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The main objective of this Bachelor's thesis was to create a model of a single family house
using different Building Information Modelling (BIM) software. This thesis also aimed to
provide the user with a manual for designing concrete structures using ArchiCAD and
Tekla Structures. Each and every process of using the software has been clearly explained
in this thesis.

The theoretical part of the thesis was collected from various articles and websites. It in-
cludes information and history about ArchiCAD and Tekla Structures. In addition to this,
the advantages of using BIM software for Architects and Structural Engineers have also
been presented in this thesis.

The practical part of the thesis involves the use of BIM software. The example of BIM soft-
ware that was used throughout the thesis is Graphisoft ArchiCAD and Tekla Structures.
The thesis explains the methodologies of creating 3D architectural design from 2D draw-
ings in ArchiCAD, as well as 3D structural design in Tekla Structures from ArchiCAD IFC
model. The solution for linking ArchiCAD model to Tekla software is also explained in the
thesis.

Significant work of this project was based on the use of BIM software. The information and
data for the thesis were collected from a single family house project which is located in
Hyvinkda, Finland. As a result of this project, both Architectural and structural model of the
single family house was created. Overall, this thesis can be beneficial to all the students
and enthusiasts who are in the field of architectural and structural engineering. This thesis
can serve as a guide to the users of ArchiCAD and Tekla structures. For structural analy-

sis, further study should be conducted.
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1 Introduction

Today, the use of new tools and software is one of the most recognized design
methodologies in the field of building industry. Engineers are always looking for new
methods to develop and keep the pace on today's business resulting in high productivi-
ty, coordination and problem solving. (1) Building information modelling (BIM) can help
with all these aspects. BIM is an intelligent 3D model-based process that helps Archi-
tecture, Construction and Engineering professionals to plan, design, construct and
manage the buildings and infrastructure. (2) BIM helps to prepare a reliable digital rep-
resentation of the building design for decision-making, high-quality construction docu-
ments, project performance and cost estimation. (3) One of the examples of the BIM is
the use of a computer program, which can communicate with each other either by ap-
plication programming interface (API) or by compatible file formats. The main aim of
the thesis was to create the model of a single family house using different BIM soft-
ware. In addition, this report also aims to serve as a manual to design concrete struc-
tures using BIM software. The example of BIM software that was used throughout the
thesis is Graphisoft ArchiCAD and Tekla structures.

The design and construction is a big process and there is always the possibility of mis-
takes and errors. It involves the collaboration of different fields such as architecture,
engineering (structural, mechanical, electrical, plumbing), construction management,
contracting and business. So, one of the benefits of using BIM is to minimize such er-
rors and collaborate among the team members effectively. During the design and con-
struction phase, there is a task which is mutually dependent. That means that a delay
in one task may cause a delay in another task and so forth in the entire project. The
major cause of the delays in the field of Architectural, Engineering and Construction
(AEC) industries is the time required for the collaboration of different fields. The ad-
vantage of the BIM is the fact that all the participating members will have a complete
access to the information database which allows troubleshooting and conflict resolution
that may occur during design. Therefore, BIM has the huge potential to optimize the
quality of AEC industries. (4)



2 Building Information Modelling

BIM is a revolution in building design and construction technology. (5) BIM is consid-
ered as one of the most important factors for the development in Architecture, Engi-
neering and Construction companies. BIM technology helps to construct an accurate
digital virtual model of the building. The virtual model created with the help of a com-
puter program contains exact geometry and relevant information to support the
construction, fabrication and procurement activities required to construct the building.
In practice, BIM is not only one model. Instead, there are various kind of models that
are used in different ways in the same project. Nowadays, there are several definitions
of BIM in which the basic meaning is the same with different nuances. According to the
National BIM standard United States “Building information modelling (BIM) is a digital
representation of physical and functional characteristics of a facility. A BIM is a shared
knowledge resource to catalogue information about a facility forming a reliable basis for
decisions during its life cycle; defined as existing from earliest conception to demoli-
tion.”
Building information model (BIM) is: (6)

- Well-Coordinated data.

- Geometric binding.

- Suitable for computer use.

- Capable of transferring to design and analysis software.
Building information model allows to update the numerical information on the projected
or existing facility which can be used to

- Adopt the specific design solutions.

- Generate high-quality project documentation.

- Predict the performance of the building.

- Cost estimation of the building plans.

- Construction management of the building.

- Manufacturing and order of the equipment and materials.

- Manage and operate the building and facilities throughout the building lifecycle.

- Renovation and reconstruction of the building and

- Other building purposes. (6)
The typical workflow of the project with the use of Building Information Modelling (BIM)

is shown in Figure 1.
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Figure 1. Project workflow with Building Information Modelling (7)

BIM technology can help and develop the quality of business practice. Building infor-

mation modelling is equally beneficial to all the parties for example the owner, architect,

designer as well as AEC companies. BIM helps in different stages of the entire project.

The key benefits of using Building information modelling can be categorized into four

headings. They are as follows: (8)

)

Pre-construction Benefits to owner
BIM helps to visualize the design and analyze the feasibility of construction
easily.
Enhancement of building performance and quality.
BIM helps in the decision making of the investment by comparing the scope,
functionality and cost of the solutions.

Design benefits
BIM helps to visualize the design at any phase of the design process and easily
check against the design intent.
Provision of automatic correction when changes are made to design.
BIM helps to create accurate and consistent drawings at any design stage.
BIM supports data exchange with different design disciplines and makes the
design process more efficient.
Cost estimation during the design phase.

Enhancement of energy performance and sustainability.



i) Construction and Fabrication benefits

- BIM can easily synchronize the design and plan construction.

- Clash detection and omit the design errors before construction.

- BIM helps to solve the design or site problems quickly.

- The design model can be used for the fabrication of building components.

iv) Post construction Benefits

- BIM helps in better management of the building and operate facilities.

- BIM utilizes building project data during operation and facility management ac-

tivities.

2.1 BIM for Architects
Building information modelling has become the choice of many architects. BIM helps
architects throughout the building design lifecycle. (9) The building lifecycle from the
point of view of BIM is shown in Figure 2. (6) BIM covers plenty of information related
to Architectural design and modelling. BIM allows to effectively design from the concep-
tual phase to real construction with high efficiency and quality. There are different BIM
tools available for architect. That is ArchiCAD, Autodesk Revit, Vector work, etc. BIM
tools help architects to design the building and its elements using the 3D modelling
process, prepare 2D drawings (Plan, Elevation, Sections) and access building infor-
mation. In addition, BIM software also helps to analyze the data in BIM model for ener-

gy modelling and calculation, Construction Scheduling etc. (9)

Detailed Design Analysis

Documentation
Conceptual
Design

VISUALIZATION

Progra{fiifise)

> Building
» Information .

Construction
4D/5D

Operation and Construction
Maintenance Logistice

" Demolition

Figure 2. Lifecycle of the building (6)



2.2 BIM for Structural Engineers

Structural engineers can take a huge advantage of the BIM technology. The building
information modelling contains a lot of information related to structural modelling and
analysis. BIM also covers the parameters including design codes (Euro code) and oth-
er standards. The research and development in the field of AEC industries have dis-
covered practical building information modelling tools for Structural analysis, design
and detailing. Building information modelling has helped the structural designers and
engineers throughout the entire design process from the beginning of the design con-
cept till construction. It is a fact that the BIM tools help in the construction of structure
by applying three-dimensional (3D) modelling, which allows to rotate, layer or isolate
the element and create plans, elevations and sections. Due to the linkage between the
structural modelling software and analysis software, BIM helps to enhance the analysis
and design (A&D) options of the structure. Taking time into consideration, BIM reduces
the repetitive task such as labelling parts or modelling and designing similar compo-
nents. (4)

Structural BIM is an important field for the designers to design steel, concrete, timber or
masonry structures, which contain analysis and design (A&D) information. Structural
BIM can also be used for the preparation of drawings, reports and structural documen-
tation. Structural BIM is the BIM process, where multi-material structural information is
created and refined to make the actual structure. The utilization of multi-material BIM
concept allows the engineering practices to share the structural information among

other companies and project members, providing true collaboration. (7)

3 BIM Software
3.1 ArchiCAD

3.1.1 History of ArchiCAD
The origin of Graphisoft ArchiCAD dates back to 1980. Due to the lack of internal con-

cealed job opportunities, a group of few mathematical enterprises decided to start the
first private companies in Hungary. At the same time, computer software development
was the most popular entrepreneurial venture which reflects the high demand for crea-
tivity and innovation whereas the capital and infrastructure demand were relatively low.
At the end of 1982, the Hungarian Ministry of Industry was looking for advanced com-
puter aided design model for the Paks Nuclear Power Plant whose construction was
delayed for three years. It was impossible to import an adequate computer program

from the other western countries. That was the first blockage which the company man-



aged to turn to its benefit. The company realizes that the program blockage was the
major reason for the turning point of the company. The company thought that it would
be good to produce their own complete program since the proposals of their competi-
tors would be expensive and with uncertain deadlines. The theme was successful and
was worth the effort. Later, Graphisoft got the project with a huge profit in the company.
(10)

In the fall of 1983, the company displayed its 3D modelling system at a software exhibi-
tion in Munich, Germany. The development of professional personal computer had a
significant effect on Graphisoft's 3D modelling program. Graphisoft displayed its first 3D
modelling design software on a personal computer in 1984 at Hannover Fair, Germany.
Graphisoft was introduced to the Apple world which helped the company to network
with different business partners from all over Europe. In the meantime, Graphisoft ex-
tended its market in Eastern Europe due to low overhead cost and moderate living
standard. Only 50 to 100 software packages were sold with the income of few hundred
thousand West German Marks. The new version of ArchiCAD was made better during
this time. At the end of 1987, ArchiCAD was the first software to depend on the full ca-
pacity of new Apple product Macintosh II. About 1000 ArchiCAD software packages
were sold in 1988 and 2000 packages in 1989 worldwide. By 1989, Graphisoft had
become the market leader in Apple architectural design software in Western Europe
with the net sales of 40%. (10) In 1993, Graphisoft released ArchiCAD for MS Win-
dows. The product ArchiCAD for teamwork in 1997 was another milestone for the com-

pany.

3.1.2 General Information on ArchiCAD

ArchiCAD is an architectural BIM CAD software for apple Macintosh and MS windows
developed by the Hungarian Company Graphisoft. ArchiCAD program is specially de-
signed for architectural drawings of the building. ArchiCAD is the first CAD product on a
personal computer which can create both 2D and 3D drawings. ArchiCAD helps the
user to work with enhanced parametric objects, often called “Smart objects”. With the
help of ArchiCAD, the users can create a virtual building with virtual structural compo-
nents such as beams, columns, floors, walls, doors, windows, furniture etc. ArchiCAD
program provides a wide variety of pre- designed objects which can be easily
customized. ArchiCAD program also includes Geometric Description Language (GDL)
to create a new component. (11)

ArchiCAD user can work on either 2D or 3D environment with the program. Plan,
Elevations and Sections are produced from a virtual 3D model of the building and it can

be constantly updated. Architectural drawings and details can be created with the help



of ArchiCAD. ArchiCAD can export and import different file format such DWG, DXF,
IFC and SketchUp files. (11)

3.2 Tekla Software

3.2.1 History of Tekla

In the mid-1960s, computers and automatic data processing were well established in
Finland. The companies that performed advanced computing and engineering had al-
ready adopted Automatic Data processing (ADP). Due to the huge computing work and
limited amount of resources, the group of various engineering offices founded a joint
software company named Teknillinen laskenta Oy (Technical Computing). The compa-
ny was first registered in February 1966. In the same spring, the company's name was
changed to Tekla. The first office of Tekla software was set up in Helsinki, Finland. (12)

Tekla officially started its operation on July 1, 1966. The first program of Tekla was
completed in 1967. By 1968, Tekla software development was focused on structural
engineering, road building and earth moving. Tekla software was developed with the
development of computers. The computerized way of calculation made work easier and
faster. Time-saving calculations made the engineering work more efficient and effec-
tive. In 1975, Tekla business slowed down due to the economic crisis and recession.
But Tekla program kept on continuing its software development. The development of
Tekla software continued until the 1980s. At the time of recession, program such as
plotter software and graphic printing were developed. Tekla acquired a central comput-
er in 1979 where all designers and programmers could get their own alphanumeric
terminals. In the early 1990s, the X-product family was established. Xsteel product
completed in 1993 and became one of the most successful export products of Tekla.
Tekla established its first subsidiary in Sweden in 1996. Since then Tekla has contin-
ued its investment in the international market. By 2008, various Tekla subsidiaries were
founded in different parts of the world and Tekla partners grew gradually. In 2004,
structural engineering software Tekla structure was launched. By 2008, International
operations accounted for 80% of the net sales. Trimble Navigation Ltd acquired Tekla
in 2011. In 2011, Tekla launched another program called Tekla Bimsight. Today, the
success of Tekla has spread all over the world and it has customers in more than 100

countries globally. (12)

3.2.2 General Information on Tekla
Tekla is a large company, which has its partners around the world today. Tekla was

first founded in 1966 and it has its headquarter is in Espoo, Finland. Tekla has been a



part of Trimble group since July 2011. Tekla provides its services in two business are-
as: Building and Construction and Energy and public Administration. (13) Tekla struc-
ture is 3D Modelling software that is widely used for concrete and steel detailing, pre-
cast and in-situ concrete by structural designers, detailers and fabricators in the
construction industry. Tekla software can use both application programming interface
(API) and compatible IFC data formats. Tekla software contains API software link to
different structural analysis programs like Autodesk Robot Structural Analysis, STAAD,
SAP2000 and Microsoft excel. Tekla also has a link with an architectural software pro-
gram like ArchiCAD, Revit, etc. Tekla structures can import/export or insert the refer-
ence models in different open formats including DXF, FEM, FABTROL XML, IFC, DGN,
IFCXML, 3DD, etc. Tekla can easily open the files, which are in IFC data format. (4)

Tekla software also has another program called Tekla Bimsight for the free BIM viewer.
Tekla Bimsight allows the user to view IFC files in 3D as well as the identification data
related to elements or components in the model. The most important feature of Bim-
sight is to check the conflict and detect for clash or interference. Tekla Bimsight allows
all the project members to get involved in the design process, contribute and interact
with each other. Tekla also has construction management extension tools for its Tekla
structure program which allows the user to use tools such as scheduler, material take-
off generator, 4D visualization etc. Since, Tekla program is the database of element
sizes, connections and materials, it can create the detail information of weight, quantity
and fabrication of materials for scheduling various tasks. One of the most benefits of

using Tekla in modelling is the ability to have multiple users working on one central file.

(4)

4 Project Description

4.1 Building Information
The building is a two-storey single family house. The building consists of six rooms,
one kitchen and one sauna. The frame of the building is made of reinforced concrete

wall with insulation.



Building Type: Single Family House

Site Area 821 Sq. meter
Floor area First Floor 169 Sq. meter | Second Floor 92 Sq. meter
Volume 1010 Cu. meter

The quality of the Building

Residential Building

Location

Hyvink&a, Finland

Fire Class P3

Building Design & Guidelines

RakMK. (The Finnish Building Regulations)

Designer

Insindéritoimisto Tom-Ins Oy, Hameenlinna, Finland

Building Component

Picture or Details

1) FOUNDATION
Reinforced concrete foundation
(Size 600*200)
Load bearing wall directly connected with

foundation.

|
1]
B

2) WALLS
Exterior walls are load bearing walls.
(Reinforced concrete + Insulation + Rein-
forced concrete)
Interior walls are non-load bearing walls.
See Appendix 2 for more details of the

composition of walls.

3) COLUMNS
Steel column in balcony.
Reinforced Column for garage.
Size 250*250

Steel column profiles in balcony.
Square hollow section 120*120*6

4) BEAMS
Steel beam in balcony.
Reinforced beam for garage on south ele-
vation
Size 250*250

Steel beam profile in the balcony.
HEA 200
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5) FLOORS
Ground floor
-Basement floor for the house.
-Basement floor for garage.
Intermediate floor
Concrete floor for balcony (Concrete slab +
Hollow core slab)
See Appendix 2 for more details of the

floor.

Thickness of basement floor

Garage 450mm

Building 600mm

Thickness of intermediate floor 275mm

(Concrete + Insulation + Hollow core slab)

6) ROOF
Timber roof
(Metal sheet + Ribs 32x100 + Block board
20mm + Truss rafter with blow wool insula-
tion 500mm + SPU-AL 30mm + Lathing
48*48 K400 + Dry wall finish 13mm)
See appendix 2 for more details of the
composition of roof.

The thickness of the roof is 591 mm.

7) FIRE SAFETY
El 30 as shown in the first floor plan draw-
ing in Appendix 1.

Concrete is used as a fireproof material on

the west facade of the structure.

4.2 Building Plans and Drawings

Building plans and drawings were taken as a reference from one single family house

project. The list of the documents for the project is listed below. See Appendix 1 for

more details.

1. Asemapiiros (Site Plan)
Pohja (Floor Plan)
Leikkaus (Section)

Julkisivut (Elevation)

N o o bk~ wDn

Hormi (Chimney)

Kerrosalalaskelma (Gross Floor Area)

Katujulkisivu Ja Aitakuvat (Street Facade and Fence Pictures)
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5 Building Models
5.1 Architectural Modelling
5.1.1 ArchiCAD Basic

5.1.1.1 Project Settings and ArchiCAD Interface

Architectural Modelling for this project was done with the help of ArchiCAD version 19.
To start work with a new project in ArchiCAD, a new project file was created. There is
an option to choose a template or browse another template as shown in Figure 3. Then
an untitled copy was created. At this point, design work in ArchiCAD can be proceeded
and the name for an untitled project should be given before saving the project file. Ar-
chiCAD template provides all project preference settings, placed element and tool de-
fault settings of the project. Most of the ArchiCAD users use the standard Graphisoft
template which comes along with the version of ArchiCAD. It is not a bad idea to
choose the default template at first, since it is a very clean and straightforward to de-
velop the base in ArchiCAD. However, it is a good idea to browse one’s own template
when we keep doing the same thing in our next project. It will help us to save our time
because we don’t have to repeat the same work again and again. The standard Ar-

chiCAD 19 template was chosen for this project.

B start Archicap 19 ? X
What would you ke to do?
D (®) Create a New Project
_\l () open a Project
Set up Project Setlings

(@) Use a Template

ArchiCAD 19 Template. tpl e

ArchiCAD 19 Template. tpl

(C) Use Latest Projd

Browse Template. ..

Set up Work Environment

@I Lse: Last Profie used w
Qo

[[] 0o not Display this Dialog Next Time

Figure 3. The new project dialog box
After this, the process was moved to the project preference settings. Project parameter
settings can be edited by clicking on ‘Options>Project Preferences.' Several project
parameters such as working units, project location, reference level, etc. appear from

the project preferences dialog box as shown in Figure 4.
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Options  Teamwork Window Help

Element Atributes LI @~ & ST =
|§| Element Snap Alt+E )
i & = T Core Outside
u Surface Snap : 2 —

|— Auto Intersection

‘# Magic Wand Settings...

Import Standard Steel Profile...

@ Add-On Manager...

| Project Preferences “» Werking Units...
Work Environment 4 Dimensions...

Calculation Units 8 Rules..,

Zones..,

Reference Levels...

Legacy..

Project Location...

Q@B MEKE B K

Set Project North

Figure 4. Project preference settings
Graphisoft ArchiCAD software is designed for an easy access of commands and views.
ArchiCAD interface contains drawing area, info box, menu bar, navigator, menu bar
toolbox, standard toolbar, status bar, zoom controls, etc. ArchiCAD interface is shown
in Figure 5.

[ p——————— a u

Mavigator Palette

' BToolbox

Drawing area

Zoom Control Status Bar

Figure 5. ArchiCAD Interface



13

5.1.1.2 Setting with Grids and Stories

As there were no any grid lines on the plan provided, the first step was to figure out the
grid which would provide guidelines for the project and make drawing easier. The grid
lines were placed on the boundaries of the exterior wall. The purpose of making the
gridline was to make the plan more logical and visible. The horizontal grids were de-
fined by the letters whereas the vertical grids were defined by the numbers as shown in
Figure 6. With the help of ArchiCAD, it is possible to define all the grid lines at one
time. It also allows the user to draw the grids separately if the shape of the grid needs
to be modified, for example a curved gridline. In this case, all the drawings were

straight, so it was possible to place the grid with the help of the grid system.

B story Settings 7 X
¥ i1 Grid positions
- No. Name Elevation Height to Next xr >
) . ) . 3 roof 8400 3000
o Horizontal grid lines + - m Vertical grid lines + - ® 2 secondstory 2000 3400
EET =t stor] Ie Jz000
A Distance: 0 +1 Distance: 0 . 0 Footing -1000 1000
tB Distance: 600 2 Distance: 7400 * 7 Feundation 1200 200
= C Distance: 8000 $3 Distance: 3500
=D Distance: 9000 4 Distance: 7300
D Distibute i anes D Distibute i anes Insert Above Insert Below Delete Story
- (arit 13
£ | @ Stuctural - Grid Cancel —
Figure 6. Grid position in ArchiCAD Figure 7. Story settings in ArchiCAD

After placing the grids, the stories were assigned for the project. The height of the floor
was 3 meters on the first floor and 3.4 meters on the second floor. The depth of the
foundation was 1200 mm from the ground level. Stories can be created by clicking on
‘Insert above’ or ‘Insert below’ option from the story setting dialog box as shown in Fig-

ure 7.
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5.1.1.3
Reference drawings can be imported in ArchiCAD. To make the drawing work faster

Importing Drawings in ArchiCAD

and easier, plan drawings were imported in ArchiCAD program. The reference plan
drawings were used as an underlay so that it was not necessary to see the picture of
the plan frequently when drawing the model. Importing of plans can be done by clicking
on ‘File>External content>Place external drawing’ as shown in Figure 8.

I Thesis Modelling 3.11 - Graphisoft ArchiCAD-64 19 EDU

|6 File Edit View Design Document Options Teamwork Window Help
OO New '@l/}i}:ﬁ’:"f'h:v:'zzl
[¥oe & Open > ‘

| kB" Close Project el ShiftsW R

el @i -8Ox 3T e Bldfda-®

x | 3 West Elevation L2 East Bevaton 2 North Elevation 0 /M
Ctrl+S =

- E Save

& q Save 3s...
W+ sndcns
E

i @ Publish BIMx Hyper-model...
é File Special 4 [

; rot for resale Coutesy of Graphisoft
Ctrl+ Shift+S

| [ Beemal Content
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Figure 8. Importing plan drawings in ArchiCAD

Similarly, it is also possible to import section and other drawings as reference drawings

in ArchiCAD program.
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5.1.1.4 Layer Settings in ArchiCAD

A set of layers are already defined by default in ArchiCAD. However, it is possible to
give a name and make one’s own layer in ArchiCAD. For each layer, the settings such
as lock or unlock, show or hide, 3D view mode and layer intersection group can be
defined. Working on the layer is very important during the modelling process in Ar-
chiCAD since it helps to separate the elements from one another. Layer settings dialog
box can be opened by clicking on ‘Document>Layers>Layer Settings’ from the menu
bar. The new layer was created by selecting ‘New’ option and the name of layer was

given as shown in Figure 9 and then Clicked on ‘ok>update>ok.'
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Figure 9. Making own layer in ArchiCAD

5.1.1.5 Settings of the Building Materials

ArchiCAD has a huge amount of building materials in its library but these materials may
not be sufficient to work in every project. Therefore, the materials need to be modified.
ArchiCAD has the feature to edit or make new material. It is possible to create the new
material from a full blank dialog box or from already existing building materials. The
building material dialog box can be opened by clicking ‘Options>Element attrib-
utes>Building materials from the menu bar. At the bottom of the Building material dia-

logue box, a new building material can be created as shown in Figure 10.
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Figure 10. Building material settings dialog box

Making of new material can also be done with the help of Composite Structures. Com-
posite structures are used when there is a need of more than one layer. In Finland,
most of the building envelope structures like the wall, floor, roof, etc. consist of more
than one layer. Therefore, the composite structure must be created for such structures.
Drawing of each different layer of a wall separately means a lot of work and waste of
time for the user. Therefore, ArchiCAD has the feature to create a composite structure
where all the required materials are combined to create a single wall. To explain more
about how to create a composite structure, one composite structure for the exterior wall
of the project is created as an example. The composite material dialog box can be
opened by clicking on ‘Options>Element attributes>Composite structure’ from the
menu bar. To make the composite structure, ‘New’ option was clicked from the compo-
site structure dialog box and the name of the structure was given as shown in Figure
11.
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Figure 11. New composite structure dialog box for outer wall.

The Outer walls are load bearing structures and have a total thickness of 400 mm. The
outer wall consists of three different layers as mentioned in the reference drawings.
The wall consists of reinforced concrete material on both sides having a thickness of
115 mm and insulation of 170 mm in the middle. Therefore, two more layers were
added by clicking on ‘Insert skin’ option as shown in Figure 12. After that, the material
was chosen from the available building materials in ArchiCAD. After adding those ma-
terials, the thickness of each skin was defined. Similarly, with the same process, a
composite structure for floors, roofs, etc. was created. The composition of different

building envelope structure for walls, floors, roofs, etc. is shown in Appendix 2.
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Figure 12. Composite structure settings of outer wall
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5.1.2 Creating Architectural Model in ArchiCAD
ArchiCAD modelling was a long process since it took time for the author to learn the

program and get information from the drawings and detailing of the project. Modelling
was done with the help of the drawings presented in Appendix 1. Different building
components such as foundation, walls, slabs, beams, columns, roofs, etc. were created

to complete a house model in ArchiCAD.

5.1.2.1 Foundation
The first step of making the foundation was to make a story for the foundation. The
foundation was created by placing the wall of thickness 600 mm on the plan which is

directly connected with footings wall as shown in Figure 13.

Warh Elevaton

E@T EEvamo|

West Elvation

! [l ——

Sauth Elevation

Figure 13. Foundation plan in ArchiCAD

5.1.2.2 Walls

To start creating walls, ‘wall’ & icon was selected from the toolbox. A wall default
settings dialog box appears from where the parameters such as the width and height of
the wall, override surfaces, etc. can be defined. On the right side of the settings dialog
box, the structure of the wall can be defined as shown in Figure 16. The first option to
define the wall is ‘basic wall [l which consists of only one layer of material. The
next option is ‘composite wall' [ which is composed of more than one layer of
material. By clicking on the composite wall, it is possible to choose one of the earlier
created composite wall structures from the list. The reference line of the element can

also be defined in the wall settings dialog box. In ArchiCAD, there are six different ref-
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erence lines for the wall element as shown in Figure 15. They are outside, inside, cen-
ter, core center, core outside and core inside. After setting the reference line, ‘Ok’ op-
tion was clicked on the dialog box and the walls were created. It is also possible to se-
lect several settings directly from info box tool as shown in Figure 14.

All Selected: 1

=, D ’E@ N I @Exhirior Walls 1I = @ = 3 Outside Face :|:J II E_’ D:DConcrehe Ins... *

Settings dialog  Layer Settings Wall Geometry Method for Reference Line Composite Structure
creating wall Location

Figure 14. Wall Settings on Info box
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t = 400
o AT
Inside Core inside Home Story:
1, first story (Current) v|
: to Project Zero | p Reference Line:
Center ‘ Core center » P4, Floor Plan and Section
! | » @ Model
b &5 Tags and Categories
£ @ Exterior Wals 4 Cancel
Figure 15. Reference Lines for wall Figure 16. Wall default settings
5.1.2.3 Slabs

Slabs can be created from the ‘slab’ &3, icon in the tool box. After clicking on the slab
option, Slab default setting dialog box pop-ups where the user can define the different
parameters such as the thickness of the slab, override surfaces, etc. It is also possible
to define the offset of the slab corresponding to the home story. The home story of the
slab can also be defined in this setting. There is also another option to locate the home
story of the slab. This option allows the user to define the distance relative to project
zero, sea level, current story or other reference levels. On the right side of the dialog

box, a slab structure can be defined. The first option to define the slab is ‘basic slab’
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which consists of only one layer or material. The next option is ‘composite slab’
which consists of more than one layer. In this case, the slab is composed of
more than one layer of a different thickness. So, the new composite slab structure was
created. In the info box, there are three different geometry methods for creating the
shape of the slab. They are polygonal, rectangle and rotated rectangle. Polygonal
methods were used to create a slab for this project. It is also possible to choose the
different settings of slab directly from info box tool as shown in Figure 17. The refer-
ence plane (top, bottom, core top, core bottom) for the slab can also be defined from
the slab setting box. The default setting box for the slab is shown in Figure 18. The new

composite slab was selected to create the slab in ArchiCAD model as shown in Figure

19.
T

Settings dialog Layer Settings Slab Geometry Method Reference Plane Composite Structure
for Creating slab  Location

Figure 17. Slab settings on info box
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Figure 18. Slab default settings Figure 19. Slab on the basement floor in ArchiCAD

5.1.2.4 Beams and Columns

Due to the load bearing nature of the walls in the structure, no other beams and col-
umns were used in the design of house building. However, steel columns and beams
were used for the support of a balcony. There are altogether three steel columns and
three steel beams for the support of the balcony in the west facade of the structure.

Similarly, there are also two reinforced columns in the west facade and one reinforced
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column and two reinforced beams in the south facade in the garage. In ArchiCAD,
beams were created by clicking on ‘beam’ &# icon in the toolbox. The beam
default settings dialog box appears where the user can define the different parameters
such as the size of the beam, height of the beam, building materials, override surfaces,
etc. The home story for the beam is created by default. The home story allows the user
to select one of the stories that were created before. The reference axis setting was
also defined from the beam settings dialog box as shown in Figure 20. The reference

axis is located in the middle of the beam by default.
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Figure 20. Beam default settings Figure 21. Column default settings

Similarly, columns were created by clicking on ‘column’ ﬁ icon in the tool box. Col-
umn settings dialog box allows the user to define the size and shape of the column,
building materials, override surfaces, etc. as shown in Figure 21. The settings dialog
box also allows the user to define the home story and link between the bottom and top
of the column to the stories that were already created. It is also possible to choose the
column to be vertical or slanted from the setting dialog box. There is another setting
known as an anchor point of the column in the setting dialog box which defines the

anchor point of the column.
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5.1.2.5 Roofs

‘Roof’ {gvicon was selected from the toolbox to construct a roof in ArchiCAD model. In
the roof settings dialog box, different parameters such as the structure of the roof,
building materials, home story for the roof can be defined as shown in Figure 22. The
Settings dialog box also has features to define the slope of the roof. The slope of the
roof can be defined in degrees or percentage as shown in the options. In this case, 20
% slope was defined for both roofs in the first and second floor. Likewise, the default
setting box also allows the user to assign an angle for the roof edge. In this case, a
vertical angle for the roof's edge was set to make the roof. The placement of roof in
ArchiCAD 3D model is shown in Figure 23.
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Figure 22. Roof selection settings Figure 23. Roof in ArchiCAD 3D model

5.1.2.6 Staircase

Stairs were created by selecting ‘stair’@ icon from the toolbox. The staircase on the
default was not suitable to make the stairs in this project. Therefore, new Stair was
created by clicking on “create stair” option from stair default setting box as shown in
Figure 24. The type of stairs was selected from the stair type selection list. Different
parameters such as geometry settings, structure, tread, railing settings were defined
from the new created stair. It is possible to adjust the total rise height, flight width, full
length of stairs, flight settings from the geometry settings as shown in Figure 25. The

settings also allow the user to change the structure of stairs from the structure option.
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The thickness of tread, nosing size on the front, riser thickness, etc. can be defined

from the tread settings option. The Section of the staircase is shown in Figure 26.
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Figure 24. Stair default settings Figure 25. Stair geometry settings
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Figure 26. Staircase section model in ArchiCAD

5.1.2.7 Doors and Windows

Doors and windows were added by selecting the ‘door’ H icon and ‘window’ ﬂ

icon from the toolbox. Several types of door and window were browsed through the
library of ArchiCAD 19. A Hinge door and hinge window 19 were selected from the door
list of ArchiCAD library. From the default settings dialog box, different parameter such
as width and height of the door and window were adjusted as shown in Figure 27. The

reference point for the door was taken from the bottom of the story with zero sill height
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whereas the reference point for the window was taken from the top of the story in this

case.
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Figure 27. Door and window default settings

5.1.2.8 Other

Objects
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Fiip vaps

Cancel

Objects such as kitchen accessories, ladder, fireplace, bathroom sink, tap, WC

commode, etc. can be found in object libraries. Some objects were not available in Ar-

chiCAD library. Therefore, those objects were downloaded from M.A.D website. The

basic library PK19 whole package was downloaded and added to object library in Ar-

chiCAD. Objects were created by clicking on ‘object’ E]L icon from the tool box. Different
parameters such as home story, width and height of the object were adjusted from the

object selection settings dialog box as shown in Figure 28.
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Figure 28. Object selection settings dialog box.
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5.1.3 Creating Drawings in ArchiCAD

Architectural drawings can be created in ArchiCAD which includes floor plan, elevation
and section drawings. Drawings can be created in ArchiCAD from navigator layout
book. One of the example of creating the drawings have been explained in this thesis.
To create a drawing in ArchiCAD, new layout was created by clicking on
"Documents>Layout>New layout book’. The name of the layout was assigned as ‘Ele-
vation drawing’ and the size was defined as ‘A4’ for the drawings. After that, each ele-
vation was placed inside the layout book and the elevation drawings were created as
shown in Figure 29. Similarly, it is also possible to create the floor plan and section
drawings with the same process.
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Figure 29. Elevation drawings in ArchiCAD
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5.1.4 Linking ArchiCAD Model with Tekla Structures
ArchiCAD model can be linked with Tekla structures with IFC format. ArchiCAD model

can be saved in IFC file by clicking on ‘File>Save as>Save’ as shown in Figure 30.
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Figure 30. Saving IFC file in ArchiCAD program

5.2  Structural Modelling

Modelling of the structure was done with the use of Tekla Structures 2016. Modelling in
Tekla was done with the help of reference IFC file which was created from ArchiCAD
program. Structural components such as foundation, load bearing walls, slabs, beams,
columns, etc. were created to complete the structural model in Tekla. Non-load bearing

elements were not considered as structure during the modelling process.

5.2.1 Tekla Basic

5.2.1.1 Tekla Set up & Interface

Before starting to work with Tekla structures, the Tekla structures set up was done.
Different settings such as environment, role and configuration were defined for the pro-
ject as shown in Figure 31. Tekla structure interface contains the database for both
steel as well as concrete structures. As the case was a pre-fabricated concrete struc-
ture, concrete structure (FIN Betonirakennesuunittelija) configuration was used. Finland
environment was selected for this project. The license configuration is an educational

version.
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Figure 31. Tekla structures set up dialog box
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Tekla interface is designed for an easy and quick access to commands and views.

Tekla interface contains grid, working area box, status bar, file menu, selection switch-

es, snap switches, side pane, quick launch box, etc. as shown in Figure 32.
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Figure 32. Tekla interface with reference IFC model
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5.2.1.2 Setting with Grids in X, Y and Z Co- ordinates

Grid was selected by clicking the grid on working box. There is also another possibility
to make the grid in Tekla by selecting the grid from the quick command box. X, Y and Z
coordinates were adjusted in grid settings dialog box as shown in Figure 33. The verti-
cal label was represented by numbers whereas the horizontal label was represented by
alphabets.
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MY [aBCD |
Mz [+0+3000 +6400] |

Line extensions Qrigin
Left/Below Right/Above

% [2000.00 |2 [2000.00 | Exo [o000 |

v [2000.00 |52 [2000.00 | Mvo [o00 |
Mz [z000.00 |2 [2000.00 | Mzo [o000 |

Magnetism
Magnetic grid plane  []
Other settings
User-defined attributes...

Create Madify Get /T Close

Figure 33. Grid Settings in Tekla

5.2.1.3 Importing IFC Model in Tekla

Importing of IFC model in Tekla was done by clicking on reference model from the side
pane. The reference model was imported by choosing the IFC model from the folder as
shown in Figure 34. IFC model was imported in the origin because the original location
of the project was also in origin in ArchiCAD program. It is also possible to locate the
reference model in the different coordinate system.

& pdd model — O *

| standard

Files Thesis Modelling 13,11 IFC
Group | Default
Coordinate

[ Model
systermn

Origin 0.00 | z
Scale Retation
» More

Add model

Figure 34. Importing IFC in Tekla
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5.2.2 Creating Structural Model in Tekla Structures
5.2.2.1 Foundation

The foundation was created by clicking on footing option from the concrete command
box. A strip footing was selected for this project. The footing wall was created by se-
lecting a nonbearing plinth from the application and components box as shown in Fig-
ure 35. The height of the footing wall was defined 1000 mm below the ground level.
The thickness for both the exterior and interior reinforced concrete wall was given 115
mm and the thickness of the insulation layer were given 170 mm. The total height of
300 mm of the inner wall was reduced from the top level to support the insulated con-
crete slab. The concrete grade C25/30 was defined for both reinforced concrete walls.

The EPS material was selected for the insulation.

& Texla Structures Non_bearing_plinth (1) x
save Load | [standard ~| | saveas | | standara Help..
ignare other types ~
Lahtatiedot Eristekolot Tuotetiedot Position
Elementin korkeus
‘
300.00
Ulkokuoren betoni €25/30
Sisakuoren betoni
Kannaksen betani
Elementtitunnus
Aloittava numero
Eristeen nimi [ERISTE]
Ulkokuoren nimi [ULKOKUORI]
115.00
Suunnittelukayttaika Elementtityyppi [SOKKELI]
Paloluakka Luokka 222
13 Apply Modify Get F/r Cancel

Figure 35. Non-bearing plinth dialog box

5.2.2.2 Walls

Bearing sandwich (1) was selected from application and components box to create
load bearing walls. The creation of wall was easier due to the reference IFC model.
Different parameters such as thickness and height of the wall, materials, etc. were de-
fined from the bearing sandwich dialog box. The thickness for both exterior and interior

reinforced concrete wall was defined 115 mm whereas 170 mm of thickness was de-
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fined for the insulation layer as shown in Figure 36. Similarly, 175 mm of total height
was reduced from the top of the inner wall to support the hollow core slab in the struc-

ture.

& Tekl Structures Bearing_sandwich (1) X
Save Load | [ standarg || saveas | [standard Help...
madify connection type
Lshtstiedot Tuotetiedot Position
Elementin karkeus
[3000.00]
Ulkokuoren betoni C25/30
sisakuoren betoni C25/30
Elementtitunnus
Aloittava numero
Sisakuoren nimi [SISAKUORI]
Eristeen nimi [ERISTE]
Ulkokuoren nimi [ULKOKUOR]
Suunnittelukayttoiks 50 vuatta v [SANDWICH]
Paloluokka Luokka 1221]
oK Apply Modify Get F/T Cancel

Figure 36. Bearing sandwich (1) dialog box

5.2.2.3 Door and Window Openings

Wall and door openings in precast wall elements were added on the sandwich wall by
selecting hole generation (32) component. In the hole generation dialog box, the first
option to create the opening is to define the height and the width of the openings as
shown in Figure 37. The next option is to define the sill height and the location of the
openings from the corner of the respective wall. The location of the opening from the
corner was measured with the help of reference IFC model in Tekla structures.
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B Telda Structures Hole Generation (32) x

| Save | | Load ||standard V| | Save as Hstandard | | Help... |

Parameters

—w
H '

= B
=

@[] [
@[ oo}

partcut
profile L
Coordination system
Cutpart name L 1
Retated

ok || appy | [ Mediy | | et | [F /T Cancel

Figure 37. Hole generation dialog box and window openings in Tekla 3D model

5.2.2.4 Slabs

Slabs were created by using a floor layout tool from application and components box.
For the ground floor, three layers were added by clicking on plus icon from the layout
dialog box as shown in Figure 38. It is also possible to delete the layer by clicking a
cross icon and arrange the layer by a move up and move down icon. The layer name,

layer type, thickness and material of each layer was defined from the layer option.

¥ Floor Layout ®
[GROUND FLOOR SLAB ~ | | Save As | [GROUND FLOOR SLAB |
Layers Layer General Advanced Detaling User defined
—
[ Insulation
Laver e
(- Rotsion
Leyer component ?
Component attributes standard
[x

&

Layer thickness or prafile

B

]

Part name

Class

Material

=
g
g
[

[T

Part prefix Start no I:'
Cast unit prefix Stertno ]
[ 7 [ [ 7

Figure 38. Ground floor layout dialog box
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Similarly, three layers were defined for the intermediate floor in the layout dialog box as
shown in Figure 39. The composition of the intermediate floor in Tekla is presented in

Appendix 3.
& Floor Layout =
Lod  [INTERMEDIATE FLOOR SLAB | | Save As | [INTERMEDIATE FLOOR SLAB | [ Help
Layers Layer Germeral Advanced Detaling User defined
Layer name
[] Hollow core Layer type Cast in place ~
Create layer as Beam parts ~ Rotation Top ~
Layer component
Component attributes standard
*| 0 1P| e ticknees or s
Frt rame
Clses
Miateria ;
P refix 1 Sirt o
Cast unit prefix l:l Start no
0K Apply Modify Get ~ j' r Cancel
Figure 39. Intermediate floor layout dialog box
5.2.2.5 Beams and Columns
Concrete beams were created by selecting concrete beam & icon from the

concrete command box and steel beams were created by selecting steel beam g2
icon from the steel command box. In properties dialog box, different attributes such as
profile, material, etc. were defined as shown in Figures 40 and 41 for concrete and

steel beam respectively.

& Concrete Beam Properties & Beam Properties >
Save |Load |5t3ﬂd3fd V| Save as | | standard Save| |Load | | standard ~ || Saveas
Attributes  Position Castunit Deforming Attributes | Position Deforming
Name | BEAM | MNurmnbering series -
Prefix: Start number:
Profile 2507250 Select...
= | | Part P =K |
M Material [ C25/30 || select.. [l Assembly  [B I=1E |
[ Finish | | Attributes
] Class |322 | ] Mame: | BEAM |
User-defined attributes... Profile: | HEA200 | Select,
Material: [ 5235)R || Select.
Finish: | |
Class: | 3 |
User-defined attributes...
oK Apply Modify Gt ||W /I | Cancel oK || Apply Modify Get ||V /I || Cancel

Figure 40. Concrete beam properties box

Figure 41. Steel beam properties box
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Similarly, concrete columns were created by selecting concrete column l icon
from the concrete command box and steel columns were created by selecting steel
[ﬂ] column icon from the steel command box. In properties dialog box, different attrib-
utes such as profile, material were defined as shown in Figures 42 and 43 for concrete
and steel beam respectively.

-
& Cgncrete Column Properties x Save | Load | standard ~ | | Save as | | standard
Save | Load |5tar|dard v| Save as Attributes  Position Deforming
MNumbering series
. - . . Prefix: Start number:
Attributes  Position  Castunit Deforming
& Part [p | [1 |
Mame | COLUMN | [ Assermbly | C | | 1 |
[ Profile [ 2507250 || select.. Attributes
FMName: [ COLUMN |
| Material C25/30
aene [ces || select.. MProfile:  |HFSHS1207120°6.0 || select...
| Finish
e | | M Material: [ 5235R || select...
Class [320 | . |
User-defined attributes... [ Class: [7 |
User-defined attributes...
oK Apply Modify Gt | /T || Cancel OK || Apply || Modify | Get | /I | Cancel
Figure 42. Concrete column properties box Figure 43. Steel Column properties box

5.3 Reinforcement Design

5.3.1 Beam and Column Reinforcement

Beam reinforcement was added from Beam reinforcement (63) component. Concrete
cover, stirrups spacing, thickness of stirrups, size of main bar, size of stirrups, number
of tension bar and top bar were defined in the beam reinforcement dialog box. Similar-
ly, Column reinforcement was added from rectangular column reinforcement (83) com-
ponent. Several parameters such as the thickness of stirrups and main bars, concrete
cover, spacing of stirrups were defined in rectangular column reinforcement dialog box.

Detail design of beam and column reinforcement in Tekla is presented in Appendix 3.
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5.3.2 Wall Reinforcement

Wall panel reinforcement is useful for detailing pre-fabricated wall elements in Tekla
structures. The wall panel reinforcement includes the reinforcement on the edges,
around the openings, mesh for the whole wall panel and additional bars for wall shoe
connection. The wall panel reinforcement was selected from application and compo-
nents box to make reinforcement for both an outer as well as an inner wall of exterior
load bearing wall. The detail of reinforcement mesh for inner wall and the outer wall of
exterior wall are T8 @ 150 c/c and T5 @ 150 c/c respectively. Several parameters
such as reinforcement, openings, diagonals, column, beam, etc. were adjusted from
the wall panel reinforcement dialog box as shown in Figure 44. Each parameter of wall
panel reinforcement settings is presented in Appendix 3.

¥ Vel Panel Reinforcement X
Load | INNER WALL REINFORCEMENT | ['Save s | [INNER WAL REINFORCEMENT | [Help

Pictre  Reirforcement Opering Diagonials Column  Beam  Addtional ~ Afirbutes

Cover thicknesses

@
@

B
- Minimum breaking distance .

*CZ *CZ

Y | | D B
Y r 1
Dost miiml height 71000 Stinps setings 4 il . [
5 il
Create stirrups pricrity e v il " |
Winimum edge lengh A -~ |

P | }

oK Boply Mdify Get F/r Cancel ‘ !

Figure 44. Wall panel reinforcement dialog box and wall reinforcement in Tekla model

5.3.3 Slab Reinforcement

Reinforcement in slab was added by using a slab bar (18) from the application and
components box as shown in Figure 45. The reinforcement mesh with the bar of thick-
ness of 5 mm at the distance of 150 centre to centre was created. Different settings for
top bar, bottom bar were adjusted from the slab reinforcement dialog box as presented
in Appendix 3.



& Telda Structures Slab bars (18) X
[t | [Sess | [snimd |
Picture Bottom bars Top bars _ Attributes
1
1
oo
— —
185.00
Create bars
Primary bar direction
ok | | apply | [ Modify | | Get | [F /T Cancel
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Slab bars (18)

Figure 45. Slab bars (18) dialog box and component in Tekla

5.3.4 Footing Reinforcement

A strip footing was used for the foundation of the structure. Therefore, Strip footing re-

inforcement (75) was used for reinforcing the foundation as shown in Figure 46. Sever-

al parameters of main bars and stirrups was adjusted as presented in Appendix 3.

Strip footing
reinforcement (73]

Figure 46. Strip Footing in Tekla Structure and component in Tekla
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5.4 Connection Design

5.4.1 Wall Connection

Different types of sandwich wall element connections were used to connect the walls.
The list of wall connection component can be found in application and components box
as shown in the Figure 47. The type of wall connection which was used for modelling
this project are PC_EW_EW_GR_04, PC_EW_EW_GR_07, PC_EW_EW_GR_10 and
PC_EW_EW_GR_13.

The selection of wall connection depends upon the positioning of the wall. To explain
more about how to create the wall connection, one example of connection is described
in this section. First of all, to get those connections, Finland environment was down-
loaded from Tekla website and installed in the computer. PC_EW_EW_GR_13 was
selected from the application and components box. The main part of the wall element
was selected in order of 1,2,3,4,5 and 6 on the layer of the wall as shown in Figure 48.
The middle button of the mouse was then clicked to connect the walls. Similarly, other

wall connections were also added to connect the wall with the same process.

Applications & components | & Tella Structures PC_EW_EW_GR_13 (1) x
Show selected
E o selecte! E Save Load _standard ~| | Save as _M Help...
Searc Q
modify connection type
P Recent I

P Ungrouped items . _ -
B 1 Concrete Picture  Attributes General Analysis

» 1 Construction

» 1 General
P 1 Steel
e
P 2 Betonielementit FIN N
w 2 Liitokset FIN ! e
P Parveke-elementtien liitokset

} Runkoelementtien liitokset
w Seindelementtien liitokset
P lkkuna- ja ovilittymat

P Sisikucrielementtien liitokset

P Sokkelielementtien litokset

W SW-elementtien liitokset

PC_BE_EW_WE_O1

:: Component C1

First component distance from bottom

PC_CO_EW_EW_GR_O [T Gl [ B
2 Spacings of compenents

o

PC_CO_EW_EW_GR_O

3

oK Apply Modify Get F/C Cancel

Figure 47. Wall Connection list Figure 48. Wall connection dialog box
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For concrete beams and columns, the connection was added with a corbel connection.

The corbel connection (14) was used as shown in Figure 49.

& Telda Structures Corbel connection (14)

save Load | | standard ~| | saveas | | standard

Picture Parts _Reinforcing bar General Analysis

Help...

When beam sloped, adjust
e

20000

I =

[
= -J.v

I =

i 1 o]

2 Zlosmn -]
5 Zommn -]
+ Zogmn ]
5 Zlomn ]

oK Apply Modify Get F /T Cancel

Figure 49. Corbel Connection (14) dialog box

For the steel beams and columns, the connection was done with the weld. HEA 200

steel beam was connected to a square hollow section with the help of welding. Welding

was done by adding a plate on the square hollow section. Weld was created on Tekla

by choosing the weld option from the steel command box and created with a polygon

weld around the square hollow section.
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5.4.3 Footing and Column Connection
Footing and columns were connected by using a base plate (1042) component as

shown in Figure 50. Several parameters such as endplate size, plate thickness, bolt
size, anchor rod, etc. were defined from the base plate setting box. A detail design of

the base plate in Tekla is presented in Appendix 3.

Base plate (1042)

Figure 50. Base plate to connect steel column and concrete foundation in Tekla

5.5 Creating Drawings in Tekla Structures
Tekla Structures prepares both structural and workshop drawings which are used for

element manufacture, steel fabrication and construction work. Tekla drawings include
plenty of features that help us to create and manage the drawings. The drawings con-
tain three main types of element. They are drawing layout, drawing views and drawing
objects. Different types of drawings such as General arrangement drawings, cast unit
drawings, element drawings, single part drawings, assembly drawings etc. can be cre-
ated in Tekla. The cast unit drawings and element drawings are made for concrete
structure where as single part drawing, assembly drawings are made for steel struc-
ture. One example of creating the cast unit drawings in Tekla is explained in this thesis.
To create drawings, cast unit drawings of the structural column is presented in thesis.
First of all, column was selected from Tekla model. And then drawing was created by
clicking on ‘Drawings & reports>Create drawings>Cast unit drawing’ from the menu
bar. Similarly, cast unit drawings for walls, slabs, beams, foundations etc. can be cre-

ated. The cast unit drawing of reinforced concrete column is shown in Figure 51.
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Figure 51. Cast unit drawing of column in Tekla
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6 Conclusion

ArchiCAD, one of the most popular architectural modelling software in Finland has a
variety of tools and elements for modelling which makes this program more efficient
than AutoCAD. ArchiCAD provides the user to work with its tools and GDL object which
helps to make the architectural model in the program. On the other hand, Tekla is one
of the most popular structural modelling software in Finland. Tekla also has a huge
variety of tools and components for structural modelling. It creates the connection be-
tween the elements which make Tekla program more applicable than any other soft-
ware. Besides this, there are still several benefits of using the software. One of the
biggest benefits of using BIM software is to create a BIM model in the program. BIM
model is the shared information model which contains all the information and can link
with another program by compatible file format. In this thesis, the architectural model
was created in ArchiCAD and then the created ArchiCAD model was linked with Tekla
software by IFC. Another benefit of using BIM software is to have multiple users work-
ing on one central file which helps to minimise time and errors. The utilization of BIM
concept allows the engineering practices to share the project information among other

companies and project members, providing true collaboration.

Architectural Modelling is a basic part of design and it involves the generation of 3D
model, plan, elevation and section drawings. Architectural modelling can be used both
for visualization and construction purposes. Architectural modelling is the initial design
or modelling phase for any building projects. The architectural model should be taken
into account for structural stability and analysis. And the structural modelling can be

performed as per the design and calculations.

Structural modelling is a part of structural design. Therefore, structural modelling
should be considered the significant factor during the design phase since it is used for
the preparation of drawings, reports and structural documentation. In some cases,
there were no any exact structural calculations, so the reinforcement design for col-

umns, beams and pad footings were done without any calculated value.

Being able to spend so much time with ArchiCAD and Tekla Structures, resulted in
gaining a lot of experience in 3D-modelling of structures. Further research can be con-

ducted in the structural analysis of a single family house.
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Elevation Drawings
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Chimney
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ArchiCAD

Composition of load bearing exterior wall.
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Composition of interior non-load bearing wall for intermediate floor.
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Composition of half insulated wall (Gable wall) for the roof space
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v Contour / Solid Line
II

I+ Line Pen

Type 3

141
Reinforced Concrete - Struct... IZ‘.[- 115

Solid Line 141 [TH|
* %D Insulation - Mineral Hard v 131 IE' 60
v Contour / Solid Line 141 El
i
i
i
i
i
i
Total thickness: [mm] 175 Use With:
T G
| Cancel | I
Composition of Roof
B Composite Structures ? X

Roof Tiled

S B =

e

¥ Edit Skin and Line Structure

1‘ skin and Separator
— Contour f Hidden Line

I Line Pen

I

Twpe I

142
I. - Insulation - Mineral Soft |I||154 I

. D
[ =]

Insert Skin

Remave Skin

¥ ———— Hidden Line 142
* l:l Insulation - Plastic Hard ¥ 154 IEI 30
¥ ———— Hidden Line 2 [
s [ _]_]4irspace -Frame W o154 [ i@ 48
Solid Line 154 [
s [ ]Plaster - Gypsum W oiss [IWI] 13
Contour / Solid Line 156 [1H]|
Total thickness: [mm] 551

Uge With:

e | |

ok |




Ground Floor; Composition of basement floor for house.

Appendix 2

n Composite Structures

Insert Skin Remaove Skin

? x
b
H:D My floor slab
MNew. .. Rename... Delete...
 Edit Skin and Line Structure
1" Skin and Separator 141 Line Pen Type I ]
Contour ( Solid Line IEI
IIII1 0 D
Solid Line El
: l:":l Insulation - Mineral Hard Vo1 El B 200
v Solid Line S |
% l:l- Gravel v 1 El 300
2 Contour | Solid Line 1 El
Total thickness: [mm] 600 Use With:

Cancel

]

Ground Floor; Composition of basement floor for car garage.

n Composite Structures

Car Garage Floor

New... Duplicate. .. Rename...

Delete. .,

¥ Edit Skin and Line Structure

¥ Skin and Separator t4f Line Pen Type I

Contour / Solid Line 14 IEI
Illlm M b

Solid Line IE|

: DD Insuation - Mineral Hard v Il =
2 Contour | Solid Line 4 1l

Total thickness: [mm] 450

Insert Skin Remove Skin

Use With:

Gl v

Cancel
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Composition of intermediate floor.

Bl composite Structures ? X

[ e
|
oo

w Edit Skin and Line Structure

—~f Skin and Separator 41 Line Pen Type I
Contour [ Solid Line

Illlm |

@

g
B

¥ ———— Hidden Line 141 E
- l:l Insulation - Plastic Hard V¥ 154 El i 30
Solid Line 150 (1M
g Reinforced Concrete -Struct... ¥ 150 [I W] ili 175
' Contour / Solid Line 156 || M|
Total thickness: [mm] 275 Use With:

Insert Skin | | Remove Skin

N




Appendix 3
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Appendix 3
Tekla structure
Composition of intermediate floor in Tekla
) Floor Layout X
| Save | | Load | [INTERMEDIATE FLOOR | [ savens| | | [ Help
Layers Layer General Advanced Detaiing User defined
Layer name
Insulation
Dowens || tovne
- attion
Layer component ?
Component attributes standard
lz‘ Layer thickness or profile l:l
Part name SLAB
Class
Material =
Part prefix [ ] Strtno
Casturit prefix [ ] Start no
Ok || mesy || Medfy || G || F/T |
& Floor Layout *
[ save | | Load | [INTERMEDIATE FLOOR v| [ savess| | | [ Help
Layers Layer General Advanced Detaling User defined
 Cor —
S
- Fuion
Layer component 7
Component attributes standard
lz‘ Layer thickness or profile DI l:l
e
Class
Material EPS ]
- ] s
Cast unit prefix [ ] Sartno
OK | sy || Medty | G | R/




Appendix 3

2(9)
Floor Layout X
[ Save | | Load | [INTERMEDIATE FLOOR | [savens| | | [ Help
Layers Layer General Advanced Detaling User defined
7 Corr Loyerrame @
[ Insulation
VECITETINE Lovertie &
Create layer as E Beam parts e Rotation E
Layer component |7
Component attributes | |standard w
] Loy ikosss o g =
Part name [ |sLAR
Class B (210
Materil | [
Par e = e @
Costurit e = St “
OK | ey || Medty | G | F/I
Design of beam reinforcement in Tekla
Save 10ad | standard | [saveas | [BEAM REINFORCEMENT | heipe

Parameters Hooks  Stirup spacing  Advanced

Dia, of top bar

f Cover thickness

No of top bar

Cover thickness

—

No of tension bar

= Bl =] B

)’l

Lidn

=8|

Dia. of tension bar

Canced

Rebar grade  'anore cuts smasier than = | I
) Cover thickness in opening
g meal ) Minimal bar length ]

1%} . .

-_

28
1= 8| Up direction
& [ auto v
jJ=8[
I- Top bar placing .
ol = @l
J= j
|k B3 [#50omw ) Bottom bas placing
Rebargrade 2w -8 |




Appendix 3

Cover thickness

Cover thickness

Grade AsooHw |
Size [ I

Bending races 9600 |

[F509 ] Cover thickness
Cover thickness
SRR - Main bar attributes
| Same all sades v -
Gl — -

Grade ‘w Name | resaz
Stze 8 I Prefix (%] |
Bending radws | 9600 | Statnumber [ [1

F /T cancel

3(9)
& Telda Structures Beam reinforcement (63) e
| save || Load |[standard ~| | saveas | [ BEAM REINFORCEMENT | | Help.. |
Parameters Hooks Stirrup spacing  Advanced
Create stirrups
o rr—
B T ] 2 | 3 [ a4 [ s ||®L |
Main stirrups Ledge stirrups Upper ledge stirrups
[ [ same Both LedgesDefault) ~|
M x Space M x Space M x Space
- = R = = ) T -
we B[] B@e B[] B[] 20 2]
wes @] Bwe B[] B[ A0 2]
e ] =[] ML ] g | L] “[C ]
wes @] @] @] e o0 o[
Main stirrup spacing type @
Ledge Stirrup Spacing Type @
ok | | apply | [ Modiy | | et | [F /| | cancel
Design of column reinforcement in Tekla
& Teids Sroct ’ gular cok " @3 x
Save losd | Column Reinforcement v| | Sweas | | Column Reinforcement I Melp...
Mainbars Barends Sdebaes Stierups Intermediatelinks  Tep  Bettom
Grade (5 [ Asocerw | Grade [Asocesw
Size HAls = Stze 8 I
S — - ————t
Bending radws D_&:Op_) Bending radws 9600 |
E=1k
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& Tekla Structures Rectangular celumn reinforcement (83) X
| sae || Load ||Co|umn Reinforcement v| | saveas | ‘Co\umn Reinforcement | | Help.. |
Main bars Barends Sidebars Stirups Intermediatelinks Top  Bottom
1 e Create as one group 1| me ~
t % I Ignore cuts 1| mo -
1 \ Spacing EBars/laps Cover thickness
2 \@ 5000 | (|5 [ | 35.00
K [ 10000 | (1| 35.00
3 —— [ | 20000 | [ exact space, flexible at ends V| /| | [ | 35.00
/E 100,00 | [ | 35.00
4 /@ 5000 | (|5 1| 35.00
5
Stirrup attributes
Grade Size MName Class Prefix Start number
1 [] | AS00HW 1|8 [..| [ |sTRRUP [ 8 ™| [ |1
2 [ | AsooHwW |8 [..| [|sTRRUP (= [~ B |1
3 [ | AseoHwW |6 [.] [ |STIRRUP [ 13 ¥ BA |1
4[] | As00HW |6 [..] [ |STIRRUP B 6 ™| BA |1
5 [ [ AsooHw H(e I..| [[sTRRUP =B =) =K
ok | [ appy | [ medity | | et | (M /T | | cancel
Design of reinforcement bearing sandwich wall in Tekla
Wall Panel Reinforcement x
WALL REINFORCEMENT, ~| | Save As | [ WALL REINFORCEMENT
Picture  Reirforcement Opening Diagonals Column  Beam  Addiional  Attributes
Rebar count
] Cover thicknesses
C1:
M=

M oo |

Door minimal height Stimups settings

i (210000 ]

Create stirrups priority = | Vertical bars inside

Minimum edge length

2 [ ]

OK Apply

woaty || oa | m/r |
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‘Wall Panel Reinforcement *
[WALL REINFORCEMENT | | Save s | [WALL REINFORCEMENT |
Picture Reinforcement QOpening Diagonals Column Beam Addtional Attibutes
Mesh
oo S
e 2 =
Grade =)
Cosras @
Custom settings ~|  standard ~
Horizortal reinforcing bars ertical reinforcing bars
Lo 9 ] e 9 ] e He B oo ] <n
Size Ml [] &l JL0 =l ] = L] &8k ][]
Grade = = = =
Bending radius = ]
P— @ =
U Reinforcement
Top Bottom Start End
Size Bl L0 &= 5] 8 L] =8 | ]
Guate @ @ @
Bending radius ]
Hook length %]
Somcig @ 2
T | =7 0 = | 7 i
‘Wall Panel Reinforcement x
[Swve | [Lowd] [sandard «| [smess || | (e
Ficture Reinforcement  Opening  Diagonals Column Beam  Additional Attributes
Horizontal reinforcing bars
v
3 9 =]
e 2
v v Bending radius =
Anchering length |
Min opening size ~

Vertical reinforcing bars

Size

[

Grade
Bending radius

Ancharing length

0EERQ
%
il

Min opening size

U Reinforcement
Top Bottom Start

size = I = N AN I~ O [ B~ O
Grade % = & [asoorw | B [Asoorw |

Bending radis 5] % & %)

ook length 5 = 4 &

Spacing i i | 5]

ok || Ay || Medty || G || F/F |
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‘Wall Panel Reinforcement

[WALL REINFORCEMENT

| | Save As | [ WALL REINFORCEMENT

Ficture Reinforcement Opening Diagonals Column  Beam  Addtional  Attibutes

Create diagonals
Diagonals count
Size

Grade

Bending radius

[ s = = -
‘Wall Panel Reinforcement x
|WALL REINFORCEMENT ~| | Save As | [ WALL REINFORCEMENT
Picture Reinforcement Opening Diagonals Column  Beam  Addtional  Atributes

Stirrup type

Main reinforcing rebars

Size

Bending radius
Splice length

MNumber of middle bars

o —

Reinforcing stimups

e Size

Grade
Bending radius
Hook length

Stirrup spacing

Create columns

Minimum column height H
Maximum column width B
Column height offset L1
Column height offset L2

Apply

Modify H Get

|| msr |

YR EA

<

B EAA
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‘Wall Panel Reinforcement

[WALL REINFORCEMENT

~| | Save As | [WALL REINFORCEMENT

|

Picture Reinforcement Opening Diagonals Column Beam  Additional  Attibutes

Create beams

Maximum beam height Hmax ||
Minimum beam length Lmin =]
<L
Top
Size = [ |
Grade S
Bending radius ]
Splice length =
Bottom
Siee = B = =
Grade = =]
Bending radius =RES =]
=1 R
Stirrup type
) Stimup
( | I = E = =
Grade = =]
S— g 9
Hock length =) =]
Spacing [ 15000 1 (15000
oc | |[ v || @ |[F/T |
Design of Strip footing reinforcement in Tekla
& Tekla Structures Strip footing reinforcement (75) *
| Save | | Load | |standard V| | Save as | |standard | | Help.. |

Picture Main bars Stirrups  Attributes

Longitudinal
% %
[ [a—

e

_3 (s |

!
@[50

Transverse

1
!

(3500

M | [:

¥
@500 | !

-
23500

!

]
5500

ok || Apply | | Modiy | | Gt | [F /| | cancel




& Tella Structures Strip footing reinforcement (75) X
| save | | Load ||standard V‘ | saveas | |standard | | Help... |
Picture Main bars Stirrups  Attributes
Top bar Bottom bar Left bar Right bar

Grade [AsooHw | [AsooHw | [AsooHw | [Asoomw |

Size Bl ™ [z ] Bl ™ =

MNumber of bars |2 | |4 | |2 | |2 |

e L] L] L] L]

Bond length 1 M| | M| | M| | M| |

Bond length 2 | | | | | | | |

Creation method | Mumber of bars V|

ok || appy | [ modity | | Gt | [F /T | cancel

& Tekla Structures Strip footing reinforcement (75) s
| Save | | Load ||standard v|| Save as ||standard | | Help... ‘

Picture Main bars Stirrups  Attributes

Grade
Size

Spacing value

Spacing type

EBend type

Bending direction Top w

ok || appy | [ mediiy | | et | [F /T | | canc
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Design of slab reinforcement in Tekla

& Telda Structures Slab bars (18) X

Picture Bottom bars Top bars At

standard

Appendix 3
9(9)

Create bars 4 | Both sides v
Primary bar direction [ | Use slab y dir ~
p direction %

& Tekla Structures Slab bars (18)

[standara

standard

| [ Help... |

Picture Bottombars Top bars  Attributes

Grade:
Diameter of primary bars:
Spacing type

Spacing of primary bars:
Number of bars

Grade:
Diameter of secondary bars:
Spacing type

Spacing of secondary bars:
Number of bars

Cover thickness on sides:
Bar generation type
Crass bar location

Cut by father part cut

CHHEE CRREER

B IRRE

B500K

5

By exact spacings

150.00

B500K

B

By exact spacings

150.00

ok | [ apply | [ Modity | | et

[P /T | cancel

4 Tekla Structures Slab bars (18) x
[stangerd standard | [rep..
Picture Bottom bars Top bars

Grade: [ | BS00K.

Diameter of primary bars: M|s =

Spacing type [4 | By exact spacings ~

Spacing of primary bars: [ | 150.00

Humber of bars %

Grade: [ | BS0OK

Diameter of secondary bars: M5 |

Spacing type [A| By exact spacings ~

Spacing of secondary bars: 4 [ 150.00

Humber of bars %

Cover thickness on sides: [ | 3500

Bar generation type E4 | mesh v

Cross bar location [ | selow -

Cut by father part cut = ~

]

ok | [ appy | [ modify | | Get

/T [ canca




