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Introduction

The construction industry is split up in many separate providers, from designers up to building part
suppliers; each party is wusing software for differen
we are aware that a major part of the inefficiency in construction comes from inadequate cooperation

between the construction partners, resulting in errors, repetitive work, extra costs etc.

There are solutions to improve fundamentally the cooperation between construction partners, even with
each party keeping its own existing software. If we agree on how to exchange information, if we use
digital 3D models of structures, if we use standard exchange formats and if we can control the workflow
between project partners, then we all win.

This course document will explain the different methods for exchanging SCIA Engineer models with
other software applications. Also different methods/workflows will be discussed in order to obtain a
good model exchange between SCIA Engineer and other software applications.

Modules

The modules that are needed for importing/exporting data to and from SCIA Engineer in this course are
the following:

REVIT Structure Interface: esa.2l
TEKLA Structures Interface: esa.22

- BIM and Workgroup toolbox: esa.26

Etabs interface: esa.29

These modules are included in the Structural Edition module set or they can be bought as separate
modules.
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Part 1. Exchange via OpenBIM (IFC)

OpenBIM

Open BIM is a universal approach to the collaborative design, realization and operation of buildings
based on open standards and workflows. Open BIM is an initiative of BuildingSMART and several
leading software vendors using the open BuildingSMART

m Data Model.
B I M The Open BIM Program is a marketing campaign initiated
by SCIA, GRAPHISOFT, Tekla, Allplan and other

members of BuildingSMART to urge and facilitate globally
coordinated promotion of the Open BIM concept throughout the AEC industry, with aligned
communication and common branding available to program participants.

IFC format

Industry Foundation Classes, IFC, are the main BuildingSMART data model standard to facilitate
interoperability in the architecture, engineering and construction (AEC) industry. The IFC format is
registered by ISO as ISO/PAS 16739. IFC is used to exchange and share BIM data between
applications developed by different software vendors without the software having to support numerous
native formats.

As an open format, IFC does not belong to a single software vendor; it is neutral and independent of a

par t i cul ar vendor s pl anEhe&deantage af & newral data falnsavistiato p me n t .
problems that may occur when data are exchanged and converted to a different format can be reduced

to a minimum. In addition, all those involved in a project can choose the software they need. The only
requirement is that the software has an IFC interface.

This IFC-interface is included and certified in SCIA Engineer.

BuildingSMART International awards SCIA nv as the first company to pass the
\' certification of the interoperabiliuttyralst anda
«v model exchange with SCIA Engineer, as was announced during the

®

international BuildingSMART meeting in Waltham (Boston, USA), 11-15 March

2013.
IFC2x3 CV2.0
STRUC i
MEMETSCHEK Allplan  allplan Architecture Import & Export Export: certified
Import: certified
MEMETSCHEK BIM+  BIM+ ] Import in progress
NEMETSCHEK Vectorworks Architecture Import & Export Export: certified
Vectorworks, Inc, ILmport: certified
I
NEMETSCHEK Scia Scia Engineer Structural Import & Export Export: certified
Import: certified
'Brogman Magﬂad Em alngger\nce Exporﬁ xport: certifnie
The Al FC Certification 2.00 is an improved i mplement
The most i mportant achievement of UOdiatlediuaktyco@mlr t i f i c e

approach for the IFC interfaces on top of the self-check performed by the software developer.

IFC CoordinationView 2.0

CoordinationView or in short CV (2.0 is the current version for IFC2x3) is the most common subgroup.
CV includes all components and architectural elements as 3D solids with their characteristic values and
attributes. IFC CoordinationView includes and supports architectural components and MEP
components, such as walls, columns, beams, pipes, ducts and switches.
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During transfer, all elements get a unique ID. In addition, you can give elements an unlimited number
of additional pieces of information.

Roundtrip versus Reference Model

Opinions about the meaning of the term BIM differ widely; its ideas and underlying philosophy are
interpreted differently.

Many publications mention the so omodeligichpodedandndtri po
exported in a chain of software applications. Via this concept you should expect that the IFC model at

the end of the chain should be identical to the one at the beginning. But because the IFC data model is

not always restrictive, and software implementations are never 100% correct, this roundtrip will

probably never work to its full extent.

In practice users solved this issue via the following argument: nobody needs the whole model and

everybody takes responsibility for their own data, which is (conceptually) a part of the central data

repository. By sharing and synchronizing a subset of their own model instance to the central data

repository the users do not aim to create a prefect BIM model, but focus on doing a good engineering

task. Users can import the IFC model from the central data repository to their software application as a
0referenceb6 dudedign. dfteethregsemMEP eriginegr, Structurale ngi neer , €) has
performed its engineering tasks on the model, then the model can be exported back as a new IFC

model into the central data repository.

R 1Y -
s 1P
AGGRFGATE,;.}—;L‘b %,\()DG(’/()
{

MobEL

< Jisualizrrioy |

.« <} Lamoy
. PAGGREGWTE Wovel Simu

Docu M EN TRTION

. EXcHANGE . _
« EXTRACT oF OATA DETHIL £D .Arm Lysis
« clAgH peTecTioy - chlculaTiong

This concept is not new and often r Ekeonceptiss t o as t he

illustrated in the figure above. More information about new insights via IFC model exchange can be
found in reference [1].

IFC in SCIA Engineer

IFC models can be imported into SCIA Engineer or the other way around SCIA Engineer models can
be exported to IFC models.
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Shape representations:

Before explaining on how to exchange models via IFC, information will be given on how to represent an
element (shape representation) via IFC.

1) Sweptsolid

Via Sweptsolid a profile or a plane is defined and extruded along a curve/axis. Elements that are

defined in within an IFC via a Sweptsolid representation are converted after import to native SCIA
Engineer 1D-/2D-members.

Example of a sweptsolid  representation of Example of a sweptsolid representation of a slab:
an I-profile:

E xtrudedDirectian § ExtrudedDirection

ltcArbiratyClosedProtie Det

An IFC-file composed via a Sweptsolid representation can contain geometric information such as: used

crossssecti on, s albthetpicture deloveyswscanéee an IFC-file that is opened in an IFC
viewer (Solibri Model Viewer), the used cross-section is mentioned in the column property.
(i) Info

J column.s.11

Relations | Classification = Hyperlinks = Pset_ColumnCommon
Identification ~ Location — Quantities —Material  Profile
—

Property Value

Type i
Name Wax31

2) Boundary representation (Brep)

Via Brep an entity is described with vertices that are interconnected with lines in order to represent a
volume. These entities are imported in SCIA Engineer as general volumes (= solids). In that case the
member recognizer can be used for a conversion from general solids to a native SCIA Engineer 1D-
/2D-members. The downside of a boundary representation is the lack of any information concerning
the slab thickness, 1D member cross-section. This can be seen in the picture below in which no
information about the used cross-section can be found.
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@ mfo R R
| column.b.13
Material Relations Classification Hyperlinks
Identification Location Quantities
Froperty Value
Model Sample Steel Buiding 1 ~
Discipline Structural
MName Member#509245
Type A5
Type Name
Description
Material Ads
Layer Layerl
System
Frofile Type Arbitrary
Building Envelope False
Geometry Boundary Representation
Application SCIA Engineer
GUID ORk4zZEI$58SP0 1FUISLfv_ v

3) Sectioned spine representation

Beams with haunches or arbitrary beams can be represented via a sectioned spine
Example of an arbitrary 1D-member with a sectioned spine representation:

CrossSection

/Po stions[3]

CrossSection
Postions[2]

Cross
Sections[3]

Cross =

Sections[1] CrossSection

Postions[1]

\Bpin eCurve

Beam and column profiles
After import the beams/columns can have one of the following cross sections:
- Cross-sections from the profile library i if the same name is found in the SCIA Engineer database.
- Geometric shape cross-section i if the cross-section is defined with parameters in the IFC-file

- General cross-section

Postion . Localion N1 1

[ ] [ ‘ /
OweralDepth . &L
\ " /‘lnnero,m,eﬂ ]

{

{

{

{

|

|

';\\_m ; f
sition. P[] } {

| i

| =5
FlangeThickness |

Example of a parametric cross-section: Example of a general cross-section:
Position. F[2] é
& Owvera Wi
‘ il i Cheera Wiidt b /OuterCur\e
vl WebThickness 7 ¢ -
‘ | “‘, | /lnnermwpl
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Import procedure:

1)
2)

3)

4)
Ifc

Im

10

Open SCIA Engineer

Go to File > Import > IFC 2X3
File | Edit View Libraries Tools Modify Tree Plugins Setup Window Help
O e Gl - i O Ogo 02 i §4 EE e
& e e i ERREERE
Project manager
Close
T cClosean
Save Ctrl+5
Save As
Save All
Import k| em | XML file
Export ¥ | =a | Revit file
Update b | e Teklafile
Print Data » | e EREBSile
Print Picture v % Steel Detailing Neutral File (SDNF}
&7 | STEPSTEEL-CAD
1 TWikit, \Démo BIM.esa £ IFCH3
2 U:\Dropfolder\Démo BIM. esa % Esa - Primawin
3 Sample Steel Building.esa [
SelectanIFCf i | e i n Windows Explorer and confirm by
Select the import options you want to use. Confirm by clicking on OK to start importing the project.
Import Options *
Import entities Geometry
11D members (®) as members
?_D members Oas reference model
Reinforcement
Tendons DAnalysis shape anly
Dthers |:|Rur1 member recognizer
Tendons Material table
(®) as internal
Choose File... Edit
O as free
Storeys Mational code
[~] import storeys - Change...
Cancel
port options:

Import entities
You can manually select which objects( 1 D me mber , 2D me miilesshouléhe i n
imported in SCIA Engineer.

Tendons
Tendons in an IFC-file can be considered as an internal tendon or as a free tendon.

Storeys
Storeys can be imported.

Geometry

Geometry as members means that all objects that are defined via a sweptsolid representation will
be imported as native SCIA Engineer elements (1D-/2D-members).

Geometry as reference model means that all objects will be imported as general volumes.
Analysis shape only 7 If ON all elements are imported without clipping. If OFF a full structural
shape of the model is imported.

Run member recognizer will convert after the IFC import all supported members (beam, columns,
walls and slabs) from general volumes to native SCIA Engineer elements. After conversion a report
with a result is shown.

Material table

If the material names in an IFC file are not in accordance with code names it is necessary to define
a material conversion table in the Import dialogue. For the first opening of a file with defined

t

cl

he
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5)

material table there is button [ Ch o oEddis#availabeé | .

The file has *.con file extension and it is a plain text file, for example:

[materials]
Concrete1=C12/15

Concrete2=C25/30
The first name is the name of material in the IFC file and the second name is code name of
material which is used in SCIA Engineer. It is necessary to respect all characters.

National code

As IFC file does not specify any code it is necessary to select it before the import. An actual
adjusted code is displayed with a national flag. If you want to change it press the button
[Change...].

Import
After confirmation of the IFC Import Options dialogue a progress bar with number of total elements
and already imported elements is shown.

Import in progress
103 f 143

At the end a report (which can be saved) of the import is displayed.

2 IFC import report [o][ @ ==
Imported entities Errors and nofifications
40 columns Mo errors or notifications were reported.
1 crosssections
30 slabs
73 tendons
OK | Save as ... |

On the left side there is a list of imported objects with their quantity. On the right side there is a
place for errors and notifications if they are any.

What can be imported?

Planar walls and plates with openings and constant thicknesses
Circular arc walls without openings

Plates with arc edges

1D-members with openings

Shells, curved 1D-members, beams with haunches and arbitrary members as general solids.

11

For
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Update procedure:
1) In a to be updated project go to File > Update > IFC 2X3

File | Edit Wiew Libraries Tools Modify Tree Plugins Setup

New ctri=N jinge - i 77 00 0o

Hy (IR E

—

Open Ctrl=O

\e’s}%\'&

Project manager

Close

Close All

Save Ctri+5
Save As

Save All

Import 4
Expaort »
Update P e WML file

Print Data b PeviTile

Print Picture » Tekla file

Project [.esa)
IFC 2%3

® 3

1 Sample Steel Building.esa

2 un\Dropfolder\Démo BIM.esa
2) Selectan IFC-fileinWindowsEx pl orer and confirm by clicking on i

3) Select the import options (see step 4 of import procedure) you want to use. Confirm by clicking on
OK to start importing the project.

4) Update
After confirmation of the IFC Import Options dialogue a progress bar with number of total elements
and already imported elements is shown.

Import in progress
103 [ 143

At the end a report (which can be saved) of the import is displayed.

TTFCimpot report =3 ren
Imported entities Errors and nofifications
40 columns Mo errors or notifications were reported.
1 crosssections
30 slabs
73 tendons
ok | saveas.. |

On the left side there is a list of imported objects with their quantity. On the right side there is a
place for errors and notifications if they are any.

5) A comparison is made between the imported project and the to be updated project.
Project comparison in progress, please wait ...

Comparison of Node

12
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5, Update from another project O X
ool 2E B, bbb e AAARANREHR Bo|e
(A Change
[+ New entities 4= I
Deleted entities ﬂ
v
< >
[Ready CAP| NUM| SCF
| Accept | Close |

REMARKS: The update functionality can help the user to save a lot of time. But the user should be
aware of some restrictions in the IFC-format such as:

- IFC describes the volumes of objects. This means that connecting and alligning the structure after
an update is seen as a modification of the structure.

- All beam/column nodes are generated during the import. Which implies that after the update action
these nodes are placed iamdt i®edrdeps emMilewi estdi.ti es
Export procedure:
1) Open the SCIA Engineer file
2) Go to File > Export > IFC 2X3 or IFC 2X3 Compressed

E File | Edit View Libraries Tools Modify Tree Plugins Setup Window Help
‘D New ct-n - 5 70 " % 03 i 4% 3 =
: Cpen Ctrl+0 : = & B
‘8 . FRRAHREg

Project manager

Close

Close All

Save Ctri+5

Save As

Save All

Import 3

Export L3 %‘ Mew project (.esa)

Update 4 %‘ Viewer project [.esav)

s .
Print Data )| A Graphic format
Print Picture p| * BT
miv | Tekla file

1TWikiy, \Deémo BIM.esa Al ETABS file

B A e # | steel Detailing Neutral File (SONF)

3 sample Steel Building.esa s | STEPSTEEL-CAD

4 Sample Steel Building.esa com | CEA Plant-4D

5 Sample Steel Building.esa P

& Sample Revit-SCIA via IFC Model.ESA ® | IFC 2 Compressed

. : ~ N

3) Choose anameforthelFCf i | e and click on fisaveo

4) Select the export options you want to use. Confirm by clicking on OK to start exporting the project.

13



Integration with BIM workflows i SCIA Engineer 17

14

Project settings
View definition:

Coordination View

Export entities
[#11D members
[+]2D members

[] General valumes
[] steel connections
Stiﬁ'eners

Units:

mm =

10 members

(®) sweptsolid
O SweptSolid, not using parametric profile:

OBrep

Shape representation of arbitrary and

10 reinforcement

(®) SweptSolid
OBrep

20 reinforcement

haunched members: @SweptSolid
1D reinforcement [ Use 'SectionedSpine’ representation () Brep
ZD reinforcement
Tendons

20 members Tendons
Foundation pads
[+] Attributes (®) SweptSolid (®) sweptSolid
[+ Line grids (O Brep ) Brep

oK Cancel

Export options:

Project settings

In coordination view the user can choose between a Sweptsolid or a Boundary representation
(Brep).

In Simplified view every object is exported via a Boundary representation (Brep i i.e. faced solids).
Units i an option for setting a unit for length, the most common used units for export are
millimeters.

Export entities

You can select which SCIA Engineer objects (

Shape representation
The shape representation (Sweptsolid, Brep, SectionedSpine) can be chosen per structural
element type.

Export
After confirmation of the IFC Export Options dialogue a progress bar with number of total elements
and already imported elements is shown.

Export in progress
40

At the end a report (which can be saved) of the export is displayed.

Exported entities Errors and notifications

105 columns
287 beams
35 slabs

Mo errors or notifications were reported.

0K Save as ..

On the left side there is a list of exported objects with their quantity. On the right side there is a
place for errors and notifications if they are any.

beams
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What can be exported?

- Planar walls and plates with openings

- Circular arc walls and plates with arc edges

- 1D-members with openings

- Shells and curved 1D-members i only with Brep

- 2D-elements with cut-outs i only with Brep or without cut-outs

- Parameters with their assigned values defined as entities of 1D-/2D-member properties.

- Beams with haunches and arbitrary beams i with SectionedSpine or Brep

BIM Toolbox

Often after importing a model from another application a structure consists of unconnected general
solids. That means a structural engineer needs to create SCIA Engineer native members which can be
connected together and used for the analysis. That all is possible with the BIM toolbox service.

BIM toolbox x

EI--«‘;’ Convert

it General solid into beam/column

: gT General solid into plate/wall

ZT Part of a general solid to a member
gl Beam/slab into general solid
=TT Align

;.....—'T" Align

4 Connect members/nodes

¥ Check structure data

ﬁ Evaluate - Clash check

e Close

Convert

Via the BIM Toolbox users can convert volumetric elements (i.e. solids) into native SCIA Engineer
elements (beam, column, plate, wall). This is a necessary step in order to be able to calculate the
imported project because you cannot generate a mesh (thus calculating) on solids in SCIA Engineer.
Converting solids into native elements is a quit easy step to do. Simply select those elements and use
the proper conversion type (for 1D-members A general solid into beam/column, for 2D-members A
General solid into plate/wall). An automatic recognition algorithm detects the associated cross-section
during the conversion of solids to 1D-members. The same applies for 2D-members in which the
associated thickness is detected and assigned to it.

B " General solid into beam/column x
Recognition algorithm Automatic -
= Recognition setup
Cross-section comparison tolerance [m] 0,001
e Recognize geometric cross-sections v
= S \ Detect Arbitrary beams

\ = Qutput setup

fr' - —— Display output report W
i 0K H Cancel I_

15
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Below an example of imported solid elements (left side). After conversion (right side) you will obtain
native SCIA Engineer 1D-members with their associated cross-section.

Imported solid elements

Converted solid elements to native SCIA
Engineer elements

\/
E/§

)y

2

A

Align

Aligning the structure after an IFC-import is often needed. The reason for this is the following:

A model consisting of solids are interconnected based on their volumes. But in analysis software like
SCIA Engineer it is necessary to have a connection in the member system line for 1D-members or the
member system plane for 2D-members. The picture below illustrates this problem:

\

Structural elements can be aligned by moving the nodes of the 1D-/2D-members or the entire 1D-/2D-
member to the master planes. This principle will be clarified and used in Examplel.

Below an example of not aligned & not connected 1D-members (left side). Via the align functionality in
the BIM toolbox a connection in 1 node (right side) can be obtained.

16
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Not aligned & not connected 1D members Aligned & connected 1D members

Properties o X

Align (1) ~ |\l Vs 7

Show ali info I J 1)

Live preview I ZI [ I

Master planes
UCS XY planes v
LCS planes (1D members) [
LCS planes (2D members) i
Extend 2D member planes F
= Limits 2)
Min. distance between parallel master planes [m] 0,400
Min. angle between master planes [deg] 1,00
= Correct angle of planes similar {within limit) to
GCS main planes i
UCS XY planes E
T Actions (align nodes of)

= All 1D and 2D members to

All1D member types

All 2D member types i
Beams to 3)
Columns to
Plates to
Walls to

Max. node-to-master plane distance [m] 0,510
Max. total displacement of node [m] 0,510 4)
E Blsplay uﬂmns

Highlight master planes

Highlight nodes with plane (Live Preview must be enabled)

Preview shows master planes [« 5)
Preview shows nodes E
Preview colour _I
[ Advanced ] 6)
The options marked with an arrow are the properties that are usually modified during an alignment

action.

1) Alignment information can be shown in a separate window. Also before executing the alignment
you can see a preview appear in the model when act

2) Master planes can be chosen on which you want to align the structural elements to.

3) The alignment of nodes from one structural type (beam, column, wall, plate) to another structural
type can be specified

4) Maximum displacement settings can be specified. This is an important setting because if the node
to master plane distance is higher than this value no alignment can occur for that node.

5) Display options can be modified

6) Advanced settings.

17
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Evaluate i clash check

This function checks whether two or more entities (solids, 1D and 2D members, reinforcements)
intersect each other. A new solid is created in the intersection of the entities; this new solid is called a

collision solid.

Properties n

Clash check (1)

4

*

Show tree of clash5| v

Show collision des... ¥

Show transparent ... ¥
Selection mode Two groups
=l Selection - Fir...

Type of selection  User selection

E Selection - Se...

Type of selection  User selection

Collision tree

User selection Empty selecti cn

User selection Empty selection ...

-

-

-

=
BN
57

Reasons for using the BIM Toolbox

Ob ects in celision: B11 and 57 I

The main reasons for using the BIM toolbox:

- Saves time i using functions convert and align is quicker than creating new entities from general
solids and connecting unaligned entities manually.

- Saves work i the imported model created by an architect in other software needs modification for
the purpose of finite element analysis. Modification by the BIM toolbox is the fastest way to create

a correct analysis model

- Keeps original structural model i in the same project both the original shape designed by an
architect and the analysis model created by a structure engineer are kept. This makes it easy to

compare if both models match.

18
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Example 1: Importing an IFC-file

Importing the IFC-file

*Import the project ExampleO1.ifc (file > import > IFC 2X3) into SCIA Engineer with the following
import options.

Ifc Import Options *
Import entities Geometry
[#] 1D members (®) as members
2D members Oas reference model
Reinforcement
[+] Tendons [] &nalysis shape only
Others []Run member recognizer
Tendons Material table
(®) as internal
| ChooseFile... | | Edit |
() as free
Storeys Mational code

E— ]

After importing the IFC-file you can see that the structure is already converted to native SCIA Engineer
1D-members and 2D-members because they use the SweptSolid shape representation. Only the pad
foundations are not converted to native SCIA Engineer objects.

BIM toolbox

*Convert the foundation slabs from general solids to native 2D-members via the BIM Toolbox. Select
all the pad foundations and go to BIM Toolbox > Convert > double click on General solid into plate/wall
and click on OK to convert them.

19
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In the wired view of the model it is clear that this project needs to be aligned in order to be able to
realize a connection.

|- \%\

*Align the entire project as follows:
Go to BIM Toolbox > Align > double click on Align

o Do you want to proceed with all entities?

Yes MNo Cancel

Make sure that you tick on the following align properties: Live preview, all master planes.

When clicking on the current action tick box you can see the preview of the alignment appear in the
form of blue lines. This gives the user feedback of the chosen alignment settings before running the
alignment.

A  Properties I x
Align (1) ~

Alignment Info
Show alignment ~

El Master plan

Al action
‘ ﬁ Current action - All 1D member types, All 2D membe| [j UC5 XY planes
LCS planes (1D

W
W
Extend 1D mem§ v/
v
W

Conflicts Master planes  Log Actions preview

LCS planes (2D .

Extend 20 mem.
I 2 Limits

e ... 0,400

Min. angle bet... 1,00

= Correct an...
GCSmainpl., ¥
UCS XY planes

E Actions (alig...

= All 1D and ...
All 1D membe...
All 2D membe... ¥

Beams to

Columns to
Plates to
Walls to
Max. node-to-... 0,310
Max. total displ... 0,510
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The master planes that are goingt o be used can be visualized
If you click on planes you can see the master planes appear in the model.

We want to execute an alignment in an orthogonal matter (horizontal and/or vertical). Therefore the
di agonal master planes shouldndt be used.
*Tick off the following master planes.

*Run the alignment

Now you have aligned the entire structure as can be seen in the following picture:

by
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