, PETsc and intel
MKL.

e OpenMP is is a set of compiler
directives that can be directlyinserted
in to existing code.

e PETsc is a library for solving partial
differential equations using the
Message Passing Interface, MPI.

e Intel MKL is a library of threaded
math routines based on openMP.
It is highly optimized for Intel
processors.

Also, we would like to investigate the
possibility of distibuting the calculations
to non-local resources using e.g. the
Internet Communications Engine (ICE).
It would be optimal if the user could
utilize the non-local resources by the

click of a button.
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Bakgrund

Den béarande konstruktionen i bygg-
nader med mycket stora spannvidder
utformas ofta som en tryckbage, som
vid symmetrisk yttre belastning nastan
enbart utsattes for en tryckande
normalkraft. De laster som finns i
verkligheten,t.ex sn®- och vindlaster,
kan emellertid vara osymmetriska och
da uppkommer moment och
tvarkrafter i den krokta balken. For en
krokt balk ger dessa snittstorheter
(forutom bojspanningar och skjuv-
spanningar) ocksa normalspanningar
vinkelratt balken. For trabalkar med
rektangulart tvarsnitt finns etablerade
metoder for berdkning av dessa
betydelsefulla och ibland avgérande
spanningar vinkelratt balken. Vid
mycket stora konstruktioner ar
emellertid balkar med ladformade
tvarsnitt effektivare och for dessa
saknas for narvarande etablerade
berdkningsuttryck bade for spéan-
ningarna vinkelratt balken och for
skjuvspanningarna. En sarskild aspekt
ar att den stora volymen av material i
dessa stora balkar innebar att det
statistiskt sett finns stor risk for att
materialet i ndgon punkt har nagon
skada som gor det svagt. Det finns
planer for byggande med aktuell typ av

balk. Fragestallningen har darfor stor
aktuallitet. Mer generellt finns det ett
behov av en berakningsmodel for
krokta balkar med ladtvarsnitt ocksa i
bl.a. den Europeiska trabyggnads-
normen, Eurocode 5.

Uppgifter

e Harledning av berdkningsuttryck
for spanningar i krokta balkar.

e Verifiering av berdkningsuttryck
med hjalp av linjarelastisk finita
elementberdkning.

¢ Valav metod for hansynstagande till
att trdets nominella styrka minskar
med volymen tra som ar belastad.
Detta hansynstagande kan t.ex.
goras enligt sa kallad Weibullteori,
d.v.s. "svagaste lanken teori”.
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Plug

s PTFE Sleeve

PTFE, better known as Teflon, is a
polymer that has gained importance in
industrial applications during the
second part of the twentieth century. Its
low coefficient of friction and inertness
makes it suitable not only for cooking
utensils, but also for sealings in
industrial valves. However, the material
exhibits unwanted mechanical
properties, such asstressrelaxation (i.e.
loss of stiffness with time) and
temperature dependence, that may
cause problems in certain applications.

Fluoroseal Valves Inc. is a Canadian
company situated in Montréal, QC, that
produces valves sealed with PTFE
sleeves, cf the figure. The company
manufactures valves with inlet sizes
ranging from 0.5” to 24”. The 24~
valves are sensitive to leakage when
blocked, which is thought to be due to
the stress relaxation of PTFE.

PTFE Sleeve

The objective of this master thesis is to
perform a stress analysis of the PTFE
sleeve used in the 24”” valve, in order to
address the leakage problem. The
master thesis comprise measurements
on the sleeve and finite element
modelling of the valve. The data
gathered will be used to perform a
stress analysis of the sleeve and
specifically focus on the stress
relaxation of PTFE.

Throughout the master thesis, the finite
element software ABAQUS will be used
to perform the computations, and
MATLAB will be used for numerical
manipulations. In addition, a study of
the mechanics of polymers is done to
getaclearview of the complexity of the
problem.
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Detta staller krav pa att glaset kan
agera som barande material av laster
sasom vind, sn® och egentyngd och i
vissa fall aven personlaster. Flertalet
exempel pa tak, fasader och golv-
konstruktioner som ar helt konstru-
eradeiglasfinns. Aven gangbroar med
barande balkar av glas har konstru-
erats.

Glas ar ett starkt men samtidigt sprott
material. Glas uppvisar ett linjar-
elastiskt beteende dnda till brott men
med en total avsaknad av plasticering.
Avsaknaden av plasticering gor att
stora spanningskoncentrationer upp-
star vid upplag och andra stallen dar
krafter dverfors. Darfor stalls stora krav
paen konstruktiv utformning av upplag
och férband for att undvika for stora
spanningskoncentrationer.

Vid sammanfogning av glaselement
anvands generellt bultférband. Mellan-
ldgg av mjukare material som exempel-
vis EPDM anvands for att undvika allt
férhdga spanningskoncentrationer.
Limmade férband anvands i viss ut-
strackning men ar annu ett relativt out-
forskat omrade. | detta examensarbete
kommer korttidslastkapacitet for ett
antal olika limmer och silikoner att
utredas.

mande silikon- och limtyper. Skjuvka-
paciteten skall bestdmmas for en kort-
tidslast. Arbetet kommer att omfatta:

e Utveckling av en experimentell
provningsmetod i skjuvning for att
bestamma limférbandets egen-
skaper.

e Utifran provningsresultaten anpassa
dessa till en teoretisk FE-modell.

e Verifiera FE-modellen genom tester
i full skala.

e Utifran FE-modellen utvardera och
ge forslag till lampliga anvandnings
omraden for de olika silikon- och
limtyperna.
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Treledsramar gjorda av limtra och utfor-
made enligt bilderna anvandes for
byggnader med storaspannvidder, nor-
malt mellan 15 och 40 m. Ett antal
konstruktioner av denna typ har
kollapsat under senare ar. Det finns
darfor ett behov av att analysera span-
ningar och barférmaga. Av sarskilt in-
tresse ar spanningar och risk for brott i
anslutningen mellan tryckstrdva och
balk.

Examensarbetet innefattar:

e genomgang av nuvarande i Limtra-
handboken angiven dimensione-
ringsmetod

e ramberakningar, t.ex. med
Calfem, for bestamning av tvar-
krafter och moment

e finita elementberakningar, t.ex.
med Abaqus, for analys av

spanningar och brott
e experimentellaprovningar
e sammanstalla metod eller diagram

for dimensionering av balken vid
dess anslutning mot stravan.

Skrastiverne var underdimensjonert og kan
ha veert tilleggsarsak til skaden.
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Background

Throughout the history it has mostly
been the same person that both design
and construct a building. The so called
“Master Builder” handled both with the
architecture and the durability of the
construction.

With the industrialization and new
technical development the work
became so complex that it was
necessary to divide the “Master
Builder” into two central professions.
The architect and the engineer became
now two different professionals who
should work in cooperation. The two
professions slid more and more away
from each other during the vyears.
Nowadays this trend has turned around
andboth architectsand engineers have
understood that if development of new
complexarchitecture shall continueitis
necessary to have a near collaboration,
work together and above all have an
understanding for each work and
profession.

Contents

This Master Thesis will be about
problems that can appear in
cooperation between architects and
engineers and how they may be solved.
The thesis will also deal with a building
project. It is collaboration between the
Division of Structural Mechanics at the

Programme of Civil Engineering and
the Division of Architecture and Built
Environment at the Programme in
Architecture. Jonas Téljsten astudentin
architecture and Louise Pedersen a
student of civil engineering have
decided to design and construct a
museum of Modern artin Warzaw. The
building will be constructed in such way
that both the architectural form and the
mechanical force play together. It will
not only show general cooperation
between the two professions but also
how modern architecture can be
developed throughout a positive
collaboration between form and
structure.
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Bakgrund

Naren byggnad skall uppféras, sa ar ett
av kraven att bl a sattningarna inte far
bli for stora. For att uppfylla detta krav
kan palaranvandas, vilka tar upp lasten
fran byggnaden och fér ner den djupare
imarken. Férdelen med detta ar dels att
detsattningskansligalagrets maktighet
minskas, dels att jordens hallfasthet
vanligtvis 6kar med djupet. Palarna kan
principiellt, beroende pa verkningssatt,
delas in i mantelburna (lasten fran
palarna fors over till jorden framst
genom friktion langs palens mantel)
eller spetsburna (lasten fran palarna
overforstill ett fast underliggande lager
via palspetsen). Vilken av de tva som
valjs avgors av de specifika for-
hallandena for varje enskilt objekt. Vid
stora jorddjup anvands t ex vanligtvis
mantelburna palar, medan spetsburna
ar vanliga vid sma jorddjup. Vid
traditionell dimensionering av en
palgrundlaggning forutsatts att all last
fran byggnadskonstruktionen tas upp
av palarna.

Vid en samverkansgrundldggning
utnyttjas samtliga ingdende konstruk-
tionselement (grundplattan, palarna
och den omkringliggande jorden) for att
ta upp lasten fran byggnaden. Grund-
plattans uppgift ar att férdela och fora
Over samtliga laster till palarna. Till
skillnad fran traditionell dimensionering
av palgrundlaggningar, utnyttjas vid
samverkansgrundlaggning att grund-

plattan i sig aven kan féra &ver last
direkt till jorden och inte bara till
palarna. En forutsattning for detta ar
dock att manterburna palar anvands.
Vid samverkansgrundlaggning anvands
sdledes mantelburna palar ocksa vid
mattliga jorddjup, dar spetsburna palar
férmodligen traditionellt skulle ha valts.
Vinsten med detta angreppssatt ar att
antalet palar kan minskas. Samtidigt
maste grundplattan goras starkare,
vilket innebar en férdyring.

Genom att titta pa tre stycken redan
byggda objekt som ar grundlagda med
spetsburna palar, mantelburna palar
samt samverkansgrundlaggning kan
man jamfoéra de olika typerna av
grundlaggning och vilka geotekniska
forhallanden som rader. For fallen
mantelburna respektive spetsburna
palar kan utredas om samverkans-
grundlaggning istallet hade varit ett
alternativ och, i sa fall, vad detta hade
inneburit.

Dessa objekt kommer att berdknas
med hjalp av dataprogrammet PLAXIS
som ar utformat for att kunnarakna pa
stabilitet, sattningar och grund-
vattenfléde med hjalp av finita
elementmetoden. Det kan klara av

berdkningar bade i 2D och 3D.
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Bakgrund

Det har blivit allt vanligare med direkt-
handel i stora enplans varuhus dar kun-
derna plockar varorna direkt fran pallstall.
Pallstallen ar ofta htga och varor placeras
anda upp till taket. Vid handelse av brand
i ett sddant pallstall kan det bli stor lokal
varmepaverkan med snabb upphettningav
delar av takbalkarna som oftast ar
fackverkskonstruktioner i stal. Tester ut-
forda av SP pavisar i en chipsbrand att
temperaturenitaket drca 1000°C med en
maxeffekt pd ca 6MW. Vid lokal
flampaverkan av takkonstruktionen har
inte brandgasventilationen nagon effekt.
Temperaturenidelaravtakkonstruktionen
kanerhallatemperaturer éver 900°C, vilket
innebar att det &r mindre an 10% kvar av
den ursprungliga barférmagan i en stal-
konstruktion. Detta innebdr med storsta
sannolikhet att de direkt flampaverkade
takdelarna kommer kollapsa till foljd av
den kraftiga temperaturékningen. Om-
fattningen av denna primara skada beror
pa den konstruktiva utformningen avse-
ende samverkan mellan pelar—balksystem
och hurbyggnadens globalastabilitet han-
teras.

En takkonstruktion som utsatts for lokal
flampaverkan kommer i de allra flesta fall
forlora sin barformaga, vilket innebar kol-
laps av delar eller hela takkonstruktionen.
Omfattningen av den primaéra skadan till
foljd av brand beror bla pa dimensione-
rande brandférlopp fran lokal
flampaverkan, den konstruktiva utform-
ningen av stommen och lastutnyttjande-
gradenibarande delar. Ardet acceptabelt
att delar av den barande tak-
konstruktionen kollapsar under inverkan
avlokal flampaverkan ilokaler dar lagstift-
ningen generelltsatter ett 30 minuterskrav

pa den barande stommen? Kunskap om
den bdrande stommens beteende vid
brand och verktyg fér att analytiskt verifiera
handelseforlopp ar vasentliga for att
sdkerhetsstélla om en kollaps sker och i
vilken omfattning.

Innehall

Examensarbetet avser att med finita
elementmetoden analysera deformationer
och risk for kollaps i en takkonstruktion
med fackverksbalkar i stal utsatta for en
haftiglokal brand. Arbetet skall utvecklaen
FE-metodik i ABAQUS for att analysera stal-
balkar utsatta for varme enligt en tempera-
turkurva dar speciellt materialets egenska-
per som styvhet, plastiska egenskaper och
varmeledningsparametrar skall uttryckas
som funktion av temperaturen. For att si-
mulera korrekt varmespridning i stalet
kravs attvarmeflddesproblemet |6ses sam-
tidigt som deformationsproblemet i ett sa
kallatkopplat problem. Metodiken utveck-
las och testas for en enkel geometri for att
sedan utnyttjas for en hel takbalk och slut-
ligen for en del av ett helt tak dar flera
takbalkarsamverkar.

Arbetet innefattar dven att i férekom-
mande fall féresla dtgarder for att forbattra
befintliga takkonstruktioner med avse-
ende pa risk for kollaps vid handelse av
brand. Fragestallningar avseende byggna-
dens globala stabilitet, omfattning av pri-
mar skada, risken for fortskridande ras till
foljd av primar skada ar av primart intresse
for det aktuella arbetet, men dven dimen-
sionerande brandscenario, risken for lokal
flampaverkan, , utrymningssakerhet och
konstruktiv utformning kan komma att
studeras.
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Under hardningen av nygjuten betong
utvecklas varme som en foljd av ke-
miska reaktioner. | massiva betong-
konstruktioner, som reaktorinne-
slutningar och kraftverksdammar, kan
detta leda till kraftigt ojamn
temperaturférdelning, med hog tem-
peraturideinre delarnaav konstruktio-
nen och lag temperatur vid ytan. Som
en foljd av materialets temperatur-
utvidgning leder detta till drag-
spanningar vid ytan och risk for sprick-
bildning. Foratt undvika dettakan olika
atgarder vidtagas, t ex anvandning av
cement med lag varmeutveckling, gjut-
ning med kyld betong ochingjutning av
ror forvattenkylning av konstruktionen
underhardningen.

Hacon ar ett FE-program for simulering
av temperatur och spanning i betong
under hardning, framtaget vid Avdel-
ningen for byggnadsmekanik vid LTH, i
samarbete med Vattenfall utveckling
AB. Med hjalp av Hacon kan effekten
av vidtagna atgarder forutsagas, sa att
gjutningen ska kunna genomféras pa
ldmpligt satt. For att en berakning ska
getillforlitligaresultatkrévs att man har
god kannedom om materialegen-
skaperna foér den betong som anvands.

| examensarbetet bestams material-
parametrar med utgangspunkt fran ex-
perimentella data. Framtagna para-
metrar anvands for berakningar med
Hacon. Simuleringar gérs dels av ett
fullskaleforsok, dar berakningsresultat
kan jamféras med uppmaétta varden,
delssom parameterstudie for att under-
soka hur variation av olika parametrar
inverkar pa resultatet.
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Idag nar det byggs mycket under
marken i flera stdrre stader blir kraven
pa sattningar och horisontalhorisontal
allt stérre. For att klara dessa krav har
slitsmurar bdrjat anvandas istallet for
spont i en del byggen som t ex
Gotatunneln i Goteborg och City-
tunnelniMalmé. Enslitsmur byggs upp
genom att en slits schaktas ut i jorden
och stabiliseras med en bentonitslurry.
Nar schaktningen ar klar sanks en
armeringskorg ner i schakten och det
gjuts betong i underifrdn och upp i
slitsen. Detta forfarande gor att
omgivningspaverkan minskar jamfort
med da en spont anvands. For att
berdkna hur stora sattningar som
kommer att utvecklas i omgivningen
utfors finita elementberdkningar. |
samband med t ex slitsmurar ar
sattningarnaberoende av bade jordens
och konstruktionens egenskaper,
darfor kravs analys av jord och
konstruktion i samverkan.

Ett FE-program som ar vanligt for
geotekniska berdkningar ar Plaxis.
Detta program ar speciellt utvecklat fér
jord- och bergmekaniska analyser, och
mindre utvecklat nar det galler
modellering av konstruktioner. Ett
annat program ar ABAQUS som dr ett
generellt FE-program, som alltsa inte ar

speciellt fokuserat pa jord, men
innehaller modeller som kan tillampas
pa jord. | detta examensarbete
utvarderas de tva programmen Plaxis
och ABAQUS foér analys av jord och
konstruktionisamverkan. Slitsmurarna
vid byggandet av Citytunneln i Malmé
anvands som referensobjekt, da det
finns relativt noggranna geotekniska
undersokningar av omradet, samtidigt
som det finns matningar pa jordens

forskjutningar.

Div. of Structural Mechanics - Lund University - Box 118 - SE-221 00 - Lund - Sweden - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.lth.se - xp5145(0602)



Master's Dissertation at the Div. of Structural Mechanics

Jens Malmborg

DESIGN TOOL FOR
STRENGTHENED GLASS
- DESIGN AND IMPLEMENTATION

Presentation
May 2006

Report
will be published as
report TVSM-5144

Supervisors

Kent Persson, pap
Div. of Structural Mechanics

Jonas Lindemann, ph.p.
Div. of Structural Mechanics

The work is performed at
Div. of Structural Mechanics,
Lund Institute of Technology,
Lund University

In cooperation with
Fasadglas Backlin AB

UNIVERSITY

Background

During the last few years architechts
have become more interested in using
glass in supporting parts of building
structures, and in these structures
minimizing the amount of other
materials. The fixings of glass structures
raise interesting problems, since this is
where other types of materials usually
need to be employed. An example of
thisiswhen glassis attached torailings,
where the glass may be fixed through
cylindrical or countersunk holes in the
glass. Through these holes the glass
may be connected onto the supporting
structure by metal bolts, where the
fixings need is to carry itself and the
loads.

Laminated glass usually consists of two
layers of very brittle hardened glass
with a thinintermediate foil of PVB. PVB
is a highly elastic material that keeps
the glassin place in the event of failure,
thereby preventing people from getting
hurt.

Objective

Fasadglas is in need of a dimensioning
toolwhere different design parameters
concerning laminated glass can be
determined. These parameters include
distance between holes and edges,
glass thickness, etc. The objective of
this master's thesis is to develop such a
tool, making it possible to perform

analyses on laminated glass in a simple
manner. Material relationships
establishedin an earlier master's thesis,
as well as existing building codes, will
beimplemented. The tool will be based
on the finite element method.

Project Tasks

¢ Implement a finite element solver,
using shell elements with composite
material formulation

e Implement a mesh generator for
triangular or quadrilateral elements

e Implement a graphical interface
capable of handling different
geometries, supports and load types

e Implement relations between
calculated stresses/strains and design
parameters

e Calibrate and verify FE-analyses. The
results will be verified by comparison to
experimental results yielded in an
earlier master thesis.

The computational part will be
programmed in FORTRAN, whereas the
graphical interface will be developed in
Python.
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Background

The use of wood flooring in new
constructions in Sweden has increased
dramatically during the last decade.
Today, approximately 80% of the floor
area is covered by wood flooring.

At the same time, the use of floor
heating systems is becoming more
frequent. Parquet floor systems are
exposed to large variations in relative
humidity and temperatures during
normal use. Damages on parquet floors
such as delamination and opening of
splices of the visible layer have been
reported.

The research and development of new
products demands simulating
possibilities. Finite element modelling
can thus be a complement to practical
tests in the laboratory.

Objectives

The project is to be conducted in two
main parts, one mainly regarding
experimental investigations and one
relating to numerical analysis of the
parquet. The determination of material
constants have been carried out at the
Swiss Federal Institute of Technology.
Numerical analyses including the effect
of non-uniform moisture and tempera-
ture conditions is performed at the Div.
of structural mechanics in Lund.

Contents

e Determination of material
properties of pine and oak and
supplementary tests on parquet
elements in changing climate
(performed at ETH in Zurich)

e Development of a finite element
model in ABACUS. Topics.
Parameter study, modelling of floor
heating system, hindered swelling
and shrinkage

¢ Development of a hand calculation
model for estimation of stresses
and deformations in parquet floors
and other wood composite
products
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Presentation Background
Spring 2006 The requirements on the mobile phones
of today make it hard to predict their
Report acoustic behaviour. The reason is that

there are a lot of components that
compete about the space, and the

will be published as

report TVSM-5142 loudspeaker cavity often gets a very
complex geometry with small ductsand
Supervisors narrow spaces. For these kinds of

shapes the energy loss plays an
important role in the acoustic
behaviour, especially for the acoustic

Per-Anders Wernberg, tic £ng.
Div. of Structural Mechanics

Jonas Lindemann, pnp response close to the eigen-
Div. of Structural Mechanics frequencies. The energy loss depends

. on the viscosity and the heat
Per Hiselius, pho conduction. In commercial finite
Sony Ericsson MobileCommunications element programs these parameters

cannot be treated in a satisfactory way

The work is performed at
Div. of Structural Mechanics,
Lund Institute of Technology,
Lund University

Purpose

The purpose of this master thesis is to
make a physical evaluation of the
sound pressure in small cavities of a

In cooperation with mobile phone, considering the effects
Sony Ericsson Mobile of viscosity and thermal conduction.
Communications, Lund The idea is to use acoustic and thermal

elements in Calfem, and include the
loss of energy by means of the Stokes-
Navier equation and thermodynamic
relationships. The results will be
compared with simulationsin ABACUS.

LUND

UNIVERSITY
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Winter of 2005 / 2006 Vid h-adaptiv FE-metod och plana
element indelas varje element i 4 nya

element och bivillkor avseende

Report . forskjutningsmajligheter ges for de
will be published as noder som ligger p& randen av det
report TVSM-5141 "gamla" elementet. Den fria mitt-

noden placeras mitt i det gamla
elemenet och pa det "plan" som det

Superwsors gamla elementet beskriver. Vid krokta
Erik Serrano, eho. skal forsummas darvid effekten av
Div. of Structural Mechanics skalets krbkning.

Larsgunnar Nilsson, prof

Linkdpings universitet Exjobbet syfter till att utveckla en ny

teknik fér placering avden frianoden sa

att skalets krokning beaktas samtidigt

The work is performed at som elementets totala energi
Link&pings universitet konserveras.

Exjobbet genomférs inom LS-DYNA
och dess mojlighet till "User-defined-
adaptivity".

In cooperation with
Link&pings universitet

LUND

UNIVERSITY
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Presentation Bakgrund

Winter of 2005 / 2006 Krocksimuleringar ar idag ett vanligt
verktyg for att dimensionera strukturer

samt att studera deformationer och

Report intrdngningar i hytten under ett
will be published as krockférlopp. Ratten och styrkolonnen
report TVSM-5140 ar konstruerade pa sa satt att de ska

réra sig bort fran féraren och stélla sig
horisontellt, ifall foraren skulle sla i

Superwsors ratten. Om foraren traffar ratten ar det
Erik Serrano, po. onskvart att ratten traffar pa brostbenet
Div. of Structural Mechanics och ejimagens mjukdelar, detta for att

Bjorn Ratama minska skadeverkan av islaget.

Scania AB Syftet med arbetet &r att, genom att

studera ratt och styrkolonnens
The work is performed at  konstruktion, utvardera och forbattra
Scania AB, Sodertilje befintlig modell i LS-Dyna, for att
forsoka fa samma rorelsemonster i
. . krocksimuleringarna som under de
In cooperation with . ) .
, i verkliga krockproven. For att uppna
Scania CV AB, Sodertdlje detta skall det goras ett forsok till att
modellera de energiupptagande
elementen i ratt och styrkolonn pa ett

bra satt.

| man av tid utfors dven helbils-
simuleringar med stol och docka
hédmtade fran exjobbet om
akandesimulering, for att se om man
kan uppna samma skadevdrden pa
dockan med helbilsmodellen som med
en forenklad akandesimulerings-
modell. En forutsattning for att lyckas
med att titta pa skadevdrden i en
helbilsmodell ar dock att ratt och
styrkolonnrérsig pa rattsatt och gerratt
traffpunkt pa dockan.

UNIVERSITY
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Report , intrdngningar i hytten under ett
will be published as krockforlopp. For att pa ett enkelt satt
report TVSM-5139 aven kunna studera skador pé& de

dkande och studera effekten av

Supervisors férandringar kravs en akandesimule-

. ringsmodell.
Erik Serrano, pp. 9

Div. of Structural Mechanics Syftet med arbetet &r att bygga upp en

Michael Ohman férenklad akandesimuleringsmodell i

Scania AB LS-Dyna och verifiera den mot resultat

i krockprov. | arbetet ingar ocksa att

utvardera skillnaderna med att utféra

The work is performed at  simuleringarna i MADYMO som &r ett

Scania AB, Sodertdlje stelkroppsprogram samt faststalla for-
och nackdelar.

In cooperation with
Scania AB, Sodertalje

=5
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UNIVERSITY
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Beskrivning

Brottmekanik ar den del av hall-
fasthetslaran som handlar om brott i
material och konstruktioner genom
uppkomst och tillvaxt av sprickor.
Sprickor uppkommer i omraden med
koncentrerade spanningar dar drag-
och/eller skjuvspanningarna ar storre
an vad materialet tal. Tra och
konstruktionselement gjorda av tra ar
kansliga for brott genom spricktillvaxt.

Examensarbetet omfattar analys av
tvarkraftsbarférmaga vid haltagning
hos vissa typer av I-balkar med flansar
gjorda av tra och livet gjort av
trafiberplatta. Analysen ska ske med
hjalp av brottmekaniska berdknings-
metoder som linjarelastisk brottmeka-
nik och olinjar brottmekanik. Dessa
metoder ar nya for detta applikations-
omrade. Tvarkraftsdimensionering av I-
balkar av tra sker idag med hjalp av
empiriska samband.

| examensarbetet ingar daven
utvardering av nuvarande dimensio-
neringsmetod samt undersékning av
eventuella férandringar och forbatt-
ringar av dimensioneringsmetoden,
baserad pa resultaten av de
brottmekaniska berdkningarna.

Arbetet kommertill stor del att besta av
utférande av olika FE-berakningar for
balkar med och utan haltagning med
hjalp av framfér allt ABAQUS.
Berakningarna avser dels undersokning

och vidareutveckling av en
brottmekanisk teori, dels av simule-
ringar for analys av barférmdaga och
brottférlopp fér aktuell typ av balk.
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STALROR—
GUMMI —

BULT—
\

Innehall

Ennytyp avlimférband med potentiellt
extremt hoég barférmaga ar under
utveckling. Limférbandets egenskaper
bygger pa att ett ca 0,5-1,0 mm tjockt
gummiskikt laggs in i limfogen. Detta
gummiskikt férvantas ge en jamnare
spanningsfordelning over fogytan
jamfért med konventionella lim-
fogstyper. Enjamn spanningsfordelning
kan ge forband med mycket hog
barformaga. Mojliga anvandningsom-
raden arifoérstahandlimning tra mottra
och trd mot stal. Vid ett tra-stal férband
kan man &ven anvanda vulkaniserat
gummi direkt pa stalet.

| examensarbetet ska speciellt inlim-
ning av bultaritra undersodkas. Arbetet
syftar till att:

e Hittalamplig berdknings-
metod och berdkna/bedéma
nyttig barférmaga vid kort-
och langtidsbelastning. Den

BULT — \

LIM—,
GUMMI—_ \

nyttiga barférmagan begran-
sas av konstruktionens
brottlast och av att
deformationerna inte far bl
allt for stora.

e Visa hur olika material- och
geometriparametrar paverkar
barférmagan och férsdka
hitta en optimal utformning.

e Jamforaaktuell forbandstyp
med motsvarande
konventionellaférband.

Vid arbetet anvands FEM-programmet
ABAQUS for att modellera och
analysera férbandet. Gummi uppvisar
ett olinjart samband mellan téjningar
och spanningar vilket innebar att
berdkningarna maste utféras enligt
olinjar teori. For att kalibrera modellen
och verifiera resultaten fran
berdkningarna kommer dven praktiska
tester att utforas.
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Bakgrund

P& senare ar har arkitekter och be-
stallare blivitmeroch merintresserade
av attanvandaglasibarande delar av
konstruktioner och att glaskonstruk-
tioner anvanda sa lite annat material
som moijligt. Ett omrdde som &r
hdgintressant ar nar man ska féasta in
glas till racken med hjalp av bultar.
Detta gors antingen i cylindriska eller
forsankta hal. Malet ar att sa osynligt
som mdjligt kunna fasta in glaset till
byggnadsstommen sa att det klarar
férekommande laster. Byggnormer
foreskriveranvandandetavlaminerade
glas for att forhindra manniskor fran att
skadas da den sega mellanliggande
folien gor att glaset sitter kvar.

Mal

Det finns ett starkt behov av att
etablera ettdimensioneringsunderlag,
dar avstand mellan infastnings-
punkter/hdl samt kantavstand ska
kunna bestammas. Malet med
examensarbetet ar att bestdmma
samband mellan hallfasthet och
designparametrar gallande glas med
bult-glasférband och ta fram ett enkelt
dimensioneringsverktyg.

Projektgenomfdrande

e GenomenFE-analysav ettinskruvat
rackesglas, identifierade laster som
verkar pa bult-glasférband.

e Framtagning och FE-analys av
lamplig provningsmetod for
bestamning av hallfasthet i bult-

glasférband dar metoden och
lastfallen ges av resultatet av
studiernaipunkten ovan.
Genomférande av provning av
hallfasthet i bult-glasforband. Ett
tillrackligt antal provkroppar for att fa
ett representativt underlag testas
med framtagen metod.

Kalibrering och verifieringen av FE-
analysen av provningen. Om FE-
analysen kan fas att simulera
resultatet frdn provningen har ett
numerisktverktyg for analys av bult-
glasférband gjortstillgangligt.
Etablering av samband mellan
hallfasthet och designparametrar
som infastningstyp och glasstorlek.
Samband skall sammanstéllas. (Ev.
framtagning av analytiskasamband.)
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Innehall

Vid konstruktion av Extremt Stora
Teleskop maste utformningen ta
hansyn till vind och vindlaster. Speciellt
nar portarna ar 6ppna maste utform-
ningen av byggnaden vara sadan att
det inte uppstar turbulens ovanfor
spegeln. De problemstéllningar som
skall studeras har stor betydelse ocksa
fér mindre spektakulara objekt.

Arbetet avser studier av ett antal
konceptuella skisser for utformning av
teleskopbyggnad. Arbetet férutsatter
nara samverkan och dialog med
arkitekt kring de olika konceptuella
skissernaav byggnadsutformning.

Arbetet skall speciellt utvardera
majligheterna att anvanda LS-Dyna for
storskaliga vindsimuleringar.
Simuleringarna avser saval samverkan
med strukturer som uppkomst av
turbulens. Se http://Awww.Is-dyna.com/
och http://Awww.Istc.com/.

Vidare skall vindférhallanden pa nagon
avde mojligaplatserna fér uppforandet
av ett extremt stort teleskop utredas.

LS-Dyna har tidigare varit installerad pa
Lunarcstraditionella berdkningskluster.
Inom ramen for detta arbete skall LS-
Dyna installeras pa de nya Linux-

baserade systemen.

Konceptuell skiss av teleskopbyggnad.
Den inlagda bilden av Kaknéstornet
visar pa byggnadens storlek.
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Background

To develop packages for new
applications, the mechanical behavior
of the seals is crucial for the overall
package performance. A better
knowledge of the mechanical
performance of seals from various seal
techniques, (I-IV below) and the
parameters involved are needed to
produce stronger seals. Longitudinal
overlap, strip dimensions and choice of
material are among others interesting
parameters. To determine the ad-
vantages and disadvantages of each
seal technique, various setups have to
be studied both numerically using
ABAQUS as well as experimentally in
the laboratory, for example:

I strip

I nostrip

Il foldedstrip

IV skiving

V tight, edge to edge

A new optimal seal setup may be found
that in order to verify the FE-model,can
be implemented in a real case (Drop
tests with 1 L Tetra Brik packages). A
developed three-dimensional material
model for paper, 3DM, can be used to
implement the delamination
phenomenon into ABAQUS.

The main objective of the project is to
define FE-models of seals with verified
material parameters implemented in
ABAQUS with the aim of predicting the
strength of the various seal techniques.

Project description

¢ Mechanical testing of
longitudinal seal overlaps and
techniques with various
materials.

e Numerical parametric study of
the parameters in the seal FE-
model by use of the finite
element program ABAQUS.

e Verification of the FE-model with
the mechanical testing.
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Background

The trend in footbridge design is
towards increasing span, flexibility and
lightness. As construction materials
become more sophisticated, they can
be more highly stressed under static
loads. This leads to more slender
structures, smaller cross sectional
dimensions and greater spans. As a
consequence, stiffness and mass
decrease, leading to smaller natural
frequencies with a greater danger of
resonance. Many footbridges have
natural frequencies with the potential
to suffer excessive vibrations under
pedestrian actions. If footbridges are
designed for static loads only they may
be susceptible to vertical as well as
horizontal vibrations.

Recent experiences with the
Millennium Bridge in London have
shown how important subject the
dynamics of footbridges is.

Objectives

The objective of this thesisis to study the
vertical and horizontal forces that
pedestrians impart to a footbridge.
Special attention has to be given to the
actions of several personsincluding the
"lock-in" effect, which can lead to the
synchronisation of a percentage of the
pedestrians.

The Millennium Bridge in London

The thesis can be devided into four
subtasks:

e Literaturestudy of dynamicload-
effects induced by pedestrians

» Comparison of design criteria in
European, British and Swedish
standards

» Dynamic analysis of the
Millennium Bridge in London

» Parameter study and sensitivity
analysis
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Beskrivning

Vind ar ett vanligt férekommande in-
slag i var tillvaro som vi i vardagen
kanske inte reflekterar sa mycket éver,
men detta vaderfenomen kan utgéra
problem fér manga manniskor och kon-
struktioner. Férutom ren tryckkraft,
uppstar ocksa turbulens, vindgator
m.m. som kan fa oanade konsekvenser
fér byggnader som inte &r dimensione-
rade for detta.

Sturups flygplats ar en av Sveriges
storsta och ansvarar for flygrummet i
sodra delarna av Sverige. Detta bygg-
nadskomplex stod klart 1971 och har
anvants flitigt sedan dess. Forutom
start- och landningsbanor och diverse
andra byggnader utgérs flygplatsen
ocksa av ett flygledartorn varifran flyg-
trafiken koordineras. Flygledartornet ar
arbetsplats for ett antal anstallda, dari-
bland flygledare, vilka innehar ett stort
ansvar bade fér manniskoliv och dyrbar
material. Darfor ar det av stor vikt att
arbetsférhallandena ar de basta tank-
baraitornetsaattflygledarnas koncen-
tration och uppsikt inte stors.

| fallet med Sturups flygledartorn har
flygledare vid tillfallen upplevt att tornet
svajat da det blast rejalt. Det har till och
med gattsalangt attvissa blivit sjosjuka
och inte kunnat arbeta vidare.

Vartexamensarbete avser att utreda pa
vilket satt vindlaster paverkar flyg-

Flygledartorn
- i verkligheten (6verst)
och som datormodell.

ledartornet och att, om majligt, foresla
atgarder for att minska de vindindu-
cerade svangningarna.

For att fa grepp om hur strukturen
paverkas nar den utsatts for dynamiska
laster kommer vi att gora en FE-model-
lering med hjalp av ABAQUS som skall
verifieras mot maéatningar av svang-
ningarochvibrationer gjorda patornet.
Desssa modeller anvander vi sedan i
parameterstudier fér att undersdka

olika lésningsalternativ.
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Background

In order to reduce lead-time of the
product development process and also
cost for new automotive vehicle
models, more development will be
made virtually. To make this possible
the simulation models must be able,
with a certain amount of accuracy, to
predict the performance. Therefore the
simulation models need to be
correlated versus measurements. In the
case of simulation models for noise and
vibration, vehicle system and trimmed
body models are used. The models
consist of e.g. body-in-white, doors,
deck lids and interiors. All system
influences the structural dynamics and
acoustics behaviour.

Objectives

e Makefiniteelement models of
door including trim, hinge,
door locks and seals, simulate
the eigenmodes with and
without the doors attached to
the body.

e Perform measurements on
hardware and make
correlations. Based on the
outcome of the correlations
tune the simulation models for
a better agreement with
measurements.

Door model
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Bakgrund

SSAB Tunnplat tillverkar hoéghallfasta
stal, stal med mycket hog strackgrans.
Dessa stal anvands bland annat for att
tillverka balkar till trailers, containrar,
lastbilar med mera. Balkarna dimensio-
neras for olika applikationer med avse-
ende pa barférmagan. Detta innebar
attdet 6verkritiska omradetkan anvan-
das da den verkliga barférmagan éver-
stiger den elastiska bucklings-
spanningen. Vid anvandning av hog-
hallfast stal ar det dverkritiska omradet
mindre an vid anvandning av mjuka
konventionella staltyper. Detta tillsam-
mans med att hdgre spanningar tillats
oOkar risken for balken skall kollapsa pa
grund av buckling eller knackning. Da
den elastiska bucklingsspanningen be-
ror pa elastisitetsmodulen och geome-
trin kan en optimering av balkens tvar-
snitt Oka balkens barférmaga.

Uppgift

Genom parametrisering av tvarsnitts-
ytan for tva olika balkar studeras hur
utformning och placering av forstyv-
ningar paverkar balkensbarférmaga.
En FE-modell ska tas fram for varje
tvarsnitt och dessa tvarsnitt ska sedan
optimeras med avseende pd bar-
férmagan. Detta sker genom anvand-
ning av FE verktyget Altair HyperStudy
och ABAQUS. Resultaten fran
optimeringen kontrolleras mot berak-
ningar enligt Eurocode. Prototyper av
de optimerade balktvarsnitten ska till-

c profil

hatprofil

verkas och provas praktiskt i SSABs
hallfasthetslaboratoriumiBorldnge.

Huvudmoment

e Goraen parametriserad
FE-modell av tva olika
balktvarsnitt

e Avanda Altair's Hyperstudy i
samarbete med ABAQUS for
att maximera barférmagan

e Berakning enligt Eurocode

o Tillverka/ prova prototyper
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Fortran har varit och ar ett viktigt sprak
forutveckling av tekniska tillampningar
som t ex finita elementprogramvaror.
Ofta ar det svart att i Fortran snabbt
skapa fonsterbaserade tillampningar. |
kursen Tilldampad programmering an-
vands utvecklingsmiljon Borland Delphi
for att skapa grafiska anvandargrans-
snittispraket Object Pascal. Detta fung-
erar utomordentligt bra i en Windows-
baserad milj6, men metoderna for
koppling av Fortrankod harinte kunnat
foéras Gver pa andra platformar.

Ett sprak som ofta anvands for integre-
ring av olika numeriska koder ar
Python. Python ar ett modernt objekt-
orienteratskript-sprak som arenkelt att
kombineramedandraspraksomtexC,
C++ och Fortran. Med hjalp av verktyg
som SWIG eller F2PY kan kopplingar
automatiskt géras mot Python och
berdkningsintensiva delar av program
kan implementeras i kompilerande
sprak. For Python finns ocksa
utvecklingsmiljoer for att ta fram gra-
fiska anvéndargranssnitt pa ungefar
samma satt som i Borland Delphi eller
Microsoft Visual Basic.

Plattformsneutrala sprak och verktyg
innebdr ocksa att det ar lattare att
skriva tekniska programvaror som drar
nytta av de resurser i form t ex
berakningskluster som finns pa
LUNARC.

Detta examensarbete syftar till att un-
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dersoka mojligheter for att skapa en ny
enkel modell fér integrering av Fortran
kod i tekniska tillampningar med
Python som bas. Arbetet kan ocksa ge
mojligheter att undersdka hur nat-
generering och externa lésare skulle
kunna anvandas i denna miljé. Denna
modell kommer att utgéra en utgangs-
punkt forvidareutveckling av Tillampad
programmering.

Div. of Structural Mechanics - Lund University - Box 118 - SE-221 00 - Lund - Sweden - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.Ith.se - xp5129(0406)



Master's Dissertation at the Div. of Structural Mechanics

SIMULATION OF CREEP IN
PAPERBOARD PACKAGES
WITH PLASTIC TOPS

Jakob Arvidsson and Jesper Grénvall

Presentation
Summer of 2004

Report
will be published as
report TVSM-5128

Supervisors

Kent Persson, eh.p.
Div. of Structural Mechanics

Eskil Andreasson, Mm.sc.
Tetra Pak R&D AB

The work is performed at
Div. of Structural Mechanics,
Lund Institute of Technology,
Lund University

In cooperation with
Tetra Pak R&D AB

LUN

UNIVERSITY

Background

Packages made from paperboard and
plastics have many advantages
compared to packages made from
other materials. A drawback is that
packagesthatarestoredforalongtime
deforms due to creep deformations in
the paper and plastic materials.
Moreover, the packages are often
subjected to varying moisture
conditions, a fact that may make the
creep deformations to increase
substantially.

Project description

A better knowledge of different creep
models and variations of material
parameters is needed. Long time
storage and variations of load is
interesting parameters. In the study,
various creep models that are suitable
for simulating paper and plastic
materials may be discussed. Since
ABAQUS is the main analysis tool, the
available creep models that are
available in ABAQUS are preferred.
The most suitable creep models will be
utilized in a study of the creep in a
package.

In order to verify the model, the
simulation model will be compared to
experimental observations. Material
tests are needed in order to determine
the material constants in the models
and to determine which models that
are the most suitable.

R ams

0.50 — —

0.00 | | | | |
000 010 020 030 040 050
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The work in the project may be divided
into four main subtasks

e Literature study of creep in paper
and plastics

e Experimental study of creep with
varying materials, loading and
time scales

e Development and verification of a
FE-model for simulation of creepin
beverage packages

e Numerical sensitivity study of the
parameters in the creep models
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Background

Some of the packages in the Tetra Pak
product line have tear openings on
injection moulded plastic parts. The
tear opening is mainly a notch in the
plastic part to provide a fracture path.
The two main criteria that the tear
openings must fulfil is to provide a
barrier that withstand forces beforeiitis
opened and simultaneously they must
have the ability to provide an opening
thatis simple to open by the consumer.
The problem lies in designing the
geometry of the fracture path when
changing the material. There is thus a
need to establish a fundamental
understanding of the relationship
between the material properties and
the geometry parameters of the tear
opening.

Project description

The main goal in the project is to create
anunderstanding of how the geometry
of the tear opening and the material
properties of the plastic material
interact in a FE-model of an injection
moulded plastic part with a tear
opening.

FE-model of tear-opening

The work in the project may be
divided into four main subtasks

e Literature survey

e Experimental determination of
mechanical properties of the plastic
material

e FE-simulation of theinfluence of the
geometric and material parameters
on the performance of the tear

e Experimental verification of the
simulation model.
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Bakgrund och syfte

Ett europeiskt standardiseringsarbete
pagar med syfte att ta fram tillforlitliga
provkroppar fér mekanisk provning av
tralimfogar. Examensarbetet syftar till
att utvardera och experimentellt testa
tva olika provningsmetoder som
anvants i tidigare standarder.
Provningsmetoderna baserar sig pa
provkroppar enligt ASTM-D905, figur
1, och EN-302-1, figur 2. De tva
provkroppsutformningarna ska an-
vandas for olika lim. Testmetoderna
kommer att utvarderas och sedan
jamfoéras med varandra med avseende
pablaférmagaatt forutsaga limfogens
hallfasthet samt metodernas kanslighet
for fel i provuppstallningar. Resultaten
fran experimenten skall ligga till grund
fér numeriska berakningar (FEM) av
provningsmetoderna vilket kan ge

ytterligare information vid en
jamforelse.
Genomfdérande

Examensarbetet genomférs vid
enheten for Bygg och Mekanik,
Trasektionen, Sveriges Provnings- och
Forskningsinstitut (SP) i Boras och vid
Byggnadsmekanik, LTH i Lund. Den
experimentella delen kommer i
huvudsak att genomféras i Bords, men
FE-berdkningar samt eventuellt viss typ
av provning kommer att genomforas i
Lund.

Glue Joint

-

19.05
Figur 1. Provkropp enligt ASTM-D905.

Figur 2. FE-modell av provkropp enligt
EN-302-1.

Arbetet bérjar med en bakgrunds- och
litteraturstudie. Darefter ska den
praktiska delen av examensarbetet
genomforas dar provkroppar tillverkas
och belastas enligt gallande
standarder.

| man av tid kommer aven t ex
snedbelastningar samt langtids-
provning att utféras. De provningar som
genomfoérs jamférs sedan med
numeriska simuleringar.
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Fracture Mechanics for a Heat
Exchanger Gasket

A plate heat exchanger consists of a
number of thin, corrugated plates with
openings for the two heat exchanging
fluids. The plates are put together with
rubber gaskets for sealing of the plates
and for making the flow of fluids
efficient.

Background

In a plate heat exchanger, the material
of the gasket and the plate, along with
the geometric shape of the gasket and
the plate are critical factors for the
performance of the heat exchanger. In
order to improve the sealing charact-
eristicsand also reduce time needed for
the construction process, Alfa Laval has
started to use finite element analysis as
a tool in development of new designs
and for modification of existing
products.

Due to high pressures and tempera-
tures, the gaskets sometimes tend to
crack and cause problems for the
customers. Hence, at Alfa Laval there is
an interest in understanding the
mechanisms concerning rupture of the
rubber gaskets.

Objective

The objective of this master thesis is to
describe the mechanisms behind

Highly
stressed
area

Part of the compressed gasket.

rupture of rubber gaskets related to the
plate heat exchanger. This also involves
a study of the mechanisms of extrusion
of pressurized and heated rubberintoa

gap.

The main purpose is to evaluate
fracture models suitable for FE-
applications and investigate the
parameters that governs fracture in
rubber gaskets. Another purpose,
related to the extrusion of rubber, is to
evaluate if modifications to the existing
gasketand plate geometry canimprove
fractureresistance.

Asummary of previous work in this field
will constitute a large part of the thesis
and give a basis for Alfa Laval in the
development of FE-procedures for
fracture mechanics of rubber.

The FE-simulations will initially be
focused on simple 2-D geometries using
the software ABAQUS/Standard and
ABAQUS/Explicit.
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Background

Dynamic simulations of systems
including rubber elements are
complex, owing to the fact that the
dynamic characteristics are dependent
onseveralvariables, such asamplitude,
frequency, preload, and temperature.

A hydrobushing is a combined elasto-
meric and hydraulic system which
consists of natural rubber and cavities
partly filled with a fluid (glycol). The
fluid can stream between chambers
through channels. By using a hydro-
bushing, stiffness and damping
properties not possible to achieve with
conventional rubber bushings can be
provided. The dynamic behaviour is
characterized by very high damping at
a specific frequency, where the fluid
comes into resonance. Hydrobushings
are useful for controlling NVH (Noise,
Vibration, and Harshness).

Multi-body simulations of full vehicles
and subsystems are carried out in the
automotive industry to analyse
durability, handling, and ride comfort.
The Multi-Body-System (MBS) code
ADAMS is used at Volvo Cars. The
component models of rubber elements
have proven to be critical for the quality
of the simulations.

Assignment
The main objective is to establish a
methodology for hydrobushing

Fluid

Rubber
% —\VNVVA—H F

=
—
u

Component model of hydrobushing,
including fluid and rubber part.

modelling and parameter identifi-
cation.

Major activities

e Propose a hydrobushing model,
which models both rubber and fluid

e Develop an automatized fitting
procedure that fits the model
parameters to the experimental
results

¢ Validate the hydrobushing model
by comparison with component
testing

e Benchmark the proposed model
with the hydrobushing model in
ADAMS/Ride

The modelling and identification is
performed in MATLAB. The model can
be implemented into commercial MBS
codes like ADAMS.
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Beskrivning

Volvo Aero Corporation i Trollhattan ar
bland annat leverantér avkomponenter
till det Europeiska rymdprogrammet dar
utvecklingen av Arianeraketen ingar.
En av de komponenter som tillverkas
hos Volvo Aero ar den gasturbin som
driver branslepumparna i raketen. |
denna turbin ingar rotorblad som en
vital del. Traditionellt anvands
rotorskivor med separatmonterade
blad. Volvo Aero har nu i stéllet borjat
experimentera med skivor som har
integrerade blad, s.k. bliskar. Dessa
bliskar har ett dynamiskt beteende som
skiljer sig en hel del fran de tidigare
turbinrotorernas. Detta examensarbete
syftar darfor till att utveckla den
numeriska modell som anvands vid
datorsimulering av och konstruktions-
berakning kring de nya bliskrotorerna.
Av speciellt intresse ar bliskdynamiken
under drift och da sarskilt dampnings-
effekters inverkan pa svangningsmod-
former och resonansfrekvenser hos
rotorbladen. Den modifierade model-
len kommer att kunna verifieras mot
testdata.

Att gora

1. Studera hur rotordynamiken be-skrivs
av den/de befintliga, linjara, FE-modellerna
och studera modformer och deras
frekvens-beroende. Studera hur démpning
paverkar resonansspikarna. Modifiera
eventuellt den befintliga FE-modellen.

2. Jamfor med testdata (“forced
response” fran excitation av rotor med
piezoelement). Identifiera styrkor och

svagheter hos modellen/modellerna.
Denna identifikation har foljande steg (i
prioritetsordning):

1. Ddmpningsansats

2. Gaslast och obalans i axelsystemet
(spektrumanalys, se “i man av tid”
nedan)

3. Mistuningseffekter/olinjariteter
(se “i man av tid” nedan).
Studera tidigare tester och
testresultat, frekvens/amplitud och
fasinnehall.

2. GOr litteraturstudier och sammanstall
analysmetoder for turbinrotordynamik
som anvants pa andra hall. Studera framfér
allt ddmpningsmodellering. (Betrakta dven
t.ex. berdakningsmetoder som respons-
analys, spektrumanalys och transient
dynamisk analys).

3. Modifiera den befintliga FE-modellen
av turbinblad i frdga om framfor allt
dadmpningsmodellering (dédmpnings-
modell, riktnings- och frekvensberoende
hos démpningen m.m.). Eventuellt kan
aven laster och randvillkor modifieras.
Formulera en modifierad berdknings-
metod.

4. Verifiera den forslagna metoden med
hjalp av testdata (jmfr punkt 1 ovan).

I man av tid

Gor spektrumanalys med dynamisk
excitering via axelsystemet och jamfor
resultaten med de fran forced response-
metoden.

Undersok effekterna av variationer i
tillverkningskvalitet (s.k. mistuning)
mellan olika bladindivider.

Avd. f. byggnadsmekanik - LTH - Box 118, 221 00 - Lund - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.Ith.se - xp5123(0306)



Examensarbete vid Byggnadsmekanik

Zekeriyya Tlfekcioglu

ANALYS AV SPANNINGAR OCH
BROTT | MEKANISKA FOGAR
FOR HARDA GOLV.
OPTIMERING AV GEOMETRI

Presentation
av examensarbetet ar
beraknad till varen 2004

Rapport
kommer att utges som
report TVSM-5122

Handledare

Per Johan Gustafsson, professor

Kristian Stalne, tekn.Lic.
Avd. fér byggnadsmekanik, LTH

Nils-Erik Engstrom, tab.ing.

Hakan Wernersson, 7ekn.or.

Pergo AB, Trelleborg

Arbetet utféres vid
Avd. f. byggnadsmekanik,
LTH och Pergo AB,
Trelleborg

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Bakgrund

Klickfogar har pa kort tid fatt en nar-
mast total dominans fér samman-
fogning av laminatgolv och aven rént
stor framgang bland traditionella
tragolv. Framgangen beror pa enkel-
heten att ldgga golvet och pa att
ldggningsresultatet totalt sett blir
battre.

| jamforelse med sammanfogning av
notoch fjader medlim ger klickfogning
emellertidIagre styvhet och hallfasthet,
vilket innebar risk for glipor mellan
planken vid den torra arstiden.
Dessutom utsattes fogen fér betydande
mekaniska pafrestningar vid samman-
fogningen. Detta kan leda till brott i
materialet, vilket gor att fogen inte
langre fungerar som avsett.

Mmal

Genom berdkning av spdnningar,
brottmekanisk analys och experi-
mentella provningar férvéntas arbetet
ge okad kunskap om klick-fogars
funktionssatt och egenskaper, speciellt
derasstyvhet och styrka. Resultaten ger
vagledning for optimal utformning av
fogarna. Dessutom forvantas arbetet

leda till forslag pa battre metoder for
provning av relevanta material-
parametrar och hela fogar.

Arbete

Arbetet bestar i uppbyggnad och
anvandning av en mekanisk for-
klaringsmodell:

e |dentifiera exempel pa
relevanta lastfall.

¢ Bygga upp FE-modeller
av exempel pa klickfogar.

e FE-berdkningar av spanningar
och deformationer. Brottanalys.

e |dentifiera styrande material-
och geometriparametar.

¢ Provningar fér bestdmning
av materialegenskaper och
for verifiering av berakningar.

e Foresla forbattringari
materialval, foggeometri
och provnings/utvarderings-
metoder.

Pergo AB: Pergo ér ett ledande varumérke fér laminatgolv. Golvet séljes i ett
60-tal lander och tillverkas i Sverige, Tyskland och USA. Antalet anstallda ar ca
800, varav ca 20 arbetar med forskning och utveckling av framtida golvkoncept.
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Bakgrund

Enfagels fjadrar pa vingarna utsatts for
mekaniska pafrestningar genom
turbulens vid flykt och vid sam-
manstdtning med férmal (t.ex. grenar).
Pafrestningarna orsakar utmattning av
fjadrarna som darfor regelbundet byts
ut. Geometrin fér en fjaderpennas
tvarsektion varierar langs fjadern och
styvas upp av en cellstruktur innanfér
skalet. Denna konstruktion goér att
fijaderpennans styvhet och styrka
varierar i longitudinell led.

Uppgift

Uppgiften i examensarbetet ar att
genom en kombination av mekanisk
provning och simulering (finita
elementberakningar) av framst
fiaderpennor ("skaften”) bestdmma
det grundldaggande mekaniska
beteendet hos fjadrar. Fjadrarnas
egenskaper kan paverkas av UV-
stralning, bakterieangrepp och
ruggningsfrekvens. Vissa av dessa
faktorer kommer att studeras i
examensarbetet. Fjadrar fran gron-,
gran- och lévsangare kommer att
studeras. Fjadrarna fran dessafaglar har

en ungefarlig langd av 5 cm.

Vaneasatdin )

Celluldra strukturen i ett fjaderskaft
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In this master thesis work the moisture
transport in corrugated board boxes is
analyzed. Corrugated board, whichis a
structural core sandwich material, is
extensively used as a packaging
material. The strength of corrugated
board is largely influenced by the
amount and distribution of moisture in
the material. Therefore, the assess-
ment of moistureis of largeimportance
for the load carrying capacity of
corrugated board boxes.

Earlier work at SCA Research shows
that the moisture flux is suitably
modelled by a two-phase system of
differential equations, describing the
moisture concentrationisothermsin the
voids and in the fibres of the material
and a convective boundary layer at the
surface of the material. The modeling
of moisture transfer can with favour be
done by using the periodic properties of
corrugated board, for example using a
two-dimensional finite element
implementation of the governing
equations.

The analysis will cover the following
issues:

® Finite element formulation of the
two-phase diffusion model.

e The numerical solution of transient
diffusion in the board

e Comparison of simulations and
measured results of moisture
transport in boxes.
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Moisture transport in periodic cell of
corrugated board.

The work may be completed with
testing and analysis of hygroexpansion
properties. The work will be performed
by the use of the finite element
package ABAQUS and/or MATLAB, at
the Div. of Structural Mechanics, LTH.
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Background

Rubber bushings can be found in all
vehicle suspension systems. The
suspension components are connected
to each other, to the subframe, and to
the body structure via rubber bushings.
They are a key element in designing
desired quasi-static and dynamic
behaviour of suspension systems. The
dynamic characteristics of a rubber
bushing are often very complex in
nature, due to the fact that the re-
sponse is dependent on several variab-
les, such as displacement, frequency,
amplitude, preload, and temperature.
The displacement dependence is
predominant, but the other dependen-
cies can be absolutely critical in
capturing the mechanical behaviour.

Assignment

The ultimate objective is to establish a
methodology for rubber bushing
modelling and parameter identifi-
cation.

Maijor activities

 Create and study different 1-D
bushing models in MATLAB:

- Visco-elastic models including the
Kelvin-Voigt model (no amplitude
dependence).

— Elasto-plastic models (no frequency
dependence).

— Generalized visco-plastic
(viscoelastic-elastoplastic) models
(both frequency and amplitude
dependence).

—\/VVV— elastic part

AV

{_W viscous part
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% rrrrrrrrrrrrrrrrrrrrrrrr o>

%W — €

4/:]:'1\/\/\/\F

: frictional part
%W\F

Generalized visco-plastic material
mode/

e Develop a methodology for model
parameter identification from
physical component tests.

* Validate the bushing models by
comparison with component testing.

Validation

Three rubber components will be used
to validate the bushing models for
quasi-static and harmonic dynamic
behaviour. Two of the components are
geometrically simple model compo-
nents and the third is an actual
component used in a Volvo car.
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Bild 1

En plattvarmevaxlare bestar av ett antal
tunna korrugerade platar med 6pp-
ningar for de tva vatskor mellan vilka
varmedverforingen sker. Platarna satts
samman med gummipackningar (se
Bild 1).

| en plattvarmevaxlare ar packnings-
material och den geometriska utform-
ningen av packning och packningsspar
direkt avgoérande for dess prestanda
och funktion. Med avsikt att hoja
kvalitén pa tatningsfunktionen samt
Oka sakerhet och minska ledtid i
konstruktionsprocessen, har Alfa Laval
under en tid arbetat for att géra FE-
analys till ett naturligt hjalpmedel/
arbetsredskap vid nydesign och modi-
fiering av tatningsfunktionen i sina
produkter.

Detta examensarbete syftar till att
utreda en del aspekter som ar viktiga i
analysen av gummipackningen i en
plattvarmevaxlare. Hur paverkas
packningen av temperaturandringar?

Har ska dels berakningar goras, men
aven metodiken fér hur man applicerar
temperaturen i analyserna ar viktig.
Vidare vill man pa Alfa Laval veta om
det gar att simulera limning av gummi-
packningenien FE-analys. Bakgrunden
ar att man i vissa fall forsokt limma
packningen pa platen, men fatt brott i
packningen med ldckage som f6ljd da
man lagt pa ett tryck. Hade man kunnat
forutspa dettamhaen FE-analys? Detta
omrade ska undersokas teoretiskt och
en analys ska utféras om det ar mojligt.
Analyserna utférs med bade Abaqus
implicita l6sare, och den explicita
|6saren. Detta goérs sa att man kan
jamforaldsningstid och minnesatgang.
Vidare utférs analyserna pa den
geometrisom Alfa Laval tillhandahaller
(se Bild 2).
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Uppgiften ar att bygga upp en finit
elementmodell for att kunna analysera
fibermaterial.

Fibermaterial anvands i ett flertal olika
tillAmpningar, tex varmeisolering,
hygienprodukter och filtmattor for
processindustrin. Man har tidigare ana-
lyserat fibernatverk genom att dator-
generera slumpmassiga natverk med
till exempel samma medeldensitet som
det verkliga materialet. Nu ar en ny
metod under utveckling, dar man
scannar en provbit i en datortomograf,
vilket mojliggor rekonstruktion av fiber-
natverkets verkliga geometri. Figur 1
visar ett exempel pa en fiktiv genererad
natverksgeometri medan Figur 2 visar
en rekonstruktion av ett natverk av
nylonfibrer som har tagits fram med
datortomografiteknik. Det kommer
alltsa helt nya mojligheter att analysera
fibermaterial ndr man kan rakna pa den
exakta geometrin.

Examensarbetet bestar i att bygga upp
en finit elementmodell med en generell
geometri, som ar lampad for att repre-
senterar materialets exakta geometri
nar denna finns tillganglig, samt att
skapa en visualisering av modellen.

Darefter kan de geometriska och me-
kaniska egenskaperna for natverket
beraknas och modellen kalibreras mot
resultat fran experimentella matningar.
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Bakgrund

Stansnitning ar en mekanisk fognings-
metod fér tunnplat. Vid stansnitning,
skar niten under fogningsprocessens
foérsta steg igenom platen. Under den
senare delen av fogningsprocessen
formas niten och/eller platen sa att en
mekanisk lasning uppstar, se figur 1.

Sjalvstansande nitning (SPR) blir en allt
vanligare fogningsmetod i bilar. |
ramstrukturerialuminium ar SPR redan
den dominerande fogningstekniken, se
Audi A2 och A8. Det ar viktigt att
nitférbanden inte separerar under en
krock for att inte instabil kollaps ska
erhallas i kaross-strukturen.

Uppgift

Uppgiften &r att studera hur sjalv-
stansande nitférband deformeras under
krocklast. Inverkan av hur geometri-
och materialparametrar paverkar kraft-
och energiatgang under krock kommer
att behandlas. Speciellt galler det att
studera krockresponsen under flaklast.
Detta kommer att ske med finita-
elementberakningar med programmet
ABAQUS explicit.

Figur 1

Figur 2
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Background

The grip stiffness of a beverage
package is an important parameter in
achieving satisfying package perfor-
mance. In package design, selecting
proper grip stiffness is a challenging
task since it must be balanced against
difficulties in converting and forming
and of cost. To improve this selection
process, a better understanding of how
the grip stiffness is influenced by
package shape and material stiffness is
needed.

Project description

The main objective in the project is to
determine relationships between grip
stiffness, package shape and material
stiffness. The work in the project may
be divided into three subtasks:

*  Experimental study of grip stiffness
of packages with various shapes
and materials by use ofa grip robot.

*  Experimental study of the mechani-
cal behaviour of the material in
bending for simplified material
input.

*  Numerical parametric study of grip
stiffness for varying width, height
and material stiffness by use of the
finite element program ABAQUS.

The final goal of the projectisto be able
to define how the combination of
material and package shape is selected

to achieve proper grip stiffness.
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C

Examensarbetet har som syfte att ut-
reda betydelsen av pakanningar pa
grund av valvning och tvarsnitts-
deformation orsakade av vridbelast-
ning hos broladekonstruktioner med
farbanekonsoler, se figur ovan.

Examensarbetet behandlar ett antal
handberédkningsmetoder som jamférs
med finita element berdkningar. Med
handberdkningsmetoderna kan man
bland annat berdkna hérnmoment och
axiellaspanningar. Vid jamforelser mel-
lan handberdkningsmetoder och finita
element modell har enkla lastfall och
olika slankhet pa tvarsnitten anvants.

Examensarbetet innehaler dven ett av-
snitt dar laster enligt normen BRO 94
applicerats pa finita element modellen,
detta for att undersodka vilka horn-
moment och axiella spdnningar som
uppkommer pa grund av vridning i ett
verkligt fall.

Tre olika handberakningsmetoder har
behandlats. Denforstabehandlar blan-
dad vridning med delvis 6ppna och
slutna odeformerbara tunnvaggiga
tvarsnitt, vilket ar en modifiering av

motsvarande teori for 6ppna tunnvag-
giga tvarsnitt. Den andra metoden an-
vands for att berdkna effekter av att
tvarsnittet deformerasvidvridning. Den
tredje metoden ar en superponering av
de tva forsta.

Tvafinita element modeller har utforts,
en enkel tvadimensionell modell for
berdkningar av pakdnningar orsakade
av tvarsnittsdeformation, och en tre-
dimensionell skalmodell. For skalmo-
dellen har olika tathet av element-
indelning anvants for att undersoka
dess effekt pa resultatet.

Resultatet visar att handberdknings-
metoderna och FE-modellen stammer
val 6verens for undersokta fall. Berak-
ning med laster enligt BRO 94 visar att
man i vissa fall bor ta hansyn till axiella
spanningar uppkomnapagrund avvrid-
ning. Resultaten visar ocksa att man i
samtliga fall bor ta hansyn till upp-
komnahérnmoment.
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annat veta hur friktionskrafterna
férdelar sig langs remmen vid ingrepp

Rapport mot kugghjul. Dessutom ar de fjad-
kommer att utges som rande egenskaperna hos remmens
report TVSM-5113 tander av intresse foratt kunna skapa

en modell av kuggingreppet.
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modell med diskreta fjadrar kan

Volvo AB kalibreras mot resultatet av FE-
analyserna.

Malet ar att resultaten skall kunna an-
vandas av Volvo for att forbattra de
datorprogram som simulerar kugg-
ingreppet.
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Bakgrund

Balkonger kan utformas pa manga
olika satt och en utférlig kontroll av vad
som ar tekniskt mojligt betraffande
bland annat infastningar och
balkongstorlekar maste darfor goras |
varje projekt med balkonger. Att
"uppfinna hjulet" flera ganger ar
naturligtvis kostsamt och det finns
darfor ett behov av standarder for
utformning av balkongdetaljer.

| samband med lufttathetsmatningar
har dessutom uppmarksammats
problem med luftotatheter vid balkong-
anslutningar till stommen, framférallt i
byggnader med fullstandigt prefabri-
cerad stomme.

Mot bakgrund av lufttathetsproblemen
och de efterlysta balkongdetaljerna
finns nu ett behov av att fa frage-
stallningarna utredda.

Syfte
Projektet syftar till att ta fram ett
underlag fér utformning av standard-

detaljer for tre olika balkongtyper.

* Inspdnda balkonger
(till haldédck och massiva bjélklag)

* Dragstagsburna balkonger

* Pelarburna balkonger

Balkongtyperna ska studeras med
avseende pa huvudkriterierna statik,
lufttathet, och koldbryggor. Dessutom
bor eventuell risk for galvanisk kor-
rosion beaktas samt risken for att
stegljud fors over till stommen.

Mal

Projektresultatet kommer att ligga till
grund for ett nytt avsnitt i Skanska
Prefabs tekniska standard.

For samtliga balkongtyper eftersdks
olika typer av intervall fér balkongens
maximala storlek. Hansyn ska tas till
olika h6jd éver marken, sndzon, aktuell
vindreferenshastighet och terrangtyp.

For att undvika att balkonger efter en
tid borjar boja ner ska langtidsdeforma-
tionerna beaktas vid studie av de olika
infastningsalternativen.

Berakningarna bor utforas for tva olika
djup. Minsta djup eftersdoks genom
samrad med arkitekter.
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Background

When modelling mechanical properties
of packages, e.g. grip stiffness and
compression strength, with the finite
element method (Abaqus), several
difficulties arise. One important area of
the package, whichis believed to make
a big contribution to the mechanical
behaviour of the finished, filled,
package, is the crease zone. In this
zone, the paperboard has been
deliberately damaged in order to
control the folding of the package
when the package is formed. The
damagesareintroducedin the creasing
process where delamination as well as
permanent deformation of the paper-
board is created. The damages resultin
aweak zone where the paperboard will
fold duringforming. To be able to make
valid simulations of the mechanical
behaviour of a package, a better
mechanical description of the creased
zone is needed.

Project description

The goal of the master thesis is to
develop and implement a model in the
finite element program ABAQUS that s
capable of simulating the constitutive
behaviour of the packaging material in
the crease zone. The model will be
developed based on experimental
observations of bending of the
packaging material in the crease zone.
Plain carton board as well as carton
board laminated with various layers of

plastic andaluminium foil have to be
studied. The model will be implemen-
ted asa user subroutinein ABAQUS that
have to be simple to use and simple to
calibrate with the various material
qualities used in packages. Moreover,
the model must be written in a general
manner to make it open for further
developments. The major tasks of the
project are summarised below.

e [Experimental study of the
constitutive behaviour of the
packaqging material in the crease
zone.

* Development and implementation
of a constitutive model as a user
subroutine in ABAQUS.

* Verification of the model through
comparison of simulation results
with experimental observations.

* Showing an example of how to use
the model by performing a grip
stiffness analysis of an open
package containing fluid.
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Pergo &r det ledande varumdrket fér
laminatgolv. Golvet séljes i ett 60-tal
ldnder och tillverkas i Sverige, Tyskland
och USA. Antalet anstéllda &r ca 1000,
varav ca 30 arbetar med forskning och
utveckling av framtida golvkoncept.
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Bakgrund

En golvbeldggning skall talaslitage fran
skor och mobler, paverkan av solljus,
vata och kemikalier, samt statisk och
dynamisk belastning. Stotbelastning
fran fallande foremal eller statisk
belastning fran maobler eller skor med
sma klackar kan lokalt ge mycket hog
tryckbelastning. Sadan belastning ger
risk fér permanenta deformationereller
genomstansningsbrott i komposit-
golvets ytskikt, sarskilt om de under-
liggande skikten ar mjuka. For att
kvalitetssakra golvbeldggningars slag-
ochintryckshallfasthet finns provnings-
metoderangivnaiengolvstandard. Det
har emellertid visat sig att de angivna
provningsmetoderna korrelerar
otillfredstallande med verkligt
upptradande hoslaminatgolv.

mal

Arbetet skall genom spannings-
berakningar och provningar ge 6kad
kunskap om genomstansningsbrottoch
forstaelse om vilka faktorer som
paverkarslag- ochintryckhallfastheten.
Resultaten forvantas ge vagledning om
hur framtida golv kan forbattras.
Dessutom forvantas arbetet leda till
forslag pa battre metoder fér provning
och vardering avlaminatgolvs slag- och
intryckningshallfasthet.

Arbete

Arbetet bestar i uppbyggnad och
anvandning av en mekanisk forkla-
ringsmodell:

* |dentifiera exempel pa
relevanta lastfall.

*  Bygga upp FE-modeller av
exempel pa golvlaminat.
(FE-program: Abaqus)

*  FE-berdkningar fér
spanningsanalys.

* |dentifiera styrande material-
och geometriparametar.

e  Verifierings-och
materialprovningar.

*  foresla forbéttringar i
laminatuppbyggnad och/eller
i provnings/
utvdrderingsmetoder.
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| trékonstruktioner &r forbanden en
svag punkt, mycket ofta den svagaste
punkten. Nastan alla mekaniska
forband bygger pa principen med
dymlingverkan: bultar, spik, eller
dornar. | vissa fall, beroende pa
forbandets utformning, kan i sadana
férband brott uppkomma pga alltfor
stora spanningar vinkelrat traets
fiberriktning. | ett nyligen initierat
forskningsprojekt skall brott vinkelrat
fiberriktningen i dymlingférband
studeras. Férbanden bestar av staldorn
i fanértra (LVL).

Examensarbetet omfattar FE-berak-
ningar av ett antal olika dornférband
med hansyn tagen till sprickbildning
vinkelrat fiberriktningen. Simuleringen
av dornens samverkan med traet kan
komma att innefatta kontaktberak-
ningar. Berdkningsresultaten kan
jamféras med tillgangliga prov-
ningsresultat. Aven jamférelse med
overslagsmassiga handraknings-
uttryck kan bli aktuell.

FE-berdkningarna kommer att utféras
med hjalp av programmet ABAQUS® i
UNIX-milj5.

Staldorn i fanértra.
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Bakgrund

Dagens innervaggar byggs nastan ute-
slutande av stalreglar tillsammans med
nagon typ av skivmaterial. Det finns en
mangd olika vaggtyper. Valet av vagg-
typ grundar sig i princip pa tre para-
metrar. Dessa ar ljudkrav, brandkrav
samt vagghojd. For att fa en optimal
vagg kravs data pa dessa parametrar.
Tillaten hojd pa en innervagg bestdms
genom i normer beskrivna regler for
bruks- och brottgranstillstand. Dessa
regler grundar sig pa att man kanner
styvheten for samverkans konstruktio-
nen eller att man utfor fullskaleférsok.

Syfte

Syftet med examensarbetet ar att med
FEM-modeller och fullskaleférsok
underséka samverkan mellan
stalreglar och skivmaterial, i det har
fallet gips. Med utgangspunkt fran
verifierade FEM-modeller eftersoks
samband mellan styvhet och olika typer
av utférande. Det finns en mangd
intressanta fragestallningar som
behover besvaras for att pa ett korrekt
satt kunna gora berdkningar av
styvheten hos en innervagg.

Mal

Malet med examensarbetet ar attfinna
samband mellan vaggars styvhet och
olika typer av utférande dar man
varierartypen avregelstomme, cc-matt
pa skruvningen samt antalet skivor.
Dessa samband skall sedan kunna
utgdra en grund foér berakningar av

maximal vagghojd for olika typer av
innervaggar. | examensarbetet ingar
ocksa fullskaleférsok for att verifiera
berdkningsmodellerna.
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En val tillampad numerisk metod for
akustiska strukturproblem vid laga
frekvenser ar finita element metoden
(FEM). Aven den omgivande eller inne-
slutna luften kan behandlas med FEM,
men problemet blir da ofta stort, speci-
ellt vid 3D problem. Svarigheter med
reflektion uppstar dar den typiska mo-
dellen har sin yttre kantd.v.s. dar rand-
villkoren skall ges.

BEM, the boundary element method,
ar val lampad for akustiska fluid-
problem. | BEM utgdr man fran
fundamentallésningen av fluid-
problemet utan rander och bestammer
sedan styrkan pa en stor mangd
fundamentallésningar sa att rand-
villkoren uppfylls. Man reducerar pa sa
vis ett 3D problem till ett 2D problem
och slipper samtidigt problemen med
reflektion dar man slutar rékna.

Da bade FEM och BEM &r matris-
baserade sa kan de kopplasihop. Detta
gors bland annat i det kommersiella
programmet Sysnoise. Kopplingenkan
ske pa olika vis (direkt, iterativt, ...).
Examensarbetet gar ut pa att imple-
mentera BEM och FEM-BEM koppling i
Calfem.
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Sammanfattning av examensarbetet, vilket presenterades

den 9 mars, 2001.

Vid langvarig belastning av papper
erhalls, liksom for de flesta andra mate-
rial, en deformation kallad krypning.
Deformationen kan vara saval elastisk
som plastisk. Vid avlastning sker ingen
fullstandig aterhamtning av den ur-
sprungliga ldangden om vi har plastisk
deformation. Den aterhdmtning som
anda erhalls beror pa den elastiska
delen avdeformationen. Eftersom pap-
persom anvandsiforpackningar oftast
utsatts for langvarig belastning vid var-
dagligt anvandande &r det viktigt att ta
hansyn till papperets krypegenskaper
vid dimensionering av férpackningar.

| ett flertal studier [1,2,3] har man visat
att dragstyvhet och dragstyrka i
maskinriktningen (MD) &r oberoende
av om papperet torkats fritt eller in-
spantitvarriktningen (CD). Denna rap-
port visar att det férhaller sig annor-
lunda med krypegenskaperna. Kryp-
egenskaperna i MD beror pa om pap-
peret torkats fritt eller inspant i CD.

Anisotropa pappersark med ytvikten
omkring 150 g/m? tillverkades av
oblekt barrsulfatmassa i laboratorium
pa en dynamisk arkform. Arken torka-
des pa fyra olika satt, (1a) inspant
torkat i bade MD och CD, (1b) inspant
torkatiMD och fritt torkati CD, (2a) fritt
torkat i MD och inspant torkati CD och

sist (2b) fritt torkat i bade MD och CD.
Vid experimenten jamfordes (1a) med
(1b) och (2a) med (2b). Pappers-
proverna dragprovades i bade MD och
CD och dragkrypprovades i MD dels
med en befintlig apparat utvecklad av
SCA och dels med ny apparatur dar
stereo-DSP  (Digital  Speckle
Photography) anvandes for att mata det
tredimensionella foérskjutningsfaltet
med hjalp av bildanalys.

Resultaten visar att tiden till brott i en
krypmatning 6kar med 4-8 gangeriMD
(som sammanfaller med belastnings-
riktningen) om papperet torkats fritt
istallet for inspant i CD. Krypbrottoj-
ningen paverkas daremot ej i
belastningsriktningen da olika torksatt
tillampas vinkelratt mot belastnings-
riktningen. Anmarkningsvart aratt den
negativa kryptojningen (samman-
dragningen)vinkelrdtt mot belastnings-
riktningen ar hégre om papperet tor-
katsinspantvinkelratt mot belastnings-
riktningen. Slutsatsen man kan dra ar
att kryptdjningen och livsldngden i en
riktning for papperet beror pa pappe-
rets mekaniska egenskaper i bada rikt-
ningarna. Mojligen kan dessa iaktta-
gelser aven forklara den accelererande
krypning som papperet uppvisar nar

fukthalten i provet varierar over tiden.
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Malet med examensarbetet ar att ta
fram tva primarkonstruktioner pa en
mast som utgor den barande enheteni
vindkraftverket baserat pa Magnus-
effekten. Analysen som leder fram till
dimensioneringsunderlag genomférs
med hjalp av FEM-berdkningar. FEM-
analysen dokumenteras sa att ett
berdkningsférfarande erhalls vilket
senare ska kunna anvandas till en
hoégre mast. Da primarkonstrukt-
ionerna ar genomférda utférs en
beddémning av vilken mastkonstruktion
som ar den basta ur olika aspekter.

Utoéver denna rapport kommer arbetet
aven att utforas i html-format, med
nagon typ av visualisering av kon-
struktionen.

Semaoaornt
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The assignment designates from the
factthatthereisnoaccurate methodto
model rubber dampers exposed of
shock load. In this master thesis,
different kinds of constitutive models
for rubber will be investigated.

After a theoretical examination of the
material models in LS-DYNA, material
tests were performed at Trelleborg
Automotive. Simple shear tests were
performed, where both purely elastic
and dynamic tests were considered,
since these tests are suited for calibra-
tion of both the Yeoh model and the
Arruda & Boyce model. These two
visco- hyperelastic models were the
only ones that were found useful for this
application and the possible material
tests.

Shock tests were performed in order to
evaluate the shock simulations in LS-
DYNA. The achieved frequencies cover
therangefromabout9Hzto 17 Hz. The
shock accelerations were used as input
in the FE simulations. The achieved
accelerations and displacements were
compared with the experimental ones.

The results from the simulations
correspond quite well to the
experimental tests. Especially the Yeoh
model gives remarkably good results
despite many approximations in the
adaptation of the model. The response
of the Arruda & Boyce model did,

Rubberdamper

however, not fit very well for the lowest
mass, for the two highest the response
were similar to the one for the Yeoh
model. Unfortunately, the rubber
material depends more on the strain
amplitude than the strain frequency at
these relatively low frequencies. The
frequency dependency can almost be
neglected in this frequency range. This
is a problem since the models depend
only on the frequency and not the
amplitude. This results in large
deviations at the shock phase where
the amplitude are considerable higher,
duetotoohigh damping, while the free
vibration phase is better. If the interest-
ing part is the shock phase it might be
more suitable to use a purely
hyperelastic model, the disadvantages
is a large error at the free vibration
phase. The free vibration phase is
however better simulated with the
visco-hyperelastic model.
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Corrugated board is an example of a
structural core sandwich material which
has gained much popularity as a
packaging material. It is also used in
products which purely have a load
carrying function, such as pallets. In
most applications, the loading is shell
like.

The numerical simulation, e.g. finite
element calculations, of the
mechanical behaviour of corrugated
board is advanced by several factors

» Thestiffnessandstrength properties
of the board is highly oriented, i.e.
orthotropic.

e The board may fail by different
failure modes, when loaded in-plane.
Structural failure is possible as the
bifircation of the board panel when
loaded in-plane. In addition, local
buckling of the board facings occurs
between the corrugations.
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e Considering the local stability of the
board, a large amount of different
deflection modes are feasible during
the the load-deformation path.
Therefore, the nonlinear reponse
calculations require an incremental
technique which captures complexload
and displacement variations during the
path.

A detailed modelling and nonlinear
finite element analysis of the board will
provide a measure of how complex
mechanical structures with a very large
amount of degrees of freedom can be
performed by numerical methods.
The work will be performed by
ABAQUS (and/or LS-DYNA), at the
Division of Structural Mechanics, LTH.
Contact with SCA Research can be
settled for e.g. test results of board
constituents.

<o S >
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Examensarbete vid Byggnadsmekanik

Lars Andersson och Lars Rolfson

ANALYS AV TORSIONSFJADER

Presentation
av examensarbetet ar
beraknad till mars 2000

Rapport
kommer att utges som
report TVSM-5101.

Handledare

Per-Erik Austrell, Tekn.dr.
Avd. f. byggnadsmekanik.

| samarbete med

Thommy Séderberg, civ.ing.

Hégglunds Vehicle AB, Ornskéldsvik.

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Hagglunds Vehicle AB é&r ett foretag
som bl a konstruerar och tillverkar
bandvagnar.

| en typ av bandvagn ar det tankt att
anvanda den torsionsfjader som &r
féremal for examensarbetet.

Torsionsfjadern ar utformad som en
bussning och bestar avtva koncentriska
stalcylindrar med fastvulkat gummi
emellan. Roérelse och energiupp-
tagningen sker i det elastiska gummi-
materialet. Efter vulkningsprocessen
komprimeras ytterréret radiellt for att i
forsta hand minska de initiella
spanningar som uppkommit efter
vulkningen.

Examensarbetet gar ut pa att faststalla
spannings- och tojningstillstandet i
torsionsfjadern och dess beroende av
bl a kompressionsgraden och fjaderns
geometriska parametrar. Utifran detta
skall slutsatser dras om orsaken till den
korta livslangden och eventuella
forslag till en ny design ges.

Till berdakningsarbetet anvands
ABAQUS och MATLAB

BvS10 &r den typ av bandvagn som
anvénds som underlag fér examens-
arbetet.

FE-modell av torsionsfjader.
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Examensarbete vid Byggnadsmekanik
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MODELLING OF ELASTOMERIC
COMPONENTS FOR VEHICLE
SYSTEM DYNAMICS MODELS

Mikael Svensson och Kristian Bergdahl

Presentation
av examensarbetet ar

bergknad till mars, 2000.

Rapport
kommer att utges som
report TVSM-5100

Handledare

Per-Erik Austrell, reknp
Avd. f. byggnadsmekanik

Peter Davidsson, civ.ing.
Avd. f. byggnadsmekanik

| samarbete med

Per-Olof Sturesson
Saab Automobile AB in Trollhéttan

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

BACKGROUND

Elastomeric (rubber) components are
used in automotive vehicle for vibration
isolation. These components exhibit
non-linear stiffness behaviour both
staticlly and dynamically. Properties
like stress strain relationship as well as
pre-load, frequency, amplitude and
maybe temperature dependency may
be included in a analysis model.

Usually, in vehicle system dynamics
models linear properties are used. The
thesis work is limited to a frequency
range that is below the first
eigenfrequency of the bushing.

OBIJECTIVE

The objective with the project is:

1. Gain insight in pre-load, frequency
and amplitude dependency of
elastomericcomponents.

2. Givedirections for future modelling

of elastomeric components in
vehicle system dynamics models.

METHODS

The thesis project consists of the
following main parts:

e Litteraturestudly.

e Description of elastomeric compo-
nents frequency, amplitude and
temperature dependent properties.

e Modelling of these properties to
systems with few degrees of
freedom. Calibration to experiment.

e Experimental investigation of
cylindrical bushing element. Radial
and axial dynamic stiffness and
damping are measured. As test
specimen the front control arm
bushing can be used. The experi-
ment will take place at SAAB NVC.

e Implementation of the model in a
finite element model. A simple
problem in MSC/Nastran is in-
vestigated. Especially the amplitude
dependency is studied.
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Examensarbete vid Byggnadsmekanik

UTVECKLING AV
TAKSTOLSPROGRAM

Peter Berglund och Jonas Holmberg

Presentation Examensarbetet gar ut pa att utveckla
av examensarbetet ar ett takstolsprogram som tar hansyn till

beriknad till december 1999,  Stvhetenispikplatsforband.
" Dagens kommersiella takstolsprogram

raknar med antingen fullstandig sam-

Rapport verkan eller helt eftergivliga knutpunk-
kommer att utges som ter, detta &r en férenkling d& styvheten
report TVSM-5099. i spikplatsférbandet i sjalva verket

ligger mellan dessa ytterligheter.

Hand/e_dare Var uppgift ar att med hjalp av en
Jonas Lindemann, civ.ing. berdkningsmodell, utvecklad pa Avd.
Avd. f. byggnadsmekanik for byggnadsmekanik, ta hansyn till

vekheten i spikférbandet.

En del berdkningsalgoritmer for att
behandla t.ex. balkar ar utvecklade pa
samma avd. Dessa algoritmer ska vi
oversatta fran CALFEM till var berak-
ningskod.

Anders Olsson, civ.ing.
Avd. f. byggnadsmekanik

For att klara berakningsdelen med hog
noggrannhet och precision, utnyttjas
Fortran 90.

Projektet omfattar ocksa utveckling av
ett grafiskt anvandargransnitt och for
det anvander vi Borland Delphi.

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet
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Examensarbete vid Byggnadsmekanik

ANALYS AV LEDPROTES FOR
METACARPOPHALANGEALLEDEN

Mattias Mansson och Anders Olsson

Presentation | Sverige finns ca 25000 personer som
av examensarbetet ar pa grund av reumatism har sa kraftigt
beraknad till hésten 1999 deformerade och férstdrdaleder att det

kraftigt begréansar deras formaga att

leva ett normalt liv. For att oka

Rapport livskvalitén for dessa individer kan den

kommer att utges som forstorda leden ersattas med en protes.
report TVSM-5098 S

Den befintliga fingerledsprotesen som

projektet avser att forbattra ar

Hand/edare konstruerad och utprovad av P-I
Per-Erik Austrell, rekn.ar. Branemark m fl. Protesen ar tillverkad i
Avd. f. byggnadsmekanik silikongummimed titanstift som fastsin

i titanhylsor i handen respektive fing-

rarna. Protesen har under ett antal ar

. framgangsrikt givit forbattrade villkor

P-I Branemark for gatignter |g”ned svar reumatism.
Problemet med leden &r att gummi-
materialet efter nagra ar spricker och
gar sdnder.

| samarbete med

Syftet med examensarbetet ar att med
hjalp av nya material och ny utformning
oka livslangden for protesen. Den
befintliga leden analyseras genom
finita element berdkningar med hjalp
av ABAQUS. Nya forslag pa utformning
och material tas fram for att sedan
analyseras. Slutligen skapas ett forslag
pa ny design av protesen.

Okad livslangd fér fingerledsprotesen
skulleresulteraifarre operationer vilket
skulle minska lidandet for patienten

LUNDS TEKNISKA samt reducera vardkostnaderna.
HOGSKOLA

Lunds universitet
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Examensarbete
vid Byggnadsmekanik och Teknisk geologi

t( !'I-_-i-:g" |

STOKASTISK FE-MODELLERING
AV GRUNDVATTENFLODE |
SPRICKAKVIFER

Henrik Wall och Jonas Andersson

Presentation
av examensarbetet ar
berdknad till december 1999.

Rapport
kommer att utges som
report TVSM-5097, och
report TVTG-50609.

Handledare

Karl-Gunnar Olsson, Tekn.lic.
Avd. f. byggnadsmekanik

Anders Olsson, civ.ing.
Avd. f. byggnadsmekanik

Gerhard Barmen, 7ekn.dr.
Avd. f. teknisk geologi

Asa Hakansson, Tekn.ic
Avd. f. teknisk geologi

| samarbete med

Elisabet Hammarlund, civ.ing.
SCC Sverige AB

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Syftet med detta examensarbete ar att
utveckla en metod som med hjalp av
data fran uppmatta grundvattennivaer
kan karakterisera en akvifers strém-
ningsegenskaper.

Akviferens hydrauliska konduktivitet
kommer att betraktas som ett
stokastiskt falt med vilka effekter av
grundvattensankning och infléde av
grundvatten vid markarbete kan berak-
nas med hjalp av sannolikhets-
teoretiska fordelningar. Metoden kom-
mer att utvecklas med hjélp av upp-
matta grundvattennivaer i Malmo-
omradet.

Metoden i detta examensarbete kom-
mer att bestd av tre delar. Forst bestams
akviferens konduktivitet med hjélp av
invers FE-modellering. Darefter tillam-
pas en berdkningsmetod som med
hjalp av sannolikhetsteoretiska fordel-
ningar kan beskriva akviferens
konduktivitet. Slutligen visas hur meto- A
den kan anvandas pa ett verkligt ob-
jekt, i detta fall den planerade City-
tunneln i Malmé.

Glaciofiuvial deposits, coarge-
grained glaciolacustsine or
wave-washed sediments

o 9
Inter- or intra-
morainic sediments

° °

°
inter- or fntra—
©__morainic sediments

+Danian limest

Upper Cretaceous chalk
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Examensarbete vid Byggnadsmekanik

ANALYS AV
TELESKOPSPEGEL FOR ETT
"VERY LARGE TELESCOPE" (VLT)

Hanna Johansson och Andreas Jilsmark

Presentation Arbetet avser att analysera deforma-

av examensarbetet ar tionerna som uppkommer i huvud-

N L spegeln pa ett astronomiskt teleskop
beraknad till hosten 1999. da teleskopet vrids runt horisontaxeln.

Spegeln halls uppe med hjalp av ett

Rapport stort antal justerbara upplagspunkter,
kommer att utges som och malet &r att finna ett samband
report TVSM-5096 mellan spegelns optiska kvglitet pch

dessa upplslagspunkters konfiguration.

Handledare Berdkningsarbetet bygger pa finita
Goran Sandberg, tf Professor elementmetoden och som hjalpmedel
Avd. f. byggnadsmekanik anvands programmen NASTRAN,

ABAQUS och MATLAB. Ll
Torben Andersen, professor |

Avd. f. astronomi

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet
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Examensarbete vid Byggnadsmekanik

Rikard Larsson

FEM ANALYSIS AND
VISUALISATION OF
SHAPE STABILITY IN WOOD

Presentation
av examensarbetet ar

bergknad till hdsten 1999.

Rapport
kommer att utges som
report TVSM-5095.

Handledare
Ola Dahlblom, 7eknp
Avd. f. byggnadsmekanik

Jonas Lindemann, civ.ing.
Avd. f. Byggnadsmekanik

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Wood deforms when it is subjected to
changes in moisture contents.
Moreover, wood is an orthotropic
material with different properties in
radial, tangential and axial directions.
Due to these facts the deformations of
wood are asymmetric in all directions.
The size of the asymmetric deforma-
tions depends on the amount and rate
of change in moisture contents and the
surrounding temperature. This beha-
viour can be calculated with FEM (finite
element method) and that is the
essence of this dissertation.

The major parts of this dissertation are:

* Design and implementation of a
user-friendly interface for an FEM
program.

* Encapsulation of existing FEM
code. The encapsulation is going to
be implemented as a Corba or

DCOM object.

e Visualisation of the deformations
using VRML or OpenGL

The goal with this program s to be able
to make good estimations of the
deformations of a dried piece of wood

in a simple way.

]
]

1]
o
L\

TN

EEEFEE
T

Avd. f. byggnadsmekanik - LTH - Box 118, 221 00 - Lund - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.Ith.se - xp5095(9904)



Examensarbete vid Byggnadsmekanik

VISUALISERING AV
TAKKONSTRUKTIONEN
PA GLIMMINGEHUS

Carl Thelin

Presentation Glimmingehus uppférdes 1499, for
av examensarbetet ar femhundra ar sedan, och &r kant som
nordens bast bevarade medeltidsborg.

berdknad till maj - 1991 upptickte man vid inspektion

juni 1999. skador pa takkonstruktionen. Dessa
skador Okade gradvis i omfattning.
Rapport 1994 gjordes en analys av kraftspelet i
kommer att utges som kor_mstrukti(inen. Relfz_aration ocE restgu—
rering av konstruktionen paborjades

report TVSM-5094. under sommarhalvaret 1998.
Handledare Examensarbetets syfte ar att genom
Karl-Gunnar Olsson, Tekn.iic. tredimensionella datormodeller av upp-
Avd. f. byggnadsmekanik byggnaden och av kraftspelet i tak-
] konstruktionen, gbra denna mer latt-

Jonas Lindemann, Giv.ing. sverskadlig och begriplig.

Avd. f. Byggnadsmekanik

Imodellen visas hurkonstruktionen kan
ha byggts upp, hur den har férédndrats
och hur den ser utidag. | modellen kan
man ocksa visa vilka skador som fanns
innan restaureringen och hur dessa pa-
verkade konstruktionen, vad som har
gjorts vid den senaste restaureringen
och hur detta férandrade kraftspelet.
Tanken ar att modellen skall presente-
ras via en webbsida.

Program som anvands ar MATLAB,
AutoCad, 3D-Studio och VRML. VRML
ar en kod for att visa tredimensionella
modeller pa internet.

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet
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Examensarbete vid Byggnadsmekanik

KOMPOSITMATERIALS
HYGROMEKANISKA
EGENSKAPER

Bjérn Andersson

Presentation Vid konstruktion, tillverkning och appli-
av examensarbetet ar cering av produkter ar det ibland av

. . . intresse att veta hur de ingaende mate-
beraknad till augusti - rialen upptrader vid fuktpaverkan, ex-

september 1999. empelvis far det vid anvdndning av
bekladnad till byggnader inte fore-
Rapport komma ndgon krékning av materialen.

Det ar aven vid forskning pa mikroniva
viktigt att ha tillgang till verifierande
provresultat sa att framtagna teorier
och antaganden kan kontrolleras.

kommer att utges som
report TVSM-5093.

Handledare
Per Johan Gustafsson, pocent  Dettaexamensarbete hartill uppgift att
Avd. f. byggnadsmekanik mata samt berdkna vilken paverkan
fukt har pd de mekaniska egenska-
Christer Nilsson, Tekn.or, perna hos laminat som pressats ihop
Avd. f. byggnadsmekanik under hogt tryck. Laminaten som un-

dersoks ar melanin- eller fenol-
impregnerade papperslaminat som
anvands vid golvtillverkning hos Pers-
torp AB.

Kristian Stalne, civ.ing.
Avd. f. byggnadsmekanik

| samarbete med

Perstorp AB, Perstorp De materialparametrar som mats vid

olika fuktnivder kommer att vara
elasticitetsmoduler, fuktutvidgning
samt temperaturutvidgning. Nar dessa
parametrar ar kanda kan berakningar
goras for att se hur ett godtyckligt upp-
byggtlaminatkommer att upptradavid
olika fukt- och belastningsfall. Intres-
santa varden dar t.ex. krékningsradie
samt inre spanningar i laminatet. Be-
rakningarna kommer att utféras dels
med finita elementmetoden (FEM),

LUNDS TEKNISKA dels med balkteori.
HOGSKOLA

Lunds universitet
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Examensarbete vid Byggnadsmekanik
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Héakan Svensson

ANALYS AV VINDBELASTAD

REKLAMSKYLT

Presentation
av examensarbetet ar
beraknad till varen 1999

Rapport
kommer att utges som
report TVSM-5092

Handledare

Per-Erik Austrell, Teknp.
Avd. f. byggnadsmekanik

Carl Johnsson, civ.ing.
Skanska Teknik AB

Arbetet utféres vid
Avdelningen for
Byggnadsmekanik, LTH

| samarbete med
Skanska Teknik AB

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Examensarbetet syftar till att designa
och dimensionera en stor reklamskylt
som ar billigare att tillverka an
konventionella utféranden. Arbetets
innebdrd ar att undersdka och
férutsaga olika lastfall som konstruk-
tionen utsatts for och vilka effekter de
medfér. De problem som framst skall
behandlas &r vindlast rakt framifran
eventuellt med excentricitets och
stabilitets-problem i ramverket. Statisk
buckling (knackning), vindinducerade
torsionssvangningar med eventuell
resonans och relaxationsfenomen i
duken &r nagra av de fenomen som

skall analyseras.

e Grundlidggande dimensionering
Dimensionering med avseende pa
vindlast rakt fram- och bakifran.

e Statisk stabilitetsanalys av
skyltstruktur

Analys av en tvadimensionell modell.
Kontroll av vilken typ av analys som
krévs for snittmodellen, andra ord-
ningen eller tredje ordningens teori.
Undersékning av modellens stabili-
tetsegenskaper med avseende pa
andringar i geometrin. Paverkan av
omagivningens temperaturdndringar.

e Modalanalys
Egenvérdesanalys av approximativ
modell, dér stativet behandlas som en

balk. Undersékning av vilka stérnings-
frekvenser som kan férekomma.
Litteraturstudie om turbulens.

e Tredimensionell analys
Analys av en tredimensionell modell
med hjalp av PATRAN / NASTRAN.

e Dimensionering
Jamférelse med dimensionering med
héansyn till EuroCode.

e Maétdataprototyp
Utvdrdering av métdata fran prototyp
med vindlast.

e Dukens materialegenskaper
Undersékning av hur dukens olinjara
materialegenskaper paverkar berak-
ningsmodellen.

Avd. f. byggnadsmekanik - LTH - Box 118, 221 00 - Lund - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.Ith.se - xp5092(9809)



Examensarbete vid Byggnadsmekanik

| BYGGNADSMEKANIK

MISSILVERKAN MOT
BETONGKONSTRUKTION

Bjoérn Thunell och Magnus Brommesson

Presentation
av examensarbetet ar
beraknad till varen1999.

Rapport
kommer att utges som
report TVSM-5091.

Handledare

Goran Sandberg, tf prof
Avd. f. byggnadsmekanik

Jan-Anders Larsson, civ.ing.

Scanscot Technology AB

| samarbete med
Scanscot Technology AB,
Lund.

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Examensarbetets syfte ar att studera
armerade betongkonstruktioners re-
spons pa grund av missilverkan. Detta
ar aktuellt vid till exempel plotsliga
rorbrott, sa kallade pipe-whip effekter,
brott i héghastighetsturbiner eller
splitterverkan mot betongkonstruktio-
ner.

Med hjalp av finita elementmodeller
kan forslagsvis rorbrottslasters
paverkan pd fria rorandar studeras,
varvid plastisering av rorsystem samt
betongkonstruktioner kan beaktas.

Examensarbetet skall behandla lokalt
olinjar analys av problemstallningen
samt verifiering av resultatet.

Respons av missilverkan mot be-
tongmur.
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Examensarbete vid Byggnadsmekanik

FE-SIMULERING

AV VINDBELASTAD
TORNKONSTRUKTION

Magnus Johansson och Niclas Ivarsson

Presentation
av examensarbetet ar
beraknad till april 1999.

Rapport
kommer att utges som
report TVSM-5090.

Handledare

Goran Sandberg, t prof
Avd. f. byggnadsmekanik

Roberto Capirile, civ.ing.
Telia Mobile Torn & Mast AB

Carl-Goran Nyrell, m.sc.
Telia Mobile Torn & Mast AB

| samarbete med

Telia Mobile Torn & Mast AB

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Telia Mobile ansvarar for tusentals
master och torn runt om i Norden.
Dessa maste kontinuerligt verifieras for
nya laster, speciellt i samband med att
ny utrustning monteras.

Examensarbetet bestar i att simulera
dynamiska vindforlopp for ett av Telias
tornkonstruktioner i datormodeller.
Tornet &r 72 m hogt och ar beldget i
Kallstorp strax utanfor Varberg. Ett
antaltankbara vindlastspektra bestdms
ur insamlade matdata. Detta torn ar
férutom vindmatningsutrustning aven
utrustat med tradtojningsgivare och
accelerometrar som anvands till vidare
detaljanalys.

Berdkningsteorin bygger pa finita
elementmetoden och som hjdlpmedel
anvands programmen PATRAN /
NASTRAN och CALFEM / MATLAB. Ur
simuleringsresultaten rdknas den
dynamiska vindstotsfaktorn fram och
jamféres med de angivna enligt norm
Boverkets "Sné och Vind".

Bilderna visar en tradtéjningsgivare pa ett av rambenen och tornet sett fran ca 18 m och uppat.
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Examensarbete vid Byggnadsmekanik
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FINIT ELEMENT ANALYS AV
EN FENDERKONSTRUKTION
MED GUMMIELEMENT

Peter Dobszai och Martin Jénsson

Presentation
av examensarbetet ar
bergknad till dec. 1998

Rapport
kommer att utges som
report TVSM-5089

Handledare

Per-Erik Austrell, 7eknp
Avd. f. byggnadsmekanik

Lars JONssonN, Tekn. chef
Svedala-Trellex

Arbetet utféres vid
Avdelningen for
Byggnadsmekanik, LTH

| samarbete med
Svedala-Trellex

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Arbetet avser simulering av en stor
fenderkonstruktion med gummi-
element som utsatts fér transient last.

Bilderna visar Trellex provrigg med ett
av gummielementen som ingar i
konstruktionen.

Elementet, enligt bilderna, bucklar till
en S-form under stora deforma-tioner.

Examensarbetet innebar i férsta hand
en analys med en hyperelastisk
materialmodell dar enbart palastnings-
férloppet simuleras och jamférs med
provningsresultat fran fullskaleprov
utforda av Trellex.

Andra materialmodeller, som ocksa
modellerar materialdampning kan
ocksa komma i fraga.

Det kommersiella FE-programmet
ABAQUS anvands i analysen. Som pre-
processor utnyttjas PATRAN.

Avd. f. byggnadsmekanik - LTH - Box 118, 221 00 - Lund - Tel: 046-222 73 70 - Fax: 046-222 44 20 -
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FE-SIMULERINGAR

OCH EXPERIMENTELLA
PROVNINGAR AV
KARTONGFORPACKNINGAR

Tommy Wagsater och Andreas Palenryd

Presentation Examensarbetet innebar att utifran
av examensarbetet ar experimentella kompressionstester av
- - férpackningar, se nedanstaende bild,
berdknad till nov. 1998 gora jamforelser med Finita Element
(FE) simuleringar och se hur pass val
g
Rapport man kan f6lja deformationsforloppet.
J
kommer att utges som | examensarbetet ingar saval att utféra
g g
report TVSM-5088 experimentella kompressionstester av

férpackningar i férpackningslabora-
toriet vid Stora Paperboard samt att
Handledare utféra FE-simuleringar pa byggnads-
Godran Sandberg, tf Professor mekanik.
Avd. f. byggnadsmekanik

Den materialmodell som kommer att
anvandas i FE-simuleringarna ar en
nyutvecklad materialmodell for
Johan Tryding, reknp papper.

Stora Paperboard AB

Per Johan Gustafsson, pocent
Avd. f. byggnadsmekanik

Nyckelord for arbetet ar stora deforma-
tioner och instabilitet.
| samarbete med

Stora Paperboard AB

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet
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MODELLERING AV
TAKKONSTRUKTIONER
| REFORMERTA KYRKAN

Petra Dike och Sara MacDonald Malmberg

Presentation
av examensarbetet ar
beraknad till november -
december 1998.

Rapport
kommer att utges som
report TVSM-5087

Handledare

Karl-Gunnar Olsson, Tekn.lic.

Avd. f. byggnadsmekanik

Svend Jacobsen
Eduard Troelsgard radg. ingeniorer

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Den Reformerta Kyrkan ar beldagen i
centrala Képenhamn.Byggaretar 1689
och densenaste restaureringen gjordes
1988-1989, med hjalp av Eduard
Troelsgardsingenjorsbyra.

Examensarbetet gar ut pa att med hjélp
av datorberakningar modellera
takkonstruktionen via tre berak-
ningsmodeller. En fackverksmodell och
en rammodell kommer att utféras for
hela konstruktionen. Vissa detaljer
kommer aven att modelleras med en
solidmodell. Resultaten skall jgmforas
och utvarderas gentemot den
handberdkningsmetod som kon-
struktionsbyrdn anvande vid
restaureringsarbetet. Denna metod
gick ut pa att férenkla ned kon-
struktionen och dess laster sa att taket
kunde behandlas som statiskt bestamt.

| examensarbetet ingar aven att med
hjalp av visualisering pa ett tydligt vis
askadliggoraresultat och verkningssatt
férkonstruktionen.

Lampligt datorprogram vid model-
leringen ar CALFEM respektive
ABAQUS.
Visualiseringen utfors med hjalp av
AutoCAD.

Avd. f. byggnadsmekanik - LTH - Box 118, 221 00 - Lund - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.|th.se - xp5087(9806)



Examensarbete vid Byggnadsmekanik

Pierre Olsson

VISUALISERING AV
DEFORMATIONS- OCH BROTT-
FORLOPP | NATVERKSMATERIAL

Presentation
av examensarbetet ar
beraknad till varen 1999.

Rapport
kommer att utges som
report TVSM-5086.

Handledare

Susanne Heyden, Tekn.iic.
Avd. f. byggnadsmekanik

Anders Follin, rekn.iic
Silicon Graphics AB

Per Johan Gustafsson, pocent
Avd. f. byggnadsmekanik

Jonas Lindemann, civ.ing.
Avd. f. Byggnadsmekanik

| samarbete med
Silicon Graphics AB,
Goteborg.

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Examensarbetet gar ut pa att utveckla
/ anpassa avancerad grafisk program-
vara for att visualisera deformations-
och brottférlopp i ett natverksmaterial.

Malet ar att skapa ett verktyg for att
producera animeringar som visar
forloppet nar ett material belastas och
gar sonder. Natverksmodeller anvands
nar man vill beskriva materialegen-
skaper med hansyn till materialets
mikrostruktur.

Natverksmodeller kan anvandas for
material som har en tydlig fiberstruktur,
som tex mineralull, papper och
cellulosa-fiberfluff, men anvands ocksa
for att studera andra heterogena
material som tex betong.

Vid en natverksmekanisk berakning
byggs en modell upp av texstangereller
balkar, som kopplas samman i en
struktur som motsvarar det verkliga
materialet. Darefter studeras beteen-
det hos den belastade strukturen med
hjalp av finita elementmetoden.

Resultaten fran dessa berdkningar
innehaller mycket information, sarskilt
vid 3D-modellering, och darfor finns
behov av nya visualiseringsverktyg.

Avd. f. byggnadsmekanik - LTH - Box 118, 221 00 - Lund - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.|th.se - xp5086(9806)
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VISCOELASTIC MATERIAL
MODELS FOR FINITE ELEMENT
ANALYSIS OF RUBBER
COMPONENTS

Krister Eriksson
Presentation The purpose of this master's thesis work
av examensarbetet r is to investigate the possibilities and
- . limitations to model transient and
berdknad till mars 1998 harmonic loads for solid rubber, in the
FE-program ABAQUS. The constitutive
Rapport linear viscoelastic material model in
kommer att utges som conjunction with large deformations
report TVSM-5085 thatisimplemented in ABAQUS, can for

a one-dimensional case be illustrated
with the rheological generalized Max-

Hand/edare well model. Evaluation of this rheo-
Per-Erik Austrell, 7eknp logical model is an illustrative way to
Avd. f. byggnadsmekanik interpret and describe the behaviour of

the three-dimensional viscoelastic ma-
terial model in ABAQUS.

This master's thesis contributes
furthermore with aconnection between
the theoretical linear viscoelastic mate-
rial in ABAQUS and the physical
viscoelastic material rubber. The static
and dynamic behaviour of rubber
components is compared with the
results from the computation model.
The discussion is held with reference to
experimental tests performed [Harris
86.

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet
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Damir Krusvar

KARAKTERISERING AV
ICKE- LINJART VISKOELASTISKT
MATERIAL MED SCHAPERY'S

MODELL

Presentation
av examensarbetet ar
berdknad till arsskiftet
1997/98

Rapport
kommer att utges som
report TVSM-5084

Handledare
Tomas Nordstrand och

Poorvi Patel
Paper Physics and Fibre Technology

Per Johan Gustafsson
Avd. f. byggnadsmekanik

| samarbete med
Paper Physics and Fibre
Technology, SCA Research
AB, Sundsvall

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Papper ar ett material som till stor del
anvands for lastbarande dndamal i for-
packningar. Nar papper utsatts for var-
aktig belastning kan det uppkomma
stora krypdeformationer som begran-
sar forpackningens livsldngd. Detta kan
studeras genom livslangdsmatningar.
Sadana rent empiriska studier ar emel-
lertid mycket tids- och kostnadskra-
vande. Darfér onskar man att istallet
kunna gora datorsimu-leringar av kryp-
beteendet. For detta kravs en material-
modell som beskriver hur téjningarnai
papper paverkas av last, belastningstid
och fukt.

En sadan modell, som idag anvands
framgangsrikt for att beskriva egenska-
perna hos vissa plaster och komposi-
ter, ar Schapery's modell. Denna mo-
dell har vackt intresse hos SCA Research
AB, som dnskar att utveckla modellen
for wellpapp. | detta arbete kommer
endast liner-delen i wellpapp att stude-
ras.

Schapery's modell ar en icke-linjar
viskoelastisk modell. Examensarbetet
bestar av att for denna modell faststalla
de tre materialfunktionerna g , g, och
g, som alla beror av spanningen och
funktionen a_som beror av bade span-
ning och fukthalt. Schapery's modell
beskrivs av ekvationen:

j‘ . dg,o
€=g,D,0+g JAD(y -y ") e dt

0

Kryp- och dterhamtningskurvor kommer
att tas fram experimentellt. For bear-
betning av experimentella data och be-
stdmning av materialfunktionerna kom-
mer darefter ett datorprogram att skri-
vas i Matlab. Modellen kommer att
prévas genom att teoretiskt prediktera
téjningen for en viss belastningshistoria
och jamféra denna prediktion med
provningsresultat.
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JORDBAVNINGSLAST
PA VATTENCISTERN

Peter Davidsson
Presentation Examensarbetets syfte ar att studera Mt
av examensarbetet ar olika satt att berakna en jordbavnings _ é m i
bersknad till januari 1998 paverkan pa cisterner. Detta ar ett kopp-
lat problem, dvs det innehaller tva ma- m
tematiska beskrivningar. En for struk- w
Rapport turen och en for fluiden. hy Mo
kommer att utges som T
report TVSM-5083 Examensarbetet ska behandla tre olika ho rigid
metoder att se pa detta problem: i Mb~,
N A N=W=AN
Handledare *  Praxis for hur jordbédvningslaster pa %(t)
Goran Sandberg, tf professor vattencisterner behandlas genom -—

Avd. f. byggnadsmekanik

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

enkla fa-frihetsgradsmodeller.

*  Noggrann FE- modell dar
férstyvningar och grundldggnings
férhallanden tas med.

Berdkning sker i ABAQUS.

*  Forenklad CALFEM-modell som
bygger pa reducerad modell.

Arbetet ska innehalla en animering av
en sekvens dar den fulla modellen ut-
satts for en syntetisk jordbavning.

Arbetet ar en uppfdéljining av ett nyli-
gen avslutat forskningsprojekt som av-
sett riskanalys for byggnader och an-
laggningar.

Vid handrédkningar kan konstruktionen
férenklas genom att fluiden erséatts med
ett massa-fiddersystem.

En vanlig skada pa tunnvdqggiga stal-
cisterner, utsatta for jordbdvning ar s k
elefantfotsbuckling.
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FARTYGSKOLLISION MED
BROPELARE - Speciell hansyn
till jordegenskaper kring

pelarfundament

Martin Edberg och Anders Svensson

Presentation
av examensarbetet ar
beraknad till jan. 1998

Rapport
kommer att utges som
report TVSM-5082

Handledare

Ole Hededal, reknp
COWI konsult

Goran Sandberg, tf professor
Avd. f. byggnadsmekanik

| samarbete med
COWI konsult,
Lyngby, Danmark

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Vid dimensionering av pelare och dess
grundlaggning anvands idag
férenklade berakningsmodeller for att
fa fram bl a snittstorheter i pelaren och
sattningar hos grunden. Att gdra en
noggrann analys ar bade tidskravande
och komplicerat, speciellt nar man har
dynamiska laster i form av fartygs-
kollisioner. Man valjer darfor ofta att
dverdimensionera konstruktionen
genom att anvanda jordparametrar
som ger ett sdmre varde an verklig-
heten.

Detta examensarbete gar ut pa att
undersdka hur en mer avancerad och
realistisk modell av pelare och dess
undergrund skiljer sig fran de
forenklade modellerna. Speciellt
kommer valet av jordparametrar och
dess konstitutivasamband att studeras.

Modellering och berdkning kommer att
utféras med en FEM-analys i PATRAN

respektive ABAQUS.

Modell av pelarfundament pa under-
grund.
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»

¥ {

JORDBAVNINGSANALYS

Jesper Bengtsson och Patrick Anderson

Presentation
av examensarbetet ar
beraknad till januari 1998

Rapport
kommer att utges som
report TVSM-5081

Handledare
Goran Sandberg, tf professor
Avd. f. byggnadsmekanik

Carl Jonsson, 7eknD
Skanska Teknik AB

| samarbete med
Skanska Teknik AB

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

| Sverige ar erfarenheten av jordbav-
ningsdimensionering begransad vilket
har sin naturliga foérklaring i det
geografiska laget, 1angt fran seismiskt
aktiva omraden.

Manga svenska féretag har dock
ambitionen att konstruera och bygga
projekt inom omrdden som kraver
jordbavningsresistenta konstruktioner,
det finns darfor ett stort intresse for att
Oka forstaelsen och kunskapen inom
detta omrade.

Malsattningen med detta arbete ar att
beskriva och utvdrdera olika dimen-
sioneringsmetoder som finns for
jordbdvningsanalys.

Arbetet kommer att bestd av
litteraturstudier av normer och allman
praxis. Det skall ocksd inga en
jamférande FEM-analys, dar intresset
framst ligger i att visa hur
kvasidynamiska berdkningar éverens-
stéammer med mer omfattande
dynamiska analyser.

Ej sa /ordbavn/ngsreSIStenta byggnader
Hibernia bank building, San Francisco, 1906.

i

A

Jordbédvningsbelastad sexvaningsram.
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PYLON OCH FARTYG
- Simulering av kollisionsforlopp

Anders Wirje och Magnus Nyberg

Presentation
av examensarbetet ar
beraknad till april 1998

Rapport
kommer att utges som
report TVSM-5080

Handledare

Ole Hededal, reknp
COWI konsult

Goran Sandberg, tf professor

Per-Anders Hansson, civ.ing.
Avd. f. byggnadsmekanik

| samarbete med
COWI konsult,
Lyngby, Danmark

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

Stora fartyg som kolliderar med
brokonstruktioner ar ett olycksscenario
som ingar i designkriteriet vid
dimensionering av broar. Kunskaperna
om vad som egentligen hander vid
dessa kollisioner &r ganska sma, varfér
berdkningsmetoderna ofta dr grova och
innebdr stora generaliseringar.

Efterstravansvart ar att fa en upp-
fattning om strukturens beteende
under hela kollisionsférloppet och
darmedkunnasvara pa fragorav typen:
Vilka krafter uppstar mellan bat och
bropelare? Hur varierar dessa krafter
med tiden? Vilken energidverféring
sker till pelare respektive fartyg? Hur
stora blir de permanenta deformatio-
nerna pa bron?

Avsikten med arbetet ar att i detal]
studerakollisionsférloppet med hjalp av
Finita elementmetoden.Sarskild vikt
laggs vid det globala beteendet hos
strukturen samt de kontaktkrafter som
verkar mellan bat och pelare. Olika
modeller fér att simulera fartygs-
kollision mot bropelare kommer att
studeras. De mer avancerade model-
lerna gors i LSDYNA/Patran medan
Calfem anvands till de enklare
modellerna. LSDYNA &r ett explicit
program fér analys av icke-linjara
dynamiskastruktureritre dimensioner.
Datorberdkningarna utféres vid
Nationellt SuperdatorCentrum i
Link6ping (Cray C90).

Ovan, Vly frdn symmetrisnitt.
Nedan, Fartygskollision mot stelkropp.

-

T 1
|-
I I

Malsattningen ar ocksa att presentera
en realistisk animering 6ver forloppet i
pelare och fartyg.

Det &r forst under senare ar som
tillrackligt stor datorkapacitet har varit
tillganglig for att berdkna stora
dynamiska kontakt-/kollisionsproblem.
Detta innebdr att det delvis ar orérd
mark som bryts...
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SIMULERING AV EN
TVATTMASKINS MASSA-
FJADER-DAMPARSYSTEM

Mattias Johansson
Presentation | en modern tvattmaskin centrifugeras
av examensarbetet ar tvatten kraftigt fore torkningiavsiktatt

beraknad till varen 1999.

Rapport
kommer att utges som
report TVSM-5079.

Handledare

Per-Erik Austrell, 7ekn.or.
Avd. f. byggnadsmekanik

Anders Lindqvist

Electrolux-Wascator AB

Goran Uhlin

Electrolux-Wascator AB

| samarbete med
Electrolux-Wascator AB,
Malmo.

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

forbruka sa lite energi som mojligt for
hela tvatt-torkprocessen.

Tvatten kan ge avsevarda obalanser i
rotationssystemet. Med stora obalanser
och hogt varvtal genereras kraftiga
vibrationer. For att minimera paverkan
i tvattmaskinens ytterstruktur samt i
omkringliggande byggnads struktur,
stalls rotationssystemet upp pa ett
anpassat fjader dédmparsystem.

Uppgiften ar att astadkomma en mo-
dell for simulering av svangkroppens
(rotationssystemets) rorelse samt
transienter via fjaderdampare.
Modellen skall medge en globalt fri
placering av fjdder och dédmpare, samt
med en enkel hantering av varierande
parametrar klara olika maskingeo-
metrier.

Simuleringsmodellen skall ocksa
anvandas for att underséka om det
nuvarande fjader-damparsystemet helt
eller delvis kan ersattas av gummi-
dampare.

Lamplig programvara: MATLAB och
SIMULINK.

i
%
=

Modell av tvdttmaskins roterande trumma och
fidder-démparsystem.
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Joérgen Nilsson

UTMATTNING AV

GUMMI-KOMPONENTER

Presentation
av examensarbetet ar
berdknad till arsskiftet
1997/98

Rapport
kommer att utges som
report TVSM-5078

Handledare
Christer Holst

Trelleborg Corporate Research

Per-Erik Austrell, 7eknp
Avd. f. byggnadsmekanik

| samarbete med
Trelleborg Corporate
Research

LUNDS TEKNISKA
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Gummi ar ett material som anvands vid
olika konstruktionstillampningar som t
ex dampning, vibrationsreduktion,
tatning och kraftéverféring. Vid storre
belastningar eller under sémre miljder
uppstar sma sprickor i gummi-
materialet. Efter en initiering av en
spricka sker okningen av sprickan
snabbtom gummit utsatts foren cyklisk
belastning.

Intresse ligger i att kunna forutse och
berdkna en kropps livslangd, map
utmattning. Hur uppstdr dessa
sprickor? Hur snabbt sker sprick-
tillvaxten? Ar gummits belast-
ningshistoria beroende av hur snabbt
spricktillvaxten skett och i sa fall hur?
Kan man med olika utformningar av
konstruktionen undvika eller minska
risken for att detta sker?

Malsattningen med arbetet ar att ta
fram en eller flera teoretiska modeller
som sedan kan tillampas praktiskt.
Arbetet ar ocksa till for att oka
kunskapen om gummi inom utmatt-
ningsomradet.

Arbetet bestar av litteraturstudie,
brottmekaniska och finita element be-
rakningar.

strain energy
density W

unstrained
height h
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Fredrik Berlin

UTVARDERING AV
MSC/NASTRAN FOR WINDOWS

Presentation
av examensarbetet ar
berdknad till feb. 1998

Rapport
kommer att utges som
report TVSM-5077

Handledare

Karl-Gunnar Olsson, Tekn.lic.

Avd. f. byggnadsmekanik

Goran Sandberg, tf professor
Avd. f. byggnadsmekanik

LUNDS TEKNISKA
HOGSKOLA

Lunds universitet

our: Total Tre ion

Attonde egenmoden for en dammkonstruktion berdknad i MSC/INASTRAN for

Windows.

Arbetet gar ut pa att underséka om FE-
programmet MSC/NASTRAN for
Windows lampar sig fér undervisning.
Ettantal uppgifter kommer att utforasi
programmet.

Omradena som behandlas ar:

* Grundvattenstrémning
* Skivor och plattor
* Ramar och fackverk

e Strukturdynamik

MSC/NASTRAN ar ett generellt pro-
gram for berdkningar enligt finita
elementmetoden. Programmet inne-
haller pre- och post-processor samt
berdkningsmodul. Skulle detvisasig att
programmet ar lampligt for under-
visning finns det en mojlighet att
programmet anvands i nagon av Bygg-
nadsmekaniks kurser.

Tyngdpunkten kommer att ldggas pa
modelleringen av modellerna da det ar
framst har MSC/NASTRAN kan komp-
lettera CALFEM i undervisningen.

Avd. f. byggnadsmekanik - LTH - Box 118, 221 00 - Lund - Tel: 046-222 73 70 - Fax: 046-222 44 20 - www.byggmek.Ith.se - xp5077(9708)



