\(

WINER[C =77

n‘v— Py = 6' :'.urrn'l II"-!!

INTERNATIONAL CONFERENCE
on Wind Energy Harvesting

April 20-21, 2017
University of Coimbra
Coimbra, Portugal



: THE INTERNATIONAL CONFERENCE ON
/ 7 WIND ENERGY HARVESTING 2017
20-21 April 2017

Coimbra, Portugal

WINER

Editors:

Baniotopoulos C (Action Chair)
Rebelo C (Local Organiser)
Simdes da Silva L (SC Chair)
Borri C (Action Vice Chair)

Blocken B (WG1 Chair)
Hemida H (WG1 Vice Chair)
Veljkovic M (WG2 Chair)
Morbiato T (WG2 Vice Chair)
Borg R P (WG3 Chair)
Huber S (WG3 Vice Chair)
Efthymiou E (Dissemination)

Legal notice:
The Editors assume no liability regarding the use for any application
of the material and information contained in this publication

Paper book: ISBN 978-989-99226-4-8
Electronic book: ISBN 978-989-99226-5-5

April 20-21, 2017
Coimbra, Portugal



- ; THE INTERNATIONAL CONFERENCE ON
\_x"/ NER ’ 7 WIND ENERGY HARVESTING 2017
20-21 April 2017

Coimbra, Portugal

Gold Sponsor

‘sidenor

Silver Sponsors

r SALZGITTER
N 7 MANNESMANN
J RENEWABLES

Supported by

cmm .y

ASSOCIACAD
PORTUGUESA
DE CONSTRUCAD
METALICA E MISTA

ccoskE A

EUROPEAN COOPERATION fu t
IN SCIENCE AND TECHNOLOGY




: THE INTERNATIONAL CONFERENCE ON
/ 7 WIND ENERGY HARVESTING 2017
20-21 April 2017

Coimbra, Portugal

WINER

Scientific Committee
Simdes da Silva L. (Portugal, Chair)

Ahmet G. (Turkey)
Allegrini J. (Switzerland)
Alterman R. (Israel)

Aran J. (Spain)

Baker C. (UK)

Bakon T. (Poland)

Bard D. (Sweden)

Bartoli G. (Italy)

Blok R. (Netherlands)
Chaudhari A. (Finland)
Conde B. (Spain)

Coker D. (Turkey)
Correia J. (Portugal)
Cundeva S. (FYR of Macedonia)
Efstathiades C. (Cyprus)
Efthymiou E. (Greece)
Genc M. (Turkey)
Gervasio H. (Portugal)
Godinho L. (Portugal)
Hadjimitsis D. (Cyprus)
Hoffer R. (Germany)
Hubova O. (Slovakia)
Huvaj N. (Turkey)

Jaisli I. (Switzerland)
Joffre S. (Finland)
Kalkman I. (Netherlands)
Kayran A. (Turkey)
Keysan O. (Turkey)
Konecna L. (Slovakia)
Kubilay A. (Switzerland)
Marciukaitis M. (Lithouania)
Marino E. (ltaly)
Markovic Z. (Serbia)
Montazeri H. (Netherlands)
Murphy P. (Ireland)
Netusil M. (Czech Rebublic)
Norton C. (Ireland)

Pinto P. (Portugal)

Pires Neves L. (Portugal)
Polak A. (Croatia)
Ramponi R. (UK)

Rebelo C. (Portugal)

Sari R. (Turkey)
Schaumann P. (Germany)
Shiff G. (Israel)

Simdes R. (Portugal)
Sokolov A. (Lithouania)
Spiteri Staines C. (Malta)
Srsen M. (Croatia)
Starosta K. (Poland)

Stathopoulos T. (Canada)
Stavroulakis G. (Greece)
Sterling M. (UK)

Tamura Y. (Japan)
Tanyer A. M. (Turkey)
Thomassen P. (Norway)
Todorovic J. (Bosnia and Herzegovina)
Tominaga Y. (Japan)
Tuncer I. (Turkey)

Uzol N. (Turkey)

Van Beeck J. (Belgium)
Van Hooff T. (Belgium

Steering Committee

Baniotopoulos C. (UK, Chair)
Blocken B. (Netherlands)
Borg R. (Malta)

Borri C. (Italy)

Efthymiou E. (Greece)
Hemida H. (UK)

Huber S. (Switzerland)
Morbiato T. (ltaly)

Rebelo, C. (Portugal)
Veljkovic M. (Sweden)

Organizing Committee

Carlos Rebelo (Portugal, co-Chair)
Charalampos Baniotopoulos (UK, co-Chair)
Constanga Rigueiro (Portugal)

Helena Gervasio (Portugal)

José Antonio Correia (Portugal)

Luis Simdes da Silva (Portugal)

Rui Simdes (Portugal)

Rui Matos (Portugal)



P THE INTERNATIONAL CONFERENCE ON
/ 7 WIND ENERGY HARVESTING 2017
20-21 April 2017

Coimbra, Portugal

WINER

Paper 312

NUMERICAL STUDY OF VIBRATIONS IN A STEEL BUILDING INDUCED BY
ROOF MOUNTED SMALL SCALE HAWT

Nina Gluhovié: Milan Spremié:
Teaching assistant Assistant Professor
Belgrade, Serbia Belgrade, Serbia
Marko Pavloviés Zlatko Markoviés
Assistant Professor Professor
Delft, Netherlands Belgrade, Serbia
ABSTRACT

One of the most important acceptance issues regarding implementation of the small-scale wind
turbines in urban environments is related to the people’s quality of life. Human perception of
vibrations is very sensitive and therefore turbine induced vibrations can have big influence on
the implementation of urban wind harvesting by small-scale turbines at the top of buildings.
The aim of this work is to investigate increase of vibrations in a steel building after installation
of small-scale turbine at the roof. Comparison is made between floor vibrations influenced by
wind action on the building only and together with the roof mounted turbine. Five storey steel
building with regular shape is analysed with horizontal axis wind turbine (HAWT) on top with
rotor diameter of 5 m. Turbulent wind profile is generated and used in time-history analysis
of the building. Results of the analysis in terms of accelerations are compared to the
requirements in relevant design codes.

INTRODUCTION

Demands for higher energy efficiency and use of renewable energy resources are constantly increasing.
Harvesting of wind energy as a renewable energy resource tends to installation of small-scale wind turbines in
urban environments. Installation of small-scale wind turbines in urban regions can gain higher energy efficiency,
considering that energy production takes place at the place of its consumption.

Implementation of wind turbines in urban environments has often been compromised by public resistance.
Some of the most important issues regarding implementation of wind turbines in urban environments are related
to the noise pollution and increased vibrations in buildings. Due to the lack of open free areas in urban regions,
installation of wind turbines at buildings is the most possible solution. In case of installation of small-scale wind
turbines on existing facilities the increase of floor vibrations can compromise their installation. Human perception
of floor vibrations and uncompromised serviceability of equipment in buildings are the two most important
acceptability criteria considering increased floor vibrations. Human response to floor motion is very complex
phenomenon and it is often related to the combination of factors such as: magnitude of motion, the surrounding
environment and the type of human activity which takes place at that moment.

Analysis of relative increase of floor vibrations in a steel building after installation of a small-scale wind
turbine on the building’s roof is presented in this paper. Five storey steel building with steel-concrete composite
floor deck structure is analysed with and without 5 m rotor diameter HAWT considering turbulent wind profile
with mean flow speed of 7 m/s. Also, possible increase of floor vibrations is compared with current design
requirements for floor vibrations, given in ISO 10137:2007 [4].
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METHODOLOGY

The time-history response of the building to the dynamic load excitation by the wind action is analysed in
Sofistik FE software. Dimensions of the building’s base are 24x40 m and the height of the building is 18 m, as
shown in Figure 1. Steel-concrete decks are composed by 330 mm high steel I beams connected by shear
connectors to the 160 mm thick concrete deck. Horizontal stability of the building in longitudinal and transversal
direction is achieved by moment resisting frames and vertical bracing, respectively, as shown in Figure 1. Design
of the case study building is performed according to requirements given in EN1994:2004 [1] and EN1993:2005
[2] in order to provide a real case design and mass vs. stiffness properties of the structure.
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Figure 1. Dimensions of steel building and arrangement of constructive elements

Turbulent wind profile and aerodynamic loads analysis of the turbine is done in a multi-body analysis

software package Ashes, see Figure 2. Ashes software integrates finite element analysis (FEA) and blade element
momentum (BEM) theory.

Figure 2. Model of the turbine and the tower in Ashes software.
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Figure 3. Turbulent wind time history loading generated by TurboSim in Ashes software.

The wind action on the building in two orthogonal directions shown in Figure 1 is applied as a time-
history loading of uniform wind pressures corresponding to wind speed shown in Figure 3. External and internal
pressure coefficients for building’s walls and roof are adopted according to the recommendations given in
EN1991:2005 [3], as shown in Figure 4. Loads arising from operation of the turbine are applied as time-histories
of forces and bending moments calculated in time-history analysis of the tower and the turbine in Ashes software
using spatial wind profile as loading having the mean wind flow identical as shown in Figure 3.
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Figure 4. External and internal pressure coefficients for wind actions
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RESULTS

Analysis of vibrations for each floor induced by wind action is performed through time-history analysis
and extreme accelerations and displacements are obtained. Frequencies of oscillations of each floor are also
obtained, which is very important for comparison with design requirements for floor vibrations, e.g. ISO 10137:
2007 [4].

CONCLUSIONS

Increasing demands for installation of wind turbines on the building’s roof in urban regions can be
compromised due to increase of floor vibrations in buildings. Because of very sensitive human perception of floor
vibrations, a detailed analysis of floor vibrations increase caused by installation of wind turbines for urban wind
harvesting is required. The level of increase of floor vibrations after installation of small-scale wind turbines at the
building’s roof is determined in this paper and compared to design code requirements.
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