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ABSTRACT 

 

In this thesis project a concrete sandwich wall element of 250 mm insulation of Kooltherm 

has been resulted to have U-values and ψ-values closer to the passive housing 

recommendations. However, by using 180 mm thick insulation, no significant difference in 

the annual energy consumption is observed. Using a metal sheet in the window connection 

and small concrete brackets, low thermal bridge values are achieved. Low thermal bridge 

coefficient values were also observed with thick insulation in the foundation and the roof 

structure, although, it is impossible to achieve values below 0,01 W/mK in the corner 

connections. Airtightness of the building envelope is more important than the thickness of the 

wall in the energy consumption simulations. Therefore, the thermal bridging and the U-values 

of the wall are, in most cases, dependent on the thickness of the element. No conclusions on 

the structural reliability of the solutions can be extracted from this thesis project. 

In order to conclude the statements above, this thesis project has been focused on the 

evaluation and design of a concrete sandwich wall panel. The design of the wall element, 

including its reinforcement and connectors, while achieving values according to passive 

housing regulations, is the initial goal of this project. Subsequently, connections between the 

building components and the wall element are analyzed and designed through several 

simulations according to the passive housing regulations respectively. Simulation tests took 

place in Sweco Structures AB offices with the valuable contribution of experts. An existing 

building project was used and evaluated in order to present the simulation results in a more 

realistic manner. Several insulation materials have been tested for the thermal and moisture 

reliability. Using the existing building as a base for information, energy simulations 

generated the energy consumption results in order to compare different wall thicknesses, and 

thermal bridging effects.  

This project is inspired by the needs of building sustainability and efficiency, which has 

become a significant part of the worldwide effort on reducing the energy consumption on the 

planet. Regulations regarding building technology have been completely changed and 

adjusted in the passive housing design. Particular effort has been put on the commercial and 

multi-residential buildings, in which the energy consumption is usually higher than in small 

family houses. Concrete sandwich wall panels have been introduced in the building market as 

an alternative and more efficient way of constructing. Prefabrication has been proved to be 

less time consuming, although issues on the thermal behavior appear in this kind of structure. 

The evaluation of the thermal efficiency of the concrete sandwich wall elements has been a 

significant issue in the civil engineering society and research.  
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1 INTRODUCTION 

 

1.1 BACKGROUND 

 

High performance buildings are designed to satisfy functional, human comfort, 

environmental and financial considerations. Except from lower energy operating and 

maintenance costs, a high performance building offers a great investment return for its 

owners. To achieve these goals, the contribution of a high performance envelope of the 

building plays a huge role.  Insulated sandwich wall panels can be bearing walls, supporting 

gravity loads, as well as resisting wind, seismic, and blast loads. Thermal and moisture 

properties are achieving the highest of expectations. Concrete sandwich panels simplify the 

construction process by fulfilling all the performance requirements for a wall. However, the 

design should be based on the building science in order to fulfill the requirements above. 

(Brown, Scott, & Dechamplain, 2010) 

Architectural precast concrete panels were initially designed with a single wythe and were 

installed in buildings to provide cladding. Precast concrete “sandwich” panels are a more 

recent innovation. The precast concrete double-wall panel has been in use in Europe for 

decades now. The original concrete sandwich wall design consisted of two wythes of 

reinforced concrete separated by an interior void. The connectors were embedded steel 

trusses. Demands of energy efficiency of buildings and achieving better thermal performance, 

introduced insulation materials added in the void. Steel trusses were shaped differently to 

avoid thermal bridges and moisture problems. Stainless steel and galvanized steel is used and 

the thickness of the bars and the connectors are now constructed in a way providing more 

thermal efficiency. The main principles that can be characterized as benefits in this type of 

concrete sandwich panels is high structural and thermal capacity, less penetration through 

insulation, easier production and installation, lighter shipping and erection weight. (Frankl, 

Lucier, Hassan, & Rizkalla, 2011) 

The facing concrete layer, the insulation layer and the load bearing layer combined offer the 

opportunity to provide all performance requirements of an exterior wall within one assembly. 

In addition, the whole “sandwich” panel system must incorporate building science principles 

in the design. Properties of concrete clearly provide safety in many cases (load bearing, fire 

safety). However the joints between the elements, the connections between the elements and 

the slabs, floors and roofs, the window and door openings remain crucial for this kind of 

construction. Energy efficiency, solar reflectance, commissioning, reduced life time costs, 

design flexibility or functionality in specific environmental conditions, life safety, indoor air 

quality, durability and aesthetics are all facts that should be taken into consideration and be 

investigated. Many surveys have been conducted in that field and as the technology is 

developed, many solutions for different kinds of problems have been recorded.   (Morcous, 

Tadros , Lafferty, & Gremel, 2010) 
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1.2 PURPOSE 

 

Concrete sandwich wall elements are massively used in the construction field especially for 

commercial buildings. The aim of this thesis is to dimension a concrete sandwich element 

and conduct a research about thermal bridges that are introduced in the connection spots, in 

order to achieve an effective design for passive housing. International and Swedish 

regulations about passive housing demand a U-value of 0,15 W/m2K for the wall design and a 

ψ-value around 0,01 W/mK for the junctions, to be characterized as thermal bridge free. This 

thesis project is an attempt to reach these values by using concrete sandwich wall element. 

The wall is tested for its effects in a building’s energy consumption, in order to be included in 

passive housing design and construction.   

1.3 DELIMITATIONS 

 

During the U-value calculation, not all U-correction values will be taken into account. The 

heat flux due to air movement, ΔUg, and reversed roofs, ∆Ur will be neglected and only 

mechanical attachment ∆Uf, will be considered. For the concrete sandwich element ΔUf is 

derived from the wythe connectors’ contribution.  The range of this study does not include 

complete structural analysis performance. As a structural analysis, the amount of bars 

(connectors), and their required cross-sections are given from Strängbetong’s and Halfén’s 

experts, who are specialized in concrete sandwich element and connectors’ manufacturing. 

No load bearing capacities and thicknesses of wythes needed evaluating. This evaluation was 

already done by Sweco Structures AB, who provided this paper with the suitable information. 

No software is used to show the simulation of deriving the amount and placements of the 

connectors within the element. However, Heat 3, a 3D software, provided this paper with the 

exact thermal conductivity and U-value of the wall element including connectors and anchors 

but a simplification of their shape was made due to the limitations of the designing in the 

specific software. 

1.4 METHOD 

 

To obtain and assess the scope of the objectives of this thesis project, literature studies are 

conducted where inspiration for dimensioning the wall element and its connections are found. 

This, combined with previous drawings used by Sweco, deduced the final designs. An 

iteration process of U-value calculations is executed in order to establish the final thickness 

and amount of insulation material of the basic concrete sandwich element. Several softwares 

are used to simulate U-values and thermal bridges of different types of connections. 3D 

software was used to evaluate the desirable U-values for the wall including the reinforcement 

of connectors and anchors for an accurate result. An actual project, of Sweco Structures AB, 

was used to be able to entrench the ideas of proper designs to a real life object. This way, the 
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drawings of the building and the drafted drawings made in this project can be compared and 

discussed in depth and final optimal solutions can be presented. An energy consumption 

simulation was established by using this specific project in order to observe and record the 

effects of different designs of the wall and its connections. An additional moisture content 

simulation was conducted in order check the reliability of the designed building components 

against moisture. The entire process that followed is presented more analytically in Chapter 

3. 
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2 LITERATURE REVIEW 

 

2.1 CONCRETE SANDWICH PANEL STRUCTURE 

 

2.1.1 Main Structure 

 

Precast concrete sandwich panels are considered to have two concrete parts, facing and load-

bearing, and one part between the previous two, consisted of insulation material. This kind of 

panels should be designed to resist lateral forces, gravity loads, and temperature effects. 

Lateral forces could be produced from seismic, wind or blast loads. In gravity loads self-

weight is included. When temperature differences are high, there can be several consequences 

occurring within the thickness of the sandwich panel. In-plane forces from roof structures 

constitute to lateral forces, as well as a resisting design of the structure. (Morcous, Tadros , 

Lafferty, & Gremel, 2010) 

 

2.1.2 Fabrication 

 

During the fabrication process the exterior layer is cast flat in a mold that contains the shape 

of the panel that is required for each construction. According to the USA fabrication methods, 

a layer of insulation is applied to the exterior layer of concrete with a drainage layer between 

them (PCI & Sidney, 2007). This drainage layer could be a thin layer of a different material 

e.g. plastic foil, or the insulation itself could have vertical grooves on the exterior side. 

Drainage material could be removed after the end of fabrication. Subsequently, the load-

bearing part which is the interior layer, is applied on the insulation layer to complete the 

process of prefabrication. Reinforcing bars are mounted in the concrete layers and connectors 

are placed horizontally passing through the insulation layer to provide tensile and shear 

capacity needed to keep the element stiff during fabrication and the usage afterwards.  

(Salmon, Einea, Tadros, & Culp, 1997) 

 

  

Figure 1  Fabrication of Concrete Sandwich Element (Pessiki, 2015) 
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2.1.3 Factors that control the element sizes according to Swedish Standards 

 

Primarily, the sizes of the elements depend on the sizes of the tables used for production in 

the factories, and the shapes used for the formation of the elements. Secondly, the capacities 

of cranes and the lifting heights are also limiting factors.  

Most factories are capable of manufacturing elements with a length reaching 7,2 m. The 

element’s height should not exceed 3,6 m. The weight of the element should not be more than 

100 kN, 10000 kg.  

Some projects could require dimension that might give the impression of being unreasonable. 

For these cases, some factories are able to produce elements with a length of approximately 

14 m and heights of approximately 4 m. With these larger dimensions the restriction of the 

weight is 200 kN, 20000 kg. During transportation, the sizes and types vehicles and the free 

heights in traffic will contribute with limitations on the elements. During manufacturing the 

maximum dimensions vary for different types of elements and factories. In the figure below, 

the approximate average capacity of the Swedish concrete industry is presented 

(Betongelementföreningen, 2000). 

 

 

Figure 2 Normal dimensions of concrete sandwich elements used in an outer load-bearing 

wall, produced in Sweden (Betongelementföreningen, 2000) 

 

These measurements show the dimensions of elements that numerous factories can produce. 

The measurements within the parenthesis show the dimensions that a few factories can 

fabricate. 
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2.1.4 Structural behavior 

 

Because of their structure and their unique quality, concrete sandwich panels can manage 

loads as well foundations walls do. They can be placed directly on the supporting footing 

providing thermal protection from ground heat losses. Inter-layer connectors are directed 

horizontally. More rigid connectors can be used and allow external forces to be resistant to 

axial loads by the strength of the concrete wythes. Structural connectors increase element’s 

strength as well as preventing the shear displacement between concrete layers. Element’s 

stiffness is significantly dependent on connectors’ rigidity. A common rigid connection 

system could include steel bars applied through the thickness of the concrete layers vertically, 

and connectors horizontally could connect these bars crossing the insulation layer. In other 

cases the system includes discrete, horizontal solid sections crossing the thickness of the 

element.   (Salmon, Einea, Tadros, & Culp, 1997) 

Concrete sandwich panels could be designed in three ways, which are fully composite, 

partially composite or non-composite wall panels. A fully composite element consists of light 

and thin wall sections relative to its lateral or gravity load resistance which leads to negative 

results in the thermal performance. In a fully composite element also the connectors are able 

to transfer the shear forces caused by bending between the outer and the inner concrete 

wythes. When the connectors are produced with low shear resistance, only low shear forces 

are transferred between the two concrete layers. Panels with that kind of connectors could be 

characterized as non-composite. Partially composite panels are placed in between the 

previous cases providing some shear strength.  (PCI & Sidney, 2007) 

 

2.1.5 Insulation 

 

Between the two main concrete layers of a sandwich panel, an insulation layer is placed. The 

thickness of the insulation layer depends on the thermal resistance that is needed for the 

specific kind of construction. The insulation materials for this layer could be Mineral Wool 

and foam materials as Expanded Polystyrene, Extruded Polystyrene, Polyurethane and 

Polyisocyanurate. Detailed properties could be found in the Swedish regulations SS-

EN_ISO_10456_2007. Foam materials have low levels of water absorption, or they are 

covered with a water resistant coating in order to decrease the water absorption from the 

freshly applied concrete and avoid affects in thermal performance. To achieve this result, 

rigid cellular insulation is used without moisture sensitivity. The physical properties of some 

of the foam insulating materials are presented in the table below:   (PCI & Sidney, 2007) 
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Table 1 Physical Properties of Common Insulating Materials (PCI & Sidney, 2007) 

 

Thermal characteristics and design temperatures, are the main factors that determine the 

thickness chosen for the insulation. Compatibility between wythe (stainless steel) connectors 

and the insulation layer should be succeeded while avoiding gaps. Thermal performance is 

improved by filling the gaps with insulation material. If the desired thickness is not available 

in commercial production, double layer insulation is applied, with staggered joints or glued 

abutting ends. The thickness and the properties of the insulation material that have already 

been mentioned, modulate the amount of its shear strength between the concrete wythes. 

Although, physical and chemical methods could be applied to break the bond between the 

insulation and the concrete wythes of non-composite panels in case of temperature and 

volume change stresses. (PCI & Sidney, 2007) 

 

2.1.6 Concrete layer (wythe) 

 

The concrete layers are the façade and the load-bearing layer. Their design thicknesses, 

especially of the load bearing (inner) layer depend on the structural and architectural 

requirements. Wythes in a non-composite panel are usually thicker than the composite 

elements under the same load. The lowest value of load-bearing wythe thickness should be at 

least 75 mm thick. This thickness should be enough to provide a protecting covering of the 

connectors and the anchors of the element. Required fire resistance for each construction is 

an additional factor in deciding the thickness of the concrete layers. In most cases, load-

bearing wythes are supported in the bottom edge by lateral ties. Movements and 

displacements are avoided in this manner. (PCI & Sidney, 2007) 
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Figure 3  Concrete sandwich wall element Steel connectors and anchors (Halfén, 2009) 

 

2.1.7 Wythe connectors and anchors  

 

For structural efficiency, concrete sandwich panels can be held together with a large variety 

of connectors. The most common shear transferring connectors are made of steel or, more 

recently, during several researches, another type of connectors is introduced, made of fiber-

reinforced polymer (FRP) and carbon-fiber-reinforced polymer (CFRP) (Kim & Allard, 

2014). Steel connectors include restraint ties due to vertical loads caused by temperature 

deformation or wind load and façade material weight. According to Swedish standards steel 

connectors also include supporting anchors due to vertical loads and torsion, and horizontal 

anchors due to horizontal forces such as forces caused by the lifting process and wind 

(Halfén, 2009). In the place of steel connectors, fiber-reinforced polymer connectors were 

introduced as previous results showed that they have better structural and thermal 

performance than steel connectors. In the case of FRP or CFRP connectors, a fiber reinforced 

polymer grid material is used in the core of the sandwich element. Therefore, steel connectors 

remain the main product in the building industry nowadays, especially in Sweden. Fiber 

connectors are still in the research process (Frankl, Lucier, Hassan, & Rizkalla, 2011). 

 

2.1.8 Examples of building technology details using Concrete Sandwich Elements  

 

The main parts of the concrete sandwich wall element that are analyzed above can be shown 

in detail, connected with the other main components of the building envelope.  The examples 

that are shown in the figures below are details from a building technology aspect that have 

been established in a real construction in Sweden. All the possible situations for all kind of 

climates are not addressed, however, this information is introduced in the specific climate 

conditions and needs of Sweden. All details are based on Swedish standards and regulations. 
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Only the basic details are presented in order to set a background idea of the building 

technology connections that are tested in this thesis project. The sandwich wall element 

studied is load-bearing like the element, which is used in testing for this project. Connectors 

and anchors in the sandwich wall panels are not shown in the connection details below, as the 

intent is to have the building technology emphasized. The figures are borrowed from an 

existing building construction project of a two-storey building located in Stockholm, which 

from now on will be referred to as the House Project X, to maintain the building’s 

information classified.  

 

Figure 4 Wall Element Connection & Corner Element Connection (Horizontal Cross-

Section) 

 

Figure 5 Wall to Floor Slab Connection (Vertical Cross-Section) 
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Figure 6 Wall to Ground Slab & Foundation Connection (Vertical Cross-section) 

 

 

Figure 7 Wall to Window Connection (Vertical Cross-section) 
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2.2 THERMAL AND MOISTURE ANALYSIS 

 

2.2.1 Thermal mass 

 

Concrete structures thermal properties are have been tested in steady-state conditions in many 

laboratory and field studies. The thermal mass that is offered by the concrete elements 

contributes to the energy performance. Concrete itself, used in the building envelope, stores 

and releases heat while decreasing the energy needs in many climate conditions. In addition, 

when it comes to tests with time variation and not steady-state, concrete’s thermal mass gives 

a preferable behavior as it evens out extremely high and extremely low temperatures. Over 

time, the thermal inertia of concrete delays large temperature differences. This also 

contributes to lower energy consumption during the daily life of a building. Massive walls 

prevent or delay extreme temperature loads, especially when the outside temperature is much 

higher or much lower than the inside balance temperature of the building (PCI & Sidney, 

2007) . 

Tests in the thermal mass of a building envelope give the thermal resistance (R-value) of the 

entire envelope by adding all the R-values of every material that is used in the construction. 

According to SS-EN ISO 6946:2007 and SS-EN ISO 10211:2007 of the Swedish Regulation 

the thermal resistance of a layer is given by the following equation: 

� =
�

�
      (1)         (Swedish Standards Institute, 2007) 

where 

d is the thickness of the material layer in the element; and 

� is the so called design thermal conductivity of the material. 

The total thermal resistance is used to find the thermal transmittance, �, which is given by: 

 � =
�

�
  (2)   (Swedish Standards Institute, 2007) 

This value represents the transmittance for an element with strictly homogenous layers and 

no impact of its surroundings. According to the standards, there are factors included in the 

final total U-value.  The corrected thermal transmittance, ��, is obtained by adding a 

correction term, ∆U: 

�� = � + ∆�    (3)     (Swedish Standards Institute, 2007) 

In the case of the concrete sandwich elements the correction factor is derived from the Uf 

value of the connectors that is used, and affect the total U-value of the envelope. Analytical 

formulas of the correction factors can be found in the Swedish regulations that are mentioned 

above. 
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2.2.2 Thermal bridges 

 

Thermal bridges occur when there is a thermal barrier that is not continuous. Moreover, the 

material that interferes with the continuity of the thermal barrier needs to have a conductivity 

that is substantially higher than of the thermal barrier. Creating a strictly continuous thermal 

barrier might not always be an option, however, using overlapping insulation is an option to 

increase the resistance of the structure. Thermal bridges cause not only heat loss, but can also 

be the reason for moisture and condensation problems. Even if the connections of the wall 

and slab elements are designed in a perfect way, there is still the problem of windows, doors, 

skylights and other kinds of fenestration within a structure that may cause a short circuit of 

the thermal pathway and could, in its turn, 

create a higher U-value than expected 

(Totten, O'Brien, & Pazera, 2006).  

The multidimensional type of the thermal 

bridges cannot be calculated with one 

dimension simulation. For this reason, two-

dimensional or three-dimensional 

simulations lead to more accurate results. 

Heat losses occur through the building 

components such as windows, walls or floors 

and through the connection between these 

components. All the calculation processes are based on that fact in order to give a view of 

thermal bridging in the building envelope. Thermal bridges could be divided into three basic 

categories: geometrical, linear and point thermal bridges (Pusila, 2014). 

Geometrical thermal bridges occur when there are geometrical changes in the construction of 

different components in the building envelope. When the thickness of the components, such 

as walls, differ at some points of the building envelope, especially in the corners, 

geometrical-thermal bridges appear. These 

components usually differ at the flat form at the 

edges of the building construction (Pusila, 

2014).

Figure 8 is a proper connection between two 

different concrete sandwich elements. The 

temperatures and the isotherms are shown in 

the figure. This is an example of a geometrical 

thermal bridge that occurs between these two 

elements. The figure shows results from a 

corner in House Project X. 

 

 

Figure 8  Critical Spots for Thermal Bridges 

Figure 9 Geometrical thermal bridge 

between the two concrete sandwich 

elements 
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Linear thermal bridges appear in the connections through the length of the building envelope 

such as wall-foundation connections, wall- window or door connections and wall-floor slab 

connections. Commonly, the calculation of these kinds of thermal bridges are done by two 

dimensional programs in order to evaluate the ψ-value which gives the total heat loss through 

these connections. The ψ-value is determined by the formula below: 

� =  
�

��
− �1. �1 − �2 . �2 −⋯   (4)     (Infomind, 2014) 

where 

Φ is the total heat flow 

ΔΤ is the difference between the exterior and interior temperature  

U is the measurement value of the heat loss in the specific component 

D is the dimension of the component (in 2D simulation usually is the height of the component 

such as wall or window) 

 

An example of a linear thermal bridge is the connection 

between the wall element and the floor slab. The materials 

that are used to connect the elements and the slab, should 

be tested in order to avoid heat losses. Figure 10 is also 

extracted from the simulations of House Project X.

Point thermal bridges appear when in a specific point of a 

component, one different kind of material is penetrating 

the component in the horizontal direction of the cross 

section. In the case of the concrete sandwich 

wall elements the point thermal bridges are 

caused by the connectors of the two concrete 

wythes which are penetrating the insulation. 

Another example could be a metal sheet 

penetrating horizontally the wall. (Pusila, 

2014) 

 

An example of a metal sheet penetrating the wall element is shown in the 

cross-section to the right. Temperature and isotherm lines vary extremely in the 

area of the metal sheet. High thermal bridges occur at this point. 

 

 

 

Figure 11 Point Thermal Bridge 

Figure 10 Linear thermal 

bridge occurs in wall-slab 

connection 
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2.2.3 Passive-Housing Recommendations 

 

According to the International Institute of passive-housing, buildings should include an 

envelope structured by components with significantly low U-values. In order to set limits for 

the U-values, depending on the location, the usage and the form of the building, international 

passive-housing community suggest the following values (McLeod, Mead, & Standen, 2012): 

• � ≤ 0,15 �/���  for walls, roofs and floors 

• � ≤ 0,85 �/���  for complete window installation 

These values constitute the maximum limit of the thermal transmittance for the components 

included in the building construction. Proper materials should be chosen in order to achieve 

these values in every component. Every kind of material and every type of construction could 

be included in a passive house design. Timber, steel and prefabricated insulated concrete 

have been successfully included in the passive housing.  

Significantly detailed construction is demanded in the design process in order to avoid the 

thermal bridges, which occur at the connections of different components. Placement of proper 

insulation around any crucial spot could decrease or eliminate the heat losses. To avoid these 

heat losses, the passive house community suggests that the design of the building envelope 

should be thermal bridge free. An accurate translation of this statement is that the ψ-value 

should be lower than 0,01 W/mK. With these low values thermal bridges could be ignored in 

the calculations of the energy consumption of the building. Point thermal bridges on the 

corner junctions of a building could also be ignored if they don’t contribute a lot to the heat 

losses in of the envelope. Ψ- values could be calculated in the design process through two or 

three dimensional programs. Systematic design is needed in order to achieve the preferable 

values. Thermal bridges could also be calculated after the construction with the contribution 

of thermographs. However, it is important to design the details of connections with low ψ-

values before the construction process. Difficulties will appear to correct possible high 

thermal bridges that may occur in the “life span” of the building (McLeod, Mead, & Standen, 

2012). 

Additionally, a significant part of the passive housing building process is to achieve the 

airtightness of the building. High airtightness levels prevent moisture movement in the 

envelope due to convection. The most common materials used to achieve these high levels 

are the airtight membranes such as vapor barrier membranes. In the case of concrete 

sandwich elements, concrete itself acts as an airtight material and extra vapor membranes are 

needless. Airtightness of the building is also significantly important due to the fact that this 

affects the total energy consumption of the building. In high levels of airtightness indoor 

environment remains balanced, and as a result, less energy is needed to sustain this balance. 

In the following table, some of the most crucial values for a building to be characterized and 

certified as passive house are presented according to the International Passive House 

Association. Primary Energy is defined as “Energy as found in the natural environment prior 

to any conversion process i.e. the energy content of raw unprocessed fuels at the point of 

extraction and renewable energy resources” (McLeod, Mead, & Standen, 2012). 
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Building Energy Performance 

Specific heating 

demand 
≤ 15 ��ℎ/m2.yr 

or Specific Peak Load ≤ 10 �/m2 

Specific Cooling 

Demand 
≤ 15 ��ℎ/m2.yr 

Primary Energy 

Demand 
≤ 120 ��ℎ/m2.yr 

Elemental performance requirements  

Airtightness ≤ 0.6 	
/ℎ 

Window U-value ≤ 0.80 �/m2K 

Window Installed       

U-value 
≤ 0.85 �/�2K 

Table 2  Passive House Requirements (McLeod, Mead, & Standen, 2012) 

 

2.2.4 Moisture Analysis 

 

The performance of the building components is decreased when the moisture content in the 

air or the surfaces exceeds the limits. Building design is based on the protection from outdoor 

and indoor humidity. The vapor content is translated to humidity by volume as the moisture is 

transferred in the materials. Commonly, vapor barriers are placed at the inside of the 

insulation material in order to ensure that the different parts of construction will not reach an 

equilibrium with the indoor air. The saturation points in specific temperatures are avoided. 

In order to measure the moisture, principal data is needed. Outdoor temperatures and the 

percentage of the relative humidity are included in the weather files for every area which is of 

interest. The measurements are usually taken monthly during a time period of two or three 

years. On the other hand, the indoor moisture is relevant to the ventilation air of the building. 

Materials that are used in the construction, could contain high levels of moisture. Wet 

concrete is the most common material in this case. During the building process and the after 

“life span” of the components, this moisture has to be removed. Most of the tests, or 

simulations are based on the previous statement. (Johannesson, 2012) 

The transfer of moisture in the building materials occur by diffusion and air convection when 

the relative humidity is low, while capillary suction and gravity flows appear when the 

saturation levels in the materials is high.  

According to G.Johannesson, professor of building physics in KTH “diffusion is the flow of 

particles caused by random movements and collisions that cause a flow from high 

concentration to low concentration” (Johannesson, 2012). The diffusion relationship between 

vapor in materials and the air, is expressed by the coefficient μ. This coefficient states the 

levels of resistance to water flow for each kind of material. Due to this fact, the simulations 
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testing the water penetration in the material, are based on the coefficient μ of each material. 

Vapor resistance Z of the materials can also be expressed as the ratio between the thickness 

of the materials (d) and the vapor conductivity (δν) as in the formula below: 

� =  
�

��
     (s/m)  (4) 

Due to the phenomenon of capillary suction the relative humidity in the pores of the materials 

reach the highest levels. When water pressure of the surrounding air is increased, another 

pressure is generated, respectively, between the saturated surface of the material and the air in 

its pores. As a result, condensation appears on the surface of the material. Tests have shown 

that the capillary transfer occur from the pores with larger diameter to pores with a smaller 

diameter and from larger pressure to less pressure. As a prerequisite to the previous 

statement, the pores of materials have to be connected in order for the capillary suction to 

occur. Most common cases for water to transfer into the materials, are cracks in the materials. 

Reliable inspections, for moisture and water penetration in an existing building or during the 

building process, could be carried out by checking all the components of the building 

envelope for possible future moisture problems. (Johannesson, 2012)  

    

2.3 SIMULATION SOFTWARE 

 

Four main simulation softwares were used during the testing process (Flixo Pro 7, HEAT3, 

VIP Energy, and WUFI Pro 5). Two for evaluation of the U-values and thermal bridges 

(Flixo Pro 7, HEAT3), one for the energy consumption calculation (VIP Energy) and one for 

the moisture calculation (WUFI Pro 5). Some general information about each program’s 

function is described below that is derived from each software’s manual reports (Manual 

reports were the most reliable sources for analyzing the function of each software). 

Flixo Pro 7 is a 2D software that analyzes the thermal properties of a design and reports the 

results after the calculation process. Flixo calculates the temperatures and the heat flux, while 

specific temperatures and specific thermal properties for each spot of the construction could 

be shown. A wide range of materials can be used according to the European Standards. 

Thermal conductivities for air cavities can be calculated and special boundary conditions are 

applied to the construction. Construction design can be imported from a CAD software. 

Finally, Flixo provides users with the automatic calculation of joint U-values and joint ψ-

values. (Infomind, 2014)  

HEAT3 is a software for three-dimensional transient and steady-state calculation. Thermal 

bridge analysis, heat transfer through corners and heat losses from the ground, are simulated. 

The calculation is accomplished by a finite element system. The input data and the output 

results can be presented graphically. The calculation speed is high, especially for the steady-

state case. A significant limitation occurs during the design of the object. All boundary 

surfaces are designed in a cuboid mesh. (Blomberg, 2001-2011) 
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VIP-Energy is made to calculate the energy consumption for buildings. The calculation 

concerns a period of one year but there is also possibility for a shorter period calculation. 

This calculation is dynamic whereas it is repeated every one hour. Energy flow, affected by a 

specific climate system, is calculated. Temperature, humidity, solar radiation, and wind loads 

are facts which are included in a climate system. Air changing rate and the different demands 

for each part of the building also affects the energy consumption result. To build the model in 

the program, the components of the building are entered including their thermal properties. A 

wide range of several materials, which properties can affect the final result, is included. 

However the program is only designed to calculate the energy consumption and not 

dimensioning the heating and cooling system. (StruSoftAB, 2012) 

WUFI Pro 5 is a software for hygrothermal analysis of building envelope constructions. 

After selecting the materials for the construction component that has to be tested, orientation 

and surface transfer coefficients are submitted. Initial conditions, climate conditions, indoor 

and outdoor conditions are introduced according to the geographical position of the 

construction and according to the standards that occur for this specific area. The calculation 

period usually extends to several years for reliability reasons. The results derived from the 

calculation have graph formation and also include specific value reports. Total water content, 

water content in individual layers and temperature variation through the components are the 

principal result graphs. (Zirkelbach, Schmidt, Kehrer, & Kunzel, 2011) 
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3 METHODOLOGY 

 

3.1 ELEMENT DESIGN 

 

At first the design of the wall is established. The wall element is a concrete sandwich panel 

with insulation in between the concrete façade layer and the concrete inner, load-bearing 

layer. The instructions given in Sweco about the dimensions were that the façade layer should 

be 70 mm and the load-bearing layer should be 150 mm. As mentioned in the delimitations, 

no static analysis will be executed so the load bearing capacity of the element will not be 

evaluated. 

The original requirement was to have a U-value below 0,1 W/m2K, which is an ambitious task 

as it is 0,05 W/m2K less than the demands for a passive house. The thickness and type of the 

insulation is decided based on this demand. The concrete used in this project has 1% 

reinforcement by volume. The characteristic values needed for further evaluation are found in 

SS-EN_ISO_10456_2007. 

In the next step, guidance from the experts of the company, Halfén, was used. The company 

Strängbetong supplied with some drawings that were used as inspiration for the formation of 

the connections modeled for simulations made in this report. The dimensions of the wall 

element were sent to Halfén for a simulation to determine the required amount, types and 

position of connectors. The received drawing from Halfén showed the solution for a standard 

2,8 m x 5 m element with no special conditions claimed. This drawing was translated into the 

heat flux simulation software, HEAT3. The element is drawn with the dimensions 2,8 m x 5 

m in the x- and y-direction and the z-direction shows the thickness of all materials. The 

materials and their lambda values are assigned to the model. Boundary conditions are 

defined, then the model is being meshed and thereafter, calculations are made. From here the 

relevant information is derived. One simulation was done with the connectors and one 

without, to be able to determine a Uf-value for the wall element. With HEAT3 it is possible to 

see the element in 3D with all connectors in it. After the simulation has been conducted, 

temperature differences can be viewed and heat flows can be shown. An estimation often 

used at Sweco is that Uf is 0,005 W/m2K.  In this project there will be no assumptions 

regarding this value so the simulation will show what Uf-value this specific case has. The 

value received will also be relevant for the experts within the Building Physics field at 

Sweco, due to the fact that they use the same suppliers that have been used in this thesis. 

Also, hand calculations of the Uf-value according to SS-EN_ISO_6946_2007 were conducted 

for comparison, see Appendix B. 

 

The connectors used for this kind of purpose, seen in the pictures in the result section, have 

shapes that are not possible to draw in HEAT3. The actual structure of the connectors is 

based on a circular cross-section, which was transformed to a square one with the same cross-
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section area. The shapes are then, finally, simplified to hollow rectangles constructed by four 

long square shapes and single long square shapes. 

Another problem encountered is that no diagonal shapes are allowed in HEAT3. This 

problem was solved by, first simulating the heat flux, in 2D, with the inclined connector 

structure. The profile of the wall element was drawn in AutoCAD with the connectors 

centered in the drawing. The software used for such simulations was Flixo where the dxf -file 

from AutoCAD was imported. Then, the opposing length of the connectors perpendicular to 

the wall layers were drawn and a distance between the two connectors were found that 

generated approximately the same heat flux, see figure 11. This new image, to the right, was 

used for simulations in HEAT3. 

                                        

Figure 12 Simulation with diagonal connectors (to the left) and horizontal connectors (to the 

right), resulting in similar heat loss. 

Moving on from the connectors, two types of solutions for lifting of the element and 

assembling it into the structure that the element will be included in were investigated.  

The first type was presented by Sweco and had a bracket structure at the top edge of the 

element that entailed an occasional thicker concrete layer of the bearing layer, and therefore 

some reduced insulation. These extra concrete pieces had the 

forms of cuboid with the dimensions 400 mm x 500 mm and a cc 

distance of 2 m. This means that there will be two brackets per 

element. 

The second type was casting a lifting anchor with the cc distance 

of 2,5 m. With this solution no concrete brackets will be needed, 

yet the element can be lifted from close to the centered axis. As 

seen in the picture, the anchor is tilted within the structure creating Figure 13 Lifting 

Anchor (Halfén, 2009) 
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the same problem that occurred for the connector. The anchor was drawn as a rectangle 

filling out the areas from the bottom right corner to the top left corner, see figure 13. This 

means that a slight over-dimensioning will take place. These two drawings are modeled in 

HEAT3 and simulated in a similar manner as previously and the effect of the concrete 

brackets and anchors are compared. 

 

3.2 CONNECTION DESIGN 

 

Moving forward, thermal bridges due to connections where drawn and simulated in the 

software Flixo. Special attention was given to finding an ultimate design of the window to 

wall connection. The detailed drawings of the several attempts to modify the window 

connection are presented in the Appendix C.  All Flixo simulations include wall elements 

with both 180 mm and 250 mm insulation thickness. The window simulation all had the same 

glass and window frame that is produced by Elitfönster. A description of the window can be 

found in Appendix F. 

To get a better grasp of the tasks, the House Project X project was referred to. This is an 

ongoing project in Stockholm that will be a two-story building. This case makes it possible to 

compare connection solutions, find inspiration for developing solutions for connections and 

for dimensions of the building structure as the project proceeds. Element to element, roof to 

wall, wall to foundation, corner element and window to wall connections, were all drawn in 

AutoCAD and imported for simulation in Flixo. The goal was to generate thermal bridge 

coefficients, ψ-values, which are as low as possible. A target value used was 0,01 W/mK 

seeing as this would create a thermal bridge free structure. The drawings in Flixo were 

slightly modified by several attempts to decrease the ψ-value until a design fulfilled sufficient 

thermal resistance. For the window connection, several different solutions were investigated. 

All of these drawings were imported and tried in Flixo in order to see which one that would 

prove to be the optimal solution. 

 

3.3 ENERGY SIMULATION 

 

The dimensions from House Project X are used to simulate the energy consumption in the 

building. As mentioned earlier, the contribution of thermal bridges in the percentage of the 

total energy loss is considerable. To fill out the value for heat flow due to thermal bridges, the 

values are taken from Flixo and manually added together. To perform a simulation showing 

the energy consumption and the eventual cost of it, the software, VIP Energy, is used. The 

positions of all structures in the building are carefully denoted in the program. All materials 

are defined with their respective characteristics that were mostly taken from SS-

EN_ISO_10456_2007. From there the software calculates the U-values where they are 

included automatically. The window areas are defined from House Project X and the U-
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values were chosen for the specific window type, Elitfönster company’s windows, 0,7 

W/m2K, and added manually. The added values of heat consumption due to thermal bridges, 

from Flixo, were finally added. The percentage of the total energy loss is calculated. 

As a result of this program, an exact value for the heat consumption can be presented right 

next to the highest allowed value according to BBR (Boverkets Byggregler). The information 

given by construction design alone is not sufficient to generate the exact estimated energy 

consumption. Seeing as there were a lot of estimations made, the value will not show to be 

very accurate but will give an idea of an approximate value. The opportunity was taken to 

compare a sandwich panel with 250 mm insulation and one with 180 mm. The thicker panel is 

obviously more expensive to build but by using VIP Energy, the economical profit gained by 

having a thicker insulation layer was evaluated. 

 

3.4 MOISTURE SIMULATIONS 

 

As a last step of designing this building, a simulation of moisture movement and content was 

made for the insulation layer. Concrete does not get harmed from slightly excessive moisture 

or water content. If severe increase in water content, the result might be a change in the 

concretes PH value and this could have a negative effect on the adhesives in the concrete and 

lead to decay. This is not a concern in this case seeing as the delivered concrete is expected to 

not have to deal with such amounts of water. The concrete is serving the purpose of an 

outside wall and is expected to have moisture-transferring abilities. After the concrete is 

casted, it has moisture in it that needs to dry out. If the concrete sandwich panel is assembled 

too early, the moisture will travel out in the air but also into the insulation from both 

directions. This can be very problematic for various reasons. This test is based on the 

assumption that the wall has been put together correctly and at the right time. WUFI Pro 5 

was used to monitor the estimated moisture transportation in the wall over a certain amount 

of time. The most common insulation materials such as PIR, EPS, mineral wool and 

Kooltherm, were used in the simulations. Each material has a different diffusion factor which 

is of significant importance when it comes to moisture analysis.  

 

Insulation Material Water Vapor Diffusion Resistance Factor  

PIR 50 

EPS 50 

Mineral Wool 1,3 

Kooltherm 35 

Table 3 Insulation material diffusion factor 

The structure is modeled in the program where the positioning is accomplished according to 

the cardinal directions. When the model is in place climate data is chosen for outdoor 

conditions according to the weather map file of Stockholm in 2005. For indoor conditions the 

standards of BS EN 15026 are used. The orientation is south and the building is considered 
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short until 10 m high. The relative humidity in materials is chosen to be 95% in order to 

simulate the probability of lack of caution during the transportation and building process. In 

the second case, the materials relative humidity has been chosen at 80%, without any effects 

of the climate condition during transportation and construction process. Finally, the indoor 

and outdoor position is defined and then the simulation will generate graphs to be drawn. 

These graphs show the water content and RH value in the three different layers directly after 

assembly and over the course of several years (commonly 30 years). This last simulation is 

added to make sure that the final product produced in this project in fact is of a plausible 

design even when taking moisture into consideration. 
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4 RESULTS 

 

4.1 ELEMENT DESIGN 

 

4.1.1 Wall & Connector Evaluation  

 

The insulation material and its thickness were established with the contribution of the 

formulas mentioned in the literature review, section 2.2.2, � �
�

�
 and	� �

�

��

. 

After some iteration and various reasoning, the final element cross-section consisted of 70 

mm concrete (façade layer), 250 mm Kooltherm (insulation layer) (Kingspan, 2015) and 150 

mm concrete (load-bearing layer). Kooltherm is a quite new insulation material, some 

information about it is in Appendix F.  

The hand calculated U-value for this cross-section is 0, 0833 W/m2K. This gives some margin 

for additions in where the Uf-value for connectors and lifting devices are added. After being 

in contact with Halfén, their technical support department made a simulation showing what 

type of connectors, the amount and placement of them that are required for the type of wall 

described in this project.  

The general idea of how the connectors are attached and holds the structure together is seen 

below. This picture shows the connector SPA-1-10-360 and its specific placement in an 

element with these dimensions of the different layers. There are six connectors of this kind in 

the solution provided by Halfén. 

 

Figure 14 Element cross-section with an insulation layer thickness of 250mm 
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The whole element connector description given by the simulation, for 250 mm insulation, 

made by Halfén can be viewed below. The connectors have been described in the 

methodology section 3.1. 

 

Figure 15 Proposal of solution for element with connectors for 250 mm insulation 

 

 

 

 

 

The connector, SPA-B, seen to the left is portrayed as a square in the 

picture. 

 

 

 

This connector, SPA-1, is the double hook with one loop in it in the 

drawing. 

The middle fastener consist of two adjacent SPA-1 connectors. This has 

the denotation two hooks and two loops.  

 

 

 
Figure 16 Actual forms 

of connectors (Halfén, 

2009) 
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For 180 mm insulation instead of 250 mm, the solution from Halfén is seen below. As the 

figure indicates, the placement of the connector is slightly different. The connectors are 

placed further apart in the load-bearing layer, in comparison to the solution for 250 mm thick 

insulation. 

 

Figure 17 Element cross-section with an insulation layer thickness of 180 mm 

The whole element connector description given by the simulation, for 180 mm insulation, 

made by Halfén can be viewed below. 

 

Figure 18 Proposal of solution for element with connectors for 180 mm insulation 
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The main difference between the elements solutions are the 

ten connectors at the edges of the element. These connectors 

are of the type SPA-N and can be viewed in figure 18. This 

connector is drawn as an upside down-U in the image above 

(Halfén, 2009). 

 

 

 

 

 

4.1.2 HEAT3 Simulations 

 

The design of the element is transferred into the HEAT3 program and simulations took place 

with valuable results on the element’s behavior with and without the connectors. Results are 

presented in the figures below. 

 

Figure 20 HEAT3 simulation showing the meshed element model with the different layers 

 

 

In the picture seen above all the layers are shown. The blue layers are the 1% reinforced 

concrete. The façade layer is at the bottom and the thicker bearing is on top. The light brown 

layer represents the 250 mm Kooltherm layer. The picture also shows the mesh on which the 

calculations are based. Seen in figure 20 is the meshed model of the element. 

 

 

Figure 19 Actual form of connector 

(Halfén, 2009) 
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Figure 21 Initial element state, with numbered boundary conditions 

This image shows the element in an imaginary stage where there would be no connectors. On 

the in- and outside of the element, boundary conditions are shown. Boundary condition 3 

gives the outside condition where Rse=0,04 m2K/W and Boundary condition 2 gives the inside 

condition where Rsi=0, 13 m2K/W. A Boundary condition 1 exists in the simulation, however, 

it is not visible in this picture. It applies for the sides of the element in the z-direction. 

Boundary condition 1 entails a line of symmetry meaning that the intention is to have 

connections to other structures here. 

 

 

 

Figure 22 Element with simplified connectors 

 

In the picture above the connectors are added. The connectors have been simplified in the 

manner explained in the methodology section 3.1. 
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Figure 23 Element with connectors and anchors 

 

The image above shows the element with connectors and the addition of two anchors on the 

top long side. The distance between the anchors is 2,5 m. For this solution, extra 

reinforcement is assumed in the load-bearing layer to secure the anchors in the concrete. 

Therefore the concrete in the load-bearing layer is changed to 2% reinforced concrete. 

 

 

 

 

Figure 24  Element with connectors and concrete brackets 

 

In this picture the connectors are shown alongside the two brackets. The dimensions of the 

brackets are 400 mm x 500 mm and the distance between them is 2 m. Simulations where 

made of the models of the wall elements, previously described, to find out their respective U-

values. The values were gathered and summed up in the table below. 
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Type of element U-value [W/m2K] 

Initial element  0,0822 

Element with connectors 0,0872 

Element with connectors and anchors 0,0873 

Element with connectors and brackets 0,0942 

Table 4  U-values for the three different elements given by HEAT3 simulations 

 

As seen above the Uf-value for the connectors only can be easily calculated and is exactly 

0,005 W/m2K according to HEAT3. Also, the anchors have a minor impact on the U-value. 

The bracket also makes the total U-value maintain below the 0,1 W/m2K limit.  

 

Hand calculations were made according to SS-EN_ISO_6946_2007 to find the Uf-values for 

insulation thickness 250 mm and 180 mm. The detailed calculations are found in Appendix B. 

considering the cross-sections of the connectors it is clear that the cross-section area, Af, 

taking one bar’s cross-section area will not be accurate. Throughout the lengths of the 

connectors there are many parts where the cross-section includes two bars, and at one end or 

both ends of the connectors the cross-section area includes two bars and the surface area of 

the steel connecting them. All connectors used in both cases basically have two cross-sections 

areas to consider that penetrates the wall. That is why the factor two is added to the equation. 

 

 

The Uf-values, denoted ∆��,	 in Appendix B, given from the hand calculations are shown in 

the table below.  

 

 

Thickness of insulation layer U-value [W/m2K] 

250 mm 0,00511 

180 mm 0,00526 

Table 5 Hand calculation Uf -values 

 

 

4.2 CONNECTION EVALUATION 

 

In the following subsections the results that have been extracted from Flixo simulations, are 

presented. The detailed drawings with the specific materials that have been used and the 

simulation figures with the temperature differences through cross sections, are shown in 

Appendix C. In all cases the wall element consist of 70 mm concrete façade layer, 250 mm or 

180 mm of Kooltherm insulation and 150 mm concrete load bearing layer.   
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Figure 25 Element to Element 

horizontal cross section 

4.2.1 Element to Element connection 

 

In the figure below, the element-to-element connection is presented. In the connection there 

is a thin layer of mineral wool with the thickness of 16 mm, caulking, with an elastic joint 

protecting it from the outside climate. The elements are connected by the pouring of cement 

on site into the cavities in the load-bearing layers. It is left to harden and form a strong bond 

between the elements.   

 

 

Table 6 Heat Flow and Thermal Bridge coefficient 

results 

 

 

 

 

 

 

 

 

 

 

 

4.2.2 Wall to roof connection 

 

 

The roof slab of 270 mm is installed in the same manner as the floor slab, see result below. 

The top of the slab is covered by a plywood board and a thin layer of mineral wool of 20 mm. 

A roofing membrane is covering both of the previous materials. The Kooltherm layer on the 

top of the concrete slab is 300 mm thick. Concrete filling and steel rod is also used to connect 

the roof slab with the wall element. 

 

 

 

 

 

 

 

 

 

Insulation 

thickness 

�[W/m] [W/mK] 

250 mm 6,964 0,001 

180 mm 6,878 0,001 
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Figure 26 Wall to Roof Connection, 

Vertical Cross Section 

Figure 27 Wall to Slab connection 

Vertical cross section 

 

 

 

 

 

 

Table 7 Heat Flow and Thermal Bridge 

coefficient results 

 

 

 

 

 

4.2.3 Wall to Floor Slab connection 

 

The wall-to-floor slab is designed in the following manner. The slab only penetrates the load-

bearing layer and is attached to it, and the element on top of it, with a steel rod. The cavity 

from which the steel rod is placed, is then filled with cement which connects the slab to both 

elements. The elements are connected to each 

other in the same way previously explained in the 

element-to-element connection. 

 

 

 

 

Table 8 Heat Flow and Thermal Bridge 

coefficient results 

 

 

 

 

 

 

 

Insulation 

thickness 

�[W/m] [W/mK] 

250 mm 8,336 0,043 

180 mm 9,137 0,052 

Insulation 

thickness 

�[W/m] [W/mK] 

250 mm 7,958 0,001 

180 mm 10,961 0,001 
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Figure 28 Corner element connection 

Horizontal cross section 

4.2.4 Element Corner Connection 

 

In the figure below the corner structure is presented. The elements are, as descibed 

previously, assembled with a elastic joint seal at the outermost part of the connection, 

caulking of 16 mm mineral wool in the middle and cement casted on site within the load-

bearing layer to establish a strong connection.   

 

 

Table 9 Heat Flow and Thermal Bridge 

coefficient results 

 

 

 

 

 

4.2.5 Wall to Window connection 

 

The window connection is seen below. Approaching the window, the insulation thickness 

remains constant. The caulking material used in the connection of the window frame and the 

wall is an unconventional material called Spaceloft and 

can be seen detailed in Appendix F (Aerogels, 2015). 

More information about Spaceloft can be found in 

Appendix F. The Spaceloft is 10 mm thick and 100 mm 

wide which also is the width chosen for the window 

frame. The frame is resting on a linear steel L-shaped bar 

with 5 mm thickness and a width of 100 mm, the lenght 

of which the frame is standing on. The window is 

fastened by bolts in the frame that penetrates the caulking 

and the L-shape. This type of window connection has 

been used and the simulations in Flixo resulted to have 

U-value equal to: 1,13 W/m2K including the frame and 

the glass values. 

Table 10 Heat Flow and Thermal Bridge coefficient 

Insulation 

thickness 

�[W/m] [W/mK] 

250 mm 6,048 0,036 

180 mm 8,188 0,045 

Insulation 

thickness 

�[W/m] [W/mK] 

250 mm 29,105 0,019 

180 mm 30,409 0,018 

Figure 29 Window to Wall 

connection using metal sheet 

Vertical cross section 
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The image on the left, shows the vertical and top window-to-

wall connection. At the bottom it is common to have a metal 

flashing that covers the insulation, but in the other sections the 

solution is not that simple. The solution proposed in this thesis 

has a 70 mm thick concrete bracket in the façade layer that 

covers the insulation from the inside and also provides some 

support for the window frame. For 250 mm insulation the 

bracket extends 100 mm into the insulation layer. In the 180 

mm insulation layer the bracket extends 40 mm into the 

insulation. 

 

 

 

 

 

 

Table 11  Heat Flow and Thermal Bridge coefficient 

results 

 

Besides the window solutions above there are others presented in Appendix C. A connection 

using two concrete brackets underneath the window frame (mineral wool and Spaceloft as 

caulking) is shown in Appendix C. Using concrete brackets is the most common solution in 

sandwich element fabrication. Due to this fact, the simulations and the results show the 

comparison between the thesis’ solutions and the existing solutions. The ψ-value which is 

achieved in thesis solution using the metal sheet is lower than the commercial solutions. In 

the case of two concrete brackets the ψ-value is 0,035 W/mK using Spaceloft as caulking and 

0,042 W/mK using mineral wool as caulking. Additionally, a simulation with a different kind 

of window, which is constructed in Finland, is made. It is a double frame window with air 

cavity between the glass layers. The ψ-value of 0,030 is derived from the simulations by 

using this type of window in the connection. The results are also presented in Appendix C. 

Insulation 

thickness 

�[W/m] [W/mK] 

250 mm 29,318 0,026 

180 mm 30,611 0,025 
Figure 30 Window to Wall 

connection using metal 

sheet 
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Figure 32 Wall to Foundation plate 

connection Vertical Cross section 

Figure 31 Wall to Deep Footing Foundation 

connection Vertical cross section 

4.2.6 Wall to Foundation connection 

 

The foundation used in the actual House Project X was of the type shown in the image, with a 

reinforced concrete footing. The element is connected to the footing by a steel rod installed 

through the load-bearing layer down to the footing and then covered in cement. In the 

simulations conducted, there was extra 

insulation modeled, than in the original 

proposal. 300 mm of EPS insulation was 

placed underneath the foundation footing and 

slab. The slab, the footing and the load bearing 

part of the wall are connected with a steel rod. 

The ground slab is 200 mm thick with wooden 

boards 70 mm thick on top. The footing is 

1000 mm thick on the bottom and 300 mm at 

the top. The improved solution is presented in 

figure 31.  

Table 12 Heat Flow and Thermal Bridge 

coefficient results 

An appropriate alternative solution would be the ground concrete slab. The façade layer 

continues down in the ground to protect the internal connection between the element and 

slab. On the slab’s end surface, a shred of Kooltherm (110 mm) is located as an attempt to 

keep the insulation layer fairly continuous from the wall element to the EPS (300 mm) in the 

ground. Between the façade and the Kooltherm in the slab, there is an air gap (30 mm) from 

where the façade ends. This air gap works as drainage for potentially accumulated moisture 

and water to escape. An insect net would be installed here in order to prevent bugs and dirt to 

enter the structure, however it is needed to allow moisture to leave the structure into the 

ground. Connected horizontally to the air 

gap is a mineral wool (Paroc 30 mm) 

caulking with a sealant to prevent an 

increase of moisture content. EPS (300 mm) 

is used under the slab as it is water retardant 

and has a decent thermal resistance. 

 

Table 13  Heat Flow and Thermal Bridge 

coefficient results

Insulation 

thickness 

�[W/m] [W/mK] 

250 mm 17,039 0,124 

180 mm 18,821 0,141 

Insulation 

thickness 

�[W/m] [W/mK] 

250 mm 16,727 0,117 

180 mm 17,821 0,117 
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4.3 THERMAL BRIDGE COMPILATION 

 

Below are the summations of all thermal bridges in the building for both insulation 

thicknesses. The wall-to-window ψ-value is found by taking a mean value of three 

connections with brackets and the one without. This value is multiplied with the perimeter of 

all window frames. The wall-door connection has not been simulated but is estimated to be 

similar to the wall-to-window connection. According to the drawings from House Project X, 

the doors are made out of glass. The connections on all four sides of the door are assumed to 

be of the type with brackets, that is where the values used below are derived from. The 

element connection and the wall-to-middle slab connection have classified as thermal bridge 

free, which is why the ψ-values for these rows have been reduced to zero. The rest of the ψ-

values are found in the results and multiplied by the length in which they act. 

Table 14 Thermal bridges for 250 mm insulation through the building envelope 

 

Table 15 Thermal bridges for 180 mm insulation through the building envelope 

The summations in both cases are compared with the total heat loss in section 4.4. The 

contributed heat loss provided by the thermal bridges is stated as a percentage in section 4.4.  

Connection 
Thermal bridge, 

 [W/mK] 

Thermal bridge 

length, l  [m] 
Sum [W/K] 

Wall-window 0,024 247 5,928 

Wall-door 0,025 29 0,87 

Element 

connection 
0 138,6 0 

Corner 

connection 
0,034 39,8 1,35 

Wall-middle slab 0 182,1 0 

Wall-roof 0,043 91,7 3,943 

Wall-foundation 0,124 91,1 11,296 

Sum:   23,387 

Connection 
Thermal bridge, 

 [W/mK] 

Thermal bridge 

length, l  [m] 
Sum [W/K] 

Wall-window 0,023 247 5,681 

Wall-door 0,029 29 0,841 

Element 

connection 
0 138,6 0 

Corner 

connection 
0,043 39,8 1,71 

Wall-middle slab 0 182,1 0 

Wall-roof 0,052 91,7 4,768 

Wall-foundation 0,141 91,1 12,845 

Sum:   25,845 
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4.4 VIP-ENERGY SIMULATION 

 

During VIP-Energy simulations, a significant amount of input data was used in order to 

evaluate the total annual energy consumption of House Project X, which is situated near 

Stockholm. As it has been mentioned in the methodology part, the energy simulation was 

made in order to analyze the effect, of two different kinds of walls with different thicknesses 

of insulation, on the total energy consumption of the building. One simulation was conducted 

with 180 mm insulation thickness and one with 250 mm insulation thickness. The results from 

the VIP- Energy simulation is summarized in the table below. The final value of the total 

energy consumption represent the energy consumption without adding the values of other 

factors such as electricity for operational functions, but instead, factors such as heating and 

ventilation are included. Calculations about the specific amount of square meters that will be 

inserted in the program and the U-values for each building component are also presented in 

table below. After Flixo simulations, U-values for the walls, roofs and slabs, and ψ-values for 

the thermal bridges between connections are extracted. These values are inserted in the VIP-

Energy calculations.  

Building Components Area (m2) U (W/m2K) 

North Walls   234 0.082 

South Walls 158 0.082 

East Walls 232 0.082 

West Walls 232 0.082 

South Windows  24 1.100 

East Windows 74 1.100 

West Windows 14 1.100 

East Doors 3 1.200 

West Doors 10 1.200 

Roof 590 0.078 

Ground slab 515 0.064 

Table 16 Area and U-Values for components in House Project X. 

The results above were extracted from the VIP-Energy program. After the connection 

evaluation and the calculation of ψ-values in Flixo, the values of thermal bridging were 

inserted in VIP-Energy. Commonly, estimations are made about the thermal bridges in 

relation to the total thermal conductance of the building. The 10% or the 15% of the total 

thermal conductance is used in the VIP-Energy program. The evaluation of the thermal 

bridges showed that this percentage is at 8% for both 250 mm and 180 mm, after the changes 

that were made for this thesis project in the junctions.  

The rest of the data that were used in the simulation process, were given from the energy 

department of Sweco Structures. Ventilation system values and the time schedule were set 

according to the instructions of the engineers. No other mechanical equipment was used for 

the heating or cooling of the building. In the total energy consumption, values that are 

presented below, only the heating consumption from the ventilation system is included in the 

effect from the building envelope and some operational electricity consumption. The focus of 
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Figure 33 Relative Humidity & Water content in each 

layer (Mineral Wool) 

this simulation was on the different effects of the two insulation thicknesses of 180 mm and 

250 mm that have been used. The total U-value is also extracted from the VIP-Energy 

simulation and contains the U-values from the window installation. 

Wall Insulation Thickness 

mm 

Energy Consumption 

KWh/(m2y) 

Total building U-Value 

W/(m2/K) 

180 42 0.165 

250 39 0.144 

Table 17 VIP-Energy simulation results 

 

4.5 WUFI PRO 5 SIMULATIONS 

 

Results from simulations in WUFI Pro 5 include graphs showing the water content and the 

relative humidity of the whole cross section of the wall element and for each layer 

respectively. The time period that is used is from 10/1/2015 until 10/1/2035. More detailed 

graphs are presented in Appendix D. 

4.5.1 Mineral Wool Insulation 

 

The graph below is extracted from WUFI Pro 5 simulations for a sandwich wall element 

using mineral wool as the insulation material. Water content is described with blue color and 

the relative humidity with the green color. The figures below contain all values that have 

been recorded during the whole 

time period. The initial humidity 

of the materials is 95%. This 

value is quite high, and 

therefore, could be realistic in 

case of rain during the 

transportation and lack of 

precaution regarding the 

materials. Water between the 

insulation surface and the façade 

layer is noticed at the early time 

steps of the insulation. As seen 

in figure 33, the graph is 

stabilized already after 8 years. 

(2015-2023). 

 The water balance oscillates quite immensely during the time period. Eventually, the 

insulation material and the load bearing concrete layer dries out extremely fast over time. 

Approximately the same results are observed in the graph using 85% as initial relative 

humidity. Due to the lower relative humidity, the water that is firstly noticed in between the 

façade layer and the insulation is no longer existent at the initial time steps. 
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Figure 34 Total water content using Mineral Wool 

 

 

 

 

 

 

 

 

4.5.2 EPS Insulation (Expanded Polystyrene) 

 

The time period now changes to 20 years, in order to be long enough for the materials to dry 

and for the graph of relative humidity and water content to be stabilized. In the first case the 

initial relative humidity is 95% and secondly it is decreased at 85%. EPS is a more closed cell 

material than the mineral wool 

and with a much higher 

diffusion factor (see section 

3.4), which reserves lower 

amounts of water. Therefore, the 

relative humidity values, are 

over time, not as low as in the 

simulations for mineral wool. 

As it is easily observed in the 

graph in figure 36 and in all 

graphs, the levels of relative 

humidity at the outside part of 

the insulation material remain 

high in comparison to the inside 

surface. Here, the water content 

graph is stabilized after 17 years 

and the water balance is stable at 

around 14 kg/m3. Respectively, 

for 85 % initial relative 

humidity, detailed graph is 

presented in Appendix D. The 

values of water content and 

relative humidity, are much 

lower, and the materials, dry in 

a shorter period of time. 

Figure 35 Total water content using EPS 

Figure 36 Relative Humidity & Water content in each 

layer (EPS) 
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4.5.3 PIR Insulation 

 

PIR insulation has approximately the same behavior, in WUFI Pro 5 simulations, as EPS. The 

water drainage is slow without large variations in the graph of the water content. The water 

level in the insulation material remains extremely low due to its high diffusion factor. The 

total water balance is stabilized also after 17 years and its value is around 14 to 15 kg/m3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37 Relative Humidity & Water content in each 

layer (PIR) 

Figure 38  Total Water Content using PIR 
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4.5.4 Kooltherm Insulation 

 

Here, the insulation reacts quite differently in the simulation of the cross section. The graph 

of relative humidity, green color, seems to be almost the same as the two previous materials. 

However, the water content graph is slightly different than the previous cases. The diffusion 

factor of the Kooltherm insulation is lower and is a more open cell material than PIR and 

EPS. The water content graph is stabilized sooner, at around 15 years and eventually the 

value of water balance varies around 14 kg/m3 and less. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 39 Relative Humidity & Water content in each 

layer (Kooltherm) 

Figure 40 Total Water Content using 

PIR 
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5 DISCUSSION 

 

5.1 ELEMENT CONFIGURATION 

 

Following the main goal of this thesis project, the initial work was based on designing a 

specific concrete sandwich element. As mentioned in previous chapters, concrete sandwich 

elements include connectors in order to bone the two concrete layers (wythes). The final 

shape and thickness of the wall element were evaluated after discussion with the engineers at 

Sweco Structures AB and the valuable contribution of Halfén. In order to achieve U-values 

according to the passive housing limit of ≤0.15 W/m2K, thickness of 250 mm of insulation 

and Kooltherm with λ-value equal to 0,021 m2K/W, as an insulation material was chosen. The 

thickness of the concrete wall was suggested to be 70 mm for the outside layer and 150 mm 

for the inside load-bearing layer. The static analysis for the connectors and the load-bearing 

layer of the element was not included in this thesis process. The time limit and the fact that 

the thermal analysis was the focus of this thesis did not allow static analysis to be evaluated. 

The connectors and their specific placement in the wall evaluated by the contribution of 

Halfén engineers. 

However, the thickness of 180 mm insulation was tested in order to generate comparisons 

with the larger thickness of 250 mm. One significantly important issue emerged during the 

design of a thick wall. The indoor area was restricted by using thick walls. Due to the issue of 

using the plot efficiently in densely populated areas, like, for instance, in the city of 

Stockholm, there were attempts of decreasing the thickness of the insulation into 180 mm. 

This change, on the other hand, has been proved to affect the U-values of the wall and the 

thermal bridge values at the connections. 

The HEAT3 simulations valuable results came out by comparing the elements including 

connectors or lifting anchors. During simulations of the element in HEAT3, difficulties 

appeared in the connectors’ design. As mentioned in the methodology chapter, it is 

impossible to simulate inclined objects in HEAT3. Due to that fact, assumptions where made 

and orthogonal connectors where designed. However, the specific area of steel was the same 

and the results were considered accurate and reliable. The comparison between the hand 

calculation and HEAT3 calculation of the correction factor Uf showed, approximately, the 

same result. 

When it comes to the lifting anchors, there were two different simulations, with concrete 

brackets and without concrete brackets. The construction companies nowadays try to avoid 

the usage of brackets covering the lifting anchors in order to eliminate the effects on the U-

values of the wall. New technologies introduce anchors included in the load-bearing concrete 

layer and thus only penetrating a small part of the insulation without affecting the thermal 

transmittance of the element. 
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5.2 CONNECTIONS ACCORDING TO PASSIVE HOUSING DEMANDS   

  

In the element-to-element structure the thermal bridge is insignificant. With the ψ-value of 

0,001 W/mK, the structure is classified as thermal bridge free and no addition in the 

summation of thermal bridges for the whole building was considered from this structure. The 

reason for this negligible result is that the thermal barrier remains unbroken, only with a 

slight reduction of thermal resistance in a small section that, seemingly, had very little 

impact. 

The elastic sealant has to be installed with great care due to the fact that small mistakes can 

have its function compromised. Since water inside the structure will be gathered and cause 

problems, it is important that no water from the outdoor climate can penetrate the sealant. 

The roof structure, if assembled properly, should have a continuous insulation layer. As seen 

in the result, the thermal bridge is not negligible. The thermal bridge is occurring due to the 

geometrical composition. The thermal loss is not substantial but will affect the total thermal 

transmittance considering that it is a linear thermal bridge that has a quite long thermal bridge 

length. As also seen in the results, there is a difference between having 250 mm insulation 

and 180 mm. Due to the lower heat flow through the structure with a thicker insulation, the 

thermal bridge is reduced. 

The element connection with a connecting floor slab also gives a thermal bridge free result. 

This is for the same reason as in the element connection; even in this case the thermal barrier 

remains unbroken. Since the slab is secured in the load-bearing layer, no thermal bridge 

occurs. Even here it is important to apply the primer in the element connection before the 

sealant to make sure the elastic attachment remains intact.    

The picture in the results, of the corner structure, illustrates that the insulation layer is 

continuous, meaning that the thermal bridge should be insignificant. However due to the 

geometry of the structure, the increased outer surface area contributes to an increased thermal 

bridge. The same phenomenon occurs in the roof. With the insulation thickness of 250 mm 

the thermal bridge is less than when the insulation layer is 180 mm. This is also due to that 

the heat flux through the structure is less with more insulation, see discussion about the roof 

above.  

The window connection is one of the most crucial structures in a building. The solution 

derived to is properly shown in Appendix C. Two major problems were encountered. One 

was that the window frame has a high U-value. To try and reduce this impact on the thermal 

bridge, Spaceloft, with the λ-value of 0,014 m2K/W, is installed as caulking. The issue is that 

Spaceloft is not as flexible as mineral wool. Spaceloft is a carpet kind of a material, see 

Appendix F, which is why it does not fill out cavities in the same manner as mineral wool. If 

the gap left for the Spaceloft caulking happens to be a few millimeters higher than originally 

planned, this could leave a small air gap on the top of the Spaceloft. This air gap can cause 

convection and contribute to a thermal bridge. For this reason, when installing the window 

structure, it is important to be as precise as possible with the dimensioning of the air gap.  
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When using Spaceloft, different components in the structure need to provide the airtightness, 

especially since there is a risk for convection. The second problem is to provide stability of 

the window frame in a way that increases the U-value as little as possible. The architects 

often argue to have the window close to the outdoor climate for aesthetical reasons though it 

is better to place the window far in the load-bearing layer for static reasons. However, the 

thermal bridge is smaller when the frame is placed in a way that is covering the insulation. 

Trying to find a compromise to all of these conditions the solution found in Appendix C is 

proposed. The window frame is placed on a linear stainless steel L-profile. The shape is 

connected to the concrete with bolts for sufficient stability. This solution makes it possible to 

maintain the thickness of the insulation layer all the way up to the frame which makes the 

only horizontal thermal bridge in the panel itself the steel L-shape. 

The simulation of this model brought rather interesting results. The thermal bridges are 

almost insignificant, however, the thermal bridge for insulation of 250 mm produces a 

slightly higher thermal bridge than for insulation with 180 mm. The numerical explanation for 

the thermal bridge is that the higher the U-value for the wall the higher the reduction in the 

thermal bridge calculation. But a higher U-value tends to lead to a larger heat flow which 

normally means that having thicker walls pays off. In this case the difference in heat flow 

through the two structures is not great enough to contribute a lower thermal bridge for the 

thicker insulation. Another explanation is that more of the insulation is covered in the 180 

mm insulation structure. With a smaller surface area exposed to the outdoor climate, some 

heat flow is “blocked”. Also in Appendix C, results of simulations with 20 mm mineral wool 

as caulking underneath the window frame are presented. This is to show what difference 

Spaceloft makes in comparison to the more conventional material. 

In the second window design, a bracket is necessary for coverage of the insulation from the 

outdoor climate. Steel flashing, like in the bottom of the window, is not an option for the side 

and top connection. With the bracket, an addition of a thermal bridge occurs. For this reason 

the ψ-value is increased in this solution and still slightly higher with 250 mm insulation 

instead of 180 mm.  

The first foundation solution is the one actually used in House Project X. Many insulation 

layers have been added to the original drawing. An important part was to make the insulation 

layer continue down to the footing. Eventually 300 mm of insulation was chosen to be used as 

recommended for passive houses. Seen in the result, having 250 mm insulation gives a 

noticeable lower ψ-value than 180 mm insulation. 

As a proposal, a ground slab is simulated. Seeing as there are only two floors in this house, 

without a static analysis, it is assumed that a ground slab connection would be capable of 

handling the loads exerted from and on the house. For this solution it is easier to insulate 

around the slab as it has a smaller surface area to insulate. The issue was to find a way to 

drain the structure. Extending the façade layer down into the ground and leaving a small gap 

before the bottom insulation solved this problem. The difference between heat flows when 

using 250 mm and 180 mm is so small that the thermal bridges end up with the exact same 

numerical value. 
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5.3 ENERGY CONSUMPTION 

 

Despite the fact that the VIP-Energy program is not so detailed when it comes to the input 

data, the extracted values of the total energy consumption and the total U-value of the 

building were valuable for this thesis’ focus. A large amount of data about the ventilation, 

heating and cooling conditions of the building was taken from a previous simulation in a 

different program in the energy department of Sweco Structures AB. In House Project X 

there are no accessible data on what kind of generating system is utilized. Own resources are 

used and the energy consumption caused by heating loads or cooling loads are insufficient. 

Although, data provided by Sweco was enough to fulfill the energy simulation in VIP-

Energy. The results from the two different thicknesses show that less energy consumption 

occur when the 250 mm insulation is used. In addition, a lower total U- value appears after 

the calculation process. However, the difference is not particularly significant in order to 

affect the building’s energy use and eventually the cost of this consumption. Despite the 

previous facts, thickness combined with the airtightness of the building could have large 

influence in the final energy consumption value.  

5.4 AIRTIGHTNESS 

 

After the energy consumption simulation, the issue of the airtightness of the construction was 

highlighted as crucial. No simulation process exists in order to test and achieve the preferable 

airtightness. The tests occur during or after the building process. Meeting with experts on 

airtightness from Dry-IT enriched this project with valuable information. In order to check 

crucial connections for the airtightness capability, smoke from special devices is applied in 

combination with pressurized testing so as to visually show air leakage ways and explain why 

they occur. The smoke can penetrate the structure, if there are issues in the airtightness of the 

connection. Certain pressure tests and thermographic scanning could also be used to find air 

leakages or thermal bridges. A thermographic camera captures images of the constructions’ 

thermal radiation, but is the most effective when the temperature difference from outside to 

inside is at least 10oC. Color differences can show the critical spots, and to the trained eye, 

thermal bridges and air leakages can be differentiated. The most common problematic spots 

is at the connection of the slab to the wall where on-site concrete filling occur. Cracks and 

errors during the building process could decrease the airtightness levels (Kläth & Modin, 

2015). 

The Kooltherm that is used as a wall insulating material in this project is recommended by 

the experts. Although, it is not recommended as a connection material, due to the fact that 

expanded and easily treated materials such as mineral wool are used in this case. The mastic 

sealant is preferable to be applied in the inside of the construction cross section and diffusion 

open sealants are placed on the outside of the structure. In the window connection case, 

Spaceloft is used in this project between the sandwich element and the window frame. 
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Although there are doubts from experts about its functionality in an airtightness matter, but 

using an appropriate mastic sealant material, it ought to work.  

According to the experts, the difference in the wall thickness by using 180 mm insulation or 

250 mm, is not an important issue in achieving the airtightness levels of the building. The 

most crucial part is the connections which should be carefully designed and constructed. By 

using concrete sandwich elements the levels of 0,3 l/m2s could be easily achieved, due to the 

fact that concrete itself provide high levels of airtightness and there is no need of additional 

membranes to be applied (Kläth & Modin, 2015).         

5.5 MOISTURE MODELLING 

 

WUFI Pro 5 simulation tests were performed in order to record and observe the water and 

moisture movement within the cross section of the concrete sandwich element, by using four 

different insulation materials. As mentioned earlier, the sample is tested with two levels of 

initial relative humidity, 85% and 95%. 95% is a significantly high level of relative humidity, 

although, it is a possible consequence due to lack of material protection from the weather 

conditions during transportation and building processes. The values in the graphs are, as 

expected, high in the case of 95% relative humidity. Additionally, the time period that is 

needed for the materials to dry is larger in all cases of insulation materials. In all cases of 

insulation materials the relative humidity is much higher in the outer surface of them, than in 

the inside surface. The water amounts from the outside concrete layer caused, for example, 

by rain and the temperatures that occur at the outside area of the insulation material, 

contribute to high levels of relative humidity.   

At the initial time steps for the cross section, including mineral wool with 95% initial relative 

humidity, large amount of water content appear in between the outer concrete layer and the 

insulation surface. Mineral wool is an open porous material, so the water is transferred from 

outside to inside but also from inside to outside. This fact creates large amounts of water in 

the area as mentioned earlier. The previous case does not occur when the initial relative 

humidity is at 85%. The initial water content is not high enough to create the phenomenon of 

high water concentration. Therefore, mineral wool has a better behavior when it comes to the 

drainage of the materials. The time period needed for the drainage is shorter than for the other 

insulation materials. Therefore, the water content graphs show a high variation over time, 

which means that the water is transferred easily through the cross section. The material 

properties of EPS and PIR, especially their diffusion factor, do not allow a fast drainage of 

the whole cross section. Kooltherm has better effects on a faster drainage of the materials 

during the time period of 20 years. Due to its lower diffusion factor, material drainage occur 

three years sooner than the other two closed cell materials (EPS and PIR). According to the 

water content graph the variation of water balance is small. Water content levels remain low, 

even if the initial relative humidity is at 95%. By using 85% as initial relative humidity, the 

values in the cross section are lower and the time period of drainage is shorter and the final 

water balance value is also lower, for all cases.  
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The probability of mold is not shown in the simulations. This is due to the fact that none of 

the materials that are used are organic, meaning that there are significantly less possibilities 

for the mold to occur. According to the experts of Sweco Structures AB, mold in that kind of 

structures is a rare phenomenon and the possible moisture problems occur with a different 

substance. The main reason of the moisture simulation is the time period that is needed for 

the element to dry out. After the element placement in the building envelope a plaster or color 

is applied on the inside and outside surface. It is significantly important for the element to dry 

out enough before the application of the plaster or the color. In case the plaster is applied 

directly, water or moisture will be trapped. 
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6 CONCLUSIONS & FUTURE WORK 

 

6.1 CONCLUSIONS 

 

According to hand calculations and program simulations the effect of the connectors, in the 

total U-value of the concrete sandwich element, could be characterized as significantly low 

with a correction Uf-value of 0,005 W/m2K. This value occurs in both cases, with 180 mm and 

250 mm insulation thickness. The U-values according to the passive housing requirements 

under 0,15 W/m2K are achieved with both thicknesses. The insulation thickness of 250 mm is 

chosen as the most efficient in this thesis project, after the thermal bridge simulations and 

calculations. Kooltherm is used as insulation material due to its low λ-value of 0,021 m2K/W. 

The connections, which have been tested, give ψ-values close the passive housing regulations 

and especially in the cases of continuous insulation the connections are thermal bridge free 

(element to element, wall to slab connections). During the simulation process, it was shown 

that thermal bridge coefficient values are impossible to be lowered more than the concluded 

values. By using metal sheets and small concrete brackets in the window connections and 

materials with quite low thermal conductivity such as Spaceloft, low ψ-values can be 

achieved respectively. Mastic sealant materials should be placed at the inside of the 

connection area, and diffusion open sealants on the outside. The most crucial areas for the 

airtightness of the building are the connection spots filled with concrete. The distinction 

between 180 mm and 250 mm, has no effects on the airtightness of the construction. 

Additionally this distinction seems to slightly affect the total energy consumption of the 

building. The effect of the thermal bridges for both thicknesses is 8% in the building 

envelope. Airtightness in the connection areas is the most critical factor for reducing the 

energy consumption when it comes to the building envelope. Kooltherm has been chosen to 

be the most convenient material for this kind of structures, as its behavior in moisture is 

fulfilling the construction goals. Its diffusion factor is as low as needed to allow drainage of 

the materials. According to the experts, mold in the common materials of a sandwich wall, 

which are inorganic, is highly improbable.           

6.2 FUTURE WORK 

 

Proceeding with this type of work, finding ways to make more of the connections thermal 

bridge free would be of relevance. The goal should be to make a thermal bridge free building. 

A way to try and manage this besides clever design is conducting research in building 

materials.  At the time being, Kooltherm seemed to be the most suitable insulation material, 

however, that might not be the case in the future. In future research, important innovations 

would be insulation materials with low thermal conductivity that also is of a flexible material 

that properly can fill out spaces it is meant for, and also cavities. In this way the insulation 

material can be used for all insulating purposes, from insulation in elements to caulking. 
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For the project at hand, the solutions proposed in this thesis need a static analysis to be 

conducted, since that aspect has not been covered in this project. The foundation and roof 

structure can be developed to bring the thermal bridges down further. The next step in this 

work would be to establish what ventilation and heating system are to be used. This is needed 

to be able to run a detailed energy simulation on the whole building. If this building was to be 

constructed, it would be of interest to make airtightness tests, during or after the construction, 

to make sure that the sealants are installed properly and also to evaluate where the biggest 

risk zones are. 
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APPENDIX A 

HEAT3 SIMULATIONS 

 

 

Design and simulation of the concrete sandwich element including only the three layers (concrete, insulation, concrete) and 1% of reinforcement into the concrete 

layers. 
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Heat3 design and simulation including the concrete sandwich element and the connectors is presented above. 
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Brackets are included in the concrete sandwich element above for lifting reasons. Transportation and placement of the element in the construction are covered by 

the brackets. 
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Lifting anchors are included instead of concrete brackets. Simulation presents the solution of Halfén anchors. 
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APPENDIX B 

HAND CALCULATION ON CORRECTION VALUE UF 

 

∆�� = � ��������

� ����,�

	
�

 

(SS-EN_ISO_6946_2007) 

� is a variable that depends on how far in the insulation the fastener penetrates; 

�� is the thermal conductivity of the fasteners; 

�� is the cross-section area of one fastener; 

�� is the number of fasteners; 

�� is the thickness of the insulation layer penetrated by the fastener; 

�� is the thermal resistance of the insulation;  

��,� is the total resistance of the wall with all its layers. 

 

For this case ∆�� is calculated in the following manner: 

 

∆�� =
���(������ + ������)

��

� ����,�

	
�

 

� = 0,8 

�� = 17 
/�� 

��� = 0,005

2
�� � ∙ 2 = 3,927 ∙ 10���� 

��� = 10 

��� = 0,010

2
�� � ∙ 2 = 1,571 ∙ 10�	�� 

��� = 6 

�� = 0,250 � 

�� =
0,25

0,021
= 11,9 ���/
 

��,� =
0,07

2,3
+

0,25

0,021
+

0,15

2,3
= 12,0 ���/
 

 

∆�� = 0,0715 
/� 

To find the ∆�� value in a general sense we divide the value above with the area of the element. 

  

∆��,
 =
0,0715

2,8 ∙ 5
= 0,00511 
/��� 
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Hand calculation for 180 mm 

 

∆�� � ���������� 	 ������
�� � ��,�

�
�

 

� � 0,8 

�� � 17	�/�� 

��� � �0,0052 �� � ∙ 2 � 3,927 ∙ 10�	�� 

��� � 10 

��� � �0,0082 �� � ∙ 2 � 1,005 ∙ 10�
�� 

��� � 6 

�� � 0,180	� 

� � 0,18
0,021 � 8,57	���/� 

�,� � 0,07
2,3 	 0,18

0,021 	
0,15
2,3 � 8,67	���/� 

 ∆�� � 0,0736	�/� 

 
To find the ∆�� value in a general sense we divide the value above with the area of the element. 

 

∆��,� � 0,0736
2,8 ∙ 5 � 0,00526	�/��� 
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APPENDIX C 

FLIXO PRO SIMULATIONS 

 

Corner Element Connection  

  Concrete Reinforced 1% 

  Kooltherm 

  Concrete, High Density 

  Sealant 

  Mineral Wool Caulking 
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Element to Element Connection 

 

Concrete Reinforced 1% 

Kooltherm 

Concrete, High Density 

Sealant 

Mineral Wool Caulking 
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Wall to Roof Connection 

 

Concrete Reinforced 1% 

Kooltherm 

Concrete, High Density 

Steel rod 

Mineral Wool Caulking 

Mineral Wool roof board 

Plywood Board 
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Wall to Slab Connection 

 

 

Concrete Reinforced 1% 

Kooltherm 

Concrete, High Density 

Sealant 

Mineral Wool Caulking 

Steel rod 
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Wall to Window Connection 

 

Concrete Reinforced 1% 

Kooltherm 

Wood covered by aluminum 

Spaceloft 

Air Cavity 

Metal Sheet 

Window Glass 
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Wall to Foundation Connection  

 

Concrete Reinforced 1% 

Kooltherm 

Concrete High Density 

Steel rod 

EPS 

Ground gravel sand 

Plywood Boards 

 

 

 

 

 

 

 

 

 

 

 

 

 



63 

 

 

 

 

 

Concrete Reinforced 1% 

Kooltherm 

Mineral Wool (Paroc) 

Sealant 

EPS 

Ground gravel sand 

Air Cavity 

Gypsum plasterboard 
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Connections using EPS (250 mm) insulation in the element and Mineral Wool (200 mm height) in 

connections 
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Connections with Mineral Wool caulking 
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Window to Wall connection with two concrete brackets and mineral wool as caulking. 

 

 

Window to Wall connection with two concrete brackets and Spaceloft as caulking. 
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Window to Wall connection using double frame (Finland) window. 
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APPENDIX D 

WUFI 5 SIMULATIONS 

 

Mineral Wool (95% RH) 
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Mineral Wool (85%RH) 
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EPS (95% RH) 
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EPS (85% RH) 
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PIR (95 %) 
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PIR (85%) 
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Kooltherm (95%) 
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Kooltherm (85%) 
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APPENDIX E 

HOUSE PROJECT X DRAWINGS 
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APPENDIX F 

KOOLTHERM           

 

 

 

 

 

 

                                                                                                                               (Kingspan, 2015)  
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SPACELOFT 

 

 

                                       

  

(Aerogels, 2015) 

 


