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ABSTRACT

MODELING OF BALCONY WITH THERMAL BREAK ELEMENT

MURAD, Zaytun Mohammed
M. Sc. Thesis, Department of Civil Engineering
Supervisor: Prof. Dr. Miicip TAPAN
February 2022, 83 Pages
As energy efficiency in buildings becomes increasingly important, it is necessary
to accurately estimate thermal and strength properties of building parts. Thermal break
components used to link balcony and inner slabs in buildings must be subjected to a
transient thermal and structural study in order to achieve this aim. An insulating body
developed by Inovan Yapi Teknik consisting of tension bars, and compression modules
are the main components that make the thermal break element named lzoBlock. The
characteristics of thermal break components has been determined based on data collected
from laboratory testing of 1zoBlocks in order to simulate the balcony-slab connection.
Complex geometries in the models will result in load transfer and thermal breaking
effects, which will necessitate more realistic two- or three-dimensional models to account
for. The 3D model has been created through using Abaqus Software and a parametric

study was carried to investigate the effectiveness of 1zoBlock with different properties.

Keywords: Abaqus software, Displacement, High strength concrete, Isolation, Moment

capacity, Thermal break, Thermal bridge.






OZET

TERMAL KIRILMA ELEMANI ILE BALKONUN DENEYSEL CALISMASI

MURAD, Zaytun Mohammed
Yiksek Lisans Tezi, Insaat Miihendisligi Anabilim Dali
Tez Danigmani: Prof. Dr. Micip TAPAN
Subat 2022, 83 Sayfa
Binalarda enerji verimliligi giderek daha Onemli hale geldiginden, bina
elemanlarinin 1s1l ve dayanim 6zelliklerini dogru bir sekilde tahmin etmek gerekir. Bu
amaca ulagmak icin binalarda balkon konsollarindaki 1s1l kayiplarin 6ntine gegmek i¢in
kullanilan tastyici 1s1 yalitim bilesenlerinin yiik tasima kapasitelerinin belirlenmesi
gerekir. Inovan Yapi Teknik tarafindan gelistirilen, cekme ¢ubuklar1 ve basing modulleri
ve yalittm malzemeleri, IzoBlock adli tastyict 1s1 yalitim elemanmi olusturan ana
bilesenlerdir. Balkon-déseme baglantisini simiile etmek i¢in tasiyict 1s1 yalitim blogu
IzoBlock’un dayanim o6zellikleri, laboratuvar testlerinden toplanan verilere dayanilarak
belirlenmistir. Modellerdeki karmagik geometrilerle yiik aktarimi ve 1s1 yalittiminin
saglanmig olmasi, daha gercekci iki veya U¢ boyutlu modellerin hesaba katilmasini
gerektirecektir. Abaqus Yazilimi kullanilarak 3 boyutlu model olusturulmus ve farkli
ozelliklere sahip IzoBlock'un etkinligini arastirmak igin parametrik bir c¢alisma

yapilmistir.

Anahtar Kelimeler: Abaqus yazilimi, Deplasman, Yiiksek dayanimli beton, izolasyon,

Moment kapasitesi, Isil kirilma, Is1 kopriisii.
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1. INTRODUCTION

1. 1. Background

In engineering projects, thermal break defined as a thermal barrier through
utilizing elements with low thermal conductivity in order to stop thermal flow or reduce
thermal flow from inside of the building to outside or from outside to inside. In another
meaning material with having low thermal conductivity called thermal break. Mentioned
materials commonly used in building balcony to reduce thermal flow.

In construction projects or building houses there are two important things that
needs to be considered, the first one is selecting balcony which is important for any
buildings and the second one is selecting require materials to isolate outside environment
from inside the buildings through thermal insulation (Buday, 2014). Now days, proper
building differentiate with others through thermal performance characteristics. So thermal
break need to be quantified to decrease heat loss as well as condensation risk (sapphire
2021).

Balcony could be mentioned as an out extension or external extension which is

mostly appear in high or upper floor of hoses, buildings and typically the length is about
one meter (3 feet). Creating balcony for upper floors in the buildings has a long history.
So, balcony has been supported by utilizing courses of stonework as well as large wooden
or stone brackets and etc., at medieval and Renaissance periods. It means, even based on
historical evidences balcony considered as a basic or essential architectural element which
can be detected in the residential buildings and other buildings as well (Sierra, 2013).
In another meaning, balcony is known as an extension of the buildings roofed area which
is provide an easy and quick way to access external environment. Despite the fact that
they might be found in structures at all scopes, their essence is more articulated in
structures arranged in zones where the natural and especially the climatic conditions are
gentle for extensive stretches of the year (Papamanolis, 2004).

Much focusing on the topic, the level of passing heat or heat flow relies on the
thermal break elements and its factors such as

» Characteristics of the elements in terms of thermal conductivity



» Cross sectional area of the projects or buildings
» The nature of heat and how it is able to pass in or out of the buildings.
Also, there are several other important points which may produce influence on the
construction projects in terms of heat transfer and other related points as shown below
» Surface conductivity as well as relative area of the buildings needs to be
considered in terms of contacting source of heat and etc.
» Side heat flow is another important point which may path through the breaks and
lead to transfer heat from outside to inside of the buildings or vice versa
In engineering projects and constructions there are number of materials that are
used in thermal bridge design. And it can be said that, the most proper one can be
differentiated with other improper thermal bridge designs based on the thermally
conductive element. Basically, related to the types and characteristics of thermal bridge
(Berggren and Wall 2013b). Based on the researches and studies three different
characteristics level commonly utilized to evaluate and analyze thermal bridge influence
or effects of thermal bridge including thermal transmittances y (Psi), thermal energy
losses and temperature index TI as well. Generally, there are two different types of
thermal bridge including (Linear Thermal Bridges and Point Thermal Bridges)
(Asdrubali, Baldinelli and Bianchi 2012). Linear thermal bridge is one of the types of
thermal bridge which is able to extent or distribute along thermal envelope until a certain
length. This kind of thermal bridge normally used in the balcony that connected with
house or buildings floors or floors slab that goes along buildings walls, edges, windows
and etc. in this kind of thermal bridge (Borelli et al., 2020), linear thermal transmittance
used to describe linear thermal bridge energy loss. Figure below represent the linear
thermal bridge model (Capozzoli and Corrado, 2013).



Figure 1.1. Linear thermal bridge model.

On the other hand, the second types of thermal bridge known as a Point Thermal
Bridges. This kind of thermal bridge commonly used in specific areas in the buildings
and it can be characterized by Point thermal bridges. In addition, this type of thermal
bridge only appears in one spot which is appear in curtain wall supports as well as anchors
that enter the separating layer. In this kind of thermal bridge Point thermal transmittance
x typically used to describe energy loss shown in below figure (Schoeck, 2018),
(Capozzoli et al., 2013).

Figure 1.2. Energy loss in balcony (Schoeck, 2018).

The largest energy consumer in the unite state and Canada is building sector, based
on data up to 40 percent primary energy use. Due to that, rising energy efficiency in the
buildings is very essential and necessary. To increase energy efficiency of buildings and



meet the required level building envelope thermal mentioned as a proper consideration
for meeting the required target (Hardock and Roppel, 2013).

Moreover, there are three different ways thermal or heat can move through the structure
components including conduction, convection and radiation. In thermal bridges thermal
or heat transfer by conduction. So, the movement level or rate evaluate by variation of
temperature at each end of the thermal bridges and well as evaluated through materials
thermal conductivity characteristics used in thermal bridge (Motahayyer and Samimi-
Akhijahani, 2019).

An insulating body developed by Inovan Yapi Teknik consisting of tension bars,
and compression modules are the main components that make the thermal break element
named IzoBlock. The characteristics of thermal break components has been determined
based on data collected from laboratory testing of 1zoBlocks in order to simulate the
balcony-slab connection. Complex geometries in the models will result in load transfer
and thermal breaking effects, which will necessitate more realistic two- or three-
dimensional models to account for. The 3D model has been created through using Abaqus
Software and a parametric study was carried to investigate the effectiveness of 1zoBlock

with different properties

1.2. Problem Statement

Thermal bridges, which are exposed concrete balcony-slab connections, are
responsible for a substantial amount of energy consumption. It is possible to find a cost-
effective alternative, but these solutions are typically ruled out due to aesthetics,
constructability, or sequencing issues. Few successful projects have been completed in
the globe that use these goods, but more are on the way. An assessment was made of the
effects of balconies on the effective heat flow and indoor thermal comfort (Murad and
Ramakrishnan, 2015). Energy loss from open balconies was quantified, as well as space
conditioning savings that may be realized when balcony and slab edge thermal break

items are employed in typical circumstances.

1.3. Aim and Objective of the Research

The following are the main objective remarks of this study:



1. Conduct an intensive simulation study to create an effective balcony slab using
ABAQUS (FEM) and the standard numerical techniques.

2. Investigate the strength of load bearing thermal insulation block developed by
Inovan Yapi Teknik and named as IzoBlock.

3. Conduct a parametric study to provide a cost-effective solution to the problem of

thermal bridge.

1.4. Research Significance

Total building energy savings can be predicted to be high due to the fact that
structural thermal break components have a lower thermal conductivity than non-
insulated connections. Using a finite analysis program to simulate different structural
element to use in balcony and to determine the optimum design method to have high

strength capacity balcony slab and minimum concrete area in thermal bridge region.

1.5. Thesis Outlines

CHAPTER 1 = Introduction.

CHAPTER 2 => Literature Review.

CHAPTER 3 =» Research Methodology.
CHAPTER 4 =» Result & Discussion.

CHAPTER 5 =» Conclusion & Recommendations.






2. LITERATURE REVIEW

Thermal bridge could be mentioned as localized areas with having advanced
thermal conductivity than the adjacent areas. Having thermal bridge in the buildings will
result in having advanced temperature transfer through the assembly and colder surface
temperatures on the warm side of the assembly. A thermal bridge may lead to produce
concentration on cold surfaces, which could lead to:

Higher energy use for warming and higher energy use for cooling, rebelliousness
with Building Regulations, uneasiness because of cold surfaces, consumption of metal
components and design, rot of wood-based materials, apparent examples on inside or
outside surfaces because of varieties of surface temperature and drying potential,
debasement of protection execution (in the event that buildup happens inside the
construction), form development and related wellbeing concerns (O'Grady et al., 2018).

As it’s clear, the level of energy of the building include 40 percent of primary
energy utilization and 24 percent of the generation of greenhouse gases around the world
(Khatib, 2012). The altered of the new European plan states that by the end of 2020 all
recent construction projects shall be built as “nearly zero-energy buildings”. An almost
zero-energy building is characterized on premise of energy productive methodology and
in addition the low measure of required energy ought to be covered particularly from
environmentally friendly power sources. Also, energy investment funds rely upon entire
structure envelope and its presentation (Gawin and Wilkes, 2004) (Kosny and Desjarlais,
1994). Buildings that planned based on such principles; the major amount of demand for
heating is produced by heat transmission between building components and thermal
bridges. It is accordingly urgent to ascertain the hotness move by a right way with right
suspicion of warm scaffold event. To that end many creators have called attention to the
need of precisely surveying all structure subtleties structure warm viewpoint perspective
(Ingeli, 2014). On the other hand, wrongly determination process may lead to
underestimation of warming systems, indecisive indoor climate and finally, additional
costs for heating that exceed our moulds. In general, the heat flow through the building
component is considered to be of the one-dimensional (1D) type (Clarke and Maver,

1991). For instance, it is expected to be in the way perpendicular to the wall. It causes the



fact, that the heat conductance and temperature differential in this direction are much
greater than that in the lateral instructions. However, localized multi-dimensional heat
conduction through the building envelope is more realistic. In reality, thermal bridging
develops the inner surface heat faster to the environment heat on the other side, and lead
to produce higher heat stream between those conditions. While the inside surface
temperature ought to be considered in a build-up hazard evaluation during warming
season, higher hotness stream rate ought to be considered during the plan of structures
and their all year ecological control frameworks. Warm scaffolds will bring the interior
surface temperature closer to the climate temperature on the opposite side, and causes
higher hotness stream between the two conditions.

Different places around the world utilize different calculation ways of thermal
bridges. In Sweden, the impact of thermal bridges may be accounted for by increasing
calculated transmission heat transfer through building elements by 20%, regardless of
building system used ((Mata and Kalagasidis, 2009)). In Finland, a simplified method is
used where the effect of thermal bridges usually is included in the calculated transmission
heat transfer through building elements by weighting thermal conductivity of different
materials (Berggren and Wall, 2013a). Simplified methods may be incorrect. The
transmission heat transfer losses due to thermal bridges may increase when more
insulation is used in exterior walls (Berggren and Wall, 2018). From the energy saving
point of view and the issue of moisture condensation at inner surfaces. A balcony slab
represents generally one of the most significant elements of the whole building envelope
(Wakili and Frank, 2007). Especially due to the fact that balcony slab passes through the
building envelope and connects the internal and the external environment. In other words,
it results in a thermal bridge which can be quantified by an additional heat loss and by
reduction of the temperature at the inner corners. This article shows that with the
introduction of balcony thermal break, the overall heat transfer at balcony slab is
significantly reduced and the interior floor surface temperature is greatly increased under

typical winter design conditions.



Thermal Break

The function of thermal break is to provide a good condition through preventing
heat flow. In some researches and studies, it has been mentioned as a layer of insulation,
and in order to have a proper insulation high conductivity materials will not be used for
this purpose. There are several examples for continuous insulation in the buildings or
construction projects rigid board insulation is one of them. In addition, there are several
features of continuous insulation as mentioned in the below points

e it is able to slow down the movement or heat or heat transfer in the buildings
materials and elements

e itis able to increase buildings envelope performance

e It is a proper way to get or reach proper energy adeptness with providing well
inhabitant comfort stages.

Depending on the construction projects the minimum or lowest level of envelope
performance needs for buildings walls, roofs as well as floors, which is selected by rules
in Unite Arab Emirate. With some other requirements such as utilizing new and repaired
air-conditioned buildings. Moreover, there are several things which are very important in
thermal bridge like the interface or connection between concrete, walls, beams and other
points which may let heat transfer. Due to that, mentioned points need to be insulated
very well to decrease transferring heat around the buildings in to the buildings(Kingspan,
2020).

Transferring heat contribute to a very serious problem in construction projects or
buildings. So, many papers and studies focused on using thermal break in construction
project in order to reduce heat transfer. Many studies focused on utilizing thermal break
on the balcony slabs with advance determination of thermal performance of elements that
used as a thermal break. in this project Specific instances of usually utilized thermal break
in structures are noticed identified with multi-dimensional and parametric methodology
of displaying. As a result of thus studies, thermal bridge in the construction projects has
a specific influence on seeking heat (demand). Also, researchers claim that types of
construction as well as buildings geometry affect the thermal transmission and its level

as well. Also based on research calculation buildings thermal conductivity and balcony
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slab performance Disturbed due to low conductivity thermal break elements (Buday,
2014).

Based on European Union plan, new buildings in Europe need to be built as
“nearly zero-energy buildings”. Mentioned types of building known as a building with
less required energy which is rely on the buildings performance and buildings envelope
as well (Kosny and Desjarlais, 1994), (Ingeli et al., 2014).

In terms of energy saving perspective and the issue of dampness or moisture
consideration at inward surfaces, a balcony section addresses commonly one of the main
important of the entire structure envelope particularly because of the way that balcony
goes through the structure envelope and interfaces the interior and the outside climate
(Wakili et al., 2007).

Depending on other studies, in order to design a proper balcony slab number of
roads as well as each of them diameter along balcony requires to be known and considered
as well. This action provides a good and useful heat loss analysis with showing the

amount of temperature change at the inner edges of the buildings.

Thermal bridging

Thermal bridging is one of the most common building envelope efficiency issues.
The balcony slab link is a typical thermal bridge in the building envelope of mid- and
high-rise residential buildings (Susorova and Skelton, 2019a). Due to increased heat loss
in the winter and heat gain in the summer, these balcony slab contacts are often not
thermally broken, resulting in low building thermal efficiency and increased energy
consumption (Buday and Vavrovi¢, 2014), (Finch and Hanam, 2014). Another problem
with balcony slab connections is that cold indoor floor slab surfaces around the building
perimeter can cause occupant thermal discomfort in the winter (Susorova and Skelton,
2019b). Thermal breaks or insulated concrete curbs are one of the most commonly
suggested solutions to the balcony slab thermal bridge challenge (Murad et al., 2015).
The balcony is separated from the floor slab by thermal breaks, which are thermally
insulating components incorporated in the construction that mitigate heat transfer across

the relation.
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Thermal breaks are made up of thermal insulation between concrete slabs and
structural support attached to the floor and balcony slab reinforcement bars. Extruded
polystyrene, extended polystyrene, and mineral wool are common insulation products,
both of which have identical thermal conductivity (0.025-0.040 W/mK) (Goulouti, 2016).
Standard rebar steel or less thermally conductive stainless steel may be used for structural
strengthening. Thermal breaks do not entirely prevent heat transfer through the balcony
link (high concentrations of heat transfer can also occur through the metal reinforcement,
which can consume 10%-20% of the cross-sectional area (Ge and Zhang, 2013)), but they
can significantly minimize heat transfer through the remaining 80%-90% of the concrete
slab area. The reinforcement bar diameter, the number of structural elements, the exterior
wall U-value, and the size of balcony slabs all influence thermal break efficiency. To date,
some research has been done on improving thermal break efficiency by using structural
reinforcement made of aramid fiber (Goulouti, 2016) and fiber-reinforced polymer
(Wakili et al., 2007).that is less thermally conductive than stainless steel reinforcement.
Though balcony thermal breaks are a popular energy-saving technique in Europe and
Canada, they are still relatively new in the US industry. Many observations of the effects
of balcony thermal breaks have relied on simulations, although a limited number have
relied on experimental tests under monitored conditions, such as using a hot-box
apparatus. It is important to model thermal bridges using the most reliable methods by
using a simulation technique. The related U-value method (in which thermal bridges are
modeled as part of a weighted average-value for the whole envelope) and the direct three-
dimensional modeling method are the two most widely used approaches for modeling
thermal bridges (i.e., where thermal bridges are explicitly drawn on envelope surfaces
with actual dimensions and material properties). Sees models, however, do not estimate
building energy efficiency as well when thermal bridges are present. For ge et al.
(Berggren and Wall, 2018) discovered that when forecasting the effect of balcony slab
thermal bridges in multifamily high-rise buildings with concrete structures, it is best to
use the three-dimensional heat transfer technique. Many studies have looked at the impact
of incorporating balcony thermal breaks on the total energy usage of a home. Ge et al.
analyzed thermal changes to various balcony relation specifics and their effect on overall
building energy efficiency for case studies with and without balcony thermal breaks in

different Canadian climates using a simulation-based analysis. Thermal breaks in balcony
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ties, according to Ge et al., will theoretically minimize annual heating energy demand by
5-11 percent (Ge et al., 2013). Baba et al. observed that including thermal breaks in
balcony connections would theoretically reduce annual heating energy consumption by
7-8% while increasing annual cooling energy consumption by 4-12% for the same
temperature environment, and that the effect would vary depending on the climate,
window range, and adjacent wall styles (Berggren and Wall, 2018). In the Chicago
climate, (Hardock and Roppel, 2013). observed that balcony thermal breaks could
minimize annual building energy consumption by 7.3 percent (Hardock and Roppel,
2013). Reducing thermal bridges by balcony links often aids in improving building
occupants' indoor thermal comfort. When balcony thermal breaks are used in buildings
situated in cold climates, Finch et al. find that indoor balcony slab temperatures can be
raised by 4—7 degrees Celsius (Finch et al., 2014). tested balcony contacts with thermal
breaks in a hot-box apparatus and discovered that including balcony thermal breaks would
help raise the indoor slab temperature by up to 8 degrees Celsius (Susorova et al., 2019a).
Insulated concrete curbs, an alternative solution to the balcony thermal bridge issue, can
also boost indoor slab conditions by increasing the temperature by around 4 degrees
Celsius. Given the aforementioned advantages of reducing balcony thermal bridges, it's
necessary not to exaggerate the energy and expense savings associated with doing so.
The financial feasibility of the balcony thermal break solution, as stated by (Evola,
Margani and Marletta, 2011), is also important to note (Evola et al. 2011). The removal
of envelope thermal bridges is an effective measure to minimize heating energy
consumption, but it is not always economically feasible due to long payback periods (18—
20 years), according to this report, which evaluated the economic feasibility of correcting
envelope thermal bridges in mild climates. Despite the body of research that has been
done to date, there is very little quantitative data on how thermal breaks affect in-situ
building thermal efficiency and/or overall energy consumption. This research aims to
close this knowledge gap by testing the effects of balcony thermal breaks using I field
measurements of balcony slab and surface temperatures in a real-world building in the
United States, as well as (ii) 2D thermal modeling and whole-building energy simulations
in the same building, as well as in many more generic building designs with simplified

geometries.
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The Structure and Elements of a Balcony

Balconies are cantilever structural elements of buildings. Their construction varies
depending on the supporting structure of the building to which they are attached, but they
are typically built by extending the slab between two levels (floors). A typical concrete
balcony consists of a 15-cm-thick slab with reinforcement that extends from the adjacent
strongly fixed slab of the supporting framework. Balconies supported by metal girders
are made up of a series of horizontal metal girders that are approx. 10 to 15 cm thick,
which often serve as an extension of the horizontal girders in the adjacent floor level, and
the gaps between them are filled with small ceramic slabs of concrete slabs. Similarly, in
the case of a wooden supporting frame, the balcony is supported by wooden beams with
gaps filled in between. by means of planks Because of the moments provided by the loads
they carry, the duration of these estimates is limited and, in any case, is determined by
the design of the supporting structure. Balconies rarely exceed 2.5 meters in length in
traditional buildings with a concrete or metal supporting frame, which make up the
majority of multi-story buildings. This is a semi-empirical limit that satisfies their simple
and relatively low-cost construction while still falling within the tolerable vibration range
when variable loads are applied. Since wood is a weaker material, wooden balconies are
usually narrower. Balcony floors are built on top of the supporting structure's final surface
with materials appropriate for outdoor use (e.g. ceramic tiles, marble, terrazzo). Their
surfaces are slightly slanted to aid in water drainage. Additionally, they are built at a lower
level than the indoor floors to prevent water from flooding through the building's interior.
A balcony floor with openings close to the building's facade that are covered with a
grating to allow air to pass vertically over the building's surface is a relatively uncommon
form of balcony floor. Aside from the horizontal floor, every balcony has a 1.10 m high
parapet along its outer edge, which prevents anyone who uses it from falling off. The
parapet, which is usually a supplemental feature of the balcony's main structure, may be
made of a variety of materials and take on a variety of shapes. Where the building material
is wood or metal, they are usually in the form of railings. On the other side, they are
normally sturdy whether they are made of concrete or stone. The use of a metal frame to
support extremely durable glass panes with varying degrees of transparency as facing

panels is a more recent variant. Finally, even on the same balcony, parapets can take on
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a number of different shapes and materials, typically a combination of solid and semi-
permeable components. Balcony doors are one structural feature of a building that is
directly linked to balconies. Residents must have access to their balconies by at least one
balcony door. Furthermore, the inclusion of balconies in front of openings in a building's
shell encourages the use of balcony doors rather than plain windows. The fact that a
balcony door opening has approximately twice the surface area of a window of the same
width indicates the form of indirect effects balconies have on the environmental and
energy behavior of the buildings to which they belong. In non-insulated cantilevered
elements, like balconies, the contact among the regular thermal bridge and the stuffs that
utilized for thermal bridge leads to major heat loss, see Figure 5. Cantilevered balconies
and exposed slab edges mentioned as the major serious thermal bridges in a building
envelope. Non-insulated cantilevers lead to produce heat loss and meaningfully decrease
the inner surface heat. As an outcome, the hazard of mould development really rises
around the intersection of the interior slab and the exterior wall assembly, see Figure 6.

Figure 2.1. Infrared scan of a balcony thermal bridge with higher temperatures at the
exterior slab.(https://www.schoeck.com/en-gb/structural-thermal-bridges).
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Figure 2.2. Photograph showing mould growth on the ceiling of a concrete slab adjacent
to an exposed slab edge thermal bridge. Condensation forms here frequently
as a result of colder interior surface temperatures.
(https://www.schoeck.com/en-gb/structural-thermal-bridges).

Figure 2.3. Continuous balcony slab compared with a solution with Schick Isokorb®;
Left: continuous balcony slab without thermal break, Right: Balcony slab
thermally broken with Schock Isokorb® providing a continuous insulation
layer. (https://www.schoeck.com/en-gb/structural-thermal-bridges).

Figure 7 illustrate the demonstrated heat delivery through a reinforced concrete
balcony with and without a thermal break. Left image illustrate an absolute thermal
bridge. And the color of the figure represents the process of heat flows to the outside
through the balcony slab, from red to blue which means warm to cold area. On the other

hand, right image represents thermally broken balcony joining. As the figure shows, a
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load-bearing heat insulation element greatly decrease heat loss and provides steadiness in
the insulation layer. (Thermal_Bridging_Guide_Schoeck_Isokorb [5993]).

Influences of Balconies on the Environmental Behavior of Buildings.

Influences on the physical appearance the faces of a building without balconies
are flat and vertical. Although the building may be made up of a variety of flat vertical
surfaces spaced at various distances and possibly with different orientations, the overall
impression is of a prismatic structure. The inclusion of balconies on the building's exterior
helps to break up the prismatic look. It brings variety and lightens it up. Indeed, since
balconies often include a variety of other artifacts and accessories in addition to their
structural elements, their impact on the overall appearance of the building to which they
belong is even greater. These findings show the first and most visible effect of the
existence of balconies on a building's facade: a change in the geometrical features and,
eventually, the shape of the structure. The degree to which these aspects are changed, of
course, is determined by the number and size of balconies in the building in question, as
well as the proportion of the total surface area of the building's faces that the balconies
occupy. Even if this proportion is minimal, the balconies have a catalytic effect on the
overall visual effect. Balconies are a common feature of building facades in places where
the climate allows for them. Balconies are an important feature of all residential buildings
in Greece, which has a Mediterranean climate. At least one balcony in the shape of a
projection will be available to all apartments above ground level. Indeed, more than one
balcony, or even continuous balconies, will often occur, taking the majority of the
building's surface area. Balconies in Greek residential buildings vary in width from 0.5
m (in the case of secondary balconies) to approximately 2.5 m. The balcony's width is
often expanded further by adding a portion of the apartment's roofed area into it (Irina et
al., 2019).



3. MATERIALS AND METHODS

All the procedures and supplies needed to conduct these different simulations are
included in this section, as well as the description of the methodologies utilized in this

research.

3.1. Software Description

The numerical analysis performed through utilizing Abaqus, which is known as
one of the programs that used to determine several proposed methods to solve thermal
bridge problems. Abaqus is also known as one of the proper computational software to
predict or forecast 3D load-displacement, pollution spreading and comfort guides in and
around buildings of all types and sizes. There were viewed as the specific places of steel
support carried out in balcony slab. Every component of balcony was contained in the
computation (steel support, front of overhang piece hindered by a warm break, froth parts,
and warm protection of overhang section). In addition, Movement through point thermal
bridges can only be retrieved through 3D fixed element modelling, since their complex
nature does not permit simpler approaches as are usually assumed with linear thermal
bridges. For the purpose of this thesis, Modeling of balcony with thermal break element
system is selected and examined under steady-state thermal conditions using finite
element analysis Abaqus. The major significant parameters the can be analyzed during
design process of balcony with thermal bridge schemes are examined in order to count
the influence of point thermal bridges on the unwanted displacement. Under exact applied
load. The materials characteristic and size influence on the physical parameters of

simulated balcony and compared with the results taken from practical test in lab.

3.2. Define Materials

This chapter describes how to define materials in Abaqus and contains brief
descriptions of each of the material behaviours provided. Further details of the more
advanced behaviours are provided in the Abagqus programs.
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The ultimate compressive strength (fcu) of 1zoBlock for the simulations is ranged
between 35 to 75 MPa. Balcony yield strain is 0.0044 while ultimate strain is 0.008. All
other parameters are shown in (Table 3.1) including Physical constants defined and
plasticity parameters. Steel properties are as shown in (Table 3.2). including inelastic (or

crushing) strain, cracking strain, compression damage and tension damage.

Table 3.1. Physical constants defined in the finite element program

Absolute zero —273.15 °C
Acceleration of gravity 9.8066 m/s?
Atmospheric pressure 0.10132 x 10° Pa
Stefan-Boltzmann constant 5.669 x 10~ W/m? °K*

where °K = °C + 273.15

Table 3.2. Steel properties

Approximate properties of mild steel at room temperature

Properties Sl unit
Conductivity 50 W/m °C
Density 7800 kg/m?®
Elastic modulus 207 x 10° Pa
Specific heat 460 J/kg °C
Yield stress 207 x 10° Pa

The properties of the steel and concrete materials used in this model are shown in
Table 3.3 & 3.4 Since there is no standard data for the input values in Abaqus for Concrete

damaged plasticity model, the reliability of input data is important.

Table 3.3. Material properties of concrete

Elasticity parameters Young’s modulus, E 26700 Mpa
Poisson’s ratio 0.2
Concrete damage Dilation angle, y 31°
plasticity (CDP) Eccentricity, & 0.1
parameters Biaxial stress ratio, 1.16
ob0/cc0
Second stress invariant 0.67
ratio on tensile meridian,
kc

Viscosity parameter, | 0
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Table 3.4. Material properties of steel reinforcement

Elasticity parameters Young's Modulus, E 2.1 x 10° Mpa
Poisson's ratio, v 0.3

Plasticity parameters Tensile yield strength, fy 435 MPA
Tensile yield strain, gy 0.0021
Tensile ultimate strength, fu 580 Mpa
Tensile ultimate strain, gu 0.12

3.3. 1zoBlock Description

Steel plate connects to steel bar (High strength reinforcement bar). This plate used
in purpose of shear capacity; the dimension of plate is 4cm x 9.8cm (W*H) cm with a
thickness of 3mm (T) mm as show in (Figure 3. 4). The lower part of steel plate has been
geared with 3.3 cm depth in order to avoiding the discontinuity in high strength concrete

cube 5cm * 5em.

Conection Welding

V4 - Steel Plate Thick 2mm

Steel Bar 'I2mm/”/
Figure 3.1. Steel plate connected by welding to high strength stainless steel

reinforcement bar.

The dimension of each high strength concrete specimen is 5*5*12 cm duo to

table (3) as shown in (Figure 3.2).
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Figure 3.2. Geometric properties of 1zoBlock used in this study.

3.4. Description of the Model

In this study two types of models were prepared: a balcony with IzoBlock and
conventional balcony. The first one was Normal Concrete Balcony model and Abaqus
software has been used to create mentioned model. The dimension of sample balcony was
(1 m width, 1.2m length) and total length balcony with floor and support was 2.5 m.

The second one was the balcony with load-bearing thermal break element named
IzoBlock. It can be said that, the problem examined in this research comes from an
experimental project, which refers to the large overhanging balcony with a width of 1m.
For the building effect, the overhang length is planned to reach 1.2m in order to determine
the vibration frequency of the overhanging construction, this research utilize ABAQUS
software to perform nonlinear finite element determination of the cantilever construction,
and obtains the main factors affecting the load displacement value of the cantilever
structure through applying required methods as well as provide reasonable suggestions

for design.
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z X

Figure 3.3. Normal Concrete Model Balcony slab using Abaqus Software.

The process goes through several stages; the first one was choosing a small
overhang size of the cantilever balcony board for modelling analysis. The length of the
fixed side of the cantilever board was 1.0 meters, the cantilever length was 1.2 meters,
the board thickness was 180 mm, and the concrete cover layer thickness was 25mm. The

section size and reinforcement are shown in (Figure 3.4).
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J

Figure 3.4. 1zoBlock thermal break model in concrete balcony slab using Abaqus
Software.

N
S &
T 1

Figure 3.5. Sectional dimensions and reinforcement of balcony panels.
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When meshing with ABAQUS, the diameter of the reinforcement was achieved
by changing the cross-sectional area of the cantilever element. The force steel bar 12 @
200, and the distribution bar set to ¢12 @ 200.

The connection between the reinforcement and the concrete realized through the
interaction of the built-in area settings, with the boundary condition being fixed at one
end and free at the other edges. The finite element ABAQUS model shown in (Figure
3.6).

R

Figure 3.6. finite element ABAQUS model.

The reinforcement of inner and outer of balcony specimen has been designed
according to Eurocodes (EN 1992-1-1, 2004), (EN 1993-1-1, 2005) and (EN 1993-1-
4,2006)(Lennon and Moore, 2007). The grade 60 steel bar with 12 mm diameter were
used to resist the applied load. Three 1zoBlocks have been installed in the big balcony
samples. The space between lzoBlocks filled with a wool isolation which has thermal
conductivity value 0f0.035 w/mK according [TS EN 13501-1/Class A.]
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Figure 3.7. Distribution 1zoBlock in balcony sample.

3.5. Research program

The balcony was simulated in order to show the deformation of balcony through
applying static load. Then model results were validated with results that have been gotten
from experimental tests. The study was divided into four groups (G1, G2, G3, G4). First
group G1, investigated the effect of compressive strength of concrete on load bearing
capacity of the balconies. Five models were made for each concrete type as shown in
Table-5. In Second group G2, the number of 1zoBlocks were changed in similar model
(two, there and four IzoBlocks were used). In third group G3 shape of high strength
concrete block inside the 1zoBlock were changed to three shapes (square, triangle and
circler). In last group G4, thickness of steel plates were changed (Imm, 2mm, 3mm).

» G1 == change the compressive strength (35Mpa,45Mpa,55Mpa,65Mpa,75Mpa)

» G2 == change the number of blocks (2*3blocks, 3*3 blocks, 4*3blocks)

» G3 === change the shape of high strength concrete izoblock (square, triangle,
circular)

» G4 === change the thickness of steel plate (Lmm, 2mm, 3mm)
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Table 3.5. The characteristics of balcony models used in this study

Group  No. Concrete Number Concrete Steel Plate
Name of Block Shape
1 C35
G1
2 C45 3(3: square shape)  Square shape WXHXT
w*h = (5*5) (5¢cm * 9cm *2mm)
3 C55 cm
4 C65
5 C75
G2 6 2(3: square shape) WXHXT
C55 Square shape  (5cm * 9cm *2mm)
w*h = (5*5)
7 4(3: square shape) %
8 Triangle shape W XHXT
G3 C55 3(3: square shape)  B*h =(10*5)  (5cm * 9cm *2mm)
cm
9 Circler shape
R=2.82 cm
WxHXT
10 (5¢cm * 9cm *1mm)
G4 C55 3(3: square shape)  Square shape WxHXT
11 W*h=(5"5)  (5cm * 9cm *2mm)
cm
WxHXT
12 (5cm * 9cm *3mm)

3.6. LVDT distributions

Four LVDT’s are used to measure the displacement of concrete balcony at specific

locations. The tow high-sensitivity LVDT (4&5) are fixed on free end of sample, the
LVDT (2&6) fixed on balcony-lintel-walls-floor-thermal break. The LVDTs are fixed on
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both ends of balcony and placed carefully on the top of thermal bridge zone as shown in
(Figure 3.8).

LVDT 4 - LvDT.2

100

wors 104 et 4o 124

T

LVDT 48 5 LVDT 25 8

Figure 3.8. Diagrams and location of LVDT’ s in the balcony.
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3.7. Effect of Concrete Strength, Size, Shape and Number of Blocks Inside the
I1zoBlocks on Load Capacity of Balconies

3.7.1. Effect of 1zoBlock compressive strength on balcony

As it’s mentioned before, in first model (G1) compressive strength has been
changed and it leads to provide several results as discussed below. In addition, several
different comparative strengths were added in the model including C35, C45, C55, C65
and C75 with having full details such as; sample sizes, maximum compressive strength
for the static and dynamic loading tests with different strain rates. Five grades of concretes
with static uniaxial compressive strengths of ~35 MPa, ~45 MPa ~55 MPa~65 MPa and
~75 MPa are denoted as C35, C45, C55, C65 and C75, respectively.

Jox

z

Figure 3.9. Reinforced concrete balcony slab model developed using Abaqus Software
in vertical shape.



28

z X

Figure 3.10. 3D sample of Reinforced concrete balcony slab structure in Abaqus
software.

3.7.2. Influence of number of 1zoBlock on edge displacement

As it’s known, three different 1zoBlock has been used in the sample (sample one
has 3 IzoBlock, sample two has 4 1zoBlock, and sample three has 2 1zoBlock), while in
this part the number of 1zoBlocks has been changed, in which one block is added to
sample one (became 4 Izoblock) and then one 1zoBlock removed from sample 3 (became
2 lzoblock) as shown in (figure 3.12&3.13).

Figure 3.11. Sample one with containing three 1zoBlock.
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Figure 3.12. Sample two containing four 1zoBlocks.
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Figure 3.13. Sample three containing two 1zoBlocks

3.7.3. Influence of concrete block shapes on edge displacement

To evaluate the reliability of the model presented in this study, numerical

simulations have been utilized. The experiments including the bending tests of high-

strength concrete known as C55, having a shape 50mm*50mm (square and 120 mm

height) were implemented as shown in (Figure 3.14). In this section, the shape of the

block has been changed to triangular shape (Base= 10 cm- height= 5cm) and circular

shape (R=2.82 cm). In addition, the section area of triangular and circular shape was the

same as square section area shown in (Figure 3.15&3.16), the bending strength and

maximum compressive strength are commuting with the experiment sample are given in

Table 3&4 in Section 2.
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Figure 3.14. Square block shape.

X

Figure 3.15. Circular block shape.

.

Figure 3.16. Triangular block shape.
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3.1.4. Effect of thickness of shear plate on edge displacement

For the numerical FE code, Abaqus 2019 and its explicit solver Abaqus/Explicit
was used. Steel plate (shear plate), the size of plate used in experiments is 40mm wide,
90mm high and 2mm thick. In this study, the thickness of shear plate in simulation were
changed by 1mm and 3mm, as shown in Figure (3.17). During the simulation of test,
numerical instability problems were experienced because of the relatively sever damage.
Therefore, the automatic conversion of finite elements to mesh-free particles which is
called “Smoothed Particle Hydrodynamics (SPH)” method was applied to deal with this
problem. In this study, only standard material models incorporated in Abaqus were used.

J

F4

Figure 3.17. Shear plate simulations using Abaqus software.






4. RESULTS AND DISCUSSION

In this study, experimental and computational techniques are used to simulate the
bending strength of a balcony slab constructed with thermal break elements named as
IzoBlock. The experimental work is made at laboratory of Inovan Yap1 Teknik Sanayi ve
Ticaret Ltd. Sti. In addition, the properties of foam, steel, and other elements were given
in Chapter 3. The strength of foam was less therefore, foam was ignored and structural
element as well as the conductivity was not investigated in this study, and steel have been
added to the concrete to provide homogeneity. So, well bond strength combined with the
concrete in the balcony slab construction. 12 concrete balcony slab structures have been
simulated in order to determine the effect of different parameters on load bearing capacity
of balconies. This chapter discusses the results of evaluating the structure’s strength and
displacement with bending testing equipment.

Bending test have been applied on four groups or categories thermal bricking

balcony slabs. The result of the tests are shown in Tables 4.1, 4.2, and 4.3 in appendix A.

4.1. Load-Bearing Capacity of Ordinary Reinforced Concrete Balcony

Abaqus software has been used to create the model for normal concrete balcony.
Displacement is plotted in Figure 4.1. Fig. 4.1 shows the results of the test, which are
represented by distinct lines and colors. Within the balcony slab construction, each sensor
is moved to a certain point. This sensor indicates the largest displacement shift when
greater load is applied. When 56.18 KN of load is given to sensor LVDT-5, it displays a
displacement of 32.56 mm, whereas sensor LVDT-4 shows a displacement of 34.03 mm,
and LVDT-2 shows a displacement of 2.76mm when 56.18 KN of weight is applied.
Figure 4.2 shows. In the case of LVDT-6, which is shown in green, a load of 56.18 KN

resulted in a displacement of 2.76 mm.
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Figure 4.1. Bending test for the normal balcony slab concrete structure.
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Figure 4.2. Comparison of bending test results of ordinary balcony and balcony with
IzoBlock (experimental and numerical results).
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Figure 4.3. Model of the normal concrete balcony slab structure.

4.2. Load-Bearing Capacity of Reinforced Concrete Balcony with IzoBlocks

Bending load capacity of the balconies with 1zoBlocks has been evaluated by

several researchers, so, the data of one of the thesis is plotted in Figure 4.4 (Bikhtiyar’s

Thesis). This figure shows the results of the test, which are represented by distinct lines

and colors. Within the balcony slab construction, each sensor is moved to a certain point.

This sensor indicates the largest displacement shift when greater loads are applied. When

60.01 KN of load is given to sensor LVDT-5, it displays a displacement of 30.38 mm,

whereas sensor LVDT-4 shows a displacement of 30.9 mm, and LVDT-2 shows a
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displacement of 5.65 mm when 60KN of weight is applied. Figure 4.4 shows. In the case
of LVDT-6, which is shown in green, a load of 60 KN resulted in a displacement of 4.61

mm.
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—LVDT2 —LVDT4 LVDT5 —LVDT6

Figure 4.4. Bending test result of balcony with 1zoBlock.
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Figure 4.5. Model Bending test for the experimental Model balcony slab concrete
structure
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Figure 4.6. Model Bending test for the experimental Model balcony slab concrete
structure (continued).

4.3. Effect of Compressive Strength of 1zoblocks on Load-Bearing Capacity of
Balconies with lIzoblocks

4.4. The Effect of Compressive Strength of 1zoblocks on the Bending Load
Capacity of Reinforced Concrete Slabs Are Investigated and the Results Are
Given Below.

4.4.1. Load-displacement behavior of balcony with 1zoBlock having a compressive
strength of 35 Mpa

The balcony sample with 1zoBlock having 35 MPa compressive strength reached
its ultimate capacity at 47.7 kN load after applying 60.01 kN on it. Also, 19.7 mm of
displacement noted through using sensor LVDT-5-num and LVDT-4-num in simulation
software Abaqus. And, 1.85 mm of displacement has been detected by LVDT-6-num and
LVDT-2 which is shown as hidden line in (Figure 4.6). Also, through comparing the
simulation results with experimental results, the data were quite different, because
compressive strength in experimental test was 55 Mpa, and the result of sensor LVDT-
exp (2,4,5and 6) was (5.65 mm, 30.9mm, 30.38 mm and 4.61mm) respectively, as shown
in Figure 4.6 with full line.
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Figure 4.7. Bending capacity of the balcony model for the case of 1zoBlock with 35Mpa

compressive strength.
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Figure 4.8. Model of the balcony using IzoBlock with 35Mpa concrete compressive

strength.
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Figure 4.9. Model of the balcony using 1zoBlock with 35Mpa concrete compressive
strength (continued).

4

4.4.2. Load-displacement behavior of balcony with 1zoBlock having a compressive
strength of 45 Mpa

The balcony having IzoBlock with a concrete compressive strength of 45 MPa
was broken in 56.03 kN after applying 60.01 kN on it. Also, 28.75 mm of displacement
noted through using sensor LVDT-5-num and 30.01 mm LVDT-4-num in simulation
software Abaqus. And, 2.69 mm of displacement has been detected by LVDT-6-num and
LVDT-2 which is shown as hidden line in 4.8. Also, through comparing the simulation
results with experimental results, the data were quite different, because compressive
strength in experimental sample was 55 Mpa, and the result of sensor LVDT-exp
(2,4,5and 6) was (5.65 mm, 30.9mm, 30.38 mm and 4.61mm) respectively, as shown in
(Figure 4.8).
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Figure 4.10. Bending capacity of the balcony model for the case of 1zoBlock with
45Mpa compressive strength.
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Figure 4.11. Model of the balcony using 1zoBlock with 45Mpa concrete compressive
strength.
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Figure 4.12. Model of the balcony using IzoBlock with 45Mpa concrete compressive
strength (continued).

4.4.3. Load-displacement behavior of balcony with 1zoBlock having a compressive
strength of 55 Mpa

The balcony having lzoBlock with a concrete compressive strength of 55 MPa
was broken in 58.86 kN after applying 60.01 kN on it. Also, 33.54 mm of displacement
noted through using sensor LVDT-5-num and 35 mm LVDT-4-num in simulation
software Abaqus. And, 3.27 mm of displacement has been detected by LVDT-6-num and
LVDT-2 which is shown as hidden line in 4.10. Also, through comparing the simulation
results with experimental results, the data were quite different, because compressive
strength in experimental sample was 55 Mpa, and the result of sensor LVDT-exp
(2,4,5and 6) was (5.65 mm, 30.9mm, 30.38 mm and 4.61mm) respectively, as shown in
(Figure 4.10).
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Figure 4.13. Bending capacity of the balcony model for the case of 1zoBlock with
55Mpa compressive strength.
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Figure 4.14. Model of the balcony using 1zoBlock with 55Mpa concrete compressive
strength.
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Figure 4.15. Model of the balcony using IzoBlock with 55Mpa concrete compressive
strength (continued).

4.4.4. Load-displacement behavior of balcony with l1zoblock having a compressive
strength of 65 Mpa

The balcony having IzoBlock with a concrete compressive strength of 65 MPa
was broken in 58.99 kN after applying 60.01 kN on it. Also, 33.54 mm of displacement
noted through using sensor LVDT-5-num and 35 mm LVDT-4-num in simulation
software Abaqus. And, 3.31 mm of displacement has been detected by LVDT-6-num and
LVDT-2 which is shown as hidden line in 4.12. Also, through comparing the simulation
results with experimental results, the data were quite different, because compressive
strength in experimental sample was 55Mpa, and the result of sensor LVDT-exp (2,4,5and

6) was (5.65 mm, 30.9mm, 30.38 mm and 4.61mm) respectively, as shown in Figure 4.12.
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Figure 4.16. Bending capacity of the balcony model for the case of 1zoBlock with
65Mpa compressive strength.
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Figure 4.17. Model of the balcony using 1zoBlock with 65Mpa concrete compressive
strength.
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Figure 4.18. Model of the balcony using IzoBlock with 65Mpa concrete compressive
strength (continued).

4.4.5. Load-displacement behavior of balcony with 1zoblock having a compressive
strength of 75 Mpa

The balcony having lzoBlock with a concrete compressive strength of 75 MPa
was broken in 59.97 kN after applying 60.01 kN on it. Also, 33.54 mm of displacement
noted through using sensor LVDT-5-num and 35 mm LVDT-4-num in simulation
software Abaqus. And, 3.33 mm of displacement has been detected by LVDT-6-num and
LVDT-2 which is shown as hidden line in (Figure 4.14). Also, through comparing the
simulation results with experimental results, the data were quite different, because
compressive strength in experimental sample was 55Mpa, and the result of sensor LVDT-
exp (2,4,5 and 6) was (5.65 mm, 30.9mm, 30.38 mm and 4.61mm) respectively, as shown
in (Figure 4.14).
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Figure 4.19. Bending capacity of the balcony model for the case of 1zoBlock with
75Mpa compressive strength.
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Figure 4.20. Model of the balcony using IzoBlock with 75Mpa concrete compressive
strength.
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Figure 4.21. Model of the balcony using IzoBlock with 75Mpa concrete compressive
strength (continued).

Table 4.1. Comparison of the bending test results (ultimate capacity) of experimental
tests and numerical models

compressive  Applied Displacement (mm)
strength  loading | \/p77 LVDT4 LVDT5 LVDT6
(Mpa) (kn)

Num. Exp. Num. Exp. Num. Exp. Num. Exp.

35 47.7 185 - 197 --—--- 19.7  ---- 185 ----

45 56.03 296 --- 3001 ----- 28.75 ---- 2.68 ----
55 58.86 327 565 35 309 3354 3038 327 461

65 5899 331 ---- 3% --- 3354 --- 331 -

75 5997 333 --- 35 - 3354 ---- 333 -

4.4.6. Effect of number of 1zoBlocks on load bearing capacity of balconies

4.4.6.1. Load-displacement behavior of balcony with two IzoBlocks

As it’s discussed before, in the case where two number of 1zoBlocks per meter
were used in the balcony, the ultimate load was found to be 41.99 kN kN. Also, several

results were collected such as, sensor LVDT-5-num displays a displacement of 33.58 mm,
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whereas sensor LVDT-4-num shows a displacement of 35 mm, and LVDT-2 shows a
displacement of 3.59 mm as shown in (Figure 4.16).
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Figure 4.22. Load-displacement behavior of balconies with two 1zoBlocks used per
meter.
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Figure 4.23. Model of the balcony with two 1zoBlocks.
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4.4.6.2. Load-displacement behavior of balcony with three 1zoBlocks

In the case where three number of 1zoBlocks per meter were used in the balcony,
the ultimate load was found to be 59.1 kN. Also, several results were collected such as,
sensor LVDT-5-num displays a displacement of 33.54 mm, whereas sensor LVVDT-4-num
shows a displacement of 35 mm, and LVDT-2 and LVDT-6 shows a displacement of 3.35

mm shown in (Figure 4.18).
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Figure 4.24. Load-displacement behavior of balconies with three 1zoBlocks used per
meter
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Figure 4.25. Model of the balcony with three 1zoBlocks.
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Figure 4.26. Model of the balcony with three 1zoBlocks (continued).

4.6.3. Load-displacement behavior of Balcony with four 1zoBlocks

The third sample (four number of 1zoBlocks) was tested through applying 76.27
KN (maximum load). Also, several results were collected such as, sensor LVDT-5-num
displays a displacement of 33.48 mm, whereas sensor LVDT-4-num shows a
displacement of 35 mm, and LVDT-2 and LVDT-6 shows a displacement of 3.26 mm
shown in (Figure 4.20).

-
-_on -
-

—LVDT2-exp
LVDT4-exp
— LVDT5-exp
LVDT6-exp
----- LVDT2-num
LVDT4-num
————— LVDT5-num
LVDT6-num

20 30 40
DISPLACEMENT (mm)

Figure 4.27. Load-displacement behavior of balconies with four 1zoBlocks used per
meter.
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Figure 4.28. Model of the balcony with four IzoBlocks.

Table 4.2. Effect of number of 1zoBlocks on edge displacement of balconies

Displacement (mm)
No Noof Applie

of  block d LVDT2 LVDT4 LVDT5 LVDT6

case S loading

S (kN)  Num Exp Num Exp. Num Exp. Num Exp

1% 2 4199 359 - 35 -- 335 - 359 -
8

2nd 3 59.01 335 631 35 343 335 336 335 5.08

6 4 8

31 4 76.27 326 - 35 -- 334 - 326 -

8

4.4.7. Effect of shape of high strength concrete block inside the 1zoBlocks on Load
Bearing Capacity of Balconies

Shape of high strength concrete block inside the 1zoBlock were changed to three
shapes (square, triangle and circler) in order to find the relationship between the shape

and load bearing capacity of reinforced concrete balconies. The results are discussed

below.
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4.4.8. Load-Bearing capacity of balconies with square-shaped high strength concrete
blocks in 1zoBlocks

Firstly, the shape of the blocks altered to square shape blocks and then 60 kN of
load was applied on simulation sample and on the ultimate load capacity was found to be

59.1 kN. The load-displacement behavior of the balcony is given in (Figure 4.18).

4.4.9. Load-Bearing capacity of balconies with circular-shaped high strength
concrete blocks in 1zoBlocks

Secondly, the shape of the blocks altered to circular shape blocks and then 60 kN
of load was applied on simulation sample and it has been broken under a load of 58.75

kN. The load-displacement behavior of the balcony is given in Figure 4.22.
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Figure 4.29. Load-displacement behavior of balconies with circular-shaped high
strength concrete blocks in 1zoBlocks.
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Figure 4.30. Model of the balcony with circular-shaped high strength concrete blocks in
IzoBlocks.

4.4.10. Load-Bearing capacity of balconies with triangular-shaped high strength
concrete blocks in 1zoBlocks

Finally, the shape of the blocks altered to triangular shape blocks and then 60 kN
of load was applied on simulation sample and it has been broken on 60.59 kN. The load-

displacement behavior of the balcony is given in (Figure 4.24).
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Figure 4.31. Load-displacement behavior of balconies with triangular-shaped high
strength concrete blocks in IzoBlocks.
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Figure 4.32. Model of the balcony with triangular-shaped high strength concrete blocks
in 1zoBlocks.
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4.4.11. Effect of steel plate thickness on Load Bearing Capacity of Balconies

Thickness of steel plates inside the 1zoBlock were changed (1 mm, 2mm and 3
mm) in order to find the relationship between the steel plate thickness and load bearing
capacity of reinforced concrete balconies. The results are discussed below.

4.4.12. Load-Bearing capacity of balconies with 1mm thick steel plate inside the
I1zoBlocks

Firstly, the steel plate thickness changed to 1mm, so, 60.01 KN has been applied
to evaluate its strength and displacement, but the sample were broken at 54.09 KN, also,
sensor LVDT-5-num a simulation software Abaqus shows 29.36mm displacement,
whereas sensor LVDT-4-num shows 30.66 mm displacement, and LVDT-2 and LVDT-
6 shows 2.75 mm displacement, as illustrated in (Figure 4.26).
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Figure 4.33. Bending test for Lmm thick steel plate in 1zoBlock.
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Figure 4.34. Model of the balcony with I1zoBlock having 1 mm steel thick plate.

4.4.13. Load-Bearing capacity of balconies with 2mm thick steel plate inside the
I1zoBlocks

Secondly, the steel plate thickness changed to 2mm, so, 60.01 kN has been applied
to evaluate its strength and displacement, but the sample was broken at 59.1 kN.
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Figure 4.35. Bending test for 2mm thick steel plate in 1zoBlock.
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Figure 4.36. Model of the balcony with 1zoBlock having 2 mm steel thick plate.

4.4.14. Result of changing steel plate thickness (3mm)

Finally, the steel plate thickness changed to 3mm, so, 60.01 kN has been applied
to evaluate its strength and displacement, but the sample was broken at 54.09 kN. LVDT-
5-num in simulation software Abaqus shows 29.36mm displacement, whereas sensor
LVDT-4-num shows 30.66 mm displacement, and LVDT-2 and LVDT-6 shows 2.75 mm
displacement as shown in (Figure 4.30).
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Figure 4.37. Bending test for 3mm thick steel plate in 1zoBlock.
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Figure 4.38. Model of the balcony with three 1zoBlocks.
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Figure 4.39. Model of the balcony with 1zoBlock having 3 mm steel thick plate

(continued).



5. CONCLUSION AND RECOMMENDATIONS

The result of this study indicates that the use of thermal break element in a balcony
slab is necessary for overcoming thermal bridge issue in the construction of a building or
a house. Many simulations have been made to perform the bending tests on three balcony
slabs and the results show that the samples were able to hold a great amount of load of
about 60.8 kN with respect to the displacement factor that have been investigated through
analyzing the sensors that have been displaced over different areas of the balcony slab
samples. Additionally, the result of this study proves that using minimum amount of high
strength concrete efficiently is sufficient to withstand great loads and acts as a thermal
barrier in which less thermal loss occurs. This means that using the constructed design of
balcony slab sample in the construction projects that involve a balcony will help to
minimize or overcome the thermal bridge issue.

The simulation results showed that using 55MPa concrete 1zoBlock was optimum
strength to use in balcony. However, increasing strength of IzoBlock concrete does not
lead to high increases in load bearing capacity. Using different shape of concrete in
IzoBlock effect the load resistance of the balcony. By using the triangular shape of
concrete inside IzoBlock, the maximum load resistance was achieved. Increasing the
number of 1zoBlock increases the load resistance of balcony but it has a drawback because
of increasing area of concrete which lead to raise conductivity. Also, using three
IzoBlocks is the most efficient when considering thermal conductivity and structural
resistance.

The current research looked at the effects of a special balcony slab sample
configuration and construction on thermal bridge, as well as how to reduce it. The
findings of this study clearly demonstrate the study's accomplishments, but some
simulations and parameters are suggested for future research. The recommendations for
future research include investigating the effect of other parameters, such as the use of
different thermal bridge thickness and use of two IzoBlock with ultra-high strength
concrete on the thermal bridge, and the use of software and model to investigate the
thermal conductivity of thermal bridge with creative construction materials that aims to

reduce the environmental pollution.
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TERMAL KIRILMA ELEMANI ILE BALKONUN DENEYSEL CALISMASI

MURAD, Zaytun Mohammed
Yiiksek Lisans Tezi, insaat Miihendisligi Anabilim Dal1
Tez Danigsmant: Prof.. Dr. Mucip TAPAN
Subat 2022, 83 Sayfa

Binalarda enerji verimliligi giderek daha oOnemli hale geldiginden, bina
elemanlarinin 1s1l ve dayanim 6zelliklerini dogru bir sekilde tahmin etmek gerekir. Bu
amaca ulagmak icin binalarda balkon konsollarindaki 1sil kayiplarin 6niine gegmek icin
kullanilan tastyici 1s1 yalitim bilesenlerinin yiik tasima kapasitelerinin belirlenmesi
gerekir. Inovan Yapi Teknik tarafindan gelistirilen, cekme gubuklari ve basing modiilleri
ve yalittm malzemeleri, IzoBlock adli tastyict 1s1 yaliim elemanini olusturan ana
bilesenlerdir. Balkon-déseme baglantisini simiile etmek igin tasiyict 1s1 yalitim blogu
IzoBlock’un dayanim 6zellikleri, laboratuvar testlerinden toplanan verilere dayanilarak
belirlenmistir. Modellerdeki karmasik geometrilerle yiik aktarimi ve 1s1 yalittiminin
saglanmig olmasi, daha gerceke¢i iki veya iic boyutlu modellerin hesaba katilmasini
gerektirecektir. Abaqus Yazilimi kullanilarak 3 boyutlu model olusturulmus ve farkli
ozelliklere sahip IzoBlock'un etkinligini arastirmak igin parametrik bir c¢alisma

yapilmistir.

Anahtar Kelimeler: Egilme deneyi, Kopiik, Isil kirilma, Is1 kopriisii, Isil yer degistirme,

Yiiksek dayanimli beton.
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1. GIRIS

1.1. Arkaplan

Mihendislik projelerinde, bina i¢inden disariya veya disaridan igeriye 1s1 akisini
durdurmak veya 1s1 akigin1 azaltmak icin diisiik sicaklik iletkenlige sahip elemanlar
kullanilarak termal bariyerler kullanilmaktadir ki bunlar termal kirilma olarak
adlandirilmaktadirlar. Diger bir tanimlamayla termal kirilma, diistik 1s1 iletkenligine sahip
malzeme kullanilarak termal akisi azaltmak igin balkon yapiminda yaygin olarak
kullanilan malzemeler biitiiniine verilen addir.

Bina yapilarindan bir temel boliim olarak balkon, dis ortama erisimin kolay ve
hizli bir yolunu saglayan, binalarin g¢atili alaninin bir uzantisi olarak yapilmakta ve
kullanilmaktadir. Hemen hemen her bina ve insaatta bulunabilmelerine ragmen, yilin
biiyiikk ¢ogunlugu dogal iklim kosullarmin yumusak oldugu bolgelerde daha belirgin
olarak yapilarda yer almakta ve kullanilmaktadir (Papamanolis, 2004).

Konu iizerinde yapilan detayli ¢aligmalar, 1s1 seviyesinin gegirgenligi ve 1sinin seviye
farki, termal kirilma elemanlarina ve bunun gibi faktorlere bagl olarak degisiklige
ugradigini ortaya koymaktadir.

» Soguk alan ile 1s1 kaynagi arasindaki degisim ve iiretilen 1s1

» Sicaklik iletkenligi agisindan kullanilan malzeme ve elementlerin dzellikleri

> Ingaatlarin veya binalarin kesit olarak alinan alani

» Sicakligin dogasi geregi binalara girip ¢ikabilme 6zelligi.
Bununla beraber asagida da gosterilecegi gibi, 1s1 transferi ve diger ilgili noktalar
acisindan insaat projelerine etki edebilecek birkag belli bashi 6zellikler daha
bulunmaktadir.

» Yiizeyde kullanilan malzemelerin iletkenligi, binalarin nispi alani, bunalara temas

eden 1s1 kaynagi gibi faktorler acisindan dikkate alinmalidir.
» Binalarda var olan yan 1s1 akisi, kiritlmalardan gegerek isinin binalarin disindan

icine veya icerden disina gegmesine yol agabilecek bazi 6nemli noktalar da vardir.
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1.1.Calismanin Problemi

Is1 koprdleri, brit beton balkon-doseme baglantilari olarak enerji tuketimi
noktasinda biiyiikk bir énemi haizdir. Bu malzeme yerine daha uygun maliyetli bir
alternatif bulmak mimkin olmasina ragmen, estetik, insa edilebilirlik veya siralama
sorunlar1 nedeniyle genellikle g6z ardi edilmektedir. Diinyada genelinde bu drlnleri
kullanan birkac basarili proje tamamlandigi gibi buna ek projelerde devam etmektedir.
Bu baglamda balkonlarin etkin 1s1 akisi ve i¢ mekan termal konforu {izerindeki etkileri
hakkinda 1s1 yalitim agisindan bir degerlendirme yapilmistir (Murad, Doshi ve ark. 2015).
Buna gore acik balkonlardan kaynaklanan enerji kaybiin yani sira, tipik kosullarda
balkon ve doseme kenari 1s1l yalitim malzemeleri kullanildiginda gergeklestirilebilecek

alan kosullandirma tasarruflari sayisal bakimdan ¢esitlendirilmistir.

1.1 Cahismanin Amaci ve Hedefi

Calismanin objektif yorumlar1 asagidaki gibi siralanabilir:

4. Standart sayisal teknikleri ve ABAQUS (FEM) kullanarak etkili bir balkon
levhas1 olusturmak i¢in uygun bir simiilasyon ¢alismasi yapmak.

5. Inovan Yap: Teknik tarafindan gelistirilen ve izo Blok olarak adlandirilan tastyict
1s1 yalitim blogunun mukavemetini arastirmak.

6. Is1 kopriisii problemine daha az maliyetli bir ¢6ziim saglamak i¢in parametrik bir

calisma yapmak.
1.2.Arastirmanin Onemi

Yapisal sicaklik kirtlma bilesenlerinin yalitimsiz baglantilardan daha disiik
sicaklik iletkenligine sahip olmasi nedeniyle toplam bina enerji tasarrufunun yiiksek
olacag1 tahmin edilebiektedir. Is1 kopriisii kullanilacak yerde yiiksek mukavemet
kapasiteli balkon levhasi ve enaz beton alana sahip olmasi i¢in optimum tasarim
yonteminin belirlenmesi sonucu balkonda kullanilacak farkli yap1 malzemelerinin simiile

ederek sonlu bir analiz programi kullanmak. Bu baglamda yapilarda sonlu elemanlar
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programi ¢ercevesinde, deneysel sonuglarla karsilastirildiginda daha az zaman ve maliyet

gerektirdigi tespit edilmistir.

2. LITERATUR INCELEMESI

Bina ve yapilarda sicaklik kopriisii, bitisik alanlara gore gelismis 1s1 iletkenlige
sahip lokalize alanlar olarak ifade edilmektedir. Bir yap1 ortiistindeki normal bir termal
koprii, fiziksel olarak yiiksek iletkenlige sahip oldugunda, buna celik veya betondan
yapilmig operasyonel bir baglanti 6rnek olarak verilebilir(llomets, Kuusk et al. 2016), bu
durumda bu yapidaki termal koprii izolasyon katmani kapsaminda degerlendirilebilir
(Kotti, Teli et al., 2017). Boyle durumlarda binalarda 1s1 kopriisii olmasi, montaj boyunca
ileri 1s1 transferine ve montajin sicak tarafinda daha soguk yiizey sicakliklarina neden
olabilecektir. Bu durmda bu termal koprii, soguk yiizeylerde yogunlagsmaya neden olabilir
ve bu da asagida ele aldigimiz durumlara yol agabilir: Isinma i¢in ve serinleme i¢in daha
fazla enerji kullanimi, yap1 yoOnetmeligi ile c¢atisma, soguk ortamlar nedeniyle
huzursuzluk bag gosterebilir (O'Grady vd., 2018). Metal bilesenlerin tasarim ve kullanimu,
ahsap esasli malzemelerin ¢iiriimesi, yiizey sicaklig1 ve kuruma potansiyelinin gesitliligi
nedeniyle i¢ veya dis yiizeylerde belirgin 6rnekler olarak karsimiza g¢ikabilmektedir.
Diger yandan koruma uygulamasinin temelinin bozulmasi (yapinin i¢inde birikme olmas1

durumunda), form gelistirme ve ilgili refah endiselerini de beraberinde getirebilmektedir.

3. MATERYAL VE YONTEMLER

Bu boliimde yer alan farkli simiilasyonlar1 harekete gegirmek icin gereken tum
prosediirler ve malzemeler ile bu arastirmada kullanilan metotlarin bir a¢iklamasi olarak
sunulmasi, termal koprii sorunlarina optimum bir ¢6ziim bulmay1 amaglayan bu ¢alisma

icin blyuk mukavemetli bir balkon konstriksiyonu meydana getirmektedir.

3.1. Yazilim Bakimindan Yorumlama

Abaqus, termal kopru problemlerini ¢6zmek igin onerilen birkag yontemi

belirlemek i¢in kullanilan programlardan biri olarak karsimiza g¢ikmaktadir ki bu
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program, bilinen ve kullanilan bir yontem olarak sayisal analizler icermektedir. Ayrica
Abaqus programi, her tiir bliylikliikteki binalarin i¢inde ve ¢evresinde 3 boyutlu yiik ve
yer degistirme, ¢evre kirliligi yayilimi, konfor kilavuzlarini tahmin etmek i¢in uygun
hesaplama yazilimlarindan biri olarak bilinirligini korumaktadir. Bu anlamda bu
program, balkon levhalarinda gergeklestirilen c¢elik desteklerin 6zel yerlerini analizde
kullanilmaktaydi. Bu yontemin kullanilmasiyla balkonun her bileseni hesaplamaya dahil
edilmistir ki bunlar, (¢elik destek, sicak bir kirilma ile engellenen ¢ikint1 par¢asinin 6nii,
koptik kisimlart ve ¢ikinti boliimiiniin sicak korumasi) gibi bilesenlerdir.

Buriin bunlara ek olarak ek olarak, nokta termal kopruleri tzerindeki hareket,
karmagik yapilart genellikle dogrusal 1s1 kopriilerinde varsayildigir gibi daha basit
yorumlamalara izin vermediginden, yalnizca 3B sabit eleman modellemesi yoluyla
aliabilmistir. Calisma, elinizdeki tezin amacina uygun olarak, balkonun termal kirilma
elemanli sistem Orneklemi secilmis ve kararli durum termal kosullar altinda Abaqus sonlu
eleman analizi kullanilarak yorumlanmigtir. Calisma, noktasal termal kopriilerin
istenmeyen yer degistirme iizerindeki etkisini analiz etmek i¢in, termal kopriisii semali
balkonlarin tasarim siirecinde analiz edilebilecek en dnemli parametrelerini uygulanan
tam ylk altinda ele almistir. Yine ¢alismada malzeme karakteristigi ve boyutu simiile
edilmis balkonun fiziksel parametrelerini etkileyen faktorler, laboratuvardaki pratik

testten alinan sonuglarla karsilastirarak bir senteze gidilmistir.

3.2. Kavramsal A¢iklama

Bu bélimde Abaqus'ta malzemelerin nasil tanimlanacagi aciklanmis, bunun
sonucunda saglanan malzemelerin her birinin kisa agiklamasi eklenmistir.

Abaqus programlari, kendisine has bir 6zellik olarak daha gelismis analizlerle ilgili daha
fazla ayrint1 igerebilmektedir.

Simiilasyonlar i¢in izo Blok'un nihai basing dayanimi (fcu) 35 ile 75 MPa arasinda
degisebilmektedir. Balkonlarin verim bakimindan gerilmesi 0,0044, nihai gerilme
noktalar1 ise 0,008 olarak olciilmiistiir. Elastisite ve beton hasar plastisite parametreleri
de dahil olmak iizere diger tiim parametreler Tablo-1'de ele alinmaya ¢alisilmistir. Elastik
olmayan (veya ezilme) gerilme, ¢atlama gerilme, sikistirma hasari dahil ¢elik 6zellikleri

Tablo-2'de gosterilmeye ¢aligilmustir.
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Tablo 3.1. Elastikiyet ve beton hasar plastisite parametreleri

Absolute zero —273.15°C
9.8066 m/s?

0.10132 x 10° Pa

Acceleration of gravity
Atmospheric pressure

Stefan-Boltzmann constant
5.669 x 1078 W/m? °K*

where °K = °C + 273.15

Tablo 3.2. Celik Ozellikleri

Approximate properties of mild steel at room temperature

Properties Sl unit
Conductivity 50 W/m °C
Density 7800 kg/m?®
Elastic modulus 207 x 10° Pa
Specific heat 460 J/kg °C
Yield stress 207 x 10° Pa

Bu modelde kullanilan gelik ve beton malzemelerin 6zellikleri Tablo 3 ve 4'te
gosterilmistir. Concrete hasarli plastisite modelindeki girdi degerleri igin standart bir

veri elede edilmediginden, girdi verilerinin giivenilirligi analize tabi tutulmamastir.

Tablo 3.3. Beton bir yapida 6zellikler

Elasticity parameters Young’s modulus, E 26700 Mpa
Poisson’s ratio 0.2
Concrete damage Dilation angle, y 31°
plasticity (CDP) Eccentricity, & 0.1
parameters Biaxial stress ratio, 1.16
ob0/cc0
Second stress invariant 0.67
ratio on tensile meridian,
kc
Viscosity parameter, | 0
Tablo 3.4. Celik bir donanimda malzeme 6zellikleri
Elasticity parameters Young's Modulus, E 2.1 x 10° Mpa
Poisson's ratio, v 0.3
Plasticity parameters Tensile yield strength, fy 435 MPA
Tensile yield strain, gy 0.0021
Tensile ultimate strength, fu 580 Mpa
Tensile ultimate strain, eu 0.12
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3.3. 1zo Blok Tanim

Celik postun celik ¢ubuga baglanmasiyla olusan bir baglanma seklidir ki buna
(yiiksek mukavemetli takviye ¢ubugu) denilmektedir. Kirpma kapasitesi amaciyla
kullanilan bu levha, levha boyutu 4cm x 9.8cm (W*H) cm olup, 3mm (T) mm
kalinligindadir ve sekil 3'te izah edildigi gibidir. 4. Celik levhanin alt kismi dislidir.
Yiksek mukavemetli beton, kiipte siireksizligi onlemek i¢in 3,3 cm derinliginde ve
5*5cm boyutunda uygulanmaktadir.

Her bir yiiksek mukavemetli beton numunesinin boyutu, Sekil (3.2)'de gosterildigi
gibi olup, tablo 3'e gore 5x5x12 cm ebatindadir.

Bu islemden sonra yiiksek mukavemetli betonda 75 kalite donati ¢ubugu (yiiksek
mukavemetli ¢ubuk) ve 60 sinif donati gubugu (normal mukavemetli cubuk) ve kaynak

baglantisi ile donati 3.2'de gosterildigi gibi yapilmistir.

3.4. Model Aciklamasi

Bu tezde iki tip model ele alinmaktadir: Bunlar izo Blok ve konvansiyonel
balkonlu sistem olarak iki tanedir. Ele aldigimiz modellerin ilki, normal beton balkon
modeli olup, s6z konusu modelin meydana getirilmesinde Abaqus yazilimi istihdam
edilmistir. Burada kullanilan model balkon 6l¢tileri (1 m genislik, 1.25m uzunluk) ile
taban destekli balkon toplam uzunlugu 2.5 m olup, 12mm ¢apinda ve 20 cm'lik iki katman
seklinde ayrilmugstir.

Bu modellemede kullanilan ikinci 6rnek de ise Izo Blok termal tugla modelidir.
Nitekim bu tezde ele alinan temel problemin, Im genisligindeki biiyiik sarkan balkonu
ifade eden deneysel bir projeden olustugu dile getirilebilir. Bu ¢alismada bina etkisi i¢in,
sarkan yapinin titresim frekansini belirlemek i¢in sarkma uzunlugunun 1,2 m'ye ulagmasi
planlanmistir. Bu baglamda arastirma, konsol konstriiksiyonunun dogrusal olmayan
sonlu elemanlar belirlemesini gergeklestirmek icin ABAQUS  yazilimindan
faydalanmakta ve yuku etkileyen ana faktorleri elde etmeye ¢alismistir. Bununla beraber
gerekli yontemlerin uygulanmasiyla konsol yapinin yer degistirme degeri ve tasarim i¢in
makul Oneriler de deneysel bazda sunulmaya gayret edilmistir. Calismada ele alinan

modelleme ve siireg, birka¢ asamadan gecerek olusturulmustur: Birincisi, modelleme
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analizi i¢in konsol balkon panosunun kiigiik bir ¢ikintt boyutunu se¢gmek, ve bu ilk
modellemede konsol levhasinin sabit tarafinin uzunlugu 1.0 metre, konsol uzunlugu 1.25
metre, levha kalinligr 180 mm ve beton ortii tabakasi kalinlig1r 25 mm olarak belirlemek
ve kesit boyutu ile donatiy1 hazir hale getirmektir. Bu modelleme Sekil 3.4'de
gosterilmistir. Ag yapma sistemi, ABAQUS ile elde edilemeye calisilirken, eldeki yap1
elemaninin kesit alant degistirilerek donatinin c¢api elde edilmeye c¢alisilmistir. Bu
modellemede kuvvet ¢elik ¢ubugu @12 @ 200 ve dagitim ¢ubugu @12 @ 200 olarak
ayarlanmistir. Yap1 donati ve beton arasindaki ag, bir ugta sabit, diger kenarlarda serbest
sinir kosulu ile yerlesik alan ayarlarinin etkilesimi ile elde edilmeye ¢aligilir. Modelleme,
Sekil 3.6'da gosterilen sonlu eleman ABAQUS modeli olarak analiz edilmistir.

Balkon numunesinin i¢ ve dis donatilar1 Eurocode'lara gore dizayn edilmistir(EN 1992-
1-1, 2004), (EN 1993-1-1, 2005) ve (EN 1993-1-4,2006)(Lennon ve Moore 2007). Yine
uygulanan yiike direng i¢in 12 mm boyutunda 60 kalite ¢elik ¢ubuk kullanildi. Bununla
beraber bu biiyiik balkon modelinde ii¢ adet Izo Blok vyerlestirilerek &renklem
gerceklestirilmistir. Son olarak bu calismada izo Bloklar aras1 bosluk 0,035 w/mK yiin
izolasyon ile doldurulmustur (TS EN 13501-1/Class A.).

3.5. Arastirmanin Program

Calismanin programinda balkona statik yiik uygulanarak dort nokta egilme testi
modellendiginde balkonun deformasyonunu gostermek i¢in balkon simule edilmistir.
Daha sonra model sonuglar1 ile deneysel olarak elde edilen sonuglar karsilastirilarak
analiz edilmistir. Proses simiilasyonlarinda dort grope (G1, G2, G3, G4) boliintir. Bundan
dolay1 ilk grope G1 beton basing dayanimi degistirilmistir. Bu sekilde her beton tipi i¢in
Tablo-5'te gosterildigi gibi bes model olusturulmustur. ikinci gropede benzer modelde
G2 blok say1s1 degistirilmis, ilkinde iki ve dort numarali izo Blok’lar kullanilmistir.
Uciincii grope'de yiiksek dayanimli betonun G3 sekli ii¢ sekle (kare, iiggen ve daire)
seklinde degistilmesine olanak saglandi. Son grope G4 ¢elik levha kalinliklart ti¢ tip
(1mm, 2mm, 3mm) olarak degistirilerek veriler alinmaya calisildi.

» G1 === Basin¢ mukavemetinin degistirlmesi

(35Mpa,45Mpa,55Mpa,65Mpa,75Mpa)

» G2 === Blok sayisinin degistirlmesi (2*3blocks, 3*3 blocks, 4*3blocks)
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» G3 === Yiiksek mukavemetli beton izo blogun seklinin (kare, liggen, dairesel)
olarak degistirilmesi.

» G4 === (Celik levhanin kalinliginin degistirlmesi (Lmm, 2mm, 3mm)

3.6. LVDT dagilimlar:

Degisik konumlarda beton balkonun yer degistirmesini 6lgmek icin dort LVDT
kullanilir. Yedek olarak ¢ok hassas LVDT (4&5) orneklemin serbest ucuna sabitlenir,
LVDT (2&6) balkon-lento-duvarlar-zemin-termal mola Uzerine sabitlenerek
gerceklestirilir. Daha sonra LVDT'ler balkonun her iki ucuna sabitlenerek sekil 3.8'de

gosterildigi gibi hassas bir sekilde termal koprii bolgesinin tistiine monte edilir.

3.7. Yiikleme Hiz1, Boyut, Sekil ve Blok Sayisinin Balkonlarin Yiik Kapasitesine
Etkisi

3.7.1. izo Blok basin¢ dayaniminin balkona etkisi

Daha 6nce ele alindigi gibi birinci modelde (G1) basing mukavemeti degistirilmis
ve asagida tartisilacagi gibi cesitli sonuglarin elde edilmesine neden olmustur. Bununla
beraber model C35, C45, C55, C65 ve C75 dahil olmak iizere bir¢ok farkli karsilastirmali
giic eklenerek deneysel alanda gerceklestirilmistir. Farkli gerinim oranlar ile statik ve
dinamik yiikleme testleri i¢in numune boyutlari, maksimum basing dayanimi seklinde
konumlandirilmistir. Statik tek eksenli basing dayaniklilik durumlari, ~35 MPa, ~45
MPa ~55 MPa~65 MPa ve ~75 MPa olan bes beton sinifi sirastyla C35, C45, C55, C65

ve C75 olarak gdsterilmistir.

3.7.2. izo Blok sayisimin baglayici yer degistirmeye etkisi
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Yukarida beyan edildigi iizere numunede {i¢ farkli izo blok kullanilmistir ki birinci
numune 3 Izo blok, ikinci numune 4 izo blok ve {igiincii numune 2 Izo blok seklindedir.
Bu boéliimde bir blogun izo blok sayis1 degistirilerek verilmistir. Sekil 3.12 ve 3.13'te
gosterildigi gibi numune bire bir eklenir 4 1zo blok oldugunda numune 3'ten bir izo blok
cikarilir. Bu durmda geriye 2 Izo blok kalmaktadir. Bu modellemede Izo blok'u

degistirmeye yonelik bir ¢aligma ile mukavemet 6lgme durumu vardir.

3.7.3. Yer degistirmenin blok baglamanin iizerindeki etkisi

Calisma kapsaminda sunulan modelin giivenilirligini degerlendirmek ve
analizlerde bulunmak i¢in sayisal simiilasyonlar kullanilmistir. C55 olarak bilinen, 50x50
mm (kare ve 120 mm yiikseklik) seklindeki yiiksek mukavemetli betonun egilim
deneylerini iceren (deneysel) calismalar Sekil 3.14'de gosterildigi gibi yerine getirilmistir.
Bu boéliim igerisinde blogun sekli ki tiggen sekil (Taban= 10 cm- ylkseklik=5 cm) ve
dairesel sekil (R= 2.82 cm) simiilasyonlar1 dahil olmak {izere degisiklik yapilarak
gerceklestirilmistir. Ayrica licgen ve dairesel seklin kesit alan1 ayn1 olmustur. Sekil 1'de
gosterilen kare kesit alan1 bunu gostermektedir. (3.15 ve 3.16) maddelerinde belirtilen
deney numunesi ile degismekte olan egilme mukavemeti ve maksimum basing

mukavemeti, Boliim 2'deki Tablo 3 ve 4'te verilmeye calisilmistir.

3.7.4. Kalinlik kesme plakasi ve bunun baglayici yer degistirme iizerindeki etki

Bu modellemede sayisal olarak belirtilen FE kodu i¢in Abaqus 2019 ve onun agik
¢oziiciisii icin Abaqus/Explicit kullanildi. Abaqus sisteminde yer alan standart ii¢ beton
yap1 modeli arasindan ¢elik levha (kesme levhasi) ele alinmistir. Bu deneylerde kullanilan
levhanin boyutu 40 mm en ve 90 mm yiikseklik ile 2 mm kalinlik (deneysel) seklinde
kullanilmistir. Yine bu ¢alisma ¢ergevesinde simiilasyonda kesme levhasinin kalinligini
degistirilerek Sekil 3.17'de gosterildigi sekliyle 1 ve 3mm olarak kullanilmistir. Cilink
bu agik ¢oziicli ile hem sikistirma hem de ¢ekme plastik davraniglarin1 simiile edebilen
tek model olarak tespit edilmistir. Test baglama yer degistirmesinin simiilasyonu
sirasinda, nispeten siddetli hasar nedeniyle sayisal kararsizlik sorunlari yasandigi

dogrulanmistir. Bu ¢ercevede, bu problemle basedebilmek i¢in sonlu elemanlarin agsiz
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pargaciklara otomatik olarak donistiirilmesi ki bu da “Diizeltilmis Pargacik
Hidrodinamigi (SPH)” yontemi olarak adlandirilmaktadir, devreye sokulmustur. Bu
calismada sadece Abaqus'ta yer alan standart malzeme modelleri kullanilmis ve birkag

giin i¢cinde sonu¢ alinmasini saglayan basit modellemeler devreye alinmaistir.

4. SONUC VE TARTISMA

Bu boliim c¢ercevesinde, tezde ele aldigimiz balkon levhasinin egilim, basing
dayanimini simiile etme deneyi ve hesaplamali tekniklerle ortaya konulan modellemenin,
yazilimlar kullanilarak analiz ve sonuglarinin ele alindig1 boliim olmustur. Nitekim ele
aldigimiz bu deneysel ¢alismalar, Tiirkiye’deki laboratuvarlarda yapilmistir. Bununla
beraber 3. béliimde bahsedilen kopiik, celik ve diger elementlerin 6zellikleri de Izo Blok
kullanilarak farkli beton dayanimlari {izerinde denemeye tabi tutulmustur. Yine bu
calisma gercevesinde kopliglin mukavemetinin daha az oldugu bir modelleme olarak,
koptlik gozardi edilmis ve yapisal eleman ile iletkenlik bu calismada incelemeye tabi
tutulmustur. Bununla beraber ¢alisma homojenligi saglamak i¢in betona ¢elik eklenerek
calisma devam ettirilmistir. Bu kapsamda ¢elik, balkon déseme yapiminda beton ile 1yi
bir bag kuvveti bir araya getirebilmektedir. Modellemede 12 beton balkon doseme yapist
egim testine tabi tutularak simiile edilmistir. Bu boliim kapsaminda, egme test elemanlari
ile yapmin mukavemetini ve yer degistirmesini degerlendirmenin sonuglarini analiz
edilerek tartisilmistir. Calismada dort kategorideki termal tugla balkon plakalarina egme

testiuygulanmus, testlerin sonucu, ek A'daki tablo 4.1, 4.2 ve 4.3'te gosterilmistir.

4.1.Model normal beton balkon doseme yapisi icin egme testi

Model Normal beton balkon tipi 6rneklemde, normal beton balkon modeli
olusturmak icin Abaqus yazilimi kullanilmistir. Modellemede yer degistirme durumu
Sekil 4.1'de gosterilmistir. Bu cetvelde farkli ¢izgiler ve renklerle temsil edilen testin
sonuglarmi ayrintili bir sekilde gosterilmektedir. Balkon doseme konstriiksiyonu
icerisinde her sensor belirli bir noktaya hareket ettirilir. Modellemede kullanilan sensor,

daha fazla yiik uygulandiginda en biiyiik yer degistirme kaymasin1 veri olarak sunar.
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LVDT-5 sensoriine 56,18 KN yiik verildiginde 32,56 mm yer degistirme gdsterirken,
LVDT-4 sensorii 34,03 mm yer degistirme ve LVDT-2 56,18 KN agirlik uygulandiginda
2,76 mm yer degistirme gostermektedir. Sekil 4.2’de bu durum gosterilmistir. Yesil
renkle gosterilen LVDT-6 durumunda ise 56,18 KN'lik bir yik, 2,76 mm'lik bir yer

degistirme ile modellenerek gosterilmistir.

4.2. Deneysel Model izo Blok termal tugla beton balkon déseme yapisi i¢cin egme
testi

Ele alman bir beton balkon levhasinin dayanma mukavemeti Sekil 4.3'te
gosterilmistir. Sekildeki farkli gizgiler ve renklerle temsil edilen yerler, testin sonuglarini
gostermektedir. Balkon doseme konstriiksiyonu igerisinde her sensor belirli bir noktaya
hareket ettirilir. Bu sensor, daha biiyiik yiikler uygulandiginda en biiyiik yer degistirme
kaymasini gostermistir. LVDT-5 sensoriine 60,01 KN yiik verildiginde 30,38 mm yer
degistirme gosteritken, LVDT-4 sensérd 30,9 mm ve LVDT-2 60KN agirlik
uygulandiginda 5,65 mm yer degistirme sekil 4.4.’te gosterilmistir. Yesil renkle
gosterilen LVDT-6 durumunda, 60 KN'lik bir yiik 4,61 mm'lik bir yer degistirme ile

sonuglanmistir.

4.3. Model izo Blok termal tugla beton balkon déseme yapisinin etki basing
dayanmimi durumlari i¢in egilme

Bir beton balkon levhasinin dayanim deplasmani Sekil 4.4'te gosterilmektedir.
Farkli cizgiler ve renklerle temsil edilen testlerin sonuglarini gosterir. Balkon déseme
konstriiksiyonu icerisinde her sensor belirli bir noktaya hareket ettirilir ve bu sensor, daha

bliyiik agirliklar uygulandiginda en biiyiik yer degistirme kaymasini gostermektedir.

4.4. Model izoBlock termal tugla beton balkon déseme yapisinin etki numarasi
bloklar1 kasalari icin egilme testi

4.4.1. 1zo Blok Sayisinin Degistirilmesinin Sonucu
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Yukarida da ele alindign gibi iki adet Izo blok degistirilerek simiilasyon
orneklerine maksimum yiik uygulanmistir. Ilk numune (iki adet izo blok) 60.01 Kn
uygulandiktan sonra 41.99 KN'de kirildig1 tespit edilmistir. Bununla, LVDT-5-num
sensoriinin bir simiilasyon yazilimi Abaqus'un 33,58 mm'lik bir yer degistirme
gosterdigi, buna karsin LVDT-4-num sensoriiniin 35 mm'lik bir yer degistirdigi ve
LVDT-2"nin 3,59 mm'lik bir yer degistirdigi gibi ¢esitli sonuglar saptanmistir. Bu durum
Sekil4.16'dagosterilmistir.  Ayrica, simiilasyon sonuglar1 ile deneysel sonuglar
karsilastirildiginda, veriler oldukga farkli ¢ikmaktadir, Ciinkii deneysel numunedeki
basing dayanikliligi 55Mpa ve sensor LVDT-exp (2,4,5 ve 6) sonucu (5.65 - 30.9 mm,
Sirasiyla 30,38 ve 4,61 mm) seklindedir. Bu bilesenler, tam satir exp ile Sekil 4.16'da
gosterildigi gibi dizilmisir.

4.4.2. Ug sayida izo blok degistirmenin sonucu

Daha énce de gectigi gibi iki adet izo blok degistirilerek simiilasyon drneklerine
maksimum yiik uygulanmustir. Ikinci numune olarak ii¢ adet Izo blok 60.01 Kn
uygulandiktan sonra 59,1 KN'de kirilmistir. Ayrica, LVDT-5-num sensorinin bir
simiilasyon yazilim1 Abaqus'un 33,54 mm'lik bir yer degistirme gosterdigi, buna karsin
LVDT-4-num sensoriiniin 35 mm'lik bir yer degistirdigi ve LVDT-2 ve LVDT-6"nin bir
yer degistirdigi gibi ¢esitli sonuglar toplanmistir. Sekil 4.18'de gosterilen 3.35 mm'lik yer
degistirme bu modellemeye gostermektedir. Bununla beraber simiilasyon sonuglari ile
deneysel sonuglar karsilastirildiginda, deneysel numunedeki basing dayanimi 55 Mpa ve
LVDT-exp (2,4,5 ve 6) sensoriiniin sonucu (5.65 mm, 30.9 mm) oldugu i¢in veriler
olduke¢a farkli saptanmistir. 30,38 mm ve 4,61 mm) sirasiyla tam satir exp ile bir Sekil

4.18'de gosterildigi gibidir.

4.4.3. Dort adet Izo blogu degistirme ve elde edilen sonu¢

Bundan onceki konularda deginildigi gibi iki adet Izo blok degistirilerek
simiilasyon orneklerine maksimum yiik uygulanarak bir deney gerceklestirilmistir.

Uciincii numune olarak (dért adet Izoblok) 76.27 KN (maksimum yiik) uygulanarak test
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edilmis, buna ek olarak LVDT-5-num sensoriiniin bir simiilasyon yazilimi Abaqus'un
33,48 mm'lik bir yer degistirme gosterdigi, buna karsin LVDT-4-num sensOrunin 35
mm'lik bir yer degistirdigi ve LVDT-2 ve LVDT-6'nin bir yer degistirdigi gibi ¢esitli
sonuglar analiz edilmistir. Bu analizler, Sekil 4.20'de gosterilen 3.26 mm'lik yer
degistirme modelinde de gosterilmistir. Bu modellemeler ile birlikte, simiilasyon
sonuclart ile deneysel sonuclar karsilastirildiginda, deneysel numunedeki basing
dayanimi 55 Mpa ve LVDT-exp (2,4,5 ve 6) sensorlnin sonucu (5.65 mm, 30.9 mm)
oldugu i¢in veriler oldukga farkli olarak izlenmistir. 30,38 mm ve 4,61 mm) sirasiyla tam

satir exp ile bir Sekil 4.20'de gosterildigi gibidir.

4.5. Degisen blok sekillerinin sonug ve verileri

Sekil 4.3'te gosterilen bir beton balkon levhasinin dayanim yer degistirmesi, farkl
cizgiler ve renklerle temsil edilen testlerin sonuglarini temsil eder. Balkon doseme
konstriiksiyonu icerisinde her sensor belli bir noktaya hareket ettigi gozlenmistir.
Bu sensor, daha fazla yiik uygulandiginda en biiyiik yer degistirme kaymasini1 gostermis,
Izob lok sekillerinin degistigi yerlerde asagida tartisildigi gibi ii¢ farkli durum ortaya
cikmustir.

4.5.1. Kare sekilli bloklarin uygulama sonucu

Baslangic uygulamalarinda bloklarin sekli kare sekilli bloklara doniistiiriilmiis ve
daha sonra simiilasyon 6rnegine 60 KN yiik uygulanmis ve 59.1KN'de kirilmistir, sensor
LVDT-5-num a simiilasyon yazilimi Abaqus 33.54mm yer degistirmeyi gostermektedir.
Buna ek olarak LVDT-4-num sensorii 35 mm yer degistirme gosterirken, LVDT-2 ve
LVDT-2, Sekil 4.18'de gosterildigi gibi 3.35 mm'yi gdsterir. Ayrica, simiilasyon sonuglari
ile deneysel sonuglar karsilagtirildiginda, deneysel numunedeki basing dayanimi 55 Mpa
ve LVDT-exp (2,4,5 ve 6) sensoriiniin sonucu (5.65 mm, 30.9 mm) oldugu igin veriler
oldukca farkliydi. , 30,38 mm ve 4,61 mm) sirasiyla tam satir exp ile bir Sekil 4.18'de
gosterildigi gibidir.
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4.5.2. Daire seklindeki bloklarin uygulama sonucu

Baslangi¢ uygulamalarinda bloklarin sekli daire sekilli bloklara doniistiiriilmiis ve
daha sonra simiilasyon 6rnegine 60 KN yiik uygulanmis ve 59.1KN'de kirilmistir, sensor
LVDT-5-num a simiilasyon yazilimi Abaqus 33.54mm yer degistirmeyi gostermektedir.
Buna ek olarak LVDT-4-num sensorii 35 mm yer degistirme gosterirken, LVDT-2 ve
LVDT-2, Sekil 4.18'de gosterildigi gibi 3.35 mm'yi gdsterir. Ayrica, simiilasyon sonuglari
ile deneysel sonuglar karsilastirildiginda, deneysel numunedeki basing dayanimi 55 Mpa
ve LVDT-exp (2,4,5 ve 6) sensorlniin sonucu (5.65 mm, 30.9 mm) oldugu i¢in veriler
olduke¢a farkliydi. 30,38 mm ve 4,61 mm) sirasiyla tam satir exp ile bir Sekil 4.18'de
gosterildigi gibidir.

4.5.2. Uggen sekilli bloklarin uygulama sonugclari

Ucgiincii bir durumda, bloklarin sekli iicgen sekilli bloklara déniistiiriilmiis ve daha
sonra simiilasyon 0rnegine 60 KN yiik uygulanmis ve 60.59 KN'de kirilmistir, sensor
LVDT-5-num a simiilasyon yazilimi Abaqus 33.54mm yer degistirmeyi gostermektedir.
ayrica, LVDT-4-num sensorii 35 mm yer degistirme gosterirken, LVDT-2 ve LVDT-2,
Sekil 4.24'te gosterildigi gibi 3.45 mm'yi gosterir. Ayrica, simiilasyon sonuglar ile
deneysel sonuclar karsilastirildiginda, deneysel numunedeki basing dayanimi 55 Mpa ve
LVDT-exp (2,4,5 ve 6) sensoriiniin sonucu (5.65 mm, 30.9 mm) oldugu i¢in veriler
oldukga farkliydi. , 30,38 mm ve 4,61 mm), tam satir exp ile bir Sekil 4.24'te gosterildigi
gibidir.

4.6. Result of changing steel plate thickness

Baslangic uygulamalarinda bloklarin sekli kare sekilli bloklara doniistiiriilmiis ve
daha sonra simiilasyon 6rnegine 60 KN yiik uygulanmig ve 59.1KN'de kirilmistir, sensor
LVDT-5-num a simiilasyon yazilimi Abaqus 33.54mm yer degistirmeyi gostermektedir.
Buna ek olarak LVDT-4-num sensorii 35 mm yer degistirme gosterirken, LVDT-2 ve
LVDT-2, Sekil 4.18'de gosterildigi gibi 3.35 mm'yi gosterir. Ayrica, simiilasyon sonuglari

ile deneysel sonuglar karsilastirildiginda, deneysel numunedeki basing dayanimi 55 Mpa
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ve LVDT-exp (2,4,5 ve 6) sensdriiniin sonucu (5.65 mm, 30.9 mm) oldugu i¢in veriler
oldukga farkliydi. 30,38 mm ve 4,61 mm) sirasiyla tam satir exp ile bir Sekil 4.18'de
gosterildigi gibidir.

4.6.1. Degisen celik levha kalinhiginin sonucu (1 mm)

[Ik durumlarda celik levha kalmligs (1 mm) olarak degistirildi, bu nedenle bu
durumda 54.09 KN daha fazla yiik oldu. Bununla beraber, Abaqus simiilasyon yazilimi
LVDT-5-num sensorii 29.36 mm yer degistirmeyi gosterirken, sensér LVDT-4-num
30.66 mm yer degistirmeyi ve LVDT-2 ve LVDT-6 2.75 mm yer degistirmeyi gosterir,
Sekil 4.26'da gosterilmektedir. Bu baglamda simiilasyon sonuglari ile deneysel sonuglar
karsilastirildiginda, veriler oldukga farkli elde edilmistir. Nitekim deneysel numunedeki
basing dayanimi1 55Mpa ve sensor LVDT-exp (2,4,5 ve 6) sonucu (5.65 mm, 30.9 mm,
Sirastyla 30,38 mm ve 4,61 mm), tam satir exp ile bir Sekil 4.24'te gosterildigi gibi tespit

edilmistir.

4.6.2. Degisen ¢elik levha kalinhi@inin sonucu (2mm)

Diger bir modelleme olarak, ¢elik levha kalinlig1 (2mm) olarak degisti, bu nedenle
bu durum i¢in daha biiytik yiik 59.1 KN idi. Bu bakimdan Abaqus simiilasyon yazilimi
LVDT-5-num sensorii 33,54 mm yer degistirmeyi gosterirken, LVDT-4-num sensoru 35
mm yer degistirmeyi ve LVDT-2 ve LVDT-6, 3,35 mm yer degistirmeyi gostermektedir.
Bu durm Sekil 4.28'de gosterildigi ibidir.

4.6.3. Degisen celik levha kalinhginin sonucu (3mm)

Ikinci bir durumda, celik levha kalinligi (2mm) olarak degisti, bu nedenle bu
durumda 54.09 KN daha biiyiik ylik olmustur. Bu durumla beraber Abaqus simiilasyon
yazilimi LVDT-5-num sensorii 29,36 mm yer degistirmeyi gosterirken, LVDT-4-num
sensoru 30,66 mm yer degistirmeyi ve LVDT-2 ve LVDT-6 2,75 mm yer degistirmeyi
gostermistir. Sekil 4.30'da gosterildigi gibidir. Ayrica, simiilasyon sonuglari ile deneysel

sonuglar karsilastirildiginda, veriler oldukga farkli olarak tespit edilmistir. Nitekim
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deneysel numunedeki basing dayanimi 55Mpa ve sensér LVDT-exp (2,4,5 ve 6) sonucu
(5.65 mm, 30.9 mm, Sirastyla 30,38 mm ve 4,61 mm), tam satir exp ile bir Sekil 4.30'da
gosterildigi gibi ¢ikmustir.

5. SONUC VE ONERILER

Calismanin vardigi sonug, bir bina veya insaat yapiminda termal kdpru sorununun
iistesinden gelmek icin balkon levhasinda 1s1 yalitim elemani kullaniminin gerekli
oldugunu ortaya koymaktadir. Bu ¢alisma kapsaminda¢ balkon levhasi {izerinde egme
testlerini  gerceklestirmek i¢in bircok simiilasyon uygulanmigtir. Bu sonuglar,
numunelerin, sensorlerin analiz edilmesiyle arastirilan yer degistirme faktoriine gore
yaklasik 60,8 KN'lik biiyiik bir yiik tutabildigini orataya koymustur. Bununla beraber
balkon levha 6rneklerinin farkli alanlar1 tizerinde yer degisiklikleri de ger¢eklesmistir. Bu
model calismalara ek olarak, bu calismanin bir sonucu seklinde, minimum miktarda
yiiksek mukavemetli betonun verimli bir sekilde kullanilmasinin, biiylik yiiklere
dayanmak i¢in yeterli oldugunu ve daha az 1s1 kaybinin meydana geldigini ortaya koymak
icin bu uygulamanin bir termal bariyer gérevi gordiigiinii de ortaya koymustur. Bu
modelleme, balkon iceren yap1 projelerinde konstriiksiyonlu balkon déseme numunesi
tasariminin kullanilmasi, termal koprii sorununun en aza indirilmesine veya bu sorunun
Ustesinden gelinmesine yardimci olacagi sonucuna da varilmis olmaktadir.

Simiilasyon sonuglar1 bakimimdan sonuglara odaklandiginda, izo Blok i¢in 55MPa
beton kullanimmin balkonda kullanim i¢in optimum dayaniklilik sagladigini
gdstermektedir. Ancak Izo Blok betonun mukavemeti yiik direncini asir1 derecede
yiikseltmeyebilmektedir. Izo Blok'ta farkl1 sekillerde beton kullanilmasi izo Blok'un yiik
direncini etkiledigi de ortaya koymaktadir. Betonun ti¢lii seklini kullanarak, elde edilen
maksimum y(k direnci maksimum mukavemeti de ortaya koymaktadir. Izo Blok sayisini
artirmanin balkonun yiik direncini artirdig1r ancak daha fazla beton alan tagindigi i¢in
iletkenligi arttig1 i¢in dezavantajli konuma gectigi de bu c¢aligma sonucunda teyit
edilmistir. Bu baglamda termal iletkenlik ve yapisal diren¢ goz dniine alindiginda ii¢ Izo
Blok kullanilmasit en verimli se¢im olarak karsimiza g¢ikmaktadir. Elimizdeki bu
arastirma, 6zel bir balkon levhasi numune konfigiirasyonunun ve yapisinin termal koprii

tizerindeki  etkilerine ve bunun nasil azaltilacagina vurgu yapmaktadir.
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Calismanin bulgulari, ¢caligmanin belli bir basariya ivmelendigini ortaya koymaktadir.
Buna ragmen gelecekteki aragtirmalar i¢in bazi simiilasyonlar ve parametrelerin bilimsel
olarak sunulmasi, daha sonraki ¢alismacilar i¢in 6nerilmektedir.

Gelecekte aragtirma yapacaklar i¢in bazi 6neriler 6ne ¢ikmaktadir. Bu baglamda
farkli termal koprii kalinliklarinin kullanilarak termal kopriiler iizerinde ultra yiliksek
dayanimli betona sahip iki izo Blogun kullanilmasi ve olas1 sonuglar1 degerlendirilmeye
uygundur. Bununla beraber bir yap1 uygulamasinda diger parametrelerin etkisinin
arastirilmasini ve termal iletkenligi aragtirmak i¢in yazilim ve modelin kullanimini igerik
olarak kapsayabilmektedir. Diger bir yaklasim olarak kullanilacak yap1 malzemelerinin

cevre faktorleri Uzerindeki etkileri de analiz edilmeye deger goriilmiistiir.



Appendix 1. Bending test results

Load LVDT2- | LVDT4- | LVDT5- | LVDTé-
num num num num
0 0 0 0 0 0
22310 2231 | 0.372695| 4.78394| 4.56101| 0.372695
23834.8 23.8348 | 0451024 | 56813 | 542001 | 0.451024
249825 249825 | 0490767 | 6.16919 | 5.88772| 0.490767
25629.3 256293 | 051626 | 6.48828| 6.19324| 0.51626
25946.4 259464 | 0539795 | 6.73253 6.4276 | 0.539795
26309.5 26.3095 | 0578438| 7.06607 | 6.74786| 0.578438
274837 27.4837 | 0.642266 | 7.58661 72471 0.642267
28661.7 28.6617 | 0.681142 7.9818 | 7.62519 | 0.681142
31314.1 31.3141| 0.751671 | 8.85978 | 8.46459 | 0.751671
33849.3 33.8493 | 0.815797 | 9.70273| 9.27064 | 0.815797
35965.2 35.9652 | 0.873667 10.3933 | 9.93082 | 0.873668
38049.1 38.0491 | 0.932276 11.18| 10.6829 | 0.932276
39892.9 39.8929 | 0.992096 11.9384 | 11.4084 | 0.992096
41352.6 41.3526 | 1.03738 125626 | 12.0059 | 1.03738
424105 42.4105 | 1.07697 13.1048 | 12,5248 | 1.07697
43540.7 435407 | 1.1404 13.8661 | 13.2538 | 1.1404
449293 44.9293 | 1.20672 146265 | 13.9818 | 1.20672
46061.4 46.0614 | 1.28732 154777 | 14798 | 1.28732
46798 46.798 | 1.32994 159711 | 152706 | 1.32995
48817 48.817 | 1.4989 178111 | 17.0352 | 1.4989
50173.6 50.1736 | 1.64532 19.4021 | 185612 | 1.64532
51171.9 51.1719 | 1.75817 205224 | 19.6364 | 1.75817
52249.9 52.2499 | 1.89958 21.8399 | 20.9015 | 1.89958
52995 52.995 | 1.99126 22.6875 | 21.7154 | 1.99126
53829.3 53.8293 | 2.08642 23.6189 | 22.6092 | 2.08645
54117.2 54.1172 | 2.12013 23.9585 | 22935 | 2.12023
54542.2 54.5422 | 2.16767 244715 | 234269 | 2.16761
55096.1 55.0061 | 2.22842 251545 | 24.0815 | 2.22841
55706.7 55.7067 | 2.29512 250698 | 24.8621 | 2.29513
56363.8 56.3638 | 2.36807 26.7619 | 25.6218 | 2.36807
59107.2 59.1072 | 3.35591 35| 335437 | 3.35591
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