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MepiAnyn

2TOX0C TNG Mmapouoag StdaktoplkAg StatplPpng eivat va cupPaiel
otnv €&EAEN TNG EMLOTNUOVIKAG TIEPLOXNEC TOU EAEYXOU TWV
KQATOOKEUWV KOl OUYKEKPLUEVO oTn ouvBeon tng dlhocodiag Tou
OVTLOELOULKOU  OXEOLOOUOU  KTIPLOKWY  KATOOKEUWV KAl TNG
Bewplag auvtopatou eAéyxou. Emixelpeitat dnAadn n ouvdeon
oTol(Elwv amod autoU¢ Toug SUO XWPOUC KOl TIPOTELVETOL Ml

Abstract

The purpose of this thesis is to contribute to the scientific area of
structural control, and more specifically, to the combination of
earthquake engineering and control theory. It is attempted to
bring together these two scientific areas, and to make
appropriate modifications, where needed, in order to have an
integrated control procedure suitable to control civil structures.
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Emevepynrig | Evepyodc

Ti1eAEYYOUHE;
ZYETIKEC METATOTTICEIG Kall
ETITAXUVOEIS OPOPWV.

Mw¢ TO KATUPEPVOULE;
MECwW CUTKEUWY Ol OTTOIEG
AcITOUpYOUV YE BAoT KATToIoV
alyopiBo.

Hui evepyog
AigenTi|pa;

O £Aeyy0G OTIC KATAOKEUEG ElVal
gva SIETTICTHOVIKG Kal

oAokAnpwpuévn peBodoloylar €AEyxou yla TNV OVTLOELOULKA
TIPOOTOOLO  KTIPLOKWY KATOOKEUWV. X& QUTA Tta TAaiola
OlepeEuvwvTal, TPOTOTOLOUVTIAL, Kal Tpocapuolovtal o€
MPoBANUaTa  €AEYXOU TNG OEWOUIKAG amoKpong Kuplwy,
UTIAPXOVTEG OAYOpLBUOL EAEYXOU TIOU €XOUV avarmtuxBel Kuplwg
yla LNXOWVOAOYLKEC Kall NAEKTPOAOYIKEG KATAOKEVEG.

e y : APy TTOAUBIACTATO EPEUVATIKO TTEDIO
In this dissertation the pole placement algorithm and the sliding

mode control algorithm are studied and modified. Furthermore, a
new control algorithm for active variable stiffness systems is
proposed. The proposed algorithm controls the function of the
active variable stiffness devices that are located into the
structure.

Ztn StatplPf Slepeuvwvtol KoL TPOTOMOLOUVTOL O aAyOpLOpog
TomoBETNONG TOAWV KAl O OAyoplBuoc popdng oAioBnong.
ErutAgoy, mpoteilvetal evag alyoplOpog eAEyxou ylo cuoThuata
puetafAntic Suokapdiag. O mpoTelvOueEVOC alyoplOpog pubuitet
™ AEToupylo Twv OUOKEVWV MeTaBAnti¢ OSuokapdioag mou
TOMOBETOUVTAL OTNV KATAOKEU.

The verification of the above control algorithms is carried out by EAsyxosikozaokeb iSRRI

means of numerical simulations. Dynamic control analysis for
single and multi degree of freedom systems subjected to
sinusoidal, earthquake and pulse loading are performed. The
numerical results show that the above algorithms are efficient in YmoAoyLlopog pntpwwv M,
reducing the response (displacements and accelerations) of C K

building structures. Practical issues that influence the
effectiveness and the reliability of the proposed control
algorithms are studied. First, the effect of the location and the
number of the control forces is examined. Two more practical
issues, namely time delay and saturation of the control force, are
also investigated. The expected negative influence of those
parameters is verified. It is concluded that there is a need to take
them into account in the design procedure and in the numerical
simulations before the installation of the control system on the
actual building.

MéBobog FFT
Ermtiloyn cuyvotntwv

Mo kaBEvav amo Toug MaPaTIavw aAYOPLOUOUG TEKUNPLWVETAL N
npotewvopevn OSladikaoia €Aéyyou HE Ul OEWPA OVOAUCEWV
povoBaBuwwyv kat moAuBabulwv cuoTtnuatwy. AlEpeuvwvTaL
TIPOKTLKA B€pata mou ennpedlouv TNV OMOTEAECHOTIKOTNTO TWV
TIPOTELWVOUEVWVY OAYOpiBUWY. Omwe ol B€oelg kol aplOpog Twv
OUOKEUWV EAEYXOU, N TOUTOXPOVN ETLPPON TNC XPOVLKAG
KaBuoTEPNONG KAl TOU KOPEOHOU tNG duvapng eAéyxou. Amo ta
OTMOTEAECHOTO TWV  TPOCOUOWWOEWY, emiBefalwvetal  n
OUOUEVAC ETLPPON TIOU E£XOUV OTOV E£AEYXO OL TOAPATIAVW
TIAPAYOVTEG, aAAQ KoL N avaykalotnta va AapBavovtal umoyn
OTLC OPLOUNTIKEG AVAAUOELG EAEYXOU TIPLV OTIO TNV EYKATAOTAON
TOU OUOTNHATOG EAEYXOU OTNV KATOLOKEUN.

Me Baon to a, kot 1o |, yivetat o oxedlaopog KUkAwv

KaBoplopog cuotrparog oelopoU, pn achaloug lwvng, w,, 0To Uyadikd enineso

A, B oto xwpo

; TomoBEtnon MOAWV-LOLOTLLWY TOU OPYLKOU CUCTHLOTOC OTO
KOTAOTAGNC non K pPX NHUATOoG

HLyadiko emninedo
YrioAoylopog T, w, & , , , , ,
VLoHOG Ty, Wy & Emiloyn twv moAwv Tou EAEYXOUEVOU CUOTAMATOC LE Baon

TLOLPALKATW KOVOVEG:

» Av oL toMol gival péoa otn {wvn pn aoparouc MeEPLOXAS
TomoBETNOoE TOUC £€W

» Av oL toAol gival £€w amod Tig {wveg ws adnoe Toug kel
POCWPLVA

» o mapanépa PeElwan TNG AMOKPLONG UTTOAOYLOUOG TNG
Looduvapung anooPfeong

» Av 1O onpa TOAU HLKPO SV TTPAYHLOTOTIOLETAL EAEYXOC

KaBoplopog
TIOPOUETPWV: a, |, X, Xy,
TANB0G KOUUOTLWV
OAMOTOG

Ertidoyn onuatog
ApXLKEC OUVONKEG

M to ith KoppdrL tou
OAMATOG:

YMOAOYLOPHOG VEWV TLHWV TTOAWV, A =0+Bi
ETevepynTic

» YTIOAOYLOMOC LNTPWOU
enupavelag oAiobnong P

evaluation model1

» Auvouikni avdAuon oto ceton
SIMULINK | w= CactDu P uncontrol

MR i v z : . A : L To Wokspaced

DAMPERS + EvoUpparo i aoUppaTo ! T
AlTBNTIpeL : bikTuo
: ' pakohouBnang

AVSED

evaluation model

# = fAxtBu

e AmoBrkeuon TngG amokpLong —» y= Deru
Kat Suvapewv eAEyxou

controled

To Makspace

Saturation
e Evnuépwon apxkwv K_ueq_ag
ouvOnkwv

- . T 7 4
avihuon n il 1L T N e L he % e EmavaAnyn ylo to EMOEVO
HIKpO- --C- - e " KOMUATL TNG SLEyEPONG

KUpamdiwy

AAy6pLBuog ToroBétnong moAwv / Pole placement algorithm MpoTeLvopEeVOG TPOTOG emLAoynG TOAWY tng kKataokeung/ Proposed pole location calculation

AAyopLOpog popdng oAicOnone. Zupdpwva pe tov alyoplBuo auto n duvapn €leyxou umoAoyiletal £tol
wote va odnynoeL tn ¢Acon ToU CUCTIHOTOC TAVW oTNV emdavela oAlcOnong. H kivnon mavw otnv
enmudpavela oAloOnong Ba mpémnel va eival evotadng, Etol oxedlaletol mpwta pla evotadng endavela
oAloBnonc pe BAon TO CUXVOTIKO TIEPLEXOLLEVO TG ELOEPXOUEVNG SLEYEPONG. 2TN ouvEXeLa KaBopileTal n
duvapun eAéyxou, pe Baon tn Bswpla evotabelag kata Lyapunov mou Ba 0dnynoeL To cuoTNUA OTNV
enudpavela oAlobnong .

AAyOp1BoG TormoBETnong MOAwVY. Katd tov EAEyX0 TNG KOTOLOKEUN G HE TOV 0AYOPLOLO TOTTOBETNONG TIOAWY ApPXLKA N ELOEPXOUEVN OLEYEPDN
otn BAaon TG KATaoKEUNRG avaAUETOL Kol BPlOKETAL TO CUXVOTLKO TIEPLEXOMEVO TNG. Me Baon autd umoAoyilovtal ot TtoAoL (LOLOTIUEG) TNG

EAEYXOUEVNC KOTOOKEUNC KOL OTN CUVEXELA TIPOKUTITEL TO UNTPWO avadpaong kot n duvaun eAéyxou mou Ba mpemnel va epapUooTEL oTNV
KQTALOKEUT).

Pole placement algorithm. According to pole placement algorithm, initially the incoming excitation at the base of the structure is analyzed
and the frequency content is calculated. Based on the frequency content the poles (eigenvalues) of the controlled structure are also
computed, and then the feedback matrix and the control force to be applied on the structure are obtained.

Sliding mode algorithm. According to sliding mode algorithm, initially a stable sliding surface is designed
based on the frequency content of the incoming excitation at the base of the structure. Then, the control
force is calculated using the Lyapunov stability theory.

XOPOLKTNPLOTLKEC
SNUOCLEVOELC
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Xpoviki KaBuoTtéPnon Kol KOPEGKLOG
Suvapng eAéyxou. AGYoG TNG HeyLoTNng
QTOKPLONG TNG EAEYXOUEVNC KATOOKEUNC
T(POG TNV HEYLOTN ATOKPLON TNG
KATAOKEUNG XwpPLg EAeyxo yla Stadopeg
TLUEG TNG XPOVLKNG KaBuoTépnong Ko
TOU KOPEOUOU TN duvapng eAéyyou.
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AAyop1Bpuog petapAntig Suokapiag. Zupdwva pe Tov aAyopLlOo autod eMAEYETAL O TUTIOG
Suokappiag wote va anodeVyETAL O GUVTOVIOUOG TNG KOATOOKEUNG LLE TNV OELOULKN OLEyEPON.
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Time delay and saturation control.
Response ratio from controlled and
uncontrolled structure with respect to
time delay and to saturation of control
2 force.
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Variable stiffness algorithm. According to this algorithm the choice to activate or not the braces is
based on the frequency content of the incoming excitation in order to avoid the resonance.
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