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Abstract The effects of climate change can be seen in
many areas. Although there are many causes of climate
change (changes in solar radiation, differences in the
Earth’s orbit, continental shifts and changes in the
atmosphere), one of the most noticeable causes in the 21st
century is anthropogenic effects. One area where these
impacts can be seen is the construction sector in buildings
and building fagdes. Climate change will change
assumptions about facade design in the coming decades.
For this reason, it is important to develop climate change
projections for existing and new buildings. For this purpose,
the literature has three basic climate models. Therefore, the
aim of this study is to compare the condensation risk for a
wall section in a city with a humid-temperate climate
(Zonguldak, Turkey) using HadGEM, MPI and GFDL
climate models according to RCP8.5 scenario data for the
historical period 2015 and the future year 2081. Within the
scope of the study, the average temperatures and relative
humidity values were obtained from GDM (General
Directorate of Meteorology) by choosing 2081 and 2015,
which are frequently used in climate change studies based
on the literature. In the method, the projection results for
the historical and future periods were compared and
became the basis for the next stage. In the next step, based
on the literature, the condensation control in the wall
section was compared for the past and future using the
Glaser method, which is frequently used in condensation
control in wall sections and included in the TS 825 standard
created for Turkey, which corresponds to EN I1SO 13788

and DIN 4108 standards. According to the results, the
humidity and temperature fluctuations in the future period
and increase in averages are important problems that need
to be addressed in detail in fagade design and the impact of
condensation risk. Therefore, according to the
condensation control calculations made in the wall section
detail, condensation risk occurs in the future period.
Consequently, assumptions in facgade design will need to
change for existing and future buildings to accommodate
condensation risk.

Keywords Climate Change, Glaser Method, Future
Projections, Condensation Risk, Climate Change Models

1. Introduction

In a recent report, the UN Climate Change Secretariat
notes changes in climate indicators, including temperature,
precipitation, sea-level, ocean acidification and extreme
weather conditions [1]. Droughts, floods, hurricanes,
severe storms, heatwaves, wildfires, cold spells and
landslides are among the climate risks observed [2], [3].
The first climate change scenarios were developed by the
IPCC (Intergovernmental Panel on Climate Change) in
1990. Soon thereafter, an attempt was made to characterize
the impacts of climate change within the framework of
these scenarios. Today, the scenarios represent key drivers,
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processes, impacts (physical, ecological and economic) and
potential responses important for informing climate change
policies. The scenarios developed consider different
assumptions regarding population growth, energy use,
economies, technological developments and changes in
agriculture and land use [4]. Four scenarios exist based on
different emission scenarios called Representative
Concentration Pathways (RCPs) — RCP2.6, RCP4.5, RCP6
and RCP8.5. Of the four RCPs, RCP4.5 and RCP8.5 are the
most favored scenarios globally from the IPCC’s next
generation scenario family. The route with the maximum
radiative forcing and concentration is RCP8.5. This
scenario implies higher GHG emissions compared to the
other scenarios and indicates the upper limit of RCPs.
Under the RCP8.5 scenario, radiative forcing is assumed to
reach 8.5 W/m? and equivalent CO, concentrations around
1370 ppm in 2100 [5]. Concurring with a report by the
IPCC, high temperatures have been seen in certain
worldwide zones within the current decade. For example,
the temperature recorded for 2015 was so high that it was
acknowledged as the hottest year of the decade. Agreeing
with analysts, the mean temperature of the period between
2081 and 2100 is evaluated to be 0.3-4.8°C higher than that
between 1986 and 2005 [5].

Global climate models (GCMs, also known as General
Circulation Models) describe global climate statistics, such
as global mean surface temperature. Researchers have used
GCMs to evaluate the impact of climate change in many
study disciplines [6]. As a reflection of technology
development, calculations in GCMs have become easier,
computational capacity has increased, adding components
to the models has become easier and resolutions have
reached better levels (150-200km today, while it was
around 700km in the past) [7]. Regionally downscaled data
obtained from GDM (General Directorate of Meteorology)
and derived from HadGEM (Earth System Model of the
Hadley Center of the United Kingdom Meteorological
Office), GFDL (Geophysical Fluid Dynamics Laboratory)
and MPI (Max Plank Institute) for GCMs are used in the
study. To use GCM models in studies, it is necessary to
downscale them to regional data (RCM-Regional
Circulation Model). Some tools use downscaling methods
for  future GCM  weather data, such as
“CCWorldWeatherGen” or “WeatherShiftTM tool” for
building simulations [8]. In addition, the data
characteristics vary according to the study purpose and
simulation program to be used. For example, hourly data
are generally used in studies on energy performance and
buildings. Since a simulation program is not used in this
study and the method is based on monthly data, monthly
climate data is used.

More and more engineers and architects are considering
sustainability when designing buildings due to the ongoing
temperature rise brought on by climate change and its
potentially disastrous effects on building performance [6].
The built environment is susceptible to the detrimental
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effects of climate change, and among these sectors,
buildings are particularly vulnerable [9]. Climate change
impacts buildings in several important ways, including
increased flooding and winter storms, increased summer
cooling needs, greater risk of subsidence and water
shortages [10]. Such consequences are categorized by
Hrabovszky-Horvé&h et al. into four groups. The first
category is structural damage caused by environmental
events including landslides, storms, floods and snowfall.
The second category is building construction, which
includes problems with water supply and construction
fixation systems. Concerns about building materials, such
as diminished frost resistance, UV resistance and insulation
effectiveness, fall under the third category. The final group
demonstrates how higher outdoor temperatures brought on
by climate change impact the internal built environment
[11], [12]. According to future climate projections,
temperatures will increase, cooling demands will increase
while heating demands will decrease and precipitation
anomalies will be seen. According to Rahif et al. [13],
resistance to extreme temperatures and cooling strategies
will gain importance in buildings due to increasing
temperatures. Hayles et al. [14], in their study, reveal that
indoor conditions will deteriorate in the summer months as
a result of climate change in buildings in Wales, which is
in the northern temperate climate zone. Their study for the
summers of 2030 and 2070 shows the potential for lower
indoor environmental quality due to increased relative
humidity. Regardless of housing typology, relative
humidity will increase everywhere. Baborska-Naroznya
and Grudzinska [15] examined overheating in a high-rise
retrofit apartment block in Leeds, northern England, and
found it could be avoided if shading measures such as
blinds were in place to prevent excessive solar heat gains.
According to one study, although it varies according to
climate zones, cooling energy demand will be highest in
temperate and cold regions, and solutions such as thermal
insulation and shading in the building envelope will reduce
these effects, more studies are needed to determine whether
these will be sufficient [12]. When the studies are examined,
it can be seen that shading elements and insulation
improvements of existing buildings should be made in the
context of measures to be taken for building fagdes
regarding the impact of climate change.

From the viewpoint of the fagade, buildings are largely
responsible for over 40% of energy consumption and 50%
of air pollutant emissions due to significant heat losses
through the envelope. Therefore, improving energy
performance of building assemblies plays a key role in
improving the whole building’s energy efficiency.
However, fagade renovation needs a complex design that
considers not only the immediate reduction of heat losses,
but also specific issues such as durability, sustainability,
health and comfort of users [16]. The primary instrument
for assessing a building fagade’s performance is evaluation
of the condensation risk. Condensation occurs when water
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vapor in the air contacts a colder surface and turns into
liquid. This can happen inside building envelopes when
warm, moist air penetrates the walls or roofs and meets a
cooler surface, such as a metal or concrete element. The
result is moisture buildup that can lead to corrosion, wood
rot, cracked tiles or masonry, and other forms of material
degradation [17]. Flood-related dampness may lead to the
growth of mold, bacteria and protozoa on building surfaces,
which can release harmful bioaerosols into the indoor air
[18]. Additionally, structural weakening can happen when
moisture seeps into the building and causes concrete, steel
or wood to rust or degrade. Safety risks and expensive
repairs may result from this. In this regard, on-site
evaluations and costly, time-consuming laboratory tests
can be used to conduct hygrothermal, or heat and moisture
transfer analysis of the building envelope. The Glaser
approach and dynamic simulations can take the place of
these two methods for the design process [16]. The Glaser
method is described by the DIN 4108 and EN 1SO 13788
standards to define condensation and hygrothermal
performance [19], [20]. One limitation is that the Glaser
method assumes steady-state conditions, which may not
accurately represent the dynamic nature of climate change.
The application of the Glaser method with climate change
variables provides valuable insights into the condensation
risk in wall sections under changing climate conditions [21].
In the literature Verlag [19] compares the Glaser method
and WUFI-Pro, which is a hygrothermal analysis based
simulation software, in terms of moisture content. In
conclusion, Verlag [19] says that more accurate HAM
simulation may be able to rule out the risk of moisture
accumulation in situations when the envelope under
consideration fails the Glaser method assessment. For this
reason, a model of this type must also be chosen when
assessing moisture condensation. In another study, Cagman
and Unver [22] used Glaser method for analyzing the 3 wall
types with Kiiahya, Turkey’s climatic data. They put
forward the effect of insulation and wall material types in
context of condensation water amount with Glaser method.
Langmans et al. [23] present a useful three-dimensional
heat and vapour model for calculating the likelihood of
interstitial condensation in building enclosures. In actuality,
the model is a three-dimensional Glaser method
implementation. The paper concludes with a real-world
example, in which choosing a design for an energetic
retrofit of a curtain wall system shows how the model can
be applied. Biserni and Imbiombato [17] analyses a
building’s exterior wall as a means of condensation
problem with Glaser method. Regarding the case study, the
findings show that condensation happens in the winter and
that it's possible for the moisture to evaporate entirely in
the summer. Gotgbiewski and Pietruszka [24] show the
findings of a study on hemp-lime composite. The structure
of the external walls was determined using the test results,
and the Glaser method was used to analyze the risk of
interstitial water vapor condensation. It was discovered that
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in all Polish climate zones, there was either no
condensation at all or very little, in which case it did not
build up in the following years.

In the literature, studies are comparing HAM (heat, air
and moisture) tools and the Glaser method, and in these
studies, the superiority of simulation programs in terms of
analysis sensitivity has been demonstrated. As a result,
analyzing mold risk in wall sections using HAM tools or
the Glaser method is a different evaluation method
regarding the types of data they use and the outputs they
give. However, using the Glaser method, this study is
limited to mold risk analysis in wall cross-section with
future climate data. Future studies, as seen in the literature,
aim to make and compare analyses using these methods,
increase the number of climate change prediction models,
and make analyses with different scenarios.

Although projections have been made for different
places in the literature on climate change, the fact this study
was conducted for a province in a humid-temperate climate
in Turkey contributes to the literature in terms of providing
comparison with climate change studies conducted on
places with similar climates. In addition, as emphasized in
the literature, fluctuations in climate data in the future
periods and changes in peak values have been revealed with
the projections. The most important emphasis in the study
is that the moisture risk projections in the wall cross-section
provide information to architects about the facade design,
but the difference from similar studies is that it combines
the moisture problems that may occur on the facades with
analysis based on the literature and addresses the problems
that need to be considered for the future period with a broad
perspective.

1.1. Climate Change Projections and Effects on
Building Facades

Research has been conducted all around the world to find
out how climatic change affects the energy consumption
patterns of buildings [25]. For example, there will be more
frequent heatwaves of greater intensity and duration, and
the residential sector in Qatar will use 30% more cooling
energy [26]. The rise in heatwave frequency is an essential
feature of climate change. Only half the residential
structures have air conditioning equipment, according to a
survey in 2011. These facts may illustrate the idea that
these structures are not built to withstand extreme weather,
just regular cold climate weather conditions [6].

In addition, not many studies exist on how climatic
changes may affect building facdes. Important daily
weather processes that contribute to premature
deterioration of the exterior of structures as climate effects
include wind-driven rain (WDR), temperature fluctuations,
freeze-thaw cycles, frost effects, wetting and drying of
porous materials, the effects of solar and ultraviolet (UV)
radiation, and chemical deposition on metals from the
atmosphere [27]. WDR is one of the main sources of
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moisture for building exteriors. It can apparently affect
structural durability and hygrothermal performance.
Currently, most of the research with WDR distribution
emphasizes an isolated building rather than a combination
layout. WDR distribution is influenced by many factors
such as building shape, building configuration, wind
direction, wind speed and rainfall intensity, which
determine the complexity of related research [28]. Future
climate predictions are associated with an increase in
interstitial (between tissues) relative humidity, which will
lead to an increase in dampness and mold. It shows, in most
cases, the parts of buildings closest to the ground are most
affected by deterioration, as building materials (stones,
mortars, bricks) are porous and allow water to rise through
capillary action [29].

Climate has a significant impact on the performance of
facades and influences the deterioration and natural aging
of exterior building components throughout their service
life. Climatic factors, such as temperature, precipitation,
wind and solar radiation, interact directly with facade
claddings and trigger degradation mechanisms, resulting in
defects. Cladding is more susceptible to deterioration as it
is the outer layer of the fagde system and is directly
exposed to climatic loads such as temperature, solar
radiation, humidity, precipitation and wind, as well as
elements in the atmosphere (e.g., pollutants and living
organisms). External factors affect the performance of
renders and environmental actions are often the cause of
defects in fagde cladding. Exposure to high temperatures
can contribute to increased rate and depth of carbonation
[30].

Through dynamic thermal simulations, it was shown that
adequate use of PCMs would reduce total hours of
discomfort and cooling energy loads [31].

Analysis of Condensation Risk in A Wall Section in the Context of Climate Change Scenarios

Also, most studies on the impact of climate change on
corrosion are based on a dose-response function equation
and do not account for seasonal variability in the region.
For example, a Norwegian study Grentoft [32] shows that
increased  (decreased) precipitation in a region
synchronized with increasing (decreasing) temperatures
will lead to an increase (decrease) in corrosion. Moreover,
climate change is expected to result in an increase in
average temperature of 0.9-5.4 C depending on location by
the end of this century, which suggests the degradation of
plastics due to exposure to solar radiation will only increase
in the future.

As shown in Figure 1, the predictions and detrimental
consequences of climate change on structures can be
summed. High temperatures, one of the climate change
characteristics, will impact building air conditioning and
cooling systems, as well as how these systems function and
what they can do, as shown in Figure 1. The need for
cooling will grow, and as temperatures rise, so will the
energy requirements of structures. Moreover, there will be
a greater demand for natural and artificial shading. A
further effect of rising temperatures is a shift in indoor
comfort levels, which may call for more cooling and
propose using air conditioning and other alternative
remedies. The additional effects of climate change, such as
abnormal precipitation and elevated humidity, will have a
special impact on facades and fagade systems. Extreme
humidity will have a negative impact on building envelope
materials, causing corrosion and fungal growth, which will
shorten their lifespan and reduce their durability. Similarly,
severe temperatures may affect the lifespan of materials
used for facades, such as plastic. Flood effects will
specifically affect and damage buildings in coastal regions
and their foundations as one of the regional or local
outcomes relating to precipitation anomalies [33].
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Figure 1. Climate change effects on buildings and building equipment [33]
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It is important to understand how these impacts will
affect structures/building materials to be prepared for
possible changes in the future.

1.2. Condensation Risk and the Glaser Method

Moisture condensation is one of the main causes of
undesirable effects on building envelopes in terms of
materials deterioration, increasing the thermal conductivity
of insulation, weakening structures, and growing mold and
mildew [17]. Mold and mildew growth are consequences
of moisture condensation. These fungi thrive in damp
environments and can cause respiratory problems, allergies
and other health concerns. They also create unpleasant
smells and stains that can be difficult to remove.

There are many causes for moisture issues
(accumulation) in building walls, such as using wet
materials during construction, capillary rise from the
ground, rainwater infiltration or melting snow penetration,
water pipe leaks, persistently high humidity levels and
condensation of water vapor that traverses exterior walls.
In the literature, several approaches have been given to
address condensation issues, as discussed by Glaser,
Krischer et al., Luikov, Philip et al. and Bellia and
Minichiello [34],[35],[36],[37].[38]. Although the Glaser
method was first announced in 1957, condensation control
in wall sections is still included in the standards of
countries with this method [39]. TS 825 explains in detail
how to make condensation risk calculations for a wall
section using the Glaser method [39]. Also, this standard
matches with ISO EN 13788 [20]. This European standard,
which is also used in Turkey, includes a method with some
formulas for assessing the risk of other internal surfaces’
condensation problems.

In the Glaser method, first the monthly average
temperature and relative humidity values for one year are
obtained from a related source and after the indoor-outdoor
conditions are considered constant, vapor pressures and
partial vapor pressures are calculated and placed on the
wall section then condensation is evaluated. According to
this method, the point of condensation is when the value of
vapor pressure intersects the partial vapor pressure. In
addition, the material properties used in this method are
constant and the effects of heavy rain and sunlight are not
taken into account [40].

TS 825 explains step by step how to perform
condensation analysis in a building envelope according to
the Glaser method. Accordingly, the thermophysical
properties of the materials that make up the building
envelope must be known to conduct condensation risk
analysis: thermal conductivity calculation value, water
vapor diffusion resistance factor, thermal resistance and
water vapor diffusion — equivalent air layer thickness [39].

For indoor and outdoor conditions, indoor temperature
and relative humidity values are taken as a constant
temperature and relative humidity value in the annexes of
the same standard according to the type of building and are
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considered constant for all months within one year. For
outdoor conditions, average monthly temperature and
relative humidity values for each month for one year are
required. These values can be used from the measurements
in the studies or according to the climate zone as included
in the standard or from GDM [39].

Then, the wall section’s condensation status must be
checked every month for one year. For this, the heat flow
density of the building envelope for each month is
calculated with the formulas given in [39]. After finding the
temperatures of each surface with a heat flow density value,
the water vapor saturation pressures and partial water vapor
pressure values corresponding to these temperatures are
matched or calculated with the formulas given in the
standard. Finally, these values are shown on a graph for
each month and, if the partial water vapor pressure values
and saturated water vapor pressure values intersect,
condensation is present.

1.3. The Strategies of Reducing the Condensation
Risks on Wall Sections

Rain and humidity cause deterioration as a result of the
facade's interaction with the outside environment. Also,
facade surface area, room volume and material type affect
the condensation risk of a wall [41].

The likelihood of condensation is greatly influenced by
inadequate interior air ventilation. Surface condensation
appears because most of the current building stock has
inadequate ventilation [42]. According to Liu et al. [43],
ventilation systems can minimize condensation by 20%;
however, it should be noted that not all regions will benefit
from this finding.

In order to mitigate condensation risk in wall sections in
the context of climate change, it is crucial to incorporate
proper design and construction practices that account for
current and future climate conditions [44]. This can include
implementing moisture management strategies, such as
proper ventilation and insulation techniques, to reduce the
potential for warm, humid air to come into contact with the
cold surfaces within the wall section [45].

The resulting moisture can promote the growth of mold
and mildew, degrade building materials, and compromise
the structural integrity of the wall section. Therefore, it is
essential to implement effective design and construction
strategies, such as proper insulation and vapor barriers,
adequate ventilation systems, and regular maintenance
practices to mitigate condensation risk in wall sections. In
addition, regular monitoring and inspection of wall sections
can help detect and address condensation issues in a timely
manner, preventing further damage and maintaining the
overall performance and longevity of the wall section [46].
Furthermore, considering the differences in temperature
and moisture sources between the parapet wall and exterior
walls enclosing the interior space of a building is essential
[47]. Moreover, exploring the impact of climate adaptation
strategies, such as green roofs or rainwater harvesting
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systems, on condensation risk in wall sections is important
[48]. Also, analyzing the role of materials with improved
moisture control properties, such as hydrophobic coatings
or  moisture-absorbing  composites, in  reducing
condensation risk in wall sections is essential [27].
Investigating the effectiveness of novel insulation materials
and techniques in mitigating condensation risk in wall
sections under changing climate conditions helps to
prevent condensation risk. Thanks to developing predictive
models and tools that incorporate climate data, building
characteristics, and occupant behavior to assess and predict
condensation risk in wall sections under various climatic
scenarios will help architects and engineers todesign the
buildings and parts against climate change adverse effects.

In today's rapidly changing world, the significance of
accurate weather forecasts cannot be overstated [49].
Accurate weather forecasts are crucial for understanding
the changing climate conditions and their potential impact
on condensation risk in wall sections. In summary, the
increased risk of condensation in wall sections due to
climate change necessitates the implementation of effective
design strategies, regular maintenance practices, and
proper monitoring to mitigate condensation issues and
protect the integrity of wall sections.

In summary, the risk of condensation in a wall section is
increased due to climate change and its associated effects,
such as rising temperatures and changing precipitation
patterns. As climate change continues to progress, the risk

of condensation within wall sections is expected to increase.

Therefore, it is essential for architects and builders to
consider these factors and adapt their design and
construction  practices to address the increased
condensation risk in wall sections in the face of climate
change.

Future research trends should focus on understanding the
complex interaction between changing climate conditions,
building design and materials, urban planning strategies,
and occupant behavior. This will help in developing
effective mitigation strategies and technologies to
minimize condensation risk, ensure the durability and
performance of buildings, and create resilient and
sustainable built environments for the future.

1.4. Future Research Trends

Future research could include hygrothermal simulation
programs. In this way, more precise analyses can be made
using hourly data. In addition, the analysis performed by
the Glaser method in this study can be achieved with
simulation programs, and the results can be compared.

In future research, in addition to the future climate
change scenario RCP 2.6 used in this study, RCP 4.5 and
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R.C.P. 8 scenarios and more global climate models can be
used to compare the results.

Moreover, it could be studied that investigating the
potential impact of extreme weather events, such as
hurricanes and heavy rainfall, on condensation risk and
developing strategies to mitigate their effects on building
envelope integrity and condensation risk. Also, it could be
thought that investigating the potential impact of rising sea
levels on condensation risk in coastal regions, including the
developing strategies to protect buildings from saltwater
intrusion and its contribution to increased moisture levels
and condensation risk in wall sections.

With simulation programs that perform hygrothermal
analysis using hourly data that consider dynamic factors
such as real-time weather changes and changing climatic
conditions, more comprehensive analyses can be
performed using wall sections of different building types.

Ventilated facades can be included in the analyses, and
in addition to wall layers, wall joints can be examined
under different future scenarios in terms of humidity and
temperature with advanced simulation programs.

In addition, mitigation strategies that can be applied for
moisture control in a wall section can be an element of
investigation. In this context, it should be done
investigating the role of ventilation strategies in reducing
condensation risk and maintaining indoor air quality. Also,
it should be studied to explore the impact of building
orientation, shading, and insulation on condensation risk in
different climate zones. With analyzing the effectiveness of
moisture control measures, such as vapor barriers and air
sealing, in minimizing condensation risk in wall sections is
important.

Kinetic and controllable smart facades and their layers
can be studied under varying climatic conditions. In this
context, it should be studied that evaluating the potential
benefits and drawbacks of incorporating smart
technologies, such as sensors and actuators, to actively
monitor and control moisture levels in wall sections under
changing climate conditions.

The damages caused by moisture problems in wall
sections under changing climatic conditions can be
considered economically. For example, it is thought that
assessing the economic implications of condensation risk
and potential cost-effective strategies for mitigating it in
different building types.

One of the influential factors in the control of heat and
humidity in buildings can be the subject of human behavior.
So, examining the influence of occupant behavior on
condensation risk and developing strategies to promote
behavior changes that reduce moisture production and
increase ventilation is essential.
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2. Materials and Methods

As seen in Figure 2, for a wall section, temperature and
relative humidity data from three global climate change
models (HadGEM, GFDL and MPI) are obtained from
GDM for 2081. These data also include data from the RCP
8.5 scenario and 2015, which was chosen as the reference
year for the same location. The Glaser in-section
condensation control method is then described,
condensation analysis is conducted on a sample building
wall section for the reference year (2015) and the future

FUTURE

PROJECTIONS MODELS for 2081

COMPARISION
of the

PROJECTIONS
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projection (2081), and the condensation risks in the
reference year and future period are compared.

2.1. Projections and Comparisions of the GCM Models

First, monthly average temperature and relative
humidity data for Zonguldak province for the historical
period of

2015 and future period of 2081 were obtained from
GDM. Station numbers, GCMs and location information of
the obtained data are given in Table 1.

*PROJECTIONS of the GCM

*COMPARISION of the GCM MODELS
for 2081 (future year) and 2015
(reference year)

*CONDENSATION

COIIRIS N SREIO T ANALYSIS of the
ANALYSIS WALL SECTION for

2015 and 2081

Figure 2. This study’s method steps (created by authors)

Table 1.

Station grid numbers and names from which climate data are obtained (GDM)

Historical Year:
2015

Information about the Data Obtained

Future Year:
2081

Location Description Zonguldak

Latitude: 41.4564, Longitude: 31.7986 41
27' 23" north, 31°47' 55" east

Zonguldak

Latitude: 41.4564, Longitude: 31.7986 41
27' 23" north, 3147’ 55" east

GCMs -

GFDL, MPI, HadGEM

Station Grid Numbers and Names

Devrek/17613, Caycuma
Havaliman1/17023, Alapli/18265,
Gdkehey/18267, Acisu Tepesi Radar
Sahas1/17018, GUney Mendirek
Feneri/17453, 17022, Eregli/17611

3329
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According to Figure 3.c (GFDL climate change model),
the lowest temperature is 3.6°C in January and the highest
is 22°C in July. While the highest value in terms of relative
humidity is 87.5% in December, the lowest is 45.4% in
June. According to Figure 3.b. (HadGEM climate change
model), the lowest temperature is 5.1°C in December and
the highest is 30.8°C in July. While the highest value in
terms of relative humidity is 87.2% in December, the
lowest is 33.2% in July. According to Figure 3.a. (MPI
climate change model), the lowest temperature is 4°C in
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January and the highest is 26.1°C in June. While the
highest value in terms of relative humidity is 88.9% in
January, the lowest is 32.4% in June. In addition,
according to Figure 4, according to the annual average
temperature and relative humidity values of the stations
located in different grids of Zonguldak province in 2015,
the lowest temperature is 4.2°C in January and the highest
is 23.7°C in August. Among the relative humidity values,
the lowest average is 66% in April and the highest is 84%
in October.

MPI GLOBAL CLIMATE CHANGE MIODEL AVERAGE TEMPERATURE
AND RELATIVE HUMIDITY GRAPH OF RCP 8.5 SCENARIO DATA FOR
2081 FROM THE STATION 3329 IN ZONGULDAK PROVINCE
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Figure 3. a. Average temperature and relative humidity values from station 3329 according to GFDL GCM outputs and RCP 8.5 scenario for 2081
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Figure 3. b. Average temperature and relative humidity values from station 3329 according to HadGEM GCM outputs and RCP 8.5 scenario for 2081
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GFDL GLOBAL CLIMATE CHANGE MODEL AVERAGE TEMPERATURE AND
RELATIVE HUMIDITY GRAPH OF RCP 8.5 SCENARIO DATA FOR 2081 FROM
THE STATION 3329 IN ZONGULDAK PROVINCE
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Figure 3. c. Average temperature and relative humidity values from station 3329 according to MPI GCM outputs and RCP 8.5 scenario for 2081

MONTHLY AVERAGE TEMPERATURE AND RELATIVE HUMIDITY VALUES
FROM 8 STATIONS OF ZONGULDAK PROVINCE IN 2015
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Figure 4. Average temperature and relative humidity values from the eight stations of Zonguldak province for 2015

2.2. Wall Section Condensation Risk Analysis Based on
the Future Projections and Reference Year

Based on these GCM model outputs and 2015 data for
Zonguldak, a basic traditional wall section condensation
risk analysis was performed using the Glaser method.

First, the thermophysical properties (Table 2) of a wall
section (Figure 5) prepared for condensation risk analysis
using the Glaser method were obtained from TS 825 [39].

Then, using the thermophysical values of the layers
given in Table 2, calculations such as the U-value and total
thickness of the air layer were made to calculate the heat
flow densities required for the next stage according to the
same standard. For the final condensation check, the
necessary calculations were made using the values found in

the previous stages and the saturated and partial water
vapor pressures were calculated for each month and shown
in Table 3. These layer properties are also used for all
analyses.

For 2015, the water vapor saturation pressure and water
vapor partial pressure calculated for each month are
presented in Table 3.

Then, the surface and ambient temperature distributions
calculated from the monthly mean temperature and relative
humidity values of station 3329 in the Zonguldak grids of
the MPI, GFDL and HadGEM GCMs for 2081 and the
saturated water vapor and partial water vapor values
calculated from these values are shown in Tables 4, 5 and
6.
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Table 2. Thermophysical properties of building components [39]
Column 1 2 3 4 5 6 7 8
Num. Layer Layer Coefficient Diffusion Diffusion Thermal Resistance to Resistance
Thickness of water equivalent equivalent air | conductivity | heat transfer, to heat
vapor air layer layer value heat resistance transfer,
diffusion thickness thickness of material heat
resistance (cumulative) resistance
R of material
( Sd = (u.d) Ser= Lh Rr
- - m - m m W/(m.K) m2.K/W m?2.K/W
1. Inner surface 0.25 0.25
thermal
conductivity
resistance
2. Interior plaster | 0.02 15 0.3 0.3 1 0.02 0.27
3. Aerated 0.25 7.9 1.975 2.275 0.13 1.923 2.193
concrete wall
4, Cement based | 0.03 25 0.75 3.025 1.2 0.025 2.218
exterior
plaster
5. Rock wool 0.04 1 0.04 3.065 0.035 1.1428 3.360
insulation
6. Mineral based | 0.02 25 0.5 3.565 0.8 0.025 3.385
exterior
plaster
7. Outdoor - - - - - 0.04 3.425
surface
thermal
conductivity
resistance
Sar = 3.565 1/U=3.425
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Figure 5. Wall section and layers
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Table 3. Water vapor saturation and partial pressure values according to 2015 GDM data for Zonguldak province
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MONTHS 8 outdoor | O e 04 04 03 02 01 0 1= 0i 0 indoor
Env. + RE€ .q —Rig Env.

JANUARY 834 836 856 1309 1319 2569 2584 2805 SATURATED VAPOR PRESSURE
1683 PARTIAL VAPOR PRESSURE

FEBRUARY 1202 1214 1234 1647 1657 2634 ‘ 2647 2805 SATURATED VAPOR PRESSURE
9015 1683 PARTIAL VAPOR PRESSURE

MARCH 1209 1222 1245 1656 1666 2636 ‘ 2649 2805 SATURATED VAPOR PRESSURE
870 1683 PARTIAL VAPOR PRESSURE

APRIL 1649 1659 1677 2004 2014 2695 ‘ 2703 2805 SATURATED VAPOR PRESSURE
1088 1683 PARTIAL VAPOR PRESSURE

MAY 1804 1813 1828 2120 2126 2711 ‘ 2719 2805 SATURATED VAPOR PRESSURE
1443 683 PARTIAL VAPOR PRESSURE

JUNE 2553 2556 2551 2631 2634 2771 ‘ 2788 2805 SATURATED VAPOR PRESSURE
1914 1683 PARTIAL VAPOR PRESSURE

JULY 2774 2771 2774 2785 2785 2802 ‘ 2802 2805 SATURATED VAPOR PRESSURE
2108 1683 PARTIAL VAPOR PRESSURE

AUGUST 2928 2925 2928 2887 2887 2822 ‘ 2813 2805 SATURATED VAPOR PRESSURE
2342 1683 PARTIAL VAPOR PRESSURE

SEPTEMBER 2173 2186 2202 2395 2397 2755 ‘ 2758 2805 SATURATED VAPOR PRESSURE
1673 1683 PARTIAL VAPOR PRESSURE

OCTOBER 1649 1659 1677 2004 2014 2695 ‘ 2703 2805 SATURATED VAPOR PRESSURE
1385 1683 PARTIAL VAPOR PRESSURE

NOVEMBER 1383 1393 1414 1795 1806 2660 ‘ 2671 2805 SATURATED VAPOR PRESSURE
1037 1683 PARTIAL VAPOR PRESSURE

DECEMBER 907 918 940 1387 1398 2584 ‘ 2600 2805 SATURATED VAPOR PRESSURE
716 1683 PARTIAL VAPOR PRESSURE
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Table 4. Surface and ambient temperature distribution and corresponding saturated water vapor and partial water vapor values at station 3329 in the

Analysis of Condensation Risk in A Wall Section in the Context of Climate Change Scenarios

Zonguldak grids of the MPI GCM according to the monthly average temperature and relative humidity values for 2081

q=U .(Bi 0 outdoor | O yd= 04 04 03 02 01 0 yi= Oi 0 indoor
- ee) Env. +Re q -Ri q Env.
January 5.529

Saturated Water Vapor Pressure | 812 825 836 1287 1299 2563 2580 2807
Partial Water Vapor Pressure 722 1684
February ‘ 5.412

Saturated Water Vapor Pressure | 836 848 859 1310 1322 2567 2584 2807
Partial Water Vapor Pressure 700 1684

March ‘ 4.248
Saturated Water Vapor Pressure | 1101 1113 898 1258 1267 2150 2164 2807
Partial Water Vapor Pressure 794 1684

April ‘ 2211
Saturated Water Vapor Pressure | 1748 1757 1764 2071 2079 2705 2714 2807
Partial Water Vapor Pressure 1082 1684

May ‘ 0.873
Saturated Water Vapor Pressure | 2336 2341 2344 2493 2497 2767 2770 2807
Partial Water Vapor Pressure 1086 1684

June ‘ -0.902
Saturated Water Vapor Pressure | 3379 3375 3361 3162 3158 2847 2845 2807
Partial Water Vapor Pressure 1094 1684

July ‘ -0.843

Saturated Water VVapor Pressure | 3339 3331 3323 3139 3135 2845 2843 2807
Partial Water Vapor Pressure 1268 1684
August ‘ -0.087
Saturated Water Vapor Pressure | 2859 2857 2853 2838 2838 2811 2811 2807
Partial Water Vapor Pressure 1315 1684

September ‘ 1.251

Saturated Water Vapor Pressure | 2155 2162 2164 2366 2371 2748 2753 2807
Partial Water Vapor Pressure 1480 1684
October ‘ 1.891
Saturated Water Vapor Pressure | 1876 1884 1841 2112 2119 2720 2727 2807
Partial Water Vapor Pressure 1422 1684

November ‘ 3.084

Saturated Water VVapor Pressure | 1439 1450 1458 1832 1841 2666 2678 2807
Partial Water Vapor Pressure 881 1684
December ‘ 4.074

Saturated Water Vapor Pressure | 1147 1159 1169 1594 1602 2624 2639 2807
Partial Water Vapor Pressure 903 1684
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Table 5. Surface and ambient temperature distribution and corresponding saturated water vapor and partial water vapor values at station 3329 in the
Zonguldak grids of the GFDL GCM according to the monthly average temperature and relative humidity values for 2081

q=U .(0i-0¢) 0 outdoor | Oy=04a| O, 0, 0. 0. 0yi=0i | 0 indoor
Env. +Re q -Ri q Env.
January 5.645
Saturated Water Vapor Pressure | 790 802 812 1264 1277 2556 2577 2807
Partial Water Vapor Pressure 558 1684

February I 4.306
Saturated Water Vapor Pressure | 1086 1099 1109 | 1539 1550 2615 2629 2807
Partial Water Vapor Pressure 849 1684

March ‘ 5.00
Saturated Water Vapor Pressure | 921 934 944 1389 1401 2583 2600 2807
Partial Water Vapor Pressure 72 1684

June I 0.552

April ‘ 3.812
Saturated Water Vapor Pressure | 1227 1239 1248 | 1659 1670 2637 2650 2807
Partial Water Vapor Pressure 1036 1684

May ‘ 2.328
Saturated Water Vapor Pressure | 1704 1714 1720 | 2039 2047 2700 2709 2807
Partial Water Vapor Pressure 1042 1684

Saturated Water Vapor Pressure | 2500 2503 2502 | 2602 2605 2780 2784 2807
Partial Water Vapor Pressure 1135 1684
July ‘ 0.291
Saturated Water Vapor Pressure | 2642 2644 2642 | 2697 2699 2792 2794 2807
Partial Water Vapor Pressure 1910 1684

August ‘ 0.552
Saturated Water Vapor Pressure | 2500 2503 2502 | 2602 2605 2780 2784 2807
Partial Water Vapor Pressure 1135 1684

September ‘ 1.658
Saturated Water Vapor Pressure | 1973 1981 1986 | 2237 2244 2730 2737 2807
Partial Water Vapor Pressure 1357 1684

October I 3.113
Saturated Water Vapor Pressure | 1429 1441 1450 | 1826 1835 2666 2678 2807
Partial Water Vapor Pressure 1206 1684

November ‘ 4.539
Saturated Water Vapor Pressure | 1029 1041 1051 | 1488 1499 2604 2619 2807
Partial Water Vapor Pressure 853 1684

December ‘ 5.412
Saturated Water Vapor Pressure | 836 848 859 1310 1322 2567 2584 2807
Partial Water Vapor Pressure 732 1684
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Table 6. Surface and ambient temperature distribution and corresponding saturated water vapor and partial water vapor values at station 3329 in the
Zonguldak grids of the HadGEM GCM according to the monthly average temperature and relative humidity values for 2081

q=U .(ei 0 outdoor | O = 0 0. 0 0. 0. 0 yi= 0i 0 indoor
- ee) Env. +Re q - Ri q Env.
January 3.550
Saturated Water Vapor Pressure | 1294 1306 1324 1723 1733 2648 2660 2807
Partial Water Vapor Pressure 983 1684
February I 3.812
Saturated Water Vapor Pressure | 1219 1239 1248 1659 1670 2637 2650 2807
Partial Water Vapor Pressure 980 1684
March ‘ 3.637
Saturated Water Vapor Pressure | 1269 1280 1290 1694 1705 2644 2656 2807
Partial Water Vapor Pressure 1073 1684
April ‘ 1.338
Saturated Water Vapor Pressure | 2115 2121 2125 2338 2344 2745 2750 2807
Partial Water Vapor Pressure 1046 1684
May ‘ 0.669
Saturated Water Vapor Pressure | 2440 2443 2444 2562 2566 2775 2779 2807
Partial Water Vapor Pressure 1403 1684
June I -1.0185
Saturated Water Vapor Pressure | 3460 3449 3439 3211 3207 2853 2850 2807
Partial Water Vapor Pressure 1889 1684
July ‘ -2.269
Saturated Water Vapor Pressure | 4438 4413 4388 3779 3768 2911 2904 2807
Partial Water Vapor Pressure 1473 1684
August ‘ -1.629
Saturated Water Vapor Pressure | 3911 3895 3880 3480 3472 2881 2876 2807
Partial Water Vapor Pressure 1427 1684
September ‘ 0.640
Saturated Water Vapor Pressure | 2455 2458 2458 2572 2575 2777 2780 2807
Partial Water Vapor Pressure 1374 1684
October I 2.560
Saturated Water Vapor Pressure | 1618 1656 1635 1972 1981 2689 2699 2807
Partial Water Vapor Pressure 1127 1684
November ‘ 3.899
Saturated Water Vapor Pressure | 1194 1206 1217 1633 1643 2632 2645 2807
Partial Water Vapor Pressure 1037 1684
December ‘ 5.208
Saturated Water Vapor Pressure | 878 890 900 1349 1361 2575 2592 2807
Partial Water Vapor Pressure 765 1684
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Vapor diffusion plots are then drawn for all months for
reference year and 2081. For 2015, the saturated vapor and
partial vapor pressure values never intersected, but they
came closest in January (Figure 6).

Figures 6, 7 and 8 show the diffusion plots for the wall
sections. There is no risk of condensation in 2015. However,
there is a risk in 2081 according to the GFDL and MPI
climate models. Again, these risks are different and the
mass of condensation should be calculated to specify the
risk level. Incidentally, there is no risk based on the
HadGEM climate model output.

First, in Figure 6, no condensation is detected according
to the diffusion plots generated according to the monthly
average temperature and relative humidity values for
Zonguldak province in 2015, according to the data obtained
from GDM. Here, the data obtained from GDM (Table 1),
average monthly temperature and relative humidity values
for the eight stations in Zonguldak province grids are used.

834(Pa)

836854,
667(Pa).

L
H
g
[

(cm) 0.5 0.04 075
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While the most problematic month was January 2015, no
condensation is observed.

As shown in Figure 7 condensation occurred in the
insulation layer for the wall section in January and March
2081. In this case, the amount of condensed and evaporated
water should be calculated and how much the layers in the
wall section will be damaged should be checked and
whether this will exceed the amount specified in the
standard. There is a risk of condensation in the insulating
layer based on the GFDL model in December 2081 (Figure
8). Finally, different levels of water mass condensed in the
wall layer of the year 2081 according to GFDL and MPI
model outputs. Moreover, the condensation risk occurs in
one month based on GFDL and two months according to
the MPI model. According to the results of the climate
models, it is necessary to make calculations in accordance
with the standard to determine whether the condensation
water masses at different levels reach the limit value.

2805(Pa)
2569 2584

/

1683(Pa)

1975 0.3(em)

According to Sd (Diffusion equivalent air layer thickness ) January 2015
diffusion graph of wall cross-section

Figure 6.

January 2015 diffusion graph of wall cross-section according to diffusion equivalent air layer thickness
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Diffusion graph for January 2081 according to MPI model outputs
and station 3329 data according to Sd (Diffusion equivalent air layer thickness)
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Figure 7. January and March 2081 results of the MPI model of the diffusion diagram for the wall section according to the thickness of the diffusion
equivalent air layer
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Diffusion graph for December 2081 according to GFDL model outputs
and station 3329 data according to Sd (Diffusion equivalent air layer thickness)

Figure 8. December 2081 results of the GFDL model of the diffusion diagram for the wall section according to the thickness of the diffusion equivalent

air layer

3. Results and Discussions

The aim of this study is to first present the change in
temperature and relative humidity values to show how the
average temperature and relative humidity changes caused
by climate change affect the condensation risk in a wall
section at the building scale.

Comparing the average temperature and relative
humidity values of the GCMs in 2081, shown in Table 7,
with the average temperature and relative humidity values
of Zonguldak province in 2015, shown in Table 8, it can be
seen that the average temperatures increased according to
the MPI and HadGEM predictions for 2081 compared to
2015, and decreased on average according to the GFDL
model. Relative humidity, on the other hand, varied
between 70-85% in 2015 and averaged around 76%
throughout the year, while in 2081 it was not at a similar

level throughout the year as in 2015 for all three GCMs, but
fluctuated. As a result, while the GFDL model results are
closest to the 2015 averages, the predictions of the other
two models are higher in terms of average temperature and
lower in terms of average relative humidity. Furthermore,
while the coldest month in 2015 was January, the coldest
month in 2081 is December in the HadGEM climate model
and January in the other two models. While the hottest
month in 2015 was August, the hottest month in 2081 was
July for GFDL and HadGEM and June for MPI. Therefore,
the hottest month shifts from August to June and July in the
future. In terms of relative humidity, the highest percentage
was observed in October 2015, but in December and
January 2081, indicating that the months have changed.
While the lowest relative humidity was observed in April
2015, these values decreased on average and changed in
terms of months, becoming June and July in 2081.
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Table 7. Future projections values as means of mean temperature and relative humidity of GCM models for 2081

JANUARY | FEBRUARY

MEAN RH 88.9 83.7 72.2 61.9 46.5 32.4
JULY AUGUST SEPTEMBER | OCTOBER | NOVEMBER | DECEMBER
MEAN RH 38 46 68.7 75.8 61.2 78.8
JANUARY | FEBRUARY MARCH APRIL MAY JUNE
MEAN RH 76.1 80.4 84.6 49.5 58S 54.6
JULY AUGUST SEPTEMBER | OCTOBER | NOVEMBER | DECEMBER
MEAN RH 33.2 36.5 56 69.7 86.9 87.2
JANUARY | FEBRUARY MARCH APRIL MAY JUNE
MEAN RH 70.7 78.2 78.6 84.5 61.2 454
JULY AUGUST SEPTEMBER | OCTOBER | NOVEMBER | DECEMBER
MEAN T
MEAN RH 72.3 64.6 68.8 84.4 82.9 87.5

Table 8. Average temperature and relative humidity for 2015

JANUARY FEBRUARY

MEAN T
MEAN RH 75 72 66 80 75
AUGUST SEPTEMBER | OCTOBER | NOVEMBER | DECEMBER
MEAN T
MEAN RH
In addition, although the values predicted by the GFDL P (Pa)
model for 2081 are closest to the values of 2015, it is seen A

that there is a risk of condensation in the wall section in
2081 as seen in Figure 8. Condensation was also observed
in the wall section according to the MPI model outputs.
Although the amount of condensation occurring according
to this model is higher than the amount obtained according By
w

to the GFDL model, it is necessary to calculate the amount 7_

of condensation mentioned in TS 825 [39] (Figure 9) to
check whether they are at the limit value according to the P
standard and understand which model has more risk.
Accordingly, the calculations made for the MPI model B Sd(m)
follow. Sd.sw

ZSd -

Figure 9.  Water vapor diffusion in the presence of condensation at an
interface plane within the wall section [39]
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According to Figure 9, the calculation of the mass of
condensed water for January 2081 for the MPI model
(Figure 7) is as follows:

g=80 X(Pi-Psw/SdT-Sd,sw)—(Psw-Pd/Sd,sw) (1)

Where g is ‘amount of water vapor per unit area’ and 8o
IS 2x10° kg/(m.s.Pa). Here 8, is the water vapor diffusion
resistance and varies slightly depending on temperature
and barometric pressure. The effects of these variables are
neglected in this standard and study. Here Pi means ‘water
vapor in the air in contact with the surface of the building
component in the room partial pressure’ and Pq shows
‘water vapor in the air in contact with the outer surface of
the building component partial pressure.” Ps is ‘saturated
water vapor pressure at temperature T’ and Psw means
‘saturated water vapor pressure.” Sq¢ Shows ‘water vapor
diffusion-equivalent air layer thickness.’

g=2x10"1°x(1684-836/3.025)-(836-722/0.54)=280.330-
211.111=69.219 x 2 x 10°° = 1.38438935 =10

Mass of total condensed water:
my = gxt (1month of time (86400 x 30) 2

Here:

my: Amount (mass) of condensed and/or evaporated
water

g: Amount (mass) of water condensed and/or evaporated
in 1 second

t: 1 month time in seconds (86400 x 30)

my = 1.38438935 x<10® x 86400 x 30 = 0.0358833719
kg/m?

According to Figure 9, the calculation of the mass of
condensed water for March 2081for the MPI model
(Figure 7) is as follows:

g= 8o X (Pi'Psw/SdT'Sd,sw) —(Psw-Pd/Sd,sw)

g=2x10"1x(1684-898/3.025)-(898-794/0.54)=259.834-
192.592= 67.2421181 x 2 x 10710 =1.34484236107®

Mass of total condensed water:

my = g x t (1 month of time (86400 x 30)

my = 1.34484236>1078 x 86400 x 30 = 0.03485831402
kg/m?

The total condensed water in January and March is
0.07074168592 kg/m2. As a result, since there is no
condensation in other months and the amount of condensed
water is less than the limit value of 1 kg/m? as stated in the
standard, it is within acceptable limits.

According to Figure 9, the calculation of the mass of
condensed water for December 2081 for the GFDL model
(Figure 8) is as follows:

g= 8o X (Pi-Psw/Sdt-Sd,sw) —(Psw-Pa/Sd sw)

g=2x10"1x(1684-859/(3.565-0.54))-(859-
732/0.54)=272.72-235.185=37.5420875 x 2 x 1071 =
7.5084175 =10

Mass of total condensed water:

my =g x t (1 month of time (86400 x 30)

my = 7.5084175 =10~ x 86400 x 30 = 0.01946181816
kg/m?
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When the results are analyzed, it is seen there was no
condensation in the other months and the amount of
condensed water was within acceptable limits since it was
less than the limit value of 1 kg/m? as stated in the standard.

According to the condensation analyses results, when the
future projections for 2015 and 2081, which were made in
line with the predictions of three climatic models, are
compared, the changes in average temperature and relative
humidity values have led to different results in the models.
However, in all cases, a general increase was observed in
average values in terms of temperature and irregular peaks
in terms of relative humidity compared to 2015. According
to the projections for 2081, the risk of condensation in the
wall section (MPI and GFDL) was observed in two climatic
models, indicating that all these average changes increase
the risk of condensation in the wall section.

According to the results, projections for increases in
summer temperature and decreases in precipitation indicate
the Mediterranean region will be one of the hotspots of
climate change in the twenty-first century. In the future
projections in the region where the study was conducted, it
is predicted that average temperatures will increase and
precipitation will decrease during the warm seasons.

In the projections made according to the results obtained
in terms of building facgades and facade coatings, increasing
temperatures and humidity fluctuations will deteriorate the
plaster and affect it in various ways. One of these effects is
the deterioration of the material on plastered surfaces as a
result of increased carbonation rate and depth. In addition,
the effect of temperature increase can contribute to thermal
expansion and subsequent deformations, resulting in more
blistering and separation. Loss of adhesion problems may
also be exacerbated by the expected increase in cracking in
the future. This will negatively affect the service life of the
material. In the plastered fagdes examined in the study, in
addition to this negative effect on the plaster, the increasing
risk of condensation over the years may also affect the
insulation layer, causing the material to shrink and shorten
its service life. In addition to these, detailed designs on the
facades and fagde elements of the buildings will gain
importance to prevent deterioration. The fact that the parts
of the buildings closest to the ground will be most affected
by deterioration shows that skirt details in the system
section will gain importance in the future. In addition, as
shown in the literature studies, the use of PCMs against the
effects of climate change will increase their preference for
facades as they show positive results in cooling loads and
thermal comfort.

4. Conclusions

To achieve sustainability for buildings, it is important to
take climate action into account when planning the design
and maintenance of fagdes. Climate action is
unpredictable and has a cumulative effect over time. In the
study, using climate change scenarios, the average
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temperature and relative humidity in the future period
increased compared to the reference year, and the hottest
and coldest months changed. Then, investigating the effect
of these changes on the thermal and moisture performance
of building fagades, the risk of condensation between
facade layers increased in 2081 compared to 2015, and
condensation was observed. This shows that climate
change will have a negative impact on building fagades.

As a result, the study presents the impact of climate
change on building facades and building systems in a field
study with a broad perspective, supported by the
information obtained from the literature. The results
obtained in the field study have shown the moisture-related
problems that may occur in the future periods and it has
been revealed that these situations will bring different
results with the data from different climate models. Due to
the uncertainties in climate model data, similar studies
should be tested with more than one model, but it has been
observed that models with more extreme values produce
worse results. Although climate change projections vary
according to regional conditions, designing with these
projections in mind will be a necessity for architects and
engineers in the future, for renovations of existing
buildings and for new buildings. In addition, as regional
design guidelines change from country to country, the
minimum and maximum design values in standards for
building envelope elements will need to be reconsidered.
This is because climate change will introduce new
boundary conditions that will affect design limits. Finally,
it is predicted that ventilated fagades or facade systems with
materials produced with more adaptive and new
technologies will be preferred instead of classical plastered
fagde sections in new buildings and renovations of
existing building facades in the future.
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