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For over 10 years, virtualcitySYSTEMS has provided GIS services for
customers In the private and public sector. GIS consulting, software
development, project implementation and systems integration are our
core competencies. The company has further distinguished itself by
becoming one of the leading experts in 3D spatial data infrastructures
based on the OGC standard CityGML, with customers and business
partners all over the world.

Our mission: To consistently deliver high guality, end-to-end 2D and 3D
GIS solutions by leveraging our experience, technology, Best Practices
and strategic partnerships to extend our global reach to offer products
and services for the lifecycle management of digital cities.
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DETORBA

Analysis of detonation scenarios in urban
environments and assessment of direct impact.
The aim Is to support authorities (disaster and
emergency manager) in their activities, e.g.
when defining evacuation areas and assessing

potential damage. | £ gl A
virtualcitySYSTEMS uses CityGML for Urban ! - g
Information Modelling and the 3D City | | | Boeo
Database for storing the CityGML models. Aidoston i ooy
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DETORBA

Physical simulation software based on Finite Element Method (FEM)

computations iIs used to compute the effects of a blast.
The impact on buildings Is measured and combined with empirical data. For

Instance, windows will burst at a pressure of approx. 2,5 kPa, buildings will be
structurally damaged at approx. 200 kPa.
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Simulated shockwave propagation (source: ANSYS)
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Simulation

Loading CityGML into simulation software
requires a conversion process from GML to

CAD to Finite Elements.
In the DETORBA project, ANSYS Is used for
simulations. Results are fed back into the city

model.

Frankfurt LOD2 in ANSYS simulation software
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FEM mesh used for actual mechanical
simulations
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Material Properties

Physical simulation requires information about — v

material properties. Commercial databases T e
exist for looking up parameters. Material T

111111

information must be attached to solid bodies. e
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Commercial material database containing testing results
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Material Properties

Physica Mechanical ______Electrical

Density [g/cm?] Modulus of Elasticity Electrical Thermal Expansion,
[Gpa] Resistivity [ohm-cm]  linear [um/m-°C]
Bulk Modulus [GPa] Specific Heat Capacity
[J/g-°C]

Poissons Ratio [0-1]

@
Zk”

Shear Modulus [GPa]

Young's Modulus [GPa]
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Elastic Plastic E
deformation deformation

Modulus of Elasticity

Y\ Ultimate tensile strength
(material breaks)

Material’'s tendency to be deformed
elastically (1.e., non-permanently) when
a force Is applied to It.

Important for simulating elastic
materials, e.g. steel, rubber.

™~ Tensile yield strength
(deformation starts)

Stress (load)

[

i

1 Stress/strain = Modulus of elasticity
o

>

Strain (deformation)
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Thermal Expansion

When an object Is heated or cooled, its
length changes by an amount
proportional to the original length and
the change In temperature.

Thermal Insulation

Reduction of heat transfer (the transfer of
thermal energy between objects of differing
temperature) between objects in thermal
contact.

THERMAL EXPANSION COEFFICIENT

THERMAL CONDUCTIVITY, W/m-K
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Time Dependencies

Gradual destruction of Progressive structural
materials (usually metals) damage from repeated
by chemical reaction with its loading

environment.

Tendency of a solid material to
slowly move or deform
permanently under the influence
of stresses.
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CityGML and FEM Data Model T
Shells
Geometrical data model Topological data model Subshells
CityObject Assembly \ \
.. WallSurfaces .. Bodies Faces Wires
.... MultiSurfaces .... ohells l \
Loops
...... Polygons ...... Faces
........ Points Edges Coedges
.......... Vertices |

In LOD2 Material can b Material can be gttached to mdges
attached to e.g. WallS#irfaces Bodies Verﬁces

ACIS Data Model
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What is missing in CityGML?

 Material properties for boundary surfaces, windows, doors, etc.

* Function-based properties values

* Functional dependencies between properties and entire features
* Time-dependent property values

* Solid volumes for FEM mesh decomposition



