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Construction design of Hotel with Spa using BIM technology Abstract

Abstract

Building information modeling, that means modeling information about buildings and
structures. The object model shows the physical and functional characteristics of the building.
Model consists of a three-dimensional elements such as beams, columns, walls of which are
assigned to them the parameters. Industry foundation classes is a text-format data. this format
is used to save files, which can be used in a variety of programs that support BIM.

BIM technology is a technology that gives out a lot of ability, introduces the civil engineering
to the another level of design, it allows to create more complex and modern buildings. Its
implementation to the company can be challenging, considering the fact of learning new
software by the employees, but also to change the style of working. However, the company
which do not decide for introduced the BIM in the future will not fulfill the required
standards.

In this work would be checked the possibility of using this technology in order to perform the
project of building a hotel with Spa, reinforced concrete structure. The work would be divided
into four stages. The first stage would be the possibility of sending a architecture model from
the ArchiCAD 19 program to the Revit 2015. The next step would be to separate the
structural model from the building model and correct the mistakes. Then perform calculations
using the Autodesk Robot Structural Analysis Professional 2015 and selecting the appropriate
reinforcement. The final step is to update the building model and create the drawing
documentation using the available in the program tools.

Keywords: BIM technology, the building model, Reinforced concrete structure, Hotel with
Spa
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Construction design of Hotel with Spa using BIM technology 1 INTRODUCTION

1 INTRODUCTION

The topic of this work is the implementation of gteuctural project for Hotel with Spa using

the BIM technology. Currently, design BIM technojog ever more frequent, in some

countries for projects relating to public buildindkis technology is required. It has many
advantages for all parties involved in the projéticase of the real design of building the best
solution would be to perform the various stagesth& project in collaboration between

architect, designer and installer. The work shouldd done on a model with the ability to

update it during operation. An important aspectaiggjood cooperation and appropriate
software. Several companies offer different kinghafgrams using BIM technology, that are
able to work together.

The purpose of the work is to familiarize the readgh this technology, its advantages and
difficulties they may encounter in the processnafuding it to the company and what kind of
errors can appear during the execution of the pro@ne of the goals of this work is to check
the programs offered by Autodesk and check how tbegperate between them. The
company has a number of programs designed to oatrall stages starting from architecture
model, visualization and cost estimation. The paiogg were selected from this company
because of the student versions available for free.

The work is based on the building model receivaamfrthe Cathedral of Architecture,
Technical University of Rzeszow and done in partadhesis by one of the student. This
model was made in the ArchiCAD program.

The first step would be to send the architecturedehaising the IFC format to another
program that is Revit 2015. In this program woutd deparated the structural model from
architecture, and if necessary would be done somamges and correcting errors. In this
program, it is also possible to perform installasio

The next stage of work would be sending the bujdmodel to the Autodesk Robot

Structural Analysis Professional 2015. In the pangmould be checked the analytical model
for the design building. They would be applied a#cessary load and made manually
combinations based on the Eurocodes. Then wouldydreerated mesh and performed
calculations. Then for each structural element Wdid set appropriate parameters for which
would be selected reinforcement. If necessary, dgioas of the elements would be changed.
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Construction design of Hotel with Spa using BIM technology 1 INTRODUCTION

The last step would be update the model in thé@tReogram, verification of the changes
and by using the tools available in the progranparation the drawing documentation.

Anita Gumiela 2
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2 BIM - software

2.1 Introduction

Nowadays construction project are more difficuld @omplex to manage.

Building Information Modelling (BIM) is a technolggand process, not only the software,
called n-D Modelling or Virtual Prototyping Techogly.

BIM not only use three-dimensional intelligent misdieut also making significant changes in

the workflow and project delivery processes. BIMresents a new paradigm within the

Architecture-Engineering-Construction (AEC), onattencourages integration of the roles of
all stakeholders on a project.

BIM supports the idea of Integrated Project Delw@PD) which is a new approach delivery

of the project of integrated people, systems, lmssinstructures and practices into a
collaborative process to reduce waste and optipe&érmance in all phases of the project
life cycle - programming, design, preconstructiconstruction and post-construction as show
Figure 1.
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Figure 1 BIM lifecycle
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5D BIM is understood as BIM that includes, in adufit to the 3D model, scheduling
information (the 4th D) and information for projestaluation model ( the 5th D).

The main difference between BIM technology and emtonal 3D CAD is that, the building
is describes of independent 3D views, such asa@egtplans. Changing one of the previews
will need to update and verify the other and tlais lead to many mistakes. Azhar (2012)
Furthermore, in case of 3D model elements are grdaphic elements such as line, arcs as
opposed to BIM, where the objects are defined #erdnt categories of building elements
and systems, such as beams, columns and wallgeR2gshows the difference in the design
process in the traditional way and in BIM techngloghich is the lack of cooperation and
separating from each stage of the design and datatien process.

‘BIM' Process
*Traditional’ Process ’ ]
LA re7 *
= =1 7, @
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E - [Prog Y,
o = ’:}t i . — L J_E:_ "
| Fri : Data, | * ; i
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{Design, Documents, DEta) Sharing & Data Use & Operation

Figure 2 Difference between 3D CAD and BIM

The main benefitsfor project designers of BIM:

- better design object associated with a more oigeranalyzes mode by the software
simulations and visualizations

- early inclusion in the planned building of itsnfilions in sustainable development in the
construction of the building, in order to environmted performance

- improved compatibility and accuracy in the projdy means of visual inspection and
analysis that leads to better performance docurtienta

- the possibility of early detection of collisionsashes, and designing evacuation plans

- faster and more accurate production of shoplmidation drawings

- creation based on the building model cost eséraatd schedule, the possibility of updating
at every stage of the work, to avoid costly errors

- early detection of various types of design ereord collisions in the building model

- construction planning and constructability asay

- offsite prefabrication and modularization

- site safety planning

- better communication with project owner, desigsebcontractors and workers on site

Anita Gumiela 4
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Barriersto BIM implementation

- one of the biggest challenges is to raise awaseneducation and qualifications of
employees

- another problem is the purchase of appropriatevace which is very expensive and for
small businesses difficult to execute

- the problem may be the lack of knowledge of h@stlio organize a team to take advantage
of BIM

- different software used by the individual pagamts of the project and the problems related
to the transmission of data between them

- the problem may also be a reluctance to co-ojperdietween the project participants,
different objectives and incurring their sharedpssibility

The advances in smart phone and tablets technoluye allowed contractors and
subcontractors to frequently use BIM models at jttesite for information extraction and
coordination. Some of the notable BIM apps inclBil X ®, Bentley Navigatd?, Buzzsaw,
etc. Recently the AutodeS8khas started a Cloud-based service, The Autode8R, 3¢hich
allows users to share BIM models in a web environment and perform various tasks in
the field such as walk-through, clash detection and preparing digital RFIs.

2.21FC

Industry Foundation Classes (IFC) is a data forthat became the main standard for data
exchange. IFC is non-for-profit which is neutrabguct model for openBIM, used for the
building lifecycle and available to all intereststakeholders. It was developed by the
buildingSMART in order to facilitate cooperation time building industry. The main benefits
of BIM are possible through sharing information vibeén organizations, IT systems,
databases and departments. The users of IFC stiddamot need a specific file format or
extra product to be able to work on different saiitev The IFC gives the ability to exchange
information about building between CAD tools. THeCl export is include in some BIM
software, or available as separate modules.

Figure 3 Shows what stages of the design proceslsl @ connected with thanks to IFC
format.
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Code checking |
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Figure 3 FC connection to different analysis

The architecture base which is a Hotel with Spa enafl concrete from Architecture
department show Figure 4.
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Figure 4 Architectural basein ArchiCAD

To be able to create a structural part of the ImgldUsing IFC format, It is necessary to open
model from ArchiCad in Revit. To make the IFC fatthe project is save us. In window the
options are change to export the entire projeandsrd translator and IFC2x3 type as show
Figure 5.
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2 BIM - software
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Figure 5 Creating | FC format

This makes it possible to open architectural desiganother program and continue working
on it. This allows to save time and avoid erroet tould arise from manual redraw elements.
The process of exporting the model to the IFCdilews Figure 6.
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Figure 6 Export IFC format
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2.3 Programs
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Figure 7 Programs

There is many different programs depending on \ahed it is necessary to work. Thanks IFC
format there is a possibility to work on progranis@ious companies.
The main task in building model and programs fait:thzhar (2011)

Architectural model - ArchiCad and Revit allow tiesign the space model. The
architect does not have to draw individual linesert immediately ready elements
such as walls or windows, which are already assigadheir features. Creating a 3D
model also facilitates co-operation with people vdaonot have knowledge of design,
for example investor or prospective customer.

Structural model - Robot or Tekla permit based aarchitectural model to create a
structural model. Based on the model are varioad &pplied depending on the use of
object and its location. Then the calculated irdaéiforces in elements and matched
their cross-sections. Referring to my project, dhgect is located in Rzeszéw and is
intended for the hotel with reinforced concrete.

MEP model - Revit allows to design a ventilatiosteyn in the building and how best
to lead them. This ensures to avoid collision witluctural elements.

Visualization - to create 3D renderings can be us@thiCAD or Revit, which allows
us to see how the object will look like in realiiy,it fits to the environment. The
investor can see the finished building before wmelgins on the site and, if necessary,
make changes in the project in order to avoid ledstly fixes.

Fabrication/shop drawings - it is easy to geneshtyp drawings for various buildings
systems using for example Tekla BIM or Allplan. Tdés no need to create additional
separate drawings, data object are sent to theceteverforming prefabricated

Anita Gumiela 8
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elements which provides more accurate their pedoca. In case of any corrections
automatically updates the model.

* Code reviews -a process where software check thieliiy model against any
mistakes. It can be used by fire departments ahnelr aifficials to review of building
projects.

» Cost estimating - BIM allows for quick and efficteareation of the project cost
estimate and bill of materials that are neededcdse of any updates, changes are
applied automatically saving time on manual coroast ZuziaBIM or Navisworks
software may be used for this type of activity.

» Construction sequencing - Scheduling is an imponpant of every project. It allows
to plan of each delivery of materials to the camstion site and individual work. This
allows for earlier submission of orders and executiof prefabricated elements, so
that materials may in time arrive on site and agoid delays. To create timetable we
can use the same programs as the cost estimatis allows for distribution of the
total investment cost during the period.

» Conflict, interference and collision detection 4ldung models in Tekla are created in
scale in 3D space, all the individual components e tested due to their
interference. This ensures a better managemeriteo$pace and ability to choose a
more economical solution.

« Forensic analysis - based on a building informatimdel can be in the design stage
analyze the possible failures and leaks. Designeatcordance to current applicable
standards fire zone and emergency exits.

* Facilities management - Programs such as Archi@lad/sfor space planning. We
can also perform renovations and maintenance operat

Anita Gumiela 9
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3 Pre-design

3.1 The geometry of the building

Overall description

The subject of my master thesis is the architectoradel made available by Patrycja

Matysik. The object of my work is a hotel with SR#cated in Rzeszow, Poland. The hotel

has a diverse arrangement of functional and spdila facility includes guest rooms and

common part, the environment is also intended $a, there is a small swimming pool and a
place to rest. The architectural form of the buigdis modern and adapted to the environment.
The hotel has various heights. The design of thkelibg consists of two parts, one is a two-

storey, the second is a five storey, L-shaped aodpen courtyards.

In the project included parking places also forallled people and underground car park
which is located directly under the building. Theifity includes shafts communication.
The entire building is designed with constructifigeanforced concrete.

Walls

In the garage are reinforced walls 36cm thick.hi@ test of building outer walls are made of
ceramic blocks having a thickness of 25cm and aralrwool thickness of 10cm. Part of the
facade is made of frameless glass facades attdohtée aluminum profile and architectural
concrete panels with a thickness of 5cm. In théding there are three types of internal walls.
Made of ceramic blocks 20cm thick, drywall filledtlw mineral wool 20cm thick and glass
walls.

Structures

The remainder of the building is in constructiorpokt and slab, where the column spacing is
8,30m. The columns are of size 40x40cm, have aso ladded by me in the area of the holes
on the vertical communication beams of size 50x4@cwh a ceiling thickness of 30cm. The
whole structures is made of reinforced concrete.

Swimming pool
The building has a swimming pool whose walls aralenaf waterproof concrete with an
appropriate arrangement of layers, according tausieel technology with a thickness of 30cm.

Anita Gumiela 10
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3.2 Creating IFC file

The first step is to prepare the Architecture madekived from architect. The figure 8 shows
the model before making any changes opened in 8exhil9. For better visibility and faster
work some elements which are not necessary intatalomodel are hidden, such elements
like a furnishing inside the building, garden fuune, lamps and landscape. Then the building
model in ArchiCad is save us as IFC file, whicloa# to transfer the model to another
program.

R — T
Figure 8 Architecture model in ArchiCad

3.3 The building model in Revit and link between Re  vit files

The next step is to open an IFC file in anothegpam. In this thesis it would be Revit 2015.
This program allows for the preparation of the giehl model, improving all kinds of errors
and send the model to another program to perfotauledions.

The program includes tools that allow collaborati@tween the designer and architect, which
Is an important aspect of working in BIM technolodfyenables easier collaboration and the
ability to work on one model. Also the way in white model is presented is much more
transparent and easier to understand, even foe thhe have no knowledge of design.

The IFC file can be open in Revit program by clickilmproved IFC Import - ArchiCad
Connection on the Add-Ins ribbon as show Figurel®en in the new window, select a
previously saved IFC file and open it.

5] 8 W& %

Zrmien Improved Expork to Help Glue  Clash  Equipment
IFC Import ArchiCah Pinpoint Properties

Wivhigrz = ArchiCAD Connection BIM 360
Figure 9 Integration with ArchiCAD
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The whole building model from ArchiCad is in thisogram, because of not having the
library of element from the Architect some elemethdsnot have the appropriate properties.
The program sees some objects as elements bueadttiheir properties. Clicking on the

column receive information about its dimensiond #re material from which it is made, but
it is not possible to change the properties. Als® ariginal file in too big and complicated.

Working on Architecture model in weak efficiencyadmputer is too difficult.

To accelerate the work was created the link betvierit files, Architectural and Structural
Model. This allows to monitor the elements in bbkls. When it is created a new Structural
Model, it is possible to copy only elements whiemrg load, like floors, walls and columns.
The copy elements can be the same in both filegearan in options change them. Designing
new elements will be monitor with elements in Atebture model. The monitoring elements
help in better cooperation between architect amstcoctor. If one of them change something
in the model, we will get information about thdtid possible to ignore that message, follow
the changes or create the comment.

To create the link it is necessary to open a newcgtral Template in Revit program as show
Figure 10.

Plik: szablonu

|Sza|::u|on konstrukcyjny v|| Przealgdaj... ]

twearz nowy

(@) Projekt (7 Szablon projektu

J | Ay

Figure 10 New project

Then open insert ribbon to create link with Reuvit.
[EHG-a-d-2-J0A @-9F oi-=1

) B8 DAY @ th

[
| Zmien Potaczenie Polaczenie Polaczenie Znacznik  Graffiti Chrmura Zarzadzanie
i
1

Revit IFC CAD DWF 7 punktéw  faczami
Wybierz - Potaczenie

Figure 11 Revit link
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Select the Architecture model in Revit and chathgePositioning to Auto - Center to Center
as shown below. This means that a included filsyatdes with the center of the new project.

Farwa pliait | Fraca maQmtersks Anits Gumels -|

Pl typus | Pl RYT (®rvit) -

Fodorerie: I_F.J:nmal'f:rce - {emsinum do cendnam - » Ares

Figure 120ptionsof link

Creating links helps with faster working. The stfethe file is much more smaller than the
original one.

As shown in Figure 13 Architectural model was tfaned in full, all the most important
elements that are needed for further work can lea $e the link. Therefore it would be
possible for them to copy. Elements such as the, #éine furniture is hidden because they are
not necessary.

Figure 13 Link the Architecture model in Revit

Directly after create link model from Revit, notl @lements are visible, because some
elements are hidden in settings. To be able téhss®, select elevation East.

Next step is to select collaborate ribbon, theny@dpnitor and select the architecture link,
that would be a blue frame around the building rhode

In options it is possible to change the properniethe elements, add some prefix or suffix to
Name of Levels, Grids. For the columns it is sielédo copy the original type. For the floors
there is selected a new type of the floor, madedmgcrete of 30cm thick. It is change because
in original model omitted the different layers thie floor like mineral wool which is not
necessary in structural model.
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The first step is to copy elements like levelsggtio create all floor plans for the model, after
creating levels View ribbon, Plan Views and FlotarPand select all new levels. Same floor
plans are already in the Reuvit file. For this levielis necessary to change the height and then
create monitor between new floor plans and withhkecture model.

Now using that model it is possible to copy eleraewhich are necessary to create the
structural model. In options It is selected for @lumns the size 40x40cm and made from
reinforced concrete. The elements will be monitorbioth filers. If something become
changed in one model, we will get the informatioranother one, what was changed. It could
be accept that changes or ignore. The designecreate a note for another users about the
changes. That helps for better cooperation anddawistakes in the future. For all slabs It is
chosen thickness of 30cm,the original one have 4bwluding all layer, It is select only
concrete. After creating all elements in optiorigked that the elements are structural to be
able to send the model to Autodesk Robot Structmnalysis Professional.

Because of change the thickness which is differsoime of elements are not connected.
Using Revit tools the columns are attach to ther8o With any changes with Monitor
elements, there is the note about it. Shown in réigl4 the Warning informs us about
changing the length of the columns or about chantiie thickness of the structural elements.

Ostrzezenie

Alarm maonitora koordynacii ¢ Zmieniona grubosc warsbey nosnej Sciany

ﬂ-m++|i

Figure 14 Note about any changes

To facilitate the work on the new model, if necegsd is possible to turn off the visibility of
the link, by selecting the View ribbon. Next Vidity/Graphics, to change the view select the
Reuvit Links ribbon and turn off the visibility.

As shown in Figure 15 The copy model from Architees some errors like lack of some
columns, not the exact line of slabs. Some elemamatsot connected. Next step is to correct
all that mistakes.
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Figure 15 Structural model before correcting errors

Columns that were outside the building have bed¢enebed to the same depth as the columns
in the garage due to the zone of frozen soil.

For each of the columns has been added foundatidm®nsion 30x80x80cm. Next all of
them are monitor with foundation from architectoredel.

Under the walls which are located in garage werdeddcombined footing of dimension
90x30cm and monitor the same way like the founddioo columns.

They have been added an additional beams aroundhdles for the stairs in order to
strengthen the structure. These elements also dqeosupport later under the walls and
support under the stairs.

In the original model some walls are made fromKkwiglass or drywalls. In new model that
elements have been omitted, because they arerpgyimi@signed to separate the rooms. They
do not represent structural elements and do noy tzads.

The Figure 16 shows the building model made inRkeit program after all the changes. As
mentioned above was changed line for some of floadsled additional structural elements
and changes the dimensions of some elements.
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Figure 16 Structural model after changes

After the correction of the structural model ifpgssible to verify the analytical model of the
building. To incorporate the analytical model, klithe icon located on the bottom bar
settings. As shown the Figure 14 the model is patect, some of the elements like columns
and walls must be extended. This can be done byemtimg corresponding points at the tips

of the an analytic model by selecting Analyze ribbpoext Analytical Adjust. After clicking
that we receive the model on which it is able t&kenehanges.

i - 5j L0

Figure 17 Analytical model

After correcting any errors in the model and chickhe next step is to create a integration
between Revit 2015 and Autodesk Robot Structuradlysis Professional 2015. To create
connection the building model is first sent to ihermediate file (.smxx). In Autodesk Robot
Structural Analysis Professional 2015 it is openesv project - Building Design. To create
integration in Robot using that file in this vensiof the program it is necessary to select Add-
Ins ribbon, next Integration and Autodesk ReviuSture. In new window select Send to the
intermediate file (.smxx) and select previous fN#hile direct sending model from Revit
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program to Robot program appears error. After teatwon of the connection between the two
programs it is possible to transfer the buildingdeldo perform calculations.

Figure 18 shows the building model after sendingelements which were in Revit program

selected as a structural elements are in AutodeslotRStructural Analysis Professional. The
ability to sent a model from one program to anotikaws for faster project execution. This

also allows to avoid unnecessary errors and betigperation.

Figure 18 Structural model in Robot

Before executing the next steps it is importanwvéoify that all components are property
connected. As shown at the Figure 19 some of #&maehts are not connected, the foundation
is not under all walls. Should be attached the aadl columns to floor.

Figure 19 The mistakesin building model
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An important aspect is to check connections betwie elements. The Revit program
automatically between all the elements create pirsennection as shown in Figure 20. In
this building model the releases have been betwsdomns and beams, rest of the
connections is rigid connection. In the case affeeted concrete structure the best solution
to chose is to make rigid connection for all eletaen

4
o
<4 | g

Figure 20 Releases

Due to the fact that main task of the outdoor wiall® protect the space from external factors
that to carry the load, they are replaced by d¢tagid The main task is to transfer loads from
the wind. As shown at Figure 21 claddings are xac#y located in the same places as the
walls. Balconies were omitted in order to simptifye body of the building and for easier load
distribution from the wind. Also, the main aim dfig work is to show the possibility of
cooperation between programs.

Figure 21Cladding

In the case of the cladding, it is possible to &ellee direction of the load distribution, it is
possible distribution bi-directional, one directwmor y. Due to the different column grid, was
adapted distribution in one direction. The loadpsead on the ceilings of each floor. During
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the creation the claddings, check the local systemthese elements, because it can be
different and, if necessary, change the weightidigtion to a different direction as show in
Figure 22.

Figure 22 Load distribution

3.4 Apply case of loads

The next step is applying the various of the loddctv will be executed calculations. In the
case of the designed building will be four diffearetypes of load. Dead weight is
automatically generated from the program and ta@unt the weight of the structural
elements. It is also important take into accoustweight of its own layers of finishes and
walls us the non-structural nature. Because ofhié&ing which is Hotel with Spa, it is
necessary to add live load having regard to thiergift purpose of the rooms, values should
be adopted based on norms. For the building shtaidlel into account the external load. The
value of the load depends on the location and dsoenAs shown at Figure 23 all loads are
automatically generated in Reuvit, it is possibleckange them, add extra or delete some of
them. In case of Hotel with Spa all of them aré¢ necessary, they will be removed.
Applying an appropriate load is an important stapthe design. On the basis of these
calculations they will be made and selected the@pjpate structural elements. In case of
wrong calculation when in use may cause damagen@ ®lements.

1. DL SIND &
DL
LY
WIND1
- SNW
LA

| ACCY
 TEMP1
. SE|51

00 ] O O e D P —

Simple Cazes

Figure 23 All loads from Revit
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34.1DLl1and DL2

The firth one is self-weight DL1 which includes vaatructures, columns, beams and walls,

in addition to this case, is attach the load frbmlayers of finish coating thickness.

Values were calculated on the basis of Annex A frmrm PN-EN 1991-1-1:2002 and Polish

norm PN-82/B-02000.

The building has various types of ceilings.

* Table 1 shows calculation for two floors in highgart of the building. Contains

written out individual layers, their thickness amdight. Calculated value is applied to
the floor in Robot.

Table 1 List of theloads on floor 1

Layers Thickness Volume weight Surface weight
- [m] [kN/m?] [kN/m?]
1 Flooring 0,05 21,0 1,05
2 Board of the screed 0,05 21,0 1,05
3 PE foil 0,005 - -
4 Gypsum board 0,025 12,0 0,30
5 Drywalls 0,02 7,9 0,158
Ok—= 2,56

e Table 2 shows calculation for ceiling in part dexbto the Spa and common rooms.
Table 2 List of theloads on floor O

Layers Thickness Volume weight Surface weight
- [m] [kN/m?] [kN/m?]
1 Flooring 0,05 21,0 1,05
2 Board of the screed 0,05 21,0 1,05
3 PE foil 0,005 - -
4 Gypsum board 0,025 12,0 0,30
5 Suspending ceiling 0,35 0,15 0,05
6 Mineral wool 0,10 2,0 0,20
7 Drywalls 0,02 7,9 0,16
Ok = 2,81

» Table 3 shows calculation for floor in the garage.
Table 3 List of theloadsfor garage

—

Layers Thickness Volume weight Surface weigh

- [m] [kN/m] [kN/m?]
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1 Concrete screed 0,05 24 1,20
2 Separating layer 0,005 - -
3 Isolation 0,03 1,3 0,04
4 Vapor barrier PVC 0,01 - -
5 Separating layer 0,005 - -
6 Isolation XPS 0,05 0,5 0,03
7 Drainage of gravel 0,1 16,0 1,30
8 | The protective membrane 0,005 - -
Ok = 2,86
» Table 4 shows calculation for the roof.
Table4 List of theloadsfor roof
Layers Thickness Volume weight Surface weight
- [m] [kN/m?] [kN/m?]
1 2x tar roofing 0,01 11 0,11
2 Isolation XPS 0,07 - -
3 Vapor barrier PVC 0,005 - -
4 Concrete screed 0,05 24 1,20
5 Drywalls 0,015 7,9 0,12
o=1,43

* Due to the fact that in the building model therstaire omitted, they will be replaced
with linear load. The building has four differenté of the stair. It will be calculated
all their weight.

Figure 24 shows the stairs located in the highdrgfahe building. The stairs are located on
all floors and will be replaced with linear loadpéipd at the point of attachment.

Figure 24 Calculated stairsnr 1
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The number of steps - 29
h = 30 cm - height of the stairs
s = 30 cm - width of the stairs
The number of landing - 2
a = 130 cm - length
b = 160 cm - width
Load from the stairs made of concrete
kN
Ik = 25?
- weight of concrete
_0,3*0,3*25*29+1,6*0,3*25*2
k— 2
- linear load applied along the length of 1,3mboth storey
Figure 25 shows the stairs located in the highdrgfahe building. The stairs are located on
all floors and will be replaced with linear loadpdipd at the point of attachment.

= 44,63kN/m

|
. | _l_,ﬁ .
Figure 25 Calculated stairsnr 2

The number of steps - 20
h = 17 cm - height of the stairs
s = 26 ¢cm - width of the stairs

taa =~ = 0,654
9E =56~ "

a = 33,179

cosa = 0,837

The number of landing - 1
a = 290 cm - length
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b = 160 cm - width
¢ = 20 cm - thickness
Load from the stairs made of concrete
kN
Ik = ZSW
- weight of concrete ( the weight of the stair tiedlight of stairs, landing)
_0,17%0,26 x20/2+2%0,2%25/0,837 + 0,2 * 1,6 * 25
e 2
- linear load applied along the length of 1,4mboth storey
Figure 26 shows the stairs located in the lower glathe building. The stairs are located on
all floors and will be replaced with linear loadpdipd at the point of attachment.

A e 55

I -

(PSP RrEs

= 10,19 kN/m

i

| ]

| =

‘///

= § = . %

Figure 26 Calculated stairsnr 3

The number of steps - 27
h = 16 cm - height of the stairs
s = 30 c¢m - width of the stairs

tga =0~ 0533
9 =30~ "

a = 28,07

cosa = (0,882

The number of landing - 2

a = 160 cm - length

b = 150 cm - width

¢ = 20 cm - thickness

Load from the stairs made of concrete

kN
gk = 25$

- weight of concrete ( the weight of the stair tiedlight of stairs, landing)
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0,16 * 0,30 x 27/2 + 3 % 0,2 * 25/0,882 + 2 % 0,2 * 1,6 * 25
k =
2
- linear load applied along the length of 1,5mboth storey
Figure 27 shows the stairs located in the lowet plathe building. The stairs are located on
all floors and will be replaced with linear loadpéipd at the point of attachment.

= 16,82 kN/m

i

|
|

| —

Figure 27 Calculated stair nr 4

The number of steps - 26
h = 17 cm - height of the stairs
s = 26 cm - width of the stairs

taa =~ = 0,654
9E =56~ "

a = 33,179
cosa = 0,837
The number of landing - 2
a = 120 cm - length
b = 120 cm - width
¢ = 20 cm - thickness
Load from the stairs made of concrete
kN

Ik = ZSF

- weight of concrete ( the weight of the stair tiedlight of stairs, landing)
0,16 *0,30%27/2+3%0,2%25/0,837+0,2*1,2%25

Gy = > = 15,25 kN /m

- linear load applied along the length of 1,2mboth storey
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342LL1

The next case of load is operational load. Theevalithe load is taken on the basis of the
norm PN-EN1991-1. In the building | have to diffiereategories. For the bedroom at the
hotel category A, for another rooms C3. (Tableaghd 6.2)

For the garage | have category F. ( Table 6.7 a8)d 6

For the loads | add the weight of the partitionls/a 1,2%

kN kN kN
Ir1 = ZW-I_ 1,2W = B'ZW — Category A — load for floor

N
Irk2 = ZW — Category A — load for stairs

The value of live load acting on the stairs is anted to a linear load and applied at the
connection between the stairs and the floor.

kN
Jrz = Z'SW - Category A — load for balcony

kN kN kN
Ira = 5W+ 1'2W = 6,2W — Category C3

kN
Ixs = Z’SW - Category F

3.4.3WIND1

The next load is the external load from wind. Thegpam Autodesk Robot Structural
Analysis Professional 2015 gives the ability to eyate automatic load from the wind. As
show the Figure 28 to generate the wind, selecLtiagls ribbon, next Wind loads simulation
and Generate wind loads. In the case of manuallegicns had to divide the building into
two separate and for them to perform the load ftbenwind. Ability to perform simulation

in program makes the work easier and gives themppity to see the visualization of the
load.
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Loads ' Analysis  Results  Design  Tools  Add-Ins  “Window  Help  Commun
=

Load T - 2@ |
e H B QAR E Y R 2!
8 | oad Definition. .. >
! Manual Combinations ... \oh IS:WIND'I ﬂ

! Aukomatic Combinations. ..

Load Table
Combination Table
Mass Table

Lot Select Cases. .,
é;-’ Select Case Component. ..
7 Select Modes. ..

Select Result Type 4

Wind & Snow L4

Wind loads simulation :'.:;,- Generate wind loads. ..

B Simulakion CFC
1

Figure 28 Generatewind loads

Special Loads 4

To generate the wind load it is necessary to caledl the value of wind velocity based on
norm PN-EN 1991-1-4. In Poland is three wind zond aformation about the values are
given in the National Annex.

Location of the building: Rzeszéw 1 wind load zone

Height above sea level for the Rzeszow: A = 20&)7/5.p.m. < 300 m n.p.m.

Tablica NB.1. Wartosci strefowe podstawowej wartosci bazowej predkosci i cisnienia predkosci wiatru;
a — wysokos$é nad poziomem morza, m

Strefa Vi, Voo, M/S Go,0 o0, KNIM*
m/s i KN/m?
as a>300m as a>300m
300 m 300 m
1 22 | 22:1+0.0006 (a-300)] | 0,30 0,30 - [1 +0,0006(a — 300)J
2 26 26 0,42 0,42
3 22 | 221+0.0006 (a-300)] | 0,30 | 030-[1+0,0006(a—300) - 20000-a
20000+ a

Figure 29 Value of wind velocity

Alluding to table NB.1. from the norm:

Vpo=22 ml/s,

As shown Figure 30 it is selected four differerdecaf wind load, due to lack of symmetry in
the object and different heights, in order to fthd most disadvantageous. Due to the fact that
the garage is located below ground level and isdue affect them loads of wind the terrain
level is changed for 0 m. Then the next step {wéss Start.
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JRI=IEY
Genera | wind Profie |
—Wind direction
I -
A [ ey
444
- -
[ - -
’ ~ - g
L1
Ry ™ vt
v 7+

—ind parameters

& wind velocity: I s (m/s)

" wind pressure: 0.24 (kPa)

Terrain level: I o ()

= ind expasure
Elements: I 10251 394 all |

v ©penings in panels closed for the wind Flow

r—Loads generation

& Bukomatic
Generate lnads when loads

deviation factar [dev] is less than: 050 e
" Manual
Start | Close | Help |

Figure 30 Wind simulation
Figure 31 shows the visualization of the wind ire alirection. By colours there are identified
different values of wind. The walls of the garage ia white colour because they have been
omitted for these load.

Figure 31 Visualization of wind
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As show Figure 32 as a result of simulation reedour additional cases of load. The loads
are applied in accordance with the global systamfulter actions have to be taken into
account that at a time can affect the wind in anection.

Autodesk Robot Struckural Analysis Professio

:] Wind Simulation completed.

Generated load cases:

9 : Wind Simulation X+ 22 my's

10 : Wind Simulation Y+ 22 myj's
11 : Wind Simulation - 22 m)'s
12 : wind Simulation - 22 mj's

Ik

Figure 32 Information of comleted the simulation

344 SNOW1

The last load is a load of snow applied to the miothe building. Its value depends on the
location. As show Figure 27 Poland has five zorfeshow loads, depending on the height of
the place above sea level.

Based on norm PN-EN 1991-1-3

Tablica NB.1 — Wartosci charakterystyczne obcigZzenia $niegiem gruntu w Polsce

Strefa Sk, KN/m?®
1 0,0074 - 14, s, = 0,70
2 0.9
3 0,006A — 0,6; §,212
4 1,6
5 0,93exp(0,00134A4), 5,220
UWAGA: A = Wysokosé nad poziomem morza (m)

Figure 33 Valueof snow load

* Roof snow load for the design situation of permamenl transient
S =Hi CeCersi
» Coefficient the shape of the roof - flat roof
pi =08
* Characteristic value of snow load on the ground
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s = 0,0064 — 0,6;
Sk = 1,2 kN/m?
A =206,75 mn.p.m
sk = 0,006+ 206,75 — 0,6 = 0,641 kN/m? < 1,2 kN /m?
Accepted
sk = 1,2 kN/m?
* Expose index
C. = 1,0 - for normal terrain
* Thermal coefficient
C, =10
s=08-10-10-1,2= 0,96 kN/m?
The value applied evenly to the roofi®6 kN /m?.
After the application of all loads and generatezlltad of wind as shown Figure 34, there is
eight case of load with different nature.

Il Load Types =10 x|
—Case description
Mumber: I 1 Label: DLl
Mature: Idead Vl Subnature: IStructuraI 'l
Iame: | DL1
Add Modfy |
r—List of defined cases:
Mo, | Case name | Mature | =1
DL1 Structural St
2 LL1 live: St
3 oLz Mor-struckural St
4 MW SN0 St
El wind Simulation X+ 22 m)'s wind St
10 wind Simulation ¥+ 22 mfs wind St
11 ‘Wind Simulation ¥- 22 m/fs wind St
12 wind Simulation - 22 m/fs wind St
| | i
Delete I Delete &l |
Close I Help |

Figure 34 All cases of loads

3.5 Generation of calculation model

The last stage before the calculation is a meskrgéon. It was selected automatic selection
of a meshing method as show Figure 35. Selectiappfopriate methods and density of the
mesh has an influence on later received resultgta@idaccuracy.
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Meshing methods |

 Available meshing methods

" Simple mesh generation (Coons)
" Complex mesh generation (Delaunay)

* Automatic selection of a meshing method

Mesh generation

% Aukomatic  User
" Element size
Division 1 : Division 2
B o

IMesty of wolumetric elements
1

|

Fine COarse

™| sdditional meshing of solid surfiace

Advanced options |

QK I Cancel | Help |

Figure 35 Options of Meshing

As show Figure 36 for the cladding is not generatexh due to the fact that they are not
structural elements.

Figure 36 The building model with the mesh
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3.6 Combinations

For calculating the design should be taken intooact the ultimate limit state SGN and
serviceability limit state SGU based on norm PN-E390.

Ultimate limit state concerns the safety of thegle@nd structures.

Serviceability limit state applies the functionustiure or structural element under normal
conditions of use, comfort of building occupantsd appearance.

In the case of performing calculations in the AwskilRobot Structural Analysis Professional
can be made Manual Combinations and Automatic Coations. In case of Manual
Combinations it is necessary to create all comnat by oneself with regard to the
equivalent coefficients.

In Automatic Combinations there is the possibibfyfull automatic combinations, simplified
automatic combinations and manual combinations. r&/hepould be selected different
calculated cases, groups and creating relationgcieet them.

In the case of the Hotel with Spa will be done namombinations.

3.6.1 SGN

Based on the Table 5, the value of the coefficiafitthe increasing will be taken account
including whether the load is favorable or unfawbea The coefficients also depends on
whether the load is constant or variable.

Table 6 shows the value of the reducing factor depe on the load case and if it is the
ultimate limit state or serviceability limit state.

Table 5 The design value of impacts
Tablica A1.2(A) - Wartosci obliczeniowe oddziatlywan (EQU) (zestaw A)

Trwate Oddziatywania state Wiodace Towarzyszace oddzialywania
i przejsciowe oddzialywanie zmienne
sytuacia zmianna (*
ublizzan?owe nigkorzystne korzystne ! £ glwne pozostate
(jezeli takie
wystepuja)
{(Wzér 6.10) Yescup G Fogine Gesint 11 1 W Ok

(*) Oddzialywaniami zmiennymi sa te, ktbre uwzgledniono w tablicy A1.1

UWAGA 1 Wartosci y moga by¢ podane w zalgczniku krajowym.
Wartogci zalecane podano poniZzaj:

Mg = 1,10

Yaiint = 0,90

¥ = 1,50 jezeli niekorzystne (0 jezeli korzystne)

i = 1,50 jezeli niekorzystne (0 jezeli korzystne)

UWAGA 2 W przypadku, kiedy sprawdzenie rownowagi statycznej uwzglednia takze nosnosc elementow konstrukcji,
moina — jeleli pozwala na to zalacznik krajowy — zamiast dwukrolnego sprawdzenia korzystajac z tablicy A1.2{A)
i A1.2(B) — dokonac sprawdzenia jednokrotnego, posiugujac sig tablica A1.2(A) z podanym nizej zestawem wartosci
zalecanych.

Toiap = 1,35

Yo int = 1,15

301 = 1,60 jezeli niekorzystne (0 je2eli korzystne)

1 = 1,50 jezeli niekorzystne (0 jezeli korzystne)

Wartosci zalecane moga byt zmienione w zalgczniku krajowym pod warunkiem, e przyjmujge jejm = 1,00 tak dia
korzystnej jak i niekorzystne] czesci oddzialywar stalych, nie otrzymuje sie mniej niekorzystnego efektu.
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Table 6 The value of the coefficients
Tablica A 1.1 — Zalecane wartosci wspoétczynnikéw y dla budynkow

Oddziatywania Wy ¥ Yo

ObcigZenie zmienne w budynkach, kategoria (patrz EN 1991-1-1)
Kategoria A: powierzchnie mieszkalne 0.7 05 0,3
Kategoria B: powierzchnie biurowe 0.7 0.5 0.3
Kategoria C: miejeca zebran 0,7 0.7 0.6
Kategoria D: powierzehnie handlowe 0.7 0,7 0,6
Kategoria E: powierzchnie magazynowe 1,0 0.9 0.8
Kategoria F: powierzchnie ruchu pojazdéw

pojazdy = 30 kN 0.7 a7 0,6
Kategoria G: powierzchnie ruchu pojazdéw

30 kN < cigzar pojazdu < 160 kN 0.7 0.5 0.3
Kategoria H: dachy 0 0 0,0
ObecigZenie budynkdw Sniegiem (patrz EN 1991-1-3)
Finlandia, Islandia, Norwegia, Szwecja 0,70 0,50 0,20
Fozostaie kraje CEN, miejscowoscl pofozone na wysokoscl H > 1000 m ponad
poziom morza 0,70 0,50 0,20
Pozostale kraje CEN, miejscowosci poloZone na wysokosci H < 1000 m ponad
poziom marza 0,50 0,20 0,20
Obcigzenie wiatrem (patrz EN 1991-1-4) 0.6 0.2 0
Temperatura (nie pozarowa) w budynku (patrz EN 1991-1-5) 0.6 0,5 0

UWAGA: Wartosci w moga by¢ okreslone w zatgczniku krajowym
*! Dotyczy krajow nie wymienionych ponizej — patrz miarodajne warunki miejscowe.

Combination introduced to the program.

Table 7 SNG Combinations

COM1 1,35-(DL1+DL2)+1,5-0,7-LL1+15-0,5-SNOW1+1,5-0,6
-Wind X +

COM 2 1,35-(DL1+DL2)+1,5-0,7-LL1+1,5-0,5-SNOW1+1,5-0,6
-Wind Y +

COM 3 1,35-(DL1+DL2)+1,5-0,7-LL1+1,5-0,5-SNOW1+1,5-0,6
-Wind X —

COM 4 1,35-(DL1+DL2)+1,5-0,7-LL1+15-0,5-SNOW1+1,5-0,6
-WindY —

COMS5 1,35-0,85-(DL1+DL2)+1,5-LL1+1,5-0,5-SNOW1+1,5-0,6
-Wind X +

COM 6 1,35-0,85-(DL1+DL2)+15-LL1+1,5-0,5-SNOW1+1,5-0,6
-WindY +

COM 7 1,35-0,85-(DL1+DL2)+15-LL1+1,5-0,5-SNOW1+1,5-0,6
-Wind X —

COM 8 1,35-0,85-(DL1+DL2)+1,5-LL1+1,5-0,5-SNOW1+1,5-0,6
-Wind Y —

COM 9 1,35-0,85-(DL1+DL2)+1,5-0,7-LL1+1,5-SNOW1+1,5-0,6
-Wind X +

COM 10 1,35-0,85-(DL1+DL2)+1,5-0,7-LL1+1,5-SNOW1+1,5-0,6
-WindY +
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COM 11 1,35-0,85-(DL1+DL2)+1,5-0,7-LL1+1,5-SNOW1+1,5-0,6
-Wind X —

COM 12 1,35-0,85-(DL1+DL2)+1,5-0,7-LL1+1,5-SNOW1+1,5-0,6
-WindY —

COM 13 1,35-0,85-(DL1+DL2)+15-0,7-LL1+1,5-0,5-SNOW1+ 1,5
-Wind X +

COM 14 1,35-0,85-(DL1+DL2)+15-0,7-LL1+1,5-0,5-SNOW1+ 1,5
-WindY +

COM 15 1,35-0,85-(DL1+DL2)+1,5-0,7-LL1+1,5-0,5-SNOW1+ 1,5
-Wind X —

COM 16 1,35-0,85-(DL1+DL2)+1,5-0,7-LL1+1,5-0,5-SNOW1+ 1,5
-WindY —

3.6.2 SGU

COM 17:1,00- (DL1+ DL2) 4+ 0,6 - LL1 + 0,2- SNOW 1

3.7 Calculations

The next step is to perform the calculations in ®oBased on the results will be possible
dimensioning structural elements.

In Job preferences in the material sections wasctesl for all elements of concrete class
C30/37.

Dimensioning of elements will be made on the basisorm PN-EN 1992-1-1 and PN-EN
1992-1-2.

Bases on Table 4.1 from 1992-1 for columns wilsbkected the class designation - XC1, it is
for elements inside building. For walls in garagel ¢he columns outside the building it will
be XF2 because of the possibility of expose to aaid freezing.

Structural Class: S4

Based on the Table 4.4N the environmental requinefi®e Gnin quris 15mm for XC1 and

Based on The Regulation of the Minister of Infrasture of 12 April 2002 from Poland. On
the technical conditions to be met by buildings #redr location. Dz.U.2015.0.1422

88 Distribution of building for purposes of detemmg technical requirements and utility.

The height of the building is 19,50 m above groiewel equivalent to medium-high (SW) -
more than 12 m to 25 m.

Dz.U. Nr 56, poz. 461 z 2009r.
Pursuant to Article 8 209 classified as the catggbrhuman risk ZL V.
Pursuant to Article 8 212 based on the table reguyprotection class - B
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Pursuant to Article 8 216 based on table fire taste class for building elements.
Main supporting structure - R120
Roof construction - R30

3.7.1 Reinfor cements for beams

The first element for which will be calculated feircement is beam. The building includes
four beams around the holes for stairs. The dinomigsof the elements is 40x50cm.
Based on Table 5.5 from PN-EN1992-1-2 standarddisestance R 120 the axis is 55 mm.
* Concrete cover
Cnom = Cmin + ACqey
Cminb
Cmin=Max {Cmin,dur + Acdur,y - ACdur,sl: - ACdur,add
10mm
Cminp = 16 mm - adopted dimension of bar

Cminaur = 15 mm - based on Table 4.4 N
Acdum/ = ACdur,sl: = ACdur,add =0
16 mm
Cmin=Max {15 mm = 16mm
10mm
Acge, = 10 mm - value recommended by the norm

Cnom = 16 + 10 = 26 mm
The dimensions selected for stirrups 8 mm

@ 16
a=cnom+8mm+§=26+8+7=42mm

Due to the fire conditions the thickness of theeyas accepted 40 mm.

* The options selected in the program
The first element for which calculations are maegarding the bearing capacity and select
the appropriate reinforcement, check whether gipgaves size is right for beams.
Performing calculation is possible when resultRabot are available.
In the Structure ribbon there was selected the beam
First step is to select Provided Reinforcement Gf Hements. In new window choose the
Manual combinations.
In Story Parameters the Environments class is X@d S&tructure class S4. Then the
parameters are save as to select them for andémeests.
In Calculation Options it has been included corogcteflection by reinforcement change and
w,gp.li < K/250. In Advanced Options was selected - Axial éortaken into account and
torsion taken into account. For fire provisions wakected the required fire resistance R120.
In next ribbon was selected concrete C30/37, fiof@ecement AllIN (B500SP) and save as.
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In options of reinforcement pattern minimum diametemain reinforcement was selected 16

mm.

The last step in the Reinforcement of beams as shgwe 37.

A Reinforcement of beams x|
File  Help
h‘ GewTE [~ Identification
Element name: Beam226
[m Stirrups
Stirrup distribution ~ - ~ I
Geometric p Element p
o
IRl — — — BY
Murber of spans: 1 Number of beams: 1
Additional top bars
b= I 40,00 em) -
[ Additional bottom bars h= I 3000 o
i 1 = I £66.50
Bar division b kLl
h,= I 0.00 em
Losom | 585m | oem |
| 626 m |
0K Cancel

Figure 37 Reinforcement options

For Stirrups the Bar size is 8 mm, Material A-1I{R500SP) and the cover 4 cm.
The Stirrup distribution of main stirrups show thgure 38.

141 m

282m

T41m

]

SEam

E26m

Figure 38 Distribution of main stirrups

In Bars - main the size of Bar is 16 mm and Matexi#lIN (B500SP).
Initially was selected the number of lower bar upper bar - 2 and press OK to generate
reinforcement and check whether it is appropriate.
Adopted properties are not sufficient to ensuregadte load bearing capacity of the beam.

In order to generate a suitable reinforcement thexe selected calculations as show Figure

40 and generation of drawings.
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x|
Ho. | Type | State | Span | % [m] | Value | Capacity | Safety Fac. | (1] I
Beam223
1| MKm | UL 1 B.0S 5701 -9.39 016 Cancel |
2 WR [kM] s 1 0.40 -138.20 0.00 -0.00
3 | Abmin [cm2] | ELS 1 0.40 252 045 018 &I
4 [Spacing [cm]| SLS 1 270 7a7 525 029
5 T [kM*m] L= 1 0.40 36.49 0.00 0.00
B |Cover does not satisfy requirements for the given environmernt
T |Incorrect transverse spacing of the legs ina series of shear links (9.8M).
3 |Cover iz too small in point 0.400mI03.3=5.20cm))

Figure 39 Calculation errors

Calculations

Mumber of elements: 1.

Options
¥ Generate drawings for calculated elements

r Keep existing reinforcement

Calculate I Close

Figure 40 Calculations

The program has generated reinforcement whichfiestipre-established parameters. It has
increased the number of top reinforcement and addédwe area of the supports as show the
Figure 41. Correction of drawings will be madehe Revit program.

General | Detailed I Summaty table | Spacings and areas I

Diameter
M, Reinforcement Type Steel Grade (mm) Shape Code | MNumber (m) [} [m () [
1 1 |main-top Al (BS00 |12 oo 4|8 =643
2 2 |main-bottom Al (BS00 |12 oo 4|8 =625
3 3 |transverse-main AW (BS00 |5 3 27 |4=028 |B=0M C=029 |[D=04#1
£

Figure 41 Generated reinfor cement
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The same actions as the above must be appliedetoethaining beams for the purpose of
calculating.

After calculations on RC component inspector they &l elements with the information if
the calculations are correct as show the Figurdt4®so allows for easy selection of elements
and shows their position relative to the individflabrs.

RC Comporent Inspectar kS

@ %E| O

Type I EI Hame
= B Stories
- Standard Level
= Pigho 3
N o Eeam:23
~ Pigho 1
b fE o Beam224
= Pigho 0
L+ Beam2Z§
- Pigho 2
b o/ Beam22f

< | i

Il | Pr\Slrutture elements ;{. Drrawings {‘

Figure 42 Calculated elements

3.7.2 Reinfor cements for columns

The next elements to be calculated is columns.
Based on Table 5.2a from norm PN-EN 1992-1-2 fandard fire resistance R120 and
columns exposed on more than one side the distanttee main bars would be 45 mm and
minimum 8 bars.

* The options selected in the program
After selected one of the columns from last flomas chosen Provided Reinforcement of RC
Elements and the Manual combinations.
The Environment class XC1 and Structure class S4oiry parameters.
For fire provisions was selected R 120 and MetBodh next ribbon the class of concrete
C30/37.
For reinforcement of columns the dimension of H&snm and of stirrups 8 mm.
The dowels are not selected for last floor.
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4.0 3.0 2.0 1.0 0.0 10 20 3.0 4.0 5.0

40 =30 =20 -1.0 -0'f 10 20 3.0 4.0 5.0

aeneral |Detailed| Surimary kable

Diamet
o, Reinforcement Type Steel Grade |a(:m;3r Shape Code | Mumber [m) [m) [mj [mj
1 1 |main Al (BS00 (12 [uin] 104 =340
2 2 |transwversal Al (BE00 (5 il 164 =030 |B=030 C=0.30 O=0.30
3 3 [transversal A=l (B300 |G oo 45 (& = 0.30
B

Figure 43 Calculated reinfor cement

For all columns on the last floor the options &lested the same.
For lower floors in Dowel Bars ribbon the connentido the upper column and bend bars is
selected On. After that it is possible to conneat tolumns as show Figure 44.

—

Feneral |Detailed I Summary table

Diiamet
Ma. Reinforcement Type Steel Grade Ia(:m)er Shape Code | Mumber [m) [mj ()] [mj
1 1 |main AN (B300 {12
2 2 |transversal A-lIM (B300 |5 31 16 |4 =030 |B=030 C=0.30 O =030
B

Figure 44 Calculated element for lower floor
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For lower part of the building should be also gkip dower bars.

For the columns which are outside the buildinggheironment class is change to XF2.

After performing the calculation to design the femsement, the results obtained are different
depending on the forces what has to move the cal&mnpurpose of convenience during the

construction of the building for each floor reifement will be chosen the same. Also due to
the fire conditions contained in the norm minimuomber of bars of the main reinforcement

for columns is 8. The drawings for reinforcemenit & corrected in the Revit program.

3.7.3 Reinforcements for slabs

The first step to check the required reinforcenienslabs in the building.

Based on Table 5.8 for slabs and standard firsteesie REI 120 minimum axis distance 25
mm.

In Slab - required reinforcement was selectecpaliels in the model. They were selected
properly combinations and the analytical methodwdts enabled reduction of forces, this
means that the value of the moments and stressdsimarea of the supporting points is
replaced by the mean value of the surrounding cotuar supports. After calculation selected
in scale ribbon 256 colours and in reinforcemebbon Area A Y[-]. It is allows to see the
results as show the Figure 45.

0.01
[-]Amin Perpendicular, (cm2/m)

Figure 45 Required reinforcement

In order to calculate the provided reinforcemens welected the last slab.

In the new window it is possible to see the whddd svith a variety of colours and the value
of reinforcement in cAim for selected direction of reinforcement as shdgure 46.

In order to design a provided reinforcement, itimgportant to establish appropriate
parameters. In Reinforcement pattern was selebtedars type.
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Jed=l=

flodbedio kol e

Figure 46 Required reinforcement for last slab

In order to made the accurately calculation it wlobk selected the Slab - reinforcement
ribbon. In calculation options for Reinforcing bavas selected dimension from 16 to 32 mm.
For story parameters was selected structural 8dssnd pressed the button Calculations.
Based on the applied load was calculated top amrhoreinforcement as show Figure 47
and 48.

H:H:!:Hﬂ i !:ﬁ::::
i .: :l:il:i::::
i E
E i
= iEE” H H 4 EEEE
i i i

Figure 47 Top reinforcement for roof
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Figure 48 Bottom reinforcement for roof

The same operations would be performed in orddesign reinforcement for the other slabs.
Then all the drawings would be corrected in Rexaigpam.

In case of the lower floor load bearing capacityha floor is not sufficient, in case of design

in BIM technology next step would be to contacthwarchitect and together discuss a
possible solution. One of the solution could bentwease the thickness of the floor, however,
it will reduce the height of the room. Another pbss solution is to reduce the space between
columns, but it requires approval of the architd@ttierefore, in order not to interfere with the

appearance of the building will be increased cdecotass for C45/55. After changing the

concrete class for the structural elements musépeated calculations.

The final step is to check the punching for slabRobot program. For places where the
bearing capacity is insufficient, the punching ®xk@lue is too big, would be design the head
of rectangular shape as show Figure 49.

P (63a9)128)

_s29298)

Figure 49 Shell reinforcement
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3.7.4 Reinforcements for walls

x|
AC wallz - PM-EM 13592-1-1:2008 - Option nat implemented et
TRAMSFER OF RC ELEMENTS HAS BEEN COMPLETED

Figure 50 Calculation statusfor walls

As show the Figure 50 there is no possibility dEakating the needed reinforcement for the
walls, they are made manual.
* Concrete cover
Cnom = Cmin + ACqey
Cmin,b
Cmin=max [Cmin,dur + Acdur,y - ACdur,st - ACdur,add
10mm
Cminp = 16 mm - adopted dimension of bar

Cminaur = 15 mm - based on Table 4.4 N
Acdur.y = Acayr,st = ACaur,aaa = 0
16 mm
Cmin=max {15 mm = lémm
10mm
Acge, = 10 mm - value recommended by the norm

Cnom = 16 + 10 = 26 mm
The dimensions selected for stirrups 8 mm

) 16
a=cnom+8mm+§=26+8+7=42mm

Based on Table 5.4 for load-bearing concrete watld standard fire resistance REI 120,
minimum thickness 160 mm and the axis distance Bbimcase of exposed on one side.
Due to the fire conditions the thickness of theeyas accepted 40 mm.
Based on the value from the calculation in the Rgiyogram which are in one direction
much larger assumes that the wall would be bendmngne direction and is mainly
compression.

» Material characteristics
Concrete C45/55
fec= 45 MPa
feem=30 MPa
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fetk0,05= 2,7 MPa
e =14

_ fek _ 45 _
fea =% =1, = 3214 MPa

_ fetkoos _ 27 _
fera ==52% =1, =193 MPa

ECUZ = 3,5%0

Steel B500SP
fy= 500 MPa
ys =1,15
fra =12 =20 = 435 MPa
y Vs 115
435
£ = 300000 _ ~ 100

h = 36 cm - wall thickness

b = 100 cm - calculations were performed for thetiea of 1 meter wall
A.=b-h=10-036=0,36m

Moment of inertia

b-h3 10 0363
= = 3,89 x 10 3m*

389 % 1073\*°
—=0104m

036
?

a1 = Cnom E—4O+7—48mm

d=h—a; =360—48 =312mm

Xiim = €cuz/(Ecuz + &ya) *d = 3,5/(3,5+ 2,18) - 312 = 192,25 mm

» Effective length and slenderness

B = 0,85 — based on the information from norm PN-EN 1992-12.6.5.1 (4) a wall

connected in flexurally rigid manner
l,, = 3,0 m — height of the wall
lo=p8"1, = 0853000 = 2550mm
lo, 255

=7 To10s 2404

» Geometric imperfections
0; =6y ay " a,, (5.1) PN-EN 1992-1-1
1
90 = m
m = 1 - the number of the elements
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1
Ay = 0’5'(”%):‘/0’5'(1“):1

ap = 1 — based on the information from the norm 5.2 (7)

1
6, = 555" 11 =10,005

e; = ly/400 - information from the norm for walls

_ o 2550 _ .
®iT %200 400 oomm

-24.79

-256.02
. -391.88
= 52773
-663.58
-79943
-935 27
-1071.13
-1206 98
-1340.20
NXCX, (KN/m)
Automatic direction
Cases: 11 (KOMB3)

Figure 51 Member forcesN in direction xx

MXX, (kNm/m})
Automatic direction
Cases: 11 (KOMB3)

Figure 52 Momentsin direction xx

Figure 51 and 52 shows the forces for one of tmebioations which is the most
disadvantageous. Based on that calculations frenRtbbot program would be calculated the
necessary reinforcement.

Ng4 = 1340,20kN

Mgy = 72,28kNm

Mogq = €; - Ngg + Mgy = 0,0064 - 1340,2 + 72,28 = 80,82kNm
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( Mogq
ey = max A« Nea
h/30
\20 mm
(8082 _ 4 060m = 60
13402 o m = ovmm
€y = max < 360
E = 12mm
\ 20 mm

ey = 60 mm
Moga = € Ngg + Mgg = 0,060 * 1340,2 4+ 72,28 = 153,10 kNm
* Slenderness criterion

20-A-B-C
Aiim = —
According to 5.8.3.1 PN-EN 1992-1-1
A=0,7
B=1,1
c=0,7
N, 1340,2
n=—"b9 = =0,12
A, f.q 0,36-32143
20-0,7-1,1-0,7
= = 31,68

Alim - ,—0 12

A = 2454 < A, = 31,68 — its not necessary to include the second ordectsffe

» Calculation of vertical reinforcement
- the position of the neutral axis of sections
_ Ngg 1340,2
- 08:b-fy 08-1,0-32143

« case of large eccentricity
Moga =050 fea b A-x-(h—1-x)
(d=a)) fra

A=0,8; 1n=1,0 for class of concrete < C50/60

__0,153-0,5'1,0-32,14-1,0-0,8-0,0539-(0,36—-0,8:0,0539) __

A=A, = = —0,00052 m2- reinforcement due
(0,312—-0,048)-435

to bending is not required

X

= 0,0521m = 52,1 mm < x3,, = 192,25 mm

A1:A2:

* Minimum vertical reinforcement
0,10 - Nyy
As,min = max fyd
0,002 - A,
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0,10-1,3840 a s
As,min = max T =3,08-107"m
0,002 0,36 = 7,2 10~*m?
s <400 mm — bar spacing
A1 min = 7,2 - 10~*m? - the reinforcement required attributable to 1emef wall
A; = A, =3,6-10"*m?
Accepted reinforcement4, = 4, = 3,77 cm? - 12 every 30 cm

e Minimum horizontal reinforcement
A = max {0,25 * As1,min
s2,min 0,001 'Ac
0,25-7,54-107* = 1,89 - 10~*m?
{ 0,001-0,36 = 3,6 - 10~ *m?
Ay min = 3,6 - 107*m?
s <400 mm — bar spacing
Accepted reinforcement4;, = A, = 3,39 cm? - 012 every 40 cm

Asz,min =

* Minimum transverse reinforcement
Based on the norm the transverse reinforcementtisequired
Agimin = 7,54-107*m? < 0,02+ A, = 72 - 10~*m?

» Checking the ultimate limit state ( StarosolskiQ2p
Neg < Npg =P fea hw - b
h, = 0,36 m
b=10m
lerr = 1,3
[, =3,0m
l;f=13-30=39m
eg =¢e,t+e,
Mgq 72,28
Ng; 1340,2

lcol
600
e, = max h
30
10mm

€, = =0,06m
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e, =10mm
ey =¢€,+e,=005+0,01=006m

l 3,9
-2 o1
h, 0,36

e 0,06 020
h, 036

® = 0,51 - based on Tab. 7.2 (Starosolski, 2007)

Nrg = 0,51-32143-0,36-1,0 = 5901 kN

N,y = 1340,20 kN < Ngq = 5901 kN

¢ Pressure from the soil

EED“ Loads

| Caze Ma: 27 zail

D [ et |

" Barz

Lizt of objects:

256 =]

Spacing I'I .00 (]

" According to local suface system

|'L|:|a|:| direction

* opposite bo lozal suface system

Apply I Cloze | F'arametersl

Figure 53 Sail loads

For soil load would be created new load case. Tayahe load it is necessary to select the
special loads and next soil pressure in Robot. svsFigure 53 next step is to change the
parameters. There was selected the clayey grdweelsdil level 0,00 m and the category of

pressure distribution uniform. Then was selectéexerior walls to apply the loads.

For combination the value of soil loads was mujtipy 1,35. Based on the result would be
calculated reinforcement and will be added to wWhsch was calculated above.

- Section height of the useful
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Accepted reinforcement12 and concrete cover 40 mm.

00
MXX+ (W&A), (kNm/m)
Kierunek automatyczny
Przypadki: 28 (COMB19)

Figure 54The momentsvalue of the soil load

The next step is to check if the reinforcementdelkabove will be sufficient to move the
load from the soil.

N

N \\\
A0 " N
N\ \\ \\

~ \\

NN

@12 every 300 mm -
- vertical reinforcement
rd

@12 every 400 mm -
harizontal reinforcement

Figure 55 Scheme of reinforcement

0 12
dy = h = Coom =5 = 0 =360 = 40 = — — 12 = 302 mm

A, = 3,77 cm? — reinforcement accepted earlier
Ay fya 3,77 107*-435

- - = 0,005
Xeff T Tm- £ 1-32,14 m

xeff _4 0,005
Mpa = Ay * fra* (dv - ) =3,77-107*- 435 - (0,302 - T) = 0,049 = 49 kNm

Mgq = 49 kNm > Mg, = 3,59 kNm - accepted reinforcement is sufficient to moveldael
from the soil.

Anita Gumiela 48



Construction design of Hotel with Spa using BIM technology 3 Pre-design

3.7.5 Reinforcementsfor foundations
The first step is to select the node under therooldrom the lowest level and Provided

Reinforcement of RC Elements.

In new open there is a possibility to change thmedlisions of the foundation, based on
architectural design are 90x90x30 cm, thicknessaderlay 10 cm.

Based on provisional calculations the dimensiontheffoundation are insufficient and show
on the Figure 56.

0.50 m

Figure 56 Foundation dimensions

In story parameters was selected the environmass &{F2 and structure class S4.

In reinforcement pattern, in Pier ribbon the typechange for third one. In dowel bars was
selected Yes for connection to column and stirréylisoptions are saved to accelerate design
of the other elements. In soils options was seteci#yey gravel.

After selecting the options it is possible to makéulation. Selected reinforcement shown in
Figure 57.

1,0 0.0 1.0
=] [ I I
I I 1))
j=c | LA
General IDeta||ed| Summary Eable
: - Diamet < . s
Mo. Reinforcement Type . Steel Grade \?zm)ar‘ Shape Code | Mumber (m) m} () m) (m m}
clovwvel bar AN (B500 |12 o0 4|A=086
=different value= AN (BS00 10 o0 42|A=238

transversal A=l (BS00 3|A=025 |(B=023 C=025 D=028
transversal A-lin (B500 3|A=030 |B=030 =030 D=0.30
transversal AN (BS00 |12 00 41A=037

@
@

@
9

w e o= Jeo fro =
[AFSFRI P

Figure 57 Calculated reinfor cement
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These same steps must be performed for other &bamnd.
Under the walls were designed continuous footingedision 0,90x0,50 m as shown Figure

58.

4
=
=

Figure 58 Continuous footing

After performing the above steps were obtained iredqureinforcement as show Figure 59.
The basic dimensions were changed by program @x3,20 m.

! FRONT

. I s
H =1
General | Detailed | Summary table I
Dismete:
M. Reinforcement Type: | Steel Grade ?::mjr ‘Shaps Code | Number [ (m). (m) (my. (m)
i | 1 |doveel bar AN (5500 12 ] 250 |5 =1 45
S | 2 |«different values 1IN (B500 |20 ] 356 5= 208
3 | 3 |<different values 1IN (B500 |5 oo 22 |A =240

Figure 59 Reinforcement for continuousfooting
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4 Drawings and update the building model in Revit

The next stage of the work is to make drawings tfer designed building. The results
obtained in the Robot and calculated reinforcenmaunst be transferred to the Revit program.
In the case of version Revit 2015 it is possiblecteate the reinforcement after installing
Revit Extensions 2015. This is add to the prograhickv greatly speeds up the work, the
reinforcement can be done for the whole elementm@option window. There is no need to
draw every single bar as in the case of AutoCADsfeat drawings should open the program
and load family for reinforcement. Then the restridsn Robot should be send to Revit. After
that the model is update, the size of the beamwivies change in Robot, now is also change
in Revit.

Sending the model and the results to Revit, alsaéinforcement should be send, however, it
has not been transferred. Based on the informdtimm the Autodesk website it is only
possible to transfer the reinforcement for colunamsl beams, not for all elements. Also
during sending the building model the openingslab sire omitted. In the Robot program for
each element was calculated required reinforcemientcase of implementation of the
reinforcement elements of the same group will beepted the same, this will allows for a
easier connection of elements for the differenbrfioand avoid errors that may appear on the
construction site. After updating the model in Rean be noticed some errors in displaying
of certain elements. Load that were created inRbbot also been transferred to the Revit
program.

4.1 Drawings for beams

» Select the beam in the building model
Based on the calculations from Robot, the requiesdforcement is for mai8@12 and for
stirrups3008.
In structure ribbon select the reinforcement anbddR&over Settings. There was created the
new one 40 mm thickness. Thickness was selectetbdhe fire conditions.
In 3D view was selected the beam and extensioronbiBlext the reinforcement options and
beam.
Then will open a new window as show Figure 60ait be seen that the window of settings in
Robot and Revit looks the same, allowing the usezasier learn the program. In first ribbon
is the geometry of the element where is not posgdthange anything.
In next one for the stirrups was selected bar 8Ild-&nd the cover from the list.
In the next tab of takes into account compactiom shirrups around the supports and the
length of the section | = 500 mm.
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For the main bars was selected 12 A-IIIN, for tepforcement 4 elements and for bottom
also 4.
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Figure 60 Reinforcement settings

After selecting all options the file would be satecopy the same properties to another
elements and press ok to generate the reinforcemmecése of selecting the previously saved
parameters of reinforcement for another elements wifferent geometry, reinforcement
accordingly adapts. Also in case of any change, rdiaeforcement will be updated
automatically, that allows to avoid unnecessargrarr

For the rest beams would be selected the previptisns.

Figure 61 Reinforcement for beam

After the creation of reinforcement, could be ceead separate section and assigned to them a
reinforcement to create documentation.

To create technical drawings, it must be seletttechppropriate sections for the beam.
Selected scale for sections 1:20. After creating\a sheet the two views of element will be
added.

For faster execution of drawings was installed SSJHK Reinforcement Detailing 2015, it is
app for Revit which allows as show Figure 62 fdrareshape detailing or create schedule of
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reinforcement based on the 3D building model. The ficence is for 30 days and it is
available on Autodesk Exchange Apps.

L
m Architekbura  Konstrukcja  Systemy  Wskaw  Opisz Analiza Modelowanie bryfowe iteren  Wspofpracuj  Widok  Zarzadzaj  Dodatki | SOFSTK Reinforcement  Moduty  Zmien | Zbrojenie

6\2 ﬁ Renumber (= Layers @3:5’ 4% ,+i,‘ -y Hide and Detail o ;53 Copy ko Element It Explode Rebar Sst == Split Rebars -1}5:- Settings
. )‘_,‘ Missing o
Edit B Iy Hide Reb. Delete Reinf & T Stretch | Tri Split Rebar Set + Show Hel
e @ i @y Browse A 2 eaend P |y Hide Rebars Rebizr Shape @ elete Reinforcement =] Stretch [ Trim & el Create @ ow Help
Fﬂ Assign = Update TagRebars iy Unhide Rebars Detal @ Delete Mark T Move and Rotate = visibility Scheduls | S other -
Marks Tagging Modify Schedule Other

Figure 62 SOFiSTiK app

After selecting one of the views using Set Markd Assign options , they will be numbered
bars with the same shape. Then by choosing All ifraggill be added description including
number, amount of bars and diameter. In the caseentot all the bars have been described it
is possible to press Missing Tagging. The next sgeRebar Shape Detail which allows to
select the bars and copy the shape and the déseriphe same tasks must be performed for
the second view, which is a cross section throlnghldteam. The final step is to make the
schedule of steel. After selecting Create Schefilaha ribbon the schedule will open on new
window. Then the schedule would be insert to theeshin the app settings can be chosen
whether the schedule would be generated for onet sindor the whole building, in this case
was selected the first option in order to be ablehteck the results. In the drawing is required
to have the dimensioning of the beam and addingrigi¢i®ns. It may notice the errors in the
SOFISTiK app, amount of reinforcement in the schedioes not match with the actual
number, the amount of the main reinforcement wabats for top and 4 bars for bottom
reinforcement, on the schedule the number is Sdprand 2 for bottom. This may cause a
mistake in the process of creating a cost estinaae later ordering reinforcement on
construction site.

The last step is to print the drawing from the Rpvogram.

4.2 Drawings for columns

Another element for which would be made the drawiiggcolumn. The steps are similar to
those of the beam. In extensions ribbon for remdorent would be selected column. Based
on the result and selected reinforcement from thieoRprogram would be created drawing.
The tab geometry could not be changed, the progeaus all dimensions, for which would
be generated reinforcement.

For column was selected the main Bap16 and stirrupsp8 with extra stirrups as show
Figure 63.
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Figure 63 Stirrupsfor column

For the lower floor should take into account thareection of columns as show Figure 64.

Figure 64 Reinforcement for column

After selecting all of the options will be savedarder to assign them to other columns taking
into account the column has to be connected off his. approach results in a higher cost of
the material, however, it will avoid errors and epeip work on construction sites.

In case of selecting a greater number of elemdrds will have the same reinforcement,
appears the message that the elements have difidiraensions and it is not possible to
generate reinforcement. Even though the columng ltla@ same size, which considerable
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slows down the work. Another mistakes occurs durithg generation, is that the
reinforcement for a few columns were created oatsifithe element. For this elements the
reinforcement would be copied from the next coluwhthe same dimensions.

To create the drawing documentation for columndieps are the same like for beam. They
will be created corresponding sections, schedulledascribed the bars for the sheet.

On the drawing would be presented the column frlieenféundation to the roof.

4.3 Drawings for slabs

The whole slab will be divided into areas whichlwg the same reinforcement, its value will
be selected on the basis of reinforcement mapksas Eigure 46.

The Figure 65 shows the distribution for the slabwe the last storey.

Separately for each field is selected reinforcemieat spacing and their diameter. The cover
is 40 mm.

| | : | Q|
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| || | |
| | | |
I A I T
| ] | |
| | i i
| | | |
B A e | B f—— -
| | | |
| | | |
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| 1 | |
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Figure 65 Division dab

In the case of surface reinforcement bars aregsirais show Figure 66, on the edges the
bottom bars should be bent. The length of bend|dhmeltwo thick of slab,2-h =2-30 =
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60cm. In the Revit program is not possible to change shape of bars for surface
reinforcement. The reinforcement of single barsase of slab is not possible.

l

Figure 66 Reinforcement on the edge
One of the solution to this problem is to add hokdottom bars. To do this, select the area
of reinforcement, in properties window for the lbottbars change the type of main hook
from lack for standard - 180 degrees. Then selectiiodified bar and select edit type, for a
standard diameter of bend hook was changed the ¥@lL80 mm. For length was pressed
edit and change the value for 600 mm. After chamgedorcement looks like Figure 67.

Figure 67 Correct barson the edge

These changes should be applied to all surfaceinforcement for the slab. The downside of
this method is that changes are implement in batts ef the bar, there is no possibility of
introducing a bent only on one side.

To perform the documentation drawings, the firspdgt to create a new sheets, one for top
reinforcement and one for bottom reinforcement.

They will be created two separate plans to shovbtttam and top reinforcement.

Because of the better visibility in the drawing fesch area of the reinforcement, will be
displayed only the middle bar.

In case of reinforcement of slabs for the automatacking the bars, like for columns, causes
an error, the program do not see all the elemanis,appears the message that the elements
are situated on another sheet.

To describe reinforcement would be selected optiate and Tag Rebars. Not all bars are
numbered, but it is possible to manually performs.tin the specification is the number of
bars and their diameter as show Figure 68. Scabéaok was selected 1:200. On the sheet is
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also section through the slab only with top or &wttreinforcement with scale 1:100, for
which the bars would be described by the optiont&diging.

o
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= =
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1 =
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—

o

~F
@ |
|
Figure 68 Description of bars

Then the next step is to generate and insert thedsde. At the end must be added the
missing descriptions and dimensions.

4.4 Drawings for walls

As for reinforcement for slab would be createdvi@ill. First step is to select the wall and at
ribbon which will show select surface. For bettasrkvthe other elements can be hidden, it
will allow for more accurate select the reinforcein@area. Before for the element was
selected the cover 40 mm. To determine the arearettangle is marked along the edge of
the wall.

Then reinforcement spacing will be chosen on thesbaf calculations made in the previous
chapter and bars 12 A-lIIN. (present the Figure B9 same steps must be repeated for the
remaining walls and then perform in Revit drawirdgcumentation. Scale of plans was
selected 1:100 and for cross section 1:20.
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Figure 69 Reinforcement for walls

Also as for the reinforcement of slab all bars @t¢ke middle would be hidden.

Using tools Rebar Shape Detail bars will be pull @ud described, in the case of describing
the bars in the wall the program does not seeariament in one direction. Then they would
be described the bars in the cross section thrthaglvall. As for previous drawing, generate
the schedule and insert them into the sheet, dimetise wall and add descriptions.

4.5 Drawings for foundations

The last structural element in the Building moded the foundations. The model includes
foundation under the column and continuous footinder the wall.

Based on the original building model from architeize of foundation was 80x80x30 cm and
of continuous footing 90x30 cm, after performindcoéations dimensions have changed for
200x200x50 cm for column outside the building, 2ZB86x100 cm for the remaining columns

and 350x100 cm.

In the Structure ribbon has been added the newrtass of the cover for the foundation, thick
60 mm .

After selecting one of the foundation from the esiens ribbon would be selected required
element to generate a reinforcement. In the windatv options based on calculations made
in the Robot program for bottom bars was seledtedright cover previously saved, bars 12
A-llIN and bar spacing s = 150 mm in both directiéor the top bars the reinforcement is the
same as bottom. It is also necessary to take ittount for the element the possibility of

connection to the column using dowels as show Eigdrand the stirrups 8 A-11IN.

Anita Gumiela 58



Construction design of Hotel with Spa using BIM technology 4 Drawings
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Figure 70 Dowelsfor foundation

In case of continuous footing for main bars wasded 18 A-IIIN and s= 130 mm.
Longitudinal bars 8 A-1lIN with bottom numbep+14 and top h= 14. For connection to the
wall applied dowels 12 A-llIN with spacing s = 3@@m and length.I= 30 cm. Figure 71
shows the generated reinforcement after settingpaibns.

Figure 71 Reinforcement for continuousfooting

Drawing documentation will be made for one of therfdation. In order to perform it, should
be done as in the case of beam.

Anita Gumiela 59



Construction design of Hotel with Spa using BIM technology 4 Drawings

After perform reinforcement for all structural elents in the building, the model looks like
Figure 72.

Figure 72 Reinforcement of the building
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5 Conclusion

The BIM technology is a new and rapidly dissemimgtnethod in the design process.

At the stage of preliminary design the advantagdbe ability to draw ready-made elements
that have assigned properties, it is not neceseaisaw every single line like in AutoCAD.
Also there is no need to make changes to all olvitigs, the model is up date all the time
which greatly speed up the work and allows to awsrdrs. The big advantage is that a single
model contains all the necessary information.

The ability to create spatial model allows to vidve building before it is executed, it is
possible to consider various options for the buaidilt is also allows to show the model to
people who have no knowledge of design. Usingitheih Revit the communication between
architect and constructor is better.

Possibility of sending the entire structural moétal the Robot program allows for much
faster operation, it was not necessary to creat®@el from scratch. The program allows to
generate the simulation from wind loads and geedoad from the ground.

During the execution drawing documentation, thered need to draw all the reinforcing bars
separately, based on the categories into whicludlecthe element it is possible to generate
reinforcement and drawings, in order to perform descriptions and the schedule it was
necessary to install additional applications. Tisadvantage of SOFiSTiK app is that there
is no student version which would be availableffee. Installing that app also significantly
slowed down the work of Revit program. In case eff@rming descriptions no all of them
were detected by the program, some of them havegwlescription and in the schedule is the
wrong number of elements. It is important to keeptml of the results obtained, it can not
just rely on software.

The next problem was to send a model from the A&l to Revit. The process of creating
the IFC file in case of big model takes a lot ohéi After opening the model in Revit, the
individual elements were not assigned to any ofpttoperties, the reason may be the lack of
the library from ArchiCAD. In order to fix this er and accelerate the work was created the
link between the original model and a new one whes copy only the structural model.

The process of sending the model to the Robot pmdor this version was only possible
thanks to use intermediate file. In the model irnviReonnection between the elements is
pinned, which should be change in the Robot program
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Also was noticed error in the analytical modelthe Revit program all the elements were
connected to each other, after sending the modBloioot was a lot of mistakes. After the
corrected the building model error message appediscontinuities mesh, the walls, even
after manually entering the coordinates ends, ments do not connected to each other at
the same point causing errors. The drawback optbgram was the lack of opportunities to
generate reinforcement for walls and for slab watgpessible to change some settings.

After updating the model in Revit reinforcement wed transferred. During the again try of
updating the model appears the message about While sending the model to a new file in
Revit the holes were omitted, this step has beatemaorder to check whether it is possible
to send reinforcement.

An important aspect which may discourage the intotidn of BIM technology is the high
price of software, but it is a fast growing teclogy and the errors that appear in the
programs are corrected in the next versions.
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6 Attachment

Notes calculated from the Robot program .

6.1 Robot note for Beam

1 Level:
¢ Name
* Reference level
e Maximum cracking
e Exposure

< Concrete creep coefficient

* cement class

e Concrete age (loading moment)
« Concrete age

e Structure class

» Fire resistance class

2 Beam: Beam?223

1
2.1  Material properties:
e Concrete

45.00 (MPa)
distribution [3.1.7(3)]
Density
Aggregate size

« Longitudinal reinforcement:
500.00 (MPa)
stress-strain diagram

* Transversal reinforcement:
500.00 (MPa)

stress-strain diagram

* Additional reinforcement:
500.00 (MPa)

stress-strain diagram

2.2 Geometry:
2.2.1 Span Position
P1 Span 0.40

Span length: Ly = 6.26 (m)
Section from 0.00 to 5.65 (m)

: Pietro 3

: 0.40 (mm)

: XC1

: ¢.= No results

'N

. 28 (days)

: 50 (years)

1S4

: R 120(PN-EN 1992-1-2)

Number:

C45/55 fek=

Rectangular stress

2501.36 (kG/m3)
20.0 (mm)

A-1lIN (B500SP) fyk =
Horizontal branch of the

Ductility class : C
A-1IIN (B500SP) fyk =
Horizontal branch of the

Ductility class : C

A-1lIN (B500SP) iy =

Horizontal branch of the

L.supp. L R.supp.
(m) (m) (m)
5.65 0.82
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40.0 x 50.0 (cm)
without left slab
without right slab
2.3  Calculation options:
* Regulation of combinations : PN-EN 1990:2004
e Calculations according to : PN-EN 1992-1-1:2008
e Seismic dispositions : No requirements
* Precast beam :no
« Cover : bottom c=4.6 (cm)
: side c1=5.6 (cm)
: top c2=4.6 (cm)
e Cover deviations : Cdev = 1.0(cm), Cdur =0.0(cm)
+ Coefficient 32 =0.50 : long-term or cyclic load
» Method of shear calculations : strut inclination
2.4  Calculation results:
2.4.1 Internal forces in ULS
Span Mt max. Mt min. MI Mr Ql Qr
(kN*m)  (kN*m)  (kN*m)  (kN*m)  (kN) (kN)
P1 37.14 -27.76 37.14 -56.96 -134.96  -28.16
_]-_22 [kN*m] [ I I I I
-60
40 A?FT
=i
. = L ]
N =
[ | —
40
60
80
100 [ [ [ [ [ [
1 2 3 4 5 6
Bending Moment ULS: M Mr Mt Mc
150 T
N] T~
100
50
0 ‘—‘j/ = S e === R EECLEEENNNNERNNENEEEEEEEEIM
-50 ‘
-100
//
150 | | | | | |
1 2 3 4 5 6
Shear Force ULS: \% Vr Vc(stirrups) Vc(total)
24.2 Internal forcesin SLS
Span Mt max. Mt min. Mi Mr Ql Qr
(kN*m)  (kN*m)  (kN*m)  (kN*m)  (kN) (kN)
P1 25.14 -15.99 25.14 -39.92 -94.66 -20.23
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1
6
T
T
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-0.05
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015 | | | | | |
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Strains: At Ac B
25 T R
[MPa] 1

v /I/I/I
. T
N L

-10 y

-15

-20
0 1 2 3 4 5

Stresses: Ats

[=2]

24.3 Required reinforcement area

Span Span (cm2) Left support (cm2) Right suppon2)c
bottom  top bottom  top bottom  top
P1 1.98 0.00 1.98 0.05 0.00 3.05
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5

4 [em2]
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Reinforcement Area for Shear: — Ast ~  Ast strut —  Asr — AsHang
244 Fireredstance

b_min=0.20(m)
a_min= 0.05(m)

2.4.5 Deflection and cracking

wt(QP)  Total due to quasi-permanent combination

combination after erecting a structure.

25 Theoretical results - detailed results:

251 P1: Span from 0.40 to 6.05 (m)
SLS

ULS
Abscissa M max. Mmin. Mmax. Mmin. A bottom A top
(m) (KN*m)  (kN*m) (kN*m) (kN*m) (cm2) (cm2)
0.40 37.14 -0.99 25.14 -0.01 1.98 0.05
0.83 18.52 -1.53 0.00 -0.04 0.98 0.08
1.45 2,97 -0.50 1.77 0.00 0.15 0.03
2.08 2.60 -0.74 1.80 0.00 0.13 0.04

Fire resistance ‘R 120(PN-EN 1992-1-2)
Calculations according to :PN-EN 1992-1-2
Estimation in accordance with section 5. Tabulakeig.

Number of sides exposed to fire :3

Web type ‘WA

Beam type :freely supported

wk - width of perpendicular cracks

Span wt(QP) wt(QP)dop Dwt(QP) Dwt(QP)dop
(cm) (cm) (cm) (cm)

P1 0.0 0

wt(QP)dop Allowable due to quasi-permanent comtimna

Dwt(QP) Deflection increment from the quasi-pereratrioad combination after erecting a
structure.

Dwt(QP)dop Admissible deflection increment frone tjuasi-permanent load
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2.70 0.79 -3.93 0.04 0.00 0.04 0.20
3.33 0.00 -9.66 0.00 -3.52 0.00 0.51
3.95 0.00 -1751  0.00 -8.86 0.00 0.93
4,58 0.00 -27.76  0.00 -15.99 0.00 1.48
5.20 0.00 -40.85  0.00 -24.90 0.00 2.18
5.83 0.00 -56.60  0.00 -35.61 0.00 3.04
6.05 0.00 -56.96  0.00 -39.92 0.00 3.05
ULS SLS
Abscissa Vmax. Vmax. afp
(m) (kN) (kN) (mm)
0.40 -134.96 -94.66 0.0
0.83 6.12 4.48 0.0
1.45 2.09 1.52 0.0
2.08 -3.45 -1.44 0.0
2.70 -6.87 -4.40 0.0
3.33 -10.73 -7.36 0.0
3.95 -14.74  -10.33 0.0
458 -18.75 -1329 0.0
5.20 -22.76 -16.25 0.0
5.83 -26.78 -19.21 0.0
6.05 -28.16 -20.23 0.0

26  Reinforcement:
26.1 P1: Span from 0.40 to 6.05 (m)
Longitudinal reinfor cement:
« bottom(A-IlIN (B500SP))

4 ¢l2 1=625  from0.10 to 6.35
+  support (A-llN (B500SP))
4 @12 =643  from0.05 to  6.47

Transversal reinforcement:
« main (A-IlIN (B500SP))
stirrups 27 @8 1=1.49
e = 1*0.11 + 4*0.12 + 22*0.22 (m)

pins 27 ¢8 1=1.49
e =1*0.11 + 4*0.12 + 22*0.22 (m)

3 Material survey:

e Concrete volume  =1.37 (m3)
 Formwork =9.52(m2)

« Steel A-llIN (B500SP)

» Total weight =60.89 (kG)
» Density =44.35 (kG/m3)
» Average diameter =10.2 (mm)

e Survey according to diameters:

Diameter Length  Weight NumberTotal weight

(mm) (m) (kG) (No.) (kG)

8 1.49 0.59 27 15.86
12 6.25 5.55 4 22.19
12 6.43 5.71 4 22.84
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6.2 Robot note for Column

1

Level

¢ Name
* Reference level

< Concrete creep coefficient
* cement class

* Environment class

» Structure class

Column: Column154

2.1

Material properties:

» Concrete
Unit weight
Aggregate size

» Longitudinal reinforcement:
Ductility class

» Transversal reinforcement:

2.2

2.3

Geometry:

2.2.1 Rectangular
2.2.2 Height: L
2.2.3 Slab thickness
2.2.4 Beam height
2.25 Cover

Calculation options:

» Calculations according to

» Seismic dispositions

* Precast column

* Pre-design

» Slenderness taken into account
e Compression

* Ties

* Fire resistance class

2.4

Calculation results:

Safety factors Rd/Ed = 1.42 > 1.0

241

Fire resistance

Calculations according to:

: Pietro
:15.70

4
(m)

10,=1.77

:N
: XC1
1S4

: C45/55

Number: 1

fo = 45.00 (MPa)

: 2501.36 (kG/m3)
:20.0 (mm)

: A-IlIN (B500SP)

:C

- A-1lIN (B500SP)

fy = 500.00 (MPa)

fy = 500.00 (MPa)

40.0 x 40.0 (cm)

=3.45(m)
0.30 (m)
0.30 (m)
=5.0 (cm)

: PN-EN 1992
: No requirements
' no

' no

:yes

: with bending
: to slab

:R 120

-1-1:2008

: PN-EN 1992-1-2:2008

Estimation in accordance with section 5. Tabulated data.

Number of sides exposed to fire:
Reduction factor in fire situation

Calculation method

Effective column length in fire conditions
Effective column length in fire conditions

Load level reduction factor

A

>1

: according to combinations
: loy,fi = 3.45 (m)

: loz,fi = 0.00 (m)

: Mfi =0.00

Combination for load level reduction factor : -
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. Ratio :w=0.038
. Number of main bars 14

. Ra=1,6*(a* 1000 - 30) = 59.20

. RI=9,6 * (5 - lo,fi) = 14.88

. Rb =90 *b'=36.00

. Rn=0.00

. Rnfi=83*(1-pu*(1+w)/(0.85/acc + w)) =83.00

. R=282,R282>=R 120

24.2 ULS/ALS Analysis

Design combination: KOMBS5 (B)
Combination type: ULS
Internal forces:
Nsd = 363.51 (kN) Msdy =-80.27 (kN*m)  Msdz = 25.25 (kN*m)
Design forces:

Lower node
N = 363.51 (kN) N*etotz = -83.40 (kN*m) N*etoty= 25.25 (kN*m)

Eccentricity: ez (My/N) ey (Mz/N)

Static eEd: -22.1 (cm) 6.9 (cm)

Imperfection ei: 0.9(cm) 0.0 (cm)

Initial e0: -21.2 (cm) 6.9 (cm)

Minimal emin: 2.0 (cm) 2.0 (cm)

Total etot: -22.9 (cm) 6.9 (cm)

2.4.2.1. Detailed analysis-Direction Y:

2.4.2.1.1 Slenderness analysis
Non-sway structure

L (m) Lo (m) A Alim
3.45 3.45 29.88 152.26 Short column

2.4.2.1.2 Buckling analysis

M2 = 75.47 (KN*m) M1 =-80.27 (kN*m)
Case: Cross-section at the column end (Lower node), Slenderness not taken into account
MO = -80.27 (kN*m)
ea = 01*lo/2 =0.9 (cm)
61 = 6o Jan Oam = 0.01

6o =0.01

ah =1.00

am = (0,5(1+1/m))*0.5 = 1.00

m =1.00

Ma = N*ea = 3.14 (kN*m)
MEdmin = 7.27 (kN*m)
MOEd = max(MEdmin,MO0 + Ma) = -83.40 (kN*m)

2.4.2.2. Detailed analysis-Direction Z:

M2 = 25.25 (kN*m) M1 = -24.87 (kN*m)
Case: Cross-section at the column end (Lower node), Slenderness not taken into account
MO = 25.25 (kN*m)
ea=0.0(cm)
Ma = N*ea = 0.00 (kN*m)
MEdmin = 7.27 (KN*m)
MOEd = max(MEdmin,M0 + Ma) = 25.25 (kN*m)
2.4.3 Reinforcement:

Real (provided) area Asr =4.52 (cm2)
Ratio: P=0.28%
2.5 Reinforcement:

Anita Gumiela 69




Construction design of Hotel with Spa using BIM technology 6 Attachment

3

Main bars (A -1lIN (B500SP)):

e 4¢12 | =3.40 (m)
Transversal reinforcement: (A-1lIN (B500SP)):
stirrups: 16 @3 [=1.30 (M)
pins 16 @3 I=1.30 (m)
Material survey:
e Concrete volume =0.50 (m3)

 Formwork =5.04 (m2)

« Steel A-llIN (B500SP)

« Total weight =20.27 (kG)
* Density =40.21 (kG/m3)
« Average diameter = 9.6 (mm)

* Reinforcement survey:

Diameter  Length Weight Number Total weight
(m) (kG) (No.) (kG)

8 1.30 0.51 16 8.19

12 3.40 3.02 4 12.08

6.3 Robot note for slab

1.

Slab: Plate249 - Panel no. 249
1.1. Reinforcement:
* Type : Strop zelbetowy
* Main reinforcement direction 1 0°
Main reinforcement grade : A-llIN (B500SP); Characteristic strength = 500.00
MPa
Horizontal branch of the stress-strain diagram
* Ductility class :C
« Bar diameters bottom d1=1.2(cm) d2=1.2(cm)
top di=1.2(cm) d2=1.2(cm)
e Cover bottom ¢1=3.0(cm)
top c2=3.0 (cm)
* Cover deviations Cdev = 1.0(cm), Cdur =0.0(cm)

1.2. Concrete

Class : C45/55; Characteristic strength = 45.00 MPa
Rectangular stress distribution [3.1.7(3)]
* Density : 2501.36 (kG/m3)
« Concrete creep coefficient 1 1.67
* cement class °N
1.3. Hypothesis
e Calculations according to : PN-EN 1992-1-1:2008
« Method of reinforcement area calculations : analytical
« Allowable cracking width
- upper layer :0.40 (mm)
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- lower layer : 0.40 (mm)
« Allowable deflection :3.0 (cm)
» Verification of punching :yes
e Exposure
- upper layer : X0
- lower layer : X0
e Calculation type : simple bending
e Structure class 1S4

1.4. Slab geometry
Thickness 0.30 (m)

Contour:
edge beginning end length
x1 yl x2 y2 (m)

1 0.00 22.09 0.00 25.30 3.21

2 0.00 25.30 -2.64 25.30 2.64

3 -2.64 25.30 -2.64 21.19 411

4 -2.64 21.19 -451 21.19 1.88

5 -451 21.19 -451 1.68 19.52

6 -451 1.68 -2.63 1.68 1.88

7 -2.63 1.68 -2.63 0.00 1.68

8 -2.63 0.00 0.00 0.00 2.63

9 0.00 0.00 0.48 0.00 0.48

10 0.48 0.00 0.48 -1.22 1.22

11 0.48 -1.22 1.79 -1.22 1.31

12 1.79 -1.22 1.79 -4.73 3.51

13 1.79 -4.73 053 -4.73 1.26

14 053 -4.73 053 -6.51 1.78

15 053 -6.51 794 -6.51 7.41

16 794 -6.51 9.32 -6.51 1.38

17 932 -6.51 9.32 13.35 19.86

18 9.32 13.35 33.08 13.35 23.77

19 33.08 13.35 33.08 28.55 15.20

20 33.08 28.55 7.46  28.55 25.62

21 7.46  28.55 7.46  25.30 3.25

22 7.46  25.30 450 25.30 2.96

23 450 25.30 450 22.09 3.21

24 450 22.09 0.00 22.09 4.50

Support:
n° Name dimensions  coordinates edge
(m) X y

117 point 0.40/0.40 30.72 25.05 —
117 point 0.40/0.40 30.72 25.05 —
226 point 0.40/0.40 14.17 14.04 —
226 point 0.40/0.40 14.17 14.04 —
228 point 0.40/0.40 22.47 14.04 —
228 point 0.40/0.40 22.47 14.04 —
230 point 0.40/0.40 30.77 14.04 —
230 point 0.40/0.40 30.77 14.04 —
232 point 0.40/0.40 8.63 850 —
232 point 0.40/0.40 8.63 850 —
234 point 0.40/0.40 8.63 14.04 —
234 point 0.40/0.40 8.63 14.04 —
236 point 0.40/0.40 8.63 0.20 —
236 point 0.40/0.40 8.63 0.20 —
238 point(*) 0.40/0.40 -243 0.20 —
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238 point 0.40/0.40
238 linear 0.20/0.40
240 point 0.40/0.40
240 point 0.40/0.40
242 point 0.40/0.40
244 point 0.40/0.40
244 point 0.40/0.40
246 point 0.40/0.40
246 point 0.40/0.40
248 point 0.40/0.40
248 point 0.40/0.40
250 point 0.40/0.40
250 point 0.40/0.40
254 point 0.40/0.40
254 point 0.40/0.40
256 point 0.40/0.40
256 point 0.40/0.40
260 point 0.40/0.40
260 point 0.40/0.40
262 point 0.40/0.40
262 point 0.40/0.40
264 point 0.40/0.40
264 point 0.40/0.40
268 point 0.40/0.40
268 point 0.40/0.40
270 point 0.40/0.40
270 point 0.40/0.40
272 point 0.40/0.40
272 point 0.40/0.40
274 point 0.40/0.40
274 point 0.40/0.40
276 point 0.40/0.40
276 point  0.40/0.40 14.17
308 point 0.40/0.40
308 point 0.40/0.40
331 point(*) 0.40/0.40
331 point 0.40/0.40
350 point 0.40/0.40
350 point 0.40/0.40
352 point 0.40/0.40
352 point 0.40/0.40
1307 point 0.40/0.40
1307 point 0.40/0.40
7184 linear 0.50/0.50
7103 linear 0.50/0.50
7061 linear 0.50/0.50
7174  linear 0.50/0.50
* - head present
Column head:
support no.  dimensions (m)
bottom top

238 0.40/0.40 1.00/1.00
331 0.40/0.40 1.00/1.00

1.5. Calculation results:

-2.43
-2.43
-2.43
-2.43
16.29
5.87
5.87
5.87
5.87
-2.43
-2.43
5.87
5.87
22.47
22.47
30.72
30.72
22.47
22.47
14.23
14.23
5.87
5.87
8.63
8.63
22.47
22.47
10.02
10.02
30.77
30.77
14.17
27.86
5.87
5.87
-2.43
-2.43
8.63
8.63
5.87
5.87
14.23
14.23
33.08
11.73
28.81
20.27

height
0.50
0.50

0.20
0.10
16.80
16.80
14.72
0.20
0.20
8.50
8.50
8.50
8.50
16.80
16.80
16.80
16.80
16.85
16.85
25.10
25.10
25.16
25.16
-5.85
-5.85
-5.85
-5.85
27.86
27.86
27.86
27.86
27.86
27.86
27.86

25.10
25.10
25.10
25.10
-6.27
-6.27
-6.27
-6.27
16.80
16.80
20.95
28.55
28.55
28.55
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1.5.1. Maximum moments + reinforcement for bending

AX(+) AX(-)
Ay(-)

Provided reinforcement (cm2/m):
89.36 73.11
33.51

Modified required reinforcement (cm2/m):
78.06 66.26
30.33

Original required reinforcement (cm2/m):
78.06 66.26
30.33

Coordinates (m):
-2.18;0.00 -2.63;24.79

2.63;24.79

1.5.2. Maximum moments + reinforcement for bending

AX(+) AX(-)
Ay(-)

Symbol: required area/provided area

AX(+) (cm2/m) 78.06/89.36 30.24/89.36
30.24/89.36

Ax(-) (cm2/m) 47.65/73.11 66.26/73.11
66.26/73.11

Ay(+) (cm2/m) 16.46/38.30 9.17/38.30
9.17/38.30

Ay(-) (cm2/m) 4.78/33.51 30.33/33.51
30.33/33.51
SLS

Mxx (KN*m/m) 347.63 -156.78

156.78

Myy (KN*m/m) 85.69 127.55
127.55

Mxy (KN*m/m) 51.88 42.94
42.94

Nxx (KN/m) 260.32 -9.85

9.85

Nyy (KN/m) 63.92 23.87
23.87

Nxy (kN/m) 95.90 13.82
13.82
ULS

Mxx (KN*m/m) 496.64 -225.08

225.08

Myy (KN*m/m) 121.52 181.46
181.46

Mxy (KN*m/m) 73.89 61.01
61.01

Nxx (kN/m) 390.14 -13.64

13.64

Nyy (kN/m) 96.88 33.48
33.48

Nxy (KN/m) 144.83 19.17
19.17

Coordinates (m) -2.18;0.00 -2.63;24.79

Ay(+)

38.30
31.25
31.25

-2.14;25.05

Ay(+)

28.53/89.36
5.02/73.11
31.25/38.30

4.78/33.51

118.07
142.49

-77.02

11.90
22.83

-12.48

170.26
202.98

-110.54

16.64
31.47

-17.36

-2.14;25.05
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2.63;24.79

Coordinates* (m) 7.90;65.51;15.70  7.45;90.30;15.70  7.94;90.56;15.70
7.45;90.30;15.70
* - Coordinates in the structure global coordinate system

1.5.3. Punching

Support no. / Point Location (m) Geometry: (m)

X y a b d h
S2 30.72 25.05 Column 0.40 0.40
S3 14.17 14.04 Column 0.40 0.40 -
S4 14.17 14.04 Column 0.40 0.40 -
S5 22.47 14.04 Column 0.40 0.40 -
S6 22.47 14.04 Column 0.40 0.40 -
S7 30.77 14.04 Column 0.40 0.40 -
S8 30.77 14.04 Column 0.40 0.40 -
S10 8.63 8.50 Column 0.40 0.40 -
S11 8.63 14.04 Column 0.40 0.40 -
S12 8.63 14.04 Column 0.40 0.40 -
S14 8.63 0.20 Column 0.40 0.40 -
S17 -2.43 16.80 Column 0.40 0.40 -
S18 16.29 14.72 Column 0.40 0.40 -
S19 5.87 0.20 Column 0.40 0.40 -
S20 5.87 0.20 Column 0.40 0.40 -
S21 5.87 8.50 Column 0.40 0.40 -
S22 5.87 8.50 Column 0.40 0.40 -
S23 -2.43 8.50 Column 0.40 0.40 -
S24 -2.43 8.50 Column 0.40 0.40 -
S26 5.87 16.80 Column 0.40 0.40 -
S28 22.47 16.80 Column 0.40 0.40 -
S30 30.72 16.85 Column 0.40 0.40 -
S32 22.47 25.10 Column 0.40 0.40 -
S34 14.23 25.16 Column 0.40 0.40 -
S35 5.87 -5.85 Column 0.40 0.40 -
S36 5.87 -5.85 Column 0.40 0.40 -
S37 8.63 -5.85 Column 0.40 0.40 -
S38 8.63 -5.85 Column 0.40 0.40 -
S39 22.47 27.86 Column 0.40 0.40 -
S40 22.47 27.86 Column 0.40 0.40 -
S41 10.02 27.86 Column 0.40 0.40 -
S42 10.02 27.86 Column 0.40 0.40 -
S43 30.77 27.86 Column 0.40 0.40 -
S44 30.77 27.86 Column 0.40 0.40 -
S45 14.17 27.86 Column 0.40 0.40 -
S46 14.17 27.86 Column 0.40 0.40 -
S47 5.87 25.10 Column 0.40 0.40 -
S48 5.87 25.10 Column 0.40 0.40 -
S49 Head -2.43 25.10 Column 0.40/1.00 0.40/1.00 -/-
S50 -2.43 25.10 Column 0.40 0.40 -
S51 8.63 -6.27 Column 0.40 0.40 -
S53 5.87 -6.27 Column 0.40 0.40 -
S54 5.87 -6.27 Column 0.40 0.40 -
S56 14.23 16.80 Column 0.40 0.40 -
P1 33.08 20.95 Force 0.50 0.50 - -
P2 11.73 28.55 Force 0.50 0.50 - -
P3 28.81 28.55 Force 0.50 0.50 - -
P4 20.27 28.55 Force 0.50 0.50 - -
Support no. / Point Loads: (kN) Critical perimeter (m)

Q Qadm u Qadm/Q
S2 809.84 998.00 4.84 1.23>1
S3 0.11 594.64 2.42 5177.65> 1
S4 590.18 590.18 2.42 1.00>1
S5 0.09 594.64 2.42 6929.80 > 1
S6 612.32 612.32 2.42 1.00>1
S7 0.05 594.64 2.42 11182.09 > 1
S8 491.29  499.00 2.42 1.02>1
S10 591.04 591.04 2.42 1.00>1
S11 0.07 1189.28 4.84 18042.28 > 1
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S12 648.03 998.00 4.84 154>1
S14 566.95 566.95 2.42 1.00>1
S17 1200.62 1200.62 4.84 1.00>1
S18 0.05 1189.28 4.84 21915.07 > 1
S19 0.03 1189.28 4.84 42609.53 > 1
S20 872.38 998.00 4.84 1.14>1
S21 0.02 1189.28 4.84 64743.64 > 1
S22 1009.11 1009.11 4.84 1.00>1
S23 0.03 1189.28 4.84 43914.46 > 1
S24 1227.94 1227.94 4.84 1.00>1
S26 915.25 998.00 4.84 1.09>1
S28 1096.87 1096.87 4.84 1.00>1
S30 914.56 998.00 4.84 1.09>1
S32 1149.72 1149.72 4.84 1.00>1
S34 1056.71 1056.71 4.84 1.00>1
S35 0.03 594.64 2.42 17830.24 > 1
S36 593.44 628.70 2.42 1.06>1
S37 90.20 297.32 1.21 3.30>1
S38 118.22  249.50 1.21 211>1
S39 0.10 594.64 2.42 6169.48 > 1
S40 508.14 508.14 2.42 1.00>1
S41 0.10 594.64 2.42 6165.06 > 1
S42 548.50 548.50 2.42 1.00>1
S43 0.09 594.64 2.42 6817.96 > 1
S44 433.75 499.00 2.42 1.15>1
S45 0.18 594.64 2.42 3217.18>1
S46 577.29 577.29 2.42 1.00>1
S47 886.97 886.97 2.42 1.00>1
S48 0.10 594.64 2.42 5812.76 > 1
S49 961.76 961.76 2.42 1.00>1
S50 0.03 667.46 2.42 22911.03>1
S51 113.89 249.50 1.21 2.19>1
S53 525.96 628.70 2.42 1.20>1
S54 0.02 594.64 2.42 35044.47 > 1
S56 1111.62 1111.62 4.84 1.00>1
P1 0.00 582.36 2.37 295613.81>1
P2 0.00 244.35 1.19 115859.43>1
P3 0.00 488.70 2.37 231718.86 > 1
P4 0.00 244.35 1.19 115859.43 > 1
Reinforcement parameters:
. Steel grade of reinforcement for punching: A-1lIN (B500SP); Characteristic strength = 500.00
MPa
. Bars perpendicular to edges
Eliced
L2
A —H
; . ‘_rrl
LiAs L1
| e e maa 4
Points where reinforcement is needed:
Support no. / Point Range: (m)
Zone L1 L2 As (cm2)nx @ (mm)
S4 1 0.13 0.13 3.43 13 6.0
2 0.27 0.27 4.19 15 ¢6.0
S6 1 0.13 0.13 3.78 14 6.0
2 0.30 0.30 4.33 16 6.0
S10 1 0.13 0.13 3.45 13 6.0
2 0.27 0.27 4.19 15 ¢6.0
S14 1 0.13 0.13 3.34 12 ¢6.0
2 0.23 0.23 4.03 15 6.0
S17 1 0.13 0.13 7.19 26 ¢6.0
2 0.29 0.29 7.19 26 96.0
S22 1 0.13 0.13 4.14 15 ¢6.0
2 0.14 0.14 4.14 15 ¢6.0
S24 1 0.13 0.13 7.62 27 96.0
2 0.31 0.31 7.62 27 96.0
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S28

S32

S34

S40

S42

S46

S47

S49

S56

NPFPOORMWNRPEPOOAORAMWNENENEPNMNENENREDNRE

1.5.4. Deflection
[f(+)] = 0.0 (cm) <= fdop(+) = 3.0 (cm)
[f(-)] = 0.0 (cm) <= fdop(-) = 3.0 (cm)

1.5.5. Cracking

upper layer

0.13
0.21
0.13
0.25
0.13
0.17
0.13
0.14
0.13
0.21
0.13
0.25
0.13
0.31
0.49
0.67
0.85
1.03
0.13
0.29
0.44
0.60
0.76
0.91
0.13
0.22

ax = 0.00 (mm) <= adop = 0.40 (mm)
ay = 0.00 (mm) <= adop = 0.40 (mm)

lower layer

ax = 0.00 (mm) <= adop = 0.40 (mm)
ay = 0.00 (mm) <= adop = 0.40 (mm)

Results - detailing

List of solutions:
Reinforcement: bars
Solution no.

1

0.13
0.21
0.13
0.25
0.13
0.17
0.13
0.14
0.13
0.21
0.13
0.25
0.13
0.31
0.49
0.67
0.85
1.03
0.13
0.29
0.44
0.60
0.76
0.91
0.13
0.22

Reinforcement range
Diameter / Weight

Results for the solution no. 1

Reinforcement zones

Bottom reinforcement
Name

1/1-(1/3-) Ax Main
<
1/2-(1/3-) Ax Main
<

1/3- Ax Main
<

coordinates

x1 yl
(cm2/m)
-2.64  23.70
73.11
263 -1.22
73.11
-451  -6.51
36.56

X2
(cm2/m)
-1.75
2.69

33.08

y2
25.30
3.62

28.55

5.54 20 ¢6.0
5.54 20 ¢6.0
6.38 23 ¢6.0
6.38 23 ¢6.0
4.90 18 96.0
4.90 18 96.0
3.34 12 96.0
3.46 13 96.0
3.34 12 96.0
3.90 14 96.0
3.34 12 96.0
4.10 15 96.0
8.15 29 ¢6.0
8.15 29 ¢6.0
8.15 29 ¢6.0
8.15 29 ¢6.0
8.15 29 ¢6.0
8.15 29 ¢6.0
7.22 26 ¢6.0
7.22 26 ¢6.0
7.22 26 ¢6.0
7.22 26 ¢6.0
7.22 26 ¢6.0
7.22 26 ¢6.0
5.77 21 ¢6.0
5.77 21 ¢6.0
Total weight
(kG)
66392.11

Provided reinforcement At

@ (mm) / (cm)

32.0/11.0 66.26
32.0/11.0 64.21
32.0/22.0 15.85
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1/4- Ay Perpendicular -451  -6.51

< 3351
Top reinforcement
Name coordinates
x1 yl
(cm2/m)
1/1+(1/14+) Ax Main  -2.64  23.70
< 89.36
1/2+(1/14+) Ax Main  -2.63  0.00
< 89.36
1/3+(1/14+) Ax Main  4.50 -6.51
< 89.36
1/4+(1/14+) Ax Main  1.79 -6.51
< 22.34
1/5+(1/14+) Ax Main  -451  1.68
< 22.34

1/6+(1/14+) Ax Main  -2.64  21.19
1/7+(1/14+) Ax Main  -2.63  0.00
< 22.34
1/8+(1/14+) Ax Main  0.00 21.19
1/9+(1/14+) Ax Main  0.48 -6.51
1/10+(1/14+) Ax Main o0.48 -1.22
< 22.34
1/11+(1/14+) Ax Main 1.79 -4.73
1/12+(1/14+) Ax Main 4.50 22.09
< 22.34
1/13+(1/14+) Ax Main 7.46 25.30
1/14+ Ax Main 9.32 13.35
1/15+(1/27+) Ay Perpendicular -2.64
21.0 3125 <
1/16+(1/27+) Ay Perpendicular -2.63
21.0 19.75 <
1/17+(1/27+) Ay Perpendicular 4.50
42.0 12.76 <
1/18+(1/27+) Ay Perpendicular -4.51
42.0 8.67 <19.15
1/19+(1/27+) Ay Perpendicular -2.64
42.0 9.15 <19.15
1/20+(1/27+) Ay Perpendicular -2.63
42.0 9.23 <19.15
1/21+(1/27+) Ay Perpendicular 0.00
42.0 478 <19.15
1/22+(1/27+) Ay Perpendicular 0.48
42.0 478 <19.15
1/23+(1/27+) Ay Perpendicular 0.48
42.0 753 <19.15
1/24+(1/27+) Ay Perpendicular 1.79
42.0 478 <19.15
1/25+(1/27+) Ay Perpendicular 4.50
42.0 13.50 <
1/26+(1/27+) Ay Perpendicular 7.46
42.0 478 <19.15
1/27+ Ay Perpendicular9.32 13.35

33.08 2855
x2 y2
(cm2/m)

-0.88  25.30
-0.88  0.84
6.47 -4.73
8.39 -1.22
9.32 21.19
0.00 25.30
9.32 1.68
33.08  22.09
9.32 -4.73
9.32 0.00
9.32 -1.22
33.08  25.30
33.08 2855
33.08 21.19
23.70  -0.88
38.30

0.00 -0.88
38.30

651  9.32
19.15

1.68 9.32
2119  0.00
0.00 9.32
21.19  33.08
651  9.32
-122 932
-473 932
22.09  33.08
19.15

2530  33.08
33.08 21.19

32.0/24.0

@ (mm) /(cm)
32.0/9.0
32.0/9.0
32.0/9.0
32.0/36.0
32.0/36.0

32.0/36.0
32.0/36.0

32.0/36.0
32.0/36.0
32.0/36.0

32.0/36.0
32.0/36.0

32.0/36.0
32.0/36.0
25.30

1.68

-2.97

21.19

25.30

1.68

22.09

-4.73

0.00

-1.22

25.30

28.55

32.0/42.0

30.33

Provided reinforcement At

30.24

78.06

24.19

20.00

13.61

8.82 <
18.87

502 <
502 <
12.19

502 <
17.43

5.30 <
6.26 <
32.0/
32.0/
32.0/
32.0/
32.0/
32.0/
32.0/
32.0/
32.0/
32.0/
32.0/
32.0/

6.93 <
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Material survey

» Concrete volume

¢ Formwork

¢ Slab circumference
« Area of openings

+ Steel A-llIN (B500SP)

* Total weight

e Density

« Average diameter

« Survey according to diameters:

Diameter Length Number:
(m)
32 1.65 7
32 1.72 8
32 1.86 4
32 2.10 4
32 2.58 37
32 2.70 5
32 2.87 6
32 4.27 14
32 5.81 8
32 6.64 9
32 7.32 170
32 7.47 26
32 8.01 312
32 8.19 16
32 8.62 8
32 8.73 13
32 8.78 9
32 8.85 34
32 8.96 48
32 9.18 24
32 9.28 17
32 9.35 14
32 9.39 24
32 9.62 24
32 9.78 14
32 9.82 114
32 9.94 86
32 10.16 26
32 10.25 114
32 10.38 43
32 11.02 38
32 11.45 25
32 11.89 13

= 223.37 (M3)
= 744.55 (m2)
= 154.22 (m)
= 0.00 (M2)

=70779.97 (kG)
= 316.88 (kG/m3)
=32.0 (mm)
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6.4 Robot note for Foundation

1 Spread footing: Foundation36
1.1 Basic data
1.1.1  Assumptions
» Geotechnic calculations according to

« Concrete calculations according to
« Shape selection

Number: 1

: EN 1997-1:2008
: PN-EN 1992-1-1:2008
: without limits

1.1.2 Geometry:
B\ !
H B |v-|2
By
by
2l ha
+ s -
A =2.00 (m) a =0.40 (m)
B =2.00 (m) b =0.40 (m)
hl =0.50 (m) e, =0.00 (m)
h2 =0.00 (m) ey =-0.00 (m)
h4 =0.10 (m)
=
[N
a' =40.0 (cm)
b’ =40.0 (cm)
cnoml =6.0(cm)
cnom2 =6.0 (cm)

Cover deviations: Cdev = 1.0(cm), Cdur = 0.0(cm)

1.1.3 Materials

¢ Concrete
MPa

* Longitudinal reinforcement

diagram
* Transversal reinforcement

* Additional reinforcement:

: C45/55; Characteristic strength = 45.00

Unit weight = 2501.36 (kG/m3)
Rectangular stress distribution [3.1.7(3)]
:type  A-llIN (B500SP)
Characteristic strength = 500.00 MPa
Ductility class: C
Horizontal branch of the stress-strain

:type  A-IlIN (B500SP)
Characteristic strength = 500.00 MPa
“type  A-lll (RB400OW)
Characteristic strength = 400.00 MPa
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1.2 Geotechnical design

1.2.1  Assumptions

» Cohesion reduction coefficient: 0.00
* Smooth precast foundation 6.5.3(10)

« Sliding with soil pressure considered:

e Design approach: 1

for X and Y directions

Al +M1+R1
Y¢ =1.00
Yo =1.00
Yeu =1.00
Yqu =1.00
W =1.00
VR =1.00
VYR,h =1.00
A2 + M2 + R1
Y¢ =125
Yo =1.25
Yeu =1.40
Yqu =1.40
VW =1.00
YRy =1.00
VR,h =1.00
1.2.2 Sall:

Soil level: N, =0.00 (m)
Column pier level: Ng =0.00 (m)
Minimum reference level: N; =-0.50 (m)
Zwir gliniasty

« Soil level: 0.00 (m)
« Unit weight: 2243.38 (kG/m3)

« Unit weight of solid:
« Internal friction angle:
 Cohesion: 0.03 (MPa)

2702.25 (kG/m3)
18.3 (Deg)

1.2.3 Limit states

Stress calculations

Soil type under foundation: not layered

Design combination
My=12.31 Fx=2.50 Fy=1.73

Load factors: 1.35 * Foundation weight
1.35 * Soil weight
Calculation results: On the foundation level
Weight of foundation and soil over it: Gr = 66.23 (kN)

Design load:

ULS : KOMB1 N=964.07 Mx=-4.44
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Nr =1030.30 (kN) Mx = -5.31 (KN*m) My = 13.56 (kN*m)
Load eccentricity:

eB =0.01 (m) eL=0.01(m)
Equivalent foundation dimensions:

B'=B - 2|eB| = 1.97 (m)

L'=L-2|eL| =2.00 (m)
Foundation depth: Dmin = 0.50 (m)

Allowable stress calculation method: Semi-empirical - stress limit
qu = 0.30 (MPa)

ple* = 0.29 (MPa)

De = Dmin - d = 0.50 (m)

kp = 1.00

g'o=0.01 (MPa)

qu = kp * (ple*) + g'o=0.30 (MPa)

Stress in soil: gref = 0.27 (MPa)
Safety factor: glim / qref =1.104 > 1

Uplift
Uplift in ULS
Design combination ULS: KOMB15 N=843.66 Mx=-17.17
My=-12.28 Fx=-1.78 Fy=4.23
Load factors: 1.00 * Foundation weight
1.00 * Soil weight
Contact area: S =0.02
Slim =0.17
Sliding
Design combination ULS: COMB19 N=-0.22 Mx=0.11 My=-

0.09 Fx=-0.02 Fy=-0.02

Load factors: 1.00 * Foundation weight
1.00 * Soil weight
Weight of foundation and soil over it:  Gr =49.06 (kN)

Design load:

Nr =48.84 (kN) Mx =0.12 (kN*m) My =-0.10 (kN*m)
Equivalent foundation dimensions: A_ = 2.00 (m) B_=2.00 (m)
Sliding area: 4.00 (m2)

Foundation/soil friction coefficient: tan(dd) = 0.19
Cohesion: cu=0.03 (MPa)
Soil pressure considered:

Hx =-0.02 (kN) Hy =-0.02 (kN)

Ppx = 5.27 (kN) Ppy = 5.27 (kN)

Pax = -1.43 (kN) Pay = -1.43 (kN)
Sliding force value Hd = 0.00 (kN)
Value of force preventing foundation sliding:

- On the foundation level: Rd = 9.20 (kN)
Stabilility for sliding: 00

Average settlement
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Soil type under foundation: not layered

Design combination SLS: COMB18 N=678.91 Mx=-3.42
My=4.65 Fx=1.09 Fy=1.21
Load factors: 1.00 * Foundation weight

1.00 * Soil weight
Weight of foundation and soil over it: Gr = 49.06 (kN)
Average stress caused by design load: q =0.18 (MPa)
Thickness of the actively settling soil: z =5.00 (m)
Stress on the level z:

- Additional: ozd = 0.01 (MPa)

- Caused by soil weight: ozy=0.12 (MPa)
Settlement:

- Original s'=0.7 (cm)

- Secondary s"=0.0 (cm)

- TOTAL S=0.7 (cm) < Sadm =5.0 (cm)
Safety factor: 7.149 > 1

Settlement difference

Design combination SLS: COMB18 N=678.91 Mx=-3.42
My=4.65 Fx=1.09 Fy=1.21
Load factors: 1.00 * Foundation weight
1.00 * Soil weight
Settlement difference: S =0.0 (cm) < Sadm =5.0 (cm)

Safety factor: 156.9 > 1
Rotation

About OX axis

Design combination ULS: KOMB15 N=843.66 Mx=-17.17
My=-12.28 Fx=-1.78 Fy=4.23
Load factors: 1.00 * Foundation weight

1.00 * Soil weight
Weight of foundation and soil over it:  Gr =49.06 (kN)

Design load:
Nr =892.72 (kN) Mx =-19.29 (kN*m) My =-13.17 (KN*m)

Stability moment: Mstap = 892.72 (KN*m)

Rotation moment: Mrenv = 19.29 (kN*m)

Stability for rotation: 46.28 > 1

About OY axis

Design combination: ULS : KOMB13 N=850.00 Mx=-3.58
My=15.36 Fx=2.96 Fy=1.54

Load factors: 1.00 * Foundation weight

1.00 * Soil weight
Weight of foundation and soil over it:  Gr = 49.06 (kN)

Design load:
Nr =899.06 (kN) Mx =-4.35 (kN*m) My = 16.84 (kN*m)
Stability moment: Mstap = 899.06 (kN*m)
Rotation moment: Mrenv = 16.84 (KN*m)
Stability for rotation: 53.38 > 1

1.3 RC design
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1.3.1  Assumptions

. Exposure : XF2
. Structure class 1S4

1.3.2 Analysis of punching and shear

Punching

Design combination ULS: KOMB1 N=964.07 Mx=-4.44 My=12.31
Fx=2.50 Fy=1.73
Load factors: 1.35 * Foundation weight
1.35 * Soil weight

Design load:

Nr =1030.30 (kN) Mx = -5.31 (KN*m) My = 13.56 (kN*m)
Length of critical circumference: 3.76 (m)
Punching force: 704.27 (kN)
Section effective height heff = 0.43 (m)
Reinforcement ratio: p=0.20%
Shear stress: 0.55 (MPa)
Admissible shear stress: 1.28 (MPa)
Safety factor: 2346 > 1

1.3.3 Required reinforcement
Spread footing:
bottom:

ULS : KOMB1 N=964.07 Mx=-4.44 My=12.31 Fx=2.50 Fy=1.73

My = 183.64 (kN*m) A, = 8.50 (cm2/m)

ULS : KOMB3 N=960.27 Mx=-12.59 My=-4.28 Fx=-0.34 Fy=3.35

Mx = 183.21 (kN*m) A= 8.50 (cm2/m)

Aq min =8.50 (cm2/m)

top:

ULS: COMB19 N=-0.22 Mx=0.11 My=-0.09 Fx=-0.02 Fy=-0.02

My =-0.07 (KN*m) Ay, = 8.50 (cm2/m)

ULS: COMB19 N=-0.22 Mx=0.11 My=-0.09 Fx=-0.02 Fy=-0.02

Mx = -0.07 (KN*m) Ay, = 8.50 (cm2/m)

A min = 8.50 (cm2/m)

Column pier:

Longitudinal reinforcement A =0.00(cm2) A, =0.00(cm2)
A =2 * (Asx + Asy)
Asx =0.00 (cm2) Asy =0.00 (cm2)

1.3.4 Provided reinforcement

Spread footing:

Anita Gumiela 83




Construction design of Hotel with Spa using BIM technology 6 Attachment

Bottom:
Along X axis:

16 A-llIN (B500SP) 12 |=1.88 (m) e = 1*-0.89 + 15%0.12
Along Y axis:

16 A-llIN (B500SP) 12 |=1.88 (m) e = 1*-0.89 + 15%0.12
Top:
Along X axis:

16 A-llIN (B500SP) 12 |=1.88 (m) e = 1*-0.89 + 15%0.12
Along Y axis:

16 A-llIN (B500SP) 12 |=1.88 (m) e = 1*-0.89 + 15%0.12
Pier

Longitudinal reinforcement

Along Y axis:
4 A-IlIN (B500SP) 12 I'=0.50 (m) e =1*0.13 + 1*0.25
Transversal reinforcement
3 A-llIN (B500SP) 8 I=1.22 (m) e = 1*0.25 + 2*0.09
3 A-IlIN (B500SP) 8 I=1.31 (m) e = 1*0.56 + 2*0.10
Dowels
Longitudinal reinforcement
4 A-IlIN (B500SP) 12 I'=0.83 (m) e =1*0.14 + 1*0.28
2 Material survey:
« Concrete volume =2.00 (m3)
e Formwork =4.00 (m2)
» Steel A-llIN (B500SP)
e Total weight =114.58 (kG)
* Density =57.29 (kG/m3)
* Average diameter =11.8 (mm)

e Survey according to diameters:

Diameter  Length Number:
(m)

8 1.22 3

8 1.31 3

12 0.50 4

12 0.83 4

12 1.88 64
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