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1 Introduction

Structural design involves selecting the dimensions of structural members and modeling the
support structure in respect to material resistance, performance, and durability
requirements during the useful life of the structure. It is based on verification, and the
purpose of this verification is to show that the actual requirements for the selected
materials, dimensions, and construction system are met. With the implementation of
Eurocodes, changesin the design criteria and the calculation of the structural capacity of the

facilities are brought up.

1.1 Objectives

The purpose of this thesis is to compile information from Eurocodes and design guidelines
that are essentially related to the design of structural componentsin buildings and to
develop useful and consistent sizing guidelines for such structural components. The goalis to
start with the boundary conditions, load calculations, combinations, and proceed with the
calculations consistently. The aimisto give the reader a clear view of the practice calculation
routines while the theoryis going through and make it easier to find and obtain additional
information based on the source references. Further, this thesis tries to present the

structural elements and floor plan layouts to create an overall vision of the building.

1.2 Research questions

The main analysisisrelated to the question "How can the structural applicationsof the
specific elements treated to be used and developed in a similar project?" It is here divided

into separate questions, which are essentially related to each other:

— Which concepts of timber limit state are essential for similar projects?

— Whatare the stages and processes to be followed to achieve structural integrity?



1.3 Scope and limitations

The scope of this thesis consists of three development sections. The first section is the input
that presentsinformation about the object, structural materials, and informationon the
software used. The second section is more about concepts for the limit state design of
timberand the forces applied to the structure. The third stage interprets the stepsto be
followed on the various decisions taken along with the addressing solutions to problems
encountered. The connection of the steel rod with the beam is not presented in the thesis,
asitis notincluded within the scope. Analyzingthis connection would require morein-depth

research on steel structures.



2 Description of the project

This thesis involves the analysis of a project which is still in the design phase. A thorough
background study was performed to understand the wood design process and how

parametric workflows can be useful in similar projects.

2.1 Structuraldesign

Structural design is the methodical investigation of the stability, strength and rigidity of
structures. The basic objective in structural analysis and design is to produce a structure
capable of resisting all applied loads without failure duringits intended life. The primary
purpose of a structureis to transmit or support loads. If the structureis improperly designed
or fabricated, orif the actual applied loads exceed the design specifications, the device will
probably fail to performits intended function, with possible serious consequences. (Lang,
2016) To minimize the possibility of structure failure, the main steps followed duringthe

design phase are presented (Figure 1).

Figure 1 Flow-chart of the design process
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The design project consisted of the following steps:

— Presentation of structural types and their drawing using CAD software.
— Introduction to timber concepts.
— Definition of loads applied to the structure.

— Selection of elements based on applied forces.

2.2 Generalinformation about the structure

Referring to the information presentedin theintroductionsection, thistwo-apartment
houseis a conceptthatis based on the calculations presented in the appendices. The
location of the buildingis Louhikkotie, with a living area of 250m?. The direction addressed in
this thesis represents the object as a two-story building, with a basement where its function

is to be as storage (Figure 2).

Figure 2 3D model of the building

The usage of timber as a primary construction material for projects of this scale is extremely
prevalentin Finland. For this building, the material used to design the structural elementsis
softwood timber which belongs to class C24. The only timber material that does not belong

to the softwood category is the joist. They belongto the category of Laminated Veneer



Lumber. The characteristicvalue of bending strength for both of these timber classes is
24MPa. The concrete used for foundation design belongs to class C25/30. The characteristic

compressive strength of this concrete classis 25MPa.

Since the buildingisstill in the design phase, decisions on the location of columns and beams

are made based on achieving structural integrity. Follow appendix 12 for floor layout plans.

2.3 Methodology

This chapter explains the process of this research. Section 2.3.1 presents the source and how
the data for this projectis collected, in terms of structural calculations. Section 2.3.2
presents the software usedin the project as well as their role to obtain the final results. The
design of the first option which includes studs and shear walls is covered by Ledion Shqgefni.

(Shgefni, 2022) Calculations for snow load, wind load, and strip foundation are common.

2.3.1 Codes and standards

Structural calculations are based on the following standards:

— Basisof structural design EUROCODE 0 (SFS EN 1990 + Finnish NA)
— Loadings EUROCODE 1 (SFS EN 1991 + Finnish NA)
— Timber Structures EUROCODE 5 (SFS EN 1995 + Finnish NA)

— Foundation Structure EUROCODE 7 (SFS EN1997 + Finnish NA)

2.3.2 Software used during the project

All software used duringthe project is provided by HAMK University of Applied sciences.

Mathcad

Mathcad is a software that allows performing mathematical calculations in a format similar

to how it would be done for manual hand calculations. It maintains a typical registration



form, special mathematical and trigonometric functions, series functions, and matrix
algebra. The flexibility that the application offers regarding variables and Sl units can be used
to answer almost any engineering problem. With a well-structured worksheet, design
calculations can be performed to allow parameters to be changed and results to be viewed
in a matter of seconds. Referring to the information mentioned above, the main use relates
to the writing of equations and the calculation of forces such as dead, live, snow, and wind
loads. Additionally, through the software, itis possible to analyze the elements in terms of

structural stability.

AutoCAD

In recent years, generation has stepped forward the lives and studies regions of humansin
all disciplines. One of the biggest developmentsin the field of engineering hasto do with
computer-aided drafting. AutoCAD is CAD software that has as its primary function the
introductionand generationof 2D and 3D drawings. Through AutoCAD is possible to modify
geometric patterns, through various options, to develop all kinds of structures and objects.
Through such optionsitis very easy to make changes, and create multiple drafts, so that the
problems encountered are constantly adjusted, to get the desired final product. The main
purpose of using this software is to generate cross-section drawings of the structural

elements.

Dlubal RFEM

Dlubal RFEM is a finite 3D element analysis system used for structural analysis and
construction of various materials from metal, wood, and concrete to complex and composite
materials. The system offers a deep integration from BIM to various CAD software and
various connectionsto all building models. It is a flexible and reliable F.E.M system for
developersto build and manage all data processes throughout the project. RFEM calculates
deformations, internal forces, pressures, and support forces, and also offers an option on
which it generates load combinations. Considering the partial safety factors, the load
combinationcombines theload of the included load casesinto a large load case, which is

then calculated. For this project, Dlubal RFEM is used to analyze statically indeterminate



structures, specifically continuous beams, and joists, that cannot be analyzed using statics,
or equations of equilibrium only. The connections were modeled as pinned, and the loads
calculated with Mathcad were applied to the elements to check the maximum bending
moment and support reactions. Classification of load cases and combinations are followed

according to EN1990 and the Finnish National Annex (Figure 3).

Figure 3 Dlubal RFEM Version 5.26
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ComSlab

ComSlab is software designed as a tool for composite panels, through which design
verification is made possible. Dependingon the use and loads that will be applied to the
element, the software determines the percentage of risk for different verifications according

to therelevantannex. Slab design is done usingthe ComSlab software provided by Ruukki.



3 Structural types of a single-family house

A structural drawingis a plan or set of plansand descriptionsthataimsto present
information about how a structure will be constructed. Structural drawings are generally
prepared by registered professional engineers, and based on information provided by
architectural drawings. Structural drawings are mainly concerned with the load-bearing
members of a structure. They outline the sizes and types of materials used as well as general
demands for connections. For this project, the structural drawings are made possible
according to the client'srequest. Follow Appendix 11 for drawings of structures and their

connections.

3.1 Foundation

Foundationis the structural component of a building that makes sure of its connection with
the soil. The main purpose of the foundation in the field of engineeringis the transfer of
loads from the structure to the ground. Through this structure, it is possible to support the
main structure which appears above ground level. In this building, two different types of
foundations are presented, where the first has the function of supportingthe wall structure,

while the second aims to support the columns.

3.2 Floor structures

The base flooris a structure, supported by the buildingfoundation directly, that divides
space horizontallyinto stories. In structural terms, for a base floor to be called functional,
the assembly must support all loads that are expected to be transferred to this structure,
where among them can be mentioned its dead load, plus furnishingand the live load of

occupants, which must correspond with values set by the Eurocodes.

3.2.1 Floor against the ground

In terms of design, the strength of a structure is one of the mostimportant elementsin its

functionality and durability. The base flooris a structure supported by the building



foundationdirectly, therefore it must be suitable for the type of soil on which it will stand.
To minimize all the risks encountered with a floor structure against the ground, Finnfoam

presents a highly efficient design (Figure 4).

Figure 4 Finnfoam floor structure (Finnfoam, n.d.)

The relative humidity is presentin very high percentages for structures that have direct
contact with the soil, therefore thermal insulation must have enough water vapor resistance,
to minimizeindoorairissues. The base floor is 100 mm concrete with insulationunderneath
the slab, which makes the structure more resistant to defects such as water damage. To

maintain comfort in terms of heating floor heating pipes will be installed insidethe concrete.

3.2.2 Compositefloor slab

For the slab design that rests on the basement wall, this project presents an innovative
design. To build slabs, the traditional method requires the layout of wood elements to
create the framework on which the concrete will be poured. Ruukki presents an adaptation
of this way using composite load-bearing sheets. These metal sheets are easy to assemble
and made of high-quality raw materials. Unlike the traditional slab method with the
framework, the installation process is extremely fast making it possible to continue other
construction processes. For this slab composite sheet, C548-36 is used with a length of 3.5

meters (Figure 5).
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Figure 5 Composite sheet CS48-36-750 (Ruukki, n.d.)

The concrete strength class is C25/30 and the exposure class belongs to category XC3. Dead
load is presented as the weight of the slab itself together with the weight of the chimney as
a concentrated load, specifically 12kN. The imposed load is presented by the loads that
move through or act on the elementin accordance with the National Annex. Once the
necessary dataisimplemented, the software can do all the calculations and detect problems
with the design if there are any. The report generated by the software is presented in the

Appendix 10.

Advantages of this type of slabinclude the following:

— Versatility
— Quick installation
— Costreduction

— Resistance/Weight ratio

3.3 Wall structures

The wallis a structural elementin the buildingthat has asits primary function the closure or
division of rooms. It defines an area that provides safety and shelter. For this object, the

walls are classified into the categories of load-bearingand non-load-bearing.
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3.3.1 Basement wall

Basement walls and their design differs from the other structural walls. Since these walls are
subjected to vertical load from the structure above and the lateral loads from the soil, the
design should be carried in a way that they can resist these loads. The construction of these
wallsis done using Leca blocks (Figure 6). Due to its low U-Value and the ability to handle
moisture, the Leca wall structure can be a very sustainable solution to the traditional

wooden wall structure.

Figure 6 Leca 420 block (Leca, n.d.)

3.3.2 Exterior wooden wall

To achieve energy efficiency goals the wall must be designed in such a way thatitisin
harmony with all other structural elements. For this object, the primary wall structure will
consist of a timber frame otherwise known as ventilated facades. Ventilated facadeisa
general term for structures that have a uniform ventilation gap between the claddingand
the insulating layer which provides improved moisture safety for the wall structure. In
ventilated structures, the claddingfacadeis connected to the load-bearing structure through
a layer of insulation. This ventilation space is in contact with the outside air, where through
the lower openingof the facade claddingand the outlet openings at the top but as well as

additional floor-specificventilation openings connected to the window and door opening for
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example. In the ventilation gap, thereis gravity ventilation, where the air movingthrough

this ventilation space removes excess moisture accumulated in the ventilation gap (Figure 7).

Figure 7 Wall structure (Paroc, n.d.)
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Ventilated facades can be designed for new buildings or for repairingfacadesin older
buildings. Itis necessary to check the nationalbuilding codes to enable the best performance
of the wall structure according to the characteristics of load-bearing structures, building

envelope, thermal properties, fire protection, and sound insulation.

Advantages of this type of wall include the following:

Long-lasting moisture protection.

— The selection of insulation materials makes it possible to achieve the desired U-value.
— Adjustablefacade system through which damage repair is possible.

— Low maintenance costs and recyclability.

— Fire protection is achieved through non-combustible elements.

3.3.3 Partitionwalls

By definition, partition walls are designed as non-load-bearinginterior elements, where the
onlyloadto be carried is the material of the wall itself. Partition walls in this buildingare

presented as non-load-bearingwhere the main purposeis to separate the different spaces
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and uses of the buildingfrom each other. The wall structure is made of wooden studs, and
two layers of timber panels, together with low-density stone wool to meet the resistance

requirements of sound and fire insulation (Figure 8).

Figure 8 Partition wall (Paroc, n.d.)

3.4 Roof structure

The roof structure is a term that refers to the construction at the top of a building which
typically provides protection from the elements. It generally comprises a system of structural
members designed to support the roof build-up materials that provide water tightness and

thermal and acousticinsulation to the building below. (Designing Building, 2020)

Since the buildingis analyzed in two different directions, the selection of a suitable roof
structureis a key elementin this project. The term used for the roof structurein this thesis is
joisted roof, a steeply pitched design applied to both residentialand commercial buildings

(Figure 9).
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Figure 9 Roof structure (Paroc, n.d.)

Beyond the fact that sloping roofs have always been a massive choice in terms of their
design, includingthe practicality and elegance they have, it must not be forgotten that this
structure is as effective as possibleinitsrole. It is necessary to check the national building

codes to enable the best performance of such elements.

Advantages of this roof structure include the following:

— Low maintenance costs due to less frequent repairs.

— Stable and efficient when dealing with rain and snowfall.

— Versatility asslopingroofs can be turned into a living space.

— Sustainability in terms of the installation and maintenance of mechanical systems

such as solarand photovoltaic.
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4 Concepts used for the limit state design of timber

As a building material, timber differs from steel, reinforced concrete, or other compositesin
several ways. Wood is a biological and natural material with highly variable properties. Itis
furthermore, hygroscopic, which means that the moisture contentin the material constantly
changes with the relative humidity of the surrounding environment. When it comes to
timber, however, the designer chooses a grade that has been verified by some type of non-

destructive strength grading of sawn timber. (Borgstrém, 2016)

When designingtimber structures these characteristic conditions of strength graded wood
and the variable traits of timber must always be considered. Some of the characteristics are

as follows:

— Duration of load for different types of applied loads.
— Partial factors and modificationfactors depending on the material properties.

— Different moisture content depending on the service class.

4.1 Load durationcases

As a structural element, timber experiences a significant loss of integrity over time. To
account for the loss of resistance, load time classes have been established to facilitate the
design process. They cover a wide range of possible durations occurring in reality. Actions

shall be assigned to one of the load-duration classes given in table 1.

Table 1 Load duration classes (SFS-EN 1995-1-1: 2004)

Load-duration class Order of accumulated
duration of characteristic
load

Permanent more than 10 years
Long-term 6 months — 10 years
Medium-term 1 week — 6 months
Short-term less than one week
Instantaneous




The impact thatthe load duration has on the wood capacityis taken into account by

assigning a kmog factor, which comes as a function of service class. Knog is presented as a

reduction factor for the characteristicstrength of times, varying between 0.2 and 1.1. The

recommended values for kmodq Can be selected from the table below.

Table 2 Values of kmod (SFS-EN 1995-1-1: 2004)

Material Standard Service Load-duration class
class Permanent Lnng Medium Short Instanta-
action term term term neous
action action action action
Solid timber |EN 14081-1 1 0,60 0,70 0,80 0,90 1,10
2 0,60 0,70 0,80 0,90 1,10
3 0,50 0,55 0,65 0,70 0,90
Glued EN 14080 1 0,60 0,70 0,80 0,90 1,10
laminated 2 0,60 0,70 0,80 0,90 1,10
timber 3 0,50 0,55 0,65 0,70 0,90
LWL EN 14374, EN 14279 |1 0,60 0,70 0,80 0,90 1,10
2 0,60 0,70 0,80 0,90 1,10
3 0,50 0,55 0,65 0,70 0,90
Plywood EN 636
Part 1, Part 2, Part 3 |1 0,60 0,70 0,80 0,90 1,10
Part 2, Part 3 2 0,60 0,70 0,80 0,90 1,10
Part 3 3 0,50 0,55 0,65 0,70 0,90
0SB EN 300
0OSB/2 1 0,30 0,45 0,65 0,85 1,10
0OSB/3, OSB/4 1 0,40 0,50 0,70 0,90 1,10
0OSB/3, OSB/4 2 0,30 0,40 0,55 0,70 0,90
Particle- EN 312
board Part 4, Part 5 1 0,30 0,45 0,65 0,85 1,10
Part 5 2 0,20 0,30 0,45 0,60 0,80
Part 6, Part 7 1 0,40 0,50 0,70 0,90 1,10
Part 7 2 0,30 0,40 0,55 0,70 0,90
Fibreboard, [EN 622-2
hard HB.LA, HB.HLA 1 or |1 0,30 0,45 0,65 0,85 1,10
2
HB.HLA1 or 2 2 0,20 0,30 0,45 0,60 0,80
Fibreboard, [EN 622-3
medium MBH.LA1 or 2 1 0,20 0,40 0,60 0,80 1,10
MBH.HLS1 or 2 1 0,20 0,40 0,60 0,80 1,10
MBH.HLS1 or 2 2 - — - 0,45 0,80
Fibreboard, |EN 622-5
MDF MDF LA, MDF.HLS |1 0,20 0,40 0,60 0,80 1,10
MDF HLS 2 - - - 0,45 0,80

Followingthe above statement, the values of k4 are dependent on theload duration, and
its selection depends on the shortest load duration. For this case study, both snow and live

load are presented as a medium-term action, where at the same time they have the shortest

presence in the building. Based on this data the value for the modification factoristo be

taken as 0.8.
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4.2 Effect of moisture content and service classes

Moisture content and variations of moisture have a very important role in affecting the
properties of woof-based elements. It affects both stiffness and strength of the material,
therefore in considering such effects, three service classes have been defined in EN 1995-1-1

page 22, toincorporate duringthe design phase. Service classes are presented as follows:

— Service class 1, where the average moisture content does not exceed 12 %.
— Service class 2, where the average moisture content does not exceed 20 %.

— Service class 3, where the average moisture content exceeds 20 %.

The material used for the building belongs to service class 1.

4.3 Partial and modification factors for material properties

To account for the inverse effect of the material's geometricdeviations and the uncertainty
of the resistance model used in the design, the design strength value is divided by the partial
factor ym to obtain the design strength of the material. Values for the partial factor ym varies
between 1,2 to 1,3 for most wood-based material when designingin the Ultimate Limit

State. Table 3 providesinformation on value selection for partial factors.

Table 3 Recommended partial factors ym for material properties (SFS-EN 1995-1-1: 2004)

Fundamental combinations:
Solid timber 1,3
Glued laminated timber 1,25
LVL, plywood, OSB, 1,2
Particleboards 1,3
Fibreboards, hard 1,3
Fibreboards, medium 1,3
Fibreboards, MDF 1,3
Fibreboards, soft 1,3
Connections 1,3
Punched metal plate fasteners 1,25

Accidental combinations 1,0

Given thatthe type of material belongs to the class of softwood(solid timber), the

recommended value for the partial factoris to be taken as 1.3
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5 Loads

The structure of any buildingis exposed to various types of loads. Thus, every project should

manage thevertical and horizontal loads that are mentioned below:

— Dead load. It includes the self-weight of the whole structure(load-bearing,
structural, and non-structural members).

— Liveload.Includes the load from occupants and furniture.

— Lateralload. Includes the wind load to this project.

— Snow load.

The load types are described in more detail in the next sections.

5.1 DeadLload

Dead load is a structural load of constant magnitude associated with the weight of

the structure with respect to time. The weight of any structural elements, includingloads of
fixtures, attached permanently to the structure is also considered a dead load. Calculation of
the dead load with a good degree of accuracy is determined by assessingthe weight and the
volume of the object. Table 4 presents two of the main dead loads of the structure, in
addition to the weight of the specific elements. Both of these loads have the same symbol as

they refer to two different structures.

Table 4 Dead load acting on the structure

Symbol Description Value Unit

Gk.1 Dead load on the roof structure 0.53 | kN/m?

Gk.1 Dead load on the second floor 0.45 | kN/m?
5.2 Live load

Live loads refer to the transient forces that move through a buildingoract on any of its

structural elements. Theyinclude the possible or expected weight of people, furniture,


https://www.designingbuildings.co.uk/wiki/Structure
https://www.designingbuildings.co.uk/wiki/Structural_element
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appliances, cars and other vehicles, and equipment. Because these dynamicloadsare
variable and often inconsistently applied to a structure, engineers must plan for a maximum
imposed load that s likely much more extreme than what a building will experience over the

course of its lifetime. (Mtcopeland, 2020)

To determinetheimposed loads, the floor and roof areas in buildings should be sub-divided
into categories according to their use. Table 5 contains information onimposed loadson the

floor.

Table 5 Imposed loads on floors, balconies, and stairs in buildings, uniformly distributed load

gk and concentrated load Qk. (Finnish National Annex2)

Categories of loaded areas [k;i";‘mzl |le:]|
Category A

— Floors 20 20
— Stairs 2,0 20
— Balconies 2,5 20
Category B 25 2,0
Category C

- Cl 2,5 3,0
- C2 3,0 3,0
- C3 4,0 4,0
- 4 5,0 40
- G5 6,0 4,0
Category D

- DI 4,0 4,0
- D2 5.0 7.0

According to Finnish National Annex 2, the characteristicimposed load for Category A (Areas
for domesticand residential activities) is 2kN/m?2. It is recommended thatthe values for
imposed loads be taken from the national annex ofthe respective country where the

structureis beingstudied.

5.3 Snow Load

The snow load on the roof depends on the importance of the building, roof slope, exposure
to wind, and location of the building. To determine snow load the following expression is

used:

s=Hj=CorCio5¢



20

where:

i is the snow load shape coefficient.
Ceis the exposure coefficient. The value of Ceis dependen on the topography. (Table 6)
Ctis the thermal coefficient. Recommended value by Eurocodeis 1.

Sk is the characteristicvalue of snowload on tile ground

Table 6 - Recommended values of Ce for different topographies (EN 1991-1-3: 2003)

Topography Ce
Windswept? 0,8
Normal? 1,0
Sheltered® 1,2

2 Windswept topography: flat unobstructed areas exposed on all sides without, or little shelter afforded by terrain, higher construction works or
trees.

° Normal topography: areas where there is no significant removal of snow by wind on construction work, because of terrain, other construction
works or trees.

© Sheltered topography: areas in which the construction work being considered is considerably lower than the surrounding terrain or surrounded
by high trees and/or surrounded by higher construction works.

As the location of the buildingis considered a normal topography, the value of Ce is

recommended to be taken as 1.

According to Finnish National Annex 4 and Eurocode 1 the characteristicvalue of snow load
on thegroundin the Lapland area, Sk is 3 kN/m2. Figure 10 provides a map of snow loadsin

Finland.

Figure 10 Snow loads on the ground in Finland (Finnish National Annex4)
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The conditionsbased on the angle of theroof to determine the snow load shape coefficients

are shownin Table 7.

Table 7 - Snow load shape coefficients (SFS-EN 1991-1-3:2003)

Angle of pitch of roof o 0°<a<30 30° << 60° o> 60°
pilo)
0°)=0,8 60° — 0,0
uq(0°)=0, ILI[OD)( e ) s
llg(ﬁ()
0,8 0. g(60° ) 0,0
’ 30°
ualo) 0,8+0,8 o/30° 1,6

The roofslopeis 1:2 therefore roof angle is smallerthan 30°. The value of p1 recommended

by Eurocode and the Finnish National Annexis 0.8. Since the building has a pitched roof, the

load arrangement shown in Figure 11 should be used for the calculation.

Figure 11 Snow load shape coefficients (SFS-EN 1991-1-3:2003)

2
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| 0,5u2(a)

Consideringthatin the design phase, the loadingscenario is the maximum possible factored

loading, which represents the worst case, the same procedureis followed regarding the

distribution of snow load on the roof. Theresults of the snow load on the roof are presented

in Appendix1.
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5.4 Wind Load

Wind pressure on buildingsis based on EN 1991-1-4 along with Finnish National Annex. To
calculate the basicwind load and pressure several steps must be followed. This section
presents the steps to be followed to determine the wind load pressure, while for the results

we refer to the thesis of Ledion Shqgefni (Shgefni, 2022).

5.4.1 Basic wind velocity

To calculate basicwind velocity the following expression should be used:

Vh = Cdir * Cseason * Vh.0o

Where:

Vp is the fundamental value of the basic wind velocity (m/s).
Cair is the direction factor, recommended value is to be taken as 1.0

Cseason is the season factor, recommended value is to be taken as 1.0

Followingtherelevant data and locationin the building, Lapland, the basicwind velocity

obtained Vbis 22 (m/s).

5.4.2 Mean wind velocity

The mean wind velocity at height z above the terrain depends on the basic wind velocity and

roughness and orography of the terrain. It can be calculated from the following equation:

Vi =Vp=CpC;

Where:

C:is theroughnessfactor of the ground roughness of the terrain upwind of the structurein
the wind direction considered.

Cois terrain orography factor.
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The roughness factor at a height z can be calculated using the following equation:

z
¢, =k In|—
7y

Where:

Z is the height of the structure above ground level (m). Followingthis case, the height of the
building will be considered from the base floor to the highest point of the building.
Zp is theroughness height (m)

k: is the terrain factor dependingon the roughness length Z,

Terrain category lll is considered forthe project mentioningthatthe buildingisisolated by

obstacles and surrounded by a forest (Table 8).

Table 8 Terrain categories and terrain parameters (SFS-EN 1991-1-4)

Zy Zmin
Terrain category
m m
0  Sea or coastal area exposed to the open sea 0,003 1
| Lakes or flat and horizontal area with negligible vegetation and
. 0,01 1
without obstacles
Il Area with low vegetation such as grass and isolated obstacles 0.05 5

(trees, buildings) with separations of at least 20 obstacle heights

Il Area with regular cover of vegetation or buildings or with isolated
obstacles with separations of maximum 20 obstacle heights (such 0,3 5
as villages, suburban terrain, permanent forest)

IV Area in which at least 15 % of the surface is covered with buildings

and their average height exceeds 15 m 1.0 10

NOTE: The terrain categories are illustrated in A.1.

5.4.3 Wind turbulence

The turbulence intensity at a reference heightis presented as the ratio between the
turbulence and mean wind velocity. Wind turbulence can be calculated using the following

equation:
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K,
f=——
z
CoeIn
Where:

K is the turbulence factor. The recommended valueisto be taken as 1.
Cois the orography factor.

Zois theroughness height.

5.4.4 Peak velocity pressure

The peakvelocity pressure qp(ze) at reference height ze includes mean and short-term

velocity fluctuations. (SFS-EN 1991-1-4) This factor is given by the followingequation:
1 2
qp=[1+?-|v]-5-p-um

Where:

p is the density of air. The recommended value for air densityis 1.25kg/m3.
Vm is the basic wind velocity.

lvis the wind turbulence.

5.4.5 Wind pressure on surfaces

The wind pressure acting on the external surfaces should be obtained from the following

equation:

W=gq, (Ze) «Cpe

Where:
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gp is the peakvelocity pressure.
Ze is thereference height for the external pressure.

Cpe is the pressure coefficient for the external pressure.

The selection of building zonesis one of the main pointsin determining wind pressure. This
is because the external pressure coefficients for certain parts of the buildingare dependent

on these areas. Zones of wind direction and action for the external wind pressure are shown

in Figure 12 .

Figure 12 Key for vertical walls (SFS-EN 1991-1-4)
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Note that EN 1991-1-4 presents these values for rectangular-plan buildings, while the object
understudy is presented with a more complicated shaperatherthan arectangle. To make
an adaptationto the Eurodoce, in both directions the longer spans will representd and b. B
represents the breadth of the building (perpendicular to wind), while D depth of the building
(parallel to wind). The external pressure coefficients are given for loaded areas smaller than
1m? and 10m?, where Cpe,1 represents areas that are under or equal to 1m?, while Cpe,10
represents loaded areas bigger than 10m?. The value of Cpe is dependent on the ratio

between h/d where h represents the height of the building from the base to theroof, and d
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represents the depth of the building. Table 9 provides better visualization of the external

pressure.

Table 9 - Recommended values of external pressure coefficients for vertical walls of

rectangular plan buildings. (SFS EN1991-1-4)

Zone | A B Cc D E

hid Coe 10 | Cpe Cpe10 | Coet Coeto | Coe Cpe10 | Coet Cpe 10 Coe.1
5 12 |14 |08 |11 |-05 08 |+10 |-07

1 -1,2 -1,4 -0,8 -1,1 -0,5 +0,8 +1,0 -0,5

<025 ]-1.2 -14 -0,8 -11 -0,5 +0,7 +1,0 -0,3

The wind stress on exclusive surface areas of the buildingvaries to a big quantity relyingon
numerous factors. Places wherein airflow is disrupted are exposed to better pressure,
consisting of the corners and the overhangs of the roof, therefore, when designing for
complicated structures, changesin the wind pressure surface must be taken into account
(Figure 13). When the value of Cpe is presented as negative, the positive value of internal
pressure must be subtracted from the value of Cpe. In case Cpeis presented with a positive
value, internal pressure with a negative value shall be deducted from Cpe. The value of

internal pressure is considered more onerous at+0.2 and -0.3.

Figure 13 Pressure on surfaces (SFS EN1991-1-4)

By multiplying the peak velocity pressure with the final pressure coefficients, the wind

pressureis presented as a force in kN/m?.
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5.5 Wind pressure simplified method

The application of the above method according to EN1991-1-4 is often presented as
complicated as the number of factors to be considered is very high. This subchapter presents
another simplified method for determining wind pressure, through adaptations that can be
made between EN1991-1-4 and RIL 201-1-2017. In terms of design, this method used is
more conservative and the results are to some extent larger than in the above-explained
method. The wind force acting on a structure or a structural component may be determined

directly by using the following expression:

Fu =€yt qp

Where:

Cs is the non-simultaneous occurrence of peak wind pressure on the surface.
cq is vibration effect to the structure due to turbulence.
¢t is the force coefficient of the structure or structural element.

gp is the peakvelocity pressure.

The recommended valuein EN1991-1-4 for buildings with a height lower than 15 meters is
to be taken as 1. Consideringthat this two-apartmentbuilding has a height level smaller

than 15 meters the structural factoris taken as 1.

The coefficient of force Csof the structural elements, where the wind blows normallyon a

side of the buildingis defined by the following expression:

Cr=Cro¢r=d
Where:

Cso is the force coefficient of rectangular sections with sharp corners.
W, is the reduction factor for square sections with rounded corners.

Y, is the end-effect factor for elements with free end flow. The recommended valueis 1.



Force coefficient Cso can be read from table 10 if the slenderness ratio is smaller than 10.
Underthe condition that the height of the buildingislessthan 15 meters, the slenderness

ratioA is presented as the ratio between 2 times the height over the width.

Table 10 - Strength factor Cs takinginto account the effect of buildingdimensions and

slenderness. (RIL 201-1-2017)

drib
A 0.1 0,2 0,5 0,7 2 5 10 50
<1 1,2 1,2 1,37 1,44 1,28 0,99 0,60 0,54 0,54
3 1,29 1,29 1,48 1,55 1,38 1,07 0,65 0,58 0,58
10 1,40 1,40 1,60 1,68 1,49 1,15 0,70 0,63 0,63

The value of the force coefficient shall be determined usingthe interpolation ratio.
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The reduction factor for square sections with rounded corners is dependent on the shape of

the object. Figure 14 provides better visualization for the selection of this reduction factor.

Figure 14 Reduction factor Wr for a square cross-section with rounded corners. (RIL 201-1-

2017)
Wr r'y
” \
0,51
0 B
0 0.1 0,2 0.3 0.4

Since the buildinghas no rounded but sharp corners, the value for the reduction factoris 1.

r'b

The characteristicwind pressure in the x-direction is 0.474kN/m?, while in the y-direction the

characteristicwind pressure is 0.646kN/m?. (Shqefni, 2022)
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5.5.1 Wind load path

Typically in terms of structural behavior loads can be divided into vertical and horizontal
loads. If a comparison is made, structural engineers find it more difficult to design the
structure for horizontal loads than for vertical support mechanics. Horizontal loads often
determine the efficiency of the system used in the building. In general, few mechanismsare
commonly used alone orin combinationto ensure lateral stability. For wooden structures,
the most used system to resist lateral forces is the shear wall mechanism with a horizontal
diaphragm, which is also presentin this building. Apart from the vertical loads, the bearing

walls function as shear walls to resist lateral force.

Load path plays a key role in the function of the lateral system, therefore the roof structure
must be designed to be stiff enough to lateral loads and enable their transfer to the
stiffening walls. Figure 15 provides better visualization of lateral load transfer through the

roof system.

Figure 15 Load path through the roof of a building (McEntee, 2012)

Lateral Load applied to end wall Lateral Load applied to side wall

Based on this connection lateral loads are transferred from the roof to the shearwalls. It
should be noted that based on thisinformation for the calculation of columns, lateral load

does not pose a risk, as it is transmitted from the roof and taken by the shear walls.
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6 Load Combination

In structural design, different load combinations are encountered in structuralcodes. These
combinations vary accordingto their occupancy, but selecting the right load combinations
for the projectis the main challenge of the designing phase. Selecting the right combinations
without guidanceis a tough task, while not usingthe right one, may resultin a design or over
design results. Usually, load combinations are categorized into working or service limit state
(SLS) or ultimate limit state (ULS). But when to use the SLS or ULS should be clear for us. SLS
combinationis usually considered for deflection and staticchecks and ULS is for member

design considerations. (The Structural World, 2018)

6.1 Ultimate Limit State

The ultimate limit state is defined as the state of design of a structural system, at which the
ultimate collapse due to loading occurs. The loading scenario in the ultimate limit stateisthe
maximum possible factored loading, which represents the worst-case scenario. Factored
means that safety factors are applied to consider certain overloading of the structure and
uncertainties of the material. Load combinationsaccordingto the Finnish National Annex,
and EN 1990 are formed from the dominant load cases for structural analysis in fracture and
service limit states. Loads are classified in the Eurocode as permanent loads G, variable loads

Q, and accidental loads.

In the National Finnish Annex, the load combinations relevant to the structural design are

defined usingthe following formulas:

135 .KF{

1.15 .KF{+ 1.5 .KFF.Q’(.I +KF{'Z;' wﬂ_} - Q[“'

Where:

Kr is the load factor for actions

Giij,sup is the permanent load characteristic (adverse effect).
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Gij,infis the permanent load characteristic (beneficial effect)
Q,1is the first variable load.
Q,iis the other variable load

Wo,1is the load combinationfactor.

In this project, the permanentload characteristic (adverse effect), represents the dead load.
The first variable load represents live loads in the object, while the other variable represents
snow. For the cause of reliability differentiation, the consequence class (CC) can be
established by considering the results of failure or malfunction of the structure as given

intable11.

Table 11 - Definition of consequence classes (SFS EN1990)

Consequences Description Examples of buildings and civil enginesring

Class works

CC3 High consaquence for loss of human life, or | Grandstands, public buildings where
economic, social or environmental consequences of failure are high (e.g. a
consequences very great concert hall)

Cccz2 Medium consequence for loss of human life, | Residential and office buildings, public
economic, social or environmental buildings where consequences of failure are
consequences considerable medium (e.g. an office building)

CC1 Low consequence for loss of human life, and | Agricultural buildings where people do not
economic, social or environmental normally enter (e.g. storage buildings),
consequences small or negligible greenhouses

The objectin question belongs to consequence class CC2 as fatalities in loss of life, and
economic and environmental damage are considered average. The criterion for the
classification of consequencesisimportantin terms of consequences of failure. Load factor
coefficients are depended on the definition of consequence class duringthe design phase, as
particular elements are designed based on the defined coefficients. Recommended values

for load factor selection are given in table 12.

Table 12 - KFI factor for actions (SFS EN1990)

Reliability class
RC1 RC2 RC3
K 0,9 1,0 1,1

K, factor for actions

Based on consequence class load factor for actions is to be taken as 1.
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Load combinations result when more than one load type operates on the structure. To
ensure the safety of the structure, the building code generally refers to different load
combinations which are associated with specificload factors for each load type. These load
factors are combined to determine the required strength of the element beingstudied.

Table 13 provides therecommended values for load combination factors.

Table 13 - Recommended values of W factors for building. (SFS EN1990)

Action Yo P Yo
Imposed loads in buildings, category (see EN 1991-1-1)

Category A: domestic, residential areas 0,7 0,5 0,3
Category B: office areas 0,7 0,5 0,3
Category C: congregation areas 0,7 0,7 0,6
Category D: shopping areas 0,7 0,7 0,6
Category E: storage areas 1,0 0,9 0,8
Category F: traffic area,

vehicle weight < 30kN 0,7 0,7 0,6
Category G: traffic area, 0,7 05 0,3
30 kN < vehicle weight = 160 kN 0 0 0
Category H: roofs

Snow loads on buildings (see EN 1991-1-3)’)

Finland, Iceland, Norway, Sweden 0,70 0,50 0,20
Remainder of CEN Member States, for sites located at altitude H> 1000 m a.s.l. | 0,70 0,60 0,20
Remainder of CEN Member States, for sites located at altitude H = 1000 m a.s.l. | 0,50 0,20 0
Wind loads on buildings (see EN 1991-1-4) 0,6 0,2 0
Temperature (non-fire) in buildings (see EN 1991-1-5) 0,6 0,5 0
NOTE: The vy values may be set by the National annex.

*) For countries not mentioned below, see relevant local conditions.
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7 Stability Calculation

Structural designingis fundamental to the civil engineeringdisciplineas it deals directly with
the structural strength and integrity of buildings or structures. It includes planning,
designing, and structural analysis of large structures, where the main principleis applying
the principles of physical laws and mathematics to structures. With empirical research and
analysis, civil engineers have to use structural design to analyze the structural design of the
buildingand the strength of different materials used to determine its safety and economic

specifications (Admin,2019).

As presented in the introduction of the thesis, the second direction of the project has a
second floor, that will be used as a living space. With the presence of the second floor, the
forces that will be distributed on the retaining walls will be greater than their capacity,
therefore the installation of beams and columns is a key elementin achieving the structural

integrity of the building.

7.1 Beamdesign

A beam structure, as simply referred with the term beam, is a type of structural elements
used in construction and engineeringto provide a safe and efficient load path that
effectively distributes weight across the entire structure. The beam supports the load by
resistingbendingundertheload pressure. Understandingthe structure of a beam is
essential in construction and structural design because these beams are the main way to
transferthe weight of the building. They provide a stable load path to the building
foundationso that the weight of the building's roof, ceiling, and floor can be adequately

supported.

7.1.1 Bending stress

Elementsin a timber structure that are subjected to bendingare given the term flexural
members. Typical examples of such elements are floor joists, studs, and solid rectangular

beams (Figure 16)
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This section discusses in detail the general requirements necessary for the design of flexural
members with a uniform cross-section, where the grain is essentially parallelto the axis of

the element.
Figure 16 Example of a flexural member (Vandervort, 2021)

haist splices =, Girders

Blacking Foundation

Header joist:

For beams, design checks have to be done with respectto the shearand bending moment
capacity. Following EN 1995, clause 6.1 design of cross-sections subjected to stress in one
principal direction applies to members such as solid timber, glued laminated, and wood-
based structural products. The elastictheory Figure17) states that when a solid rectangular
member is subjected to a bendingmoment about the y-y axis (strongaxis), the design stress

at a distance z should be verified following the following expression:

Where:

ly is the second moment of inertia of the cross-section about the y-axis.
My is the bendingmoment about the y-y axis.

Zis thedistance from the neutral axis.
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Figure 17. a)Cross-section of a rectangular beam. b) Orientation of coordinate system.
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When the compression face of the memberis not fully restrained against lateral movement,
lateral-torsional instability affects the member bent about the y-y axis. Giventhatonlya
moment My exists about the strongaxisy, to provethat the maximum bendingstressinthe
section is not exceeding the design bending strength of timber the following expression shall

be satisfied:

Om.d < kr:n't 'fmd

Where:

Omd is the design bendingstress
fma is the design bendingstrength

kerit is a factor that takes into account the reduced bending strength due to lateral buckling.

The design bending stress is presented as the ratio between the maximum bending moment

in the beam to the section modulus. Section modulus W is presented by the expression:
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Where:

h is the larger cross-sectional dimension

b is the smaller cross-sectional dimension

The valuefor keitis determined by following the expression (6.34) in EN1995 1-1. For a value
of Areim less than 0.75 the element will be stiff enough not to buckle laterally. As this

condition is met the value for keitis recommended to be taken as 1.

The design bending strength shall be determined usingthe following equation:

fmk

fmd = I(mcmd * * I(h * ksys

¥

Where:

kmod is the modification factor for the duration of load and moisture content
fmk is the characteristicbending strength

vym is the partial factor for material

knis the depth factor

ksys is the system strength factor

For rectangularsolid timber the depth factor is given by the following equation:
0.2
ky, =min (1.3 , [150%) )

Where:

his the depth for bendingmembers in mm. The smallest value in parentheses should be

used.
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Because the factor is dependent on the member size in the direction of bending, the value
for the modificationfactor when bending occurs about the y-y axis can be different from the
value when bendingisaboutthe z-z axis. Therecommended value for ke is 1 provided that
the continuousload distribution system can transmit from one member to the neighboring

member.

For a softwood rectangular cross-section, the critical bending stress about its strong axis can

be determined by the following expression:

_0.78-b’
Omerit —T' Eo.os
* leff

Where:

h is the larger cross-sectional dimension

b is the smaller cross-sectional dimension

Eoosis 5% value of the modulus of elasticity parallel to the grain

letris the effective length as a ratio of span. The effective length for the columniis increased

by 2h, as the axial load isapplied at the compression edges.

To link the buckling strength of a beam, omit, to its bending strength, fi, the relative

slenderness for bendingis defined using the following expression:

fmk
lrel.m = i

Omerit

Where:

fmk is the characteristicbending strength
OmeritiS the critical bending stress calculated according to the classical theory of stability,

using 5-percentile stiffness values.
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Based on the connection shown in figure 18 lateral bucklingis not presented as a concern for

the beam. The connection between the beam and joists provides enough lateral stiffness.

Figure 18 Roof connection

Roof beam

Roof joists

Connector to suit roof load, wind
zone, snow load and rafter spacing.

7.1.2 Shear stress

When beams are subjected to bending, shear stresses also appear to be present parallel to
the longitudinal axis of the beam (Figure 19 (b). When designingin ULS, the requirementin

EN1995-1-1 for shearis represented usingthe following expression:

T4 <fud

Where:

Tqis the design shear stress at the required level

fva isthe design shear strength for the actual condition

Regardless of the position studied alongthe beam, shear stress at the top and the bottom of

the cross-sectionis presented to be zero, and the maximum stress will arise at the neutral



axis position. For a rectangular section (Figure 19 (a) the maximum shear stress will is

determined following the expression below:

Ved

3
y=— —
2 k,-b-h

Where:

Veq is the shearforce duringthe design phase
h is the larger cross-sectional dimension
b is the smaller cross-sectional dimension

ker is the partial safety factor

For solid timbers, the recommended value of the modification factor k,is 0.67. The

introduction of k¢ will reduce the shear capacity of solid timber and glulam beams.

The design shear strength for the actual condition should be obtained by the following

equation:
fuk
fud i =kmod " . ksys
Ym
Where:

kmod is the modification factor for the duration of load and moisture content
fux isthe design shear strength factor
vym is the partial factor for material

Kys is the system strength factor

The value of the modification factor can be selected from table 2. Since snow and live load

are presented as both medium-term actions, this modification factoris to be taken as 0.8.

39
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Figure 19 a) Member with a shear stress component parallelto the grain b) Member with

both components perpendicular to the grain.

i
a) A { 9 b) ﬁhl

7.1.3 Results of bending and shear stresses

This thesis presents the analysis of 2 of the beams of the structure. The first beam has a
length of 9.3 meters and is supported in three columns. As the length of the joists connected
to this beamvaries for different parts of the structure, the analysisis done in different
sections, to determine the force thatis transferred to it. The second beam has a length of
2.9 meters andis analyzed as a simply supported element, which supports a part of the
second floor. Dimensions of each section are identified so that they are not only safe but
also cost-effective. Referring to the structural integrity calculations of beams, specifically in

appendix4and 6, table 14 presents the final results.

Table 14 Results of shearand bendingforces acting on beams

Member Length Max. shear force | UR Max. bending moment | UR

Beam 1 9,3m 38.93kN 44,25 % | 34,52kN*m 55,32 %

Beam 2 2,9m 10,48kN 38.57% | 7,6kN*m 66,43 %
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7.2 Columndesign

Columnsare an important vertical structural part of a building, helping to transmit loads
from the buildingto the foundation. They create a framework that supports the entire load
of the structure. Columns are designed to take axial and lateral loads and efficiently transfer
them to the base of the structure. Therefore, when all the loads from the beams and floors

are transmitted through the column, itis important to design the column to be sturdy.

7.2.1 Design of slender members

Timber members are often designed as slender elements, meaningthat the member's length
is much greater than their cross-section area. Therefore, to avoid problems related to

stability, itis crucial to pay attention duringthe design process.

7.2.2 Column buckling

When subjected to axial loads, the slenderness ratio, A, of the elementsincreases, due to
imperfectionsin the geometry of the part or variationsinits characteristics. Therefore the
element will move sideways, and will finally break due to deformation. The more slenderthe
member the larger the possibility of bucklingto occur in the elementis. Figure 20 provides

better visualization of the effective buckling length.

Theslenderness ratio is defined as the ratio between the effective length of the column

member, l.s with the radius of gyration, i of the given cross-section:

Where the radius of gyration about a specific axisis presented as the ratio of the square root

between the second moment of inertia and the surface area of the cross-section.



Figure 20 E

length. (Borgstrom, 2016)
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The

relative slendernessratio Ao for a specific bucking axis is defined:

Where:
fcokis the characteristiccompressive strength of the timber parallel to the grain.

Eo.0sis 5% value of the modulus of elasticity parallel to the grain.

When taking into account the effects of instability accordingto EC5, the requirements from
columnsthat are subjected to combined compression and bendingforces are different from

the strength validation required for beams subjected to combined compression and
bending. The equationsto be used in design members subjected to combined compression

and bendingforces are expressed in the following form:

Ocod Orm.y.d Om.z.d
Y= ke
kc.y * fc.U.d fm.\,r.d f m.z.d
Ocod Omyd Om.zd
m -
fm.v.d f m.z.d

kc.z * fc.D.d
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Where:

0c0.4is the design compressive stress alongthe grain. This equation is expressed as theratio

between the maximum axial load applied on the column with the area of the cross-section.

Omdy.d IS the design bendingstress about the y-axis. This equation is presented as the ratio

between the maximum bending moment with the section modulus.

kmis the reduction factor considering the re-distribution of bending stresses. Recommended
value from EN1995 1-1 for rectangular cross-sectionis to be taken as 0.7. Otherwise select

km as 1.

keyis the reduction factor for buckling depending on the specified axis. Appendix 5 provides

guidance on value selection for this coefficient.

Omdzd iS the design bendingstress about the z-axis. Bendingstress about the z-axisis 0.

In Eurocode 5, Arelm, is defined as the relative slenderness for bending:

Finic
lrel.m = i

Omerit

For a softwood rectangular cross-section, the critical bending stress about its strong axis can

be determined by the following expression:

_0.78-b’
Omerit —T' Eo.os
* leff

Where:

his the larger cross-sectional dimension

b is the smaller cross-sectional dimension
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Eoosis 5% value of the modulus of elasticity parallel to the grain
letris the effective length as a ratio of span. The effective length for the column is increased

by 2h, as the axial load isapplied at the compression edges.

Once the slenderness ratio for bending A rel,m is determined, lateral bucking can be
neglected, provided that this valueisless than 0.75. In reference to the given statement,

lateral bucking can be neglected for the column.

Thisreport presents the analysis of the two most critical columnsin the building. The first
column, which is located outside the building, is subjected to axial load only. This column is
presented as the most endangered to bucklingas its length is 9 meters. The second column
analyzedislocated inside the building with a length of 5.4 meters. It is subjected to axial
load and bending moment transferred from the beam supporting the second floor (Figure

21).

Figure 21 Location of columns

COLUMHN 1 COLUMHN 2 COLUMMN 3 COLUMH 4

SECOND FLOOR

FIRST FLOOR

BASEMENT FLOOR
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The second column analyzed is 5.4 meters longand does not extend to the end of the
foundation pad, dueto the fact that timber elements should not have direct contact with
the soil. Referring to the structural integrity calculations of columns, specificallyin appendix

5 and 7, table 15 presents the final results for beams.

Table 15 Results of actions applied to columns

Member | Length Axial compression Combined axial and bending
UR UR

Column 1 | 9m 0.547% -

Column 2 | 5.4m - 0.622%

7.3 Pad foundation design

The implementation of columns and beams to support the second flooris presented as a
necessary option for achievingthe structural stability of the building. Yet also the columns
must transferthe load they receive from the structure itself. As a result, the design of a
second foundation model is necessary to enable the transfer of loads from the columnsto
the ground as the floor capacity is not enough. This section will cover the stepsto follow

when designinga pad foundation.

The geotechnical design of a pad foundationis carried out according to the requirements of
EN 1997-1: 2005. Eurocode 7 gives three design approaches for the design of the foundation
(page 32), however, it permits only design approach 1. In this design approach, partial

factors are applied to the action and resistance parameters of the soil.

7.3.1 Load bearing capacity

Using the direct method, all limit states should be verified. The final load-bearing capacity of

the pad foundation shallbe determined using the expression below:

(ca*Neobgesceic+q'«Ngebgesgeig+0.5y;+Beps Ny by s, 2i)
Vr

Quir =Aef’
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Where:

Acsis the effective area of the foundation

Cqis the cohesion

Ng is the overburden factor

Ny is the bodyweight factor

q'is the overburden pressure at the foundation level

b¢,bg,byare coefficients that depend on the slope of the foundation base
ic,iq,iyare coefficients that depend on the inclination of the load

Sc,Sq,Syare coefficients that depend on the shape of the foundation

In the staticdesign of anisolated foundation, the reaction force under an axial load can be
considered to be evenly distributed when the load is applied to the center without a bending
moment. Otherwise, it can be assumed that the pressure distribution changes linearly across
the base. Three forces are applied to the column that transfers the largest load to the
foundation, where two of them create eccentricity, however, the magnitude of these forces
and the moment they create is not significant. On this fact, the total force thatis transferred
to the foundationis presented as the sum of these forces. The effective areais expressed as
the area of the mass concrete pad, consideringthat the eccentricity does not play an

importantroleindeterminingthe loaded area.

For this design given the fact that the loads transferred to the columns are not very large,
the dimensionsofthe pad are taken as assumptions, where it is then verified whether these

preliminary dimensions are suitable in terms of the capacity they should carry.
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Figure 22 - Pad foundation

de ,

il

For the design of thisfoundation these steps have been followed:

— Design ultimate bearing pressure
— Design of reinforcement

— Beamand punchingshear

7.3.2 Bearing pressure

When designinga foundation, the safe bearing capacity of the soil must withstand the
maximum pressure without any damage. If the soil is unable to bear the load it will resultin
the settlement of the structure, where later the damages will develop into cracks. Therefore,
the controls of soil pressure and settlement of the foundation under the factored

gravitationalloads must be done.

The design soil pressureis given by the expression below:

Peg=
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Where:

Vep is the force applied to the foundation.
Lesis the effective length of the pad

Beris the effective width of the pad

Following the results presented in appendix 8, it is seen that the soil capacity of 250kN/m?, is

sufficient for the force to be applied to it.

7.3.3 Design of reinforcement

The use of reinforcements makes it possible to provide additional strength, in areas where
concrete does not have the desired capacity. Beyond the main purpose, the presence of
reinforcementin the pad foundations makes it possible to reduce the required thickness of
the pad. For ease of construction, the pads are usually designed to be square plan areas,

especially where eccentric and inclined loadings are present.

The required number of reinforcement is determined usingthe expression below:

fcd

foa

As.req=B'|—ef'd'

Where:

d is the effective depth of the pad
fcais the design compressive strength of the concrete class.

fyais the designyield strength of reinforcement

Effective depthis the functional area of the foundationitself which is expressed as the
distance from the edge of the concrete in compression to the center of the longitudinal

tension reinforcement.

The design compressive strength is defined usingthe following expression:
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fcd =0t
Ye

Where:

fecis the characteristiccompressive strength. The value can be selected from table 16.
occis a coefficient that takes into account the long-term effects on the compressive strength.
The recommended value from Finnish National Annex for this factoris 0.85.

ycis the partial safety factor for concrete. The recommended valueis to be taken as 1.5.

The yield strength of reinforcement is defined using the following expression:

ik
Ys

f‘.l'd =

Where:

fycis the characteristicyield strength of reinforcement. For steel grade AH500 the
characteristicyield strength is 500MPa.

ysis the partial safety factor for steel. The recommended valueis to be taken as 1.15.

Followingthe resultsin appendix 8, it is seen that the required area of reinforcement is
56.44 mm?, however, EN 1992-1-1 represents a minimum value for the area of
reinforcement, regardless of the element thatis beingdesigned. The minimum value of the

reinforcement is determined usingthe following expression:

f
A min=0.26+

*Let-d

yk

Where:

fem is the mean tensile strength of concrete. The value for this factor can be selected from

table 16.
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minimum areais used to determine the number of rebars. The number of rebarsis 4 on each

side.

Table 15 Strength and deformation characteristics for concrete (SFS EN 1992-1-1:2004)

Strength classes for concrete

Analytical relation
| Explanation

fa (MPa)| 12 16 20 25 30 35 40 45 50 55 60 70 80 90
fok cube 15 20 25 30 37 45 50 55 60 67 75 85 95 105
(MFa)
fem 20 24 28 33 38 43 48 53 58 63 68 78 88 98 fom = fu+B(MPa)
(MPa)
fatm 1,6 19 | 22 26 29 3,2 35 | 38 41 42 44 46 48 50 |un=0,30xf <C50/60
(MPa) fe==2,12:In{ 1+{f:m/10))
= C50/60
fk. 0,05 11 1,3 1,5 1,8 20 22 25| 27 29 30 31 32 34 35 | famooe =07
(MPa) 5% fractle
fawnos 20 25 (29 33 a8 42 46 | 49 53 55 5T 6,0 6,3 66 | fmgss = 1,340
(MPa) 95% fractile
E... 27 29 30 31 33 34 35 36 37 38 39 41 42 44 Ecm= 22{(fm)¥ 107
(GPa) {fum in MPa)
&1 (%) 1,8 19 | 2,0 2.1 22 |1 225 | 23 | 24 | 245 25 26 27 28 28 | seeFigure 32
et Cln) =07 £ < 2.8
St (%0) 35 32 3.0 28 28 28 | seeFigure 32
for fx = 50 Mpa
(s }=2, 8+271(98-F. . V1001
20 22 23 24 2,5 26 see Figure 3.3
£ (Yoo) ' ! ' ! ! ! for f, =50 Mpa
(" 0)=2,0+0,085(F, 50~
35 31 29 27 26 26 see Figure 33
Zaz (%) ' ' ' ' ' ' for 7, = 50 Mpa
(0 )=2,6+35(90-£, /100
n 20 1,75 1,6 1,45 1,4 1,4 for f= 50 Mpa
n=1,4+23 4[(90- £, ¥ 100}
&3 (o) 1,75 18 19 | 20 | 22 | 23 see Figure 34
fior fuz 50 Mpa
5l o)= 1, 75+0,55[(1-50)/40]
Eeua (Yoo) 35 3.1 29 27 26 26 see Figure 34

for fux=50 Mpa
(oo }=2, 6+ 35[(90-F. )/ 1001

7.3.4 Beam and punching shear

The sum of the loads that act outside the section considered is given the term the vertical

shear force. Shear stressis checked at a distance d from the face of the column (Figure 23 ).

It is recommended to make the base of a structure deep enough so that the shear

reinforcementis not required. The effective depth is presented when calculatingbending

reinforcements.
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Figure 23 Beam and punchingshear perimeters

PUNCHING SHEAR
BEAM SHEAR FACE PERIMETER

N S, T . S

The summation of loads applied outsidethe periphery of the critical section is given the

term punchingshear. Shear stress is checked at a distance of 2d from the face of the column.
Conservatively, when designing this phenomenon, the assumptionthat the pressure affects
the whole area outside the circuit is followed. Following the results presented in appendix 5

the pad with dimensions 800 by 800 passes the necessary checks.

7.4 Strip foundation design

The strip foundation is widely used in the construction industry. They are designed for
structures where the load is relatively small, from low to medium-rise domesticbuildings.
For this project, the continuous strip acts as a support forthe load-bearing walls, which

transferforce in a distributed manner.

To design this foundation, all the forces that have an effect on its capacity must be analyzed,
together with the moment they create, as shown in figure 24. The design process presents
various tests performed on the selection of dimensions, to make it possible that the ratio
between the pressure exerted on the allowable bearing capacity of the soil is less than

100%.
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Figure 24 Preliminary size of the foundation

Rk

| | |
| |
|
1=190
1190, |
e3=500 ’L
e2=257
. 700 .
fly X ﬂ“

To achieve thisresult the foundationis moved to the left until the distance x is 390mm.
Followingtheresultsin the appendix 9 the dimensions of the foundationare 700x250 mm.
The presented results belongto the first design of the building, where the forces transferred
on it come only from the walls of the first floor. The forces transferred to this foundationin
the first design are greater than in the design addressed by this thesis, therefore the same
dimensions are used. As in the case of the design for pad foundation, the required number
of reinforcementis too smalland unreasonable. Itis important to understand that beyond
the results presented duringthe calculations, the numbers used must be acceptable,

therefore a reinforced concrete mesh 5/150 is used for the design.

7.5 Staircase landing support design

The design of the stairsis yet anothertaskto consider with the presence of the second floor.
In the analytical model, this part of the second floor is presented as a cantilever structure,
however, the bendingmomentin the joists would be very large, and eventually would lead
to the collapse of the structure. The stairs have two points of support on the wall shown in

figure 25 whereas the landingis supported on the second floor.
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Figure 25 Staircase landing

0
Beam inside
the floor

To support thisstructure, a 2.45-meter-long beam has been installed inside the floor
structure. This beam has as support a steel rod that will be installed on the left side of it, and
the column on the right side (Figure 26). The placement of the joists distributes the weightin
two support, respectively the load-bearingwall and the newly installed beam. The load
coming from the stairs can be interpreted as a two-pointload, however, being more
conservative duringthe design, itis continued with the assumption that the wholeload is

transferred as a pointloadtothesupport (steel rod).

Figure 26 Tensionrod

|

‘ / Tension rod
- J

V A 2450

|

]
Beam insidL:
the floor |

=
=\




Followingthe resultsin appendix 3, tension inside the rod is 16.47kN. To carry the load a
circular hollow section (CHS48.3/3.2) is selected. As a vertical support 2 joists are joined

together, on which this steel rod will be connected.

54
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8 Analysis and discussion

This thesis seeks to present a workflow for the design of timber structuresin the concept
design phase, where the main focus is on structural optimization. The research questions
were formulated rather widely, however, the intention for them to serve as an efficient
searchlight and approach to the work was achieved. The findings are analyzed in a way that

can be used as a basis for further discussions on the main topic.

Referring to thefirst research question that arises, for a design to be considered successful it
must be presented as a function of respecting realisticcriteria. The need to have a clear
understanding of the current properties of the wood used in real designs, as well as to move
in a direction that aims at the reliability-based design, made the need for factorsin the limit

state. This thesis deals with the characteristic conditions of the following:

— Duration of applied loads
— Partial factors and modification factors.

— Moisture content dependingon the service class.

As a structural element, timber experiences a significant loss of integrity over time. To
account for the loss of resistance, load time classes have been established to facilitate the
design process. Making a correlation between the impact of the service class and the
duration ofthe loads applied, the elementis assigned a reduction factor named kmoq. By
increasingthe duration ofthe load and service class at the same time the capacity of the

element decreases significantly as the value of kmog decreases too.

The second question of the project arises from the hypothesis that the presented option for
the implementation of columns and beams is appropriate to achieve structural integrity.
Two different case studies provided a welcome overview of the possibilities, potentials, and
challenges of structural applications. Since the building has a limit on living space, each part
of the building must be used more efficiently. From this fact, the roof structure differs from
that with trusses to that with joists, changingthe way loads are transferred through the

structure. It is here the first problem encountered for roof ridge support. In the first model,
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the truss elements served as such, while for this design the support of the roof ridge is
necessary, otherwise, the structure will collapse. This fact, but also the other that the forces
to be distributedin theretaining walls will be greater than their capacity, make the
installation of beams and columns a key elementin achievingthe structural integrity of the
building. Normally the design offers different possibilities on the location of columns and
beams, however, based on the layout of the building, well-thought-outideas should be put
into practice. The same can be said about stairway support design. Installinga beamand a
column belowthe landing would make it very simple from a structural point of view. But it
should not be forgotten that such an option blocks part of the entrance to the staircase and

at the same time affects the aesthetics of the building.

Furthermore, the methodology provides a form for gatheringand analyzinginformation
through Eurocodes. Eurocodes represent the latest standards used in the construction
industry as guidelines for engineers and other construction professionals. There are
opportunitiesto be had, and if the right guidance is used, they could be a real benefit. On
this fact, this thesis consists of a theoretical and an experimental part. The theory provides the
framework and context for the proposed workflow, whereas the experimental part uses that
knowledge for recreating different parts of a design process. It is worth mentioning that
Eurocodes present information to verify the capacity of an element, however, they can not be
used as manuals nor offer any solution in case a structure fails. Itis very important to master the

basic concepts of the design stages.

Referring to the above statement during the project, problems are encountered, on which the
design of the foundation can be mentioned. Information and concepts for this element have not
been addressed during the study years, therefore this design process is validated, using

Eurocode and online materials as references.
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9 Conclusions

The result of the thesis project is a comprehensive understanding of the step-by-step
calculation for the main structural elementsin a timber building. Based on this work, the

client can order items with the respective sizes specified through calculations.

As aresult of the design work, the project is presented in 4 main phases. The first phase
provides information on structural elements and their connections, that will later be used on
the site. The second phase presents general information on the knowledge and concepts for
the limit state design of timber. Factors that affect the integrity of the elements being
studied are numerous so maximum care should be taken duringtheir selection. In the third
and fourth phases are presented all the forces and factors that must be considered during
the design of the elements. Solutions are also addressed where the design of a steel rod can
be mentioned to enable the support of stairs, as well as theimplementation of new
techniques such as the methodology used with composite slabs with load-bearing metal

sheets.

Nowadays, modern software allows designers and engineers to boost the working flow and
manage all the aspects of the project. It has evolved into advancements that bring each step
of the design and calculation together seamlessly, replacing unnecessary steps and parts of
traditional methods. The use of RFEM software plays a very important rolein this project
too, however, it must be noted that the softwareis capable of solving problems based on
the commands applied to it. Despite its advantages and cutting edge technology of

programming, every designer must master the basic concepts of the design stages.

This document aims to work as a reference and give the readera clear view of the practice
calculation routines quickly while the theoryis going through and make it easier to find and

obtain additional information based on the source references.
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Appendix 1: Snow load



Snow load

a:=atan l . 180 =26.565
2 i

§ = py=ConCens

Si=3 k—N
m2

pi:=0.8

Coi=1

Ct::]‘

5=:ui-ce-ct-sk:2.4k—“:
m

Load arrangement

1 p2(en) | p2(az)
2 0,5p2an) I I l p2(az)
3 pAan) | | 0,5u2(ex)

lay ap!
Case (i)
load:=5=2.4 k—N
mZ
Case (ii)
Load 4 cige :=0.5-5=1.2 k—N
m?.
kN
Loadright.side‘:5:2-4 —

2
m

Appendix1/2

Roof angle in degress.
From EN1991-1-3, (5.1).
Characteristic value of snow

load on tile ground

Snow load shape coefficient
(see Section 5.3 and Annex B)

Exposure coefficient

Thermal coefficient

Snow load on the roof
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Case (iii)

=05.5=1.2 k—N

2
m

|-':"'adright.side:

Loadmﬂlside =5=24 k—N

2
m

Considering that in the design phase, the loading scenario is the maximum possible
factored loading, which represents the worst case, the same procedure is followed
regarding the distribution of snow load on the roof is 2.4kN/m2 on each side.
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Appendix 2: Joist design



JOIST CAPACITY

Appendix 2 /2

From this section cut the longest joist can be determined however depending on the
connection of the joist with beams the most critical would be between beam 1 and
2. Analyse it as a simply supported element.

e

R
= BEAM |
L
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BEAM 2
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WAL
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Geometric properties of the joist
b:=45 mm
h:=360 mm

L]DI'St =4.05 m

2
W,_‘,.:b'h
6

l;:=0.6 m
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/

g

e,
X
FARFMFHT Al |

P

Laminated veneer lumber (LVL) properties

fk:=36 MPa

N

f k =:4.1

V.

Width of joist
Depth of joist

Length of joist studied

Section modulus

Tributary length of joist

Characteristic bending strength

Design shear strength factor

5% modulus elasticity parallel to
the grain
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kN

G =0.6

mean * Mean shear modulus

2
mm

Partial safety factors

vg:i=1.15 Permanent action

Yo:=1.5 Variable action

Ymi=1.25 Partial safety factor, EN1995-1-1
Table 2.3

Kpi=1 Consequent class 2, EN1990

Actions

KN Characteristic dead load of the
Gy ,:=0.553 — roof
m2
Characteristic snow load on the
kN
Q=24 — roof
mZ
kN .
Qeq = Vg Kr* G 1 +vq = Kp = Q ; =4.236 — EN1990, equation 6.10a
m
kN N
Qgist =gy, =2.542 — Distributed load along the
m beam in design phase

Modification factors

Kmog:=0.8 Modification factor, EN1995-1-1,
3.2, table 3.1. Snow is medium-
term load.

5:=0.12 Bending strenght size effect
parameter. (LVL properties)

_ {300 . .

ki, :=min (%] =0.978 Reference depth in bending, EN1995-1-

1, (3.3).
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Effective length of joist

System strength factor EN1995-1-
1, 6.6, Figure 6.12

Shear force in design phase

Bending moment in design phase

Design bending stress about the
principal y-axis

Design bending strength about the
principal y-axis

Utilization ratio



SHEAR CONTROL

T4<fud

Vgg=5.147 kN

kcr =1

Veg
——=0.477 MPa
k. -be+h

cr

T ‘_3
4=
2

o fv.k .
f\u‘.d = Il("‘l"l"lfjt:l i k5Y5 — 2.624 MPEI

¥
if i< f,q — “OK”
|| uDKn
else
" “CHECK SHEAR CONTROL”
T,
UR:=—2 =18.161%

fv. d
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Condition to be fulfilled

Shear force in design phase

Modification factor for shear.
Recommended value for LVL

Design shear stress

Shear design strength for the
actual condition
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Appendix 3: Staircase landing support design



STAIRCASE SUPORT ROD DESIGN

Aj=13m’
kN
Pcasi=4.2 —
m
kN
Qyq:=2 —
m

Nd ::.&1 *Pcaa= 5.46 kN

Nj:=Qu1-A;=2.6 kN
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Area of the stairs

Mean density of C24 wood
Characteristic live load in
stairs(NATIONAL ANNEX TO
STANDARD SFS-EN 1990)

Normal force coming from the self
weigh of the stairs

Normal force coming from the live
load of the stairs

When designing the tension rod, load transferred from the stairs can be applied as 2 point
loads. To be more conservative in design, it is assumed that the entire load of the stairs

comes as a point load at the support (steel rod).

Partial safety factors
Ye:=1.15
Ya:=1.5

Ke:=1

NEd = ‘flG ‘KH ‘Nd ‘I‘YQ' KF| . N|:10.1?9 kN

/ Tension rod
I3

2450

E3

=
=L

\  Beam inside
the floor |

Permanent action
Variable action
Consequent class 2, EN1990

Normal force applied on the left
support.
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In addition to the point load of the beam to which the steel rod is connected, the weight of

the second floor is transferred, which is supported on one side by this beam and on the
other side by the load bearing wall.

},ﬂ

]
Beam inside
; the floor

Lpeam:=2.45 m Length of beam
Ilzszmzl.ﬁﬁ m Tributary length of the beam
kN -
Gy1:=0.45 —- Characteristic dead load of the
m second floor
kN T
Q=2 —- Characteristic live load on the
m second floor
kN ,
Qed = Vg " Kg» G 1 +vg - Ke» Qe =3.518 — EN1990, equation 6.10a
m
kN .
Qgist =gy, =5.716 — Distributed load along the
m beam in design phase
10.179kN
2.542kN/m
J LI Vb L]
7 1800 4 650 T
y 2450 P



Results generated from RFEM

R,:=16.69 kN

Ry :=3.378 kN

CHS 48.3/3.2
A:=453 mm’

f‘r :=355 MPa

Ymoi=1

Ngg:i=R,=16.69 kN

N; gy i=——=160.815 kN
Yo

Neg

UR:= =10.378%

N .rd

Appendix3 /4

Reaction on the left
support(rod)

Reaction on the right
support(column)

Circular Hollow Section S355
Area of the section
Yield strength

Recommended value for
cross section class 1

Design plastic resistance

Utilization ratio
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Appendix 4: Design of most critical beam
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DESIGN OF A BEAM 1 (CONTINUOUS)

1”
BEAM 2|
e

| /

COLURN T

T A e
I | __m ':guT
e | A e l
]
Geometric properties of the beam 1
b:=200 mm Width of beam
h:=400 mm Depth of beam
Lpeam:=9.3 m Length of beam
2

W, = b.ﬁh Section modulus
l;:=0.6 m Spacing between joists

The weight of the roof is transferred to the beam through studs as point load. As a start,
the studs and the forces they tranfer to the beam from both sides is analyzed. The
resultant of the forces on both sides is divided by 0.6m which is the space of the studs,
to display this force as distributed load.

F
<~
" .,‘::‘ F
7 .
TS ——
/// . ;f S
y A~

A /// -
A o - - -
/ v/ f/ R SN
‘s o e ‘P/ i e
- / e 72 SN
e Y/ /AN
‘4 .
S ) // /;/ // ~l
s
- /A
P
A



Softwood C24 properties

fk:=24 MPa
N
fu=
! mm?
Ego5:=7.4 kN
mm?

Partial safety factos

vg:i=1.15

Ya:=1.5

ymi=1.3

Kp==1

Actions

Gy 1:=0.553 kN

mZ

Q,,:=2.4 k—N

mZ

Oed "=V " Kri* Gy 1+ v Ke = Q1 =4.236 —,

kN
Yjoist *— Yed " |1 =2542 —
m

Appendix4 /3

Characteristic bending strength

Design shear strength factor

5% modulus elasticity paralel
to the grain

Permanent action
Variable action

Partial facety factor, EN1995-1-1
Table 2.3

Consequent class 2, EN1990

Characteristic dead load of the roof.

Snow load on the roof

EN1990, equation 6.10a

Distributed load on the joist

Since the length of the joist varies for different parts of the building, the analysis is done in 2

sections.



SECTION 1

o A / &W‘S}J
2 - AN .
o~
-

[N

WALL WAL

BEAM BEAM 2

LA00 , 1200 4050 1850 800,
e - -

Analysing joist 1 to determine force transferred to beam 1 from the left side.

-5.15

—_—

Appendix 4 / 4

R;:=5.15 kN Reaction force from the left

side

Analysing joist 3 to determine force transferred to beam 1 from the right side.(continuos)
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Rr:=1.91 kN Reaction force from the right
side

Riot1:=R+R,=7.06 kN Total force coming as a point
load on the beam (section 1)

R
Qegr = — —11.767 kN Distributed load along the
0.6 m m first section of the beam.
SECTION 2
.-—O"\.
. = T,
o BEAM 1 I

o
30\‘5‘3-*'/“&
‘/

- DL 2
T

L

WALL
WALL

R R

BASEMEMNT WALL BASEMENT WALL

&00 " A350 " 4050 . 3900 200

+ 7

+

Analysing joist 1 to determine force transferred to beam 1 from the left side.

-5.15

Ri2:=5.15 kN Reaction force from the left
side



R,,:=4.75 kN

Rtotz = R|2 + R‘I’Z =99 kN

R
Geszim 22 =165 <
0.6 m

m

Modification factors

kmod =038

0.2
ky, = min (1.3 , (150%] ] —0.822

Ieﬁ = Lbeam =93 m

LATERAL TORSIONAL BUCKLING CHECK

Appendix4 /6

Reaction force from the righ
side (section 2)

Total force coming as a point
load on the beam (section 1)

Distributed load along the
first section of the beam.

Modification factor, EN1995-1-1,
3.2, table 3.1. Snow is medium-
term load.

Reference depth in bending, EN1995-1-
1, (3.1).

Effective length of beam

System strength factor EN1995-1-
1, 6.6, Figure 6.12

To check stability of the beams it must be ensured that lateral buckling is not an issue,
however the connection between the joists and beams provides enough lateral support.
Nevertheless when designing the bending stress about y-axis , kcrit is required. Following
EN1995-1-1, 6.3.3(6.30), the value of kcrit is depended on the relative slenderness ratio.



lreLm ':: 0?5
2
cmmtzzm{m:ﬁz.o% MPa
helgs

f
At 5= 1‘)' "k 0622
Omerit

if hfel.m <0.75

" “NEG

else

LECT LATERAL BUCKLING"

" “CHECK LATERAL BUCKLING”

l(crit =if

el

Aol <0.75 =1
1

seif 0.75 <A m<1.4
1.56—0.75Aaim

seif 1.4<A

1

rel.m

BENDING STRESS

Om.y.d < k-:ri't 'f md

!

11.767kN/m

JI I LI I 440

VNN

Appendix 4 /7

Condition to be fulfilled for lateral
buckling to be neglected

Critical bending stress 6.3.3 (6.32)

Relative slenderness, EN1995-1-1,
6.3.3(6.30).

=“NEGLECT LATERAL BUCKLING”

Factor taking into account the reduced
bending strength due to lateral
buckling. EN 1995-1-1, 6.3.3, clause
6.34.

Condition to be fullfilled

16.5kN/m

-
-
-

, 800 5700
& Ed

- 2800 .
& A
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Results generated from RFEM

-38.93

-10.77
L L) i l
-34.52
Vgg:=38.93 kN Shear force in design phase
Meg:=34.52 kN-m Bending moment in design phase
Om.y.d = _6.473 MPa Design bending stress about the
W,y principal y-axis

.F
frnyd *=Kmod * mk , kp+ksys=12.138 MPa Design bending strength about the

Y principal y-axis
keip=1 Factor used for lateral buckling
if Omyd < kerit ® fmg.rd ="0K"

|| uDKn

else

" “CHECK BENDING STRESS ”
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UR=—m _53377% Utilization ratio
Kerit  frnyd
SHEAR CONTROL
Ty <fud Condition to be fullfilled
Vg =38.93 kN Shear force in design phase
ke :=0.67 Modification factor for shear.

Recommended value for softwood
rectangluar cross section.

3 Ved .
Ty:i=— ———=1.089 MPa Design shear stress
2 k,-b-h
f
fyrmkoge e kgys =2.462 MPa Shear design strength for the actual
Ym condition
if ty<f g ="0K"
|| uDKn
else
| “CHECK SHEAR CONTROL”
T4
UR:=—=44.259% Utilization ratio

fv. d
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Appendix 5: Design of column 1 most critical to buckling



COLUMN VERIFICATION 1 MOST CRITICAL TO BUCKLING

bottom of the columns therefore the buckling coefficents about
each axis is to be taken as 1. This column is subjected to axial load If
only.lt must be noted that columns do not take any wind load, as

=
Connection of the column is assumed to be pinned on the bot an Aﬂﬁ »

lateral forces are carried by the shear walls.

Geometric propreties of the colum 1
b:=200 mm
h:=200 mm

L.:=9 m

|Eﬁ::|_c:9 m

A.:=b-h

Softwood C24 properties

fk:=24 MPa
N
fu=
) mm?
Ego5:=7.4 kN
mm?

feoxi=21 MPa

Appendix 5/ 2

Ned

Hel

|I
Il'n
4 %
TR leff = L beam

Width of cGiunmn
Depth of column

Length of column
Section modulus
Effective length.
Area of column

Characteristic bending strength

Design shear strength factor

5% modulus elasticity paralel
to the grain

Compression parallel to the grain.



ACTIONS
Ngq:=37.55 kN

LATERAL TORSIONAL BUCKLING CHECK

Arelm < 0.75
2
cmmtzzm-%_gﬁ:uazﬁ? MPa
helgs

.F
Nemi=4 ™ =0.433
Omerit

Appendix5/3

Normal force in design phase

Condition to be fulfilled for lateral
buckling to be neglected

Critical bending stress 6.3.3 (6.32)

Relative slenderness, EN1995-1-1,
6.3.3(6.30).

if Aoy <0.75 — “NEGLECT LATERAL BUCKLING”

" “NEGLECT LATERAL BUCKLING"
else
" “CHECK LATERAL BUCKLING”

kerit 3= if A <0.75 =1
1

elseif 0.75 <Ay, <14
1.56—0.75Aaim

elseif 1.4<A

1

rel.m

AXIAL LOAD FAILURE CONTROL

Buckling around Y-axis check

k. =1

Buckling coefficient about Y-axis.



Loy i =keysLc=9 m

3
|,',=:b'h =(1.33-10°) mm*
12
: ly
iy 3= =57.74 mm
A‘:
A, ::ﬁ: 155.885
y
A [ F
Netyi= 1 oq[ %% =263
n Eo.os
B.:=0.2

ky:=0.5 (14 B (ety—0.3) +Aa,” ) =4.228

1

eyt
ky+ VK, — Aty

Buckling around Z-axis check

k =0.133

kez:: 1

Lezi=kez*Le=9 m

3
|z::%:(1.33-108) mm’*

Appendix 5/ 4

Buckling length about Y-axis.

Moment of intertia about Y-
direction.

Radius of gyration about Y-
direction.

Slenderness ratio.

Slenderness ratio corresponding to
bending about y-axis(deflection in
the z-direction), EN1995-1-1,
6.3.2(6.21)

Factor for members withing the
straightness limits, EN1995-1-1,
6.3.2(6.29).

Buckling deduction coefficients

to consider the buckling effect.

Buckling coefficient about Z-axis.

Buckling length about Z-axis.

Moment of intertia about Z-
direction.



|
i,:=1/ ~ =57.74 mm
A

A, = 155885

I;

A [f
Meigi= o4 “%¢ =2.643
T Eo.0s

B.:=0.2

k=05 (1+Bce (Aerz—0.3) +A,” ) =4.228

k., := 1 =0.133

c.Z N 5
kz+ kz _lrel.z

f[:.(].k

feod=kmod" ks-,rs . =12.923 MPa

Ym

Neg
Ocpd:=——=0.939 MPa
A,

Appendix5/5

Radius of gyration about Z-
direction.

Slenderness ratio.

Slenderness ratio corresponding to
bending about z-axis(deflection in
the y-direction), EN1995-1-1,
6.3.2(6.21)

Factor for members withing the
straightness limits, EN1995-1-1,
6.3.2(6.29).

Buckling deduction coefficients to
consider the buckling effect.

Design compressive strength along
the grain.

Design compressive stress
along the grain

When Ay and A, are both bigger than 0.3 the following equation must be satisfied.

Oco.d Tecod

if — %9 cqaA——%0 o9 =0k~
kc.y * ft:.lIl.cI kc.z * fc.{].d
o
else
| “CHECK”
UR:=—%4 0547

kc.y * fc.D.d

Utilization ratio



Appendix6 /1

Appendix 6: Design of second floor beam



SIMPLY SUPPORTED BEAM

_BEAM 2
.

Geometric properties of the beam 2
b:=115 mm
h:=215 mm

Lpeam:=2.9 m

2
W,_‘,.:b°h
b
I:L‘: 3475 mm+637 mm —2.056 m

2
Softwood C24 properties

fk:=24 MPa
N
fu=
) mm?
Ego5:=7.4 kN
mm?

Partial safety factors
vg:i=1.15

Ya:=1.5

I BEAN 2
| R
| s
3 e
| = T
| X ] [l
|
|
| 2
|
| kN kS
| N v
' i
- - —

Appendix 6 /2

Width of beam
Depth of beam

Length of beam

Section modulus

Tributary length of beam 1

Characteristic bending strength

Design shear strength factor

5% modulus elasticity paralel
to the grain

Permanent action

Variable action
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ymi=1.3 Partial safety factor, EN1995-1-1
Table 2.3

Kp:=1
Consequent class 2, EN1990

Actions
kN -
Gy1:=0.45 —- Characteristic dead load of the
m second floor
kN e
Q=2 —- Characteristic live load on the
m second floor
kN .
Qed = Vg " Kg» G 1 +vg - Ke» Qe =3.518 — EN1990, equation 6.10a
m
kN -
Qgist =gy, =7.232 — Distributed load along the
m beam in design phase
Modification factors
Kmog:=0.8 Modification factor, EN1995-1-1,
3.2, table 3.1. Snow is medium-
term load.
. 150 mm |** . .
kj:=min|1.3,| —— =0.931 Reference depth in bending, EN1995-1-
h 1, (3.1).
leff:=Lpeam +2+h=3.33 m Effective length of beam
keys:=1 System strength factor EN1995-1-

1, 6.6, Figure 6.12
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LATERAL TORSIONAL BUCKLING CHECK

To check stability of the beams it must be ensured that lateral buckling is not an issue,
however the connection between the joists and beams provides enough lateral support.
Nevertheless when designing the bending stress about y-axis , kcrit is required. Following
EN1995-1-1, 6.3.3(6.30), the value of kcrit is depended on the relative slenderness ratio.

Aeim <0.75 Condition to be fulfilled for lateral
buckling to be neglected

0.78+b? . .
Gme‘it ::T' ED.UEZ 10662 Mpa Cr|t|ca| bend'ng StrESS 6.33 (632)
*lefr
£ Relative slenderness, EN1995-1-1,
Memi=A[ ° =0.474 6.3.3(6.30).
Trmcrit
if Aoy <0.75 = “NEGLECT LATERAL BUCKLING”
" “NEGLECT LATERAL BUCKLING”

else
| “CHECK LATERAL BUCKLING”

kerit :=if Arg n 0.75 =1 Factor taking into account the reduced
1 bending strength due to lateral
buckling. EN 1995-1-1, 6.3.3, clause

elseif 0.75 <Ay, <14
1.56—0.75Aaim
elseif 1.4<A

1

6.34.

rel.m
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BENDING STRESS

Om.y.d <Kerit*fmd Condition to be fulfilled
T.232kN/m
VRV RNV AN
VAN /\
P 2900 .
el
VEd::qd'ﬂ%:wﬂSﬁ kN Shear force in design phase

2
Qdist * I—beam

Meg:= o =7.603 kN-m Bending moment in design phase
Om.y.d = 8581 MPa Design bending stress about the
W, principal y-axis
f
frnyd *=Kmod * mk +kp+ksys=13.743 MPa Design bending strength about the
Ym principal y-axis
kcrit: 1
if Omyd < kerit ® fmyd ="0K”
|| uDKn
else

| “CHECK BENDING STRESS ”

a
- m.y.d —62.438% Utilization ratio

UR:=
crit fm!,,rd



SHEAR CONTROL

T4<fud

Vg =10.486 kN

ke, :=0.67

Vedo
——=0.95 MPa
k. «b-h

cr

T ‘_3
4=
2

fv.k .
f\u‘.d = Il("‘l"l"lfjt:l = ksyrs =2.462 MPa
Ym

if ty<f,q — “OK”
|| uDKn

else
| “CHECK SHEAR CONTROL”

T4

UR:=—=38.574%

fv. d

Appendix6 /6

Condition to be fulfilled

Shear force in design phase

Modification factor for shear.
Recommended value for softwood
rectangluar cross section.

Design shear stress

Shear design strength for the actual
condition

Utilization ratio
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Appendix 7: Design of column 2 combined axial and bending



COLUMN VERIFICATION (COLUMN 2)

:
Connection of the column is assumed to be pinned on the bot an / A
bottom of the columns, but the second floor strcture also provides /
stiffnes to the column, therefore the buckling coefficients about |
each axis is to be taken as 0.5. This column is subjected to axial load ‘ 5
and also bending moment in both axis .It must be noted that ?<l£

columns do not take any wind load, as lateral forces are carried by \

the shear walls.

Geometric properties of the column 2

b: =200 mm

h:=200 mm

L.:=54 m

A.:i=b-h

Softwood C24 properties

fk:=24 MPa
N
fu=
! mm?
Ego5:=7.4 kN
mm?

finri=21 MPa

Appendix 7 /2

]

1%

Width of column

Depth of column

Length of column
Section modulus
Effective length.

Area of column

Characteristic bending strength
Design shear strength factor

5% modulus elasticity parallel
to the grain

Compression parallel to the grain.



ACTIONS

Negy = 74.36 kN

Nggo i=Veg = 10.486 kN

NECB i=3.78 kN

NEd = NEdl + NEdZ + NEdS =88.626 kN

ey1:=100 mm

ey2:=100 mm

Megy:=Nego=ey1 —Nggz - €, =0.67/1 m- kN

LATERAL TORSIONAL BUCKLING CHECK

Arelm < 0.75
2
cmmtzzm- Fp0s =427.556 MPa
helgs

.F
At 5= 1‘)' mk 0237
Omerit

Appendix7 /3

Maximum normal force in design
phase coming from the roof loads

Maximum normal force in design
phase coming from the second
floor throught beam 1

Maximum normal force in design
phase coming beam (connected to
the vertical rod)

Maximum normal force transferred
to the column

Eccentricity y axis (beam 1
second floor

Eccentricity y axis(beam 2
second floor)

Moment in design phase y axis

Condition to be fulfilled for lateral

buckling to be neglected

Critical bending stress 6.3.3 (6.32)

Relative slenderness, EN1995-1-1,
6.3.3(6.30).
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if Aoy <0.75 — “NEGLECT LATERAL BUCKLING”
|| “NEGLECT LATERAL BUCKLING”

else
" “CHECK LATERAL BUCKLING”

kerit 3= if A <0.75 =1
1

elseif 0.75 <Ay, <14
1.56—0.75Aaim

elseif 1.4<A

1

rel.m

AXIAL LOAD FAILURE CONTROL

Buckling around Y-axis check

key:=0.5 Buckling coefficient about Y-axis.
Loy =keysLc=2.7 m Buckling length about Y-axis.
b-h? s s ——
= = (1.33 10 ) mm Moment of intertia about Y-
12 direction.
. ly : .
iy == =57.74 mm Radius of gyration about Y-
A direction.

A, ::3:45.765

ly

A [f
Netyi= ' o4[ “*% =0.793
n Eo.05

Slenderness ratio.

Slenderness ratio corresponding to
bending about y-axis(deflection in
the z-direction), EN1995-1-1,
6.3.2(6.21)



B.:=0.2

ky:=0.5 (14+Bc+ (Aety—0-3) + A, ) =0.864

1

eyt
ky+ VK, — Aty

Buckling around Z-axis check

k =0.829

key:=0.5

Le;i=kepsLc=2.7 m

3
|z::%:(1.33-108) mm’*

i,:=1/ ~ =57.74 mm
A

AI::izaﬁ.?ss
IZ
A, |f
Aerai= 24| “% =0.793
n Eo.0s
B.:=0.2

k=05 (1+Bc+ (Aerz—0.3) +A,” ) =0.864

Appendix7 /5

Factor for members within the
straightness limits, EN1995-1-1,
6.3.2(6.29).

Buckling deduction coefficients
to consider the buckling effect.

Buckling coefficient about Z-axis.

Buckling length about Z-axis.

Moment of intertia about Z-
direction.

Radius of gyration about Z-
direction.

Slenderness ratio.

Slenderness ratio corresponding to
bending about z-axis(deflection in
the y-direction), EN1995-1-1,
6.3.2(6.21)

Factor for members within the
straightness limits, EN1995-1-1,
6.3.2(6.29).



k., := 1 =0.829

c.z 2 5
kz+ kz _lrel.z

£
<0k _12.923 MPa

fc0.d=Kmod* ks',rs .
Ym

Neg
Ocpdi=——=2.216 MPa
A,

Appendix7 /6

Buckling deduction coefficients to
consider the buckling effect.

Design compressive strength
along the grain.

Design compressive stress
along the grain

Following the given statement from EC5 with the condition that Ay, and A, are both bigger
than 0.3, and A, is smaller than 0.75 the following equation must be satisfied. o, 4 is O.

Tc.0d Om.z.d

0]
m.y.d + km . <1
kc.y 'fc.ﬂ.d fm.}-’.d fm.z,d
a a (o)
c.0.d +k m.y.d + m.z.d <1

m
kc.z 'fr:.ﬂl.d fm.y.d fm,z.d

Neg
Ocpdi=——=2.216 MPa
A,

Meqg
Omygi=——=5.702 MPa
Y.
W,

fmk
fm.\f.d = kmod . k5|||ls . kh . =13.743 MPa
Ym
kp:=0.7
g a
c.0d + m-‘l’-d {1 :nOKn

kc.!,r * ]Cc.D.d 1:m y.d
| “OK”

else

| “CHECK"

Design compressive stress along
the grain

Design bending stress about
the principal y-axis

Design bending strength
about the principal y-axis
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g [8)
if c.0d +km m.y.d(l —“OK”
kc.z * I:1:.Cl.d fm.\r.d
|HOKH
else
|"CHECK"
9] (0]
UR:=—224 4 ™ 622 Utilization ratio
kc.y' c.0.d fm.',r.d
a a
UR:=—20 4k, —9—0.497 Utilization ratio
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Appendix 8: Design of pad foundation



Appendix 8 / 2

PAD FOUDATION

When determining the effective foot area of the foundation eccentricity of loads plays in
important role. When making checks for column number 2, 2 forces are applied with
100mm eccentricity, however moment created is considered as a local moment. Their
magnitute could be considered negligible and the maximum normal force applied on the
column is presented as the summation on there two forces together with the main one
coming form the roof.

Vep:=88.626 kN Load magnitute transfered from
the structure to the foundation

Gy :=Vep =88.626 kN

kN

Pgi=250 —— Soil capacity Sand moraine
mZ
Gy 2 .
A:=11- 5 =039 m Base area of the footing

g
Minimum dimension of footing

VA =624.463 mm

B:=0.8 m Width of the base

L:=B Length of the base
d.:=0.25+m Height of the base
h:=d.=0.25m

Agroy:=B+L=0.64 m* Provided area
D:=05+m

e,:=9%m+D=95m Depth of establishment
SA:=0.2+m Side dimension of the

concrete part of the column

SB:=5SA Side dimension of the
concrete part of the column



b:=32-deg
y:=18- kN
m3
kN
yp:=20-
m3
Lyi=25+m
kN
y;i=11-
m3
Yci=25- kN
m?
3 S

Ground bearing capacity inspection
Assume that the soil type is friction.
Qy:=1.15L«Be+d -y =4.6 kN

gp:=1.15+(SA+SB+2.5 m-yc) =2.875 kN

Gm:=1.15+L+B+(D—d) -y; =3.68 kN

Appendix 8 /3
Powerful friction angle,

Estimated ground friction angle

Volume weight of land below
establishment level

Volumetric weight of the land above
the establishment level
Groundwater level

Effective bulk density below
groundwater level

Concrete density

Foot plate tare weight

Own weight of the pillar

The weight of the land on the
foundations



Vep=Vep+0,+09p+ 0, =99.781 kN

eg:=0 mm

e:==0m

Effective foot area
Losi=L—2+2, =800 mm

Bif:=B—2+2;=800 mm

Agsi=LoseBes=0.64 m’

if D< 2.5+ B, =“Ok”
I'.ka.ﬂ

else
“NOT OK”

if L<2.5- Ly =“Ok”
I'.ka.ﬂ

else
“NOT OK”

2
Nq e (¢}, [tan (45 -deg+ i) ] =23.177
2

N := (Ng—1) - cot (¢) =35.49

Ny:=2+(Ng—1)-tan () =27.715

Appendix 8 / 4
Force applied to the
foundation
Eccentricity at width of the pad

Eccentricity at length of the pad

Effective length

Effective width

Effective Area

OK

OK

Overburden factor

Cohesion factor

Body weight factor
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The level of the base of the foundations is horizontal

a:=0-deg
bq:= (1—a-tan(d))’ =1 Coefficient depended on the
slope of the foudation base
b,==bg=1 Coefficient depended on the
slope of the foudation base
b (1=b) _ g
be=h, =1 Coefficient depended on the
(NC'ta” (‘b)) slope of the foudation base
B
Sq =:1+[ Ef) -sin (¢) =1.53 Coefficient depended on the shape
Let of the foundation
B
sy:=1—0.3- (—Ef) =0.7 Coefficient depended on the shape
Let of the foundation
(sq*Ng—1) -
Sci=———+—=1.554 Coefficient depended on the shape
(Nq_l} of the foundation
B
Mg = :;f =15
14 ef
Let
m = L:f =15
14|
Bef




Appendix 8 /6

0:=90-deg Angle of the horizontal forces
applied to the foundation.

Heg:=0 kN Lateral load maginute (not present)
mg:=m_+ (cos (8)) +mg-(sin (8))* =1.5

cq:=0 Cohesion factor.

O0+q'=N,b,=5,2i,+ 0.5y 4B :sN, b, e5 i
qult::'ﬂ‘ef'( Q *Ng=Dg*Sq*lq Y2 * Def® Ny =Dy =5y "'):181.656 KN
Yr

Vv
0 _54.928%
Qui
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Structural engineering dimensioning (bending reinforcement and puncture resistance)

OO O O O O O OO OO O OO O

h=0.25m
fy:=25 MPa
fk:=500 MPa
y::=1.15
E.:=200 GPa
o :=0.85
yoi=15

'Fck
Yc

=14.167 MPa

fcd =0t

fim:=2.6 MPa

fix:=1.8 MPa

f
fog=—%-12 MPa

Ye

Pillar foot thickness
Strength of concrete C25/30
Reinforcement B500B
Partial safety factor for steel

Coefficient of elasticity of steel

The design compressive strength of
concrete

Mean tensile strength EN 1992-1-
1:2004, Table 3.2

Characteristic tensile strength of
concrete at 28 days EN 1992-1-1:2004,
Table 3.2

The design tensile strength of concrete



fu

fyq:=—=434.783 MPa

Ys

Concrete cover against the ground

@::=10 mm

Crin.b *==@Ps

Cmin.dur =22 mm

Crmin *= Max (Cmin.b s Cmin.dur » 10 mm) =25 mm

Acyey =40 -mm
Cnom *= Cmin T ACgey =65 mm
h=0.25m

s

d ::h—%—cnomzl&f} mm

Bottom Pressure

vV

Pegi=— 2155 908 <V
Lef°Bef m2

L=0.8 m

B=0.8 m

Ls=0.8 m

Bs=0.8 m

Appendix 8 /8

Design value for the yield strength of
rebar

Diameter of rebar

Minimum cover to meet the
bond requirement.

Minimum cover stipulated for
the environmental conditions.

EN 1992-1-1:2004 (4.4.1.2)

Exposure class XC2 EN 1992-1-1:2004
Table 4.1

Nominal cover EN 1992-1-1:2004
(4.4.1.2)

Cross section height

Effective depth

Bearing pressure in design phase

Length of the footing
Width of the footing
Effective length of the footing

Effective width of the footing
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Bending moments

. {B—5B
L, :=min ( , Bef] =0.3 m Length of compressed area
. [L—SA
L, s==min s Leg|=0.3 m Length of compressed area
Moment created from the second
floor
L’ .
Megy :=Peqg = Lese =5.613 kN-m The fracture limit moment about the
2 e
y-axis
L 2
Megy:=Peg*Bess  =5.613 kN=m The fracture limit moment about
2 the x-axis
Bending reinforcement
M
=—— 9 0015
Lete d” - fed
B:=1—1/1—2.1=0.015
Limit value for relative compression height
Bpa:=0.493 Equilibrium reinforced cross section Bbd

Condition of the height of the compression zone

if B<Ppg ="OK"
|| uDKn

else
" “NOT OK”
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fcd

Agreqi=PBLe-d+—=72.274 mm’ Required area of reinforcement

yd

Maximum and minimum reinforcement

f
Ay in=0.26 " .| ++d =194.688 mm® Minumun required area of reinforcement
yk
Ai=d.+Leg=0.2 m’ Area of concrete
Asmax:=0.06+A, = (1.2+10*) mm”® Maximum allowable area of
reinforcement
2

= (P 2

Agipi= A =78.54 mm Area of one rebar
As.min - .

n:= A =2.479 Number of the required rebars

s.tB

However, select 4 10 mm rods in both directions.

Anchoring length (preliminary calculation)

n1:=0.7 Coefficient depending on the infection
conditions
ny:=1 Coefficient depending on the
infection conditions
N . .
fogi=2.25+n;+n,f43=1.89 Nominal adhesion strength
mmz
@;:=10 mm Diamater of rebar
Ps fyd .
Lp.rqd:=—+——=575.109 mm Required anchorage length

fbd
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ap:=0.7

I—b.d =0 I—b.rqd =402.576 mm

Section to be bent upwards

L, =300 mm Odd anchoring length in
direction x

Cnom =65 mm Nominal cover

Ly 4=402.576 mm Anchorge length

Lpd.req := Max [3 s @y Lpg— [Lx— Cnom — %)] =172.576 mm  Required anchorage length

Punching shear resistance.

—/d—y.fL

The width of the fracture zone A

u:=2+{d+5B) +2-(d+5A) =1.52 m Perimeter control

Vep
A

prov

=0.156 MPa
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Suppose the pressure affects the entire area outside the circuit (assumption & simplification
on the safe side)

Py =155.908 k—f
m
A:=B-L—(d+5B)-(d+SA) = (4.956-10°) mm> Area within perimeter

Vggi=A-Pgy=77.268 kN

Puncture resistance when not taking into account the effect of reinforcing shear
strength

Crgci= 018 \MPa=0.12 MPa
Ye
kizmin[2,144/220°MM | _
Ps
2
=g 2 .
A, :=8- =628.319 mm Four rebars pass through a cutting
4 circuit (in one direction only)
sl

p1:= =0.002

L=

1

fck

MPa

3
Vide=Cracke [IDD-plo ) «u-d=117.579 kN

Vg

UR:= =65.716% Utilization ratio

VRd.c
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Appendix 9: Design of strip foundation
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STRIP FOUNDATION DESIGN

C25/30 Concrete class.
Soil capacity
Sand moraine Soil capacity.
kN
P,:=250 — Ground pressure.
m

Soil capacity was assumed to be around 250 kN/m2 conservatively as yet there is not
information regarding the soil capacity.

Characteristic loads

Dead load
bspan:=12.05 m Longest span of the building.
bspan .
Tiength == =6.03 m Tributary length.
kN -
Bp1x=0.683 — Characteristic roof.
mZ
kN -
8pax:=0.2 — Characteristic dead load at the upper eaves.
m
- . kN
— —0.88 kN Characteristic dead load in —.
Bk *=Bp1k+Bpak=0-88 —- m?
m
kN
= + -T =532 — N
Bo= (8o 80249 *Tienge m Characteristic dead load in —.
m
Snow load
€jength *=800 mm Eaves length.
qsk::2.4k—N o kN
' m? Characteristic snow load in —.

m



kN
Osk*=Usk* (Tlength + Elength) =16.38 F
Self weight of the floor
tyan =420 mm
th0or =200 mm
Yo =25 k_N
m3
kN
gf.k::tﬂoor'\"czf’ Y
m
2oty kN
Bk = gf.k'(TIength_ - ):28.03 —
2 m
Live load
kN
Quei=2 ——
m?.
kN
ALk =0k " Tength =12.05 .

Inner wall weight
towal =130 mm

hpwall =25 m

kN
Qiwk == VYc " tpwall . hpwall =§.13 F

Inner wall weight

C24

kN
Ywood =42 —
m

typperwan =173 mm

Appendix9/3

N
Characteristic dead load in —.
m

Thickness of wall.

Thickens of concrete floor

kN
Characteristic self weight of floor in —
m

kN
Characteristic self weight of floor —.
m

kN
Characteristic live load —

m

Characteristic live load —.
m

Thickness of partition wall.

Height of partition wall.

k
Characteristic load of partition walls —
m

Grade of timber material.
Density of wood.

Thickness of partition wall.
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hl..lppenua||=:2-5 m Height of partition wall.

kN
oh —_— 1.82 k_
upperwall m Characteristic load of partition walls ——.

m

r]l..|p|::er'm.|'all *=Ywood * tup-per'n'uall

Total load in internal load bearing part of the wall

kN
Ny i=8px+ Qs+ 2Bkt 29k + Gy =109.98 —

External wall

gk ik

420

EELEITIITITY

100 190 4"flElD g

1o :=100 mm Thickness of external wall.

heg:=3.4 m Height of the wall.

kN
Nek =V * ek * Mok =8.5 .

Preliminary selection of footing width

kN
Rk = nik+ Nag + nupperwa” =120.29 ?



Assume a width of 600mm

117 , 93 , 80, 130 |
| ] | |

8.5 110.98
e241.82
RK
90 J/ \L/ \[/ |90
—x g
I | \|/ |
- 1 1 1
e1=140 [
—F e3=445 !
600 p
X

e1:=140 mm

e;:=117 mm+90 mm =207 mm

ez:=445 mm

_ Neg=8q + Nupperwall " €2 + N e3

=419.85 mm

Xi=
Ry
x:=420 mm
Ground pressure
Rj=120.29
. 420 . 180 .

TRTTHTTTTT

I=180

v

A1

A

Appendix 9 /5

Eccentricity of the force.
Eccentricity of the force.

Eccentricity of the force.
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[:=180 mm
Pr:=2+1=360 mm Ground pressure.
R
poi=—*=33414 <N
2
Pk m
if P, >P, =“move footing adequately to the left”
" “move footing adequately to the left”
else
|| l-‘okaylﬂ

Defining new x distance

e:=30 mm Distance to be moved.

eini=e;—e=110 mm New eccentricity of the force.

esni=e;,—e=177 mm New eccentricity of the force.

e3ni=e;—e =415 mm New eccentricity of the force.
NaE * €9+ N sey +Npre

Xim ek **1n upperwall * =2n ik*%3n — 38985 mm

Rk

¥: =390 mm
Ground pressure
1:=180 mm+e=210 mm

pxi=2+1=420 mm Ground pressure.

R
Kk —286.41 k—'j

Pk m

Pk =
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if P, >P, =“move footing to the right”

“move footing to the right”

It can be seen that footing with width of 600mm would not work, therefore checking with
700mm width is done as follows:

85 110.98
024257
RK
+ + 1
140 ‘ i Y 140
- V
e1=190
— e
700
X
e1:=140 mm+50 mm=190 mm Eccentricity of the force.
e;:=117 mm+140 mm=257 mm Eccentricity of the force.
mim ..
e,:=700 mm—140 mm—120 - =500 mm Eccentricity of the force.

Ngg*€1+ N 254N e
X i ek® =1 uppe;{wall 2 ik*%=3 —474.43 mm
k




Ground pressure

rk—lzo .29
475

Qr
|
I
I
[
|

ERNRNRNRNAQ

=225

f ] A

1: =225 mm

pPri=2+1=450 mm

Ry
Pi=—% —267.31 <N
2

Pk m

if P,>P,

" “move footing adequately to the left”

else

IH

" “okay!

Defining new x distance
e:=60 mm
eini=e;—e=130 mm
eyni=e;—e=197 mm

ezpi=e;—e=440 mm

Xim Nek*€1n+ Nypperwall * €2n + Nj = €3

=414.43 mm

Rk

¥:=390 mm

Appendix9/8

Ground pressure.

=“move footing adequately to the left”

Distance to be moved.
New eccentricity of the force.
New eccentricity of the force.

New eccentricity of the force.



Ground pressure
1:=225 mm+e=285 mm

pPxi=2+1=570 mm

R
P i=—=211.04 k—'j
Pk m
if Py > P, =84.42%
“move footing to the right”
else
Pk
Pg
kN
Negi=1.15+ (ng+ Nyppervar)) = 11.86 —

N:=1.15+ (g[,_k+2 -gf_k+qiw,k) +15. (qL,k+0.7-qu+0.7-q5_k) —127.85 —

Ryi=Ny+Neg=139.71 <N
m

Ground pressure

P i=2+1=570 mm

R
= _gg5q N
2

5
g P, o

0 :=0.85

feik:=1.8 MPa

=15

fc.t.k

fogi=age =1.02 MPa

C

Appendix9/9

Ground pressure.

Okay!

kN

m

National Annex of Finland.

Partial safety factor of concrete.



Solver

Constraumss Values
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a: =140 mm+e=200 mm

h;:=200 m Guess value.

085-hy 3-8 _
a fr:td

find (hy) =199.78 mm

h;:=250 mm
Footing dimensions

Reinforcement

C30/37 Concrete class.

fim:=2.9 MPa Mean tensile strength.

b:=1000 mm Designing for 1 meter strip footing.
d:=250 mm Depth of footing.

t:=420 mm

fk:=500 MPa Steel characteristic yield strength.
A, = min 0.26+f;y-b-t-d 1 0.0013-d-t-d 3413 mm?

fyge=m m

Reinforced concrete mesh 5/150 is used for the design.



Appendix10/1

Appendix 10: ComSlab Report



rTUUKKI o

Project: Project
Updated: 2022-05-19 10:58 (GMT)
Created: 2022-04-20 13:26 (GMT)
Customer:

National annex: Finnish NA

Appendix 10/2
v.1.0.11

2022-05-19 10:58 (GMT)

RESULTS ARE VALID ONLY FOR RUUKKI
COMPOSITE SHEETS

Contact person: Igert Loka

Engineer's contact info: Visamaentie 23
Email: igert1800@student.hamk fi
Telephone number: 0414987705

ID  Structural part Updated
1 Part 2022-05-12 19:46 (GMT)

Created
2022-04-20 13:26 (GMT)




rUU(I(I COMSLAB

Project

Structural part: Part

Updated: 2022-05-12 19:46 (GMT) Version: 1.0.11 (2022-05-04)
Created: 2022-04-20 13:26 (GMT)

Reliability class: RC2

Deflection limit: L/100 (according to Eurocode)

Appendix 10/3
v.1.0.11

2022-05-19 10:58 (GMT)

RESULTS ARE VALID ONLY FOR RUUKKI

Exposure class: XC3, Intended service life: L100, Allowed crack width: 0.30 mm

Concrete strength class: C25/30
Reinforcement grade: A5S00HW / B500B
Concrete density: 25.0 kN/m3,

Fire resistance class: RO

Concrete top cover: 25 mm, Concrete bottom cover: 47 mm

COMPOSITE SHEETS

Insufficient amount of transverse reinforcement. According to Section 9.2.1(4) of EN 1994-1-1, the amount of reinforcement should

be not less than 80 mm?/m.

Structural model

3500
cs1
A A
‘ 3500 ‘
S1 S2
Spans
Span Length Slab thickness Sheet Sheet thickness
mm [mm] mm
CS1 3500 200 CS48-36-750 Zn 0.7
Supports
Support Width
(mm]
S1 110
S2 110
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v.1.0.11

COMSLAB ‘
rU U(I(I . 2022-05-19 10:58 (GMT)
Project RESULTS ARE VALID ONLY FOR RUUKKI
PART COMPOSITE SHEETS
Dead load
12 kN/m
4.97 kN/m3, 3500 mm
0 kIN/m
\ 4 A\ 4 \ 4 \4 \4
A A
| 3500 |
s1 S2
Live load
Load category: A: areas in residental buildings
2 kN/m2, 3500 mm
\ 4 A\ 4 \4 \4
A A
| 3500 |
s1 s2
Span utilization ratios
Mpos Mneg VV DST DLT wST WLT
[KNm/m] [kNm/m] [KN/m] mm [mm] [mm] [mm]
25.4/62.6 0.0/0.0 21.6/79.3 44/140 47/140 0.0/0.0 0.0/0.0
CS1 41.0% 0.0 % 27.0% 31.0% 33.0% 0.0 % 0.0 %
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v.1.0.11
COMSLAB
rU U(I(I : 2022-05-19 10:58 (GMT)
Project RESULTS ARE VALID ONLY FOR RUUKKI
PART COMPOSITE SHEETS
Deflection, short term
0mm
o g o B e
:t:::igkiiiiiiiiii:::}::::}::::::::ﬂffdpf
4.41 mm
s1 .

Deflection, long term

0 mm

S1 .
Bending moment
0 kNm
A:«(it::::Q:::::t:}:i::ff*#—f—fgfffi,_i4(1#7Aw*i777,7777‘77i:::j::1::7%~::::4:;$:A
. *7770777,,77.77777'7777*7777’77777.7777777.7777 —8 )
° 25.38 kNm .
st ‘ e o e e e e e & — & & @ ° S2
Fire situation
0 kNm
S1 \.\\*\fiﬁ,,,,,J//'/ .
19.07 kNm
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v.1.0.11
COMSLAB ‘
rU U(I(I . 2022-05-19 10:58 (GMT)
PFOJ@Ct RESULTS ARE VALID ONLY FOR RUUKKI
PART Appendix 10/3 COMPOSITE SHEETS
Shear force
P & 0 0 & ——— @& ——— & — & — 06— 00— @ °
Py e —©@ *—— ¢ PPy
-22.12 kN
. - ¢ ¢ ——¢ —8 & 3 — %
4e 3 3 ¢t ¢ ¢ — ¢ & & ¢ A
22.12 kN
oo —o o e &— 0 0
S1 ® e o e e e e e e e e e S2
Support reactions
Support Min Max
(kN [kN]
S1 16.61 27.8
S2 13.22 22.12
Reinforcements
A A
s1 S2
Span reinforcements
Support reinforcements
Transverse reinforcement
Type Required area Selected area
[mm?/m] (mm?/m]
@4-250 80 50
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COMSLAB ‘
rU U(I(I 2022-05-19 10:58 (GMT)
Proj
OJ@Ct RESULTS ARE VALID ONLY FOR RUUKKI
PART COMPOSITE SHEETS
Propping
A A A
Q& &
\5@& 'i”éf
s1 S2
Distance from structure end Distance from support
[mm] [mm]
Cs1
1 1185 S1+1185
2 2315 S1+2315
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Appendix 11: Structural types
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Two apartment house

Exterior wall of the warm room,
wooden frame,

lgert Loka

1

US

15.05.2022

/ - Section A—A
- ¥ N
- =il
A ]
%C © S @
C p— — ¥: p—
—] ‘
- —
-
? - | ‘
-
I
- —
I N o HIIES |
1234 5 6 /89 1234 5 6 /89
1 Timber cladding 28x220
22 mm 2 VENTILATION SPACE + board 22x100mm, k600
70 mm 3 WINDSCREEN INSULATION, stone wool PAROC Cortex pro (1200x1800)
and collar 68mm, collar spacing 1200m
9 mm 4 WINDSCREEN PLASTERBOARD or equivalent
(can be used to stiffen the structure if necessary)
175 mm 5 THERMAL INSULATION, PAROC eXtra stone wool and PORTABLE WOOD
FRAME C24 173x48mm, k600
6 STEAM BARRIER between body and collar
50 mm 7 THERMAL INSULATION, stone wool PAROC eXtra and collar 50x50mm, k600
13 mm 8 BUILDING BOARD, gypsum board
9 SURFACE MATERIAL OR TREATMENT
U—value 0.13 W / mK
Fire class REI 60
Airborne sound insulation Rw 57 dB, Rw + C 50 dB, Rw + Ctr 42 dB

HUMIDITY ANALYSIS OF THE STRUCTURE

VF—=10.117 works well in building physics. A more detailed examination of the
humidity can be found in connection with the external wall structure VF—10.9.

FIRE LOAD <20 MJ/m? INSULATED INSULATION IN THE STRUCTURE



AutoCAD SHX Text
1

AutoCAD SHX Text
13.05.2022

AutoCAD SHX Text
Exterior wall of the warm room, wooden frame,

AutoCAD SHX Text
US 1

AutoCAD SHX Text
Two apartment house

AutoCAD SHX Text
Igert Loka

AutoCAD SHX Text
1 Timber cladding 28x220 22 mm  2 VENTILATION SPACE + board 22x100mm, k600 2 VENTILATION SPACE + board 22x100mm, k600 70 mm  3 WINDSCREEN INSULATION, stone wool PAROC Cortex pro (1200x1800)   3 WINDSCREEN INSULATION, stone wool PAROC Cortex pro (1200x1800)            and collar 68mm, collar spacing 1200m        and collar 68mm, collar spacing 1200m  9 mm  4 WINDSCREEN PLASTERBOARD or equivalent 4 WINDSCREEN PLASTERBOARD or equivalent   (can be used to stiffen the structure if necessary) 175 mm  5 THERMAL INSULATION, PAROC eXtra stone wool and PORTABLE WOOD            5 THERMAL INSULATION, PAROC eXtra stone wool and PORTABLE WOOD              FRAME C24 173x48mm, k600    6 STEAM BARRIER between body and collar 50 mm  7 THERMAL INSULATION, stone wool PAROC eXtra and collar 50x50mm, k600  7 THERMAL INSULATION, stone wool PAROC eXtra and collar 50x50mm, k600  13 mm  8 BUILDING BOARD, gypsum board   8 BUILDING BOARD, gypsum board   9 SURFACE MATERIAL OR TREATMENT   U-value      0.13 W / m²K 0.13 W / m²K Fire class     REI 60 REI 60 Airborne sound insulation  Rw 57 dB, Rw + C 50 dB, Rw + Ctr 42 dB Rw 57 dB, Rw + C 50 dB, Rw + Ctr 42 dB HUMIDITY ANALYSIS OF THE STRUCTURE VF-10.11 works well in building physics. A more detailed examination of the  humidity can be found in connection with the external wall structure VF-10.9.

AutoCAD SHX Text
%%USection A-A

AutoCAD SHX Text
FIRE LOAD <20 MJ/m² INSULATED INSULATION IN THE STRUCTURE

AutoCAD SHX Text
3

AutoCAD SHX Text
4

AutoCAD SHX Text
2

AutoCAD SHX Text
1

AutoCAD SHX Text
5

AutoCAD SHX Text
6

AutoCAD SHX Text
7

AutoCAD SHX Text
3

AutoCAD SHX Text
4

AutoCAD SHX Text
2

AutoCAD SHX Text
1

AutoCAD SHX Text
5

AutoCAD SHX Text
6

AutoCAD SHX Text
7

AutoCAD SHX Text
8

AutoCAD SHX Text
8

AutoCAD SHX Text
A

AutoCAD SHX Text
A

AutoCAD SHX Text
9

AutoCAD SHX Text
9


APPENDIX 11/3

Two apartment house

Basement wall

lgert Loka

?

15.05.2022

Us 7

Leca Design-harkot

@4

JT

Leca-harkot RUH-420

420
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Two apartment house

Concrete base floor

lgert Loka

35

VE

15.05.2022

o> v > v T g
< 4 N
4 N
> I
v Ve Ve |V %
N v Vo4 I
A A <4 A A4 D>
5 O O @]
6 NN SN SN AN NS AN NN
;

1 Floor covering according to room description

2 Reinforced concrete slab 80 ... 100 mm, =1,7 W/mK, calk )
according to the structural plan

3 Finnfoam FL-300 insulation 300 mm

- Thermal conductivitys = 0,037 W/meU= 0,038 W/mK Ao

- Short-term compressive strength CS (10) 250 kPa
- Water absorption by immersion WL (T) 0.7

- Water vapor permeability = 150 u

- Dimensional stability DS (70,90)
- Load flow CC (2/1.5/50) 130 kPa (used as design basis)

4 Crushed stone 8 ... 16 mm=200 mm
5 Sand layer with passive heat / cold pipes

6 Filter cloth
7 Base, tilt to the secret 1:50

U-VALUE

0,10 W/im K
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Two apartment house

Composite slab

4

‘QWT Loka 13.05.2022 VP 2
1 o () X@,
2 Ooo Q 0O oo B
0 Q 7%0 Q o O
s |0 [ O \[® o V[ O

1 SURFACE MATERIAL ACCORDING TO DESIGNER SPECIFICATION

2 REINFORCED CONCRETE SLAB ACCORDING TO CONSTRUCTION DRAWING

3 LOAD-BEARING CS48-36 PROFILED SHEET MOULD
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Two apartment house

Wooden roof structure

lgert Loka

S

15.05.2022

YP

[(e]eshNe)]

@

OO U P~UN—

U—value 0.09 W / m’K
Research technology Rw 56 dB, Rw + C 54 dB, Rw + Ctr 52 dB (incl.)
Rw 55 dB, Rw + C 54 dB, Rw + Ctr 49 dB (sheet metal coating)

BITUMEN SHEET 3mm
TIMBER 23X95
VENTILATED AIR GAP
WINDSCREEN INSULATION, PAROC Cortex pro 40 mm
THERMAL INSULATION, stone wool PAROC eXtra (175 + 200mm)
AIR OR STEAM SEAL 22 mm

RARE BOARDING 22x100mm, k300
BUILDING BOARD, gypsum board 13 mm
SURFACE MATERIAL OR TREATMENT, depending on room description
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Appendix 12: Floor layout plan
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