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BIM for Buildings

Analysis & Design within Revit + Connected Workflows



SOFISTIK AG

Founded in 1987
— Spin-off of Technical University of Munich

— FEA development since 1973
— Autodesk ADN Member since 1985

Main location: Munich & Nuremberg Germany;
Sales branches: Austria, South Africa, UK; Middle East, Scandinavia.
Subsidiary: BIMOTION

Focus: Professional FE and drafting software solutions for structural and civil
engineering

80+ employees + external staff

Autodesk Industry partner
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AUTODESK

Authorised Value Added Reseller
Authorised Developer

Company presentation
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International Presence
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6.000+ customers in 60+ countries

10 competence centers

30 international partners/distributors

30 international partners/distributors

Company presentation
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Product

FEA
Software for Finite Element

Analysis & Design
CAD/BIM

Reinforcement
Structural Detailing of Rebar
Models
CAD/BIM
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High-quality support and consulting

Company presentation
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100%
CONTINUOUS

BIM-WORKFLOW

FOR STRUCTURAL
ENGINEERING

Struf-\“"a\ ”

SOFISTIK BIM Workflow
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Full integration of structural engineering in the
BIM workflow

Analytical definitions i 7 Calculation model

Physical model

AUTODESK
Production of 2D rebar plan REVIT Linear+ staged analysis
Bending schedules 2% Load take-down

\ <$» SOFiSTIK

Prestressing
Seismic action
Non-lineartiy
Etc.

Code check

Generation of 3D rebar Reinforcement design

BIM Workflow
Client | 6



Formwork & Position

1 t
I 0] o}
© i il
A meffim i |=-- -
H
H
f
- == == -®
@ - - @ 144
® ® © ® ©
[ - o e [ < simoTioN
[vnaister
o ET S AT
EEENET
[sorsra s
A5 [ © 0 E 3 < W T 3 Q3
2 Tl | Bk | U | Fade | Voww |vaogen Amamder m Kommatae
5o St o km 3om En o Bk fnene 60 foe
5 RIS I TN e T o e 6D e
&A T T TTT I e,
5 e T mSm i mEm S 7 o e 6D e
5 R T T T 1 o thene kD e
S meeCrmiwlgon o azmt 2ew s [Ba S U fhene
R T TR R
St mee st mne | isnaaetasw et Ba e U fhene
& s T mem e min sl 0 B thene 6D e
5 e T mem Eknnem i 0 B trene 06D e
STB 3eton - [ 25/30 200 046 m Ten’  i35m e s Ebene: UKD Ebene
& T N F D T 0 B trene 06D e
5 T e EnsEm s 0 B trene 06D e
5 T T TTIT 0 B Erene D B
5 ST T FN N T 3 et et
5 T T F L LW T 3 et et
S T R T R
B o s e
=m0
530m°  Sogm

SOFiSTIiK

1

o] o |
Jo] o |

-+

101

w | -

|

1030

1524

BIM Workflow
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Integrated analytical model

BIM Workflow
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Analysis & Design
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| 3D Reinforcement + Schedules
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BIM Workflow
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Flexibilite d'implémentation

i % SOFISTIK E % SOFiSTIK % SOFISTIK % SOFISTIK

= i RS 3D.

I ! O PDF

i | Modéle 3D
i . . | Reinforcement Reinforcement

| Analysis + Design | Generation Detailing 3D PDF

Calcul & Documents Documentation de

interactifs projet

Création Plans &

Modeéle Revit

Dimensionnement d’armature Nomenclatures

SOFiSTiK FEA

Modules disponibles
séparément mais

EL>
2, . ,
,,,:,::Q interconnectés pour une
» utilisation flexible
SOFISTIK Siru:turalgesskts

BIM Workflow
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Revit as a structural analysis plateform

Linear analysis and preliminary design within Revit



Extracting data from the architectural model

BIM = Transfer of information
+ Automatic mapping of families and properties of the
Revit model to SOFiSTiK data

+ Materials
+ Cross-sections
+ Level
+ Load types
Revit Document Revit gectlcm Revit Material SOFISTIK Section

1 13d_building_UK
2 3d_building_UK
3 3d_building_UK }

|
4 3d_building_UK [l

5 3d_building_UK

€25 - 300 x 1500mm Concrete, Cast-in-Place - (25

& C25 - 400 x 1500mm Concrete, Cast-in-Place - (25

C30 - 300 x 300mm Concrete, Cast-in-Place - C30

C30- 300mm Concrete, Castin-Place - C30

C30 - 400 x 400mm  Concrete, Cast-in-Place - C30

T | 1 B/H/Bw/Hf 1000/1500/300/250 mm

T |2 B/H/Bw/Hf 3300/1500/400/250 mm

T [ 38/H=300/300 mm

T | 4C30-300mm

T [ 58/H=400/400 mm

2 (8] D]
7 (8] (D]
A (8] [0)
4[] (0]
J(&] (0]

model

["] Delete All Section Mappings From Revit Document

Control over data in the calculation

+ Manual override of values
+ User-defined properties
+ No black box

SOFiSTIK Analysis + Design
Client | 13



Defining & Checking the calculation model

Engineering-oriented properties

+ SOFISTIiK Structural properties for each type
of calculation object

+ Storage of definitions/data within the RVT file
for better collaboration and compatibility

| SOFSTiK: Propriétés structurelles X
= s
‘ Poutre/Poteau 2
Général a A
ID Ligne Structurelle 1037
Groupe 400
MNom Poteau A-i-1
Groupe de Dimensioni | P4

Section )
Position | Excentré n

Architectural model

%

Calculation model

Largeur Effective

Maillage -
Densité de maillage

Reldchements en début/fin 2
Reldchements en débL | Personnalisé
N
VY
vz
MT
MY
MZ
M

E.O0:0:0:0:,0

N

VY

vz

MT

MY

MZ

MPB

Aide aux propriétés

I E:O0,0000

| Appliquer |

< SOFISTiK: Erreurs/Avertissements

Messages

B 8 Avertissements

- 1815033, 1814938 F-3
- 1784835, 1815035 G-3
- 1783376, 1815045 E-2
- 1784837, 1815037 H-3
- 1783653, 1815049 G-2
- 1783678, 1815031 H-2
- 1783632, 1815047 F-2

- 1778748

Bl 7 Laligne analytique du poteau n'est pas
30/75 cm -
30/50 cm -
30/50 em -
30/50 cm -
20/50 em -
30/50 cm -
30/50 em -

Betan C 30/37
Beton C 30/37
Beton C 30/37
Betan C 30/37
Beton C 30/37
Beton C 30/37
Beton C 30/37

ée avec le modéle

Poteaux porteurs
Poteaux porteurs
Poteaux porteurs
Poteaux porteurs
Poteaux porteurs
Poteaux porteurs

Poteaux porteurs

El 1 Levoile structurel ne semble pas étre connecté comrectement avec les éléments qui I'entourent.

STB 25 cm Beton - C 20/37 Murs

du poteau inférieur ou supérieur.

[] Affichage instantané

toler+ | [ lsoler |[ Femer |

Error detection

+ Control of the calculation model for typical problems

(alignments, load transmission, etc.)

+ Focus tools for easier adjustment by the engineer

SOFiSTIK Analysis + Design
Client | 14



Analysis & Modularity

W UTTENT XSTEM:

Main System -

| Main Systermn
Subsystemns
Level 0

Level 1
Level -1
Level 2
Level 3

Multiple calculation models based

on a same Revit file

+ 3D main system

+ 2D/3D local subsystems (ex.:
slabs/levels/frames)

Full compatibility/transfer with
SOFiSTiK Structural Desktop

+ Advanced tools -
+ Complex analysis =
+ eftc. R

<8 SOFiSTIK

Load takedown

+ Transfer of loads and support reaction by levels
+ Automatic support condition for subsystems

+ Load specification for each submodel

Construction staging

+ Compatibility with Revit phases

+ Accounting for the evolution of the
structure in the analysis

SOFiSTIK Analysis + Design
Client | 15



Direct design of the Revit model

Object-based

LR =

design:
Column Beam S5lab + Columns
+ Beams

Design + Slabs

A Currently only with EN norm

“* SOFiSTiK: Dimensionnement de poteaux - O
[ Systeme | Degrés de liaison | Efforts | | Di | Construction |
Degrés de lisison Longueur de flambement
5
Articulé-Articulé ¥ i
100 % ! i
- L
b z
e e
[ [
Plan xy. »
Configuration | Articulé-Articulé
Haut U 100%
Phi 0%
Bas U 100%
o 8
Phi 0% By=1.00 B = 1,00
3,= 10,10 2= 4041
Aide en ligne [ Calcoter | [ Fermer | [ Annuler

3

N
(X
L
wn
(@)
n
W
=
A

s

< SOFiSTiK: Beam Design

schematic graphic

= leveld | AT B
[ v 5 5 S B E) S E) 3 S S o
— SN T R - - -
2
o | E’ ISystemi Analytical ‘CDmhmationsL Design | Senﬂceal:lilityCheck1
N Supports Design lacations
250 cm
Location Mark x Width Impact Location Mark % T Type
B2 | A | 0oom | 010m |rigid | B2 A e S e —— - ’
c2 | B [ 6oom [ 025m [rigia | Ar 010m | 7 |support
0.55 m 7 |[shear
3.00m 7 | ordinary
542 m 7 | shear
Bl 5.88 m 7 | support
2 B T e —
Br 613 m 7 | subport
. B ®
Online help Calculate || Close || Cancel

Design management

within Revit:

+ Grouping similar objects
— Similar to hand design
approach

+ Simple preparation &
update of calculations

SOFISTiK: Design Browser
& Columns
B B CIRC-LVLO
B-3, Level 0 - Ground
B-4, Level 0 - Ground
C-3, Level 0 - Ground
C-4, Level 0 - Ground
- B CIRC-LVL1
B~ B RECT-LVLO
B B RECT-LVL1
B Slabs
< Platte LVL1
& B Platte LVL2
B B Platte LVL3
B B Platte LVL4

SOFiSTIK Analysis + Design
Client | 16




Visualisation of results Revit

Results for 3D / Berechungsmodel ohne Lasten [3.. 3|
Vodet
Analysis: inforcement =
LoadCase: | ~|

Result

¥ Required rei

¥ Required for bars.
W Area Top

¥ Area Bottom
W Area Left
- W Area Right
I~ Required reinforcement for surfaces
[~ Other
I~ Results for members
I~ Results for surfaces

Local coordinate system for members
Local coordinate system for surfaces
["] Global coordinate system

N e

|

" Direct visualisation within Revit
+ Analysis
+ Design

<8» SOFISTIK

Storage & Collaboration within Revit

+ Storage of key results in the RVT file

+ Easy sharing & collaboration with all parties of the project
+ Visualisation possible without SOFiSTIK tools/license

Model: Office_RxA
Load case: 01 SelfWeight

SOFiSTIK_FEA (2019-03-28 1%:37:22)
Structural Analysis

SOFiSTIK Analysis + Design
Client | 17
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SOFiSTiK Structural Desktop

SSD

Revit as a modelling plateform

Complex analysis & design connected to the Revit model




Transfer Revit models <« SOFiSTiK Structural

Desktop

Adjustment-free transfer

+ Structural model in Revit = Calculation
model in SOFiSTIiK

+ No additional definition/adjustment
required

SOFiSTiK file for each submodel
+ Ideal for work sharing between different
engineers
+ Autonomeous work within the
SOFISTiK Structrual Desktop
+ Update from the common Revit
model
+ Transfer of results/support reaction also

through external workflow

Result integration

+

Import of result to Revit for visualisation
and collaboration

Versioning for comparison between
calculations or between models

Revit + FEA
Client | 19



Additional definitions for further analysis

Slab prestressing

+ Definition of geometry & prestressing method in Revit
+ Simple 2D line modelling — 3D spline generation

¥ Storey Properties

Calculation Parameters

Transforming walls into columns
+ Converting walls into design column objects
+ Integration to seismic workflow

Structural Analysis !
/ Create Design Element | ]

I+

1 L,

z 1 seismic properties

" 7— + Levels definition
. — =" |+ Calculation of centre of mass and rigidity for preliminary

Stiffness of Walls . 2
Consider shear stiffness L ,— —
¢ -
Upper fixation aéé-ree i509% I— =
Stiffness of Columns &
Consider bending i ‘

Lx

design (Excel export)
‘ + Transforming walls into virtual columns for correct

Upper fixati

! design

Calculation of Capacity &
Max shear stress concrete | 600,00 kN/m® |
Max shear stress steel { 150000,00 kN.-‘rnzg

PRI Y

Revit + FEA
Client | 20



Additional definitions outside of Revit

Mixing plateforms

Import of Revit calculation model into SOFiSTiK
AutoCAD interface

Adding objects not modelled in Revit
Programming with Text input

+

Adding calculation objects
not possible in Revit

+ Complex geometry

+ Beam prestressing

+ Volumetric meshing

+ Geotechnical definitions

<> SOFISTIK

Revit + FEA
Client | 21
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SOFISTIK Reinforcement Generation

Automatic modelling of 3D rebar based on design results



<8» SOFISTIK

Manual modelling = Inefficiency

Manual data reading from paper
reports

-+

Adjustment of standard shapes or
user-defined input

-+

Manual positioning and distribution
of rebars

v

Long and tedious work

Biegeform : Buegel Offen

A Automatization possible with results from

v

Projertd - abhangige B..| Bieg |

digital calculation

SOFISTiK Reinforcement Generation
Client | 23
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Conversion of the digital design results

3D rebars automatically
generated based on
design results

FEA calculation results compatible
with Revit

- Columns

- Beams

- Slabs

- Walls

SOFISTiK Reinforcement Generation
Client | 24



Automatic generation of reinforcement

Layout setting based on
norm and user-defined
parameters

Data source
@ SOFISTIK Database (.cdb)

‘ General

 CAUsers\XM\Documents\Beispiele\BIM\UK_2015\3d_building_UK.cdb

m Settings

Floors, Walls, Slabs

© Revit results package

Maximum value: Reinforcement ratio:
Required Reinforcement: [ 26.055 ‘ [em?] 0.579 ‘ %]
Base Reinforcement /
Diameter and Number: @20 > | [mm] 2 : -1
/
Provided Reinfarcement: ‘ 6.283 ‘ [em?] ‘ {]_1404/\'{ [ }
Relative Reinforcement: ‘ 0.241 } [=1 [ 0.241 I =1 N
a.
%
V] @6 &J
08
Design case: o0

¥ Top/ Exteriovr

Tt T Major Direction

Selection of model components

7_ * Top / Exterior

Tt " Minor Direction () Selected elements

sSeledt elements

z - Bottom / Interior

Tt T Major Direction

& . Bottom / Interior
i Minor Direction

Delete existing reinforcement

@ All visible elements with design results

Setting base reinforcement
— and additional rebars for
each layer

Compatibility with
+ SOFIiSTiK Results
+ External results (via Revit

Results Package):

Robot Structural Analysis
Dlubal RFEM

SOFISTiK Reinforcement Generation
Client | 25
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Verification tools

SOFISTIK: Check reinforcement [

Stabs / Walls
o =02 Position:  Lower Layer
Slabs / W
. I‘_ Values:  Total Required
Position: | Upper Layer S
—" Dwrection:  Both
Values: | 1+2

Direciionr [Tranaere -] Beams / Columns.

(<) Beams / Columns
Type Longitudinal
Values:  Required + Inserted

+ Control of provided rebars
against required values

+ Dynamical check of all rebars

(created manually or

automatically)

Slabs / Walls
Pasition:  Lower Layer
Values: Total Required

Positon: 12

Tamflcﬁiusr:m Ul COIUmnS & Beams
T
Position: |12 |

SOFISTiK Reinforcement Generation
Client | 26



L7

<% SOFISTIK

-

& SOFISTIK

R

Reinforcement Detalling

Production of 2D rebar plans & schedules/lists from 3D model



Simplified production of rebar drawings in Revit

3D Rebars

REvomE e SR

v

ot
%

)
A
%
n
O
T
n
-
)

vy
gy

SOFiSTIK AG
Reinforcement
Detailing 2016
] Precast Concrete
Beam

SOFISTiK Reinforcement Detailing
Client | 28



Modelling help — Complex geometry

Efficient modeling for bridges and civil engineeringt
+ Interpolation / Extrapolation of rebar geometry. E.g. :
* Box girder wth variable height
» Structures with double curves
* Rotation & Streching of cross-section goemetry
+ Detectinon & Alignement on the geometry of the
concrete componant
+ Generation of rebars on surfaces with multiple
curvatures

SOFISTiK Reinforcement Detailing
Client | 29



Automatization of rebar drawing

@ Match

Gh Browse \\E Freeze ~

(‘T@S ﬁ Renumber é Layers
S (@ Edit
Marks %] Assign 2 Update

Marks ~

<E List

©  SOFISTIK: Browse Rebar | -

Sheet 5.1 - Column v
(®) Rebar () FabricSheet
Bar Mark

[ keep Filters active

ey,
2
N
Z
=
32

Bar marking & numbering
+ Numbering per:

+ Sheet
+ Project
+ Object

+ Layer detection
+ Copy or freeze rebar information
+ Rebar browsing

Tagging

Automatic tagging
Distribution of rebar
Display of layer / bar end
Shape details

@{} 4‘B Missing

—+

+ + +

% +fy Hide and Detail
{J

b
2 .
Bar End Iy Hide Rebars
Tag =~ Hide '®
All == Detail Layer = and Tag Wl Unhide Rebars
Tagaging
) uen
4.00 m 7—}—'{-)
y L (Df.ms
i1 () eew
O, —®
3)— = —(5)
C.B ' -~ ‘f:i\
. (19) 2812 L=145 ‘ || g
2025( 1) !
(J l—-!—-l—(@azm
L () sons
L u @}Amz

|

Shape
Detail

400 m
Level 2

-
SOFSTIK Reinforcement Detaling
SOFSTIK2016 STLI Reinforcement schedule (V' 36.00)
Project:  SOFiISTiK Reinforcement T
Project data
Title 1 SOFiSTiK Reinforcement
Content : Plattenbalken
Plan Mo, T 62
IBEND!NG SCHEDU LE Steelgrade: B500 B
I Bar. LB“" J Length of Jbla Total dbr [Shape| End- Bending dimensions
"“"“*"""“""""i"‘alblcldleIRIn
Schedule 41 147028 4| 31 i1 1455 260 1455 280 130 |130
@ Q L o
|| — ]
1455
20 72380 4| 3 1 I 1 1455 260 1455 260 156 |156
m Insert Schedule .
[ I—
1455
E o= 2 103085 4| 1 I 1 1455 260 1455 260 104 |104
=S Shape Symbols 155
—d g g
1455
[+ [ 2] zwe0] 4 | 7|00 zoso] | [ [ [
+ On plan

+ External documents (Word file)
+ Standard templates
+ User-template
+ Shape symbols for Revit Schedules
+ Revisions
+ Bending machine file (BVBS)

SOFISTiK Reinforcement Detailing
Client | 30
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Personalization / Localization

Different rules of drawing view and symbols.
(ex.: “EN ISO 3766” vs. “BS 8666")

v \4

DEUTSCHE NORM Mai 2004
e BRITISH STANDARD o |§%§§o‘o§° |
([ DINENISO3766 | IN - — | epaiing
e m No.
ICS 01.100.30 Ersatz fiir g
DIN IS0 3766:1996-09 und
DIN SO 4066:1996-09 Construction

drawings — Simplified
Zeichnungen fiir das Bauwesen — represe ntatlon Of

Vereinfachte Darstell Beweh (1SO 3766:2003); .
Dettclis Fass:r:g EN 190 37662003 concrete reinforcement

BST

Content Pack based on Revit families

l

Arbitrary personalisation possible (company standards/ project specifications)

SOFISTiK Reinforcement Detailing
Client | 31
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SOFiSTIiK
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Examples FEA — Building Construction

References
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Examples FEA — Building Construction

Think K Stuttgart Killesberg

Engineering: WSP CBP Tragwerksplanungs GmBH
Architects: CAP Architects, Baumschlager

& Eberle und David Chipperfield Architects

References
Client | 34
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Examples FEA — Building Construction

EE

Hospes Huerto del Emir Hotel, Murcia
Client: FCC LR
Architects: Francisco Lorente, Rafael Masaveu, s
Mariano Sanchez, José Luis Cano Clares
Structural design: Calter Ingenieria, Madrid

References
Client | 35
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Examples BIM

./
'I

<% SOFISTIK

-

New construction 5* and 6*

Lusail Katara Hotel, Doha (Katar)

Client: Katara Hospitality, Doha (Katar)
Engineering: Kling Consult Planungs- und
Ingenieurgesellschaft fur Bauwesen

Software: Autodesk Revit Structure, SOFiSTiK
FEM Software

References
Client | 37
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Examples BIM

Kempinski Jeddah — Saudi Arabien
Engineering: Boll und Partner, Ingenieurburo fur
Tragwerks- und Objektplanung

References
Client | 38
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Multi-purpose complex building

Muller Marl GmbH

uro

b
Autodesk Revit Structure + SOFISTIK FEM

ing: Ingenieur

ineering

Eng

Software

Software

References
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Examples BIM

d (sigmal/fc)
Ungefahr 5,55 1Pa (sigma/fc = 0.20)

L
G ...'
=
o

2

Highway Bridge
Engineering: Obermeyer Planen + Beraten GmbH
Software: Autodesk Revit Structure + SOFiSTIK FEM Software

<> SOFISTIK

References
Client | 40
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Examples BIM

Undergroud stations
Rennes, France
Engineering: Groupe
Legendre-Ingénova
Software: Autodesk Revit
Structure + SOFiSTIK FEM
Software

References
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