Teyv. Xpov. Emot. 'Exd. TEE, I, te0y. 2-3 2005, Tech. Chron. Sci. J. TCG, I, No 2-3 99

O Iowotnteg Tov Alova BéATiotng XTpéyng ota
Aovppetpa Ilolvopoga Kripra

XAP. ZENIAHZ
Enix. Kabnynmc A.IL.O.

Hepiznyn

H dmopln tov kataxopopov elaotikod aova kai Twv KOpLwy opl-
{ovimv d1evfvvoewy evog KTIpiov amoTEAODY amapoitnT ITPOHIO-
Oeon yra v texunpiopévn epapuroyn e oxiomomuévyg ue@odoo
OVTIGELTUIKOD DTOAOYIoNOD. ALLG, €V OTO. LOVOPOPa KTIpLa TO
elaoTino KEVIpo opiletor mavTote kai Exel kaBopIouEVES 1010THTES,
oTOL. TOADWPOPO. KTIPLO. (EKTOS OV EIOIKDV KATHYOPLDV) OEV
OTapYEL KOTOKOPLPOS elaotikog dlovag. lia v avuuetdmion
00 mpofliuaros o EAnvikog Avuioeiopixos Kovoviouos (EAK
2003) erodyer Tny Evvoia TOL KOTAKOPVPOD TAAGLOTIKOD EAACTIKOD
aéova kavovtag ypnon tov kpitnpiov féitiotne otpéyne. Me
XPNOIUOTOINON TOV TAOOUATIKOD EAAOTIKOD KEVIPOV, ONAOON TOL
ONUEIOD Ao TO OTOLO JIEPYETOL O KOTAKOPOPOS TAOTUATIKOS EAaL-
OTIKOG GEOVOS KOl TV TAACUATIKOV KOPLwV 0piloviiwy alovmy,
kabiotatair dvvaTog 0 0PIoUOS THS GTOTIKNG EKKEVIPOTHTOS KOl THS
OKTIVOG OVOTPEWIOG Kol WG K TODTOV TEKUNPIMUEV Kol 0L10TIoTH
1 epapuoyn e oOTAOTOINUEVHS HeBOI0D GE OTOIAONTOTE TEPITTW-
o1 ACOUUETPOV KOVOVIKOD KO Dwog molvwpopov ktipiov. Xtnv
Tapovoa. EPYOCIO OTOOEIKVOETOL OTL 01 LOIOTHTEG TOV EAQOTIKOD
KEVIPOL TOV UOVOPOPOV KTIPIOV 1GYDOVY TPOCEYYIOTIKG KOI VI
0V TAOOUOTIKO EAQOTIKO GEOVO. TV TOLDMDPOPWY OGTOUUETPDV
KTIplov .

1. EIXATQI'H

Yto TOAM®OPOPE KTIploL HE OCGVUUETPEG KATOWELS TO
omoio. vtoPaiioviol oe optlOVTIEG CEIGIIKES SUVALELS, TO
ddmeda TV opdP®V VPICTAVTOL TOVTOYPOVO UETAPOPLKES
KOl OTPENTIKEG MeTaKVAoElG. Ot HETAKIVIGE aVTEG M-
HOVPYOVUV GTO PEPOVTO SOUIKE GTOLYElD TG KATOGKELNG
TAGELG KOl TOPULOPPDOCELG TOAD SLOPOPETIKES OO EKEIVEG
7ov Bo avamtdoooviay ota idta oTotyElo €AV 1) KOTAGKELT
NTOV GUUUETPIKY KOl MG €K TOVTOV 1) petakiviion kabapd
petapopikn. Exet amodeydel and eTaceioiKég Topatnpr-
OELg OTL €V0, LEYAAO TOG0GTO PAUPOV 1 KOl KATUPPELCEDV
KTIPIOV HE OCOUUETPEG KATOWELG, OPEIAETOL GTIG EVTOVEG
OTPENTOUETOPOPIKES TOAAVTIDGCELS, Ol OToieg OMpovpyoHv
VYNAEG OmOLTHGES TAOCTILOTNTOG OTO TEPLUETPIKA 15{®C
@Epovta ototyeia.

Ot o0yypovor avticeispkol kovoviopot [1,2,3,4] wpo-
teivouv 000 dtapopeTikég PeBOSOVE Ylo. TOV VTOAOYIGUO
YropinOnxe: 8.4.2005  Eywve dexrij: 5.11.2005
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NG GEICUIKNG OMOKPIONG: 0) TN SUVOLKT] QOCHOTIKY HEBO-
do kat B) v amhomompévn eacpotiky pébodo. H mpd
elval yevikng epapproyng evad 1 dedtepn epappdletal ota
kavovikd ktipta. Kotd v epappoynq tg amAomompuévng
QUoUOTIKNG HeBdd0V o1 0ptlOVTIEG OTUTIKEG CEIGLUKEG OV-
VAUELS €QoprOloVTaL GTIG OTAOUES TOV 0POPOV EKKEVTPO
®G TPOG TO ELOCTLKO KEVTPO [5,6,7] KATA TIC EKKEVTIPOTNTES
OYEOLALGLLOV, 01 OTO1EG GE OAOVG TOVG KOVOVIGHOVG didovTal
and tn oxéon:

e=ae, + bL

omov a,b cuvtereotéc, L 10 puriKog tov Ktipiov kdbeta
otn dievbvvon g S1EyEPoNG KoL €, GTOTIKY 1) GOUIKT K-
KevTpoT T, SNAON 1 0mdoTOOT TOV KEVTPOL UALaG amd TO
EAAOTIKO KEVIPO TOL GLUGTNHATOG.

"Eva dhho péyebog to omoio oyetiletat pe v epappoyn
™G anlomomuévng uedddov etvar n axrtiva Svctpeyiag, p,,
1 omoio amotelel PETPo Yo TV 6VLELEN TOV HETAPOPIKMV
HE TIG OTPENTIKES TOAOVIMOELG (GTPENTIKY evancOnacio) Tov
kTpiov[8].

AMG, v ot povedpoa Ktipta to kKopto cvotna K (1,
1L, III), émov K to ghaotid kévipo, I kot II ot opilovriot kv-
prot d&oveg ko I o katakdpLPog KVuplog dEovag opilovtal
pe omAd KOl LOVOGTLOVIO TPOTO, GTO TOALMPOPO KTipta
(ekTOG OMY®V EWOIKAOV KOTNYOPLOV) O OPIGUOG TOV EANGTL
KOV AEOVA KOl TV KOTAKOPUOP®V KADETOV KOPI®V ETTEIDV
Kapyng eivat advvatog [9,10,11].

Ot avtioeicpukoi kavoviopoi, minv tov EAK 2003, dev
didovv cageic mAnpoPopieg Yo TOV OPIGUO TNG GTOTIKNG
EKKEVIPOTNTOG 1 TOV KOUPLOV a&OVOV TV TOADPOP®V
KkTpiwv. Qg KEVIpo avapopds yio T LETPNON TNG GTATIKNG
EKKEVTPOTNTOG YPNOLLOTOLOVVTOL TO, KEVIPA SIATUNONG TOV
opopv [12] N} ta kévipa Kapyns twv opdewv [13,14] 1 to
Kkévtpo avtiotoong [15] 1 ta kévrpa GLGTPOPNG TV OPOPOV
[11,16]. H xpnon tov onueiomv autdv &Yl TO TOPAKATO LLEL-
OVEKTNLOTOL:

* 10 KOOV d1aBETEL LOVOV KATOLES OO TIG TOAAATAES 1510~
TNTEG TOV EAACTIKOD KEVTIPOUL.

* GTO TLYOV TOAVMOPOPO GLGTNA, 1 BEGN ToVG emnpedleTal
pe Aydtepo 1 TePLecOTEPO EVTIOVO TPOTO OO TNV KATAVO-
p TV 0pllOVTIOV GEIGUIKMY SVVALE®MV KOTA TO VYOG TOV
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kTipiov. 'E1ct, ¥pnoonotdvtog StopopeTikeéG KOTOVOUEG
duvapewv, opilovtat m.y. KEVIPU KAUYNG COPADG OL0pO-
PETIKA peTa&D TOVG OV Tapovolalovy pio eEqPETIKG
acvppetpn katavoun kod’ vyog [11,14,17]. Eropévac, ta
onpeia avtd dgv ival yopaKTNPIGTIKG THG KOTUGKELTG.

* H ypnon tovg dev e&acparilel ) cvpfototnto TV omo-
TEAECUATOV TNG OTOTIKNG AVAAVONG HE TIG HUEYIOTEG TUUEG
NG SLVOLUKNG PAGHOTIKNAG ovdAvong [17].

H mé oloxknpopévn Adon oto mTpdPAnpHe mov mtopov-
oldletar gival 1 gvpeon evog TpLoopHoydVIOL GLGTNHATOG
avapopdg P (I, II, III) ot 1616t1eg TOL OMOiOV VO TPOCEY-
yilovv KOVOTOMTIKA TIG WO1OTNTEG TOL KUPLOV GLGTNLOTOG
K(, 11, IIT) tov povdpogov ktpiov [18,19,20].

O EMnvikog Avticeiopukog Kavoviopdg (EAK 2003)
5idel mMANpoeopieg Yo TOV TPOGIIOPIGUO TOV TAAGHATIKOD
Kkatakdpveov glactikod d&ova III kol Tov mAaopaTiK@Y
KOplov opildéviiov aoévev 1 kat II tov tolvdpopov KTipi-
@v omplopevog otig epyaocies [21,22]. Ztig epyaoieg avtég
OTOdEIKVETAL OTL G€ KAOE TOAMPOPO AGVLUETPO GUGTNLLOL
oV SLoBETEL TNV AALTOVUEVT] OO TOVG KOVOVIGLOVG KO-
vovikotnta ko’ vyog, pmopei va opiobel 0 KOTOKOPLPOG
a&ovag BEATIOTNG oTPEYNG (TAOCLOTIKOG EAUCTIKOG GLEOVHC)
KaBmg Kot dVo Kvp1lot oplovTiot GEoves (TAACLOTIKOL KOPLOL
a&oveg), kdbetor peta&d tovg, ot omoiot mpooeyyilovv oe
wavoromtikd Pabud tig WTEG TV KOpLtov abdvev 1
kot IT tov povdpopov ktipiov. Tepattépm avorvtiég dte-
peuvnoelg £dei&av OtL 0 d&ovag PEATIOTNG oTPEYNG UTopEl
navtote va opicbel oe OA TO KAVOVIKG TOADDPOPA. KTipLlo
[23,24,25,26,27]. EWwd pdMoto yoo TNV TEPINTOON TOV
TOAMDPOPOV LOVOCLUUETPIKOV WKTOV (He TAaiclo Kot
TOLOUOTA) KTIPiV, 1 601 TOL TAUCLATIKOD KATAKOPLOOL
eAOTIKOD G&ova oty Katoyn didetot and KAElGTEG Hab-
potiKég eEICMGELG, TOV TPOEKVYAV TOGO OO TNV EPAPLOYT
OV GUVEYOLG [28] o0 Kat Tov dtakpitov [29] povtédov g
KOTOGKEVT|G.

YKOTOG NG MOPOLGAS £PYaciog €lval 1 CLUGTNUOTIKA
aplOUNTIKY OlEPEVYNOT TOV CGTATIKOV KOl KUPI®MG TOV dv-
VOUIK®V 1010TATOV TOL TAOCUATIKOD KOPLOL GLGTHUOTOC
P (I, 11, 1II) t@v moAvd@po@my acOUUETPOV KTIpiov, OTmg
opiletor otov EAK 2003.

YXYMBOAIZEMOI
€, GTOTIKT 1] SOUIKT EKKEVIPOTNTO TOV GLUGTNHOATOG
P axTiva dueTpeyiog ¢ TPOg To KEVIPO UAlog

Pl:(I,II,III) TAMCHOTIKO EAAGTIKO KéVTpo P kot mhacpotikol

koprot aEoveg LILII tov moAvdpogov ktipiov

Tpoypatikd ehootikd kévipo K kot mpaypotikol

koprot aEoveg LILII tov povdpoeov ktipiov

0, GTPOPN TOL 0POPOV 1 TEPT KATAKOPLPO GEova

v, Tépvovoa Paong

F SLUVLO O GEICUIKMV OTATIKMOV SLVAIEDV TPLY®-
VIKNG KOTOVOUNG

K(LILIIT)

M SLUVLO O GTPENTIKMOV POTAV TPIYOVIKNG KOTOVO-
Hng

@ (T) opllOVTIO GLVICTMGO QUCHOTIKAG ETLTAYLVOTG
o600 OV

A=oag LEYIoTN 0pLlOVTIO GEIGLIKY EMLTAYLVOT] TOV €00
(povg

g emtdyvvon Papotnrog

Y GULVTEAECTNG OTTOLOALOTNTOG TOV KTIPIOV

q GUVTEAECTNG CUUTEPLPOPAS TNG KOTAGKEVTG

n dopB®TIKOG GLVTEAEGTIG Y10 TOG0GTO amdcPe-
ong # 5%

0 GLVTEAECTNG EMPPONG TG Bepelimong

B, GUVTEAECTNG QUCHOTIKNG EVIGYLONG

2. OI TAIOTHTEX TOY ITAAXMATIKOY
EAAXTIKOY AZONA

Onog gival yvooto to kopto cvotnpo K(I, 1L, IIT) tov
Hov@poeov KTipiov €xet Tig e€Ng vt Teg [19,20,21,22]:

o) Mia d0vaun cvvevBelakn| pe tov a&ova I (1] 1) mpokodel
O LETAPOPE TOV CLGTNUATOG KATA TN d1evBuVeN ToL
agova I (1 1D).

B) Eav to kévtpo palog kat to gehootikd kévipo (onpeio K)
GLUTINTOVV, TOTE!

B,) Ot tpeig ehevbepieg kivnong tov cuotfiuatog eivar

ac0evKTEG.

B, Zeopkn Siéyepon mopdAinin ctov dova I (1 1I)

TPOKOAEL TOAGVIMGT TOV GLOTHLOTOG KATA TN dlev-
Bvvon I (1 1D).

Ot mopandve 1010tTeg Bo mPEMEL TPOGEYYIOTIKG VO
1oY0OVY Kat Yo TO TAAGHOTIKO KOpto cvotnua, P (I, 11, 1IT),
TOV TOAVOPOP®V KTipimv. Eldwdtepa:

a) Edv 1o xataxdépveo eminedo tov oplldviimv celop-
KOV GTOTIKOV SUVALEDV JEPYETAL OO TO TAAGHOTIKO
elooTikd kévipo P tov moAvdpogov ktipiov kot efvar
TOPAAANAO TPOG TOV TAAGHOTIKO KUpLo oplovTio aEova
I, tote mporodeital HETOKIVIGT LETOQOPIKOD KLPIMG
yapaxtpo katd tn Sevbvvorn tov Gfova I Xy me-
pPIT®GN 0VTH TO AOPOICHO TOV TETPAYOV®OV TOGO TMV
OTOTIKOV LETOTOTIGEDY TV SUTES®V TOV 0POQ®V KOTA
T d1evBvvon Tov TAAGHATIKOD KOpLov oplovTiov aEova
I 600 Ko TV cTOTIKGOY YOVidV otpognig 0.(i=1,2,...,N)
TOV JLOPPUYLLATOV TEPT KOTAKOPLPO AEOVA YivETOL EAA-
Y1070, tKovomoleital dnAadn M GuvOnKn Tov KptTnpiov
BEATIOTNG OTATIKNG OTPEYNG:

02 =%(9% +9% +...+9%\1): minimum 2.1

Opoiwg, 6tov 10 eminedo TV 0opOVIIOV CEIGUIKMV

oTaTIKOV duvauemy SiEpxeTal amd To onueio P ko efvan

TapdAANA0 TPog Tov GALO TAUGUATIKO KOpLo oplidvTio

a&ova 11
B) Edv vmdpyet kotakdpupog polikds AE0VaG Kol CUUTITTEL
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UE TOV TAOCUOTIKO KaTaKOpLPO eAacTikd dEova P (IIT)

TOV TOAVMDPOPOV KTIPIOL, TOTE:

B,) xatd TG 600 TPMTEG 1610HOPPES TAAGVTMONG UETO-

QOPIKOD YOPAKTNPA, 1| GVEVEN TOV UETAPOPIKAOV LIE
TIS OTPEMTIKEG GUVIGTAOGES TOV UETOKIVCEMV TOV
dumEd@V TV 0poPOV gival TOAD acBevnic.

B,) n oceopkn Siéyepon g Phong katd ™ Sevbvvon

TOL TAOCHOTIKOV KVplov oplovtov d&ova I, mpo-
KoAel OTO TOAVDPOPO KTIPLO GYEDOV LETUPOPIKT|
ToAGVTOoN Kot TV 1010 dtevbuven (katdotoon
BEATIOTNG LETAPOPIKNG TOAAVIMGNG).

Opoimg, Yo oeiopikn diéyepon g Paong katd ) ot-
g0Bvuvon Tov AAAOL TAAGLOTIKOD KOPLov 0ptiovTiov
a&ova 11

Kat otig 600 vronepintmoeig B, kot B, o1 oTpentiKeg
TOAOVTOGELS TOV OUTESDV TOV 0POPOV TEPT KOTOKO-
pveo a&ova givat acOeveis.

v) Edv o palikdc dEovag dev GUUTITTEL e TOV TAOGUOTIKO
KatakOpLEo eractikd d&ova P LIII tote vrdpyet wyvpn
ovlevén HeTaED TOV TPLUOV GUVIGTOCHV TOV LETAKIVIGE-
®V oV KT1piov.

Y10 mhaiclo g mapovoag epyaciog dlevepyndnke exte-
TOUEVT] TIOPOAUETPIKY OVOAVGT Yoo TOV €Aeyyo 1o)(00G TV
TOPATIvVE 1310THTOV. ATodelkvieTal OTL Ol OIOTNTEG TOL
Tpicopboydviov cvetiuatog P (I, 11, 1) tov molvdpogov
KkTipiov Ppickovtal oe TAPN avTicToyia LE TIG IOIOTNTEG TOV
KkOprov cvetpartog K(I, 11, III) Tov povapoeov Ktipiov.

21 ovvéyxewn and to TAN00C TV diepevvnBéviov @o-
PEOV TOPOVGIALETAL EVOEIKTIKA TO 0KOAOLOO 0plOUNTIKO
TapAderypLa EVOS TEVTOMPOPOL UGVUUETPOV KTIPIOV.

3. IIAPAAEII'MA IIENTAQPO®OY
AXYMMETPOY KTIPIOY

3.1. T'evikd — Agdopéva

To mevta®pPoPo acOUUETPO KTipLo Tov oynuatog 1 el Gu-
voako Hyog H = 18.5m. O mpdTtog 0popog £xel vVyog 4.5m evid
oL VIOAOUTOL TEGTEPIG OPOPOL 3.5m.

To vrocTVAG®UATA TOV d0O0 TPAOTOV 0POP®V £XOVV Te-
Tpayovikh dtotopr] dactdoemv 0.60x0.60(m) Kot TV TpLdV
televtaioy opopav 0.50%0.50(m). To wdyog Kot T0 KOG TMV
Toyoudtov eivar ico pe 0.30m ko 2.00m avtictoryo evad ot
dokoti Bewpovvtal 6TL Eyovy pomr| adpavelag atabepn o€ GAOVG
ToVg 0poPovg I = 0.0103m*.

H palo m tov kdbe opdpov kot n palikn pomn adpd-
vewag J = mr® 10v kGO Soppdypatog mepi KOTOKOPLOO
a&ova mov diépyetat amd o kévrpo palag (onueio m), stvor
avtiotorya m = 290 t (SI) kan J = 17324.28 tm’. To. k€vipal
paloc TV 0pOPOV GULUTITTOVY LE TO YEMUETPIKG KEVTPO
TOV SL0QPUYLATOV, EVEO TO UETPO EAAGTIKOTITAG TOV OKVL-
podEpaTog Kot 0 Adyog Tov Poisson eEAepOnocav aviiotoiymg
E =29000000 kN/m? ko v =0.15.

0.30x2.00 0.30x2.00 AaTopr GoKum

g g
g 5 150 g
2 = 0.60
o 1
=) = II 030
l"'-. H
/Ui 0.30x2.00 =
3 - " " S ]9 ! E
M~ Q 111 %
- |2y 3
w0 Cu
'm
o™
(=]
<9 [ | I | |
g = N ax38.205°
o i 1ab I
]
—= O== o I
o X 0.30x2.00
x=048
——5.00 WL 5.00 Wl. 5.00 WL 7.00
22.00

Zynua 1:Karoyn ooduuetpov S-adpopov ktipiov (diootdoels ae m).
Figure 1:Plan of asymmetric 5-storey building (dimensions in m).

3.2. Evpseon tov dova BELTIETNG OTPEYNS KOL TOV
opLLOVTIOV TAUGHATIKOV KOPLoV aévav

O  «katokdpuPog TAACHOTIKOG GEOVOG  VTOAOYileTon
obpeove pe T vrodei&elg tov EAK 2003. ExAéyetar to
de&loatpoo cvuatnuo ovaeopds Oxyz kot Aapfdvetor mg
téuvovco Baong pio owbaipetn Tim, my. V. = 11500 kN,
1 OTolol KOTOVEUETOL TPLY®VIKA KOO’ VYOG GOUPMOVO LE TOV

, m-zj
wno: F.=V
1 [ Zml 'Zl
opoowv F=[F F,...F...F]". Zm cvvéyeo dnpiovpyeitar 1o
d1évospo M Tev opdonumy 6Tpentikdv pondmv M, = 1-F..
M, =3700 kNm

, A7tO OTOL TPOKVITOVY 01 SLVALEL TOV

M, =3000 kNm
M, = 2300 kNm
M, = 1600 kNm
M, = 900 kNm

1
To ywpik6 cvotnuo poptiCetar pe to ddvoopua M =[1-F,

I'F,... I'F, ... 1.F]" ka1 voloyilovTan ot HETAKIVAGELG TOV
KAt aplotepd oTOAOL TG 0pyNG TV 0EOVOY OXyz oTov 4°
6pogo (z, = 0.80H):

u,= 3.498-10°m

u,=-3.67510"m

0,= 3.878-10*rad

O KOTOKOPLPOG TAUCUATIKOG EAACTIKOG AEOVAG TOV KTL-
plov Oa diépyetar amod Tov moro oTpoerig P (X, y,) g oTao-
ung z, = 0.80H, evd n 0€on tov otnv Kédtoyn Oa cupPolile-
o pe P won Qo Selyver 1o mAoopaticd eEAacTicd KEVTpo:

-3
u — .
ya_ =367510°0 o

0,4 38781074

X, =
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3.498.107

Pl 3498107
3.878-10

=+9.02 m
624

Yo

3.2.1. Mhaopatikoi kOpLol GEoveg

Ot dvvdpeig F, tonofetodviar 610 KoTokdpupo eninedo
mov Siépyetan amd o onueio P (x,, y,) kou eivon mapdiinio
otov dova x. Ot petaronicelg tov P ot otdbun z = 0.80H
AOY®@ TG POPTIONG EvaL:

u = 0.03490 m
u, = 0.00302 m

"o dvvéuelg F, tonobetodviar 610 KoTokopupo eninedo
mov Siépyetan amd to onueio P (x,, y,) kot etvon mapdiinio
otov déova y. Ot petatoniceig tov P otn otdOun z = 0.80H
AOY®@ ™G POPTIONG EvaL:

u, = 0.03634 m
u = 0.00302m

H yovia & mov oynuatilel o mhacpatikog koplog dEovag
I pe tov d&ova X-X TOV YEVIKOD GLOTNLOTOG OVAPOPAS dide-
Tt and T oyéon:

2-ux,y

tan(2 &) = =0 = G=-38.295°

Uxx “Uyy

evad 0 optfovtiog dEovag mov gival k4HETOg GTOV TAUGHLOTL-
K6 kVpto dEova I kar iépyeton amd to onpeio P ng kdro-
y1g, amoterel Tov TAacpatikd kopro aéova II Tov Ktipiov

(oxnpa 1).
3.2.2. Tépvovoeg Paong

Yroloyilovtor ot Bepehddelg acvlevkteg 1dtomepio-
dot katd tig dtevbuvoeig I kot I Tov acdupetpov Kripiov:
T, =0.3463 sec xou T, = 0.3778 sec. Zovenwg, Ol TEUVOVGEG
Baong oyxedwaopod V= m O (T) ko V- =m d(TH)
KOTE TIC TAUGLLOTIKEG K”Uplﬁg 6181)61)v081g I xon IT pmopovv va
VTOAOYIGTOOV OO KATOOV OVTIGEICHIKO KOVOVIoUO. XTnV
napovca gpyacio ypnoponomnke o EAK 2003 o omoiog
v €00po¢ celopikng emkivovvotnrag I' 6idet opildvtieg
GUVIGTMOEG PUCHOTIKNG EMLTAYVVOTG OYESIAGHOV:

1-1.2.5
O (T)=d(T)=P(T)= Ay %z 0.24g-1 N =0.6g
Emopévag, Vo =V, =m, d(T) (5-290)(0.6g)=8534.7kN, o6
Omov TPOKHITOLV O OPICTIKES GLVISTOGEG F, Tov draviopatog
F t0v cElo[UIKGY GTOTIKGY SUVALEDV YOPIOTA Yo KAe Koplo
devbuvon Tov kripiov (Stavocuata eoptions F, ko F avri-
OTOLYO). XTNV TPOKEWEVT TEPITTMGT) TPOKVITTOLV:

F,,=F, = 2745947 kN
F, =F,,=2226443 kN
F,.=F, .= 1706.940 kN

F, =1187.437 kN
F = FIll = 667.933 kN
Ms yvooti ™ 0€on Tov TAACHATIKOD EAACTIKOD KEVIPOL P
TOV KTPIov, HTOPOLV TOPO. VO, VTOAOYIGTOVY Ol IGOOVVAEG
OTOTIKEG EKKEVTPOTNTES TTOL KaB0opilovv Ot GVYYPOVOL aVTL-
cewopwoi kavoviopoi (t.y. e, = 1.50¢e, e, = 0.50¢, kav e, =

1.50¢ , e, = 0.50¢, 6mov €, = +1.28m xon e, = —1.50m).

112

3.3. EmoijBgvon g PéhTiotng oTpéyng pe ypiion g
GTOTIKNG pEBOSOV

Q¢ kpurnpto yo ) BEATIOTN OTPEYTN EVOG XMPLKOD GL-
oThpatog ypnotponowiton n eloyiotonoinon tov peyebovg
02 ™G oy. (2.1), 6mov 0, N oTPOPN TOL OPOPOV i TEPT KOITO-
KOPLPO AEOVA Y10 OTATIKT POPTIGT) TOV KTIPIOL LE TO S10vD-
opoato F, kot F tov opiloviiov GEIGHIKOY GTATIKOY SuVd-
pemv Kotd T1g Kopieg dtevbuveelg I-I kot II-1T avtictouyo.

270 oyNUO 2 QOiVETAL | KATAVOUT] TOV GTPOQOV 0. Tmv
opOPOV Y10, 0V0 TEPITTMGELG CTATIKNG POPTIONG.

+469.

ZIpoPES B opodPwWvV
@
1]

A e +237.

E= DopTIoTIKG eTTiTESO M1z

8,= H35. e 124 $opTioTKd emmimedo B, 12
g 2 g |
o + 2 Z(rad) x10
L | . I

2ynua 2: Kamvo,un TV o7popy O, twv 0pépwy Katd T 518000\107’]
I-1 y10. 600 dropopetirés Ggaszg TV 0pL{OVTIVV GEIGUIKOV
Svvauewv F, .

Figure 2: Dlstrlbutlon of rotation 0, of floors in the direction I-I for
two different positions of the lateral seismic Jorces F.

2V TpATN TEPINTOOT), 01 0PILOVTIEG GEIGLUKEG GTUTIKEG
dvvauelg F, . tonofetiinkoy 6Tov KatakOpuQo TAAGHOTIKO
a&ova (8117»0(811 otov GEova mov diépyetol amd o onpeio P )
katd ) devbvvon I-I, evd ot devtepn mepintmon to d1d-
vooua F, torofetidnke otov katorxdpueo palikd dEova. (6n-
Aadn oTov d&ova mov dEpyeTaL 0md TO onpEeio m) KOTd TNV
0w d1evbvvon. And v TpmdT TEPITTOOT TOpOTNPNONKE
UNJ3EVIGUOG TG GTPOPTIG TOL KTipiov 61N 6tdbun z, = 0.80H,
KoOMOG EMIONG KOl OUEANTED OVOTTUGGOUEVT HEST] GTPOPT|
TOV KTPIOV Gg GYEON HE VTRV TNG OEVTEPNG TEPIMTTMOONG.
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Eni mAéov, otV Tpdtn MEPInTOOT POPTIONG, O OPOPOG TOL
Bpioketon emdve omd ™ otédbun z, = 0.80H otpépetar pe
avtifeTn POpPd 0o TOLG LTOAOTOVS OPOPOVS. AVAAOYX. OLTTO-
TEMEGULOTO TPOKOTTTOVY LE TNV TOToBETNON TV 0plovTimV
GEWCUKAOV oTaTIKOV Suvapemy F . kotd m Siebbvvon II-11.

311 GLVEYELD £YIVE GTATIKT] OVAAVOY TOL KTPiov Yo dVo
SOLPOPETIKOVG TPOGOVOATOAGLOVG TOV KATOKOPL(POV EMLTE-
d0V TV GEIGLUK®Y SUVALEDV: (L) Y10 GECHIKEG SOUVALELS TToL-
pOAANAeG 6TOV 0p1iOVTIO TAUGLOTIKO KOplo GEova I (pdpTion
F)) xo1 B) yio ogiopukég duvapeg mapdiinieg otov opiovtio
mhoopatikd kopo dova II (eoption F). Xy mpon me-
PITTOON TO KATAKOPLPO EMIMEO TOV GEIGUIKAOV SUVALEDV
BeopnOnke oe mOAAEG drapopetiég Béoelg eni Tov a&ova 11
(amd 8.53 g -12.95). v debtepn mepinTt@OT TO KOTOKO-
PLPO EMITEDO TOV GEICLUKDY duvAE®V OempniOnie og TOAAEG
drapopetiég Béoelg enl Tov a&ova I (amd —12.39 €mg 15.42).

Yt oyfuoto 3 kot 4 dideTor M TN TOv Opov
log(éz/min 62) Yo Tig S1épopeg Oéoelg g @optiong F,
xar F, avtiotoya. [Mapatnpeitar e3d 61t kot yio Tovg 600
TPOGUVATOMGHOVS TV GEIGUKAOV SVVAUE®DV, 1) ELAYLOTO-
moinon Tov afpoicUATOG TOV TETPUYOVOV TOV YOVIOV
OTPOPNG TOV 0pdemV cuuPaivel 6TOV TO KOUTAKOPLPO
eninedo twv duvapenv diEpyetar omd to onueio P . Otav
Ol GEIOUIKEG OTATIKEG SUVALELG JEPYOVTOL OO TO KEVTPO,
palag Tmv opdemv Kot glvarl TapdAANAEG TPOG TOV dEova
I, 1 g tov 92 eivar 89.12 Qopég peyoddtepn omd TV
avtioToym Ty Tov VIoAoYileTal OTaV TO EMINESO TOV GEL-
SUIKOV dvuvapuemv diEpyetol amd to onpeio P, 51011 Tpokd-
ntel log(0%/min 6%) =1.95 = 0= 89. 12(m1n9 ). Otav
0l GEIGHIKEG OTOTIKEG OVVALELS Elval TAPAAANAEG TPOG TOV
a&ova I kot to eminedd tong dtépyeTon amod Ta KEVTPA Palog
TOV 0pOP@V, 1 TN ToL 07 givar 41.68 popég peyolvtepn
amo TV avtioToyn T mTov vroioyileton 6Tav to emMinedo
TOV CEICHIKOY duvapenv diEpyetat omd to onpeio P .

52
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Sy 3: Tipég Tov dpov log( 02 /min6?) yia d1dgpopeg Géoeig tov Kato-
KOpvpov emimédon (1,z) twv OplCOVTl(/JV oeloKdY Svviuemy F, .

Figure 3: Values of term log( 6 02 /min 6 )for various positions ofverncal
plane (12) of lateral seismic forces F,

Zynuo 4: Tiuég tov 6pov log( @ 2 Jmin 02 ) y1a. diGgopeg Béoeirg Tov karorxo-
pogov emimédo (I1,z) twv opt(ovna)v oeouK®y oovauewy F, .

Figure 4: Values of term log( 0 62 /min 6> ) for various positions ofvei tlcal
plane (I1,z) of lateral seismic forces F, .

Zrov mivoko 1 didovar ot petakviocels Tov onueiov P
(i= 1,2,...,N) og k60e 6poo, yio. opt{OVTIEG CEIGUIKEG OTO-
Ticég Suvapels mov diépyovtal and to onueia P ko eivol
napdriinies: a)otov dEova I (duvapels F) kot B)otov dEoval
IT (duvapeis F ).

Mapotnpeitar 6t Yo 16 dvvdpeig F), o1 petaxivicelg
tov onueiov P kotd my idia diebBuvon elvar onpoviikég
eved kotd Tt dtevbuvon I eivar apeintéeg (0nwg Kot ot
yovieg otpoerg). Avtictorya yia Tig duvapeis F , ot peta-
Kwnoelg twv onueiov P katd m dievbvvon I eivor onpa-
VTIKEG eved Katd T dtevbuvon I elvar apeintéeg (0nmg Kot
ot Yovieg 6Tpong). Emainbevoviat emopévag ot 1d1otnteg
o ™G Tapoypdeov 2.

Té\og, 6TaV TO KOTOKOPLPO EMITEDO TV OpLOVTIOV GEL-
OUIK@V 6TOTIKOV duvapeny F dtaypdoeet kbkho pe Kévipo
10 P_ 161 10 onueio P ng otébung z, = 0.80H Sworypdopet
Ekewym. [pdypott, to anotedéopata g oviivong £6ei&av
otL oV 7mepintoon mov N eoption F tomobetnOel katd
pnKog tov koplov a&ovav I 1 11, tdte ) petaxivion tov on-
uetov P g 6160png z, = 0.80H eivar u; kot u,, avtictouyo.
Otav opoc 1 eoption F tonolemdei pe yovio O, toTe 1
petatomion tov onueiov P g Gwepmg z, = 0.80H yiveton
Kot yovio &, mov sivol 81a(popn me & (Gxnua 5). Zmv
nepintmon Aowdv mepIeTPOPNS (LETOPOANG TOV TPOGAVATO-
Mo pov) Tov dtavdopatog g otatikng eoptiong F yopwo and
KatakopLPo agova mov Siépyetar omd to P, M petatomion
Tov onueiov P Swypdpet Erkewym (nivoxog 2). Ty nepi-
oo Tov egetaldpevov mapadeiypatog n e&lcmon g EA-
Aenyng didetar and v e&icwon (3.1) oe cuvdptnomn pe v
téuvovoa Bhomng V , evad ot oveg T EMAEyNG copmintovy
pe tovg opidvTiovg mlacpatikong koptovg d&oveg I ko 11
TOL TOAVOPOPOV KTIPiOL.

Ilivaxag 1: Metaxivijoeig twv onueiov P A0yom twv opi{dviiwy oeiouikay dvvauewy F ko1 F,
Table 1: Displacements of points P for lateral seismic forces F,and F

F; Fy
g Uy 0, Uy Up 0,
Pos 0.028900 -0.000031 -0.000056 -0.000041 0.034400 -0.000065
Pos 0.024100 -0.000001 0.000000 -0.000002 0.028700 0.000001
Py 0.018200 0.000008 0.000031 0.000015 0.021700 0.000042
Py 0.011500 -0.000003 0.000037 0.000011 0.013700 0.000053
P, 0.005233 -0.000015 0.000035 -0.000009 0.006249 0.000043
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2ynpa 5: To onueio P g otabung z =0.80H Siaypdper éleyn

eoutiog g mEPIoTPOPIS Tov dravbouatos F mepi o P,
Figure 5:The point P at level z =0.80H describes an ellipse when
the vector F is rotated about P,

ITivaxag 2: Metoxivijoeig tov anueiov P yia didpopovg mpocavaroliouots g otatixns goptions F (V. =11500kN).
Table 2: Displacements of point P for various orientations of load F (V, =11500kN).

[Ipocavatolouds | TIpocavatoAiopog u g g

GOPTIONG MG TPOG HEYIoTNG (amd T1c (am6 Tig (amd v Amodxhon

0V GEova X petatomong tov Py | qvodvosic tov | ovaAidoelg tov g€. 2.1 ¢ (%)

(&, ot poipeg) (G, ot poipeg) KTIpiov) KTpiov) EMEYNQ)

0.00 4.95 0.0189 0.0178 0.0178 0.10

16.00 20.61 0.0141 0.0233 0.0234 0.18

32.00 34.93 0.0082 0.0271 0.0271 -0.08

51.71 51.78 0.0000 0.0288 0.0288 0.00

64.00 62.00 -0.0051 0.0281 0.0281 0.13

77.00 73.36 -0.0103 0.0260 0.0260 0.02

90.00 85.25 -0.0150 0.0226 0.0226 -0.09

106.00 101.14 -0.0196 0.0168 0.0168 0.16

122.00 118.54 -0.0227 0.0097 0.0097 0.06

141.71 141.56 -0.0241 0.0001 0.0000 0.00

154.00 156.26 -0.0236 -0.0061 0.0061 -0.32

167.00 171.07 -0.0218 -0.0123 0.0124 0.76

3.4. EmoijBgvon g PEATIOTIG HETAQPOPIKIG
TOAAVTOOGNG IE YPNOT TG OLOPOPPIKNG AvAAVeNG

Katd v opopeikn avaivon tov Ktipiov enthéydnkay
Vo dapopetikég BEcelg Tov KoTtakopveov polikod agova:
o) 6tav 0 padikds AEOVAG GUUTITTEL LE TOV TAUCHLOTIKO EA0L-
oTk6 G&ova kat B) 6tav o palds aEovag diépyetal amod T
Oewpnrikd kEvipo m, Tng palag Tov opodmy. Xtov mivoio 3
didovtat ot TPELg TPMTEG WOIOHOPPESG Kat Yl TIG 000 BEcelg
Tov padov aéova. Kotd v npmdtn nepintmon mov o po-
QoG GEOVOG GUUTITTEL [LE TOV TAACUATIKO EAAGTIKO doval,
M 1510p0peY @, eivar Kupimg petagoptir] Katd T S1evdvvon
IT (o1 cuvicTOoEg TG @, Katd T Sievbvvon I kot ot yovieg
oTPOPNG mepi Katakdpveo G&ova givatl ToAD pkpég). Opoi-
®c, M W1o0popen @, eivor Kuping petagopth katd ™ S1ed-
Ovvon I (o1 cuvictdoeg TG ¢, kotd T Sievbvvon T Kot ot
YoVieg 6TpoPNG Tepl KaTAKOPLEO AEova eival TOAD LKPEG).
Téhog, n 18opopen @, efvar Kupiwg otpentiky mepi Koto-
Kkopveo d&ova. Katd tn devtepn nepintmon mov o palikdg
a&ovag 0ev GUUTIMTEL [LE TOV TAACUATIKO EAACTIKO Goval,

N o0levén HeTo&d TOV TPLOV GLVICTOCHOV KoL Yo TIG TPELG
WO10HOPEES glvat 1oyvpN.

1 cuvéyela Eyve WOIOHOPPIKT AvOALGT Yo Stdpopeg OE-
GE1G TOV KOTakOpueov palikov dEova Kotd Pikog g evbeiog
P I (oamd —12.39 £wg 15.42). T'o. k60e véa Oéon tov palicon
a&ova vrroloyiletat, yio TNV 1810HOPET @ TOV KLPLOPYOVV Ot
LETOPOPIKEG GUVIGTAOGES Katd T devBuvon 11, o dpog:

5(0 2
2 Z,1
Coun=2
1 UL

omov:
0,, T CTPENTIKT| CLVIGTMOGO. TNG IOLOHOPPHG P Y10, TOV OPOPO i .
uI;’i N katd Tov aEova I petapopikn cuvieTdo ™G OLONop-
NG @ Yo TOV OpOQO i .
H pwpotepn myuq tov 6pov C%u‘ i EneaviCetol oty
TEPITTOON KOTA TNV 0Toie 0 KATAKOPLEOG Hallkog GEovag
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diépyetol omd to onpeio P . Tto oxfuo 6 didovror ot Tiuég

2
Cou,it

0V Opov log [ ] v T1g drdpopeg BEaelg Tov pall-

minCeu’H
KoV d&ova. [apatnpeitotl €dd 611, GtV TEPITTOON KATE TNV
omoio 0 palkog dEovag d1épyeTal amd T0 BemPNTIKO KEVIPO
m ¢ paleg Tov SepayaTog, 0 6pog C%u,ll elvan 251.19
QOPEG LEYOADTEPOG TOV AVTIGTOLYOV OPOL OV VITOAOYILETHL
otav o padikog aovag Siépyetat omd To onueio P

Opoimg yuo d16¢popeg BEcelg Tov KATAKOPLEOL UAJIKOD
G&ova kotd unrog g evbeiag P II (amd 8.53 £wg ~12.95).
TNa kéBe véa BEon Tov palikod d&ova vroroyiletat, Yo v
WOOHOPP @ TOV KLPLOPYXOHV Ol LETAPOPIKEG CUVICTMGCEG
katd ™ dtevbvvon I, o 6poc:

C?
A Iog[ tau.;l
min C

\ eu,IT

k-

w

& & Q9 RN b
o o S N o o

(=]

e

=]

i

R M

Synpa 6: Tiuég tov épov log (C%u,n /min Céu,H) Y. O1GQPOPES
O¢oeic tov Katarxopvpov ualikod alova Kot pnKog Tov
alova 1.

Figure 6:Values of term log (Cgu,ll /min C%u,ll) for various
positions of vertical mass axis along the I-axis.

5(0 2
2 _ Z,1
C9u,I =2
1 Ui

omov:
0. M OTpENTIKN CLVICTOCH TNG 1B10MOPPTG @ Yio. TOV
© 6pogo i .
u; 1 Kotd ov dova I petapopikn cuvictdsa g opop-
NG @ Yo TOV OpPOQO i .
H pwpotepn tyun tov dpov Cgu, 1 enpavileton 6tav o Ko-
TaKOPLPOG Holikog dEovag diépyetal amd to onueio P .

2
CGu,I

1o oyfuo 7 didovtat ot TiHéG Tov 6pov log 5
minCp, |

v Tig d1dpopeg Bécelg tov palikod afova. IMapatnpeiton
€00 OTL, OTNV MEPINTOON KATA TNV OTOidt 0 KATOKOPLPOG
padikog a&ovag dépyetat amd To BemPnTIKO KEVIPO M TG
palog Tov SlaEPAYLOTOS, O 0pOg Cgu,l glvar 74.13 @opéc
HeyaAHTEPOG TOL AVTIGTOLYOV OPOL TOL LITOAOYILETAL OTAV O
nalucog GEovog dépyeton amd to onueio P .

EmBepardvetot emopévmg to yeyovog OtL, 6TNV mePinTo-
O™ KOTA TNV 0Toie 0 KOTakOpuog Holikds aEovag SiEpyeTol
and 1o onpeio P, 101e 6T1C TPMOTES 1810HOPPES TTOL KVPLOP-
YOVV Ol LETUPOPIKEG CVVIGTAOGCES, 1] GVLEVEN TV GTPENTIKAOV
CUVICTOOOV UE TIG PEToPoptkég efvar acbevig (18totnTa B,

g mapaypapov 2).

Iivoxag 3: [010p0ppéc Twv opopwv yia. 0vo Béoeig Tov KoTaKopo-
pov nolikod aéova
Table 3: Mode shapes of floors for two positions of vertical mass
axis

O palikdg GEovag diépyeton and 1o P,

D1
Ug Ung 0,
1% -0.000322 0.179362 0.001217
20 0.000141 0.396140 0.001431
3% 0.000080 0.629053 0.001014
4° -0.000636 0.835486 -0.000304
5% -0.001927 1.000000 -0.002393
¢z
1% 0.178775 -0.000306 0.001070
20 0.395858 0.000378 0.000978
3% 0.628660 0.001037 0.000530
4% 0.835220 0.000944 -0.000839
5% 1.000000 0.000183 -0.003061
0%}
1% 0.118884 0.140113 0.166397
20 0.145370 0.182370 0.375455
3% 0.152446 0.159118 0.607764
4% 0.082289 0.042054 0.821472
5% -0.059442 -0.150829 1.000000

O poalikog aéovag diépyetar amd o KM

[}
1% 0.055126 0.187449 0.007879
20 0.116454 0.407868 0.016205
3% 0.180297 0.641586 0.024727
4 0.232097 0.843899 0.031432
5% 0.268000 1.000000 0.035875
(05
1% 0.184209 -0.058954 0.006837
2% 0.402292 -0.134589 0.014554
3% 0.636008 -0.218083 0.023094
4° 0.840388 -0.296556 0.030385
5% 1.000000 -0.363936 0.035860
(0]
1% 0.145722 0.055774 -0.057626
2% 0.356862 0.162848 -0.133534
3% 0.583430 0.297153 -0.219162
4° 0.803286 0.443262 -0.300239
5% 1.000000 0.587133 -0.370748
A 2
log COu,I
o A
min CBu,I,-
(o]

0.00
1.

o -
R M
o 7: Tyués tov dpov  log (Cgu,l /min Cgu,l) yia OLdpopeg
Oéoeic tov KoTaropvpov ualikod aéova katd uiKog Tov
acova 11.
Figure 7:Values of term log log (C%u,l /min C%u,l)for various
positions of vertical mass axis along the II-axis.
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3.5. EmoiiBgvon g PEATIOTNG HETUPOPIKIG TUAAVTO-
G1G L€ YP1]C1] TOVL SVVOUIKOD PUGUOTIKOV
VToAOYIGNOV

Xy mepinTtOon Tov SLVOUIKOD QAGLOTIKOD VTOAO-
YOOV Y10 PETAQOPIKY Ot€yepon tng Pdong katd Tig ot-
evBuvoeilg 1 kon II avtiotoya, vroloyicOnkav ot péyioteg
EAUOTIKEG U] TOVTOYPOVEG LETATOTIGELS TOV 0POPAOV, YPT|-
GULOTOLOVTOG TO Pdopa emrtaydvoewv Tov EAK 2003. Zto
oynuo 8 Tapovstafovtat, Yio SV0 SUPOPETIKEG TEPMTMOCELS
g Béong tov palov, ot péytoteg optloVTiEg LETATOTIOELG
TOV 0POQ®V KOVOVIKOTOMUEVES WG TTPOG TN LETAKIVION TOV
TAOGLLOTIKOD EAAGTIKOD GEOVO GTIV KOPLPT TOV KTIPIOL:

Do R AU TS JEVIOTO LETETOTTIOE (v
kard Tov dEova I-I (u; )

(1.00000) (1.00000)
100000 152388 | oon0n) 1.00000 143396

11657070 | 6 70886 T 9649

0.84151
(0.83509)  1.22264
T i 1(0.83158)

Doy pappaTd PEVIOTLN HETUTOTITELW
kaTd Tov afova II-II (u )

(1.02092)%%¢
0.75472 I | I

4o¢  (0.83662)
{0.83682) 0.83962 _1.28774

3 (0.83860)
0.62736 (1111 TTTITITI(0-83264)

057736

(0.62762)
(0.62343)°% 0563679 0383

046745 FFTTTTTIIITIIIT11]©-64017)

063774
(0.61404) 39C  (062807) _ 0.93962
0.42642 AL 6438

(0.39690)

20¢ 20c 040377
(0.38644) 040358 . 0.62264 | 4 a7505, (0.39643) ___ 0.60377
025311 FEFTITCICIIIIONL] ©4 19| 026287 I I 042109
(0.17958)
10 loc 018464
(0.16947) 5 0.18467 — ?623935533'1 (0.16425)  (018000) __ 0.28404
0.13028 ff] 49623 N 144 : l019972)

[+]

2ynua 8: Méyiotes UeTaTomioels TwV TEVTIE 0POPMY, KAVOVIKO-TOL-
HEVWY O TPOS TV UETOKIVITN TOD TAOTUATIKOD EAAGTIKOD
acovo. aTny KopoEn TOv KTIPIoy, KOTA TIG 01EVOVVOEIS TWV
acovawv I kaur 11.

Figure 8: Maximum displacements of the five floors, normalized so
that the displacement of the fictitious elastic axis at the
top of the building is 1, along axis I and II.

o) o podikog dEovag diépyetar amd ta Bempnrtid Kévrpa
m, ¢ patag tov duepoyudtov (petotonicelg yopig
dwaypapion Kot TéG xmplg mapévieon Tov GYNUATOC
8). Iopatnpeitar edd 6Tt M de&16 TAELPA GTIS GTAOEG
TOV 0pOQ®V TAPOVGLALEL LEYOADTEPEG LETATOTIGELS OO
TNV 0pLoTEPN TAELPA TOL KTIPIOL KOl AVTO EMAANOELEL
TOLOTIKGL TO YEYOVOG OTL O TAUGLOTIKOG EAIGTIKOG GAEOVAG
Bpioketat aptotepd TOL KEVTIPOL LAL0G M KOTH TOV BETIKO
TPocovatoMod Tav koplov a&ovev I kot IT (oyfua 1).

B) o nalikdc GEovog cvUmITTEL e TOV TAAGHOTIKO EAO-
oTwkd G&ovo (LeTaTomioES e SLOYPAUUIOT KOl TES
oe mopévheon tov oynuartog 8). [Mapoatnpeital edd oe
GYEON HE TNV TPONYOVLEVT] TTEPITTMOT, OTL 01 OHPOPOL
mov Ppicrovrar endvew and ™ otddun z, = 0.80H eppa-
vifovv ™ peyaidTepT 0Kpoio LETAKIVIION GTNV OpLoTE-
p1 TAEVPA TOV KTIPiov, G€ avTifeon Le TOLG LITOAOUTOVS
0pOPOVE OV TTOPOVCLALOVY HEYOADTEPT OKpoio LETO-
kivnon ot 6e&d mhevpd. Eniong ot dedtepn mepinto-
o1), 01 GTPOPES TOV 0POPOV EIVOL TOAD KPES GE GYEOT
LLE QVTEG TNG TPDOTNG TEPITTOONG.

EmBepardvetor cuvendg to yeyovog 0TL, 6Ty mePinT®-
o1 KOTA TNV 070l 0 KATaKOPLPOG HLalIKOG E0VOG CLUUTITTEL
pe tov a&ova PEATIOTNG GTPEYNG, 1] TOAGVIMOT TOL KTIpiov
AOY® celopiknG d€yepong MAPUAANANG OC TPOG TOVG KV-
plovg aéoveg I kat IT avtictorya, ival oyedov petapopikn
(1816ma B, g Tapaypaeov 2).

3.6. EmoiiBgvon g PEATIOTIG HETUQPOPIKIG
TOAAVTOGNG IE PG TOV YPUUIKOD SVVIPIKOV
APOVOLOYIKOV VTOLOYIGHOV

Atevepynnkav  ypop ke  SUVOIIKES  YPOVOLOYIKEG
OVOADGELS YPNCUYLOTOLDVTOS TPIOL EMITOLVGLOYPOPNLOTO
SLPOPETIKOD GLYVOTIKOD TEPIEXOUEVOD (TivaKag 4), Yia VO
drapopetiég BEGEIS TOL KOTAKOPLEOL Hallkov dEovaL:

Iivaxog 4: Emitoyvvaioypopnuaro.
Table 4: Earthquake records

Zeopdg Ytafuoc Méyiom | Ilpoocava-
TonoBeoia | KoToypagng | exttdyvvorn | TOMGOHOG
Hpepounvia |  kdptov €dapovg | oplovtiog
MéyeBog GEGUOV GEIGUIKNG
GUVIGTMOGOG
Kobe,Japan, | OKIMA Max h0
1]16.01.1995, PGA =
M=6.9 =0.821g
El Centro, |USGS Max SO0E
Imperial Station 117 [PGA =
2 | Valley, =0.313g
19.05.1940,
M=70
Agvkada, | Nocokopeio | Max N65E
3 | EAMGSa Agvkadag |PGA =
14.08.2003, |(ctobudc |=0.420g
M=6.2 ITEZAK)

a) otav o polikog dEovag CUUTINTEL [LE TOV TAUCUATIKO
elaoTikd afova. XtV TEPItTOON OLTH, 1 GEIGHIKN
dtéyepon g Paong Tov kTpiov BempnOnke TpdTO O
pAAANAN pog Tov déova I kat €netta TapdAANAN TPOG
tov aova I1.

To xpovoloyikd 1GTOPIKO T®V HETOKIVIGEMY U, KOL U
TOV KOTOKOPLPOV TAUGLOTIKOD EAQCTIKOD AEOVO OTNV
KOpLON TOL KTIpiov, katd tovg a&oveg I kot I, kKabmg
eniong kot Twv otpoedv R~ mepl kataxdpvpo Ggova
AOY® TOV EMTAYVVGLOYPAPLLATOV TOL Ttivako 4, dideTat
oto oynrota 9 kot 10 yio ceicpukn dtéyepon g Pdong
TOV KTIpiov KoTd pKog Tev agovov I kot I avtictotya.

B) otav o palikog GEovag diépyetol amd o Be@pnTIKd Ké-
vIpo m, g palog TV 0poPwy.

Kot omv mepintowon avti), n ceopkn di€yepon g
Baong tov KkTpiov Bewpndnke mTpdTO TAPAAANAN TPOG
tov d&ova I kot émerra TopdAinin mpog tov dEova I1. To
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XPOVOLROYIKO IGTOPIKO TV HETOKIVAGEDV U KOL U, TOV

KOTOKOPLOOL HolKoy GEOVO GTNV KOPLE1 TOL KTipiov,

katd toug a&oveg I kot I, kabdg emiong kot TOV GTPoPdV

R, mept kataxdpu@o Eova Adym TV EMTAYVVGLOYPOPN-

patov tov mivako 4, didetat ota oynpata 11 kot 12 yo

oelopik diéyepon g PACNG TOL KTIPIOL KOTA UNKOG TMV
a&ovov I kot IT avticTtoyo.

1 ovvéyelo. voloyicOnkav ot pécot dpot TV péYL-
GTOV U1 TAVTOYPOVOV LETATOTIGEDV TV 0OpOPWV OO TIG
OVTIOTOLYEG XPOVOLOYIKEG OVAADGELS AOY® TV TPLDV JLOLPO-
PETIKMV EMTAYVVGLOYPOUPNUATOV TOV Ttivaka. 4.

Y10 oynpa 13 mapovcidlovral, yio TG 000 SOPOPETIKES
TEPUTTOGELS TNG B€0mg TOV KaTakdpLEOL paltko dEova g
mapaypdeov 3.5., ot péytoteg optlOVTIEG KAVOVIKOTOWMIEVEG
®C TPOG T LETAKIVION TOV TAOCUATIKOD EAACTIKOD GEoval
GTNV KOPLEN TOV KTPiov, HETOKIVIGELS TV 0pOpmv. Me
dtayppuon kot péca o TopEVOEST S100VTOL Ol KOVOVIKO-
TOMUEVEG LETOKIVAGELS TV OPOP®V GTNV TEPIMTOGCT TOL O
KaTakOpLEOG Halikdg GEOVOG CUUTIMTEL LLE TOV TAUGLOTIKO
a&ova, evd ympig dloypapLion Kot xopig mapévieon ot avti-
OTOLYEG KOVOVIKOTOMUEVES UETOKIVIGELS OTNV TEPITTOO
OV 0 KOTOKOPLOOG Lallkog aEovag Siépyetot omd ta Bempn-
TG, KEVTPOL TG HALOG, M, TV OPOPMV.

0.15
0.1

0'03 Vnn!‘-\nannf
a)-o.cs U VOV VAN

-0.1
-0.15

—
—
3
—
-~

—

A
1

b
—
I

\AARAAAN

JVVVVVY

|
— ]
—
=
i
-
fous === Nl
-

-l
=
-l

0.06
0.04
0.02 f

B) s N AAA vh_Anvan_v o R A
iR TR B \YAY
-0.04
-0.06 - - ; . . : ’

0.04
0.02 Aafnafn

Y) o APANY
Y002 ¥ VAP
-0.04

-0.06 T T T T T T T

2yniua 9: O uolikog 6Eovag COUTINTEL 1 TOV TAACUATIKO EAQGTIKO
déova. Migyepon mapdlinin otov aéovo 1. Xpovoloyiko
IOTOPIKO TV UETAKIVIOEDY TOV TAAOUOTIKOD EAQTTIKOD
daéovo. oty KOpLPR TOL KTIPIOL LOY® TWV ETITOYVVOLO-
ypapnuatwv: a)Kobe h0, B)EI Centro SOOE, y) Acvokdoag
N65SE (oro0uog ITXAK) .

Figure 9:The mass axis coincides with the fictitious elastic
axis. Seismic excitation along I-axis. Time histories of
displacements of the fictitious elastic axis at the top of
the building due to earthquake records: a)Kobe h0, b) El
Centro SO0E, ¢) Lefkada N65E (ITSAK station).
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Zynua 10: O palixog aéovag ouuminien (e TV TAAGUOTIKO EAQTTIKG
abova. Migyepon wopalinin arov aéova Il Xpovoroyiko
1OTOPIKO TV UETOKIVIGEDY TOV TAAOUATIKOD EAOTTIKOD
alova. otnv Kopvn Tov KTIpiov LOYw TOV ETITOYOV-
owoypapnudzov: a)Kobe h0, B)EI Centro SOOE, y)
Aevkddog N6SE (otabuog ITEAK).

Figure 10: The mass axis coincides with the fictitious elastic axis.
Seismic excitation along Il-axis. Time histories of
displacements of the fictitious elastic axis at the top
of the building due to earthquake records: a)Kobe h0),
b)EI Centro SO0E, c) Lefkada N65E (ITSAK station).
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ynpa 11: O ualixég ééovos ovuminter pe ta kévipo udlog m,
v opopwv. Migyepon mopdlindn otov alova 1.
Xpovoloyiko 16Topikd TtV UETOKIVHTEWY TOV UALIKOD
daéovo. oTnV KOPLEI TOL KTIPIOv AOYWw TMWV EMITOYVV-
aroypopnudrwv: a)Kobe h0, P)EI Centro SO0E, y)
Aevkadog N65SE (otaluog ITXAK).

Figure 11: The mass axis coincides with the mass centres of the

floors. Seismic excitation along I-axis. Time histories of
displacements of the fictitious elastic axis at the top of
the building due to earthquake records: a)Kobe h0, b)
El Centro SO0E, c) Lefkada N65E (ITSAK station).
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2ynuo12: O palinds ééovag ovumintel ue ta kévipo pdlog m,
v opopwv. Migyepan mopdiiinln orov dalove Il
Xpovoloyiko 10TopiKo TV UETOKIVAGEWY TOV UOLIKOD
aéovo. aTHY KOPLQN TOL KTIPIOL AGY®w TV EMITONVV-
awoypopnuatov: o) Kobe h0, p) El Centro SO0E, y)
Aevradog N65SE (oraOuog ITEAK).

Figure 12: The mass axis coincides with the mass centres of the
floors. Seismic excitation along Il-axis. Time histories
of displacements of the fictitious elastic axis at the top
of the building due to earthquake records: a) Kobe h0,
b) El Centro SOOE, c¢) Lefkada N65E (ITSAK station).

DIyp AR aT JEVIOTEY PETUTOTTIOR Dl ypARMare PEVIOTWY PETUTOTTICE Ly
Kkard Tov dgova I (u; ) katd Tov dgova II-11 (u ;)
1.00 1.000
(10216 56 H.nognxgn_ 15784 (1.02928) boc (1_nm(%)__ 1.42650
0.7115 TITTTTTITIO-968706) | "6 67708 [[]]]/(0.96405)
dos (O gioss 133449 | (084232 (3%551
(0.83863) . I . . {
058024 FAFFTITTTITIITITINC 8287 | 0.55624 I TITIILILL] O 8410
0 62135 206 ‘3;35‘2‘?.5" 101533 | (0.62250) 30% (gig“a‘éﬁ)__ __0.94822
0441 AT © 63787 0.41425 FFFHTTTIITI IO 577
(0.39628) 041258
(0385e7) 0 040439 ___ 064599 (0.38521) (040318) 061526
027628 AT 41120 ‘o.25892 rrmrrrrrr I i 4268
(0.17933) 019077
(0.1603) = 018586 ?1'13?;42;@ (0_16905}10; (018496 029057
012300 AT B e T T I © 29680
|—E'_| |—r;—|
o [+]

2ynua 13: Méoeg TiéS TV LEYITTMY UETOTOTIOEWY TWYV TEVTE 0PO-
POV, KOVOVIKOTOUUEVES (O TPOS TV UETOKIVIGN TOD
TAOGUATIKOD EA0.0TIKOD GEOVa. GTHY KOPLYPI] TOV KTIPIOD,
OO TOV YPOLYIKO OVVOUIKO YPOVOAOYIKO DTOLOYLOUO
AOY®w TV TPIOV EMTAYVVGIOYPOPHUCTOV TOV TIVOKO. 4,
xoza tig orevdvvoeis twv adovav I kai Il aviiororya.

Figure 13: Average values of the maximum displacements of the
five floors, normalized so that the displacement of the
fictitious elastic axis at the top of the building is 1, due
to the three earthquake records of table 4 applied along
axis I and 11, respectively.

A7d 0 S0y pALLAT OV TE TPOKVTTEL OTL:

o) otov o palikog GEovog diépyetar amd o BempnTikd Ké-
vTpo m, TG HALeg Tmv Stoppaypdtov, T0Te 1 8e810 TALY-
pa oTIC 6TAOEG TV 0pOP®V TTaPoVGLalel LeyoAdTEPES
LETATOTGELG amd TNV 0PLOTEPT TAEVPE TOV KTIPiov Kot
aVTO EMAANOEVEL TOLOTIKE TO YEYOVOS OTL O TAUCLATIKOG
eAoTIKOG GEovag Ppiloketat aplotepd Tov KEVIPOL LAlog
m kot T0 BETIKO TPOGAVATOMGHO TV KVpimV aévmv I
wat II (oynpa 1).

B) o0tav o pallkdg AEOVOG GUUTITTEL e TOV TAAGUOTIKO
EAMOTIKO GEOVA, TOTE Ol OVATTUCGOUEVEG GTPOPEG Eival
TOMD LUKPEG GE GYECT LLE OVTEG TG TPMTNG TEPITTOONG,.

v) €av cvykpifel 1 ewdva TOV peTATOTICE®Y OO TO V-
VOUIKO QOGHOTIKO DTTOAOYIOUO TOL GYNUATOS 8 e v
avTioToyn €KOVO TV HECHV TILAOV TMV UETATOTIGEWDY
OO TO YPOLLUKO SUVOLLKO XPOVOLOYIKO DTOAOYIGHO TOL
oyfuotog 13, tote mopoatnpovvTol peydAeg OpoldTNTES
1060 MG TPOG TNV KATUVOLT 0G0 Kol ¢ TPog To HEyehog
TOV LETATOTIGE®V TOV KTIPiOV.

Youvendg emPePoardveral apOuNTIKE OTL, 6TV TEPITT®-

o1 KOTA TNV 070l 0 KATaKOPLPOG LLalIKOG GE0VOG CLUUTITTEL

pe tov G&ovo BEATIOTNG GTPEYTG, Y10 LETAPOPIKT| IEYEPTT

g Pdong tov Ktipiov mapdAinin mpog tovg d&oveg I kot 11

Ol Y®OVIEG OTPOPNG TOV 0pOQ®V gival TOAD LUKPEG KoL 1] TO-

AGvToon Tov KTIpiov YiveTol oYedOV LETAPOPIKT KOTE TOVG

a&oveg I xar IT avticTouyo.

4. XYMIIEPAXMATA

Yromdg TG mopodoag epyociag NTav va diepguvnBovv
TAMP®G TOGO Ol GTATIKEG OGO KOl 01 SUVOLLIKEG 1OOTNTESG TOV
TAOGLOTIKOV eAOGTIKOD G&ova (G&ova BEATIOTNG oTpEyng)
KOl TOV TAOGUOTIKOV KOpLmv oplléviiov dlevdiveemy tomv
TOAMDPOPOV OGVUUETPOV KTipiov. H mapapetpikny aviiv-
on (oTaTKn, W1I0HOPPIKY, PAGHOTIKN KOl ¥POVOAOYIKY) EML-
BePaimoe 0t1 01 1310TNTEG TOL KOpLov cvotpatog K(LILIIT)
TOV HOVAOPOPOL KTIPIOL 1GYVOVY TPOGEYYICTIKE KOl Y10 TO
mhaopotikd koplo cvotnua P (LILII) tov nolvdpogmy
KkTipiov. Q¢ €K TOVTOL TO TANGUATIKO EAUCTIKO KEVIPO
pmopet vo xpnoponotndei yio Tov VTOAOYIGUO TG GTOTIKNG
EKKEVTPOTNTOG KOl TOV OKTIVOV SVGTPEYING TMV TOAMPO-
@OV OGVUUETPOV KTIPIOV OOTE VO KOTOGTED TEKUNPLOUEVT
1N €QOPLOYN THG OTAOTOMUEVIG PAGHOTIKNAG HeBOSOoVL avTi-
GEIGIKOD VTOAOYIGLLOV.
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Extended summary

The Properties of the Optimum Torsion Axis
In Asymmetric Multi-storey Buildings

HAR. XENIDIS
Assistant Professor A.U.TH.

Abstract

In the general case of multi-storey buildings, a real vertical elastic
axis as well as the horizontal principal axes of the structure do
not exist. To deal with this problem Greek seismic code (EAK
2003) proposes the documented solution of the fictitious vertical
elastic axis (named optimum torsion axis), which can be used as
the real elastic axis of the building. Using the fictitious elastic
centre, i.e. the point from which the fictitious vertical elastic axis
and through which the horizontal fictitious principal axes pass,
allows the application of the simplified lateral loading procedure in
earthquake resistant design of asymmetric multi-storey buildings.

1. INTRODUCTION

In order to estimate the effect of the lateral-torsional
coupling on the seismic response of asymmetric systems,
modern seismic codes [1,2,3,4] generally propose two
different analysis procedures, based on static and modal
analyses, respectively. The use of the first procedure is,
however, only allowed with reference to a restricted category
of buildings, which are commonly characterized by uniform
mass and stiffness distribution in elevation.

According to the lateral load (static) procedure the
horizontal static seismic forces are applied eccentrically with
respect to elastic centre.

The design eccentricities are defined as a function of the
structural eccentricity, i.e. of the distance from the centre of
mass to the elastic centre [5,6,7]. In one-storey buildings, the
elastic centre and the horizontal principal axes are always
defined.

In contrast, in multi-storey buildings, except special
cases, a real vertical elastic axis and vertical planes of
flexural deformation in elevation do not exist [9,10,11].
Therefore, it is impossible to determine the structural
eccentricity and the torsional stiffness radii of gyration. A
documented solution to this problem is given by the Greek
seismic code, according to papers [21,22].
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In these papers it has been proved that in every multi-
storey system that is regular in elevation a fictitious principal
reference system P (LILIII) can be always defined. The
point P _of the floor through which the vertical principal axis
as well as the two horizontal principal axes I and II pass,
coincides with the twist centre of the deck located at level
z, = 0.80H (H the total height of the building) due to static
seismic forces.

With respect to the reference system P_(LILIII), these
axes have properties which are close enough to the properties
of real vertical elastic axis and the real horizontal axes of a
one-storey building [18,19,20].

In the present paper the static and dynamic properties of
the fictitious principal reference system are investigated by
means of parametric study for a great number of multi-storey
asymmetric buildings.

An indicative numerical example for a five-story
asymmetric building is presented in order to demonstrate
the procedure used to verify the properties of the fictitious
principal reference system.

2. EXAMPLE OF A FIVE-STORY
ASYMMETRIC BUILDING

The asymmetric mixed type (frames-walls) five-storey
R/C building shown in figure 1, has total height H = 18.5m.
The first storey has height 4.50m and the other four-storeys
have height 3.50m.

The section of columns of the first and second storey is
0.60x0.60(m) and of the other three-storeys is 0.50%0.50(m).
Structural walls have sections 0.30x2.00(m) in all storeys.
Moment of inertia of all beams is I, = 0.0103m*. In the
analyses, the initial flexure stiffness of elements sections
was taken into account. Every diaphragm possesses mass
m = 290t (SI) and mass moment of inertia J = mlir’
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=17324.28tm? around the vertical axis passing through the
centre of mass m.

Centres of mass m of all floors coincide with the
geometric centres of the diaphragms. The modulus of
elasticity is E = 29000000 kN/m? and Poisson’s ratio is v
= 0.15. The location, in the plan, of the fictitious elastic
centre P, was calculated, according to the procedure that is
presented in section 3.2.

The static eccentricities of the building with respect to
the reference system mxyz were calculated e, = 1.28(m)
and e, = -1.50(m). The angle between I-axis (horizonteil
fictitious principal axis) and x-axis was computed, too: O
= —38.295°. For the verification of optimum torsion, static
analysis of the building was performed for two different
groups of orientations of the vertical plane of static lateral
seismic forces:

a) static forces parallel to the horizontal fictitious principal
axis I (load F)) and
b) static forces parallel to the horizontal fictitious principal

axis II (load F ). The vertical plane of loads F, and F

was placed in various positions along II-axis and I-axis,

respectively.

For every position of the forces, the value §2 (equation
2.1) was calculated. In figures 3 and 4 the values of term
log (9%/ming2) are presented for various positions of force
vector F, and F respectively. In table 1, the displacements of
point P  (where P _ is the trace of the vertical fictitious elastic
axis at floor 1) are given, when the vertical plane of seismic
forces passes through the fictitious elastic centre P and is
parallel: a) to the I-axis (force vector F)) and b) to the Il-axis
(force vector F ).

Furthermore, the point P of level z, = 0.80H, for
various orientations of the lateral static force F which passes
through the optimum torsion axis of building, moves on the
periphery of an ellipse (table 2 and figure 5). The equation
of the ellipse is expressed by equation 3.1, as a function of
the base shear V.

Also, modal analysis was performed for two different
positions of the vertical mass axis:

a) the mass axis coincides with the fictitious elastic axis,
and

b) the mass axis passes through the centres of geometry m,
of the floor plan. In table 3, the first three mode shapes for
both positions of the mass axis are presented. In addition,
modal analyses were performed for various positions of
the mass axis, along the horizontal fictitious principal

axes P ,land P ,IL

In figures 6 and 7, the values of the terms log

Cj Cj

Ou, Il Ou,l . .
——2— | and log - are given, for various
mmCeu,H mlnCeu’l

positions of the vertical mass axis along the directions I-I
and II-II, respectively.
Moreover, response spectrum analyses were carried

out under translational ground motion along the horizontal
fictitious principal axes I and I1 using the design acceleration
response spectrum of EAK 2003. In figure 8§, the maximum
horizontal displacements of floors, which are normalized
with respect to the displacement of the fictitious elastic axis
at the top of the building are presented for two different
locations of the vertical mass axis:

a) the vertical mass axis coincides with the vertical optimum
torsion axis (displacements with hatch and values into
parentheses in figure 8), and

b) the vertical mass axis is located in the geometric centre
of the floor plan (displacements without hatch and values
without parentheses in figure 8).

Finally, linear response history analyses were performed
using the three earthquake records presented in table 4, for
two different positions of the vertical mass axis:

a) The vertical mass axis coincides with the fictitious elastic

axis. In Figs 9 and 10 the time histories of displacements

u,, u, and rotations R, of the fictitious elastic axis at the

top of the building are presented.

b)The vertical mass axis passes through the mass centre m.

In figs 11 and 12 the time histories of displacements u,, u,,
and rotations R of the fictitious elastic axis at the top of
the building are presented.

In addition, the average values of the maximum non-
simultaneous displacements of the floors were calculated.
These displacements were normalised with respect to the
displacement of the fictitious elastic axis at the top of the
building. In figure 13, the average values of the maximum
displacements along axes I and II, respectively, due to
earthquake excitation along the same axes are presented.

3. CONCLUSIONS

The results of the parametric study lead to the following
conclusions:

« If the vertical plane of the lateral static seismic forces
passes through the fictitious elastic centre P_and is parallel
to the fictitious principal I-axis, then the sum of squares
of the deck rotations is minimum and the sum of squares
of the deck displacements along the fictitious principal
[I-axis is minimum (state of optimum static torsion).
Similarly, for lateral seismic forces along the II-axis.

* When the vertical mass axis coincides with the fictitious
elastic axis then in the first two mode shapes of the
system, in which the translational components dominate,
the translational and rotational components are weakly
coupled.

* When the vertical mass axis coincides with the fictitious
elastic axis then the earthquake ground motion along
the fictitious principal I-axis or Il-axis causes nearly
translational vibration along the same axis. In this case,
the maximum deck rotations are very small.
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 Finally, in case the mass axis does not coincide with Hence, it is clear that the properties of the fictitious principal
the fictitious elastic axis, the translational and rotational  system of multi-storey buildings are close enough to the
components of motion are strongly coupled. properties of the real principal system of a one-storey building.
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