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About us

SDA-engineering GmbH was founded

in August 2006 by Prof. Dr-Ing. Chris-

toph Butenweg and Drng. Philippe
Renault after many years of collaborafi-
on at the Chair of Structural Statics and
Dynamics of RWTH Aachen University.
The gained experience of the partners
during that time still forms the basis of
the professional compefence and the
continuous development of the SDA-en-
gineering GmbH. The main application
areas are the execution of stafic and dy-
namic analyses in structural engineering,
earthquake engineering and the deve-
lopment of innovative software solutions

for complex structural problems.

Since 2009 SDA-engineering GmbH is
quite active in the working area “Engi-
neering Seismology and Soil dynamics”.

The collaboration with the ,Center for

Wind and Earthquake Engineering” gu-
arentees, that SDA-engineering GmbH
is always able to apply the most recent
design concepts in these application
areas. Moreover the employment of
Prof. Dr.-Ing. Christoph Butenweg at FH
Aachen - University of Applied Sciences
enhance the expertise in plant enginee-

ring and plant component design.

The leading team of SDA-engineering
GmbH was completed in 2010 by
Dr-ng. Christoph Cellert, a well expe-
rienced senior engineer in the field of
Structural Dynamics and responsible for
project management. The team currently
consists of five doctoral civil engineers,
two graduate civil engineers and is
complemented by a mathematician, res-
ponsible for software development and

measurement techniques.
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Prof. Dr.-Ing. Christoph Butenweg

—* Pariner and Manager

butenweg@sda-engineering.de

Dr.-Ing. Christoph Gellert

—*  Manager
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‘ Dr.-Ing. Julia Rosin

—=  Dipl.-Ing. Sebastian Kemper Dr.-Ing. Britta Holtschoppen
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Dr.-Ing. Britta Rosen Dipl.-Math. Stephan Dreyer
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*  Dipl.-Ing. Claudia Wuttke
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Contact
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Activities in Code Committees and Associations

The members of the SDA-engineering
GmbH are engaged in different
committees and  associations.  The
activities expand the expertise of our
company and result in close contacts
fo approving authorities, international
research insfitutions and representatives
of code committees.

Furthermore, we are collaborating

closely with the Chair of Structural

Statics  and  Dynamics  of RWTH

Aachen University, where Prof. Dr-
Ing. C. Butenweg was working as
Chief Engineer for 15 years, scince he
changedto the Faculty of Energy Systems
at FH Aachen - University of Applied
Sciences. The close coopperation
with RWTH Aachen University will be
continued within the Center of Wind
and Earthquake Engineering (CWE)

and teaching assignments.

Activities in commitees and associations (Prof. Dr.-Ing. C. Butenweg)

¢ Code committee consfruction engineering NA 005-51-06 AA, Technical committee earthquake,

special problems (Preparation of the earthquake codes DIN 4149 and Eurocode 8 with National

Annex for Germany)

e Code commiftee construction engineering NA 005-06-37 AA, Technical committee ,Earthquake

safety of masonry structures”

e Former President of the German Society of Earthquake Engineering and Structural Dynamics

[registered associafion)

e National contact person of the Infernational Atomic Energy Agency (IAEA)

® Member of the Executive Committee of the European Association of Earthquake Engineering

(EAEE)

¢ Board Member of the Center of Wind and Ewrthquake Engineering (CVWWE) at RWTH Aachen

University

Fields of Activity

Static and Dynamic Analyses
e Structural Design
e Plant Engineering
e Tanks and Vessels
*  Machine Foundations
*  Masonry Buildings
* Pipeline Construction
e Existing and Historical buildings

® Refaining Structures

Engineering Seismology and Soil Dynamics
e Seismic hazard Assessment
e Soil Dynamics Aanalysis

e Soil-Structure-Interaction
Dynamic Measurements and Vibration Insulation
Probabilistic Analyses and Fragility Curves
Short-Term Dynamic Analyses for Extreme loading

Software Development

e MINEA
* Vload

e SVBS

e Fasy Silo
e SEISPRO

Product Development

Engineering Expert Reports




Static and Dynamic Structural Analyses

We conduct structural analyses for all
kinds of simple and complex problems
and can create calculation models
using the entire software range from
easy-fo-use  small  software  design
packages fo highly sophisticated finite
element programs such as INFOCAD
and ANSYS. The main objective is
the calculation and  structural design
of load-bearing structures as the basis
for the structural planning that we carry
out in cooperation with our partner in
Stolberg (El Deib: Engineering Office for
Structural Planning) for all work stages
in accordance with Section 64 of the
German Schedule of Service and Fees
for Architects and Engineers (HOAI).
SDA-engineering GmbH is specialized
in dynamic structural analyses  with
a scope of services ranging from the
investigation  of  individual = structural

components to the time-consuming

simulation of load-bearing  structures
subjected to dynamic loads as a result
of earthquakes and induced vibrations.
One of the core competencies of SDA-
engineering GmbH is the earthquake-
resistant design of common  buildings
and special structures of all kinds.
We are able to provide you with
economical  solutions  for  sfructures
under planning and with upgrading
strategies for existing sfructures conform
to European or International Standards.
I necessary, load-bearing reserves
from non-linear material  behaviour
are taken into account and innovative
design procedures are applied in
order to verify the structural safety and
serviceability. Furthermore, useful life
estimates and damage analyses also
enable an economic evaluation of

planned and existing buildings.

STRUCTURAL DESIGN

PLANT ENGINEERING

TANKS AND VESSELS

MACHINE FOUNDATIONS

MASONRY BUILDINGS

PIPELINE CONSTRUCTION

EXISTING AND HISTORICAL BUILDINGS
RETAINING STRUCTURES




STATIC AND DYNAMIC STRUCTURAL ANALYSES

Structural Design

Structural  design is offered for all
building types, ranging from standard
residential  buildings  to  multi-storey
buildings. In case of more complex
structural  systems  and  geometries,
three-dimensional models are applied,
which are also necessary for the

seismic design of structures. The

References

import of CAD-files info the calculafion
software ensures an efficient generation
of the structural calculation models. The
design is accomplished automatically
based on the calculation results.
INFOCAD and MINEA are the main
software packages that are used for the

calculations.

Regierungspréasidium Tibingen - Vermdgen und Bau BadenWiirttemberg - 2015

Auslegung eines Containerbauwerks in Mazar e Sharif, Afghanistan - Sébu-Morsbach GmbH, 2015

Erdbebennachweis einer Krankenhausaufstockung in Frechen - Ingenieurbiro Komp - 2015

Aufstockung von Bestandsgebéuden der Universitét Kéln - Lautenbach Ingenieurbiiro fir Bauwesen -

2009

Publications

Butenweg, C, Roeser, W.: Auslegung von Bauwerken gegen Erdbeben - Rechenbeispiele,

Stahlbefonbau-Akiuell, Beuth Verlag, 2016

C. Gellert, O. Fischer und W. Schwind: Bauen mit Mauerwerk in deutschen Erdbebengebieten:
Nachweis nach DIN EN 1998 in der praktischen Anwendung, Bauingenieur, Band: 90, Nr. 10, S.

5286, 2015




Plant Engineering

Plant engineering is characterized
by continuously changing conditions
due to modifications of the production
processes. In the case of reconstructions,
a reassessment of the construction might
be necessary taking info account the
modified stafic system of the structure. This

represents a major challenge, especially

in the question of earthquake safety.

SDA-engineering  GmbH has  many
years of experience in the assessment
of plants and the estimation of their
earthquake  safety.  SDA-engineering
was involved in the compilation of
the VCI-Guideline, in which special
rules regarding the consideration of
earthquake loads in plant engineering

are provided. An evaluation procedure

STATIC AND DYNAMIC

for the assessment of earthquake safety
of the structural system with respect to
the interaction of the plant components
and the load-bearing structure was
developed and continuously improved in
close cooperation with plant engineers.
Within the context of a fransfer project,

financed by the German Science

References

STRUCTURAL ANALYSES

foundation, new approaches for the
assessment of the seismic vulnerability
of existing plants are compiled by SDA-
engineering GmbH in  cooperation
with RWTH Aachen University and the
Chemical Industry. This knowledge is
infegrated into the further development of

the seismic safety evaluation procedure.

Begutachtung von Industrieanlagen nach dem VCl-eitfaden am Standort Antwerpen - BASF Antwerpen

=20]15

Seismischer Nachweis einer Liftungsanlage in Mexiko - S+W Kube GmbH, Sulzach - 2015

Beurteilung eines seismischen Ertichtigungskonzepts fir eine Chemieanlage in Monthey - Syngentha in

Monthey, Schweiz, 2014

Ausarbeitung eines Démpfungsansaizes fir Windenergieanlagen unter Erdbebenbeanspruchung -

Enercon GmbH, Aurich - 2014

Statische und dynamische Nachweise eines Anlagenkomplexes auf Grund von Produkfionséinderungen

- Bayer Technology Services GmbH, Leverkusen - 2012

Erdbebennachwesis einer Produktionsanlage fir Photovoltaikmodule mit Standort Rouiba in Algerien -

MayerVorfelder und Dinkelacker, Sindelfingen - 2011

Publications

Gellert, C., Drommer, T.: Earthquake Assessment of existing Chemical Production Facilities, SeDIF -

Infernational Conference on Seismic Design of Industrial Facilities, Aachen, Germany, 2013

Klinkel, S., Butenweg, C., lin, G., Holtschoppen, B. (Hrsg.): Seismic Design of Industrial Facilities,

Proceedings of the Infernational Conference on Seismic Design of Industrial Facilities (SeDIF-

Conference), Springer Vieweg, 2013
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STATIC AND DYNAMIC

Tanks and Vessels

The analysis of storage tanks and vessels
according fo national, European and
infernational  Standards has been  for
the last few years an integral part of the
activities of SDA-engineering GmbH.
With a cost-effective and earthquake
resistant design as an objective farget,
an automated design tool based on a
three-dimensional finite-element model
has been developed. Soil-structure
interaction effects that are particularly

important in case of seismic actions are

References

STRUCTURAL ANALYSES

optionally considered within the scope
of the model generation. The application
of seismic loads is achieved by means
of an iterative procedure, according to
which equivalent pressure components
representing the dynamic behavior of
the tank are taken under consideration.
Base isolations can be applied in case of
high seismicity levels, above which wall
thicknesses resulting from conventional

design appear uneconomic.

Auslegung von Behdlterbauwerken fir eine Biogasanlage mit Standort in Australien - Weltec Biopower,

Vechta - 2015

Statischer und dynamischer Nachweis eine Grobtanks: Fitiness for Service Analyse- BASF Antwerpen -

2015

Berechnung und Bemessung eines Abwasserbehdlters aus Polyethylen unter Beriicksichtigung der

Boden-Bauwerk Interaktion - OTTO GRAF GmbH, Teningen - 2014

Durchfihrung von Tanknachweisen unter Beriicksichtigung des Lastfalls Erdbeben - Haltermann GmbH,

Hamburg - 2013

Publications

Rosin, J., Butenweg, C.: Seismic isolation of cylindrical liquid storage tanks, IX International

Conference on Structural Dynamics, Eurodyn 2014, Porto, 2014

Rosin, J., Hennebdhl, B., Butenweg, C.: Global buckling analysis of cylindrical tanks under earthquake

loading, Second European Conference on Earthquake Engineering and Seismology, Istanbul,

25.-29. August, 2014
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STATIC AND DYNAMIC STRUCTURAL ANALYSES

Machine Foundations

Machine foundations have to be
designed as vibration resistant in order
fo ensure the confinuous and safe
operation of machines. Appropriate
design measures securing operational
stability under cyclic loading are
therefore required. For this purpose,
fatigue analysis has to be carried out
accordingly. Technical and economic

factors necessitate in many cases the

References

application of isolation measures. An
"active isolation”  prevents vibration
effects induced by the machine fo
the surrounding  sfructure,  whereas
a passive isolation”  minimizes
disturbance effects induced by the
machine to the surrounding structure.
A sufficiently designed isolafion can
generally achieve active as well as

passive isolation effects.

Dynamische Auslegung und konstruktive Umsetzung eines Maschinenfundaments - KTl-

Schwingungstechnik, Meftmann - 2014

Auslegung von Fundamentwannen fir Maschinenaufstellungen - KTI-Schwingungstechnik, Mettmann -

2011

Statische und dynamische Auslegung eines Maschinenfundaments - Bayer Technology Services

Leverkusen - 2009

Publications

Meskouris, K., Hinzen, K.-G., Butenweg, C., Mistler, M.: Bauwerke und Erdbeben, 3. erweiterte und
akiualisierte Auflage mit Anwendungen nach DIN 4149:2005 und DIN EN 1998-1, Vieweg-Verlag,

2011
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STATIC AND DYNAMIC

Masonry Structures

The safety verification of unreinforced
masonry  structures  under  horizontal
loading due tfo seismicity or wind is
rather complex, if fraditional design
methods in combination with increased
loads as indicated by the new code
generation are applied. In doing so,
the structural safety cannot be verified
even for fraditional ground  plan

configurations, which already have

STRUCTURAL ANALYSES

shown their resistance in past events.
Therefore, SDA-engineering  utilizes
nonlinear bearing reserves by using
state-of-the-art deformation-based
verification  procedures  considering
the nonlinear material behaviour with
its post-peak capacity. The procedure
is based on the load-deformation

curves of single masonry shear walls

depending on material combination,

wall geometry and vertical loading.
The curves are approximated by
means of a bilinear idealization using
the initial sfiffness, the maximum shear
capacity and the ultimate drift capacity
according  to  relevant  European
standards. The approximation is based
on results of more than 60 cyclic shear

wall tests which were carried out within

the framework of European research

References

projects.  The  deformation-based
verification procedure was successfully
applied to prototype and real buildings
and verified by independent experts
and the building authorities in Germany.
The application of the innovative
verification procedure allows again
the realization of complex buildings in
earthquake regions satisfying modern

architectural demands at the same time.

Photo: Wienerberger - Thomas

Nichtlinearer Erdbebennachweis eines Mehrfamilienhauses in Mittenwald - Arbeitsgemeinschaft

Mauerziegel im BV der Deutschen Ziegelindustrie e.V. - 2015

Erdbebennachweis einer Doppelhaushdlfte in Kéln - Secura Haus & Bau GmbH, Disseldorf - 2015

Nichilineare Studien an Reihenhdusern in den Niederlanden - VNK Verinigung der Kalksandsteinwerke
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in den Niederlanden - 2014

Erdbebennachweis eines Einfamilienhauses - Ingenieurbiiro Hahn, Halver - 2014

Publications

Butenweg, C.: Erdbebenberechnung von Mauerwerksbauten nach DIN EN 1998-1 (12.2010),
Maverwerk kompakt, 2. Auflage, Gunkler, E., Budelmann, H. (Hrsg.), Wemer Verlag, 2016

Butenweg, C.; Kubalski, T.; Marinkovi , M.; Pfetzing, T.; Ismail, M.; Fehling, E.: Ausfachungen aus

Ziegelmauerwerk, Mauerwerkskalender 2016: Baustoffe, Sanierung, Eurocode-Praxis, Jager, W.

(Hrsg.)Verlag Ernst & Sohn, 2016
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STATIC AND DYNAMIC

Pipeline Construction

The analysis of pipelines in industrial
faciliies is a complex fask, because
of the interactions with the surrounding
structural system. For a sufficient design,
these interactions shall be taken into
account according fo the current
codes and guidelines. Furthermore,
especially the calculation and design
of buried pipelines is a challenging
task, as the interaction effects between
the pipeline and the surrounding soil
plays an important role and is rather
difficult to simulate. We solved this
problem  through the  development
of  sophisticated  three-dimensional
simulation  models, in  which the
pipeline is represented by nonlinear
beam elements and the contact fo

the surrounding soil is captured by

References

STRUCTURAL ANALYSES

springs with nonlinear empirical load-
displacement curves acting in axial,
torsional and vertical direction. The
seismic ground mofion is caused
by shear waves, which propagate
orthogonally  to  the  propagation
direction of the earthquake and exhibit
higher amplitudes in comparison to the
compression waves. The calculations
of pipelines are carried out on the safe
side for a horizonfally propagating
seismic wave with a low wave velocity.
SDA-engineering  GmbH  possesses
extensive experience in the calculation
of pipelines and will provide you with
reliable and economic design solutions.
Please contact us for innovative pipeline

designs.

Seismischer Nachweis von Rohrleitungen zwischen Dormagen und Leverkusen - Currenta GmbH & Co.

OHG, leverkusen - 2014

Erdbebenbeurteilungen am Standort Worms auf Grundlage des
neuen VCl-leitfadens in Kombination mit der DIN EN 1998-1/NA - Evonik Industries AG Worms,

Worms - 2013

Gutachten zur seismischen Standsicherheit der CO-Pipeline

von Dormagen nach Krefeld - Bayer Technology Services Leverkusen - 2010

Publications

Schmitt, T., Butenweg, C.: Seismische Einwirkungen auf erdverlegte Rohrleitungen: Parameterstudie,
Erdbeben und bestehende Bauten : Dokumention SIA D 0255 ; 20.8.15-21.8.15, Auditorium
Maximum im Hauptgebdude der ETH Zirich / 14. D-ACH Tagung 2015

Butenweg, C., Schmitt, T., Rosen, B.: Seismische Einwirkungen auf erdverlegte Rohrleitungen,

Bauingenieur, Band 89, S. 316-324, Juli/August, 2014
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STATIC AND DYNAMIC STRUCTURAL ANALYSES

Existing and Historical Buildings

The earthquake safety of existing
buildings and famous historical buildings
plays an important role for the culture

and the society. The verification of the

reports. Thereafter, a structural analysis
with safety factors in dependence on
the state of knowledge can be carried

out. Extensive experiences were gained

seismic safety requires extensive surveys  during the investigation of the famous
of existing documents and collection of ~ and  well-known Aachen cathedral,
available dafa like structural drawings, ~ which can be easily transferred to other

static  calculations and  geotechnical  historical buildings.

References

Erdbebenertiichtigungsmafnahmen zur Sicherstellung der Erdbebensicherheit des Regierungsprasidiums
Tubingen - Vermégen und Bau Baden-Wiirtemberg, Stutigart - 2010

Planung und sfafische Berechnung des Umbau eines Mehrfamilienhauses - Edgar Sayn,

Aachen - 2007

Uberpriifung der Erdbebensicherheit des Landtagsgebdudes in Disseldorf - Landiag Disseldorf,
Disseldorf - 2007

Publications

Giresini, L., Butenweg, C. Andreini, M., De Falco, A., Sassu, M.: Macro-Elements identification in
historic chapels: The case of St. Venerio Chapel in Reggiolo - Emilia Romagna, SAHC2014 - 9th
Infernational Conference on Structural Analysis of Historical Constructions, Mexico City, 14 - 17

October, 2014

Giresini, L., Butenweg, C. Andreini, M., De Falco, A., Sassu, M.: Numerical calibration of a
macro-element for vaulted systems in historic churches, SAHC2014 - 9th Infernational Conference on
Structural Analysis of Historical Constructions, Mexico City, 14 - 17 October, 2014
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STATIC AND DYNAMIC STRUCTURAL ANALYSES

Dam Structures

Numerous dams serve to supply the
population with energy and drinking
water.  Dam  structures  include  not
only retaining walls surrounding wide
valleys, but also earth dams, which fit
harmoniously info the landscape and
at the same time can be economically
erected. Refaining sfructures need fo
be provided with proof of earthquake
resistance due fo their high degree of
relevance. The earthquake return period

has to be selected in accordance with

the existing dam structure class. The

safety verification of the dam  stability
can be investigated with a finite
element model on the basis of the Krey-
Bishop procedure with the assumption
of circular sliding surface. In case of
an exact calculation, a time history
analysis is executed, in which the state
of stress within the dam is recalculated
af each time increment. Thereafter the
decisive sliding circle is defermined on
the basis of the state of sfress at each
time sfep, by comparing the refentive

and impulsive forces along the sliding

circle. The forces are calculated by
infegrating the stresses from the finite
element model along the regarded
sliding circle. Pseudo-static procedures
can also be applied as an alternative.
When  calculating  dam  structures,
one can work with two-dimensional
calculation models as long as the curve

of the dam wall is only moderate.

References

Otherwise, three-dimensional models
need to be faken info account. In some
cases, the soil-structure-interactions
effects must be considered in order to
avoid the occurrence of wave reflection
in the models. SDA-engineering GmbH
gained extensive experience  with
safety verification of dam  sfructures in

the scope of diverse former projects.

Erdbebennachweise fir das Entlastungsbauwerk und die Hochwasserttulpe der Grofe Dhinn-Talsperre

- Wupperverband, Wuppertal - 2014

Sicherheitsnachweis fir den Entnahmeturm der VWehebachtalsperre - Wasserverband Eifel-Rur, Diren -

2010

Standsicherheitsnachweis der Rurtalsperre Schwammenaul fir statische Lasten und den Lastfall

Erdbeben - Wasserverband Eifel-Rur, Diren - 2010

Publications

Edip, E., Garevski. M., Butenweg, C., Sesov, V., Cvetanovska )., Gjorgiev, |.: Numerical simulation

of geotechnical problems by coupled finite and infinite elementsjournal of Civil Engineering and

Architecture, Vol. 7, No. 2, Serial No. 63, pp. 6877, 2013

Meskouris, K., Butenweg, C. [Hrsg.): Neubewertung der Erdbebensicherheit von Talsperren in

Deutschland, DGEB-Publikation Nr. 12, 2005
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Engineering Seismology and Soil Dynamics

Earthquakes  belong to  the most
destructive natural disasters.
Engineering  seismological  studies
enable the evaluation of site-specific
seismic  loads (response  spectrum,
strong motion duration efc.). This is
important especially for constructions
with higher safety requirements like
dams, industrial facilities or nuclear
power plants. For the calculation of the
earthquake hazard, usually probabilistic
analyses are used under a systematic
consideration of uncerfainties.
Upon request, deferministic hazard
analyses are conducted as well. For

the refinement of the site-specific

References

accelerations soil dynamic calculations
are performed. SDA-engineering is
working as a fechnical reviewer in the
PEGASOS Refinement Project regarding
the seismic hazard assessment of Swiss
nuclear power plants and participates
in the development of codes and
guidelines for nuclear facilities in
national and international  working
groups. The networking with colleagues
worldwide and the cooperation with
RWTH Aachen University in research
projects ensures that the high expertise
in this field considers the current stafe-

of-the-art.

Seismische Standortgefdhrdung fir Necker Island, Britisch Virgin Islands - Enercon GmbH, Aurich -

2015

Seismische Standorigefdhrdung fir den Standort eines Lagergebéudes - Forschungszentrum Jilich, Jilich

-2014

Untersuchung der Boden-Bauwerk Wechselwirkung von Windkraftanlagen unter dynamischen

Beanspruchungen - Enercon GmbH, Aurich - 2012

Publications

Renault, P., Dalguer, L.: Auswahl von geféhrdungskompatiblen Zeitverléufen fir Szenario

Erdbebenanalysen, Bavingenieur, Band: 90, S. $12-518, 2015

Renault, P.: PEGASOS Refinement Project: Eine verfeinerte Erdbebengefdhrdungsbeurteilung for
Schweizer Kemkraftwerke, Dokumention SIA D 0255 ; 20.8.15-21.8.15, Auditorium Maximum im
Hauptgebdude der ETH Zirich / 14. D-ACH Tagung 2015, August, 2021, 2015

e SEISMIC HAZARD ASSESSMENT
e SOIL DYNAMIC ANALYSES
e SOIL-STRUCTURE-INTERACTION

Max. Bodenbeschleunigung (PGA)
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ENGINEERING SEISMOLOGY AND SOIL DYNAMICS

Seismic Hazard Assessment

Seismic design loads for standard
buildings are given in seismic building
codes. Special engineering constructions
like dams or industrial facilities are out
of the scope of standard building codes
and require higher safety levels and
longer earthquake recurrence periods.
Seismic loads based on generalised
code response spectra can only very
roughly incorporate regional seismicity
and local soil conditions.

SDA-engineering  GmbH  performs
site-specific seismic hazard analyses
and calculates seismic loads for the
requested  earthquake  recurrence
periods. Therefore, a probabilistic
model is used that incorporates the
surrounding  seismicity in a  large-

scale and allows the consideration of

parameter uncertainties. Soil dynamic

calculations are used to further specify
the local soil conditions. The cost-
benefit and the accuracy of the seismic
hazard assessment are mafched to
the safety requirements. A high  level
of comprehension and = accuracy
regarding the seismic hazard analysis is
demanded for the evaluation of seismic
loads for nuclear facilities. The analyses
have to consider the current sfafe-of-
the-art and to incorporate uncertainties
in a broad range. A modem and
powerful software package is available
for  probabilistic  hazard =~ analyses.
On request, an assessment of the soll
liquefaction  potential is  conducted
under consideration of peak ground
acceleration, structural loads and local

soil properties.

Soil Dynamic Analyses

The seismic impact at a site is strongly
influenced by the local soil- and
subsoil conditions. Resonance effects,
which lead to an amplification in the
response spectrum, are not captured
by generalised code spectra. In order
fo account for site effects and for an
accurate  specification of the seismic

loads, we conduct soil dynamic

analyses. Therefore, the soil layers are
modelled with their dynamic properties.
Based on an input seismic motion at
engineering bedrock - given by a code
spectrum or out of a site specific seismic
hazard study - the motion and response
spectra af the free-field level or at any
other level at depth (e.g. foundation

level) is calculated.
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Soil-Structure-Interaction

The inferaction between the soil and
the building construction influences
the transmission of the seismic waves
from the free-field to the foundation of
the building and modifies the response
spectrum. The direct application of
the free-field motion at the building
foundation is not always conservative.
For the calculation of floor response
spectra  combined models with  soil

layers and building structure are used.

Besides the application in the nuclear
industry, accounting for soil-structure-
inferaction leads to a more optimised
and more efficient design also for other
constructions.  For instance, for the
design of wind turbines soil-structure-
inferaction has a considerable influence
on the calculated results and has to
be taken info account under certain

circumstances.
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Measurements and Vibration Isolation

The assessment of the vibration behaviour
of existing buildings and the calibration of
numerical models can be carried outbased
on structural dynamic measurements. The
necessary fechnical equipment, including
several geophones and highly sensitive

velocity- and accelerometers are readily

available. Powerful professional and in-
house software packages are used for
evaluating the measurement results for
short- as well as long-ferm measurements.
Typical  applications are  vibrations
induced on buildings by the following

sources:

e  Machine induced vibrations

e Rail- and road traffic

e Construction works
e Bell ringing

®  Explosions

The analyzed measured  vibrations
are ufilized for the development and
suggestion of appropriate acfive and
passive vibration control  measures.
Vibration measurements are also used
for checking the efficiency of isolation
measures  applied for insfance in
buildings with highly sensitive machines
or equipment. In this case unascertainable

vibrations for humans can be already

References

unaccepfable  perturbations,  which
have fo be avoided for an undisturbed
operation. The serviceability of such
buildings with highly vibration sensitive
equipment must be investigated, since
the requirements lie in the sub-micrometer
range. A verification of the code and
guideline  requirements  within  this
measurement range is only possible by

means of vibration measurements.

Baudynamische Beratung zur Auslegung von erschitierungsempfindlichen Laborréumen - Bau- und

Liegenschaftsamt NRW, Aachen - 2015

Auslegung von MaPnahmen zur Schwingungsminderung in einer GroPweéischerei - CWSboco

Deutschland GmbH, Dreieich - 2014

Bistum Trier - Baudynamisches Gutachten fir den Glockenturm der Pfarrkirche St. Cyriakus Kirche in

Niedermendig - 2014

Erschitterungsmessungen fiir ein Neubauvorhaben an der Junkerstrasse in Aachen - Lambert Schlun

GmbH & Co. KG, GangelNiederbusch - 2013

Schwingungsmessungen zur Analyse der Wellenausbreitung durch Schwingungen induziert durch

Windenergieanlagen - Enercon GmbH, Aurich - 2011

Publications

Altay, O., Butenweg, C., Klinkel, S.: Vibration Mitigation of Wind Turbine Towers by a New
Semiactive Tuned Liquid Column Damper, The Sixth World Conference on Structural Control and

Monitoring, Barcelona, 15- 17 July, 2014

Rosin, J., Butenweg, C.: Seismic isolation of cylindrical liquid sforage fanks, IX International

Conference on Structural Dynamics, Eurodyn 2014, Porto, 2014
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Probabilistic Analyses and Fragility Curves

Fragility curves are cumulative distribution
functions, which are used to describe
the relationship between the acting
loads and the probability of failure. The
simplest way for deriving fragility curves
is the empirical compilation of fragility
curves based on damage assessment
and engineering knowledge. A more

precise prediction can be obtained with

fragility curves based on experimental

investigations or simulations. A typical
example for a fraditional simulation
approach is the application of Monte-
Carlo simulations, which consider both
the stochastic characteristic of the seismic
input and the variation of the resistance in

terms of distribution functions or random

fields.

6.5

Magnitude

A reducfion of the computational fime
can be achieved by using ,Response
surface models” (RSM - ,Meta-Model”),
which can be developed for each level
of loading based on the principals
of ,Design of experiments” (DOE).
The response surface models deliver
a mathematical ~ description  of the

dependency between the significant input

parameter and the structural response.
These so-called meta-models enable an
efficient evaluation of fragility curves.
The probabilistic analysis is executed
with the finite element software ANSYS,
for which  SDA-engineering  GmbH
developed special program  modules

using the ADPL-programming language.
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Probabilistische Beurteilung von Bestandsbauten weltweit - Auswértiges Amt, Berlin - 2015

Durchfihrung von nichilinearen Berechnungen fir den internationalen Benchmark Test SMART -

swissnuclear Olten, Schweiz - 2013

Stellungnahme zur erdbebensicheren Auslegung des Kraftwerks in Lausward - Staditwerke Disseldorf

AG, Dusseldorf - 2010

Publications

Dalguer, L. and Renault, P.: The need of physic-based ground motion models for Hazard and Risk

assessment of Nuclear Power Plants, In NMEM - Numerical Modeling of Earthquake Motions: Waves

and Ruptures, Smolenice Castle near Bratislava, Slovakia. July, 59, 2015

Renault, P, Proske, D., Kurmann, D., Asfura, A.: Evaluation of the seismic risk of a NPP building using
the conditional spectra approach, SMIRT 23, Manchester, United Kingdom, August, 10-14, 2015
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Short Term Dynamic Analyses for Extreme Loadings

The design of safety relevant sfructures
and  components  requires  the
consideration of highly dynamic loads
as result of actions like explosions,
air plane crashes or missile impacts.
The investigation of these exceptional
load cases is gefting more and more
imporfant  since the atiacks of 11
September 2001 at the World Trade
Center in New York. An adequate
structural design against impact loads is
fulfilled, if the failure of single elements
is compensated by force redisfribution
without a total structural collapse. The

specified loads are extreme dynamic
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impacts, which affect structures or
structural components within the time
range of milliseconds. The analysis and
design of structures under impact loads
is a challenging task for the responsible
engineers. A realistic esfimation of
the impact is quite complex and not
sufficiently regulated in the relevant
design codes and guidelines, so that
experimental fesfs or time consuming
simulations are unavoidable. The SDA-
engineering GmbH is well experienced
in executing short term  dynamic
analyses and offers highly dynamic

caleulations on request.

Simulation eines Behdlterabsturzes - Forschungszentrum Jilich GmbH, Jilich - 2014

Kurzzeitdynamische Berechnungen von ImpactBelastungen auf Stahlbetonsirukiuren - swissnuclear,

Olten - 2012

Auslegung eines Anprallschutzes unter dynamischen Beanspruchungen - Stahlbau Kippers, Alsdorf -

2006

Publications

Butenweg C., Kleemann, A. Ikier, A.: Dynamisches Verhalten von Stahlbefonplatten unter Impact-
Belastungen, Bauingenieur, D-A-CH-Mitteilungsblatt, Band 88, Nr. 5, S. S7-S. S14, April 2013

Butenweg, C., Kleemann, A., Altay, O., Renault. P.: Simulation of impact-loads on reinforced concrefe

structural elements, 18.-23.08.2013, SMIRT 22, San Francisco, California, 2013
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MINEA

Veryfication of Masonry Structures

SEISPRO

Signal Processing Software

SVBS

Seismic Vulnerability-Benchmark-

System for Bridges

VIOAD

Verification of Knife-Edge Bearings

for Arcelor-Mittal Sheet Pile \Walll

Profiles

Software Development

SDA-engineering has a strong back-  documentation. SDA-engineering has
gound in  software  development,  already developed software packages
combined  with  experfise  in  for silos, signal processing, risk and
structural  engineering  consultancy.  vulnerability assessment and  seismic
This  combination guaranfees the  design of structures. Al packages
development of software packages — are successful introduced into the
for opfimized design procedures,  engineering practice and reflecting
which fully meet the demands of  the current state-of-the art. Moreover
the engineering pracfice. In the  we offer the development of highly
development process special affenfionis  specialized software packages  for

paid on intuitive handling and detailed  user-related problems.
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VWALL: Vereinfachter Nachweis von Mauerwerkswéinden nach Eurocode 6 - seit 2015
Vload: Nachweis der Schneidenlagerung fir ArcelorMitial Spundwandprofile - seit 2012
SVBS: Seismic Vulnerability-Benchmark-System for Bridges - seit 2010

MINEA: Nachweis von Mauerwerksbauten, www.minea-design.com - seit 2009

Easy Silo: Silobemessungsprogramm - seit 2008

SEISPRO: Signalverarbeitungssoftware - seit 2008

Publications

Butenweg, C., Meyer, U., Fehling, E.: EU-Projekt INSYSME: Innovative Techniken fir erdbebensichere
Ausfachungswéinde aus Ziegelmauerwerk in Stahlbetonrahmentragwerken, Mauerwerk, Band 18, NI
2,5.78-81,2014

Butenweg, C., Gellert, C., Meskouris, K.: Einfache Nachweise - Einige Beispiele fir die Anwendung
des Bemessungsprogramms der RWTH Aachen fir den Nachweis von Mauerwerksbauten in

Erdbebengebieten, Deutsches IngenieuBlatt, Nr. 6, S. 26-29, 2009

Meskouris, K., Butenweg, C., Renault, P.. Mehrstufen-Konzept fir mehr Erdbebensicherheit, Deutsches
Ingenieurblaf, NI 6, S. 18-26, 2006
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Product Development

Another field of activity of SDA-
engineering GmbH is the transfer
of recent research results info the
engineering practice, by means of
extensive activities in the interface
between research and practise. SDA-
engineering GmbH collaborates with

universities and is an active partner

within collaborative projects of industrial

partners and universities. The results of
this fruitful cooperation are innovative
product developments with short-term
introduction fo the market. The obtained
project results and  products are
infroduced fo professional circles within
the framework of advanced training
seminars and  further  educational

courses.
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EU-Projekt INSYSME: Innovative systems for earthquake resistant masonry enclosures in reinforced

concrefe buildings, 2013

Untersuchung der Optimierungsméglichkeiten der aktuellen Tankkonstrukfion, Weltec Biopower,

Vechta - 2013

DFG-Transferprojekt ME 712/9-1: Seismische Risikobewertung von bestehenden Industrieanlagen, in
Kooperation mit dem Lehrstuhl fiir Baustatik und Baudynamik der RWTH Aachen, Laufzeit: 2009 - 2013

DIBt-Forschungsvorhaben zum Eurocode 8: Auslegung von Bauwerken gegen Erdbeben -

Anwendungserprobung, Laufzeit: 2011 - 2012

Publications

Butenweg, C., Meyer, U., Fehling, E.: INSYSME: First Activities oft he German Pariners, 9th
Infernational Masonry Conference 2014 in Guimaraes, portugal, 2014

Park, J., Butenweg, C., Reindl, L.: Untersuchung der Eignung von Ankerschienensystemen unter

Erdbebeneinwirkungen, erschienen 2010; ANSYS Conference & 28th CADFEM Users Meeting,

Aachen, 2010
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Engineering Expert Reports

SDA-engineering GmbH offers the pre-
paration of engineering expert reporfs
in the application fields of Structural
Statics and Dynamics and Engineering
Seismology. The expert reports repre-
sent the state-of-the-art and if neces-

sary, investigations beyond the sfafe-

References

of-the-art are carried out based on
our experience and research activities.
Furthermore, SDA-engineering GmbH
exhibits extensive experiences in ap-
proval procedures for building products

and conformity procedures of products

on national and European level.

Konformitétsuntersuchung fur ein Behélterbauwerk aus Stahlbeton - PIA GmbH, Aachen - 2013

Gutachterliche Stellungnahme zu den Produktionsausféllen bei der Firma Sitec in Korntal-Minchingen

aus baustatischer Sicht - Kasper Knacke Rechtsanwdlte und Notare, Stutigart - 2012

Seismisches Standortgutachten fur Japan - Enercon GmbH, Aurich - 2007

Gerichtsgutachten zu Gebdudeschéden infolge Schwingungseinwirkungen durch Baumaschinen -

Landgericht Trier, Trier - 2006

Publications

Butenweg, C., Gellert, C., Nichilinearer Nachweis von Mauerwerksbauten - Ergebnisbericht des AlF-
Forschungsprojekts, Mauerwerk, Band 17, Nr. 3, S. 1-6, 2013

Butenweg, C., Ebenau, C., Karvanek, E., Thierauf, G.: Bautechnische Prifung und Bauilberwachung
der Arena ,Auf Schalke”, Bauingenieur, Band 78, Nr. 5, S. 215-220, 2003
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