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Analysis and conceptual design of the selected structure in BIM RESUMO

RESUMO

Em primeiro lugar, foi utilizado o modelo de edificio projetado pelo arquiteto. O Modelo
continha muitos erros € ndo possuia sistema de suporte de carga, colunas e vigas. Para o
proposito deste projeto, o modelo foi redesenhado no software Revit. Uma vez que o projeto
foi aprovado para transferéncia para o software do robd, descobriu-se que nao ¢ possivel
passar diretamente do Revit - Robot. O modelo foi salvo em um arquivo .smxx e em seguida,
no Robot carregado como arquivo .smxx. Elementos foram alterados, paredes e tetos de
cortina foram convertidos para os revestimentos. Os elementos de ago foram agrupados e
foram atribuidos aos tipos relevantes de elementos desenhados. O proximo passo foi definir as
combinacdes de carga e de carga, porque descobriu-se que as se¢oes IPE sdo muito
pequenas,por isso o conceito foi alterado. O teto composto foi escolhido a partir de um
catdlogo, e as vigas mistas foram contadas manualmente. As caracteristicas calculadas das
vigas foram designados para as vigas no programa robot e os calculos foram repetidos. Outros
elementos foram calculados no programa. Conexdes foram criadas e o modelo foi enviado
para o Revit. A Ultima parte foi a criagdo de desenhos e listas de itens.

Palavras-chave: Tecnologia BIM; Centro Comunitario em Rzeszow; REVIT; estruturas
metalicas.
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ABSTRACT

First, the model of building designed by the architect was used. Model contained many errors,
and did not contain load bearing system; columns and beams. For the purpose of this project,
model was redesigned in the Revit software. Once the project has been approved for transfer
to the Robot software, it turned out that it is not possible to directly link towards Revit -
Robot. The model was saved to a .smxx file, then in Robot loaded with .smxx file. Elements
were changed, curtain walls and ceilings were converted into the claddings. The steel
elements were grouped and they have been assigned to the relevant types of designed
elements. The next step was to define the load and load combinations. Because it turned out
that the IPE sections are too small, the concept was changed. The composite ceiling was
chosen from a catalog, and the composite beams were counted manually. Calculated
characteristics of beams were assigned to the beams in the Robot and calculations were
repeated. Other elements have been calculated in the program. Connections were created and
model was sent to Revit. The last part was creating drawings and schedules of items.

Keywords: BIM technology; Community Centre in Rzeszow; Revit; steel structures
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NOTATION
Upper Latin letters
A cross-sectional area
A, cross-sectional area of the structural steel section
A, cross-sectional area of concrete
A cross-sectional area of reinforcement
A, shear area of a structural steel section
E modulus of elasticity
E, modulus of elasticity of structural steel
Ecerr effective modulus of elasticity for concrete
Ecm secant modulus of elasticity of concrete
Hgq total design horizontal load
I, second moment of area of the structural steel section
L, second moment of area about y-y axis
L span
L, equivalent span
Mgy design bending moment
M1.a,ra design value of the plastic resistance moment of the structural steel section
y design value of the plastic resistance moment of the composite section with full
pLid shear connection
Mgy design value of the resistance moment of a composite section or joint
N, design value of the compressive normal force in the concrete flange
N design value of the compressive normal force in the concrete flange with full
of shear connection
elastic critical force for the relevant buckling mode based on the gross cross
Ner sectional properties
Ngq design value of the axial force
Pra design value of the shear resistance of a single connector
Vea total design vertical load on the frame transferred by the storey (storey thlust)
Voird design value of the plastic resistance of the composite section to vertical shear
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Lowercase Latin lerwes

width of the flange of a steel section; width of slab

total effective width

effective width of the concrete flange on each side of the web

distance between the centres of the outstand shear connectors

diameter of the shank of a stud connector

distance between the steel reinforcement in tension to the extreme fibre of the
composite slab in compression;

distance from the steel reinforcement in tension to the extreme fibre of the
composite slab in tension

design value of the cylinder compressive strength of concrete

dharacteristic value of the cylinder compressive strength of concrete at 28 days
design value of the yield strength of reinforcing steel

specified ultimate tensile strength

yield strength

height of the structure, storey height

depth of the structural steel section

thickness of concrete above the main flat surface of the top of the ribs of the
sheeting

overall depth of the profiled steel sheeting excluding embossments

overall nominal height of a stud connector

reduction factor for resistance of a headed stud used with profiled steel sheeting
transverse to the beam

number of columns in a row

number of shear connectors

number of stud connectors in one rib

longitudinal spacing centre-to-centre of the stud shear connectors

transverse spacing centre-to-centre of the stud shear connectors

thickness of a flange of the structural steel section

thickness of the web of the structural steel section

distance between the plastic neutral axis and the extreme fibre of the concrete

slab in compression
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Lowercase Greek letters

OnEa

Do

factor

factor by which the design loads would have to be increased to cause elastic
instability in a global mode

reduction factor for height h applicable to columns

reduction factor for the number of columns in a row

partial factor for concrete

partial factor for design shear resistance of a headed stud

horizontal displacement at the top of the storey, relative to the bottom of the
storey

\/m, where fy is in N/mm?2

degree of shear connection

angle

non dimensional slendel11ess

reduction factor to allow for the effect of longitudinal compression on resistance
in shear

global initial sway imperfection

basic value for global initial sway imperfection
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ACRONYMUS

ACRONYMUS

AEC Architecture Engineering Construction
BIM Building Information Modeling

BCF BIM Collaboration Format

CAD Computer Aided Design

IDM Information Delivery Manual

IFC Industry Fundation Classes

IFD International Framework Dictionary
MVD Model View Definitions
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Analysis and conceptual design of the selected structure in BIM INTRODUCTION

1 Introduction

1.1 Importance of BIM technology

Construction is a sector that must meet ever-growing demands. The consequence of change
and development is continuous improvement solutions, allowing for grouping, processing and
publishing data on the building at any time, and the whole team involved with the project. In
the United States, Canada, Great Britain and Scandinavia, technology BIM is used to create
projects. The European Parliament adopted new rules for public procurement and concession
contracts. Revolutionary change is the end of the “dictatorship of the lowest price”, which is
the curse of public procurement. The introduction of the criterion of “the highest economic
advantage” is to provide the public authorities to give greater attention to quality, the impact
on the environment and social benefits offers, but still considering the price and costs arising
from life cycle shown in the product offering. Important is the recommendation for use in
public tenders for the construction and design, building information modeling - BIM. 1It is
why BIM technology should be explored and used.

BIM technology is portrayed in glowing terms, and is the only drawback is the cost of its
application. But how is it really? BIM is not only about cooperation between the participants
of the project, it is also about a software which must allow for this cooperation. In this
document the possibilities of collaboration software ArchiCAD, Revit, and Robot and work
on a model obtained from the architect will be verified. What more, the following
assumptions of BIM technology will be checked:

o,

+« a faithful reproduction of reality

% saving time

o,

« control - auto-save feature and function references to the history of the project are
supposed to give assurance that the work on the model has been preserved

X3

S

better cooperation between project participants

X3

S

conflict detection and resolution, collision detection

X3

S

focus on details

X3

S

excellent presentation - 3D model, the actual appearance, speed of creation interesting
Views.

1.2 Organization of the document

¢ Chapter 2 — What is BIM?
It will be explained what is BIM technology, it main idea. Based on the levels of cooperation
and progress, the maturity levels of BIM will be defined. There will be presented the
possibilities and assumptions, and goals to be achieved in the future. Standards and BIM
software will be a summary of this chapter.

o,

« Chapter 3 - The application of BIM in project

Katarzyna Brodowska 1
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There will be presented the project which will be implemented in this document. Architect's
assumptions will be presented. The first changes will be proposed, the analytical model will
be created, and finally the analytical model will be transferred to the Robot.

¢ Chapter 4 - Transfer of model from Revit to Robot
In this chapter construction calculations will be carried out. Elements will be verified and
their cross sections will be updated. Connections between the elements will be created.

¢ Chapter 5 - Updating model in Revit
Return from Robot to Revit and update the project. Creation of drawing documentation.

¢+ Chapter 6 - Conclusion
Conclusions about the course of the work will be presented.

Katarzyna Brodowska 2
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2 Building Information Modeling

2.1 Whatis BIM?

There exist a lot of definitions about what is BIM. In the easiest way in can be defined as
parametric 3D model that contains information about itself. It allows the engineers and other
AEC professionals (architects, quality surveyors...) involved in project to enrich building with
intelligent “building blocks”. Every block is “self aware” of what it is, each interacts with the
other elements of building. For example, window integrates into a wall in the project. The
wall itself contains information concerning its function (separation of spaces or supporting)
insulation, its thickness, the dimensions of its openings, color etc. BIM model is made of all
this BIM components and is the basis to define what BIM is about (Cellier 1. 2013).

The elements of three-dimensional model are an accurate reflection of components which will
be built. All model is exact virtual copy of building. During the whole process model is
constantly enriched with details and improved. Because of a continuous flow of information is
much easier to take over the entire project. When the design is completed, models contains all
needed information and data for procedures related to the construction process, the pricing,
design prefabrication. BIM models can be used for calculation related to energy efficiency,
sunlight and statics. It is the base of the exchange of information between the involved in the
project, see Figure 1 (Jankowski B., Prokocki J., Krzeminski M. 2015).

&

Contractors I Architect

™\ e

Interior ¢ > Mechanical

. Designers J <€) Um . Engineers
Civil I

Constructio

\ Managers

Electrical
. Engineers

Figure 1 Major participants in a BIM (Vaughan K. 2012)
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The main idea of BIM is to allow project participants to cooperate in high level and to support
them. Accurate chosen programs helps to cooperate in a more effective, cheaper and smarter
way. By putting information from all participants to one model it is easier to avoid collisions
and, choose the best possible solution. An important part of BIM is that it allows a very good
information flow and good coordination of documentation, as well as helping to eliminate
mistakes and misunderstandings among all participants in a design project.

The key of effective communication and cooperation between stakeholders in BIM
technology is the possibility to exchange models and BIM data between programs different
producers. It is possible because of IFC - open and universal BIM data exchange format.

2.2 Levels of BIM maturity

Levels of sophistication (Figure 2) in use of BIM defined by UK Government:

‘Level 0’ Doesn't give possibility to manage CAD, in 2D, data exchange using paper (or
electronic paper).

‘Level 1’ It is possible manage CAD in 2D or 3D format, using a collaborative tool that
provide a common data environment and a standardized approach to format and data
structure. Commercial data management will be by cost management and standalone finance
packages with no integration.

‘Level 2° Management in 3D environment, the important fact is collaboration not necessarily
on a single model. The form of exchange the information is the crucial aspect and common
file format, that enables every organization to combine their own data with other in order to
make a federated BIM model, to be able to carry out interrogative checks on it. IFC or COBie
file format is used to share design information. This level may utilise also 4D scheduling
and/or 5D cost estimating.

‘Level 3’ Full collaboration between all participants, disciplines using a single, shared model
that is held in a centralized repository. All parties are able to modify that same model, this
remove completely the risk of conflicting information. (Out-Law, 2012).

Katarzyna Brodowska 4
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Key Moving up through the levels
IFC Industry Foundation Classes of technology use leads to

IFD Intemational Framework Dictionary seamless working and effective
IDM Information Delivery Manual data and process management

iBIM Integrated BlM _ ‘ Level 3
CPIC Construction Project Information |
Committee l

AIM Architectural information model ‘
l

SIM Structural information model

FIM Faalities information model e
BSIM Building services information model 2 Data management
= = S =
BrIM Bridge information model iBIM 2
g
Level 1 =
=4
- Standards for o
=l=ls|Z|12 bility: | S
= b= e mtcropcrability: )
Level 0 = A {4 IFC,IFD,IDM | 2
=t
PiC . =
lf\\.—l ISOBIM -
anti . Process management
IBS 1192:2007 2
IUscr guides CPJC, Avanti, BSI é‘
Drawings, lincs, arcs, text ctc I Maoddls, objects, collaboraton Integrated interoperable data

Figure 2 Levels of information management, data sharing and collaborative working (Dinesen B., Nisbet
N. 2010)

The maturity levels of BIM are define by using the concepts like of 4D, 5D and 6D to indicate
the benefits and elements of more and more complex BIM models see Figure 3. BIM can be
used in wide spectrum of construction projects. To gain all benefits of BIM's capabilities, the
collaboration must be used. BIM provides a collaborative framework between all participants,
allow the free-flow of information and data about object that is being designed and also how
will be constructed.

The Levels from 0 to 3 of BIM maturity are not the same to the next dimensions of BIM data.
Additionally to 3D drawn information, next data can be contained at 4D, 5D and 6D. In Level
2 or Level 3 all of these dimensions could be found. (NBS, 2014)
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BUILDING INFORMATION MODELING

K/
°

K/
°

/
°

K/
°

K/
°

2.3

3D

Existing Conditions

Models

= Laser scanning

* Ground Penetration

= Radar (GPR)
conversions

Safety & Logistics

Models

Animations, renderings,

walkthroughs

BIM driven

prefabrication

Laser accurate BIM

driven field layout

4D

SCHEDULING
¢ Project Phasing
Simulations
¢ Lean Scheduling
= Last Planner
= Just In Time (JIT)
Equipment Deliveries
= Detailed Simulation
Installation

% Visual Validation for
Payment Approval

Figure 3 BIM Dimensions

Standards in construction

SD

ESTIMATING

K/
°

K/
°

K/
°

K/
°

/
°

Real time conceptual

modeling and cost

planning (Dprofiler)

Quantity extraction to

support detailed cost

estimates

Trade Verifications from

Fabrication Models

= Structural Steel

= Rebar

* Mechanical/Plumbing

= Electrical

Value engineering

»  What-if scenarios

= Visualizations

= Quantity Extractions

Prefabrication Solutions

= Equipment rooms

=  MEP systems

=  Multi-Trade
Prefabrication

= Unique architectural
and structural
elements

BIM is about sharing structural data. Initially with making sure that the produced work, at

each level, now or in the future can be used by other people. Doing anything again should be

more effective by re-using not only own skills but also the efforts of others.
There are five basic methodology standards (Table 1).

Table 1 - BIM Standards (www.buildingsmarttech.org 2011)
IDM — Information Delivery Manuals

o,

o,

o,

*» Integrates with workflow management.

ISO/FDIS 29481-1:2010

«» How to capture requirements for application developers to meet.
« How specific required information exchanges can be documented.
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BUILDING INFORMATION MODELING

IFC — Information for Construction

ISO 16739 —2005/2013

A» % IFC STEP files and IFC XML files define portable file structures.
& - . ..
V % Includes design, processes, resources, participants.

o,

IFD — International Framework Dictionary

*¢ What information can be re-used.

ISO 12006-3:2007

‘":Dg + Includes proprietary dialects such as “Revit-speak”, “Bentley-speka”.

o,

o,

BCF — BIM Collaboration Format

software tools.

- « Includes multiple languages.

«+ Catalogues terms and concepts.

buildingSMART BCF

+ ‘Simplified’ open standard XML schema.
‘ + Encodes messages to allow workflow communication between BIM

MVD — Model View Definitions

A ¢ Supporting the data exchange over the life-cycle of a project.
e + Provides implementation guidance (or implementation agreements)

7

quality definitions, etc.)

buildingSMART MVD

for all IFC concepts (classes, attributes, relationship, property sets,

In the following part of this document IFC file format will be using to data exchange between

different software. Information contained in IFC file are shown in Figures 2 and 3.

...

Shape (explicit)

Shape (extrusions)
beams, pipes, ducts, walls etc

Shape (topology)

line representations for pipe, duct, efc

Building Elements
wall, door, window, roof, stairs, efc

HVAC Equipment
chillers, fans, pumps, boslers
coils, cooling towers, heaters
heat exchangers, etc

Spaces, Space Structure
space, storey, pan, building, site

LE

;—_&I;I'
o/

Electrical Elements
transformers, motors, generators
swilches, prolective devices
power and communcabon outiets
panels, cubicies

Sanitary Elements
WC's, unnals, baths, bidets, traps
gulleys

Fire Protection Elements
sprinklers, hose reels, hydrants
wetl/dry nsing mains

Furniture a 0

inc system fumiture o

Relations Between Elements

holes, chases, voids, zones

Structural analysis

structural members, boundary | |
rreww

condibons, connections, supports i

loads, elc

Figure 4 Information contained in IFC file 1/2 (www.thenbs.com)
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Controls, Instruments
2o and e sensor, actuator, controller
Systems gauge, meter
piping, ducting, cable, structural
Grids
Lighting
fitings, rendenng, photo-accurate
lighting Draughting

Manholes
manhoies, inspection chambers
access chambers, meter chambers

vaive chambers ;
Time Series
ame related events
-
3

Holes and Bases
holes, sleeves, packing, framing
upstands, vibration isolabon

Accessories
brackets, drop rods, steel sections
bracket assemblies, screws, bolts etc

Constraints
rules, specifications, requirements

tn r conditons
- Asset Management

maintenance history, inventones

Environmental Impact
embdodied energy, COz

Figure 5 Information contained in IFC file 2/2 (www.thenbs.com)
2.4 Software Survey

There are a number of different software available that implement BIM. Some of them and
the possibility of use are shown in Figure 4.

Architects
= ArchiCAD, Revit Architecture or

AutoCAD Architecture Bentley

: Autocad \Architecture' Rewvit
Structul’al Des|gn Architecture, Aschitecture Sdpwbesi
= Tekla (FIN) ArchiCAD Structures | proSteel M-
Mechanical Design N
= MEP’s use MagiCAD (FIN) § ,
jovapoint
* CADS has a minor share (FIN) Torrain
g La AutoCAD

Civil Ci0 MagiCAD
= Novapoint, Tekla Civil, Bentley, o [

AutoCAD Civil-3D, CityCAD oy AL )

. ; 4 bosds bulldingSMART )

Simulations
«  RIUSKA aka MagiCAD Comfort & p=Open Standards

Energy (FIN) and IDAice (SWE)
QA
= Solibri Model Checker (FIN),

Tekla BIMsight (FIN) and NBPO \

Autodesk Navis, Novapoint . 1 Eﬁi?:;%;

Explorer -

Construction site

= Construction Management: Tekla
CM (FIN) or Vico Office

= Quantities and Costs: TCM Pro
(FIN) and Solibri

= Viewers: Solibri, Tekla BimSight
and Navisworks © Skanska

QbuildingSMHRT

FINLAND

Figure 6 OpenBIM Software (geospatial.blogs.com)
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3 The application of BIM in project

3.1.1 Architecture

The architectural project of Community Centre in Rzeszow was designed by Katarzyna
Siembida-Klucha. The building is asymmetric and consist of three main solids which
interpenetrate themselves and was divided into three parts due to destiny: workshop, office
part and exhibition space. Project also contain a suggestion of building’s structure, about
materials and load bearing system.

The shape of building is irregular and because of that the author suggested steel skeleton
frame as a load bearing system. This solution let to shape freely space and to overcome long
distances. The columns are spaced in 5 m or 10 m from each other. Between the columns are
steel girders. Floors are supported by system of steel beams that transfer loads from floors to
girders. There is no steel elements described above in the architectural model, everything need
to be put in Revit software.

The following initial considerations about structural elements are described as follows:
Fundaments:
¢ The author proposed to realize reinforced standard footings on 1,2 m depth below
ground level;
Columns:
+ Hot rolled steel columns, H beam type;
Beams:
¢ Hot rolled steel beam, I beam type;
Walls:
+«» Exterior walls: Columns in exterior walls are spaced from 2 m to 3 m from each
other. Author conception was changed from reinforced walls to steel-framed solutions
and as non-load-bearing walls;
+«» Partition walls: The wall construction consists of two layers gypsum wall-board on
each side attached to steel construction with isolation inside. Partition walls are
designed as non-load bearing walls;
Ceilings:
¢ The first floor 'ground' is made as a concrete slab. Other ceilings are made as concrete
and supported by steel beams that are in 0,6 m spacing;
Stairs and ramp:
+¢ Stairs and ramps are made of reinforced concrete;
Elevator shaft:
+»» Reinforced concrete construction;
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Floor plans of designed building are shown in Figures 4, 5 and 6.

ToY Y Y Ty

Figure 8 First floor
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?F ? ? ?OY

Figure 9 Second floor

Community Centre in Rzeszéw has to fulfill three functions. There is space for exhibitions
and events: auditorium, big main hall, exhibition hall. Another parts of building are
workshops and offices.

3.1.2 Customization and transformation of the building model

In this chapter the model of construction created by the architect in Archicad was put to Revit.
What is important in this step is to check if building model designed by Archicad is well
prepared to use to future work. BIM is about information flow between architect and
constructor, in this project there are information about shape but not about materials.
Materials were defined in project description.

The first step is saving the file as I[FC format. Before that to prepare model export, the
structural elements can filtered by using elements classification, layers, layer combination,
display settings, selection modes and so on. The entire building can be also exported without
any filtering. This is what was done in this case. After that the IFC file was opened in Revit.
The model of construction was created using blocks as it shown at Figure 10, so every part of
load bearing system was replaced by the structural elements.
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Figure 10 Model of the building created by architect

The load bearing system was proposed as steel-skeleton frame. To make present construction
correct beams, columns were added. The prepared load bearing system is shown in Figure 11.

Figure 11 Load bearing system of building

What was changed comparing with assumptions of architect it is walls from reinforced
concrete walls to light walls on steel frame. Walls were designed as curtain wall, which main
task is to distribute the load from the wind on the steel skeleton. Ceilings were made as
composite; and supported by steel beams that are in 2,5 m spacing.
To simplified model following elements were deleted, and instead of them appropriate loads
were added:

¢ Elevator and elevator shaft
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+ Stairs and stairs shaft
« Partition walls

What more, construction of the stands in auditorium is independent from load bearing system
of building, loads will be transferred directly to the proper fundamentals, which are not case
of this document as well as the stands construction. Thus, imposed loads of the stands and
dead loads will not be taken into consideration.

3.1.3 Analytical model

In Revit software, the structural elements the associated analytical model are created
concurrently. There are few rules which are worth remembering. In this case analytical model
was very important to trouble-free future work and was prepared to transfer and calculation in
Robot.

Connections between structural elements are implicitly created as pinned connection in Revit.
This will not be changed in Revit, after transferring the building model to software Robot,
changes connected with analytical characteristics will be made. Connection between beam
and column will be modified. The boundary conditions were chosen as pinned. The analytical
model of building is shown in Figure 12.

Figure 12 Analytical model
Analytical model is creating together with structural elements, and what is important that just
at the beginning this two models are dependent, after that both models are edited separately. If
the goal is calculation the entire construction in program such as Robot it is crucial to make
sure that the analytical model is correct. The nodes have to be connected, in other way it will
not be possible to get correct result. To find any mistakes and incompatibilities the filtration
of nodes condition should be use like it is shown in Figure 13. The result of filtration is shown
in Figure 14. Red color means that node is unconnected, but in this case it is not mistake
because there is boundary element. Yellow means that this node was changed by user,
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previously this node had been unconnected or connection had not been suitable. Green color
was assigned to connected nodes.

r y
Visibility/Graphic Overrides for 3D View: (3D} | =
[ Model Categories | Annotation Categories | Analytical Model Categories | Imported Categories | Filters |
. Projection/Surface
Name Visibility -
Lines I Patterns Transparency
unconnected nodes [
connected Manual nodes I
connected Auto-detect nodes [
Filters
Filters Categories Filter Rules
oo Conpatnerts ||| cked i the fer Praneirs : [Comectonstatis v
he::s‘smg = induded in the filter. Parameher;e Filter by: | Connection Status b4 @
common to these categories will
unconnected nodes available for defining filter rules. (equals v)
connected Auto-detect no...
connected Manual nodes Filter list: ~ <show all> - [Unoomeched v]
[ Hide un-checked categories
o =
[J Analytical Columns -
[ Analytical Floors 3@ v
[ Analytical Foundation Slabs
Add [J Analytical Isolated Foundati...
] [ qu' [J Analytical Links )
¥l Analytical Nodes And; | (none) -
All document filters are dehl 8 : . x::omdauons v
modified here <« m » >
<« m » v
% ®
hDhEH [ checkal | [ checkone |
=
\

Figure 13 Filters used to checking connection status of nodes

Figure 14 Analytical model after improvements

There are few things at which constructor should look more carefully. First, in analytical
model settings there are parameters define that when two construction elements are at a
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distance equal to or less than specified value, the analytical model of element which was
created as a second disappears (Figure 15). This will happen when ‘Analytical auto detect’
for analytical models is active. It is very dangerous and causes errors like unconnected beam
with wall and floor or wall with floor.

:  Systems Inset Annotate Analyze Massing &Site  Collaborate View Manage Add-Ins  Modify -

’ i
Structural Settings @

_v Symbolic Representation Settings | Load Cases | Load Combinations Analytical Model Settings Boundary Conditions Settings

Automatic Checks

Member Supports | Analytical / Physical Model Consistency

Tolerances

Support distance:  304.8 mm Analytical auto detect - Horizontal:

Analytical-to-physical model distance: 152.4mm Analytical auto detect - Vertical:

Analytical Link auto detect:

Figure 15 Analytical model settings

It 1s good if this value is less than half of the thickness of the thinnest wall in Revit. In this
document it wasn't enough, so the less value was established. After that it turned out that
floors on the edge are not connected with beams. The reason is that the architect drew the
floors along the external points of walls and columns, and the analytical model of floors was
created in the same lines. Before changing value of auto detection it was invisible. If architect
or engineer does not know how the analytical model is created, the correction of defects will
cost a lot of time.

3.2 Transfer of model from Revit to Robot

The link between Revit and Robot allows to make the exchange of information about
analytical structure. It enables firms to insert analysis-related data to the Revit model, next use
that model (and data) directly for analysis in Robot, and after that update the Revit model
using the analysis results. The structural designer creates the physical and analytical model in
Revit software and next sends the analytical model using one of possible way to a structural
engineer, and uses Robot for structural analysis. (Autodesk, 2012)

There are two ways of model transfer between Revit and Robot. One of them is direct
integration which allows and second, sending to the intermediate file (.smxx). First way does
not work in Revit 2015, when user try to send model using direct integration he gets 'run time
error'. Thus, analytical model was sent to the intermediate file (.smxx), and next was opened
in Robot. The steps of integration were shown in Figure 16.
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wav |E Integration with Robot Structural Analysis ﬁ
Structur...
Direction of integration with Autodesk Robot Structural Analysis
- @ Send model
| rc,‘_., ) Update model
Robot | irties () Update model and results
Structural Analysis
— Type of integration
| F e Reinforcement Code Check
() Direct integration
| 'wl*) Robot Structural Analysis Link © Send to the intermediate file (.smxx)
Help ok | [ concel

Tools ' Add-Ins ""Window  Help Community

Q @ m Autodesk Inventor Frame Analysis
1 Frame Generator Autodesk Revit Structure
|

Spreadsheet Calculator
Italy NTC 2008 Steel 4
Italy NTC 2008 Le

3d load

Add-ins Manager

FANESD P w

|E Integration with Revit Structure

Direction of integration with Revit Structure
") Send model
(©) Send model and results

3 @ Update model

Type of integration
") Direct integration

@ Update from the intermediate file (.smxx)

o) (G )

Figure 16 Software integration
3.3 Work with analytical model in Robot Structural Analysis Professional

After opening Robot software and file with analytical model, first step is to set the task
preference. Calculation will be performed according the Eurocodes.

Next step is not obligatory but necessary if the entire work in Robot is to be easier. The
creation of groups elements is helpful to faster work, to finding elements with the same
parameters, elements that work in the same way, or in the same floor. The groups of elements
found in this project are:

%

% Primary beams on 1% and 2™ floor

*
X4

L)

Primary beams on 3 floor

*
X4

L)

Secondary beams on 1* and 2™ floor

*
X4

L)

Secondary beams on 3 floor

*
X4

L)

Interior columns on 1* floor

X4

Interior columns on 2™ floor

RS

X4

Interior columns on 3™ floor

RS

X4

Columns in Exterior walls and Exterior columns on 1* floor

RS
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% Columns in Exterior walls and Exterior columns on 2™ floor

% Columns in Exterior walls and Exterior columns on 3™ floor
This groups were created to differentiate the cross sections of elements. The column on 3rd
floor will be working under less loads than the column on the 2nd and 1st floor. The same
concerns beams, secondary beams are less laden than primary beams.
How it was mentioned before, the connections between elements are created as Pinned-Pinned
in Revit software. In building were spacing of columns is 10 m it is not a good solution
because of high values of bending moment and beam deflection. Thus, all connections were
changed to Fixed-Fixed. What more, to prevent re changing the type of connections, the new
name of Fixed-Fixed connection was created. In other way after updating model in Revit,
connections would return to its original state.
When the groups are created, the types of elements need to be defined and assigned to
corresponding elements. The Beams and the columns are drawn from node to node, there are
one type of element for beams and one for columns. Definitions of those elements was shown
in Figure 17.
The definition of walls and ceilings are the next task in this part of work. Actually it is not
possible to calculate composite ceiling in Robot software, so instead of concrete ceilings, the
panels were set. This will make faster calculation and reduces possibility of error related with
mesh. The dead and imposed loads on floors will be distributed on the beams through the
panels. The composite ceiling will be calculated in another software. The walls were changed
for claddings that allow wind load distribution. The changed and improved analytical model
of the building in Robot software was shown in Figure 18.

Katarzyna Brodowska 17



Analysis and conceptual design of the selected structure in BIM

THE APPLICATION OF BIM IN PROJECT
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® § 1.00 ® i 1.00 ® i 1.00 ® § 1.00
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Figure 17 Definitions of elements
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Figure 18 The building model in Robot software
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3.4 Definition of the loads acting on the building

Calculation of load was performed according to Eurocode, respectively:
EN 1991-1-1:2004 — imposed load on floors, self-weight

EN 1991-1-3:2003 — wind load

EN 1991-1-4:2005 — snow load

3.4.1 Self-weight

The self-weight of columns and beams will be automatically calculated by software.

Walls

+ Exterior walls
Exterior wall were designed as light steel infill walls shown in Figure 13 that self-weight
is 3 kN/m.

3 —— Light steel frame

2 layers of fire resistant
/ plasterboard

_-Mineral wool insulation

Sheathing
board

.~ Rigid insulation
‘'l .~ board

- Vertical rail
~| fixed to C section

Figure 19 Light steel infill walls with metal rain-screen (www.steelconstruction.info)

« Partition walls

Community center is one of that kind of building that requires very high coefficient of sound
isolation, high fire resistance class and, because of its height and the requirements related to
the function, provide high mechanical resistance. The selected wall construction is shown in
Figure 14a.
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a) b)
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Figure 20 Construction of partition walls (http:/warunkibudowlane.pl/)

1 — Gypsum fiber boards 12.5 mm, 2 — Gypsum fiber boards 10 mm, 3 — strips of gypsum
fiber board 12.5 mm, 4 — Profile CW 125 x 0.6 mm, 5 — Profile CW 75 x 0.6 mm, 6 — CW
profile 50 x 0.6 mm, 7 — 60 mm of mineral wool, 40 kg / m3, 8 — 40 mm of mineral wool, 40
kg / m3, 9 — Insulating tape, laminated on both sides, 10 — spring connector. (Ujma A.,
Ambicki W. 2013)

Self-weight of partition walls is 2,64 kN/m.

Ceilings

Load of concrete and metal deck and other layers of ceiling will be added as uniformly
distributed load.

Because of various ceiling finishes in building (ceramic, industrial floor, hardwood, carpet) in
every area of building the maximum load of top layer were applied.

Table 2 - Layers of floor

Layer Thickness  volumetric weight  characteristic value
[m] [KN/m’] [KN/m?]

Hardwood 0,02 7 0,14
Cement 0,02 24 0,48
Damp proof membrane - - 0,02
Insulation 0,05 0,3 0,02
Concrete slab 0,15 25 3,75
Metal deck 0,009 - 0,91

Self-weight is 5,32 kN/m’
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Stairs

Stairs were designed by architect as reinforced concrete construction, but next the conception
was changed to steel construction with wooden steps. The self-weight is 2,2 kN/m and will be
added as line load on the edge of ceiling. Stairs will not be calculated in this document.

Elevator shaft
An elevator with the elevator shaft is the system Easy Move and, was chosen from Vimec

company products. The elevator shaft is self-supporting structure so the self-weight and living
loads will not be taken into consideration. Catalog is available in Annex 1.

Imposed load on floors
According to Eurocode 1 the imposed loads qx were assigned to proper spaces. The building

was divided into three parts due to destiny: workshop, office part and exhibition space.
Instead of partition walls according to Eurocode 1 the self-weight was added to the imposed
loads of floors as a uniformly distributed load qx; and, because self-weight is > 2 kN/m and <
3 kN/m qi; = 1,2 kN/m”. In the table 2 are shown chosen values of the loads.

Table 3- Imposed load on floors

Specific Use Category qx [KN/m?] Qi [KN/m?] qitqia [KN/m?]
Workshops C4 5,0 1,2 6.2
Office areas B 3,0 1,2 4,2
Exhibition areas C3 5.0 1,2 6.2
Stores and archives El 7,5 1,2 8,7
corridors C5 5.0 1,2 6.2
stairs A 2,0 0,0 2,0
balconies A 2,5 0,0 2,5

Katarzyna Brodowska 21



Analysis and conceptual design of the selected structure in BIM THE APPLICATION OF BIM IN PROJECT

3.4.2 Snow load

To simplified snow load was added as a uniformly distributed load of 1 kN/m2 on exterior
horizontal surface as it is shown in Figure 15.

Yf ' kPa
Przypadki: 4 (SNOW1)

3D 1 Z=12,15m - Pietro 2
Figure 21 Snow load

3.4.3 Wind load

Wind load simulation was performed in Robot Structural Analysis Professional. Irregular
shape of building makes difficult manual calculations of wind load. Four wind directions
were chosen to simulation (Figure 22). According EN 1991-1-3, due to location of building
the speed of wind is 22 m/s. Results of simulation was presented in Figure 23. Each one of
load case corresponds to one direction of the wind and was included separately in loads
combinations.

0 @ g
X+Y- . X-Y-
N u
g -
111}
X+Y+ [0 Wivs Fx-y+

Figure 22 Directions of wind
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Figure 23 Wind load simulation in Robot Structural Analysis Professional 2015

-0.30

All loads acting on construction were defined as it shown in Figure 24, while the loads
combinations was shown in Figure 25.

Self-Weight

Dead load

Imposed load

Snow load

Wind load simulation X+ 22m/s
Wind load simulation Y+ 22m/s
Wind load simulation X-22m/s
Wind load simulation Y-22m/s

W N O s W N

Figure 24Types of loads

3.4.4 Ultimate limit states

Combinations of actions for persistent and transient design situations were set up according to
EN 1990 and the following equations:

Z Y6,iGk;" + "YpP" + "vq1W0,1Qx1" + " Z YQ,iWo,iQki (1)
=1 i>1
Z &YG,iGr;" + "VpP"+ "yq1Qr1" +" Z YqQ,iWo,i Qi 2)
j>1 i>1
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Where
T Implies ”to be combined with”
> Implies ”the combined effect of”
& Is a reduction factor for unfavourable permamant actions G

For this expressions values of £ and y are recommended:

£=0,85
YG,j = 1,35
YQ,i~= 1,50

The values of y factors for buildings:

Imposed loads in building yo = 0,7

Snow loads on building (H <1000 m a.s.l.) yo = 0,5
Wind load on building vy, = 0,6

3.4.5 Serviceability limit states

The following equations was used to for combination creation:

D Gy Q"+ Qe 3)

j=1 i>1

The created combinations were shown in Figure 25.

il Load Combination - Cases: 9to24 = <=
Combinations Name Analysis type °°"‘°ty;‘: Case nature Defintion =
9(C) KOMB1| Linear Combination SGN 5 (1+2)"1.35+3"1.05+4"0.75+5°0.90
10(C) KOMB2| Linear Combination SGN s (1+2)"1.15+3"1.50+4"0.75+5"0.90
11.(C) KOMB3| Linear Combination SGN s (1+2)"1.00+5"1.50
12 (C) KOMBA4| Linear Combination SGN s (1+2)"1.35+3"1.05+4%0.75+6"0.90
13(C) KOMBS| Linear Combination SGN s (1+2)*1.15+31.50+4"0.75+6°0.90
14(C) KOMBE| Linear Combination SGN s (1+2)"1.00+6"1.50
15(C) KOMB7 | Linear Combination SGN s (1+2)*1.35+31.05+4°0.75+7°0.90
16 (C) KOMBE| Linear Combination SGN s (1+2)"1.15+31.50+4"0.75+7°0.90| |E
17(C) KOMB9| Linear Combination SGN s (1+2)"1.00+7*1.50
18 (C) KOMB10| Linear Combination SGN s (1+2)"1.35+31.05+4%0.75+80.90
19 (C) KOMB11| Linear Combination SGN s (1+2)"1.15+3"1.50+4°0.75+6"0.90
20 (C) KOMB12| Linear Combination SGN s (1+2)"1.00+8"1.50
21(C) KOMB13| Linear Combination S6u K (1+2+5)1.00+3%0.50+4°0.60
22(C) KOMB14| Linear Combination SGU K (1+2+6)"1.00+3°0.50+4°0.60
23(C) KOMB15| Linear Combination SGu K (1+2+7)"1.00+3°0.50+4°0.60
24(C) KOMB16|_Linear Combination SGu K (1+2+8)"1.00+3°0.50+4°0.60
«|[» |\ Values £ Edit £ Info / || « m »

Figure 25 Load combinations
3.5 Calculation and dimensioning of elements

As first, the linear analysis was performed. Forces acting on construction were calculated and
the cross sections of elements was defined. After the actualization of the analytical model the
type of global analysis will be checked and the analysis will be configured if necessary.

After first calculations it turned out that the biggest IPE cross sections are not enough for
primary and secondary beams. One of possible solution to the problem is to design composite
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beams and slab. Another options are the fabricated beams with web openings and cellular

composite beams. In this case the first option was chosen and the next actions were taken:
+ Every second beam that supports ceiling was removed, now distance between beams is
Sm.

< After the transfer of the analytical model to Robot software, elements were divide on
each node. After removing many beams the model of building was incorrect as shown
in Figure 26, there was a lot of unnecessary nodes. After adjustments (Figure 27) the
analytical model became more clear and separated nodes were removed.

| 1 | 1 | 1 | 1 1 1 | 1 | 1 | 1 | 1 I 1
14,0 16,0 18,0 20,0 22,0 240 26,0 28,0 20,0 2,0

o
L),
B
i 448 447 46 445 . 506 . 504 . |
o
Bol
8
a o =)
S S 3
- & -
@
i3 3
419 441 442 443 444 L 529 530
Ao
vy Alg
S|
i |
S B0 | dscassrrwrrdices sditiibanm 0 . 20

I 1 I ' 1 ' 1 ' I 1 I ' 1 ' 1 ' 1 ' 1 1
140 16,0 18,0 20,0 220 240 26,0 28,0 20,0 2,0

I 754 755
o
—-g
]
L] o o .
9 S 3
- N -
)
—§ Xu]
419 7‘2 ; 753 g
Ao
v g
= . .
o |
1 160 180 220 ETPIR e P o ol
AN P I G 2S00 m Pietrn T i SR

Figure 27 The analytical model after adjustments

o,

« Instead of slabs the claddings were applied, one direction load distribution.

o,

« Every primary beam were ignored in load distribution from claddings, the distribution
was shown in Figure 28.
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Figure 28 Load distribution from claddings

Stories of building were shown in Figure 29. Beams in Y axis support slabs and are integrated

with it. Those beams together with slab will be manually calculated.

| I [ I | [ . !
-10,0 20,0 40,0

UL 33) (14)

,00'm - Pietro 1
L
- 400 -

—s i WAk
|I

3 sl easrnelinorrre
Figure 29 Building stories
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3.6 Structural Analysis

There are four types of global analysis :

z =
5} s
g E |z |2
Q ) o
E | O |5 g
3 = < S
&) 9] e 5 O =
~ s o 2.8 2
S S |8 2| % &
| s 2 |£45 54
Analysis Type = A - o | Z o
First-order elastic v
Second-order elastic v
First-order plastic v
Second-order plastic v
Figure 30 Analysis types

According EN1993-1-1, first-order analysis may be applied for portal frames with shallow
roof slopes less than 26° and beam-and-column type plane frames in buildings if the criterion
(4) 1s satisfied for each storey and provided that the axial compression in the rafters or beams
1s not significant, o, should be calculated as it shown below.

Hgq\ [/ h
oo = (52 50se) @
Where:
Oler Is the factor the design loading would have to be multiplied to cause elastic
instability in a global mode
Hgg Is the horizontal reaction at the bottom of the storey
VEd Is the total vertical load at the bottom of the storey
h Is the storey high
OH.Ed Is the horizontal deflaction at the top of the storey under consideration

relative to the bottom of the storey, with all horizontal loads applied to the
structure

The following criteria have to be satisfied to use a first-order analysis:

Table 4 - Action that need to be taken depending on the value of o,
Limits on o, Action

Ocr > 10 First order Analysis
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First order analysis plus amplification
10> 0 > 3 .
or effective length method
Oer <3 Second order analysis

In this case the frame with the biggest deflections were chosen to calculation (Figure 31).

098 11| 10,09 .
05| 06| og 08| 07| g9 1.0 07 |
05 | 05| 06 07 .05 | os 0.6 F‘il
“Dis 0.5cm

a a Max=1.4
)ﬁ—i Cases: 14 (KOMBS)

Figure 31 Global deformations

The internal forces in this frame was shown in Figure 32 and 33.

248.71 [288.18 LEFT
a1 163
_
§191
g5 9
wFx+cFxt 1000kN
§ 3 Max=2953,29
ad Min=63,60
J Cases: 10 (KOMB2)

Figure 32 Fx Force
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[3:2] LEFT

451 52 —_—
“Fz SkN

Max=15,36

Min=-19,74

Cases: 6 (Wind load simulation Y+ 22 m/s)

Figure 33 Fz Force
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Global imperfections

Vg = Z N = 194,27 + 2051,49 + 2953,29 + 824,54 = 6023,59 kN PN-EN
1993-1-
Hgy = 6,32+ 17,78 + 15,79 + 8,92 = 48,81 kN 15.3.0
Hgy = 48,81 kN < 0,15 Vg3 = 0,15-6023,59 = 903,5 kN
Sway imperfections have to be regarded.
Q= Q)() At Ay
) ! . - 0,55 but : <a,<10 -
= — = — = = — - = —
072000 TR Visaz o M3z f=LUT 4T3
N, = 2N 892359 o5 0
sr — 4 - 4 - )
Ngg = 164,27 < 0,5Ng,. =0,5-15059 =7529kN > m=3
= 05(1+ 1)— 05(1+1)—O816
am - ] m - ] 3 - ]
0=0 _ L 20816—271 1073
Hy, =@ Vggq =2,71-1073- (248,71 + 822,10 + 288,18) = 3,7 kN
Hyp =@ Vgg, = 2,71-1073 - (794,72 + 1350,19 + 4,97) = 5,8 kN
Hys =@ Vgg, = 2,71-1073 - (1000,34 + 773,28 + 527,21) = 6,2 kN
|| S
FY=5.80
M Ex+cFx-t 1000kN
Max= 0,0
A A Min=" 0,0
J b kN
Cases: 26 (sway imperfections)
L 4 iallll N'= Pletrp
Figure 34 Sway imperfections forces
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Local imperfections PN-EN
1993-1-
Local bow imperfections cannot be neglected when conditions are met: 1/5.3.2
¢ at least one moment resistant joint at one member end - the condition has
been met
o 7 Afy
o 1>05- ’— lub Ngg > 0,25 N,
NEq
Column: HEB 450
N = n?-E-1I, B w%-210-10%-57680- 10* 92993+ 10% N = 22993 kN
ooz 44502 - -
Npax = 2953,29 < 0,25-22993 = 5748 kN
Local bow imperfections may not be neglected.
Global analysis
Flrst‘order a:ai};)sm may be used, when PN-EN
]; “Cf; - 1993-1-
ata from Figure 1/5.2.1

5H,Ed,1 = 2,0 mm
5H,Ed,2 = 2,0 mm
5H,Ed,3 = 5,0 mm

1% level
HEd,1 = Hgy + Hd,1 = 3,12+ 15,36 + 3,7 = 22,18 kN

Vea1 = 248,71 + 822,10 + 288,18 = 1358,99 kN

H h 22,18 5300
am=( E‘“)-( )= 2220 = 433> 10 - 0K
’ VEda SHEd1 1358,99 2,0

2™ Jevel
Hgg1 =Hgg + Hy1 = 2,37+ 6,28 + 1,59 + 8,73 + 5,8 = 24,77 kN

Vea1r = 794,72+ 1350,19 + 4,97 = 2149,88 kN

Hya 1 h 2477 4000 oo
= . = . = -
Yt =\ Vear ) \Bupas) 214988 2,0 e

3" Jevel
Hpg1 = Hgq + Hyq = 1,32 + 16,53 + 5,58 + 11,15 + 6,2 = 40,78 kN
Vea1 = 1000,34 + 773,28 + 527,21 = 2300,83 kN

Hya 1 h 4078 4000 _
= . = . = -
Yt =\ Vear ) \Burar) 230083 5,0 o=
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3.7 Composite slabs and beams

In the buildings were the distances between supporting element walls or columns are long,
composite ceilings and beams are recommended. Thanks to that the useful height of stories
increases and the thickness of ceiling is reduced. The cross section of composite beams is
lower than non-composite element. Unfortunately it is not possible to take into account the
cooperation between beam and ceiling in Robot software. Properties composite element will
be calculated outside Robot and then characteristics of element will be set up in software.

Composite slab

Figure 35 Static scheme of slab

Geometric parameters

d (cm)

Figure 36 Cofrastra 70

A - floor slab thickness

B — number of shores per span
at the construction stage

C - type of anti-crack reinforcement mesh

D - rebar gauge over the props (2 cm casing)

E - distribution of rebars over the props

F — floor slab thickness for REI 60

G - rebar gauge in the floor sheet wave,
adapted to fire loads

H - fireproof rebar casing

Figure 37 Parameters for double-span slab (arcelormittal.com)
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Material characteristics
Steel decking: f, = 355 N/mm’
Concrete: C25/30; f. =25 N/mm?

Construction conditions:
h, =167 mm > 50 mm - OK
h =240 mm > 90 mm - Ok

The brochure of Cofrastra 70 is available in Annex 1.

Composite beams

Data

Composite beam on 2 supports
Continuous slab on 3 supports
Beam span 10 m

Distance between beams = 5 m

Geometrical characteristics and material properties
Beam: IPE 450

h =450 mm
b =190 mm
tw = 9,4 mm
tr= 14,6 mm

f, =350 N/mm’

Steel decking: f, = 350 N/mm’

Floor sheet geometrical data

Cofrastra 70 geometrical data

b, [cm] b, [cm] b, [cm] b [cm] h_[cm]

18,30 8,70 11,30 4,00 73

Figure 38 Geometrical parameters of metal deck

Concrete: C25/30

h, = 180 mm
besr= 5000 mm
f, =25 N/mm’

Katarzyna Brodowska
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Connectors:

d =22 mm

hs. = 100 mm

longitudinal spacing: e, = 183 mm
transverse spacing: s; = 55 mm

f, =450 N/mm’

The distance between the axis of the connector and the edge of the shelf

PN-EN
190 — 55 — 22 1994-1-
=56,5mm > 20 mm - OK
2 1/5.4.1.2
Calculation of the stiffness of the composite beam PN-EN
1994-1-
L,=07-L=0,7-10000 =7000 mm
L, 7000
bei = §=T=875mm
bes = bo + Zbei — 554 2875 = 1805 mm < 5000 mm
_ Fa _ B, _2-210000
"“Eerf Em 31000
2
besr 1805
n 1355 Loremm
) _Aa-%+b-hc-(ha+h,,+%)
o~ Ag+he b
9880 - 4750 +133,2-180- (450 + 73+ %)
9880 + 180-133,2
The neutral axis is in the metal deck.
Moment of inertia of span cross section
ho\> b-h3 h. 2
I, =Ia+Aa(x0—7) + +b-hc-(ha+hp+7—x0)
450\* 133,2-1803
= 33740-10* + 9880 - (497,6 - ) +
2 12
180 2
+133,2-180- (450 + 73+ - 497,6)
= 143329 10* mm*
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Stiffness
B,=E-I1,=210-10%-143329-10* = 300991 kNm?

Calculation of the stiffness of the composite beam over the props | PN-EN
1994-1-
b, = s, = 55 mm 1/5.4.1.2
L,=0,25-(L+L)=0,25-20000 = 5000 mm
L, 5000
bei = §=T=625mm
bes = bo + Zbei — 554 2625 = 1305 mm < 5000 mm
A; = 2560 mm?
hg
_Aa-7+AS-(ha+hp +h.—ay)
o = Ag + Ag
450
9880 - - + 2560 (450 + 73 + 180 — 20)
= =31
9880 + 2560 318,6 mm
The neutral axis is in the beam.
Moment of inertia over the props
h 2
L=1,+4, (xo —7“) +As-(hg+hy+h.—ay —xo)2
450\
= 33740 -10* + 9880 - (318,6 — T) + 2560
(450 + 73 + 180 — 20 — 318,6)% = 75832 - 10* mm*
Stiffness
B, =E-1, =210-103 - 75832 10* = 159247 kNm?
Ultimate limit states PN-EN
Conectors 1994-1-
1/6.6.4.2
by, = s; = 55mm
L,=0,7-L=0,7-10000 = 7000 mm
L, 7000
bei = §=T=875mm
bes = bo + Zbei — 554 2875 = 1805 mm < 5000 mm
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Number of bolts in one rib of metal deck: n, =2
Thickness of metal deck: t = 1,0 mm
kt,max =0,6

k, ik

0,7 by [h 0,7 113 /150
= (——1)=O,79>O,6—>kt=0,6

“Vn, h, \h, ) 2 73 \73
Design load-bearing capacity of bolts
hse 150 B
Concrete C25/30 — f. = 25MPa, E., = 31GPaq, 1994-1-
2 992 1/6.6.3.1
OB'fu'”'T O,8'450'7’['T
Poii = = = 109478N =1 N
Rd,1 ” 125 09478 09,5k
029 -a-d? \/fex “Esmp 0,29-1,0-222-4/25-31000
PRdZ = = = 98852N
' Yo 1,25
= 98,9kN
Ppq = k¢ - min(Pgg 1; Pra2) = 0,6 - (109,5;98,9) = 0,48 - 98,9 = 59kN
Degree of shear connection; coefficient PN-EN
n= N 1994-1-
N,
of 1/6.2.1.2
Where:
Connection between beam and slab
A = bess - h, = 1805 - 180 = 324900 mm?
fek 5
fea = Qcc VLC =10- 14 = 17,86 N/TTI,TTl2
Nes=0,85"f.q-Ac=0,85-17,86-324900 = 4932 - 103N = 4932 kN
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Number of sheared bolts

L, 10000

n= -e—sc= 183 =110
N,=05-n-Pyy =05-110-59 = 3245 kN
N, 3245
T]_ch_m_o,67
le beff ol
085F,,

T T i

My
fyd 9_./\/3) MRd
+

Figure 39 Plastic stress distribution under sagging bending for partial shear connection
(Biegus A. 2012)

Plastic bearing capacity under sagging bending in span

= 3458 - 103N

1 1
Na=Aa'fy'y—MO=9880'355'1O

N, = 3458 kN < No; = 0,85 A, - foq = 4932 kN

The neutral axis is in the slab.

A f, _ 3458-10°
PL™0,85 bess - foq  0,85-1805-17,86
hq

450
de ="+ hy +he =——+73+180 = 478

X = 126,2 mm

126,2) 1

xpl 1
My = - Aq - (da = 2) - -— = 355 9880 - (450 - —5=) -

2 Ymo
= 1276 - 10°Nmm = 1276 kNm

Wpi - f, _1702-10% - 355

=596 kNm
Ymo 1'0

Mpl,a,Rd =
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Mpqg =M + (M M ) Ne _ 596+ (1276 — 596) 3245
Rd — pl,a,Rd pl,Rd pl,a,Rd Nc,f - 4932
= 1043 kNm
-185.54 _;25@ 168.10 LEFT
- -108.22 -
L]
-206.07 E‘ 2323
v a.- _-
-0.00 0.00 -0.00 0.00 i otk
a a : L M;x=371,68
Min=-652,90

S I W T —
Figure 40 Diagram of bending moment

Mg, = 371,68 kNm
Mpg 371,68
~ 1043

=0,36<1,0- 0K
Mpl,Rd

Cases: 10 (KOMB2)

Longitudinal shear PN-EN
1992-1-
Ncy 4932 1/6.2.4
AFpy = —==——=2466 kN
2 2
h. = hy; =180 mm
10000
Ax = > = 5000mm
_ AFg, _2466-103 974N 5
Vea = 1 ax ~ 1805000 2+ N/mm
Vgg <V - feq - Sinbs - costy
fck 25
= 1= = (1-—)=0,54
V=06 ( 250) 06 ( 250) 05
Hf = 450
N
Vgq = 2,74 — <0,54-17,86-0,5=4,82 —
The compression struts will not be crushed.
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Bearing capacity over the props

f
L= ¢a1 & —_—t Ns
| |
+ | <
- Na
fa M, Mol ra

Figure 41 Plastic stress distribution under sagging bending for partial shear connection
over the props (Biegus A. 2012)

by, = s; = 55mm
L,=025-(L+L)=0,25-20000 = 5000 mm
L, 5000

bei= E T=625mm

bess = by +Zbei — 554 2625 = 1305 mm < 5000 mm

A; = 2560 mm?

__ A _435-2560
Yo T T ety 2-350.94 "

450
d. = ——+73+180 = 478 mm

e 169
s=dc—§—a1=478—7—20=373mm

Myira = Mpiapa + foq - Ag s = 596+ 10° + 435 - 2560 - 373 = 1011 kNm

Mg, = 652,8 kNm
Mpq 6528

My pa 1011

=0,65<10- 0K
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Transverse shear

[ 14243

j -160.71 LEFT

339.84

-161.09
— -367.53 ——————
-1.81 -14.24 5.83 5.81 wEz 100KN
- a Max=357,44
Min=-384,81
Figure 42 Diagram of Fz forces
h, 450—2-14,6 72¢ 0,81
— = =448 < =72 = 58,3 ,zatem
tw 9,4 n 1,0
A, - % 5090 - 3—\7;
Vpl,Rd = = = 1043 103N = 1043 kN
Ymo 1,0
Vea _3574% _ (34<10- 0K
= = ) ) q
Vpl,Rd 1043

Because Vgq < 0,5 Vy g The design value of the shear force does not influent
on the design resistance for bending.

PN-EN
1993-1-
1/6.2.6
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3.8 Changes in the model

Next step is to modify characteristics of beam in Robot. The beams were divided in 3 section
in relative 0,15L/ 0,7L/0,15L (Figure 43). After dividing beam to appropriate parts,
characteristics were assigned to them (Figure 44). This action was taken for all primary and
secondary beams. In this case elements 333 and 392 are over the props, and element 391 is in
the span.

¥ View:1 - Cases: 2 (Dead load) E‘ (=23
Rigyy | ot 1
13
iAY
BB E)ESL « m » (I
|
Figure 43 The division of composite beams
S, Bar Properties : 81 - 2 (Dead load) o= PSR T~ Bar Properties : 374 - 2 (Dead load) | (E=RESE >
| Geometry | Propertties | NTM | Displacements | Code check | Geometry | Propetties | NTM | Displacements | Code check |
Barno.: 81 Section: beam_in the span Barno.: 374 Section: beam_ovet the
Dimensions: Dimensions:
HY (cm) | HZ (cm) HY (cm) | HZ (cm)
100,0 0,0 | 100,0 0,0
Section properties: Section properties:
AX (cm2)| IX (cm4) | IY (cmd) | IZ (cm4) AX (cm2)| IX (cm4) | IY (cmd) | IZ (cm4)
327,00 0,0143329,00 0,0 124,40 0,0| 75832,00 0,0
Material properties: Material properties:
RO RO
E(MPa) | G(MPa) | NI | LX(17C) (KNIm3) Re (MPa) E(MPa) | G(MPa) | NI | LX(1°C) (kN/m3) Re (MPa)
210000,00| 81000,00| 0,30 0,00 77,01 355,00 210000,00| 81000,00| 0,30 0,00 77,01 355,00
o) (o) s ) (o) (e
~

Figure 44 Characteristic of composite beam; on the left in the span, the on right over the props

When changes were done, calculations were performed again. This time columns and beams
that does not support slab were verified. Composite beams were calculated manually and the
new cross section does not allow to verified them in Robot software. Result of the final
verification can be seen in Figure 45, and all calculations are available in Annex 1
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"2 PN-EN 1993-1:2006/AC:2009 | Code Group Verification (ULS) 5to1013 ™ W TN @ I ¥ | o [ E) e’
Results | Messages [ Calc.Note | [ Close |
Member | Section | Material | Lay | Laz | Ratio | Case
Code group : 5 Interior columns on 1st floor )
165 [®[res4s0 | s3ss mmL| 2089] s4ss] o0ss| 19 komB11 i)
Code group: 6 Interior columns on 2nd floor [ Analysis ] [ Map ]
177 [@[res4s0 | sass mmL| 2088] s4s5] o099 13 Komss T
Code group : 7 Interior columns on 3rd floor Division: n=3
167 [@[res 220 | s3ss mmL| s142] 87.15] 080] 18 KOMB10 Exdremes:  none
Code group : 8 Columns in Exterior walls and Exterior columns on 1st floor Addtional:  none
195 [@[res260 | s3ss mmL| 3s557] e067] 041] 19 KoMB11
Code group : 9 Columns in Exterior walls and Exterior columns on 2nd floor
19 [@[res260 | 355 mmL| 3s557] e067] 084 19 KOMBIA
Code group : 10 Columns in Exterior walls and Exterior columns on 3rd floor
313 [@res 240 | s3ss mmL| S142] 87.15]  069] 19 KOMBI1
Code group : 13 extra beam
363 [&@]ee 240 | s3ss mmL | 3302] 12222  094] 19kOMBI1

Figure 45 Result of the final verification

Finally, to prevent the conversion of connections types in Revit, the release “Blocked” was
created as shown in the Figure 46. Because Revit will not recognize the name, will not be

able to replace the fixed connections for pined.

1] K. View - Cases: 2 (Dead load) [e®@] =
I View | Plan B
& Releases = = L
D X G4 3 New Release Definition  (ecolsi=h | e
3 ;
ONT
X DELE - e 7 R
B 2 B -
o Blace ars | Hastic | Damping | Unidectional | Gi -
= Przeg
= Prang Label: Blocked
=hew Released directions
= Utwie
< ool Beginning End
Current select»oq ® Ux ) o
M v @
@ Uz )
Apply [] ] Rx )
¥ r @
T -
V| Rz ¥
— (ad J[ Cose ][ Heb

Figure 46 Releases in analytical model

3.9 Creating connections in Robot software

To check possibility of exchange of information related to connections, few of them were

modeled and calculated. At the beginning it should

be noted that the Robot has a poor

database of connections and there are many restrictions in their creation.

Five connections were created, two on the ends of the beam and the others at the ends of a
column. If the transfer to Revit successfully goes, two workshop drawings of the beam and
column will be received. The connections created were shown in Figure 46. The verification
were performed for all of them. The first is a fixed connection of secondary beam with the

column.

Katarzyna Brodowska
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Figure 47 The connections 1/2

Figure 48 The connections 2/2
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3.10 Updating model in Revit

First stem is updating model in Revit software. This time the option "send model" was
chosen, and in option, steel connections were selected. There appeared one warning (Figure
49). The first on the left connection, shown in Figure 48 was not recognized by Revit
software. It is recommended to use Advance Steel Design to create steel connections, in Revit
it cannot be done without extra apps.

K Waming i =

& |/ Wamings |o Messages |

Revit Load combinations
_l_ -> Steel connection: 1 - Belka-stup (§rodnik) - Node: 169 - Connection type: Pinned beam+o-column - This type is not supported yet.

ﬁ -> Stage execution time: 42 [seconds] I'
Completed E
@ 18:12:19 - The command was completed. Execution time: 2:04 [minutes:seconds] =

|

Figure 49 The warning list

After updating model it turned out that none of concoctions were transferred to Revit.
Next, what was done is creation of metal deck profile Cofrastra 70 in Revit (Figure). To
create it .dwg file downloaded from producer website was used as a base.

Familyl - Floor Plan: Ref. Level

EHG - G- - 2-FO0A G- &E-~
:f:n;u{:‘xgv[('aj B]

BIEEL B S oa-v Ba&DYDE ==
e S g @ RSO T aax S| e

Select v | Properties Clipboard Geometry Modify Measure | Create | Family Editor

b | Type a keyword or phrase

Properties x
- 51
R
Family: Profiles | £ Edit ,1
Identity Data A
OmniClassNumber [ ]
Project Browser - Familyl x

-0, Views (all)
& Floor Plans
Ref. Level
Sheets (all)
O] Families
@-[@] Groups
& Revit Links

1:10 OB LD 0 BFE < (d k
Click to select, TAB for alternates, CTRL adds, SHIFT unselects. 9 45 & ¥ N Yo

Figure 50 Metal deck Cofrastra 70 profile

After creating a profile, cross section of new ceiling was defined. Slabs transferred from the
Robot were converted into the ceiling Cofratsra 70. Exterior walls were actualized as a curtain
wall and then converted into architectural Base Wall Generic 200 to visualize their position
and thickness. Ultimately, these walls have to be the light on a steel grate, and there are not
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that kind of walls in Revit. The interior walls were removed at the beginning of the model
customization because their realization in the model was very messy. Thus, the current model
contains columns, beams, floors, exterior walls and fundaments.

At the end, the drawings and schedules of materials and components were created. It is a very
quick and simple in Revit software. Program generates schedules for multiple category and
can be easily tailored to the needs.

Drawings also generate in a very simple way but the quality leaves a lot to be desired. It is
worse when it comes to their description. Tagging elements can perform very fast but messy.
Nevertheless, if necessary, to generate specific section can be done very quickly, and anything
is change in the model is automatically changed to the drawings.
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4 Conclusion

BIM among other things, is as perfect as programs used by designers. In this document the
basic tools was Revit software and Robot Structural Analysis Professional. The performed
work shows that, both programs have many advantages, user need to know how to use it, but
also disadvantages. Need to be aware of many things to work successfully. Know where to
look for answers in the program. In summary:
+» To save time engineer, architect and constructor must cooperate from the beginning.
The architect must create the architectural model having in mind how is created the
analytical model. Here, a case of slab shows the best situation. The analytical model of
the slab is created on its edge. When the architect draw a slab on the front of the
column, analytical models of elements will not be linked. So, at the beginning it need
to be determine how the model will be created, otherwise improve his condition is
time-consuming. In a well-developed efficient system designers collect and exchange
data, collaborating and providing a necessary information.

«» With the access to the current object model investor, contractor and designer can
watch the progress of the design work and in an accessible manner to oversee the
design process.

« The modification of the project - conceptual changes introduced in the project are
applied to the 3D model and automatically reflected in the reports of quantitative and
project documentation. Because of this, the preparation of drawings and schedules
becomes easy and less time-consuming.

« Thanks to a faithful reproduction of reality it is more easily to design and choose
solutions. The user is able to easily judge the validity of the decisions taken which
speed up the process.

« IFC format that is useful, it allows to move information between programs, but
unfortunately not all the information. So it was in this case, the part of building
information was not transferred from ArchiCAD to Revit.

« Despite the possible transfer information between programs Revit and Robot,
elements are often not recognized because of different databases.
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ANNEX 1
STEEL DESIGN

CODE: PN-EN 1993-1:2006/AC:2009, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 5 Interior columns on Ist floor
MEMBER: 165 POINT: 2 COORDINATE: x=050L =
2.00 m

LOADS:
Governing Load Case: 19 KOMBI11 (1+2)*1.15+(3+8)*1.50+4*0.75

MATERIAL:
$355 M/ML (S355)  fy=2355.00 MPa

[4
==
¥

==1 SECTION PARAMETERS: HEB 450

h=45.0 cm gM0=1.00 gM1=1.00

b=30.0 cm Ay=169.84 cm2 Az=79.68 cm2 Ax=218.00 cm2
tw=1.4 cm [y=79890.00 cm4 1z=11720.00 cm4 [x=442.00 cm4

tf=2.6 cm Wply=3982.37 cm3 Wplz=1197.66 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =2949.40 kN My,Ed = 37.55 kN*m Mz,Ed = -12.08 kN*m Vy,Ed = 6.04 kN
Nc,Rd = 7739.00 kN My,Ed,max = 75.09 kN*m Mz,Ed,max = -24.17 kN*m Vy,c,Rd = 3481.03 kN
Nb,Rd = 6003.62 kN My,c,Rd = 1413.74 kN*m Mz,c,Rd=425.17 kN*m Vz,Ed =18.77 kN

MN,y,Rd = 1020.00 kN*m MN,z,Rd =417.40 kN*m Vz,c,Rd=1633.12 kN
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

=] [ | [==2
o | =1 Abouty axis: w | == About z axis:
Ly=4.00m Lam y=0.27 Lz=4.00m Lam z=0.71
Ler,y=4.00 m Xy =0.98 Ler,z=4.00 m Xz=10.78
Lamy = 20.89 kzy = 0.56 Lamz = 54.55 kzz=1.27

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd=0.38 < 1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.91 = 0.00 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,c,Rd=0.00<1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.01 < 1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 20.89 < Lambda,max = 210.00 Lambda,z = 54.55 < Lambda,max =210.00 STABLE
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.48 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.59 < 1.00
(6.3.3.(4))

Section OK !!!

STEEL DESIGN

CODE: PN-EN 1993-1:2006/AC:2009, Eurocode 3: Design of steel structures.
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ANALYSIS TYPE: Code Group Verification

CODE GROUP: 6 Interior columns on 2nd floor
MEMBER: 177 POINT: 1| COORDINATE: x=000L =
0.00 m

LOADS:
Governing Load Case: 13 KOMBS5 (1+2)*1.15+(3+6)*1.50+4*0.75

MATERIAL:
$355 M/ML (S355)  fy=2355.00 MPa

F4
==
¥

==1 SECTION PARAMETERS: HEB 450

h=45.0 cm gM0=1.00 gM1=1.00

b=30.0 cm Ay=169.84 cm2 Az=79.68 cm2 Ax=218.00 cm2

tw=1.4 cm 1y=79890.00 cm4 1z=11720.00 cm4 1x=442.00 cm4

tf=2.6 cm Wply=3982.37 cm3 Wplz=1197.66 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =1893.11 kN My,Ed = -69.93 kN*m Mz,Ed = 117.43 kN*m Vy,Ed =84.10 kN

Nc,Rd = 7739.00 kN My,Ed,max = 226.29 kN*m Mz,Ed,max = -218.97
kN*m Vy,T,Rd = 3480.98 kN

Nb,Rd = 6003.62 kN My,c,Rd = 1413.74 kN*m Mz,c,Rd =425.17 kN*m  VzEd =74.06 kN

MN,y,Rd = 1244.95 kN*m MN,z,Rd =425.17 kN*m Vz,T,Rd=1633.10 kN
Tt,Ed = 0.00 kKN*m
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

=] [ | [==2
o | =1 Abouty axis: w | == About z axis:
Ly=4.00m Lam y=0.27 Lz=4.00m Lam z=10.71
Ler,y=4.00 m Xy =0.98 Ler,z=4.00 m Xz=10.78
Lamy = 20.89 kzy =0.55 Lamz = 54.55 kzz=1.13

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd =0.24 < 1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.22 = 0.21 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,T,Rd=0.02<1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.05<1.00 (6.2.6-7)

Tau,ty, Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 20.89 < Lambda,max = 210.00 Lambda,z = 54.55 < Lambda,max =210.00 STABLE
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.75 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.99 < 1.00
(6.3.3.(4))

Section OK !!!

STEEL DESIGN

CODE: PN-EN 1993-1:2006/AC:2009, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 7 Interior columns on 3rd floor
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MEMBER: 167 POINT: 1 COORDINATE: x = 0.00 L =
0.00 m

LOADS:
Governing Load Case: 18 KOMBI10 (1+2)*1.35+(3+8)*1.05+4*0.75

MATERIAL:
$355 M/ML (S355)  fy=2355.00 MPa

F4
==/
¥

==1 SECTION PARAMETERS: HEB 240

h=24.0 cm gM0=1.00 gM1=1.00

b=24.0 cm Ay=89.60 cm?2 Az=33.24 cm2 Ax=106.00 cm2
tw=1.0 cm Iy=11260.00 cm4 1z=3920.00 cm4 1x=103.00 cm4

tf=1.7 cm Wply=1053.15 cm3 Wplz=498.42 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed = 958.63 kN My,Ed = 9.64 kKN*m Mz,Ed = 25.76 kN*m Vy,Ed =7.70 kN
Nc,Rd =3763.00 kN My,Ed,max = 9.64 kN*m MzEd,max = 25.76 kN*m Vy,T,Rd =1836.39 kN
Nb,Rd = 1742.58 kN My,c,Rd =373.87 kN*m Mz,c,Rd=176.94 kN*m Vz,Ed=-2.78 kN

MN,y,Rd = 314.86 kN*m MN,z,Rd =176.76 kN*m Vz,T,Rd = 681.28 kN
Tt,Ed = -0.00 kN*m
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

=] [ | [==2
o | =1 Abouty axis: w | == About z axis:
Ly=5.30m Lam y=0.67 Lz=530m Lam z=1.14
Ler,y=5.30m Xy =0.80 Ler,z=5.30m Xz =0.46
Lamy=51.42 kzy = 0.62 Lamz = 87.15 kzz=1.59

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd =0.25<1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.27 = 0.09 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,T,Rd =0.00 <1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.00< 1.00 (6.2.6-7)

Tau,ty, Ed/(fy/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 51.42 < Lambda,max = 210.00 Lambda,z = 87.15 < Lambda,max =210.00 STABLE
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.48 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.80 < 1.00
(6.3.3.(4))

Section OK !!!

STEEL DESIGN

CODE: PN-EN 1993-1:2006/AC:2009, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 8 Columns in Exterior walls and Exterior columns on 1st floor
MEMBER: 195 POINT: 2 COORDINATE: x=050L =
2.00m

LOADS:
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Governing Load Case: 19 KOMBI11 (1+2)*1.15+(3+8)*1.50+4*0.75

MATERIAL:
S355 M/ML (S355)  fy=2355.00 MPa

Z
==
¥

==1 SECTION PARAMETERS: HEB 260

h=26.0 cm gM0=1.00 gM1=1.00

b=26.0 cm Ay=100.30 cm2 Az=37.15 cm2 Ax=118.00 cm2
tw=1.0 cm 1y=14920.00 cm4 1z=5130.00 cm4 1x=124.00 cm4

tf=1.8 cm Wply=1282.91 cm3 Wplz=602.25 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =949.91 kN My,Ed = 9.54 KN*m Mz,Ed = -4.20 kN*m Vy,Ed =2.10 kN
Nc,Rd =4189.00 kN My,Ed,max = 19.07 kN*m MzEd,max = -8.40 kN*m Vy,c,Rd =2055.74 kN
Nb,Rd =2789.67 kN My,c,Rd =455.43 kN*m Mz,c,Rd=213.80 kN*m Vz,Ed=4.77 kN

MN,y,Rd = 397.65 kN*m MN,z,Rd =213.80 kN*m Vz,c,Rd=761.42 kN
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

=] [ | [==2
o | =1 Abouty axis: w | == About z axis:
Ly=4.00m Lam y=047 Lz=4.00m Lam z=10.79
Ler,y=4.00 m Xy =0.90 Ler,z=4.00 m Xz =0.67
Lamy = 35.57 kzy = 0.58 Lamz = 60.67 kzz =1.20

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd=0.23 <1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.13 = 0.01 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,c,Rd=0.00<1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.01 <1.00 (6.2.6.(1))

Global stability check of member:

Lambda,y = 35.57 < Lambda,max = 210.00 Lambda,z = 60.67 < Lambda,max =210.00 STABLE
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.32 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.41 < 1.00
(6.3.3.(4))

Section OK !!!

STEEL DESIGN

CODE: PN-EN 1993-1:2006/AC:2009, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 9 Columns in Exterior walls and Exterior columns on 2nd floor
MEMBER: 196 POINT: | COORDINATE: x=000L =
0.00 m

LOADS:
Governing Load Case: 19 KOMBI11 (1+2)*1.15+(3+8)*1.50+4*0.75

MATERIAL:
$355 M/ML (S355)  fy=2355.00 MPa
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4
==
¥

== SECTION PARAMETERS: HEB 260

h=26.0 cm gM0=1.00 gM1=1.00

b=26.0 cm Ay=100.30 cm2 Az=37.15 cm2 Ax=118.00 cm2

tw=1.0 cm 1y=14920.00 cm4 1z=5130.00 cm4 1x=124.00 cm4

tf=1.8 cm Wply=1282.91 cm3 Wplz=602.25 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed=633.56 kN My,Ed = 123.08 kN*m Mz,Ed = 13.89 kN*m Vy,Ed = 6.85 kN

Nc,Rd =4189.00 kN My,Ed,max = -303.37 kN*m Mz,Ed,max = 13.89 kN*m
Vy,T,Rd =2055.68 kN

Nb,Rd =2789.67 kN My,c,Rd =455.43 kN*m Mz,c,Rd=213.80 kN*m Vz,Ed=-106.61 kN

MN,y,Rd =436.49 kN*m MN,z,Rd=213.80 kN*m Vz,T,Rd=761.41 kN
Tt,Ed = 0.00 kKN*m
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

=] [ | [==2
o | =1 Abouty axis: w | == About z axis:
Ly=4.00m Lam y=047 Lz=4.00m Lam z=10.79
Ler,y=4.00 m Xy =0.90 Ler,z=4.00 m Xz =0.67
Lamy = 35.57 kyy = 0.94 Lamz = 60.67 kyz = 0.66

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd=0.15<1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.14 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,T,Rd =0.00 <1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.14<1.00 (6.2.6-7)

Tau,ty, Ed/(fy/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 35.57 < Lambda,max = 210.00 Lambda,z = 60.67 < Lambda,max = 210.00 STABLE
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.84 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.67 < 1.00
(6.3.3.(4))

Section OK !!!

STEEL DESIGN

CODE: PN-EN 1993-1:2006/AC:2009, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 10 Columns in Exterior walls and Exterior columns on 3rd floor
MEMBER: 313 POINT: | COORDINATE: x=000L =
0.00 m

LOADS:
Governing Load Case: 19 KOMBI11 (1+2)*1.15+(3+8)*1.50+4*0.75

MATERIAL:
S355 M/ML (S355)  fy=2355.00 MPa

4
(===
¥

== SECTION PARAMETERS: HEB 240
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Analysis and conceptual design of the selected structure in BIM ANNEX 1

h=24.0 cm gM0=1.00 gM1=1.00

b=24.0 cm Ay=89.60 cm?2 Az=33.24 cm2 Ax=106.00 cm2

tw=1.0 cm Iy=11260.00 cm4 1z=3920.00 cm4 1x=103.00 cm4

tf=1.7 cm Wply=1053.15 cm3 Wplz=498.42 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =309.18 kN My,Ed = -33.00 kN*m Mz,Ed = 72.82 kN*m Vy,Ed =28.57 kN

Nc,Rd =3763.00 kN My,Ed,max = -33.00 kN*m Mz,Ed,max = 72.82 kN*m
Vy,T,Rd = 1836.32 kN

Nb,Rd = 1742.58 kN My,c,Rd =373.87 kN*m Mz,c,Rd=176.94 kN*m VzEd=13.40 kN

MN,y,Rd = 373.87 kN*m MN,z,Rd =176.94 kN*m Vz,T,Rd = 681.26 kN
Tt,Ed = 0.00 kKN*m
Class of section = 1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

o | =1 Abouty axis: 1 | == About z axis:
Ly=5.30m Lam y=0.67 Lz=530m Lam z=1.14
Ler,y=5.30m Xy =0.80 Ler,z=5.30m Xz=0.46
Lamy=51.42 kzy = 0.57 Lamz = 87.15 kzz=1.12

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd =0.08 < 1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.42 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,T,Rd=0.02<1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.02<1.00 (6.2.6-7)

Tau,ty, Ed/(fy/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 51.42 < Lambda,max = 210.00 Lambda,z = 87.15 < Lambda,max =210.00 STABLE
N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.46 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.69 < 1.00
(6.3.3.(4))

Section OK !!!

STEEL DESIGN

CODE: PN-EN 1993-1:2006/AC:2009, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 13 extra beam
MEMBER: 363 POINT: 1| COORDINATE: x=000L =
0.00 m

LOADS:
Governing Load Case: 19 KOMBI11 (1+2)*1.15+(3+8)*1.50+4*0.75

MATERIAL:
S355 M/ML (S355)  fy=2355.00 MPa

z
==
¥

== 1 SECTION PARAMETERS: IPE 240

h=24.0 cm gM0=1.00 gM1=1.00
b=12.0 cm Ay=27.30 cm2 Az=19.13 cm2 Ax=39.10 cm2
tw=0.6 cm 1y=3890.00 cm4 1z=284.00 cm4 Ix=13.30 cm4
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Analysis and conceptual design of the selected structure in BIM ANNEX 1

tf=1.0 cm Wply=366.65 cm3 Wplz=73.92 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed = 19.96 kN My,Ed = -68.50 kKN*m Mz,Ed = 0.01 kKN*m Vy,Ed = 0.00 kN

Nc,Rd = 1388.05 kN My,Ed,max = -68.50 kKN*m Mz, Ed,max = 0.01 kN*m
Vy,T,Rd = 559.41 kN

Nb,Rd = 1388.05 kN My,c,Rd=130.16 kN*m Mz,c,Rd=26.24 kN*m  Vz,Ed=88.26 kN
MN,y,Rd = 130.16 kN*m MN,z,Rd =26.24 kN*m  Vz,T,Rd =392.02 kN
Mb,Rd = 72.54 kKN*m Tt,Ed =-0.00 kN*m

Class of section = 1
\ i

T LATERAL BUCKLING PARAMETERS:

z=1.00 Mcr = 82.83 kKN*m Curve,LT - b XLT =0.55

Ler,low=3.29 m Lam LT=1.25 fi,L T =1.23 XLT,mod = 0.56

BUCKLING PARAMETERS:

X About y axis: X About z axis:
kyy=0.90 kyz =0.54

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd=0.01 <1.00 (6.2.4.(1))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.28 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,T,Rd =0.00 <1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.23<1.00 (6.2.6-7)

Tau,ty, Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

My,Ed,max/Mb,Rd =0.94 < 1.00 (6.3.2.1.(1))

N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.86 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.58 < 1.00
(6.3.3.(4))

Section OK !!!
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ANNEX 2

ANNEX 2

Cofrastra 70
corrugated sheet
for composite floors

Floor slab thickness
from 11 cm to 30 cm

A& Vamished side

Application

Cofrastra 40 profied steel sheeting = designed

for the construction of reinforced concrete intermediate
floors, terraces and flat roofs in all kinds of building
structures, wherever static loadz or low dymamic loads
(office blocks, public buildings, high-rise structures,
multi-storey car parks, warehouzes) are expected.

It distinguishes because of its high load capacity

in mounting stage (during floor slab pouring Jand,

at the same time, it has high delamination endurance
which has an nfluence on building floor sheets of big
spans with big lnading.

Material

Cofrastra 70 chesets are profiled using the technology

of continuous roll forming of flat steel sheet 5 350 GO,
specified to PN-EM 1032 6: 2006 and zinc-plated on both
sides with zinc coat thickness of 275 g/m* (C1 and C2
corrosive environment). From outside the profiled

steel can be additionally protected with organic coating

Katarzyna Brodowska

by Arcelortittal Construction coating system.

Formwork

At the construction stage, Cofrastra 40 profiled sheets
form a non-dismountable flooring formwark, fastened
to fixed props and shored, if required. The formwork
sheeting must be continuous at bays and any edge trims
must be supported on fixed props. There is not

a possibility of sheet lap joining on props. That i why
stoppers or flashing should be used on the intermediate
props at any shest edge trims. Individual sheet=

are stitched lengthwise. Thanks to their light weight

of 10,05 kg/m?® (for 0.75 mm thicknesz), the profiles
can be manually handled despite the dimensions.

The maximum length of a single profile should

not exceed 15 m due to restricted handling

and manipulation possibilities on a building site

A-8



Analysis and conceptual design of the selected structure in BIM

ANNEX 2

Cofrasira 70. Safe load tables

Table of allowed spans for the construction stage of Cofrastra 70 sheet

——
f_ <L /180
mm 075 083 100
Floor =iab L [m]
thickness {ocm]
12| 365 3.22 336
12| 2.96 312 3,26
14| 288 3.04 37
16| 2.81 2,94 3,04
18| 2.68 2,82 285
20| 257 2,71 283
22| 248 261 273
24| 240 2,53 2,64
26| 232 2.45 257
| 217 2.32 243

—

f.<L/250
075 088 100
L {m]
284 300 3,10
275 290 3,03
267 282 2094
253 267 279
242 3155 266
232 245 156
224 236 247
216 228 239
230 (223 23
199 210 220

e
—— 1
d-100
o75 088 | 100
L [m]

33 | 2m | 322
227 280 3108
217 257 295
199 237 273
185 z21 | Z5a
173 206 238
162 194 224
153 184 212
145 174 202
131 158 183

0,75

268
255
244
2,24
208
1.94
1.83
1.72
163
1.48

e
L L T
d-100
0.8 1.00
L [m]
3,16 3.62
3.02 346
2,89 3.3
267 3,06
248 2,85
232 2,68
2,19 252
2,07 239
1.86 227
1.78 2,06

Load-bearing capacity of the floor sheeting has been determined on the assumed flexural capacity as per PN EN

1993-1-3.

For a single-span system the load-bearing capacity has been determined for the deflection fimit of L/180 and L/250.
The intermediate prop width for a multi-span system iz 100 mm.

The table may be uzed in arrangements where shoring & appled. For systems where shoring of the sheet is not
expected at the construction stage it is possible to extend the actual span (following and baszed on an analysis

provided by the Technical Department of Arceloriittal Conztruction Polzka) to take advantage of the load-bearing
capacity of the sheet used, with due consideration of the yield of the cross—section when the ULS iz assessed for
intermediate proppad multi-span arrangements.

Nominal concrete consumption

Floor sheet
thickress

Concrete
consumption

Aoor slab
theoretical
weight*

om 12 13 14 15
m’/m’ 0084 0104 0114 0124
kMN/m? 235 2.6 2.85 310

1B

D134 0154 0174 0194

3.35

3.85

4,35

4,85

25 30
0224 0274
560 685

*In order to determine the total weight of the slab the weight of conorete, the deflection and the weight of the sheet
profile must be taken into acoount. 25 kN/m® is the concrete specific gravity assumption.
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Analysis and conceptual design of the selected structure in BIM

ANNEX 2

Cofrastra 70. Safe load tables

Composite floor slab performance characteristics

Arval

COFRASTRA 70: 0.75mm COFRASTRA 70, 0,88mm COFRASTRA 70: 1,00mm
hionf | - v, | M., v, | M. v I
Nmfm]l  DeNjml  femeym] | BeNmyml BeMimd [omyml | DNm/ml  Debfml fomdyml

12 30,88 4315 780 35,26 45 64 841 3893 47.93 887
13 35,07 46,20 987 4022 43,67 1051 44 60 50,95 1107
14 39,25 49,21 1215 45,18 51,66 1293 50,28 53,03 1361
15 4343 52,17 1476 50,14 54,61 1569 55,06 56,86 1651
186 4761 55,00 1771 5510 57,51 1882 61,63 5075 1979
18 55,08 BO,80 2472 65,02 63,18 2624 72,00 65,30 2757
20 B4.34 66,32 3334 7494 68,68 3536 8434 T0.85 Iz
22 7271 71.67 4373 B4.86 73.09 4632 05,70 76,14 4850
24 81.07 76,84 5604 94,78 7913 5928 10705 | 8124 6213
28 97,80 86,65 8701 114,61 88,87 9182 129,76 90,92 9606

Fire resistance

Mon-insulated floor slabs of at least 120 mm, constructed
using Cofrastra 70 profiles, without extra reinforcement

in bays have the fire endurance rating of min. REl 30.

The minimum thicknesses of floor slabs which guarantee
that the fireproof nsulation requirements are met are
shown in the table.

A proper design of additional reinforcement developed

on the baziz PN EN 1994-1-2, A&ppendix D and applied

RE1 30 60
Thickness [cmi] 12 12
Acoustic insulation

Floor acoustic characteristics without a suspendead ceiling
depend on floor slab weight and are compliant with:

Floor =lab

bk 12 T3 14
Acoustic

insulaticn a7 (-1;-4) 48(-1:-5) 4B8(-1;-4)
R_(CC) dB{A)

Katarzyna Brodowska

in a zpecial casing to the wave sections of the slab ensures
a fire stop rating which exceeds REI 20. The approach

to dimensicning and essential characteristics have been
included in AT-15-6138,/2009. Further details can ako
be cbtained from the Technical Department

of ArcelorMittal.
90 120 180
13 15 13
15 20 25 30
49{-1-51 | 53(-2-7) | 55(-1-7) | SB{-Z-7)
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Analysis and conceptual design of the selected structure in BIM ANNEX 2

Cofrasira 70. Safe load tables

Load bearing capacity of the floor and delamination

According to PN EN 1984-1-1, the load-bearing capacity

of the floor beam as far as the delamination of sheeting m Mpa k MPa T Mpa
iz concerned iz verified using one of the following two
equivalent methods: the evaluation of m-k values and

the partial composition method. The parameters required
to check this aspect of load-bearing capacity have been
determined during laboratory strength tests camied out at
the Building Research Institute, uzing methods compliant
with PN-EN-1994-1-1 attachment B.3.

Safe load tables (composite stage)

254,16 0,09 0,18

Continuous floor slab — single-span

= AT
*

Span lenghts of the support structure [mam]
1500 2000 2500 3000 3500 4000 4500 5000 5500 GO0D

B
[kN i)
1.5

25
35
45
6.0

B8O
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Analysis and conceptual design of the selected structure in BIM ANNEX 2

Cofrasira 70. Safe load tables

Continuouws floor slab — double-span

Span lenghts of the support structure [mm]

[kNQ,IIIt'I'F] 1500 2000 2500 3000 3500 4000 4500 5000 5500 G000
15

25
15
45
6.0

8.0

A — floor slab thickness Assumptions for the Tables
B — number of shores per span - all loads shown in the table are characteristic values
at the constriction stage - assumed concrete grade: C25/30
€ — type of anti-orack reinforcement mesh - assumed reinforcement steel grade: A-1IIN (RBS0OW)
H D — rebar gauge over the props {2 cm casing} - assumed load safety factor: 1.5
E - distribution of rebars over the props - assumed floor sheet gauge: 0.75 mm
F — floor siab thickness for REI 60 - all span lenghts are measured at centre lines of the props
G — rebar gauge in the floor sheet wave, - tables based on equal lenght spans

adapted to fire loads
H — fireproof rebar casing
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ANNEX 2

Cofrasira 70. Safe load tables

Continuouws floor slab — triple-span

et R e ey
I |
I = = |
Ls Ls Ls
Span lenghts of the support structure [mm]
Q,
[kN/m7]
1.5
- BY- BN - BN- B- BN BN A B
20 20 o F ] 30 £ E ] kL
25
20 20 = Fol E] 30 i 0 E ] L]
315
2 @ |12 @ |12 @ |1z @ |1z @8 |1z @8 1z @8 |15 @m (6 @ om |18 o;
2 20 = = 1 ) E n E] 30
45
-E-EN- 5 8- B A - 8- B
Eo 20 F.] E ] E] 0 n £ £
6.0
2 & [z # |12 % |2 @& |z @8 15 @ |17 28| |13 am
= 20 il = E 1] 30 Ei] 30
8.0
Objasnienia do tabeli
12 om - total thickness of the composite fioor slab q — operational load
{em) for REI 30 q-ql+gl
1 — mumber of shores per span q1 — changing load
at the construction stage gl — static load
0131 - type of anti-crack reinforcement mesh L- Span lenghts of the support strocture

& 6 mm — rebar gauge over the props (2 cm casing)

11 om - distribution of rebars ower the props

& & mm — rebar gauge in the ficor sheet wave,
calculated to withhold fire loads for REI 60

12 om — floor slab thickness for REI 60

Katarzyna Brodowska

n - mumber of Aoor dab spans

e.g.L - 3500
n-3
g1-2.5 kN/m?
g1-1 kMN/m?
g— 3.5 kN/m*
taken from Table 3



Analysis and conceptual design of the selected structure in BIM ANNEX 2

Cofrasira 70. Safe load tables

Additional service

Punching Cofrastra 70P
Cofraphluz 60 may be manufactured with pre-punched Ready-made punching system
openings for connectors to join floor beams with the floor o

slab. Thiz version is designated as COFRASTRA 70P. All re-
levant calculations and production of pre-punched profiles

are made on demand.
Formwork of the floor slab edge Fioor slab thickness [em]  Sheet edging thickness [mm]
A zinc-coated steel strip, bended at the right angle, =11 1,20
provides the formwork of the floor slab edge. Standard 12-14 1,50
lengths of the flashing are as follows: from 2 to 4 m. 215 2,00
e e T e L R e T Eumded pusiic

sealants

accessories and materials must be provided.

=3

"Eomn'h.

Cofrafix clamps

- uszed in

suspended floors .
with zafe ¥

8 cm min. working load of ||

& 1.2 kN / suspen-

=ion rod.

Ll
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ANNEX 2

Cofrasira 70. Safe load tables

Reinforcement meshes

The croszwize spacing of the bars & adjusted in a steplesz manner a = 300 — 500 mm
The lengthwise spacing of the bars b = 100, 150, 200 mm

Mesh

types
Q1N
Q188
Q2
Q257
285
Q335
Q377
Q37e
Q443
2513
Q524

Q670

spacing
aof the bars x diameter
of the bars x diameter
[mem]
150x5.0
150x 50
150= 60
150 60
150 x 6,5/5,0-4/4
150k 65
150x7.0
150x7.0
150x 7.5/5.5-4.4
150x 75
150= 8,0
150= 8.0
150 x 6.0d-6:0-4/4
100x7.0
150 x 8,5/6.0-4/4
150x85
150x 6.5/6.5-4/4
100x75
150 x 7.0d/7,0-4/4
100x8,0
150 x 10,0
150 x 10,0
150 x B.0d/8.0-4/4
100x9,0

Mexh sheet length

Mesh sheet width

m]
5.00
23
5.00
215
500
25
5.00
215
5.00
2,15
5.00
2,15
6,00
215
6,00
215
6.00
2,15
6.00
25
500
215
6.00
215

their length
their width
100 100
25 25
100 100
25 25
100 100
25 25
100 100
25 25
100 100
25 25
100 100
25 25
100 100
25 25
150 150
25 25
100 100
25 25
100 100
25 25
100 100
25 25
100 100
25 25

Mesh sheet weight

66,7

783

50,0

90.1

115.4

The crosswise bars
fcm?fmi
1.31
1.31
1.88
1.88
220
227
257
257
2,95
2,95
3.35
3,35
77
=
3,78
3,78
443
443
%13
513
524
529
6,70
6,70

“10 mm wire mesh are manufactured in accordance with DIN 488. Configuration and structure can be done according
to Customers demands.
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