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GLOSSARY

IPCC 2 Report: The IPCC (Intergovernmental
Panel on Climate Change) Second Assessment
Report assesses the state of knowledge on cli-
mate change, including its causes, potential im-
pacts, and possible response strategies. It was
published in 1995 and was the second in five as-
sessment reports.

IPCC Scenarios: The IPCC scenarios are a set of
possible future projections of greenhouse gas
emissions, climate change impacts, and re-
sponse strategies developed by the IPCC. They
are used to explore and analyze different possi-
ble futures based on predictions regarding the
future.

KNMI: The KNMI (Royal Netherlands Meteoro-
logical Institute) is the Dutch national meteoro-
logical institute. It is responsible for research on
climate and weather-related topics.

KNMI Klimaatsignaal: KNMI Klimaatsignaal is an
initiative of the KNMI to communicate climate
change and its impacts to the general public re-
garding the influences specifically on the Neth-
erlands. It provides information on observed
changes in climate-related events, such as heat-
waves, precipitation, and sea level rise, as well as
predicted changes concerning the climate.

KNMI Klimaatscenarios: KNMI Klimaatscenarios
are projections of future climate change for the
Netherlands and surrounding regions. This is on
a range of possible future greenhouse gas emis-
sions. Klimaatscenarios is a more in-depth and
detailed Klimaatsignaal.

IFC: IFC, or Industry Foundation Classes, is an
open and neutral file format used in the archi-
tectural, engineering, and construction (AEC) in-
dustry to exchange digital data across various
software programs.

The Arrhenius equation:The Arrhenius equation
expresses the temperature dependency of reac-
tion rates in chemical reactions and other pro-
cesses mathematically. The equation has the
name of Svante Arrhenius, a Swedish scientist
who initially suggested it in 1889.

Klimaateffectatlas: The Klimaateffectatlas (Cli-
mate Impact Atlas) is an online tool developed
by the Dutch government to provide infor-
mation and maps about the potential impacts
of climate change in the Netherlands. The web-
site provides maps and an API regarding flood-
ing, waterlogging, drought and heat. The atlas
uses Klimaatscenarios from KNMI.

Open-Source: Open-source signifies software,
hardware, or anything else whose source code
and design are available to the public and free
for anyone to use, alter, and distribute.

API: Application Programming Interface is re-
ferred to as API. It is a collection of rules, proce-
dures, and resources that enables interaction
and communication between various software
programs.

GUI: Stands for Graphical User Interface. The
term refers to a visual interface allowing users to
interact with computers through graphical ele-
ments.

Ul: Stands for User Interface. The Ul comprises
the design, layout, and interface functionalities.
Focuses on user efficiency and effectivity.

UX: Stands for User Experience. The UX consists
of the experience that a user has when interact-
ing with the interface. Focuses on user under-
standing and behavior.

Tkinter: Python library that provides functions
for creating GUIs, it is made relatively simple be-
cause of GUI components that allow developers
to work with buttons, text boxes, menus and
other elements. Tkinter can be ran cross-plat-
form on windows, macOS and Linux.

Front-end: Front-end refers to the portion of an
application where users directly interact with.
Basically, the front face of the code/script.

Back-end: Back-end refers to the processing,
managing and performing side of the
code/script. Manages the communication be-
tween front-end.

Resilience: Ability to withstand and recover from
events. In this thesis the events are climate
change related.



SUMMARY

Due to global warming, the Netherlands is expe-
riencing a variety of climatic changes, including
temperature rise, increased solar radiation and
condensation, low pressure, high humidity, wild-
fires, drought, subsidence, changes in ground-
water levels, an increased risk of flooding, and
downbursts, thunder, wind gusts, and hail. Build-
ing materials, including steel, concrete, and tim-
ber are affected directly or indirectly by these cli-
matic events.

When it comes to resilience, increasing mois-
ture, temperature, subsidence, and flood dam-
age affect structural materials most. Investigat-
ing the impact of temperature and flood damage
on construction materials was the main goal of
the thesis.

For flood assessment, flood loads based on the
FEMA coastal construction handbook are used to
simulate flooding damages and evaluate the im-
pact on structures. Hand calculations are used to
calculate the deflection. Damage evaluation in-
volves calculations from reference cases and uti-
lizes databases such as Hazus, the REDi rating
system, and FEMA to determine recovery and re-
pair times. The script for the assessment tool in-
corporates these calculations, formulas, and
numbers. Eventually resulting in a graph based
on the dimension of the column and the mate-
rial, the deflection, damage, recovery time and
repair time is returned. The current flood assess-
ment is limited to deflection in terms of struc-
tural assessment, but it can easily be expanded
to contain stress calculations or other likewise
formulas.

Regarding the temperature impact, an empirical
concrete corrosion formula calculates mass loss,
while the Arrhenius equation assesses the dete-
rioration of wood and steel. A specific formula
for concrete corrosion considering the concrete
layer is required. Using Faraday's equation, cor-
rosion ratios or material degradation ratios can
be converted into mm/year, determining the
new cross-section size and assessing its impact
on structural deflection by anticipating the mass
loss. This loss is also directly linked to the struc-
ture's performance in a flood, effectively inte-
grating both investigated events.

Both flood assessment and temperature effect
approaches are translated into a Python script
using packages like open-meteo for climate data,
klimaateffectatlas for flood depths, and
ifcopenshell for data extraction from IFC models.
The outcomes of both scripts are presented in
graphs that can be combined to illustrate the
simultaneous occurrence of these events.

The script can be found on:


https://github.com/EdaAkaltun/Project-T
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INTRODUCTION

That climate is changing, and humans influence
is a fact (IPCC, 2021). Whether we control and
diminish greenhouse gas emissions, the current
century will bite the sour apples from the past
century's emissions that have led to climate
change (KNMI, 2021). And if we don't lower
greenhouse gas emissions, the rotten apples will
also be passed down to the next generations
(NASA's Jet Propulsion Laboratory, 2019). Re-
gardless of the current research on reducing
emissions, it is essential to stop for a moment
and start tackling the changes already bound to
happen in the present century.

It is crucial to research the confirmed changes
for this century and look at it from a building per-
spective to start designing climate-resilient
buildings to tackle the risks of climate change. In-
vesting in climate-resilient buildings is one of the
best ways to adapt to climate change, mainly be-
cause the construction sector is in the very early
stages of adapting to rapid changes. The United
Nations Environment Program advises that ef-
forts must be rapidly scaled up, especially for the
most vulnerable countries where most buildings
are self-constructed (United Nations
Environment Programme, 2021).

Even though the Netherlands is not necessarily a
vulnerable country when looking at the quality
of buildings, climate-resilient buildings are still of
great importance because of the location of the
Netherlands. But also, for the general culture of
how buildings are designed: for example, A good
house design in the Netherlands is bound to last
55 to 500 years (Business Insider, 2018). While
with climate change, the following question
would be necessary to ask oneself: would a
building that is expected to last more than a hun-
dred years from today survive the upcoming cli-
mate changes and live up to its desired life ex-
pectancy?

PROBLEM

"The construction sector is in the early stages of
adapting to the rapid climate change changes,
including projects in the Netherlands."

No matter how rapidly these changes may oc-
cur, climate change is not considered during de-
sign. For example, calculations are based on

past averages or current values and not what
will happen in the future; an examples how
BENG is calculated for every building in the
Netherlands (NEN, 2021). This brings risks and
uncertainties regarding the design's future and
whether the structure will remain unaffected. It
is important to evaluate buildings' resilience in
the near future.

RELEVANCE

Climate change is a topic that affects everyone.
Regardless of the opinion that one holds about
it, it is already happening. It is a fact that the pre-
dicted changes will somehow influence future
and existing buildings to different extents.
Therefore it is important to start putting these
changes into the equation when designing new
or maintaining existing structures.

RESEARCH GOAL

This research aims to answer what will happen
regarding climate change in the Netherlands and
how a building’s structure will be affected by
this. After that, an assessment method for these
changes will be researched. Lastly, a tool will be
developed to assess the changes in performance
structurally that these buildings will be exposed
to, considering the climate. The same tool will
bring awareness to this topic (See Figure 1 Chart
of the functionality of the script).

IFC MODEL LOCATION
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Figure 1 Chart of the functionality of the script
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Questions

The following question will be answered in this
report:

"How can we assess IFC models regarding their
climate resilience concerning climate change in
an open-source manner?"

The following definitions have been used for the
main question:

» IFC models: Models according to the IFC
standard.

» Climate Resilience: Ability to respond to
hazardous or disturbing events in terms
of climate.

> Open source: A free tool available for
everyone to download and use, and the
source code is publicly shared.

The following sub-questions will have to be an-
swered to be able to answer the main question:

» What are the key impacts of climate
change on the Netherlands?

» How do environmental changes in the
Netherlands influence structural steel,
wood, and concrete?

> What methods can be used to numeri-
cally assess the resilience of buildings in
the Netherlands to flood damage and
temperature influences?

» How can a climate resilience assessment
methodology be effectively imple-
mented into a script using Python with
open-source packages?

» What is an open-source approach for
creating a front-end tool in Python to as-
sess IFC models?

Requirements

The end product needs to correspond to the fol-
lowing points:

> An IFC should be loaded in, and a loca-
tion should be obtained.

> For the given location, predicted climate
data should be loaded.

> With the loaded IFC and predicted cli-
mate data, an assessment should occur
based on the materials usedin the IFCon
a structural level.

» The depth and assessment method of
the model is closely linked to the found
guantification method as a result of the
sub questions in this thesis. The assess-
ment's quality is also tied to the given
timeframe for this thesis.

» The given assessment should act as sup-
port during the design process or an ex-
isting building, making the end product
a design tool for climate-resilient struc-
tures.

Reference projects

LEED Climate Resilience Screening Tool
BlenderBIM Structural Analysis
IFCopenshell work schedule creator
CRCTool by Deltares

YV VYV

THESIS OUTLINE

This thesis will focus on the influence of climate
change on the Netherlands, starting with a cli-
mate study to understand the changes occurring
in the country. It will be followed by a theoretical
study that limits the materials to common build-
ing materials found in the Netherlands, where
the materials and their shortcomings consider-
ing the changes will be researched. Afterwards,
a numerical method will be researched to calcu-
late the direct influence of these changes on
these materials. After having found the meth-
ods, these will be translated into an open-source
python script and how this can be done will also
be researched, this portion will serve as the
script behind the interface of the tool, better
known as the back end. Lastly, the interface of
the tool, better known as front-end will be de-
veloped, and methods for doing this will be re-
searched to translate the back end into a proper
tool.

The practical part of the research will involve de-
veloping a tool using the information obtained in
this thesis to make an open-source Python tool.
The tool will allow the user to load in an IFC
model and give a location to run a climate resili-
ence assessment. The climate resilience assess-
ment method and the front-end visually highly
depend on the outcomes of the theoretical por-
tion of this thesis. The tool will be tested by users
to receive their experience with it and reflect on
that.
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Methodology

See table below.

Aspect

Detail

Method

Climate Study
(subquestion 1)

Climate Change in the Netherlands
based on the evaluations and predic-
tions of KNMI.

Theoretical study based on the
Dutch government's publica-
tions & existing theories on
how climate works.

Material study
(subquestion 2)

A material study considering occurring
climate changes.

Theoretical study

Quantification study
(subquestion 3)

Research on seeking methods to as-
sess the structural performance of the
materials and/or the influence on the
materials from climate change numer-
ically.

Theoretical study & possible
simulations or checks

Dutch IFC study
(subquestion 4)

Studying the structure of Dutch IFC
models and their structure. This is ac-
cording to the Dutch IFC standard.
Looking for sources and/or APIs that
provide necessary data for subques-
tion 3’s outcome and working with
that.

Translating the method described in
subquestion 3 into the back-end of
the tool.

Theoretical study and/or con-
sulting experts for relevant
packages and methods. While
working on the development
and design of the tool directly,
experimented with what works
and what does not.

Tool development
(subquestion 5)

Developing the tool's front end and
designing it while implementing the
back-end in it.

Tkinter GUI frontend develop-
ment. Experimenting with the
design.

Planning

See chart below.

The theoretical part will be done in P2 and P3,

whereas the development and research on

methods will be done towards and after P4. Re-

pairs and finalizations with last steps will be

made after P4 till P5.

02

P1 presentation
Informal assessment
November 2022

» Sub question 1: Climate Change in
NL

» Sub question 2: Changes and their
influence on common building
materials

% Prepare P2, thesis framework/plan
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04 P4 presentation

Formal assessment

03 P3 presentation %
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P2 presentation G > todl
Formal assessment
30 January 2023 » Possible extra time for subgquestion
L St
» Sub question 5: Develop the tool
. . . » Report tweaks
> _Sub quest\on_ ER quant\f_ymgthe > Prepare P4
influences with the available data
» Sub question 4: Risk analysis
» Prepare P3
» Slow develop tool
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CLIMATE CHANGE IN THE
NETHERLANDS

This chapter will research the occurring changes
in the Netherlands in light of climate change by
stating observations up until now and future pre-
dictions on this matter.

OBSERVATIONS UP UNTIL 2020

According to a report from KNMI (KNMI, 2021),
the following climate-related changes have been
measured between 1991 to 2020:

» Temperature: The temperature has
risen by 1.1°C. Spring is the season most
affected by these changes, but also the
season with the highest rise in tempera-
ture, the precipitation has decreased,
and the number of dry days in spring has
increased. This affects the growing sea-
son, which is crucial for flora and fauna.

> Decrease in frost: In the past 30 years,
the number of days with frost has de-
creased by almost two weeks, from 65 to
53 days. And ice days have been reduced
from 11 to 6 days.

> Increase in summer days: The number of
summer days with more than 25°C has
increased from 19 to 28.

> Increase in tropical days: Tropical days
where temperatures reached more than
30C°Cdoubled from 2.4 to 5. The highest
temperature per year has also increased
by 2.4°C.

> Increase in precipitation: Very wet days
have increased by a quarter. 4.3 to 5.3
days in the winter, and in summer, 1.5 to
1.9. Precipitation has not increased
overall, but this is caused by decreased
rainfall in spring and autumn, whereas
the rain in winter and summer has in-
creased.

> Increased solar Radiation: The Nether-
lands Is facing an increase in solar Radi-
ation because of the decrease in clouds.
In 2020 this was the highest so far be-
cause fewer traces from planes occurred

and a decreased air pollution due to the
corona measurements.

Decrease in wind speed: Wind speed has
decreased in the past 20 years, with 2%.
This is likely caused by the roughness of
the surface of the land due to the in-
crease of structures/buildings. The high-
est windspeed for an hour is also de-
creasing by 3% per 10 years. Wind direc-
tion has most likely natural variations
when looking at the data of the past cen-
tury.

Changes in wind direction: There is an in-
crease in the western wind and a de-
crease in the east wind in the Nether-
lands due to the increasing air pressure
above the Mediterranean area and fall-
ing air pressure north of Scandinavia.
The change in wind direction has led to
a decrease in cold days. This has also
caused the heating of North-west Eu-
rope.

Sea level rise: The sea level has risen
with around 20 cm between 1901 and
2018. Whereas this increase in sea level
gradually goes faster: between 2006 and
2018 the increase was 3.7 mm per year.
Which means 4,44cm. This is almost
1/4th of the total rise that occurred in
117 years in 12 years.

Increase in CO2: The CO2 concentration
in 2019 was 410 ppm, the highest
amount witnessed in 2 million years. In
2020 this amount increased to 412 ppm.
In 2000 CO2 concentration was only
369,8 ppm (CBS, PBL, RIVM, WUR,
2002).



FUTURE PREDICTIONS

KNMI Klimaatscenarios &
LUTHEEVS L EE]

The KNMI's Klimaatsignaal 2021 study presents
an overview of the most recent scientific studies
on climate change for the Netherlands and its ef-
fects nationally. According to this report, 2020
was one of the hottest years worldwide, and the
Netherlands saw its first certified heatwave
since 2019. It also mentions how extreme events
are becoming more frequent and intense due to
climate change. The report also emphasizes the
urgent need for mitigation and adaptation ef-
forts to cut greenhouse gas emissions and pre-
pare for the effects of climate change.

Since the klimaatsignaal 2021 report of KNMI
doesn't give a clear indication of the changes in
a quantified manner, the Klimaatscenarios of
2014 have been considered. The Klimaatscenar-
ios 2014 has 4 scenarios: GL, GH, WL & WH. With
GL being low temperature raise worldwide and a
low change in airflow patterns. In comparison,
WH is a high change in airflow patterns and a
high-temperature rise. GH is a great change in
airflow patterns with low-temperature change,
and WL is a high-temperature change with low
airflow pattern change.

The Klimaatscenarios 2014 will be replaced with
values from Klimaatscenarios 2023 in the end of
2023.

Sea Level & Arctic Ocean

The world average temperature of the sea and
land has increased by 1.2°C in the past 9-10
years, resulting in a sea level rise of 1,2 to 2 me-
ters in this century (KNMI, 2021).

Storage Oceans & Acidification

Over 90% of the extra energy caused by the in-
crease of greenhouse gasses in the climate sys-
tem is stored in the ocean (KNMI, 2021). This en-
ergy intake causes the water to increase in tem-
perature, which means the sea also expands. The
expansion is caused because warm water takes
up more space than cold water. This expansion,
next to the melting of the ice caps and glaciers,
is one of the biggest reasons for rising sea levels.
The intake of greenhouse gasses has also led to

ocean acidification. The current ocean pH value
has been the lowest in the past 2 million years.

Dutch sea levels so far

In the KNMI scenarios, the sea level rise rate off
the Dutch coast is 4.9 (2.3—7.6) mm/year in
2020. This is more than 2 mm/year than the ob-
served trend since 1993 2.8 (1.2—4.2) mm/year.

The projected differences are explainable
through the changes in weather, ocean streams,
regional warming, and ocean salt levels. The
push-up from water through the Dutch coast in
the past years has decreased, which has led to a
tempered sea level rise for the Netherlands. The
predictions don't consider this effect, which
leads to the climate models indicating a higher
sea level rise. The northeastern part of the Atlan-
tic Ocean has warmed up less than the world av-
erage, and the salt level has also increased, neg-
atively influencing the sea level rise.

Natural fluctuations such as these explain why
the witnessed water level rises in the Nether-
lands do not match. These fluctuations won't be
considered in future predictions because they
only present a particular trend, which does not
affect long-term projections.
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Figure 2 Sealevel rise prediction in centimeters (KNMI 2021)
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Subsidence

In the Netherlands, Subsidence is a well-known
major issue. It is caused by peat oxidation, clay
settlement, or activities in the deeper subsur-
face. Peat oxidation also causes CO2 emissions
and water quality issues due to released nutri-
ents and increased brackish seepage. Ground
subsidence causes underground pipes, founda-
tions, and infrastructure damage. Uneven sub-
sidence in urban environments increases flood
risk because low levels are formed and interrupt
the sewage system.

Subsidence accelerates and worsens in a drier
and warmer climate. Peat oxidation accelerates
at higher temperatures, and groundwater levels
drop further due to a more significant precipita-
tion deficit (drought), resulting in even more
peat oxidation and settlement. When water
availability decreases due to low river discharge,
maintaining polder levels and thus limiting
groundwater level drops becomes more difficult.
As a result, shallow river discharge indirectly
causes soil subsidence. Soil subsidence caused
by peat oxidation is a permanent process. In the
current situation, the decline can be as much as
two centimetres per year and is primarily deter-
mined by the type of peat and the water level in
the ditches (Stichting Climate Adaptation
Services (CAS), 2023).

The most significant changes, according to Rijks-
waterstaat, happened in soft soil locations
where the earth has sunk by around 10 meters
during the last 1000 years (Rijkswaterstaat,
2023).

The causes of Subsidence in The Netherlands are
(Stichting Climate Adaptation Services (CAS),
2023):

» The draining of porous soils like peat
and clay. This is done to prepare the
land for agricultural or residential use.
Large-scale dewatering began in the
Netherlands over 1000 years ago and
continues to day. Dewatering causes
soil consolidation, creep, and decompo-
sition of organic matter (peat). Consoli-
dation refers to the compaction of satu-
rated soil by groundwater flow after de-
watering has resulted in lower ground-
water levels. The vicious tendency of

soft ground is referred to as creep.
Lower groundwater levels allow oxygen
to enter the earth. Microorganisms and
mould break down organic materials
under oxygen (or other chemicals),
causing the soil to sink.

» Extraction of minerals from deep-lying
rock, such as natural gas or salt, pro-
duces surface sinking due to compac-
tion of the gas reservoir or the plastic
characteristic of the salt in the holes
created. Extraction field data can be
found at the Nederlands Olie- en Gas-
portaal.

> Loading soft soil proceeded by consoli-
dation and creep. The load occurs when
the ground level is raised in building
projects, for example, or as compensa-
tion for prior soil subsidence.

Future subsidence is determined mainly by the
rate at which the climate heats and the water
level policy implemented during times. Accord-
ing to the Klimaateffectatlas, the Western and
Northern Netherlands are the primary regions
affected by subsidence in the future. Sources of
Rijkswaterstaat also state this. However, there
are also areas in the South and East where the
subsoil is soft, and subsidence also occurs. Fur-
thermore, Rijkswaterstaat predicts that the soil
level in the Southeastern part of the Netherlands
will increase (Stichting Climate Adaptation
Services (CAS), 2023) (Rijkswaterstaat, 2023).

Groundwater levels

Since precipitation will increase in the Winter,
according to the Klimaatscenarios 2014 of KNMI.
More rainfall leads to more water supply that
raises the groundwater amount, a rise in ground-
water level and groundwater seepage. This in-
creases the chances of the groundwater levels
reaching a level that would cause disruptances.
This is especially true for portions of the Nether-
lands with a low land level (Rijkswaterstaat,
2023).

Types of issues occurring due to groundwater
level alterations

11



» High humidity in the house and mold
due to wet crawl spaces or rising damp
in walls

» Penetrating moisture in basements

> Soggy gardens and long-term wet green
areas in the district

» Damage to urban greenery and blown
down trees due to drowning of roots

» Damage to buildings due to changes in
the buoyant water pressure under the
foundation

» Rutting and uneven settlement of roads
and pavements

The klimaateffectatlas provides datasets with
chances of groundwater level complications
based on the National Dutch Water model, the
economic changes in terms of water usage from
Deltares, and the rise of water level and precipi-
tation from Klimaatscenarios 2014. The dataset
serves as an indication of the potential water
nuisance. Unfortunately, the current set lacks an
indication of drainage capacities, which could
highly influence the chances.

Predicted Dutch Sea Levels and its influences

A lot of permafrost areas in the Arctic areas have
already been lost. The mass loss of ice caps in
Antarctica and Greenland is strongly continuing.
According to the climate calculation models in
the sixth IPCC report with the SSP1-2.6 scenario,
the temperature of the Arctic area will raise by
3,5°C., with 5,0°C. in the winter. In the high sce-
nario SSP5-8.5 this raise will be 12°C and 16°C.
And because of the melting, the ocean is absorb-
ing more sunlight, because there's lesser surface
ice that would have reflected the ice. Through
the absorbing of heat of the ocean, this heat is
given back to the atmosphere during the winter,
this explains the high amount of increase during
the winter (KNMI, 2021).

With the current progress regarding the temper-
ature rise, the loss of permafrost areas and the
mass loss of ice caps will continue. The rise of the
sea level on world scale has not been felt in the
Netherlands yet: the North Sea requires longer
period in o

rder to determine the changes due to local ef-
fects such as fluctuations and wind in streams.
The speed in which when these changes will be

felt or the amount of greenhouse gasses emis-
sion determines the speed of losing these areas
and mass. If the emissions are strongly reduced
(SSP1-2.6), the world average sea level will be
risen by 1 meter around 2150-2350. If this is not
done ande continue as we are doing right now,
this will happen between 2090-2140 (SSP5-8.5)
(KNMI, 2021).

If experts would fail to quantify the collapse of
ice cliffs, the 1-meter mark could be hit around
2070, whereas according to the current predic-
tions it will happen between 2090-2140 with a
bandwidth of 67%.

But regardless, the sea level will surely rise, even
at a miraculous best-case scenario where the
emissions are reduced to zero by 2050. It is pre-
dicted that this rise will continue for hundreds of
years. The reason for this is that the ocean re-
sponds slowly to the global warming that has
been taken place till now. Because of this, the
sea level will rise after 2100 regardless of the
scenarios. The KNMI also concludes that the the
global sea level rise is linked closely to the sea
level rise for the Dutch coast. Thus, meaning that
no distinction needs to be made.

Figure 3 Table with indications of sea level rise for the Dutch
Coast (KNMI Klimaatsignaal 2021)

According to the most recent predictions by
KNMI the best-case scenario (when we gradually
emit net zero by 2050) the water levels in the
Netherlands will increase by 14-28cm, whereas
if the average scenario is taken this will be 15-41.
And for the worst-case scenario when nothing
changes, it will increase by 16-47cm (See Figure
3 Table with indications of sea level rise for the
Dutch Coast (KNMI Klimaatsignaal 2021).

In the calculations for the sea level rise of the
Netherlands, the factors such as the expansion
of oceans due to temperature change, the self-
gravitation, the mass loss of glaciers and ice caps
and the changes in salt levels have been consid-
ered. These indications have a bandwidth of
90%. Previous predations predicted 15-20cm
worldwide, while 20cm was the actual value that
occurred (this is the highest raise in the past
3000 years). So past experiences have shown us
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that the higher side of the prediction should be
considered.

Since 1901 the Dutch coast sea level rise was
equal to the worldwide sea level rise. However,
in these predictions the subsidence is considered
as well. For the Subsidence in the Netherlands,
an amount of 0.5 mm/year is considered by the
KNMI.

When looking at the results, a high increase of
the speed in which the sea level rise in the Dutch
coast occurs is still not detectable due to the big
year-based variations in number of storms,
which greatly impact the sea level. This gives a
standard deviation of yearly 6 cm, but also ex-
plains why there is a slow increase in the speed
of the sea level rise. These deviations will also in-
crease even further with climate change also in-
fluencing the number of storms.

In regards to the storm changes in the North Sea
which impacts the speed up of the sea level rise
in the Dutch coasts, a study has produced simu-
lations with the past 30 years of data and the
greenhouse gas increase predictions from the
IPCC A2 report. According to the study's findings,
the North Sea coast (Netherlands, Belgium and
Germany) may experience more violent storm
surges by the century's end (Katja Woth, 2006).

The sea level (thus also the rise witnessed) can
locally differ due to sea streaming differences
because of rotation of the earth, spatial differ-
ences in seawater temperature and salt levels.
The earth's gravity field also changes due to glac-
iers and ice caps melting. This is because an ice
mass such as Greenland can pull up the sea level
locally through the self-gravitation effect. This
means that melting water of the ice caps aren't
distributed equally over the oceans. Locally the
sea level is decreasing due to lower self-gravita-
tion, which causes an increase in non-local areas
(KNMI, 2021).

The Netherlands faces more than just sea-level
rise as a result of climate change. Changes in
storm surges and increased river discharge must
also be factored into the country's flood protec-
tion strategy. For this, extremes surge heights
have been assessed for the periods 1950-2000
and 2050-2100 (A. Sterl, 2009). In this assess-
ment, wind speeds are projected to increase due
to increased South-Western wind in the North

sea. Although the Sotuh-Western wind is most
increase, the NorthWestern wind is the cause of
the the higher increase in surges because of the
shape of the coastline of the Netherlands. This
actually ensures that the extreme surge heigts in
the Netherlands are unaffected by the increase
in wind speed.

Greenland & Arctic influences

The Northern Sea is directly linked with other
oceans, if these raise in level due to the global
average increase, it will only naturally also influ-
ence the Northern Sea. The sea level of the Neth-
erlands will also increase quicker due to the
melting of the ice cap due to its direct link to the
Northern Sea.

The Greenlandic and Antarctic ice caps are
shrinking at an increased speed. Compared to
the masses of the ice caps between 1992-2001,
the mass loss of the Greenlandic icecap between
2009-2018 was seven times higher, and the Ant-
arctic ice caps had a four times higher mass loss.
Since 2018 these ice caps have continued to melt
and lose mass, which will continue for the cen-
tury, even if the global emission is 0 after 2050.

The loss of ice in Greenland will be mainly the
melting on the surface, while in Antarctica, the
melting will be caused by the relatively warm
ocean water. The future of Antarctica is very un-
sure due to the average global warming of 2-3
compared to the pre-industrial era, which causes
potential significant changes in ice streams and
the ice cap's instability.

The floating ice plates in Antarctica can break in
pieces this century, leading to a faster decline in
land ice. For Greenland, the melting on the sur-
face could accelerate if the jetstreams above the
Atlantic Ocean will meander stronger. The jet-
streams meandering will cause high-pressure
zones more often during summer, leading to ex-
treme temperatures and extra sun radiation on
Greenland. Although it is still unclear if this is
happening due to global warming or temporary
climate fluctuations, this has happened more of-
ten in recent years.

There is also an ongoing theory on whether the
disappearance of the floating ice plates in Ant-
arctica would lead to the ice cliffs collapsing un-
der their weight. The collapses could signifi-
cantly stimulate the decrease of Antarctica. The
first observations in twenty to thirty years at the
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Thwaites Gletsjer in the Amundsen Sea will re-
veal whether this theory is false or right.

On the scale of oceans, the filling of extra water
works differently than it would with a regular
bowl! equally (See Figure 4 Ocean gravity vs wa-
ter addition behavior figure). The differences in
gravity cause the melted ice caps aren't distrib-
uted equally around the world's seas. The ice
masses in Greenland and Antarctica attract the
sea level locally higher; when these melt, the lo-
cal sea level lowers due to the decrease of the
attracting effect. This area is 2500km from the
ice cap (area A). When we reach area B, the sea
level does rise but lesser due to the sea levels
here not being pulled higher anymore due to the
ice mass. Further than this, area C is an area that
was never affected by the attracting effect of the
ice masses, which results in an immediate in-
crease in sea level through the meltwater.

The Netherlands is 3000km away from Green-
land, resulting in the country being between ar-
eas A and B, at the exact point where the sea
level change and the current sea level change are
almost equal. Because of this, the influence of
Greenland melting doesn't affect the sea level of
the Netherlands. Regarding Antarctica, the
Netherlands is in area C, resulting in a sea level
rise through the climate change in the Antactic
area.

So, the good news is that melting of the Green-
landic ice caps isn't affecting the sea level of the
Netherlands. Whereas the bad news is that the
changes in Antactica will influence the Nether-
lands.

— |nitial Sea Level

Sea level with exact equal distrobution

= Actual Sea Level change with real distrobution

Figure 4 Ocean gravity vs water addition behavior figure

CO2 & Temperature

The CO2 in the atmosphere is rising and has
never been this high. Regarding the conse-
guences of this, a doubling of the CO2 concen-
tration would mean that there will be a Mondial
rise of temperature of 3°C (KNMI, 2021). Due to
these worldwide temperature changes, the hy-
drological cycle (better known as the water cy-
cle) is intensified. This causes a higher average
water vapour content in the atmosphere and
more precipitation with significant regional dif-
ferences.

The world average temperature in 2050 will un-
doubtedly be higher than now, regardless of the
changes that will be made in emissions now. This
is because of the time that CO2 remains in the
atmosphere and the amount that is also cur-
rently stored in the oceans because of the emis-
sions in the past. Once carbon dioxide is in the
atmosphere, it will remain between 300 to 1000
years (NASA's Jet Propulsion Laboratory, 2019).
Injected CO2 in the oceans will stay there for
hundreds of years (Bert Metz, 2005 ).

With the current carbon emission, the +1.5°C
global heating limit set by international govern-
ments for the upcoming decennia will already be
depleted in 10 years. Because of this, the sea lev-
el's slow rise is no longer stoppable (KNMI,
2021). The higher the increase in temperature,
the higher the chance that the changes will be-
come irreversible.

The increasing Arctic precipitation (through the
warming of the ocean and atmosphere, resulting
in more rainfall than snowfall) and the melting of
the snow and land ice will make the Antarctic
Ocean less salty. When this relatively sweet mol-
ten water flows toward the Antarctic Ocean, the
ocean circulation will weaken, causing the warm
Gulfstream to decrease. The decrease in warm
streams towards the Netherlands will alter the
temperature rise.

The loss of permafrost is a serious matter. Large
portion Canada, Siberia, and Greenland's soil is
permanently frozen. Permafrost covers 15-20%
of the planet's landmass. As the planet warms, a
less and smaller portion of the land freezes in the
winter. According to estimations, the permafrost
surface has been reduced by around 15% during
the last century. According to climate simula-
tions, another 40-75% will eventually perish
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depending on the degree of climate change sce-
narios. Permafrost produces greenhouse gases
such as CO2 and CH4 when it thaws. The entire
quantity of carbon trapped in permafrost is
around 5,000 gigatonnes of CO2, which is one
hundred times the present yearly human green-
house gas emissions. Permafrost thawing will
thereby exacerbate the greenhouse effect and
contribute to global (and Arctic) warming (KNMI,
2021).

Infrastructure destruction is another negative
outcome. For example, disappearing permafrost
is responsible for 40% of pipeline damage, with
escaping methane adding to the greenhouse im-
pact. Permafrost thawing and drying increase
the chance of wildfires and extra air pollution. Fi-
nally, the retreating permafrost can unleash old
infectious pathogens (due to the exposure of old
bodies buried with long frozen viruses), posing
public health dangers (Canadian Wildlife Health
Cooperative).

While the influence and the emission of CH4 in
permafrost areas is a complex topic. The good
news, is that a recent research (Christoph
Keuschnig, 2022) has measured that the me-
thane (CH4) emission caused by the loss of a per-
mafrost areas can be lower than anticipated. In
this study, comparable methanse release from
two locations in North Sweden has been ana-
lysed. In one location the permafrost loss expe-
rience started in the 1980s, whereas the other
started 10-15 years later.

The difference between the two regions has
demonstrated what can occur as a landscape
gradually adjusts to the lack of permafrost. Ac-
cording to the findings, the first region to expe-
rience permafrost loss now emits ten times less
methane than the other area. The spread of new
plant species and the gradual drainage changes
play an influence in this. This findings of this
study could mean that the predicted influences
on climate change by the loss of permafrost ar-
eas could be less severe than expected.

Types of CO2 emission

Natural sources of carbon dioxide emissions are
ocean outgassing, decaying plants and other bi-
omass, erupting volcanoes, naturally occurring
wildfires, and even ruminant animal belches.
Natural carbon dioxide sources include photo-
synthesis by plants on land and in the water,

direct absorption into the ocean, and the for-
mation of soil and peat (Climate.gov, 2020).

Not so natural sources of CO2 in the atmosphere
are the current new emissions from humans, but
also emissions from the past generations. Due to
the fact that CO2 remains in the atmosphere for
a very long period. According to Nasa CO2 re-
mains between 300 to 1000 years in the atmos-
phere (NASA, 2019). The Netherlands shares an-
nually 0.38% of the global CO2 emission, and this
has been gradually lowering over the course of
the past century (Roser, 2021).

Predicted Dutch Temperatures

Since the klimaatsignaal 2021 report of KNMI
doesn't give a clear indication on the predicted
temperature changes, the Klimaatscenarios of
2014 have been considered (KNMI, 2015).

The Klimaatscenarios indicate the rise, while giv-
ing the average temperature between 1981-
2010 as a reference: 10.1 °C. The reference value
for 2022 according to the same weather station
is 12.09 °C (Koninklijk Nederlands
Meteorologisch Instituut (KNMI), 2022) (KNMI,
2014).

Scenario GL |[GH |wL |wH
Worldwide +1°C

Temperature
Rise
Average tem- | 10.1°C
perature refer-
ence (based on
1981-2010)
New average | 12.09 °C
temperature
De Bilt (2022)
Temperature +1°C | + + +2.3°C
rise in the 1.4 | 2.0
Netherlands °C °C
2050
Temperature + + + +3.7°C
rise in the|13°C |17 |3.3
Netherlands °C °C
2085

Figure 5 Table of temperature rises

Drought, Wildfires & City Heatwaves
The temperature rise through the increase of
greenhouse gasses is not equal everywhere in
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the world. The warming up of above land goes
faster than above oceans. The warming up is the
strongest in the Arctic zone. Changes in airflow
give regional precipitation patterns and are most
likely driven by regional differences in warming.
Summer temperatures and extreme heat in-
crease substantially more locally than on the
global level. The future temperature above land
will most likely be proportionate to that of the
global warming level, but the proportionality
factor will differ amongst places. Heat extremes
will occur more often, whereas cold extremes
will be less occurring. Extreme precipitation will
be more often in areas above land, and severe
drought will also appear. According to the IPCC
report, Europe's regional climate change differ-
ences can be split into four regions: North, East,
Central Europe and the Middle Eastern Sea. The
Netherlands is at the border of North Europe and
Central Europe.

Atmospheric circulation which affects large scale
wind streams is very determinant for whether
the Netherlands will suffer from drought or not.
Eastern winds bring dry air, which results in
lesser cloud cover, which then results in a lot of
solar Radiation with evaporation. While on the
contrary, a Western wind would bring moist air
to the Netherlands, resulting in more precipita-
tion and thus preventing drought. Recent analy-
sis of the KNMI show that the Netherlands will
have more Eastern winds. The cause of this is 2
possible processes: Climate change decreases
the speed of the gulf streams and the North At-
lantic Ocean heats up less quickly than the neigh-
boring areas, causing more frequent high pres-
sure above the British islands. And, the strong
warming of the Mediterranean

In all scenarios, the potential evaporation in-
creases and is strengthened due to the projected
decrease in cloud cover and the increase in tem-
perature. The chances of drought occurring in-
crease when the difference between evapora-
tion and precipitation gets bigger.

Predicted Solar Radiation & Evaporation

The rise in temperature, solar Radiation and
evaporation causes a bigger stress on areas that
are densely populated. Heatwaves can be life
dangering: In Spain and Portugal, between 7 and
13 july 2022, at least 238 people passed away
due to the heat wave (Telegraaf, 2022).

Scenario GL |GH |WL |WH

Solar Radiation | 354 kJ/cm2
average 1981-
2010

Solar Radiation | +0.6 | +1.6 | -0.8 | +1.2
rise in the Neth- | % % % %
erlands 2050

Solar Radiation | -0.5 | +1.1 [-09 | +1.4
rise in the Neth- | % % % %
erlands 2085

Evaporation av- | 559 mm
erage 1981-2010

Evaporation +3% | +5% | +4 +7 %
rise in the Neth- %

erlands 2050

Evaporation +2,5 | +5,5 | +6 +10

rise in the Neth- | % % % %
erlands 2085

Figure 7 Table of solar Radiation rises

Condensation & Pressure

According to KNMI, climate models predict that
the atmosphere will warm up more than the sur-
face temperature (KNMI, 2014). This increase in
heat in the atmosphere, will cause more conden-
sation heat: resulting in quicker condensation
but also influencing the dew point. In combina-
tion with a strong temperature contract and high
jet stream, low pressure can be caused due to
winds at the surface converging. This low pres-
sure also has a direct link to a higher dew point.
A high humidity also plays a role in the influence
of a high dew point. See figure 5 below.

b High jet str
con ig| eam _ _
polar air and warm (thermal air) AUl
ropical ai
R More likely a storm fo
occur l
More air leaves than - _
. Air rises, forming
T "’J:':‘n'fn clouds and c i le—— Higher dew point
below rises e
Sirong wind
‘Winds al surface
Figure 6 Graph explaining relationship of jet Errpali e Low pressure

surface pressure
stream, high humidiyt, high dew point and con- lowers
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Weather

¢) Neerslagverandering

d) Neerslagverandering
&

Figure 9 Precipitation changes in Europe

Regarding the weather, the KNMI predicts the
following: In North Europe the precipitation will
increase whereas in South Europe this will de-
crease (See Figure 9 Precipitation changes in Eu-
rope). When looking at the relationship of pre-
cipitation and temperature, for every Celsius +6
% rainfall will occur in the winter, whereas for
the summer this is +1% to -3%.

Extreme weather

Changes in extremes have been witnessed
worldwide, as extreme high air temperatures
and marine heat waves (high water tempera-
tures for a long period), intensifying of precipita-
tion and an increase in draught are occurring
more often. The biggest cause of this with a
more than 95% chance, humankind (IPCC, 2021).
We are getting lesser cold extremes and more
hot extremes.

The polar jet stream is directly linked to the
weather the Netherlands experiences. The
strong warming of the Antarctic area influences
the polar jet stream. The polar jet stream is a
wavy stream of high-level speed winds at the
height of 10km that also covers the Netherlands
(See Figure 8 The jet stream over Europe
(NASA)). The difference between temperatures
in the polar and tropical areas affects the jet
stream's strength, positioning, and waviness.
The temperature rise will result in weaker
streams but more substantial fluctuations, in-
creasing the chances of meandering weather
conditions and leading to more extended peri-
ods of heat, drought, cold, or precipitation
(KNMI, 2021).

Figure 8 The jet stream over Europe (NASA)

Downburst, wind gusts, hail and thunder
Research shows that the distribution of thunder,
lightning and the like is directly linked to climate
change. The fluctuations of temperature and
seasonal heating results in development of thun-
derstorms (Price, 2009).

The jet stream changes also contribute to more
heavy winds such as downbursts and wind gusts.

Precipitation

The number of extremes in precipitation in-
creased after the year 2000. With precipitation
amounts of 40-50mm per hour. The days these
extremes occurred are recognizable through
their high dew point temperature. At a dewpoint
of 18C or higher, storms are more likely to grow
into bigger complex ones. Since the number of
days with very humid conditions has doubled,
this could be alarming.

The increase in precipitation till now is explaina-
ble by the rise in absolute moisture in the atmos-
phere through global warming. In the Nether-
lands, the atmosphere has an increasing trend in
humidity. Between April and September, the in-
crease was 8% between 1951 till 2020. The rise
till now is lower than the expected 14% humid
increase in case a temperature rise of 2C occurs.
Between 1951 and 2020, the number of humid
days (dew point above 18C) doubled.

Extreme amounts of precipitation are rising with
the absolute relative humidity increase. This is
true for all sorts of precipitation extremes, rang-
ing from large-scale, multiple-day precipitation
in winter to relatively small-scale, short-term
precipitation in summer. In the Netherlands the
relative humidity increases 3-7% per degree
warming of the world average. This influences
the amount of precipitation.
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The relative humidity drops in the summer, and
this tendency is expected to continue in the fu-
ture. A decrease in relative humidity causes
fewer showers and increased precipitation evap-
oration before it reaches the earth's surface.
However, it is precisely this process of evapora-
tion that increases the incidence of summer pre-
cipitation occurring. As a result, heavy precipita-
tion can be accompanied by thunderstorms, hail,
and strong winds in the warmer months. Sum-
mer precipitation is typically intense and brief.
Because of their intensity, suddenly occurring
extreme summer precipitations can significantly
impact society, resulting in environmental and
building damage. As has happened in Limburg in
July 2021 in the Netherlands, with combination
of high-water levels.

Predicted Precipitation

The KNMI has recently been able to adequately
predict vertical ascents using a new generation
of regional climate models with very high resolu-
tion. Making future projections more precise.

According to preliminary results from these
models, the increase in severe hourly precipita-
tion in summer showers is often smaller than
predicted by the upper limit in the KNMI'14 sce-
narios. This reason for this is that the upper limit
is based on the present climate's link between
dew point and rain intensity, however according
to the KNMI, recent studies has revealed that
this association is overestimated.

Not all rains intensify at the same rate. Relatively
light precipitation (up to 10 mm per hour) could
even decrease due to the decrease in relative hu-
midity and a more substantial influence of high-
pressure areas. These changes strengthen the
heavy precipitations (more than 50mm per
hour). The change regarding the most extreme
rainfall is according to the KNMI likely similar to
the ones predicted in the KNMI 2014 Klimaarsce-
narios.

Any positives?

The melting sea ice is making room for socioeco-
nomic growth. Shipping over the Arctic Ocean,
for example, will rise since the Europe-Asia route
via the northeast passage is approximately 40%
shorter than the typical route via the Suez Canal;

this is essential for ports such as Rotterdam.
Tourism via cruise ships, fishing spots, and raw
material exploitation (oil, gas) will also grow
(KNMI, 2021).

Scenario GL [GH |[wL |wH

Precipitation av- | 851 mm
erage 1981-2010

Precipitationrises | +4 | +2.5 | +5.5 | 45
in the Nether- | % | % % %
lands 2050

Precipitationrises | +5 | +5% | +7% | +7
in the Nether- | % %
lands 2085

Figure 10 Precipitation values
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WHAT ARE THE KEY IMPACTS
OF CLIMATE CHANGE ON THE
NETHERLANDS?

Below a table has been made with the conclu-
sions based on each occurring change. The the-
ory from the relations of why these changes oc-
cur have been translated into a figure in the next

page.

Netherlands, resulting in
drought, fewer clouds
and more solar Radia-
tion.

Subsidence

Draught leads to subsid-
ence. The ground level
decreases.

Groundwater le-
vel alterations

Change What happens?

Temperature Higher temperatures due

to CO2 emissions.

Due to rain & evapora-
tion. But also subsidence
and the rise of seawater
levels. The groundwater
level can either rise or
lower drastically.

Condensation Higher dew point due to
the increase in tempera-
ture & low pressure
caused by Jet stream.

Clouds form during con-

Flood

Exposure to water and
extreme loads. Caused
by extreme precipitation
and/or high sea levels.

Downburst

densation.
More solar radia- | Yearly decrease in clouds
tion as confirmed by KNMI,

causing more exposure
to sun radiation

Low pressure Jet Stream: Air pressure
increase above the Med-
iterranean area & De-
creasing air pressure
north of Scandinavia
CO2 in the atmosphere
causes the average tem-
perature of the sea to in-
crease. This intensifies
the hydrological cycle,
influencing the humidity
of the air. The jet stream
also controls moisture.
Lightning, the sun's heat
or human activities
cause wildfires. But also,
when there is a long-
term drought.
Airstreams influence the
Netherlands' weather;
when the central wind
circulation is from the
west, wet air will be
transported to the Neth-
erlands. It is resulting in
more rainfall and wet
days. When the main
wind circulation is from
the east, dry air is trans-
ported to the

High humidity

Wildfire

Drought

Intense downdraft wind
load caused by storms.
"These winds can easily
cause damage similar to
that of an EFO (65-
85mph winds) or even
EF1 (86-110mph winds)
tornado, and are some-
times misinterpreted as
tornadoes. " (National
Weather Service) -> 65-
85 mph = 104-136 km/h.
86-110 mph = 138-177
km/h.

Wind gusts

Intense wind load caused
by storms. Maximum
wind speed in the Neth-
erlands measured this
year (2022): 114 km/h

Hail

A solid form of precipita-
tion that can dent, shin-
gle and gutter or crack.

Thunder

Direct strikes can cause a
fire, chain failure of con-
nected elements, and
shock wave damage. It
can reach up to 30 000
°C.

Storm/Heavy
rainfall

Exposure to a lot of wa-
ter with possible low pH
levels or acid rain (acid
rain isn't occurring in the
Netherlands anymore).
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Map of occurring changes and their cause
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INFLUENCE ON MATERIALS

This chapter will research what influence the
previously mentioned changes (with regards to
climate change) has on building materials. Be-
fore doing so, the amount of building materials
will be narrowed down to a realistic scope, and
previously done similar studies will be consulted.

GENERAL INFORMATION

Although previous studies have focused on ele-
ment level or overall building performance, for
this research, it is essential to look deeper than
just elements of a building (e.g. Foundation, Fa-
cade, Structure etc.) to quantify assessment for
the tool. Thus, the research on the influence of
climate change will be conducted on a material
scale level and then translated into their appro-
priate element level (e.g., glass foundation isn't
used).

Based on the results from the previous sub ques-
tion, changes occur around the following three
themes:

» Sea Level & Arctic Ocean changes: Sub-

sidence, groundwater level alterations
& flood.

» CO2 & Temperature increase: tempera-
ture, condensation, an increase of solar
Radiation, low pressure, high humidity,
wildfire & drought.

> Weather changes: Downbursts, wind
gusts, hail, thunder & heavy rainfall.

Each relevant material will be discussed concern-
ing these 3 themes and their possible influences.
Common structural materials will be investi-
gated instead of every imaginable material, con-
sidering which materials are applied in a struc-
tural context.

Previous Studies on this matter

STUDY 1

A previous study has been conducted in a corre-
sponding theme to this subquestion. De Wilde
has researched the implications of climate
change for buildings. In his research. In his re-
search, he concluded that the following aspects
of a building are influenced by climate change:

> Decrease in heating and increase in

cooling

> Risk that passive and neutral systems
become impossible

» Heating and cooling peak loads result in
inefficiency concerning HVAC capacity.

> Drainage capacity is overwhelmed, and
storage and buffering needed for an in-
crease in precipitation

» Increase in the wind influencing peak
structural loads and changed frequen-
cies resulting in different loads.

» Flooding influences and degrades build-
ing structure, system, infill, and con-
tent.

Although this is outside the scope of this thesis,
it brings valuable information that could be con-
sidered in bringing into the tool regardless (De
Wilde, 2012).

STUDY 2

Another study has analyzed the change in sce-
narios for wind due to climate change
(Steenbergen, 2012).

The study stipulates that current design meth-
ods in terms of wind loads, are based on previ-
ous evaluations of the past. At the same time, it
is important to consider future wind load predic-
tions. The research also considers the conclu-
sions from KNMI that states that there will be an
annual increase of wind from -1 to +4% and men-
tions that this does not directly correlate to the
severity of the wind gusts that may occur due to
climate change.

Based on the most actual climate change model
data available for now, the paper concludes that
the effect of climate change suggests a change of
0.8% to +2.3% in the hourly mean wind speed
with a return period of 50 years.

21



MATERIAL STUDY

Building Materials

As mentioned before, common materials will be
investigated to make the scope of this research
realistic.

In a very thorough report by Matabolic, SGS and
Economisch instituut voor de bouw, it has been
made clear that the most common 8 materials in
the Netherlands are the following (Jelger
Arnoldussen, 2020):

Concrete, Steel, Brick, Wood, Insulation, Glass,
Sand, and Stone (Ranked from left to right, with
the left being the most used)

Regarding the structural theme of this thesis and
the time limit, the building materials that will be
investigated are Steel, Wood and Concrete, with
an addition of glass since most of the buildings,
regardless of their structural material, contain
glass. These few materials can cover most of the
buildings in the Netherlands.

Concrete

Concrete can fail in a lot of ways. The LCETED (In-
stitute for civil engineers) has listed the following
(LCETED INSTITUTE FOR CIVIL ENGINEERS, 2021):

e Chemical Reactions: Acidic reactions,
Aggressive water, alkali-silica reaction,
sulfate situations/attack

e Unintentional loads: uncommon loads
that occur accidentally, such as earth-
quakes.

e Poor workmanship

e Corrosion: Corrosion of the steel rein-
forcement in concrete.

e Design errors

e Abrasion: mechanical degradation due
to grinding, impact, overload, crush,
and friction

e (Cavitation: Cracks on concrete surfaces
occur due to negative pressure zones in
water flow, collapsing water vapor. The
impact results in very high pressure in a
small area.

e Freezing and thawing: water fills voids
of concrete and then freezes, which re-
sults in expansion.

e Settlement and movement: Movements
due to subsidence or other movement-
related actions. Concrete rigidness can-
not withstand this and cracks or spalls.

e Shrinkage: Hot and windy days result in
moisture loss in concrete, which causes
shrinkage.

e Fluctuations in temperature: concrete
expansion when it's hotter and contrac-
tions when it's cooler.

To evaluate the ways of failure in light of the con-
cluded climate change themes, each way of fail-
ure has been evaluated for each climate change
aspect in the Netherlands, as concluded in the
first sub-question.

Subsidence & Groundwater level changes

The sinking or settling of the ground over time
can cause damage to concrete structures. This is
because the movement of the ground can put
stress on the concrete, cause it to crack, and tilt
the structure. The tilting can damage the steel
reinforcement inside the concrete due to unex-
pected movements, making the concrete more
prone to cracking and failure. But also, directly
cause an imbalance in the structure (AXA UK,
2022).

Exposure to excessive groundwater levels can
harm concrete foundations specifically, which
can be proven by Terzaghi's general bearing ca-
pacity equation. This equation takes the weight
of the soil into the equation, which involves the
unit weight of water but also the weight of the
soil (Structville Integrated Services, 2021). The
soil beneath the foundation can become satu-
rated due to groundwater level changes, result-
ing in increased pressure and cracking, buckling,
and other structural issues. Furthermore, water
can seep into the foundation, damaging the con-
crete, reinforcing steel corrosion, and other
commonly known steel and water exposure
damages. On the other hand, low water levels
can cause the soil beneath the foundation to be-
come dry and compact, which then again influ-
ences the foundation's load-bearing capacity,
which is caused by the change in the amount of
support provided to the foundation by the soil.
This change can cause the foundation to settle
unevenly, leading to cracking and other struc-
tural damage. Apart from all this, low groundwa-
ter levels can cause the soil to become more
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acidic, leading to corrosion of the reinforcing
steel and other damage to the concrete. Proof of
this is that the Rijksoverheid has stated that the
soil in the Netherlands is becoming a little more
acidic (Rijksoverheid, 2021).

Flood

Flooding can significantly impact concrete struc-
tures due to potentially prolonged submersion
causing the reinforcing steel to rust, reducing the
strength of the concrete, and making it more
prone to cracking (because water can increase
the pressure on the concrete, causing it to flex
and move, leading to the formation of micro-
cracks, which can then spread and grow over
time). Freezing temperatures can cause the wa-
ter inside the concrete to expand, leading to fur-
ther cracking and porosity. Floodwaters can also
cause scouring and erosion of the surface
(LCETED INSTITUTE FOR CIVIL ENGINEERS, 2021),
removing the protective layer and exposing the
reinforcing steel. Chemical reactions may occur
if the floodwater contains high levels of dis-
solved salts, acids, or other substances, leading
to further damage (Structural Guide, n.d.). Fi-
nally, the potential harms that can come with
the great force of a flood cannot be left out in
this matter.

Increased temperature

High temperatures can expand concrete struc-
tures, which can cause cracking, spalling, and de-
lamination of the surface of the concrete. It can
also lead to a loss of compressive strength, mak-
ing the structure more vulnerable to failure. Ad-
ditionally, rapid evaporation of the water inside
the concrete can increase the risk of cracking
and impede proper curing. Internal cracking can
also occur, like when concrete is in prolonged
submersion in water, weakening the concrete's
structural integrity. Further, the reinforcing steel
can expand, leading to cracking and rusting and
reducing the strength of the concrete. Finally,
high temperatures can accelerate the Alkali-Sil-
ica Reaction (ASR). This chemical reaction occurs
between the alkali cement and the silica content
of certain types of aggregate, causing the con-
crete to expand and crack (LCETED INSTITUTE
FOR CIVIL ENGINEERS, 2021) (Bernice Mizzi,
2018).

Condensation

Condensation can have a detrimental effect on
concrete structures. It can cause the reinforcing
steel inside the concrete to rust, reducing the
strength of the concrete and making it more sus-
ceptible to cracking and failure. Additionally, it
can help create an ideal mold growth environ-
ment (Polygon, n.d.). Furthermore, suppose the
condensation freezes (When temperatures drop
below freezing, the water vapor in the air can
condense and freeze on surfaces). In that caseit
can cause freeze-thaw damage, leading to crack-
ing and deterioration of the concrete surface
(LCETED INSTITUTE FOR CIVIL ENGINEERS, 2021).

Increase in solar Radiation

High solar Radiation can lead to various detri-
mental effects on concrete structures. Heat ex-
pansion might cause fracturing, flaking, and sep-
aration of the surface andhe development of
small surface cracks due to temperature shifts
(Semenenok, 1969). In addition, the heat can re-
sult in a loss of the material's compressive
strength, which can undermine its stability. To
add on, the elevated temperatures can cause the
water inside the concrete to evaporate more
quickly, resulting in cracking and preventing the
concrete from curing properly. Lastly, the heat
can cause the reinforcing steel within the con-
crete to expand, leading to rusting.

Low pressure

The impact of low-pressure environments on
concrete can be quite damaging. According to a
study, low air pressure has been found to affect
concrete's compressive strength and durability,
as well as its permeability, deicer salt scaling, wa-
ter variation, and water absorption, particularly
after 28 days (Xin Ge, 2018).

Another study has found that low-pressure envi-
ronments have proven to reduce the strength of
ultra-high-performance concrete. Especially the
compressive strength significantly after 28 days
and 60 days. Low-pressure areas also affect pore
structures, resulting in lower average pore diam-
eter and porosity. The low pressure and low hu-
midity helped in the water loss of the concrete,
eventually leading to the compressive strength
being significantly lower (XIONG WU, 2021).
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High Humidity

High humidity can harm concrete structures.
Curing can be slowed down, which can be bene-
ficial in ensuring a more even and stronger prod-
uct. Too much moisture in the air can lead to
shrinkage and cracking in concrete. Further-
more, the reinforcement steel can rust, reducing
its durability and strength. Lastly, mold and mil-
dew can grow, compromising air quality and
weakening the structure of the concrete
(LCETED INSTITUTE FOR CIVIL ENGINEERS, 2021).

Wildfire & drought

Drought can influence existing concrete struc-
tures but also on similar materials like concrete.
The lack of moisture can cause shrinkage and
cracking andurface cracking on large concrete
surfaces (Lu, et al., 2011). Existing cracks and
joints can widen, putting more strain on the
structure and making it more vulnerable to fail-
ure.

Downbursts & wind gusts

Wind gusts can bend and flex concrete struc-
tures, leading to cracking. Vibrations can also
cause fatigue and cracking over time (Carvalho,
2019).

Hail

Hailstones can harm concrete structures by
weakening them and making them vulnerable
through chipping, cracking (D.A. Paterson,
1994), and spalling the surface, forcing water
into openings, and eroding the surface.

Thunder

Thunderstorms can cause damage to concrete,
causing cracking, spalling, and expansion and
contraction. The extreme heat of the lightning
discharge causes rapid expansion that leads to
cracking

(Lanser, Amde M. Wolde-Tinsae, & and Lowell F.
Greimann, 1984). This cracking can also leave
the steel rebar open, leading to more complica-
tions.

Heavy Rainfall

Heavy rainfall can cause a variety of issues with
concrete structures. Heavy rainfall can cause
surface corrosion, leading to pits, divots, and un-
even surfaces. Suppose the concrete is exposed
to repeated freezing and thawing cycles. In that
case, the water in the concrete can expand and

contract, causing cracking, worsening existing
damage or flaking (Hansson, 2011). Heavy rain-
fall can also cause water to seep into the con-
crete, potentially leading to leaks and, worst-
case flooding. Scaling, when the surface of the
concrete peels off in thin layers, can also occur
due to weathering and freeze-thaw. Lastly, sup-
pose the concrete is already damaged. In that
case, heavy rainfall can cause water to penetrate
the concrete and reach the reinforcement steel,
potentially leading to a higher corrosion rate
and, thus, weakening the structure (LCETED
INSTITUTE FOR CIVIL ENGINEERS, 2021).

When it comes to the mechanical properties of
concrete, even if short exposure to heavy rainfall
negatively affects concrete's mechanical proper-
ties and microstructure, the results of research
on this matter show that short-term heavy rain-
fall can reduce the Compressive strength, split-
ting tensile strength and shear strength of con-
crete by 50, 70 and 37%. The decline of the con-
crete microstructure is caused by the increase of
the water-binder ratio of concrete, and the
short-term heavy rainfall influences that (Wei-lJia
Liu, 2022).

Suppose a concrete structure is already dam-
aged. Heavy rainfall can cause water to pene-
trate the concrete reaching the reinforced steel,
resulting in more complications. If this water
also freezes, it can cause the expansion of cracks:
worsening the damage that was already there.
Especially since free-thaw cycles are the most
common conditions that significantly impact
concrete's durabilit (Zhang, et al., 2022).

Wood (Timber)

An analysis of causes for timber structure failure
has concluded that the most frequent reason for
failure is due to flaws in or a lack of strength de-
sign (41.5%), which is followed by bad construc-
tion principles (14.1%), on-site adjustments
(12.5%), and inadequate or no design concerning
environmental measures (11.4%). Around half of
the failures are the fault of the designer, and
roughly one-fourth are the fault of the construc-
tion site workers. Only a tiny portion of failures
(around 11%) are attributable to timber quality,
production techniques, and principles (Hansson,
2011).
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Since the main cause of failures are revolved
around the designer, it is important to be aware
of the possible consequences of climate change
on the performance of timber.

Subsidence & Groundwater level changes
Subsidence and groundwater level changes is a
well-known complication for timber. Three ele-
ments have been identified that significantly af-
fect the quality of timber pile foundations based
on a dataset of hundreds of analyzed structures
in the Netherlands: a fall in the groundwater
level, excessive pile loads, and timber rot under
water (KLAASSEN, 2015).

Another study has concluded subsidence can
cause timber pile degradation; the key trigger for
this hazard is the low groundwater level
(Deltares, 2020).

Groundwater levels significantly influence tim-
ber structures. According to a report published
by Deltares, it is confirmed groundwater levels
will decrease, and this will drastically influence
buildings on timber pile foundations or steel. The
foundation's soil becomes dry and compacted
when the water levels drop. This causes the soil
to shrink and pull away from the foundation,
leading to the settling or shifting of the struc-
ture. Much previous damage has been wit-
nessed and reported; the changes will only make
this occurrence more frequent (Deltares, 2020).

Flood

Flood's impact can damage and even break tim-
ber structures, including other building compo-
nents such as glass, especially because timber is
relatively weak to impact loads compared to
concrete and steel. Timber structures are also
more vulnerable to flood damage than other
building materials. This is because timber is gen-
erally porous (Sundararaj, 2022) (While steel is
not): when it absorbs water, it becomes swollen
and distorted. Timber can also decay and rot
when exposed to moisture for a long period.

Because of this, flood can cause the timber struc-
ture to shift or settle, leading to cracks in the
foundation and walls and uneven or sagging
floors. Additionally, the increased moisture can
cause rot and decay in the timber structure,
weakening it and making it more susceptible to
damage (Lamond, 2017).

According to the Centers for Disease Control and
Prevention, floodwater can also contain chemi-
cals, sewage, or other harmful substances, in-
creasing the risk of the structure and humans be-
ing harmed even further (U.S. Department of
Health & Human Services, 2022).

Increased temperature

As the temperature increases, the moisture con-
tent of the timber decreases, which can cause
the timber to become more brittle. Also, high
temperatures can cause the timber to expand,
leading to warping and other damage that can
decrease its load-bearing capacity. Higher tem-
peratures have also proven that the bending
strength of timber is influenced (Sundararaj,
2022)

An increase in temperature can also make it
more likely for wood-eating organisms to mani-
fest, promoting plant growth on the timber and
leading to further deterioration. Generally, tim-
ber is advised to be kept dry and away from
wood-eating organisms. This way, even timber
artifacts have been recovered in the past
(Mindess, 2007).

Condensation

Condensation can influence timber in several
ways. The surface fibers may loosen and wear
away due to cycles of shrinking and swelling
when the timber is dried and rewetted (note
that this would be in combination with drought
or humidity changes), as well as occasionally due
to cycles of freezing and thawing, which can re-
sult in a very gradual surface erosion which is
merely about 6 to 12 mm per century (Mindess,
2007).

Increase in solar Radiation

Timber suffers from photodegradation when ex-
posed to increased solar Radiation for some
time. This can lead to a failure of the timber coat-
ing that is necessary for protection. An experi-
ment has proven that ultraviolet light degrades
timber, and other than ultraviolet light, also con-
tributes to the loss of strength (Derbyshire,
1981).

Low pressure

No sources have been found on this matter. Yet,
low pressure influences the aspects that impact
timber performance. The air can hold moisture
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when pressure is lowered, leading to higher rel-
ative humidity. The impacts of higher humidity
are discussed in the other theme, such as con-
densation and increased rainfall.

High Humidity

High humidity can severely influence timber. The
fiber saturation point for timber-destroying
fungi is above 25-30%. Properly air-dried timber
has a moisture content of less than 20%
(Mindess, 2007).

A higher humidity amount can cause timber to
increase in moisture content due to hygroscopic
timber (Hardwood Distributors Association,
n.d.).

Bacterial growth may also occur when the mois-
ture content of timber is high enough, causing a
significant loss in strength. Some bacteria can
even influence the permeability and absorptivity
of timber, making the degradation process even
faster (Mindess, 2007).

According to timber and climate change re-
search, the most challenging property is the
moisture content (Aniké Csébfalvi, 2020).

Wildfire & drought

Timber is a highly flammable material, yet tim-
ber structures have proven to have some fire re-
sistance due to timber being a good insulator
and dropping the internal temperature when in-
flamed on the surface. The ignition temperature
for timber is estimated to be around 200 °C. The
exposure duration of the heat influences the ig-
nition temperature significantly: timber ignites
at 30 minutes of 180 °C exposure, 2 minutes ex-
posure of 300 °C and less than 30 seconds if the
temperature is 400 °C (Mindess, 2007).

Drought can affect timber positively. Timber can
easily exchange moisture with the atmosphere-
leading to a moisture equilibrium with its sur-
roundings (Mindess, 2007). Timber is at a fiber
saturation point of around 25%, which is the
point where the timber starts shrinking or has a
sudden increase in compressive strength
(BARKAS, 1935).

Downbursts & wind gusts
Extreme wind loads have been proven to be cat-
astrophic to timber. The most common forms of

damage to timber structures by hurricanes or
thunderstorms are the removal of roofs, broken
doors and windows, removal of roof sheathing,
and rigid body rotation (Rosowsky, 2002).

The same study also concluded that perfor-
mance problems are not always caused using
timber in projects subjected to high wind loads.
According to the report, the bulk of performance
problems is caused by improper engineering of
the vertical load path, including the interaction
and relative contributions of structural and non-
structural elements and assemblies, and ensur-
ing the integrity of the building envelope
(Rosowsky, 2002).

Hail

Hail can damage timber exposed to it, especially
when it comes to the thin layers of external sys-
tems. The most common damage is on timber
roofs caused by strong winds and hail. It has
been reported that hail impact has resulted in
poor performance of roof coverings (Kramar,
2015).

Thunder

The heat of lightning can cause the burning of
timber. Research has been conducted on much
previous centuries' evidence of timber struc-
tures hit by thunderstorms. Timber with a higher
humidity content cracked more easily, with
greater damage and damage area. On the other
hand, dry and low-density timber was easier to
burn. Thick timber was more difficult to be dam-
aged by thunder (Li, 2021).

Heavy Rainfall

The moisture content of timber determines its
structural performance of it. Since climate
change results in moist-related consequences
such as a higher temperature, more rainfall, and
higher moist levels, it severely influences the po-
tential of timber structures when exposed to it.
Heavy rainfall can cause water to be absorbed by
the timber, eventually leading to damage from
swelling, shrinkage, cracking, and deformation
(Aniko Csébfalvi, 2020).
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Steel

According to the British Welding Research Asso-
ciation there are six failure mechanisms for steel:

> Excessive plastic deformation from
Static load or impact

Instability

Creep

Stress corrosion

Fatigue

Brittle fracture
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Fatigue is the most common cause and brittle
fracture the most striking (Weck, 1965).

Subsidence & groundwater level changes
Research with simulations of steel structures
suggests that steel structures are suitable in
terms of ductility for subsidence. The computer
simulations revealed that the structure could
withstand angular distortions without suffering
notable damage. The research further suggests
that cold-formed steel structures can minimize
damage from subsidence and should be used
for structural safety in areas with great ground
settlements through subsidence (Missouri
University of Science and Technology, 2016).

As stated in the timber chapter, steel is exposed
to the same risks as timber regarding groundwa-
ter level changes when it comes to the founda-
tion. Even though the structure can withstand
deformations, buildings with steel foundations
still suffer in the Netherlands due to groundwa-
ter level changes resulting in subsidence
(Deltares, 2020).

Flood

Flooding causes three key issues: flood duration
(material submerging), high velocity and flood-
borne debris and degradation of the materials
(SFIA, 2018).

In terms of the flood borne debris, a study re-
searching to calculate the debris on building
structures has concluded that multiple impacts
from a debris cannot be captures by a single de-
bris impact formula, resulting in the calculation
of this matter being complicated (Jacob Stolle,
2018).

Another study has simulated a steel-bolt-con-
nected steel frame exposed to hydrodynamic

force and has concluded that a downscaled
frame resisted a hydrodynamic force of 62.3 kN
and has shown no indication of broken connec-
tions or failure. Proving that it has good capabil-
ity to perform well against high-impact pressure
due to its strength and ductility performance.
The study also concluded that this steel-bolt-
connected design is feasible in prone to flooding
zones (Auwalu, et al., 2022).

This proves that steel can be a very applicable
material as a structure against flood.

Increased temperature

The effect of temperature on atmospheric corro-
sion is a complex concept. The corrosion rate de-
pends on ambient temperature, which is related
to the Arrhenius law (Minh N Nguyen, 2013).

A general rule of thumb has been believed that
a 10 C increase in temperature will double the
corrosion rate (Corrosion Doctors, 2012).

But in reality, this would only be the case in a sta-
ble condition with constant high humidity levels
and within a normal range of temperatures such
as 20-30 C (Roberge, 2000).

Making atmospheric corrosion a complex pro-
cess can only occur when a moisture layer is on
the metal surface. When the relative humidity
rises, and the temperature falls, a moisture layer
develops, causing corrosion processes on the
metal surface. Whereas when the temperature
rises and the relative humidity falls, the moisture
layer evaporates, and the corrosion processes
end due to lack of surface moisture. Because of
this process, the influence of temperature on air
corrosion is a secondary aspect (Cole, 2010).

Yet, just like many more studies, a study has
found that temperature can promote stress cor-
rosion and the corrosion rate of a particular type
of stainless steel (Yawei Lu, 2020).

Leaving the relationship of temperature and cor-
rosion a complicated matter that cannot be nar-
rowed down to one answer.

Condensation

Steel is very corrosive. Corrosion causes loss of
strength and stiffness in concrete structures
(Mark G. Stewart, 2019).

27



Although steel can be produced in a corrosion-
resistant manner through chromium content
acting as a protective layer together with oxy-
gen, itis still prone to corrosion. Over time, when
not maintained, stainless steel can rust. Stainless
steel is still prone to general, galvanic, pitting
and crevice corrosion (thyssenkrupp, n.d.).

Steel is very resistant to mold forming because it
is an inorganic material. Mold development is
expected in buildings when materials are sub-
merged in floods or moisture for an extended
period. Steel is also one of the few materials that
are resistant to termites. The good news is that
steel does not absorb water like wood, making it
an excellent structural material for moist envi-
ronments in these aspects (SFIA, 2018).

Increase in solar Radiation

Solar Radiation has a very clear significant influ-
ence on the performance of steel. According to
a study that focuses on the influences of solar
Radiation and similar temperature influences on
steel, it is concluded that temperature variations
caused by non-uniform temperature variations,
solar Radiation included, should be considered in
the structural design (Xu, 2020).

This is because many studies have proven that
temperature differences within structures are
sincerely non-uniform (Meng Zhou, 2020,), this
is correlated due to the intensity of solar Radia-
tion.

Also, in a case study, based on long term data,
the maximum temperature of Yujiabu Railway
Station Building under strong solar Radiation has
been proven to be more than 18 °C compared to
the rest of the structure (Zhongwei Zhao, 2016).
A significant difference in temperature was also
the case for the indoor water recreation project
Tien Rice Cube, where the steel members under
the glass roof showed a structural temperature
difference of of 24 °C at noon in summer
(Hongbo Liu X. L., 2015)

Another study has concluded that thermal stress
and deformation that is caused by this tempera-
ture difference due to non-uniform temperature
fields (with solar Radiation included), is more se-
vere than consequences that come with tradi-
tional uniform temperature loads (Hongbo Liu Z.
C.,2012).

A study simulated the effects of non-uniform ter-
mal load of Caofeidian Coal Storage (an alumin-
ium dome), and concluded that the maximum
nodal displacement is 80.4 mm and the maxi-
mum member stress 68.9 MPA, which are
42.65% and 55.21% higher than the calculation
results when only considering atmosphere tem-
perature variation (Hongbo Liu Z. C., 2014).

High Humidity

Steel is dimensionally stable in moist environ-
ments; it does not warp, preventing any risk of
damaging materials around the structure, such
as walls and floors (SFIA, 2018).

The problem that is tied to high humidity is that
it is the most important factor in atmospheric
corrosion due to moisture (Corrosion Doctors,
2012).

High humidity influences the corrosion rate due
to the increase in surface wetness; the moisture
layer on steel forms at a relative humidity above
80% and a temperature above 0 (Minh N
Nguyen, 2013).

When steel corrodes, the corrosive reaction
causes a change in the microstructure of the
steel's surface, making it brittle and flaky. This
way, steel loses its mechanical strength and elas-
ticity, severely impacting the structure's
lifespan.

Wildfire & drought
Drought positively influences steel due to hu-
midity playing a role in corrosion. Steel isn’t a fire
resistant material, making it vulnerable to wild-
fire if not treated.

Downbursts & wind gusts

The combined effects of changes in sea temper-
ature and wind speed could cause a change in
DMS flux to the atmosphere of 2—-8% under dou-
bled carbon dioxide (CO2) conditions.

Changes in wind patterns may affect the genera-
tion of marine aerosols, while changes in atmos-
pheric moisture will affect the formation of sul-
phate aerosol and acid rain (Paterson, 2010).

Thunder
Metal buildings are not more prone to thunder-
storms than other materials, this is a
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misconception. The tallest object in the area is
what lightning is attracted to.

Since steel is a conductor, the damage from
thunder is less than other materials that aren’t
(National Steel Buildings, n.d.).

Heavy Rainfall

Corrosion does not develop with low concentra-
tions of water (Vagapov, 2020). Yet, precipita-
tion can cause the washing away of atmospheric
corrosive pollutants, which reduces the corro-
sion rate (Corrosion Doctors, 2012).

Although rain can be beneficial, long exposure to
precipitation can cause hydrogen embrittlement
on steel. Hydrogen embrittlement is the loss of
elasticity and load-bearing capabilities of a metal
caused by the absorption of hydrogen atoms or
molecules by the metal. As a result of hydrogen
embrittlement, components crack and shatter at
stresses lower than the metal's yield strength
(Industrial Metallurgists, LLC, n.d.).

A study conducted on Australian cities on what
the change for corrosion rates will be with re-
gards to climate change, has concluded that for
a city where the humidity and temperature in-
creases, the corrosion rate will be increased by
14% for both zinc and steel (Minh N Nguyen,
2013). And in this matter, rainfall has proven to
be the strongest environmental matter in atmos-
pheric corrosion (Zibo Pei, 2021). The same pa-
per also suggests an increase of 10% above the
14% due to rainfall.

Findings

® Due to low pressure (on earth), influ-
ences on materials proved challenging
to find reference research on.

® Rare events (such as thunder, hail etc.)
become more severe. While the influ-
ence of them becoming more severe di-
rectly on the materials is hard to be told
because these changes aren’t directly
quantified or easily predictable.

® Temperature and humidity are the clear,
most impactful weather-related events.

® Subsidence and flooding are the most
impactful events, next to wildfire/thun-
der (but fire safety is already considered
due to building law.

HOW DO ENVIRONMENTAL
CHANGES IN THE NETHER-
LANDS INFLUENCE STRUC-
TURAL STEEL, WOOD, AND CON-
CRETE?

The change in condensation can strongly influ-
ence steel, wood and concrete because steel is
very corrosive. For concrete, an increase in con-
densation causes mould growth environments;
for timber, the surface may be prone to erosion
due to freezing. But these occurrences are in
particular different climate environments for
each material.

With regards to the increase in solar radiation for
steel, this has a clear impact due to previously
conducted research proving that solar radiation
can significantly influence the structural perfor-
mance of steel. For concrete and timber, this is
less severe but also problematic due to local ex-
pansions or photodegradation and coating fail-
ure.

Not much information was found regarding low
pressure, and low pressure is a more compli-
cated change due to it influencing everything but
not directly influencing itself.

High humidity influences all the materials. For
steel, this is the increase in corrosion rate due to
surface wetting, whereas, for timber, this is due
to the increased moisture. This can cause
slowed-down curing for concrete, which is actu-
ally a positive thing for concrete hardening.

Drought positively influences timber and is
harmful for concrete due to cracking.

Increased temperature influences all the materi-
als but remains complicated because the rela-
tionship between temperature and corrosion is
disputed. The temperature can be favourable for
timber due to lower moisture values, but wood
degradation will be increased. For concrete, po-
tential cracking can occur but also influences
corrosion.

Groundwater level alterations and subsidence
influence the materials indirectly due to shifting
of the structure, which in return may cause extra
stress on the structure, causing cracking.
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Steel is resilient in the event of flood because it
is an inorganic material, but the matter is
whether steel would survive the impact loads.
This is a serious matter because timber is weak
to impact load and also prone to weakening due
to exposure to moisture. Concrete can have rust-
ing issues due to prolonged submersion and is
also not the best in impact loads due to it being
brittle.

Downbursts and wind gusts do not seem to in-
fluence the materials significantly but is more a
matter of adequately designing the structure.

Hail & thunder are directly damaging and chip-
ping events for each material. In comparison,
storms and heavy rainfall influence moisture
content.

Based on the table that can be found on the next
page, two changes/events were chosen to pro-
ceed further. This was also discussed during the
P2 graduation thesis presentation of TU Delft
with the respective supervisors. The findings in
the table suggest that flood, precipitation, sub-
sidence, and temperature are the most relevant
(for this thesis) events to be investigated first out
of all listed. Based on the predicted damage se-
verity if the event were to occur and the chance
that it can happen. Out of this presentation, it
was concluded that flood damage and tempera-
ture would be the two events that would be re-
searched further.

30



Table of material influences

Change What happens? Material Influences Damage How to evaluate
severity
Condensation (geoda- | Higher dew point due to the increase in Steel Steel is very corrosive. Corrosion causes loss of strength and stiffness in concrete structures. Due to being an High Steel corrosion can be calcu-
taframe from kli- temperature & low pressure caused by inorganic material, it can withstand issues like termites and it also does not absorb water like timber does. lated
mapedia) Jet stream. Clouds form during condensa-
tion.
Timber The surface fibers may loosen and wear away due to cycles of shrinking and swelling when the timber is dried | Medium Equilibrium Moisture Con-
and rewetted (note that this would be in combination with drought or humidity changes), as well as occasion- tent Formula
ally due to cycles of freezing and thawing, which can result in a very gradual surface erosion which is merely
about 6 to 12 mm per century.
Concrete Creates ideal mold growth enviroment, but increases chances of rusting of the reinforcement. May also Medium Model for the evolution of
cause free-thaw damage. concrete deterioration due
to reinforcement corrosion?
Increase in solar radi- | Yearly decrease in clouds as confirmed by | Steel Solar radiation has a very clear significant influence on the performance of steel. According to a study that High Solar radiation can be calcu-
ation (klimaatscena- KNMI, causing more exposure to sun radi- focuses on the influences of solar radiation and similar temperature influences on steel, it is concluded that lated
rios) ation temperature variations caused by non-uniform temperature variations, solar radiation included, should be
considered in the structural design.
Timber Photodegradation which can lead to coating failure. If the coating is necessary for protection this can be prob- | Medium Solar radiation can be calcu-
lematic. Ultraviolet light also degrades timber which can cause loss of strenght. lated
Concrete Local heat expansions & evaporation of water inside the concrete. The local heat can also cause the reinforce- | Medium Solar radiation can be calcu-
ment to rust. lated
Low pressure Jet Stream: Air pressure increase above Steel
the Mediterranean area & Decreasing air
pressure north of Scandinavia
Timber Low
Concrete Damaging to concrete that needs to heal, reduces the durability and compressive strenght. High
High humidity (kli- CO2 in athmosphere causes the average Steel High humidity influences the corrosion rate due to the increase in surface wetness; the moisture layer on High Steel corrosion can be calcu-
maatscenarios) temperature of the sea to increase. This steel forms at a relative humidity above 80% and a temperature above 0. When steel corrodes, the corrosive lated
intensifies the hydrological cycle, influ- reaction causes a change in the microstructure of the steel's surface, making it brittle and flaky. This way,
encing the humidity of the air. The humi- steel loses its mechanical strength and elasticity, severely impacting the structure's lifespan.
dity is also influenced by the jet stream. Timber High humidity is problematic for timber because it increases the material's moist content, but also creates a High Equilibrium Moisture Con-
good enviroment for timber-destroying fungi or bacteria. According to a research the biggest challenge for tent Formula
timber in light of climate change.
Concrete Slowed down curing (can be positive). Rusting of reinforcement and growth of mildew on concrete. Medium Model for the evolution of

concrete deterioration due
to reinforcement corrosion?
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Wildfire & Drought Lightning, sun's heat or human activities Steel Moisture doesn’t impact steel directly but humidity influences corrosion rates. Steel is vulnerable to fire. Medium
(geodataframe from cause wildfires. But also, when there is a
klimapedia) long-term drought, which will be the case
with climate change. . — . . _ — . — .
Timber Drought can positively influence timber. Yet timber remains high flammable. Medium Equilibrium Moisture Con-
tent Formula
Concrete The lack of moisture can cause shrinkage and cracking and surface cracking on large concrete surfaces. Exist- Medium
ing cracks and joints can widen, putting more strain on the structure and making it more vulnerable to failure.
Increased tempera- Increase in enviromental temperature. Steel It's complicated. See corresponding explanation in thesis. Low/Me-
ture (klimaatscena- dium
rios)
Timber Increased temperatures can be beneficial to timber structures due to a lower moist value increasing the Low/Me-
strenght of the material. But increased temperature can also be detrimental due to wood-eating organism dium
manifastation, plant growth, or brittle. Timber also expands with increased temperature.
Concrete Acceleration fo the Akali-Silica reaction. Potential increase in cracking ratio due to increased temperature. Low
Groundwater level al- | Due to rain & evaporation. But also sub- Steel Settling and shifting of structure. Stress on the material. High Terzaghi's general bearing
terations & subsid- sidence. Raise of seawater levels. The capacity (takes soil and wa-
ence (geodataframe grounwater level can either raise or lower ter into account)
from klimapedia) drastically. Draught leads to subsidence. . . — _ . - .
The groundlevel decreases. Timber Settling and shifting of structure. Stress on the material. High Terzaghl s general‘ bearing
capacity (takes soil and wa-
ter into account)
Concrete Movement of the ground puts stress on the concrete causing it to crack. It can also tilt the entire structure High Terzaghi's general bearing
exposing the reinforcement to unexpected movements. Acidic soil can also influence concrete. capacity (takes soil and wa-
ter into account)
Flood (geodataframe | Exposure to water and extreme loads. Steel Flooding causes three key issues: flood duration (material submerging), high velocity and flood-borne debris Low/Me- | Flood impact calculation
from klimapedia) Caused by extreme percipitation and/or and degradation of the materials. Steel is good in withstanding the flood-borne debris. The main issues rise dium
high sea levels. with the submering with water leading to corrosion.
Timber Weak to impact load. But also prone to become swollen and distorted due to exposure to moist. High Flood impact calculation
Concrete Prolonged submersion causes reinforcing steel to rust. But the concrete is also influenced due to its porous Low/Me- | Flood impact calculation
characteristics. Freezing of the water can cause even further harm. dium
Downburst & Wind Strong downdraft wind load caused by Steel Can help in changes of athmospheric moisture, which can increase corrosion. Low Wind load calculations
gusts storms. "These winds can easily cause
damage similar to that of a EFO (65-
85mph winds) or even EF1 (86-110mph . . . . — _ _ _ . . _ .
Timber Proven to be problematic due to improper engineering in context of high wind loads. Timber is also a com- Medium Wind load calculations

winds) tornado, and are sometimes mis-
interpreted as tornadoes. " (National
Weather Service) -> 65-85 mph = 104-136

mon material in hurricane-frequent areas, proving that extreme wind loads can be catastrophic.
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km/h. 86-110 mph = 138-177 km/h. Concrete Wind gusts can bend and flex concrete structures, leading to cracking. Vibrations can also cause fatigue and Low Wind load calculations
Strong wind load caused by storms. Maxi- cracking over time.
mum wind speed in Netherlands meas-
ured this year (2022): 114 km/h
Hail Solid form of precipitation that can dent, | Steel Nothing impactful happens.
shingle and glutter or crack.
Timber Hail can damage timber exposed to it, especially regarding the thin layers of external systems. The most com- | Low/Me-
mon damage is on timber roofs caused by strong winds and hail. It has been reported that hail impact has re- | dium
sulted in poor performance of roof coverings.
Concrete Potential chippinh and cracking. Low
Thunder Direct strike can cause a fire, chain failure | Steel Nothing impactful happens.
of connected elements and shock wave
damage. Can reach up to 30 000 °C.
Timber The heat of lightning can cause the burning of timber. Research has been done on evidence of timber struc- High
tures hit by thunderstorms in many previous centuries. Timber with a higher humidity content cracked more
quickly, with more significant damage and damage area. On the other hand, dry and low-density timber was
easier to burn. Thick timber was more difficult to be damaged by thunder.
Concrete Rapid expansion that leads to cracking. Medium
Storm/Heavy rainfall | Exposure to a lot of water with possible Steel Increases corrosion rates. High Steel corrosion can be calcu-
(geodataframe from low pH levels or acid rain (acid rain isn't lated
klimapedia) occuring in the Netherlands anymore).
Timber The moisture content of timber determines its structural performance of it. Since climate change results in High Equilibrium Moisture Con-
moist-related consequences such as a higher temperature, more rainfall and higher moist levels, it severely tent Formula
influences the potential of timber structures when exposed to it. Heavy rainfall can cause water to be ab-
sorbed by the timber, eventually leading to damage from swelling, shrinkage, cracking, and deformation.
Concrete Short-term heavy rainfall can reduce concrete's Compressive strength, splitting tensile strength, and shear High Model for the evolution of

strength by 50, 70, and 37%. The decline of the concrete microstructure is caused by the increase of the wa-
ter-binder ratio of concrete, and the short-term heavy rainfall influences that.

concrete deterioration due
to reinforcement corrosion?
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HOW CAN THE RESILIENCE
OF BUILDINGS CONCERN-
ING CLIMATE CHANGE IN
THE NETHERLANDS BE AS-
SESSED?

This chapter will develop an assessment method
for both flood impact and temperature changes.
This will be done based on previous studies
where each material is exposed to the event has
been analytically analyzed.

FLOOD IMPACT ASSESSMENT

Assumptions

For the initial development of the tool, the fol-
lowing assumptions have been made:

e The current tool will be developed for a
3 meter-high structure

e The structure will be one floor (Cur-
rently, no higher floors will be consid-
ered)

e The load in IFC specifies the number of
columns on the ground floor, but only 1
column will be evaluated for the initial
working tool.

e The script will be developed for two dif-
ferent connections: Fixed End Beam. PL
at Any Point & Simple Beam with PL at
Any Point.

e Theimpact of buckling is left out for now

Once the evaluation of one column is set, as-
sessing all columns or specific columns is a mat-
ter of slight further development of the code (In
this case, a for loop through all the necessary col-
umns).

Calculations

Similar studies

Upon investigating to find quantified assessment
methods for flood impact, several studies have
been analyzed where flood damage is measured
and calculated. Although these studies focused
on cavity masonry walls or dikes in the Nether-
lands, the determination of the impact value of
the flood remains the same: primarily hydro-
static, hydrodynamic, and breaking waves have

been taken into account. From this, it can be ap-
parent that these loads should play a role in as-
sessing flood impact in the tool (van Haren,
2021) (Jansen, 2019) (Chen, 2016).

Since the studies mainly focused on predicting
through calculation and then verifying through
simulations (either scaled-down models in prac-
tice or digital simulations), the used formulas
didn't seem to encapsulate a proper assessment
in the researched tool for this thesis and seemed
more theoretical than practical.

Thus, upon further research, the decision has
been made to opt for a building code's method
of assessing flood damage. Because building
code calculations ensure that even without a
simulation to compare afterwards, the practical
aspects have been taken mostly into account
(Gilbert Gedeon, 2011) (FEMA, 2011).

For this, the coastal construction manual of
FEMA (Federal Emergency Management
Agency) has been consulted.

The coastal construction manual (Determining
the loads)

The manual covers hydrodynamic and hydro-
static forces, which coincide, and breaking
waves. Another essential aspect that considers
urban context, debris impact loads, is also part
of the manual. Since urban context is relevant to
this thesis, this seemed like a valuable addition
and thus has been included. Specifically search-
ing for formulas to quantify these three events,
the following relevant information has been de-
rived from the manual for the tool:

The pressure that a static liquid, in this case, wa-
ter, exerts on a surface is known as a hydrostatic
force. Calculating the hydrostatic force per unit
width from flooding against a vertical part uses
the equation f_sta = 1/2 * gamma * ds2. Three
variables are needed in the formula: gamma,
which represents the specific water weight in kil-
ograms per cubic meter; ds, which represents
the design still water flood depth in meters; and
f_sta, which means the hydrostatic force per unit
width in kilograms per square meter. The hydro-
static pressure rises immediately in proportion
to the specific weight of the water and grows
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with the square of flood depth according to the
formula.

Hydrostatic Force Calculation

fsl‘a:%'}/'dsz

fies = hydrostatic force per unit width (kg/m) resulting from flooding against vertical element
cific weight of water (64.0%16.0185 Ib/ft* to kg/m?)

ds = design stillwater flood depth in meters

Figure 11 Hydrostatic Force Formula

The hydrodynamic force equation, F_dyn=1/2 *
Cd * rho * V2 * A, describes the force applied to
a column from a moving liquid, such as water.
This equation considers several factors, includ-
ing Cd, the object's drag coefficient; rho, the flu-
id's density; V, the fluid's velocity; and A, the ob-
ject's frontal area. According to the equation,
the hydrodynamic force acting on the object is
proportional to the square of the fluid's velocity
and the item's frontal area. The drag coefficient
represents the column's ability to move through
the fluid efficiently and differs per shape (square
versus round column).

Hydrodynamic Force Formula

den=%-cd'p'V2'A

Fayn = hydrodynamic force (kg)

Cy = drag coefficient (2.0 for square piles and 1.2 for round piles)
p = density of water (kg/m?)

V = velocity of water (m/s)

A = width * design water depth (m?)

Figure 12 Hydrodynamic Force Formula

Structures can be exposed to significant forces
from breaking waves, which can cause damage
or failure of components. Understanding the
physics and the loads occurring from breaking
waves is crucial for designing structures that can
withstand this event. The formula to calculate
this force is F_brkp =1/2 * C_db * gamma * D *
H b~2, where F_brkp represents the breaking in
kg, C_db is the breaking wave drag coefficient,
gamma is the specific weight of water, D is the
pile diameter, and Hb is the breaking wave
height which can be derived from the design still
water depth.

Braking Wave Load Formula

Fbrkpz%cdb'Y'D'Hg

Firkp = breaking force in kg

Cg» = breaking wave drag coefficient (2.25 for square, 1.75 for round)
y = specific weight of water (64.0¥16.0185 Ib/ft® to kg/m>)

D = pile diameter in meters

Hp = breaking wave height in meters (0.78 * ds)

Figure 13 Breaking Wave Load Formula

An object's force during a collision or contact is
called the impact force. Expressed in kilograms
(kg), it is determined by dividing the object's
weight times the velocity of water by gravita-
tional constant and the impact duration in sec-
onds. The formula to calculate this force is F_i =
w *V /g *t where F_i represents the impact
force in kg, w is the weight of the object in kilo-
grams, v is the velocity of water, g the gravita-
tional constant and the t is the duration of the
impact in seconds.

Impact Force Formula

WV
Fi=5+

F; = impact force in kg
w = weight of object in kg

V = velocity of water in m/s

g = gravitational constant in m/s?

t = duration of impact in seconds

Figure 14 Impact Force Formula

The type of object that collides differs per urban
setting. In a city, the chances that a car crashes
with the structure are higher than when a build-
ing is set in plains. To account for the type of ob-
ject that a structure is exposed to in an impact
scenario, the following settings and values are
used while using the Debris Impact calculation:

Type of ur- | Type of object Weight of
ban set- object (kg)
ting
(147 Car 1500
Village Small tree 655
Plains Bushes/Wood 454

debris
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Regarding the impact duration, since little refer-
ence material exists according to the manual,
the city of Honolulu's building code is consulted.
The building code makes a difference between
the used material for the structure. The building
code is similar to mathematical models from dy-
namic theory; an explanation of this theory was
beyond the scope of the manual but is also be-
yond the scope of this thesis. Regardless, the fol-
lowing values are used based on the building
code:

Material Impact duration
Concrete 0.1

Wood 1

Steel 0.5

Material properties

The tool will be developed for 3 types of materi-
als: concrete, steel and wood. These 3 types of
materials have their respective moment of iner-
tia and elasticity modulus. The following values
and formulas are used:

Material Elasticity Modulus
Concrete 30 000 MPA
Wood 11 000 MPA

Steel 210 000 MPA

The MPA can differ based on the concrete, wood
and steel type. Currently the tool will not take
this into account, but this can easily be added to
the code in the future as it is a matter of an ad-
dition.

Material Second moment of iner-
tia

Concrete Inertia = (((WidthMM *
(HeightMM**3))) / 12)

Wood Inertia = (((WidthMM *
(HeightMM**3))) / 12)

Steel Excel lookup table

Due to the different shapes of steel columns, the
moment of inertia will be derived from an Excel
table. The current code is only for square col-
umns. With a small adjustment this can be ex-
panded to round columns as well.

Working with the loads
The calculated loads in the previous chapter
need to be released on a column and

determined whether the structure can with-
stand it. Initially, the proper way to calculate col-
umns subjected to perpendicular loads is
through the finite elements model. But due to
the complexity and size of the topic of develop-
ing an open-source finite elements model tool, it
can be concluded that it is out of the scope of the
thesis and timeframe. Hand calculations from
StructX are used as a replacement, and the col-
umn has been treated as a beam. These calcula-
tions will later be compared to simulations in Ka-
ramba 3D to check whether it is a feasible way to
determine whether a column can withstand
these loads or not. See Image below for the vis-
ual representation of the load, image from the
Coastal Construction Manual.

Vertical Component

Flood ———_
Level

Eroded
Ground
Surface

Figure 15 Figure from Costal Construction Manual showcasing
the load context during a flood

Upon consulting one of the researchers (&
teacher) in the Faculty of Civil Engineering and
Geosciences at the TU Delft, it was concluded
that this load case can be translated into a fixed
end beam with simple support on the other side.
The fixed side representing the connection of
the column to the foundation. Since not every
column-foundation is fixed, the alternative for a
hinge connection will also be considered.
Making the load cases as follows (Formulas

from StructX):

For the one side hinge other side is simply sup-
ported:
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Determining the damage

In order to determine the amount of damage
that would occur to a variable structure with var-
iable material, python packages and software
was consulted. Upon further investigation, it was
clear that there was either no freely accessible
data for the Netherlands, or the sources which

4,(atpointofload). ... ...l = did have these kinds of data were behind a pay-
wall. The best option amongst all of the investi-

Figure 16 Fixed on both ends load case from StructX gated (see table below) is Climada and FEMA
For the one side fixed and the other side simply Hazus. But unfortunately, FEMA Hazus is behind
supported: a paywall and Climada is behind a big learning-

curve (Meant for climate scientists) and lack of
data (open source for material behaviour but
also flood intensities in the necessary format).

R

Climada Python Open-source. Climada graphs of damage do not
allow reading of the values x and y. Climate sets
need to be developed to assess properly. On a
very professional level for climate scientists.
Provides default flood damage graph, but the
values aren't retrieveable due to the limitation of
the function creating the graph {even though it's
plotted through matlabplot).

Delft-FIAT Python {?) | Claims to be open-source but nothing can be

FEMA Hazus Ar cgls + Behind a paywall due to Arcgis requirement (But
Hazu: students can get a license), not open source.
Figure 17 Fixed on one end and hinge on the other load case
from StructX 1ol ]
found, also not on the open-source page of
Deltares that was referred to in the presentation
pdf.
Damagescanner Python Open-source. Specifically developped by Dutch
people in regards to the context of the
Netherlands. Unfortunately no datasets for flood
damage, the package contains data on land usage
which was used for a paper that assessed flood
damage. Very early in development (v0.6),
example code doesn't run.
Fathom Flood AP, data In depth data & maps, but behind a paywall(?).
Hazard & maps Definitely not open <ource.
SMIC 1O 1dDIC UCOCTIDINE TIIOIHNES OF) CONDIOCTITO OQITICICIIL ]

Maximum allowed deflection

According to the International Residential Code
for One- and Two-Family Dwellings, the follow-
ing vertical deflections limits are given
(Weyerhaeuser Company, 2018):

ALLOWABLE
URAL MEMBER EFLECTION

azard assessment

Because of this, an alternative had to be sought
to be able to still somehow determine the
amount of damage that structures obtain in re-
spect to the flood depth. Unfortunately, this
couldn’t be categorized into materials, but a pa-
per has established an empirical formula for the
Figure 19 Table from Weyerhaeuser Company with allowable determination of flood damage in respect to
:;avf::t;l;rills;’l;tztli“:gslnternatlonal Residential code for One- and flood depth based on cases in ItaIy. The paper
also compares existing models from literature or
trained. According to the paper the following
L/240 is the value that will be used to determine root function is the best suited (Mattia Amadio,
the maximum allowed deflection for the col- 2019):
umns in the beam calculation.

This specific building code was chosen because it
applies to small structures. The current tool fo-
cuses on a 1 story structure.
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y=0.13VXx

y = Relative Damage (factor)

x = Water depth (m)

Figure 20 Relative damage prediction through water depth

The following graph shows the relationship of
the relative damage with the flood depth of the
root function:

Relative Damage vs Flood Depth

Relative Damage

4 6
Flood Depth (m)

Figure 21 Graoh showing relationship between flood depth and
the relative damage

Due to the timeframe of this thesis, this relative
damage prediction will be used in the flood dam-
age calculation.

Recovery & Repairs

Decay of Structure with flood frequency flood depth extremely low chance
Flood damage
prediction X Repair phase B

Preparation phase
A

o
=3

Structure (%)

7.5 10.0 12.5 15.0 17.5 20.0
Time (years)

Figure 22 Line graph containing 3 different portions: flood dam-
age, preparation phase and repair phase

Prediction X (As can be seen in the figure above)

is described in the previous chapters.

After the damage occurs, preparations and re-
covery & repairs occur. To determine the

timeframe before repair starts (Phase A), the
REDi Rating System is used (lbrahim Almufti,
2013). The rating system used is initially for
earthquake design. Still, since both earthquakes
and floods are environmental disasters and or-
thogonal loads on the structure, the values from
recovery from an earthquake are assumed to be
similar to that of a flood. Unfortunately, REDi
flooding is not out yet, so the earthquake version
is the best option for now. In the future, when
the flooding version is out, the values can be up-
dated.

For the recovery & repairing phase (Phase B), the
Performance Assessment Calculation tool called
PACT of FEMA will be used (FEMA). This tool has
fragility and consequences data that describes
losses and repair costs with times for different
materials.

Preparation Phase

Before the repairing phase starts, there is a re-
covery phase. The following assumptions and
choices have been made for this thesis’s situa-
tion:

For a structure, the number of workers for re-
pairing is supposedly 1 according to the guide-
lines for REDi for this thesis’s case.

The REDi graphs indicate of times with a proba-
bility of the time not being exceeded. To be con-
servative in the used values and minimalize po-
tential values that exceed, the probability of not
exceeding 90% of the cases is used.

Long-lead time components (components that
require processing and aren’t readily available)
will not be assumed for this thesis since Steel,
wood, and concrete is readily available. Potential
delays are also ignored since the values are al-
ready conservative.

This recovery phase is as follows according to
the REDi rating system:

e The first step is a post-earthquake, at
this moment flood, inspection. This in-
spection takes 10 days (probability of
90%) for non-essential facilities.

e Secondly, the design phase and the en-
gineering mobilization take place; in
this period, minor to major damage
downtime times are described, the
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values are respectively 10 weeks/20
weeks/75 weeks (Repair class 1/Repair
class 2/Repair class 3) with a probability
of 90%. The repair classes are described
in the table below.

e After this, the time required to secure
funds occurs. In the Netherlands, flood
damage is always covered (According to
the Consumers Association). For this
reason, the value of obtaining funds
from insurance is assumed. This is 25
weeks with a probability of 90%.

e After financing, a contractor needs to
be found. This takes longer than usual
due to the post-catastrophic event situ-
ation. For non-essential facilities under
20 stories, this value lies at 15 weeks
for Repair class 1 and 39 weeks for re-
pair class 2 and above.

e Obtaining permits is the next step. For
this, 3 weeks is assumed for Repair class
1 and 12 weeks for Repair class 3. Since
no value is given for repair class 2, this
value will be assumed to be exactly be-
tween 1 and 2: (12+3)/2 = 7.5 weeks.

o After all the preparations, the repair
time is obtained from a PACT analysis.
In the next subchapter, this will be done
for each material.

[ Repair

Class Repair Description
Heavily damaged srructural or non-

risk to ‘lfe-safety’ and must be repaired to achieve Re-occupancy

Consequently, e components must also be repaired to achieve

Functional Recovery and Full Recovery, since by definition they follow

Damaged al do not pose a ‘life-safety” risk

or oth g-0cC but must be repaired to achieve

component must all be repaired

definition it follows Functional

Minimal or minor cosmetic damage
components which do not hinder Re-occup:

must be repaired to achieve Full Recovery,

Figure 23 Repair Classes according to REDi Rating System (ARUP)

Recovery & Repairing phase

The following repair days can be extracted from
the PACT database for timber, steel and concrete
columns. Each repair time is based on 4 columns
(assumed structure in previous chapters):

I components which pose a

Material State Repair
time
(Days)
Steel Initiation of crack 15 to
(B1031.011a) 25
Brittle/Crack 22 to
31
Complete fracture of 25to
the column 36
Concrete Residual crack, but no 15 to
(B1041.001b) | fractures or buckling of 23
reinforcement
Residual cracks and ex- 23 to
posure of transverse 35
reinforcement and
joints.
Cracks in beam or 28 to
joints, longitudinal re- 43
inforcement exposed,
crushing of core con-
crete may occur. Rein-
forcement replace-
ment may be required.
Wood Minor cracking 1to4
(B1071.041)
Moderate cracking or 3to9
crushing (in corners)
Significant cracking 91to 30
and crushing, buckling
and tearing of tracks

Figure 24 Table with values from PACT FEMA

For the tool development, the highest values will
be assumed. Based on the deformation the state

will be linked.

The amount of repair days corresponding to the

state will be determined based on how much the
maximum deflection exceeds in the flood calcu-
lations.

For the linking of the damage classes to an
amount of deflection, values from HAZUS is
used. For exceeding 1 to 1.67 times the deflec-
tion limit, slight damage will be considered, cor-
responding to repair class 1. Whereas past 1.67
times the max deflection till 2.7 times the max
deflection a moderate damage will be assumed,
which means repair class 2. Lastly, past 2.7 times
the max deflection and further will be seen as
damage class 3, which means heavy damage.
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Damage | HAZUS Post earthquake Evidence Outage | Expected

Arrhenius Equation

Descriptor | Utility of Structures time | Ductility Faj

None (pre-yicld)

Cracking <3 ‘ 1.0
days

Slight Sligh

Moderate | Repairable damage Large cracks 3 ‘
cover spalled weeks |

Heavy | Trreparable damage Failure of 3 [
components months

Complete | Irreparable damage Partial/total
Collapse months |

Figure 25 Definition of damage states (HAZUS)

TEMPERATURE IMPACT AS-
SESSMENT

Assumptions

For the initial development of the temperature
assessment the following assumptions were
made:
e The outside temperature is also the tem-
perature that the structure is exposed to
(no cooling or heating considered). The
tools’ purpose is to show the difference
in degradation due to the increase in
temperature, not give a direct case spe-
cific indication because taking all the
contextual aspects (passive, cooling, Rc
value etc.) would be too much for the
scope of the thesis. The case-specific in-
dication can only be done when real life
predictions data are available, but the
tool can be extended to this.

e For timber, for now, the type of wood
used is pine wood. For further develop-
ment, the activation energy needs to be
adjusted accordingly to the type of
wood if this data is available. This type of
wood also needs to be extracted out of
the IFC model manually and/or user in-
put.

Calculations

Arrhenius equation

As mentioned in the previous chapter on the ma-
terials regarding corrosion being a problem for
steel, the Arrhenius equation plays a role in the
calculation and hereby the assessment of it.

k = Rate constant

A = Pre-exponential factor
E; = Activation energy

R = Gas constant

T = Temperature (in Kelvin)

Figure 26 Formula of Arrhenius Equation

The Arrhenius equation is a formula that uses
the temperature and activation energy of a de-
termined reaction and calculates what the rate
of this reaction occurring is in light of the varia-
ble temperature. This way, the influence of tem-
perature on the corrosion rate of steel can easily
be calculated. The equation is expressed as k =
Ae”(-Ea/RT), where k is the rate constant, A is
the frequency factor, Ea is the activation energy,
R is the gas constant, and T is the absolute tem-
perature. Below you can see the dependance of
temperature to the rate constant.

The preexponential factor and the activation en-
ergy is determined by the used material and pro-
cess/situation. The gas constant is a fixed value
of 8.31446261815324 J K-1 mol-1. The tempera-
ture here will be the variable based on current
and predicted climate data.

Mass loss rate over temperature

Mass loss rate (mol/fs)

290 300
Temperature (K}

Figure 27 Mass loss rate versus temperature graph based on the
Arrhenius Equation (Sample activation energy taken)
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After obtaining the rate constant for the particu-
lar reaction scenario, this can be converted into
a weight loss per seconds through unit conver-
tions.

The first step is dividing the rate (molecules) to
moles by dividing the value with the avogadro’s
number. This is 6.022e23.

Afterwards, the amount of moles can be con-
verted into a weight through a simple multiplica-
tion with the molar mass of the material.

For steel corrosion, the Arrhenius equation will
be used. The activation energy used is 32.47 *
1000 (J mol-1). For the preexponential factor
3.713 * 10725 is used. This value is based on re-
search on mild steel in acidic environment. The
same research also used the Arrhenius equation
to determine the corrosion rate (Hashim, 2020).

For the molar mass of steel, 55.845 gram/mole
is used (Mercer, 2017). This is based on Iron Fe,
this is because steel is predominantly made out
of iron. Around 90% of the weight of steel is from
iron.

For wood, the Arrhenius equation will also be
used, because the Arrhenius equation is also
used in wood degradation but also on determin-
ing timber damage when set on fire. The activa-
tion energy and preexponential factor is from re-
search that is modeling the pyrolysis of biomass.
Pyrolysis is the thermal decomposition of mate-
rials in elevated temperatures. The value used is
165.0 * 1000 (J mol-1). The preexponential fac-
tor used is 1.57* (10712). Both values are for
Pine wood (Soria, 2016).

For the molar mass of pine wood, since wood is
mostly cellulose and with taking calcium caught
up in the wood into account, C6H1206 + Ca is
used. The molar mass results fromhis 220.2339
gram/mole (plantchicago, 2018).

Corrosion of concrete

The corrosion of concrete’s steel is a bit more
complex due to the layer that is over the steel.
Different formulas derived from the Arrhenius
equation have been proposed by numerous re-
search. One paper gathered a decent amount of

those formulas, and compared them, eventually
ending up advising a new formula for the corro-
sion of reinforced concrete structures (Shi,
2023).

The following formula is proposed with all rele-
vant substitutions already applied:

1.64 30324

(1—w/je)

fogrr (1) = 1.38 ———exp (1.23 + 0.618InC; —

Ja+oC T(25+ RH)

Figure 28 Formula from the used report (Shi, 2023)

With w/c being the water/cement ratio, t being
time duration, C is the concrete cover thickness
in mm, Ct is the chloride content by weigfht of
concrete in kg/m3, T is the ambient temperature
in Kelvin, RH is the relative humidity and rho is
the concrete resistivity in kQ cm.

Corrosion rate over temperature

Corrosion rate (pAjem?)

290 300
Temperature (K)

Figure 29 Graph of the formula weighing corrosion rate over
temperature

The temperature in Kelvin and the relative hu-
midity are relevant for the assessment. Thus,
these values need to be obtained for the evalua-
tion tool somehow.
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Corrosion rate over humidity

£
S
<
1
1]
®
S
G
e
S
S

70
Humidity

Figure 30 Graph of the used formula weighing corrosion rate
over humidity

In this case the t will be year. The current for-
mula also considers that the corrosion will be
less throughout the years due to a firm protec-
tive layer forming when the steel corrodes, but
also the amount that can corrode decreasing.
For this reason, the formula should be run for
each year to get the correct outcome for each
duration/time.

Corrosion rate over time

Corrosion rate (uA/cm?)

40 60
Time (years)

Figure 31 Graph of the used formula corrosion rate over time

The formula returns the icor(t) in pA/cm2 per t.
The Faradays constant will be used to convert
the pA/cm2 per year into workable units. In a
published journal, the corrosion mass loss, for
steel in this case, was also determined by the far-
adays constant (Shuxian Hong, 2020).

The faradays constant allows for the conversion
of uA/cm2 to g/cm2 per year. The faradays Law
is as follows:

QM QM

 eNav  oF

Figure 32 Faradays Law formula (Wikipedia)

By substitution of the faradays law, the following
convertion formula can be used (ASTM Standard

):

By using 3272 for the K constant, the outcome is
mm/year.

Mass loss to performance loss

After finding the mass loss, the amount of col-
umn lost is defined. Based on this, a ratio can be
found, for example (extreme example) 20% loss
of the column in 20 years, which leaves 80% of
the column standing. This would result in a cross-
section loss of, if we assume the loss is equal on
all sides of the column, the cube root of the ratio
(Because 3 times the cube root of the ratio
equals the ratio). See the image below.

(0.8**(1/3)) * width

0.8**(1/3)) * height
height ( (3 e

Figure 33 Visualization of the cross-section with ratio loss

After finding the new height and width based on
losses on all sides, the new inertia for the mate-
rial can be calculated. Based on this new inertia,
the new deflection values can be determined
with the same flood loads calculated in year 0 for
the flood assessment. This way, the influences of
temperature on the degradation and the impact
of the degradation on the structural perfor-
mance can be calculated. This also shows that
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the flood calculation’s result is influenced by
time due to other climate-related aspects.

For a column made out of wood with a fixed con-
nection, 200mm x 200mm x 3000 mm in dimen-
sions and in a 5000 mm flood scenario (for sig-
nificant load values), the following old and new
deflection values can be calculated:

Old deflection: 56.81 mm
New deflection: 76.5 mm
Difference: 19.69 mm

For a mass loss of 5% in the same scenario, this
difference would be 4 mm.

WHAT METHODS CAN BE USED
TO NUMERICALLY ASSESS THE
RESILIENCE OF BUILDINGS IN
THE NETHERLANDS TO FLOOD
DAMAGE AND TEMPERATURE
INFLUENCES?

The impact of a flood on a structure can be as-
sessed by simulating the flooding damages with
deflection calculations according to the coastal
construction manual from FEMA. The outcomes
for each material, wood, concrete and steel, are
different due to the difference in Elasticity mod-
ulus.

The damage assessment can be done through
reference cases, in this case through a formula
defined based on data from Italy, and the recov-
ery and repair period can be determined by
FEMA and Hazus databases. The duration of the
recovery phase can be determined based on the
REDi rating system. All the respective formulas
and values can be input for the tool’s script.

When it comes to the influence of temperature,
an empirical concrete corrosion formula can de-
termine the mass loss, and the degradation of
wood and steel can be calculated through the Ar-
rhenius equation. For concrete, a specific for-
mula is used for corrosion because the concrete
layer needs to be considered. After getting the
corrosion ratios or the material degradation ra-
tio, they can be converted into mm/year through
the faraday’s equation.

After determining the mass loss, the new cross-
section size can be predicted, and this value can
be used to calculate the structural influence of
the mass loss. In this thesis, re-doing the deflec-
tion calculation was chosen because this reflects
back to the flood calculation, concluding that the
flood calculation is year bound because the in-
crease in degradation from temperature in-
crease directly influences the deflection amount.
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ASSESSMENT WITH PY-
THON

The previous chapter has determined the assess-
ment method; this chapter will proceed with the
suggested assessment method and start trans-
lating it into a script in python. The method of
how this is done and what relevant information
was needed, and how it was obtained is de-
scribed in this chapter.

IFC

For this thesis, IFC is chosen to be the file type.
The significance and power of IFC lies within the
fact that it is the universal communication
method between every kind of party in the con-
struction sector. IFC isn’t tied to particular soft-
ware and allows designers and companies to use
their preferred methods, making it a universally
preferred and easy method of sharing models.

Apart from that, the biggest strength of IFC, is
that IFC is the method of communicating infor-
mation and values in regard to components in a
building; every measurement and type of a com-
ponent is described within an IFC, making it eas-
ily accessible for anyone who needs to obtain in-
formation on specific components of a building.

Translating into a script

The model
The Python package ifcopenshell can be used to

read IFC models.

Regarding the IFC models used for the develop-
ment of the code. The following open-source
IFC files were used:

e Schependomlaan
e Medical Dental Clinic

e Esplanades, Estonia

These models are published by the Open BIM
Standards on Github. The repository can be
found under BuildingSMART Sample test files.
They can be found on GitHub.

For the assessment of the temperature and

flood resilience, the following characteristics of
the structure are relevant (Since we are as-
sessing columns only the component IfcColumn
is relevant):

e Height and Width of the column

e The material of the structure

e Length of the column

e (For steel) Thickness

e (Optional) Number of columns on the
ground floor

Other relevant information is location & type of
connection. These variables will be obtained us-
ing the frontend tool, and not derived from the
IFC, for user-friendliness and the freedom to
change the location to see what influence this
will have on the outcome.

Python Script Results

Setup

Initially the idea was to extract the height, width
and length information from the parameters of
the columns. Unfortunately, this wasn’t an effec-
tive method because the information manage-
ment within the model differed based on lan-
guage and in which software the model was
modeled (example: Revit IFC models had a dif-
ferent parameter naming than ArchiCAD). Be-
cause of this, an alternative had to be sought.

The alternative was directly assessing the geom-
etry of the column instead of the data. The script
is relatively simple because openifcshell already
has an example code on how to work with geom-
etries. With the example code, all columns’ ver-
tices is extracted. The vertices are grouped to-
gether lists. The lists are built based on x, y, z co-
ordinates in the respective order. Taking the z
values and finding the difference between those
2 values gives the column lenght.

The same is done for the height and width but
based on the x coordinates. This method works
because the geometries are all treated individu-
ally position-wise and not in an angle.

In terms of finding the material type, this is al-
ways in the name of the geometry. For this a sim-
ple python if statement is used, for example: “if
“steel” in list name”, then material = “steel” is
used.
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Findings

Dictionaries have different keys and pa-
rameter titles/names based on the
modeler's preference, the software it is
in (Archicad vs. Revit), etc. Due to the
differences in how the data Is stored in
dictionaries (relevant parameters were
under different key values), all needed
extraction of data methods need to be
in an independent way of how the key
in a dictionary is named

Due to the reason above extracting di-
mensions from the parameters of an
IFC element proved difficult. For this
reason, the dimensions need to be ex-
tracted from the geometry or shape.

A solution to the dictionary problem is
to directly assess the shape/geometry
of the columns and read the height out
of that.

Further research would benefit the au-
tomation of the values. While working
with different models and ifcopenshell,
it was found that the mpa could also be
extracted to have a more accurate cal-
culation.

Currently the example script provided
with this thesis only selects one pre-de-
fined column and does not run it
through all columns. A method of find-
ing how to determine whether the col-
umn connection is a hinge or fixed
would also be a great addition.
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FLOOD EVALUATION

Translating into a script

Determining the amount of flooding (Urban
Data)

Klimaateffectatlas offers data regarding flood-
ing. Flood amount and chance maps are specifi-
cally developed to inform the user how much
risk a location is exposed to and how deep it
might be. This data is valuable input for deter-
mining the loads to which a particular structure
will be exposed in its given location.

Klimaateffectatlas also has an APl that allows the
data to be loaded instead of downloaded. Given
how big datasets such as these might become
and how the downloaded version will have to be
updated manually in case changes occur, the API
is the preferred method for the tool.

The map "overstromingsdiepte" is used. This
map offers 4 different scenarios and gives a
flood depth for each scenario in meters:

e High chance: 1 in 10 year occurring

The first two chance scenarios are the most im-
portant regarding the lifespan of a building.

The model

Through the Python package ifcopenshell the IFC
is read, and the relevant data is extracted: type
of material, the column's dimensions (height,
width, and span) and whether it is on the ground
flood or not (here it is assumed that a flood will
not hit the columns on the first floor and above).
The user input is needed for the type of connec-

tion of the column. This is because not all IFC
models are detailed enough.

After obtaining the relevant details, the flood
assessment as described in the previous chap-
ter will be run. Following that, a deflection
check will be done whether it is exceeded or
not if it does a damage class and amount of
damage will be tied to the amount of deflection
and based on this the recovery and repair days
will be determined. The results of the amount
of damage on the structure and the repair and
recovery will be combined into a graph from

flooding matlabplot. See figure below for the flowchart
e Middle chance: 1 in 100 year occurring of the script.

flooding
e Small chance: 1 in 1000 year occurring

flooding

e Very slim chance: 1 in 100000 year oc-
curring flooding

Values based on
material
Check with Karamba
User input in Type of column T Figure 35 Flowchart Flood Assessment
interface connection
v
Fail = damage based
Hydrostafic and ] dagepm and Damage class
IFC model data - hydrodynamic | —— B assessment 1, 2 or 3
through Column dimensions calculations
. and material A
ifcopenshell
5 B g wave N Passffail on
calculation deflection
% dmg based on
dimaateflectatias Flood chance and .
APl amount Debris rr_pact I
calculation
Y R
Y e Pass =no
Hazus Recovery &
Repair values

> Debris weight
k.

Mass loss overall |

Figure 34 Flowchart of flood assessment
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Verifying/Checking the hand calcu-
lations

The current conditions are used:

design_stillwater_depths = [3, 3, 3, 3] (The loca-
tion does not matter here because the Stillwa-
ter_depth is fixed for the sake of this check)
connection = "fixed"
material = "concrete", "
Length=3 #m

Height =0.2 # m

Width =0.2 # m
Thickness = 0.07 # m (only for steel)

WaterType = "salt"

steel", "wood"

Figure 36 Sketch of setup in Karamba3D

Specifications (in meters)
Number | Material | Elasticit | Heigh | Widt | Flood Depth | Connectio | Thickness | Lengt
y MPA |t h n type h
1 Steel 210000 | 0.2 0.2 3 Fixed 0.07 3
Wood 11000 | 0.2 0.2 3 Fixed NA 3
3 Concrete | 30000 0.2 0.2 3 Fixed NA 3
Script result
Breaking wave HS + HD Debris impact
# | Load (kN) Deflection (mm) | Load Deflection (mm) | Load Deflection (mm)
(kN) (kN)
1 |6.21 0.20 11.71 0.37 16.27 0.52
2 | 6.21 1.05 11.71 1.97 8.14 1.4
3 |6.21 0.38 11.71 0.72 81.37 5.02
Karamba result
Breaking wave HS + HD Debris impact
# | Load (kN) Deflection (mm) | Load Deflection (mm) | Load Deflection (mm)
(kN) (kN)
1 |6.21 0.18 11.71 0.34 16.27 0.47
2 (6.21 0.78 11.71 1.47 8.14 1.02
3 [6.21 0.23 11.71 0.43 81.37 3.00

Figure 37 Script results Karamba3D
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The materials used for this calculation can be
seen in figure below.

The steel results are very close to each other,
mainly because Karamba has steel properties int
egrated within the package. Karamba is a tad
more complicated for concrete because rein-
forced concrete isn't easily taken into account,
the library for wood isn't extended as well. For
this, the WIP version of Karamba from GitHub
Was downloaded and used (Clemens-Preisinger,
2022).

Even though concrete and wood may not have a
result as accurate as steel, it technically does not
matter because the hand calculations' only dif-
ference in input is the Shear modulus. So the fact
that steel works appropriately means that the
hand calculations are accurate. The only possible
side note would be that materials besides steel
are less predictable with hand calculations. But
the main reason this check failed on the wood
and concrete end is most likely due to possible
faulty input in Karamba or the lack of options for
accurately calculating these materials in Ka-
ramba. Regardless, the values in Karamba are
lower than the hand calculations, which is ex-
pected because the hand calculations are more
conservative due to a lack of input. Because of
the amount of difference between the Ka-
ramba3D calculations and the hand calculations,
a warning that the deflection amounts being on
the conservative side should be mentioned in
the tool.

The Karamba script specifically for steel can be
seen in the next page. The entire script and an
image version of the entire script with the differ-
ent materials can be found in the GitHub reposi-
tory of this report.

Figure 38 Screenshots from used materials in Karamba3D

Figure 39 Screenshot from Karamba setup

{0;0}

{0;0}
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Karamba 3D Script
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Python Script Results

Setup
Based on the findings in the previous chapter

and the further implementation of it, a work-
flow/flowchart has been developed and this
script has been written.

The developed python script will be run over
different locations and flood depths in order to
test the assessment before integrating it in the
tool.

The following cases were chosen:

e Delft, TU Delft Bouwkunde (Low risk
zone) — Wooden Structure

e Arandom plain in Gorinchem — Con-
crete structure (Middle risk zone) See
Figure 41 A random plains in Gorinchem
(Goole Maps)

e lLandgoed de Brouwketel in Angeren
Wooden Structure (High risk zone) See
Figure 42 Landgoed de Brouwketel An-
geren (Google Maps)

e Fictional location flood depth 30, 20,
10, 10 — Wooden structure

e Fictional location flood depth 30, 20,
10, 10 — Steel structure

e Fictional location flood depth 30, 20,
10, 10 — Concrete structure

See Appendix A for the result graphs for each
case.

Figure 40 TU Delft Bouwkunde (Google Maps)

Figure 41 A random plains in Gorinchem (Goole Maps)

Figure 42 Landgoed de Brouwketel Angeren (Google Maps)
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Table with results

Location Lon/Lat Type of loca- | Material + Structure size Flood depths (Very Forces (kN) Deflections ex- Damage factor (0.22 =
tion (API (m) + connection type low, low, middle, (Very low, low, middle, high chance) ceeded for 4 22% loss) (Very low,
outcome) high chance in me- cases? low, middle, high

ters) 1=yes 0 = no chance)

Location 1: Delft, TU Delft y =52.005750 city of Delft connection = "hinge" 0000 overstromingsdiepte_extreem_kleine_kans 0,0,0,0 0,0,0,0

Bouwkunde (Low risk zone) — | x =4.370344 material = "wood" This location has no determined risk for flooding by Klimapedia

Wooden Structure - hinge Length=3 #m overstromingsdiepte_kleine_kans

Height =0.1 # m This location has no determined risk for flooding by Klimapedia
Width=0.1#m overstromingsdiepte_middelgrote kans
This location has no determined risk for flooding by Klimapedia
overstromingsdiepte_grote_kans
This location has no determined risk for flooding by Klimapedia

Location 2: Random Plain in y =51.855422 city of Gor- connection = "hinge" 2.9375, overstromingsdiepte_extreem_kleine_kans 1,1,0,0 0.22280877451303394,

Gorinchem (See Error! Refer- x=4.967723 inchem material = "concrete” 2.9375, For Design Stillwater Depth: 2.9375 0.22280877451303394,

ence source not found. Gor- Length =3 1.626, breaking 2.975733694778963 kN hydrodynamic + hydrostatic 0,0

inchem) - hinge Height = 0.1 0] 4.990860760975399 kN Debris 80.52202726583577 kN

Width = 0.1 overstromingsdiepte_kleine_kans

For Design Stillwater Depth: 2.9375

breaking 2.975733694778963 kN hydrodynamic + hydrostatic

4.990860760975399 kN Debris 80.52202726583577 kN

overstromingsdiepte_middelgrote_kans

For Design Stillwater Depth: 1.6265000104904175

breaking 0.9123184397195703 kN hydrodynamic + hydrostatic

1.69119645021365 kN Debris 59.91737768089467 kN

overstromingsdiepte_grote_kans

This location has no determined risk for flooding by Klimapedia
Location 3: Landgoed de y =51.920175 plains connection = "hinge" 3.960925817489624, | For Design Stillwater Depth: 3.960925817489624 1,1,1,0 0.2587269725320007,
Brouwketel in Angeren x =5.969967 material = "wood" 3.696451425552368, | breaking 5.41042934035227 kN hydrodynamic + hydrostatic 0.24994005099590386,

Wooden Structure (High risk
zone) - hinge

Length =3
Height = 0.1
Width = 0.1

3.232856273651123,
2.099125862121582

8.768099150404712 kN Debris 2.8300148272889585 kN
overstromingsdiepte_kleine_kans

For Design Stillwater Depth: 3.696451425552368

breaking 4.712032955533459 kN hydrodynamic + hydrostatic
7.691048429169645 kN Debris 2.7339014689095835 kN
overstromingsdiepte_middelgrote_kans

For Design Stillwater Depth: 3.232856273651123

breaking 3.6042184574828227 kN hydrodynamic + hydrostatic
5.972822047734835 kN Debris 2.5567222747681795 kN
overstromingsdiepte_grote_kans

For Design Stillwater Depth: 2.099125862121582

breaking 1.5195509652595331 kN hydrodynamic + hydrostatic
2.681502485674528 kN Debris 2.060201012278433 kN

0.23374188975171734,
(0]
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Location Lon/Lat Type of loca- | Material + Structure size Flood depths (Very | Forces (kN) Deflections ex- Damage factor (0.22 =
tion (API (m) + connection type low, low, middle, (Very low, low, middle, high chance) ceeded for 4 22% loss) (Very low,
outcome) high chance in me- cases? low, middle, high

ters) 1=yes 0 = no chance)

Case 1: Fictional location flood | NA City connection = "fixed" 5, overstromingsdiepte_extreem_kleine_kans 1,1,1,0 0.2906888370749727,

depth 5, 4, 3, 2 - Wooden material = "wood" 4, For Design Stillwater Depth: 5 0.26,

structure fixed Length =3 3, breaking 8.621410433040001 kN hydrodynamic + hydrostatic 0.22516660498395405,

Height = 0.1 2 13.680751151341104 kN Debris 10.505355776935875 kN 0]
Width = 0.1 overstromingsdiepte_kleine_kans
For Design Stillwater Depth: 4
breaking 5.5177026771456 kN hydrodynamic + hydrostatic
8.933189913072884 kN Debris 9.396275858019495 kN
overstromingsdiepte_middelgrote_kans
For Design Stillwater Depth: 3
breaking 3.103707755894401 kN hydrodynamic + hydrostatic
5.191334178804663 kN Debris 8.137413594011306 kN
overstromingsdiepte_grote_kans
For Design Stillwater Depth: 2
breaking 1.3794256692864 kN hydrodynamic + hydrostatic
2.455183948536442 kN Debris 6.644170377105031 kN

Case 2: Fictional location flood | NA City connection = "fixed" 5, overstromingsdiepte_extreem_kleine_kans 0,0,0,0 0,0,0,0

depth 30, 20, 10, 10 — Steel material = "steel" 4, For Design Stillwater Depth: 5

structure fixed Length =3 3, breaking 8.621410433040001 kN hydrodynamic + hydrostatic

Height = 0.1 2 13.680751151341104 kN Debris 21.01071155387175 kN
Width = 0.1 overstromingsdiepte_kleine_kans
Thickness = 0.07 For Design Stillwater Depth: 4
breaking 5.5177026771456 kN hydrodynamic + hydrostatic
8.933189913072884 kN Debris 18.79255171603899 kN
overstromingsdiepte_middelgrote_kans
For Design Stillwater Depth: 3
breaking 3.103707755894401 kN hydrodynamic + hydrostatic
5.191334178804663 kN Debris 16.274827188022613 kN
overstromingsdiepte_grote_kans
For Design Stillwater Depth: 2
breaking 1.3794256692864 kN hydrodynamic + hydrostatic
2.455183948536442 kN Debris 13.288340754210061 kN

Case 3: Fictional location flood | NA City connection = "fixed" 5, flood depth extremely low chance 1,1,1,0 0.2906888370749727,

depth 30, 20, 10, 10 — Con- material = "concrete" 4, For Design Stillwater Depth: 5 0.26,

crete structure fixed Length =3 3, breaking 8.621410433040001 kN hydrodynamic + hydrostatic 0.22516660498395405,

Height = 0.1 2 13.680751151341104 kN Debris 105.05355776935876 kN 0]
Width = 0.1 flood depth low chance

For Design Stillwater Depth: 4

breaking 5.5177026771456 kN hydrodynamic + hydrostatic
8.933189913072884 kN Debris 93.96275858019493 kN
flood depth middle chance

For Design Stillwater Depth: 3

breaking 3.103707755894401 kN hydrodynamic + hydrostatic
5.191334178804663 kN Debris 81.37413594011306 kN
flood depth high chance

For Design Stillwater Depth: 2

breaking 1.3794256692864 kN hydrodynamic + hydrostatic
2.455183948536442 kN Debris 66.4417037710503 kN

Deflection: Column is OK permitted amount is 12.5 mm occuring

amount is 0.1734 mm
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Findings

The random plain is considered a city by
the API, whereas it can be seen from the
location picture that it is a plain and not
a city setting. It is nearby the city,
though, but not close enough to be con-
sidered a case where debris loads of the
city should be applied.

Locations like Delft are not at risk of
flooding, so whatever material is chosen
does not matter regarding flood resili-
ence.

The location in Gorichem is outside the
city, so it could be a desired location due
to the housing crisis in the Netherlands.
But the flood chances on the site show
that it is essential to consider these val-
ues.

Steel is a flood-resilient material com-
pared to wood and concrete. This is es-
pecially true in dire circumstances with
flood levels exceeding 3 meters. So, in
the high-risk zones for flood or locations
with a flood, the amount flooded will be
higher than 3 meters. Concrete and
wood is a risky options unless over-di-
mensioning of the structure is the case.
This tool can quickly check whether it is
worth opting for a thicker column.

The used max deformation for all mate-
rials in this case is 12.5 mm, because all
cases had the length of 3m. This is a very
forgiving deflection amount, especially
for thin structures and columns. For this
reason, when this deformation is ex-
ceeded 100% of the predicted damage is
reduced from the structure health per-
centage.

Not rounding up numbers is relevant but
not the most appropriate way to present
it. Proper rounding ups need to happen
visually when showing these values in
the tool.
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TEMPERATURE EVALUATION

Translating into a script

The model
To compare the current and future situations

regarding climate change, both this kind of cli-
mate data needs to be obtained. Figure below
shows the workflow of the script.

Climate data
Since the climate data is relevant for being able

to calculate with the Arrhenius equation and
the corrosion formula for concrete, these val-
ues need to be obtained for the given location
(by the user). In order to do so an APl will be
needed. The following API’s have been consid-
ered while searching for the most suitable one
for this thesis:

Open-meteo turned out to be the best option
because it provides historical data, current
data, and future predictions. Openmeteo also
does not limit access regarding API calls, but
they do ask for a fair use (not more than 10 000
unless contacting).

Package Type Comment
KNMI API Requires APl key
knmy Python KNMI data. Limited to 2
package weather stations but no
API key required.
Open-meteo | API Completely free and

open-source, historical
data provided, climate
prediction data pro-
vided for different coun-
tries.

open- API 1000 API calls for free.
weather- Historical API paid. Only
map 5 days forecast available
and current weather.

visualcros- API 1000 API calls a day for
sing free, provides history
data, 15 days forecast
and more. No climate
prediction models in-
cluded.

Figure 43 Table with used packages and their respective com-
ments

v
Armrhenius equation Convert o %
I jon rate) —»| Firsi-order rale law T
= IFC model data material
L Concrete
KNMI now Structural performance
i i Vs 2050 Corosion formula ——»  Faraday's first law c‘;"s:er:? e m:::“ (= ——| change assessment through
o e n cross section and deflection
A
(i/iname data mmug;/ Humicily £22
openmeteo API
e - Convert to %
Pa Cormosion formula |—»| Faraday's first law et
OpenMetes
[E—]

Figure 44 Flowchart section of Temperature script
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Climate predictions

All used values will be based on predictions for
the year 2050.

Through open-meteo, data from the past year’s
entire year will be requested, and the maximum
temperature of that year and the average hu-
midity will be used. The predicted temperature
increase, and humidity decrease of KNMI will be
added to this value. For temperature, this is 2.3
Celsius, whereas, for the average humidity, this
is a subtraction of 2.5%. This way, the new
value will be the predicted value from KNMI.

These are the values that will be used for the
temperature assessment.

On the other hand, climate data predictions
from Germany Max Planck Institute for Meteor-
ology, Hamburg 20146, Germany will be real-
time requested through the API for the given lo-
cation by the user. The tool will show these val-
ues to the user to compare values between the
KNMI predictions. But also, to get a general idea
of the occurring changes for the given location.
These values aren’t directly meant to serve as a
comparison, indication and possible confirma-
tion to the predictions from KNMI.

Since the open-meteo APl and Max Planck Insti-
tute offer predicted values for a lot of themes,
the following values will be requested: max pre-
cipitation, max dewpoint, max relative humid-
ity, max windspeed and max temperature. This
will be done for both now and in 2050, both of
this data will be shown to the tool user. Next to
it the KNMI predictions will be shown.

Python Script Results

Setup

Through match statements for the material type
and the geometry data likewise from the flood
assessment, the formulas mentioned in the the-
oretical subquestion in the previous chapter will
be implemented in the script.

Based on the current temperature and the pre-
dicted temperatures for 2050 a corrosion rate

and rate of reaction will be calculated. This will
give an old rate and a new rate; both can be plot-
ted simultaneously.

Degradation of steel due to corrosion

o
=
=
=)
T
=

|
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o
=]
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=] =]

0.4 0.6
Time (years)

Figure 45 Representation of how degradation due to corrosion
would look like

After calculating this, the new deflection can also
be calculated.

CLIMATE RESILIENCE ASSESS-
MENT

Combining the outcomes

The % damage mass loss comes from the flood
assessment, whereas the structural mass loss in
time comes from the temperature assessment.
Both these are translated into a graph that is
combined. The combined graphs and precom-
bined graphs are used in the tool's user inter-
face and communicated to the designer. All the
scripts necessary for this process are published
on GitHub so it becomes open source. The de-
velopment of the user interface will be done in
the next chapter.

l

Mass loss overall
E— graph through 2= User interface ‘ Open-soti;ilehoode o
malabplot ‘ ' g
v

Figure 46 Portion of the overall flowchart where everything
comes together
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HOW CAN A CLIMATE RESILI-
ENCE ASSESS-MENT METHOD-
OLOGY BE EFFECTIVELY IM-
PLEMENTED INTO A SCRIPT US-
ING PYTHON WITH OPEN-
SOURCE PACKAGES?

Ifcopenshell is a great opensource package to
work with IFC models. Even if the IFC model isn’t
properly modeled in terms of data exchange
with regards to dimensions, ifcopenshell can
cover that up by getting vertices out of the ge-
ometry.

Regarding information necessary for flooding,
klimaateffectatlas offers an API to access the
necessary data. Using hand calculations for the
deflections caused by flood impacts proved to be
feasible with a Karamba3D comparison.

The current script for flooding has some short-
comings regarding determining the type of envi-
ronment, which is done through Open-
StreetMap’s, but it has proven to not always be
accurate. Further investigation on how this could
be done in a more accurate way is suggested.
Apart from that, the flood script can be evolved
further by expanding structural performance-re-
lated calculations instead of only deflections.

For temperature assessment, for the necessary
information open-meteo data is used. Open-me-
teo is open-source and completely free, and also
offers different future prediction data from cli-
mate change. This makes this API the perfect fit
for the job.

After obtaining the necessary information, with
the theory from the previous chapter a script can
be developed for each material to determine the
mass loss and plot both old and new in a graph.
Lastly what the influence of that mass loss in on
the deflection can be calculated.

The flood damage graph with the recovery and
repair can be combined with the mass loss from
the temperature calculations. This combined
graph will be the final outcome of the tool.

In the next page the flowchart of the tool can be
seen.
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THE TOOL’S FLOWCHART (BACK END)

Values based on
material
Type of column
connection
IFC model data Col p—
through and material
ifcopenshell
limaateffectatias Flood chance and
amount
A
v
Opensireeimaps Check location type:
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: IFC model data Structural material
Temperature now
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imate data ﬂrwg/ - ;
a/npmmeteu AP -1 L
Dpenietzo

Check with Karamba
A
. Fail = da based
ail = damage
Hydrostatic and on flood dagepm and Damage class
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flood depth
Debris impact ¥
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ry e Pass = no damage
Hazus Recovery &
Repair values
> Debris weight
¥
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graph through > User interface
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.| Arhenius eqguation o Convert to %
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Concrete
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THE TOOL

DEVELOPMENT

Initial idea

For the tool, the following criteria are set:

Open-Source

In Python to correspond to the back-
end, but also to prevent a higher learn-
ing curve on future contributors

Easy to use with only necessary input

A modern Ul/UX design instead of Win-
dows XP-like

The tool & relevant scripts will all be
uploaded on Github to make it open-
source

The user needs to be able to input loca-
tion and other necessary things

Possible methods

Packages
The following packages for GUI development in
Python are considered:

Proxlight-
Designer-
v2

Export figma designs to Tkinter.
Works only with images and posi-
tioning. Aside from that, it offers no
extra functionality. No 3d model
viewer whatsoever support. A good
option for developing small/not
many action applications that re-
quire looking "pretty" with images.

Matdeck
(from
Labdeck)

Solves the 3d viewer issue partially.
A lot of freedom for designing. Un-

fortunately paid tool. It does offer a
tutorial.

Mercury

Mercury is a package that translates
jupyter notebooks into a tool. It of-
fers less freedom than Tkinter in
terms of design. But Mercury is the
quickest and most efficient way to
make a simple tool.

Kivy

Package

Comment

Tkinter

Offers all possible functionalities
that Tkinter can have. Yet lacks sig-
nificantly in the design sense. It
looks ancient compared to today's
tools unless a lot of time is spent de-
veloping a good theme. Tkinter is a
GUI (Graphical User Interface)

customt-
kinter

The pre-built theme for tkinter. Easy
map input integration also offers a
pretty modern UI/UX. Lacks of
theme coloring require much ef-
fort/time to change. Also, has com-
plications in implementing 3d mod-
els. But aside from that, the ideal
option for a simple GUI.

Tkinter
designer

Exports figma designs to Tkinter.
Older than Proxlight Designer.
Works only visually. A good option
for developing small/not many ac-
tion applications that require look-
ing "pretty" with images.

Kivy needs to be installed, unlike
Tkinter. But it is an open-source
framework for developing inter-
faces. It offers possibilities for multi-
touch and mobile apps, unlike
Tkinter, which is mainly used for
desktop apps. Kivy is a NUI (Natural
User Interface). Kivy is smaller than
Tkinter in examples and documenta-
tion. It is making Tkinter an easier
option than Kivy.

Figure 47 Table with considered packages for the tool and com-

ments

Figure 48 Mercury Package (Picture from their website)

Customtkinter turns out to be the most applica-
ble given the criteria set for the tool. Cus-
tomtkinter is also a free and open-source pack-

age.

Customtkinter is also perfect regarding the tool's
modern look and input possibilities and comes
with a map where you can select the location.
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Problems

Tkinter brings a lot of complications in terms of
3D design. The initial proposal for the look of the
tool can be seen in the figure below.

Figure 49 Initial Design Idea for the tool

An attempt was made to implement a 3D viewer
in Tkinter for IFC models specifically. Unfortu-
nately, an IFC viewer isn’t necessarily supported.
This resulted in forcefully converting the IFC files
to obj files, but while doing so, the models
weren’t appropriately preserved. Because of this
reason, the attempt to bring the 3D viewer was
seized.

This 3D view will unfortunately not be viable to
replicate in Tkinter with the given time and the
knowledge required regarding Tkinter & Python
visual coding. Because of this reason, the 3D
view is scrapped as the assessment results can
also be shown in a graph and table instead. For
further development, implementing the 3D re-
sults view is the next step.

Figure 50 Screenshot of the progress of implementing 3D view

Ul/UX progress

The theme, options, maps & Colors

Regarding the options, the tool can be switched
from dark to light mode and the user interface
can be zoomed in or zoomed out with the scaling
function to suffice the tool for different screen
resolutions. This function was already part of

customtkinter, which makes this package a
strong choice in terms of Ul and UX.

The existing dark and light colors are locally al-
tered to enhance the tool's look. Shades of pur-
ple were chosen based on reference searches of
different kinds of dark modes. The purple dark
mode tools looked the most modern.

The following map views that can be selected are
implemented in the tool:

e OpenStreetMap

e Google Maps

e Google Satellite

e Stamen BW Map

The Ul and UX will be discussed in the next sub-
chapter. Two versions are made.

Version 1

Version 1 was designed with the idea that the
tool should show every necessary data with one
eye glimpse. Because only two events are as-
sessed, this will fit.

Figure 51 Screenshot of the tool, Dark mode

Different flood events, in this case, will be shown
based on the selected chance of flooding (1 in
100, 1 in 1000, etc., as described in the corre-
sponding chapter)
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Figure 52 Screenshot of the tool, Light mode

The interface will have the results of flood, tem-
perature, combined resilience graph, and gen-
eral input information separately but also bun-
dled together in a bigger frame. This way, the
user can distinguish between these 4 clusters
and have a proper overview of the input param-
eters while also looking at the results of each
theme or their combination.

Version 2

Version 2 focused on a cleaner and less “full” in-
terface where each theme and assessment has a
different view page. This version is also made
considering possible future expansions of the
tool.

Figure 53 Screenshot of developed alternative Ul for the tool

Unfortunately, this theme caused issues in color-
ing with the dark and light theme of cus-
tomtkinter because custom theme colors were
used.

A method to solve this is by making a theme file
from scratch or editing an existing one. But these
theme files are pretty big, and it would cost the
necessary time that is better used to improve
version 1 for the scope of this thesis. For further
improvement, version 2 is the better option.

Figure 54 Screenshot of the light mode issue with the alternative
ul

Logo

A logo is developed since the tool needs some
sort of image/representation on what it does
instead of leaving the app icon blank.

For the logo, the idea is to combine a graph
(due to the results being resilience in a graph)
and a shield (due to the shield representing re-
silience). Based on this principle, the following
logo has been designed:

Figure 55 Designed logo for the tool

The chosen colors are based on colors that
work well with dark and light modes in the tool.
Initially, purple was blue because, in psychol-
ogy, blue represents trust, and green repre-
sents sustainability and nature. But purple was
still picked over blue because this would fit the
tools’ theme color better (London Image
Institute, 2020).
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Final idea

Version 1 is definitely the better option for now
due to the complications in theme colors that oc-
cur with version 2 and the fact that only two as-
sessments are currently run. Hence the need for
an interface where more assessments can be
run, and a bigger area is reserved for the results
isn’t needed. But when the tool's back-end is fur-
ther developed into deeper assessments and dif-
ferent themes (more than flood and tempera-
ture), version 2 is definitely the version that
should be used instead.

For the final version of the tool, the backend as-
sessment (Flood assessment), load in IFC & Tem-
perature assessment will be combined, and the
script results will be projected through the inter-
face. The following proposal

See the image below for an indication of how the
tool should look. The real tool may vary depend-
ing on circumstances during development.

B3 Project T

Project T

IFC Data & Enviomentsl Data

CLIMATE
NOW AVG

TEMP
HUMIDITY
RAIN

IFC DATA

LOCATION
MATERIAL

AMOUNT OF COLUMNS
SPAN

ELASTIC MODULUS
DIMENSIONS
HINGE/FIXED

Flo

overstromingsdiepte_extreem_kieine_kans
For Design Stillwater Depth: 5.059999342779541

WHAT IS AN OPEN-SOURCE AP-
PROACH FOR CREATING A
FRONT-END TOOL IN PYTHON
TO ASSESS IFC MODELS?

The chosen and most applicable way for the cli-
mate resilience tool is through Tkinter. This en-
sures that the front-end code is also in Python,
just like the back-end (the assessments). In
terms of the design and looks of the tool, a cus-
tomtkinter package is used. Customtkinter pro-
vides an already partially set up User Interface
(Ul). For the tool's logo, a shield with a graph in
it is chosen, because this represents the tool's
functionality.

Through the usage tkinter in combination with
customtkinter, the tool is useable by download-
ing the corresponding packages in the Python
code. On the other hand, the back end is only
made through openly available APIs (that don’t
require keys) and Python packages. This ensures
that the entire tool is made of license-free soft-
ware/packages. The source code of the tool, as
well as the back-end assessment, are published
on github. This ensures the tool is open-source.

2050 AVG GERMAN
KNMI PREDICTION  Lone) o

STRUCTURE

TIME

Tempersturs Anslysis

VALUE  INFO ETC

breaking 17.659131133677306 kN hysdrodynamic 30.24066296728248 kN Debris 3.190641830824506

Deflection: Risk defected permitted amount is 10.0 mm occuring amount is 43,308 mm

.00

Deflection: Risk detected permitted amount is 10.0 mm occuring amount is 74.164 mm
Deflection: Column is OK permitted amount is 10.0 mm occuring amount is 7.845 mm

overstromingsdiepte_kieine_kans
For Design Stillwater Depth: 4.945999809285137

breaking 16.899627422847743 kN hydredynamic 29.035649154736163 kN Debris 3.163682903225043
kN

Deflection: Risk detected permitied ameunt is 10.0 mm occuring amount is 37.952 mm
Deflection: Risk detected permitted ameunt is 10.0 mm occuring amount is 65,216 mm
Celumn is OK permitted amount is 10.0 mm sccuring ameunt is 7.106 mm

1,0
overstramingsdiepte_middelgrote_kans
For Design Stillwater Depth: 4.7

s
breaking 15.561645831637202 kN hysdrodynamic 26.907073369096203 kN Dehris
2.0991112129125025 kN
Deflection: Risk detected permitied ameunt is 10.0 mm occuring amaunt is 28.637 mm
Deflection: Risk detected permitied ameount is 10.0 mm occuring amount is 51.244 mm
mn is OK permitied ameunt is 10.0 mm occuring amount is 5.902 mm

Tike Server

Theme: overstramingsdiepte_grote_kans OBVIGUSLY IN A CLEANER WAY
This lecation has ne determined risk for flooding by Klimapedia
[0.2924277€7205308, 0.2852317354243454, 0.2833224313301438, 0]

Ul Scaling:

Figure 56 Suggested filling method of the tool with the backend
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THE TOOL'’S FINAL DESIGN (FRONT END)

7 Project T — ]
IFC Data & Enviromenial Data Resulis Graph
2020 KN Germanmy Max Planck
Max Precipitation 1 ]
M uh-l'luh-'li{:':illﬁl 30 30 Very Low Chance Low Chance Medium Chance High Chance
Max wind speed (km/h) a0 40
M temperatiine (C) 0 20
2050 L] Germany Max Planck
Max Precipitation (mm) [ 1] 100
Max relative humidity [%) 30 30
Max wind speed (km/h) a0 40
M temperatiine (C) 0 20
IFC dakta
Material Steed (210000 MPA)
Maximum span im) 4
Height (m) 0.3
Width {m) 03
Thickness [m) 07
Flaad Anahfsis Temperalure Analysis

very Low Chance Low Chance Medium Chance High Chance

Flood am ount: {m) ¥
Max deflection (mm) 125
Forces
Hydrodynamic & Hydrostatic foroe [kN) 13
Drebwis impact (kN) 105
Breaking wave [kN) B
Dreflections
Hydrodynamic & Hydros tatic foroe (kM) 3
e . Debris impact (kKN) 14.5
T Server Openscetiap v Bresbing wave (M) ,
Mew scenario: 20 C icor = DUD30 mm,year
Theme: _ Predicted % Damage on structure (%) 3 Old seenario: 17 € icor = U010 mimyyear
Thee corrosion fake has b incradsd by 2008

Export
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CONCLUSION

HOW CAN WE ASSESS IFC MOD-
ELS REGARDING THEIR CLI-
MATE RESILIENCE CONCERN-
ING CLIMATE CHANGE IN AN
OPEN-SOURCE MANNER?

Climate change influences the climate in the
Netherlands. The changes that are occurring ac-
cording to KNMi are as follows:

e Temperature increase

e Condensation increases with higher
dew points

e More solar radiation due to decrease of
clouds

e Low pressure due to jet streams

e High humidity due to increase in tem-
perature

e Wildfires due to lightning, sun, heat and
human activities.

e Drought due to changed airstreams

e Subsidence due to drought

e Groundwater level alterations due to
rain, evaporation, and subsidence

e Increased chance of flooding. Caused by
extreme precipitation and/or high sea
levels.

e Downbursts, thunder & wind gusts due
to high jet stream behavior

e Hail due to heavy rainfall from increase
in condensation. temperature and high
humidity.

All these events have an either direct or indirect
influence on building materials. Common struc-
tural building materials are timber, concrete and
steel.

The most influencing changes for structural ma-
terials (resilience wise) are the following:

e Increase in moisture: Humidity,
heavy rainfall etc. due to increase in
corrosion and wetting of wood.

e Increase in temperature leading to
increased degradation of materials

e Subsidence leading to setting, shift-
ing and instability

e Flood leading to severe impact
damage

Flood damage and temperature influence have
been assumed to be the priority for this thesis
and further investigated on how to assess the in-
fluence.

Upon investigating a method for flood assess-
ment, deflection calculations based on the
FEMA coastal construction handbook are used
to simulate flooding damages while evaluating
the effect of a flood on a structure. Damage
evaluation uses calculations generated from
reference cases. The Hazus databases, the REDi
rating system, and FEMA are used to calculate
the recovery and repair times. These computa-
tions, formulae, and numbers may be written
into the script for the tool.

In terms of temperature effect, an empirical
concrete corrosion formula computes mass
loss, whereas the Arrhenius equation may be
used to assess the deterioration of wood and
steel. A unique formula considering the con-
crete layer is needed to calculate concrete cor-
rosion. Then, using Faraday's equation, corro-
sion ratios or material degradation ratios are
transformed into mm/year. It is now possible to
determine the new cross-section size and as-
sess its effect on structural deflection by antici-
pating the mass loss. This loss is also directly
tied to a structure's performance in flood,
bringing both events investigated together.

Both these approaches are translated into a py-
thon script using packages such as open-meteo
for climate data, klimaateffectatlas for flood
depths and ifcopenshell for extracting data
from IFC models.

The outcomes of both scripts are translated into
a graph, both graphs can be combined to show
how the events simultaneously happen.
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REFLECTION & DISCUSSION

Throughout this research period, the biggest
challenge was narrowing down the research to
an achievable scope in the given time frame. | re-
alize that some narrowing downs could’ve been
made earlier, and | have found myself several
times in a loophole where | was diving too much
into the details of a topic. | learned that | am not
the person that can keep surfaces unscratched
because | tend to get overenthusiastic and dig
deeper than the surface, leaving the surface
scratched.

Apart from still managing the timeframe with my
supervisors' help, | learned how to work with
APIs, learn about the changes occurring, learn
about material science more deeply: and most of
all learn how to develop a tool and an assess-
ment method. Ironically, in my previous study
(bachelor) | had found myself unable to get an
APl work but now with the help of my supervisor,
| was able to work with different APIs for the
tool, so that made me happy and realize the pro-
gress that I've made throughout the years.

Generally, the tool works. It definitely serves its
purpose of raising awareness and informing a
designer of the consequences of climate change
and their decisions. But it has a lot of room to
improve or be developed further. This is espe-
cially due to the size of this topic and theme and
the amount of knowledge and multidisciplinary
aspects that play a role in climate change. | think
the tool also lacks due to my lack of expertise:
the numerous departments I've been touching
with my topic are out of my knowledge and were
new territories.

Throughout my research | genuinely felt like |
was shifting from department to department. In-
itially | started with climate/weather science in
my first subquestion, the sources | consulted
were based on this department. This was espe-
cially the case because | was diving too deep into
why the changes occurred.

Afterwards for subquestion 2, the Building Tech-
nology aspect came more into place with Mate-
rial Science being the main theme.

Afterwards, for the development of the flood
portion of the tool | shifted into Civil Engineering
with the hopes of implementing their knowledge

in a Building Technology scenario, and for the
temperature, | moved into Material Science with
Corrosion Technology and Electrochemistry.

And lastly for the development of the tool | em-
braced my inner software development motiva-
tion.

| genuinely loved this thesis theme because it al-
lowed me to chase my curiosity in various topics.
And | genuinely think that this describes me the
best as an engineer: I’'m an engineer who is en-
thusiastic for multidisciplinary knowledge, | en-
joy chasing understanding of other departments
and bringing them to mine, setting unique con-
nections that otherwise wouldn’t have been sug-
gested at all. And | thank all my teachers that
supported me throughout my journey for this
growth of mine as an engineer :)

Regardless of the accomplishments and things
I’'ve learned, I've also realized and learned the
critical aspects of my tool. These critical aspects
will be described in their respective chapter be-
low.

The future changes

Currently the data used is based on the
klimaatsignaal of KNMI, and the old values from
the klimaatsecnarios 2014. The newest
klimaatsecnarios will be published around Octo-
ber 2023. In the near future the values used in
this thesis and the tool need to be updated to
the new scenarios of KNMI.

| am personally not expecting a great change in
the predictions versus the scenarios, but it is still
a value that may alter the outcome of the tools
assessment. So updating this in the future is im-
portant.

The influences of climate change
on structural performance

The matter of influences of climate change on
structural performance is a very big topic and
needed to be cut down to a feasible amount for
the timeframe of this thesis. Each event has a lot
of different correlated influences on a material,
making each event a thesis worthy on itself be-
cause, for example, finding the correlation be-
tween temperature, humidity, and other envi-
ronmental aspects in light of corrosion is
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disputed by different papers. So, in the end, this
thesis focused on a more general tool that ended
up making assumptions and leaving out aspects
that could’ve been relevant. So, a future im-
provement on the current progress through this
thesis would be a more in depth repeat of the
sub questions with the available knowledge al-
ready.

What makes this tool great is that all these
changes and calculations can then be added in
the future, because this thesis aimed to provide
the first loop/tool backbone. This backbone can
easily be extended and developed further.

IFC Models

Before delving into IFC models | had expected
that the standards for IFC had normalized a lot
of parameters names. To my surprise, this was
not the case and even amongst the software
where these models were modeled, there was a
clear difference in the data structure. This
proved that the data extraction from IFC models
is a more difficult process than it could have
been the extraction of the data had to be from
the model/shape’s location instead of the pa-
rameters. | hope this will be changed in the fu-
ture so data exchange can become easier.

Regardless in the end the IFC issue got solved,
due to the help of my supervisor. Values in terms
of geometry can be extracted through the
shape's vertices. This might prove complication
in particular cases and on the long run, but it at
least does work.

The IFC data extraction can hopefully be im-
proved when the information about objects be-
comes more readily available instead of hidden
behind dictionaries with different titles.

The flood assessment

The flood assessment turned out to become
something that merged both civil engineering
knowledge and building technology knowledge.
My background in building technology had not
given me enough knowledge on this matter, but
it had equipped me with the skills to be able to
understand these civil engineering topics. Be-
cause of this, this aspect of my thesis became a
very interesting merge of complex civil

engineering calculations and predictions and
simple hand calculations for designers in an early
stage.

Some improvement suggestions can be made

about the tool:

The tool can be expanded to take into consider-
ation subsidence because future subsidence can
lead to a higher flood height (An urban analysis
is required because it might also lower the
amount flooded due to different effects such as
the gravity effect described in the previous chap-
ter "Greenland & Arctic influences"). But since
this topic Is broad enough to the extent that it
requires a dedicated chapter, it wasn't imple-
mented considering the research timeframe.

Another improvement is on the further expan-
sion of the current assumptions that were made;
different load cases or connections can be imple-
mented in the code. Stress calculations can also
be executed aside from checking the defor-
mation.

Furthermore, the used values for the moment of
inertia and elasticity modulus are limiting, this
can be expanding by adding different shape se-
lections or extraction from IFC and adding a val-
ues database.

Lastly, an advanced tool can be implemented, or
past data specifically for the Netherlands can be
used to assess the damage done. Currently, the
damage assessment is based on data from Italy
and is only applied when the deformation
amount is exceeded. The deformation occurring
also needs to be expanded with buckling and/or
max deformation theory. The current tool as-
sumed various circumstances where these
weren’t applicable or needed.

One complication that arose during the usage of
the script was that some outer urban living areas
outside of the city aren't seen as villages but
plains. Another method for assessing the type of
location should be researched further.

Apart from all those listed, the flood assessment
only assesses direct flood damage, not what the
aftermath could cause to the materials. For ex-
ample, wood being an organic material would be
more prone to damage from exposure to water
and possible chemicals for a long period. The
materials each being assessed on the damage
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that could arise from flood water submersion
would greatly improve this assessment. This spe-
cifically for the fact that one material might be
good for the damage, but bad for the submer-
sion phase (Although this does not seem to be
the case for steel based on the material research
done pre assessment framework development).

The temperature assessment

The temperature assessment was a hard to bite
through one for me personally. This is because
all the influences that occur due to temperature
are either hard to quantify with an empirical for-
mula (for example things such as mold forming)
or the fact that it is a chemistry process.

Because of this, | had to delve into a very un-
known territory for me and learn about formulas
in chemistry to still be able to assess the direct
influence of temperature on degradation of ma-
terials. This made the temperature assessment a
very unexpected multidisciplinary chapter.

For me personally, the temperature assessment
is the most complicated portion of this thesis.
This is because the calculations used for this are
extremely new and out of my field. Currently the
results within the script most likely have round-
ing up mistakes or other likewise issues. This is
also the reason why the script’s results weren’t
written as part of this thesis.

The key improvement points for temperature as-
sessment would be fixing the usage/units of the
formulas for each material. The theoretical part
is set, but the backend coding is not progressed
enough.

The tool

| had never expected to visually code with Py-
thon since the norm is that other coding lan-
guages are opted for interface developments. So
being able to develop an interface with the cod-
ing language | personally feel most familiar with,
was a great experience.

Although the 3D viewer was not implemented in
the end due to technical difficulties, | hope this
will become easier In the future with the growth
of IFC models. Because being able to implement
a 3D viewer with python would make the

development of similar tools or the further de-
velopment of this tool way more impactful and
accessible for experts in different fields who do
not know how to code.
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AP P E N D Ix Decay of Structure with flood frequency flood depth high chance
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APPENDIX A: GRAPHS FROM
FLOOD DAMAGE
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Location 2: A random plain in Gor-
inchem

Location 3: Landgoed de Brouwke-
tel in Angeren
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Case 3: Fictional location Wood

Case 3: Fictional location Steel
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Case 3: Fictional location Concrete
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