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[MMPOAOIOZ

H eZéMZn tov ndektpovikadv vnodoyiotedv kadae kar n avdnrvin npoypappdrov avdivong Kat
oxediaopov épywv [MoMnkoy Mnyavikod emBdAdouv kar v avdntvin Twv KAvOVICHOV £pywv

[ToAtrikob Mnyavikot og popeni npoypappdrev H/Y.

H ouvidng npaknikni, nov akoAovdeitar kard mv avdnrtvén i\ovlomkof), EVOWHATWVEL OTN PON TOU
npoypdapparog avdAvong kar toug anapaftnroug eAdyxoug avroxng He T popen aiyopiBuikdv
npoypappdarwy, am’ énov Siépxovrar opuddeg anoteAcopdrwv. H Avon avth teivel onpgpa va
avrnikaraoradei ané mn evepyonoinon pévov twv Sardewv nov xperdlovrar o KGSe pepovapdvn

nepintwon, yeyovdg rov anatrel tnv opydvaon tav dedopévav e t popen Baoswv Sedopévav.

H avnperdmon avri agopd kuvpieg ta alyopiduikd tpripata evég kavoviopov, SnA. avtd nov
kwdikonolovvral og Biipara vnoAoyiopadv. Evag kavoviopdg dpwg nepiéxel kan noAAég Sardfeig pe
™ pHopen ovordoewv, SnA. Siardéswv pe nolotikd xapaktipa, nov Sev nocotikonolovvral Kar
avdykn, 6nag nx Suarddeig yia ™ pdpewon tov @épovia opyaviopoy, v efidavikevon tov
npocopoiwparog KAM Efval Aoinév onpavrikd, 1o olvoro twv Sardéewv evog kavoviopol va

Nap€xETal 0€ NAEKTPOVIKT pHop@n kal npog Sidgopeg Katevdivoelg,

H pia karevduvon elval npog 1o pnxaviké, nov 8éAe1 va xaravonoer nig Sardéeic evoég kavoviopov,
kat va €xel pia ypriyopn avagopd, npoonédaon kat Stactadpwon Siard€swv xard m gdon pépewong
TOU @EPOVTa OPYaVIoHOU NG Karaokeung aAdd kat Kard tov #Agyxo Kal tn Sigpgivnon Twv

evdidpecwv Aboewv npiv Ty oproTikonoinon mg peAérng evég Epyov.

H dAAn karevBuvon givat n cvvdeon tov nAnpo@oplakoy cucTAPATOg PE Ta npoypdppata avdAvong
ka1 StaoracioAdynong napéxovrag avrépara agevég toug atyopidpoug kal agerépou Ta nototikd
XAPAKINPIOTIKA TV emAeyopevav Avogwv, ouvoAlKd yia tn poppwon tov @gopéa aAAd kai oe

empépoug 8épara, dnwg ovppspewon pe opddeg Srardswv 10V Kavoviopoy KAR.

H napovoa gpyacia agopd mv avantuén gvdg ovoriparog tng npadng karnyopiag. Anevdiveral
npog 10 Mnxaviké nov emBupel va avarpééer ong Suardéeic rov Evpwkddika No. 8 kai va
napakoAovdrioel tn Aoyikn twv Satdéewv tou, kaddg enfong kat tn peraZv Toug Sraciveon nov

apopd emuEpPovg EVOTNTEG N KAt OAGKANPO TO Kavoviopd.

To obornpa avré g napovoag epyaciag avantoxdnke e tn pop@ni evog EUNEIPOV CUCTAHATOC MOV
Slarpéxel T Aoyikn tov kKavoviopol Kal gvog ovotiparog hypertext rov napéxer e€nynogig kard

£vav 1epapynpévo tporo.

To éunepo ovompa avantixdnke pe Baon n Aoyiki ng yAdooag Prolog. H avanapdotaon mg

yvaong éytve pe kavoveg tng popeng IF.THEN.ELSE. O ovpnepacparikég unyxaviopdg nov



xpnotponondnke eivar g poperig omododpopikov ovpnepacparnikoy pnxavicpov (backward
chaining inference engine), evd ta npog anédeidn karnyopripara agopovv, Kard 1epapxieg, 6Aa Ta
empépovg Oépara tov xavoviopov onwg spgaviloviar ota nepiexopeva touv. H avanrvén tou
ovotiparog £yive xpnotponotdviag to nepiBadov avanruéng épnelipwv cuornpdrev Knowledge Pro
[12] To ovornpa avtd Aetroupyel oro nepiBaArov twv MS-Windows 3x [13] npoogépovrag ta

NAEOVEKTANATA TOVU AVTIKEIHEVOOTPEPOLE npoypappatiopol (object oriented programming;.

H avantvén tov ovotmiparog Hypertext éyive o nepiBardov MS-Windows 3.x xpnoiponoidvrag tig
povurtiveg tov SDK (Software Development Kit) rov MS-Windows 3.x.

INa v avantvgn tov 6Aov cvotiparog anatthidnke n nAektpoviki avanapaywyrn oAGKAnpou tou

kodika og eviaia popen.

H gpevvnnikni opdda nov pereixe otnv avantvén rov épyou, Sidpkeiag evdg éroug, anapuddrav and
toug B. Kovpovon Emx. Ka8. EMIT, emotnpoviké vnevduvo, X. IFavié Aékropa EMIT, T T'ewpyiov
[ToA. Mnyxaviké, Merantuxiaké Ynérpogo EMIT, kan rov X. Anpou I[ToA. Mnxavikd, Merantuxiako
Znovdaoti EMIT kaBag kat o Kadnyntig tov [Mavermotnpiov tov Heriot-Watt, BHV. Topping o
onofog pereixe g ovpBouviog.
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PIAOZOPIA KANONIZMON ZYNOAIKHZ ANTOXHZ

H ovyxpoveg avuinyeig yia tn ovvraén tev kavoviopwv akoAovdoiv oripepa tTnv gviaia AOYIKA Tng

neddédouv ouvoiknig avroxrig nov ornpileral oe opiopgveg apxEg oxeS1acuo.

Avtideta npog T AoyIKN Twv Kavoviopdv EMTPENSPEVAY TACEWY, 6MoV N Kataokewh dewpeital ot
Agitovpyel otnv eAaoTKn mEpIOXN, OTOUG KAVOVIOHOUG OUVOAIKAG QVIOXHG Ol KATAOKEVEC
emrpéneral kal efval emdupntéd va g10épyxovral Kal oTny NAQCTIKA NEPIOXA V1A OPICHEVES aKpaisg
poprioeig nov £xouv pkpn mBavomra gpgpdviong kard t Sidpketa {wng tov épyov. O oxediaoudg
Spwg, avtd va Sigpeuvd OAeg Tig evOIANECES KATAOTAGEIS, EMKEVIPMOVEL TNV MPOCOXNH TOU OF
opiopéveg Stakpitég Karaotdoelg tig ovopaldpeveg oplakég karaotdoeig (limit states). Ot opiakég
Kataotdoelg Karardooovtal o€ Svo opddeg, ong oplakgg Kataotdoelg actoxiag Kal orig oplakég
karaordoeig Agitovpyikornrag. Ot npwteg avagépovral oty KAtdotaon Npv TNy Katdppeuon g
KATaoKEUNG, Eva ol AAAEG oTnv EAQOTIKN nEptoxh, 6nwg SnAadn kat ot pédodo twv emrpendpevav
1aoewv. ‘Erol, ot ordxor touv oxediaopov givar 1) n anoguyn tng Kardppevong yia Tig OplakEg
kataotdoeig aotoxiag kat 2) n napdAANAN kavonoinon Tev anattAOE®V TV OPIaKOV KaTaoTACEWY

AgitovpyikéTNTAC,

To npéBAnpa rnov avakvmrel yla toug optakoic eAfyxovg aotoxiac eivar n viodérnon ng
kataAAnAng pedodouv avatvong nov 8a napakoAovdriael 1o popéa onv oplakn Kataotaon actoxiag
npwv Ty Kardppevon. Av kat onpepa vndpyxouvv nédodotl nov npayparonolovv tnv avdivon Twv
@opgwv omv nAacTikn neptoxn, o1 nédodot avtég Bpiokovral akdun oe gpguvnTikd eninedo Kat
avriperonifovv kdnowa npoBiripara Ot pédodor nov ovvidwg axkoAovdoivial xpnoiponolovv
npocopofwon He nenepacpéva otoixeia o€ pikpookomkd eninedo (micro modelling), A kat
HAOKPOOKOMIKN TMPooopo{won HE KATAAANAN EVOWHATWON TNG NAACTIKAG OUPNEPIPOPAG OF
npoemAeypéveg déoeig (macro modelling). Metab tov npoBAnpdrov sivar yia napdSsiypa ot
onpelakég nAaotikég apdpdoeig. Avtég Bewpeital o1 NPOCOPOIHVOUY IKAVOMOINTIKA TN HETEAQCTIKA
CUHNEPIPOPA HETAAAIKDV KATaoKEV®@V aAAG Oxt Kataokevwv and onAlopévo okupodepa, érov n
nAaotikn cupneplpopd exteiveral oz pia oAdKAnpn neploxn ora dxpa rwv oroixeiov. Emong o
pnxaviopog nAaotikonoinong unéd SINAA kKapyn pe afovikn Suvapun yia 1o okupdSepa Sev givan péxpt

ONHEPA ANOAUTA TEKHNPIWHEVOC.

Tnv advvapia avti o1 nepioodtepol kavoviopof Ty KAAUMTOVY HE TNV £10aywyn TOV GUVTEAESTA

ouunepPIpopdg q He Baon ™ oxéon:

Bna =190

onov A efvar ot PETAKIVACELG TNG NPAYHATIKAG KATAOKEVNG OTNY KATAoTAon Mpv Tnv Kardppeuon

kat Agp eival ol PETAKIVACELG TG EAACTIKNG KATAOKEUNG Nov avantvooet tnv idia évraon.



Eva dAAo Baoikd xapaknpiotiko TV KavovioH®V CUVOAIKNG avtoxnig €ival n avrikaraotaon tov
ouvteAEoTdV aopangiag tng pedodov Twv EMTIPENOHEVOV TACEWY HE TOUG HEPIKOUG OUVTEAEOTEG
(partial coefficients). Eniong ot ouvvaopofl @opricewv npokintouvv Guotnparnkétepa pe Bdon tn

dewpla adiomoriag, pe tnv onoia npoodiopifovral kai o1 pepikoi ocvvreAeoréc.

EnmnAdov, o1 Siardéeic evdg kavoviopot da npénet va gival kard 1o Suvardv ot anAovotepeg nov
avranokpivovral ora uvndpxovra £mortnpovikd ocuvpngpdopara kar Sewpieg, yia va peiwdel n

mBavérnra Aaddv kard v epappoyn tov Stardewv.

MeydAn onpaocia éxet yia évav kavoviopo n padnparkn Siarvnwon tov Siardéewv (safety format).
Zmv karevduvon auvri, ot ocvotdoeig g S1eBvolg emrponig aCQAAEIAE TWV KATACKEU®V

(International Joint Committee on Structural Safety) [1], [2] eivar draitepng onpaaiag.
Madnparikh Siardnwon tov oprakdv xaracrdoewv

H yevikn oxéon nov exppdlal pia opraxn kardoraon unopei va ekgpaoctel wg e€ng
f(x,, S & ) =f(%) >0

onou x; gival tuxafeg peraBintég nov uneloépyovial orov nNPoodIopIoHd TG OplaKng Kardotaong,

eva f elval n cuvdpTnon Tng optaknc Kardotaong nov yia va ikavonoleital npénel va sivat Senkn.

To Sravuopa twv Tuxaiov peraBAntdv pnopel va nepidapBaver pévipa gopria G, peraBAntd gopria
Q, ®16mreg tv VAKdY E, yeopstpikéc napapsrpovg D kaddg kat aBeBaidinteg tou
npooopoidparog Xm. Evdéxerat eniong va uneioépxoviar otov rpoodioplopd g oplaknig
kardoraong pia i kat neprocdtepeg otalepég C. ‘Ero n ovvdpnon oprakng katdoraong pnopel va

exgppaotel wg e€nc
t6,8,£,0,X.,C) >0

Zri¢c napandve S1atundoelg Of CUVAPTACEIS TV OPIAKMOV KATACTACEWV AMOTEAOUV OCUVAPTAOEIG
Sagdpwv tuxaiov peraBintav. Na va anogevxdei n otoxaonkn avdAvon yia touvg eAgyxoug Twv
OPIaKAV  KATaoTACEWV Ol  Kavoviopol unodgikviouv VIETEpHIVIOTIKEG Tipég,  KardAAnAa

vnoAoyiopéveg, opilovrag Tig ovopaoTixEg TiEg Kan Tig avtioToIXEg TIHES oxEdiaoyov.
f(G, Q,,E,.D, X, C) >0

6nov o1 noodinteg pe Seiktn d anoreAovv vreteppiviotikég mipég oxediacpol Tng avrioroixng
txaiag peraBAntic. O oxéosig avtég xpnowponolovvral €{te yia tov EAEYXO OCUYKEKPIHEVNG
Kardotaong, £(T€ yia Tov npoodiopiopd g EAAXI0TNG TIHAG KANOIAG YEWHETPIKNAG Napapétpov. Ztn

Sevtepn nepintwon €ite n ouvdpTnNon TG oplaKNg Kardotraong £MAVETAl wg NPog T {nTovpevn



NapApeTpo, K, Onwg ouvpBaivel TIg NEPICOOTEPEG NEPITTAOOEIG Mov Sgv propel n cuvdptnon va
emAvdel wg npog Tn {ntovpevn napdpetpo, xpnotponoweital pia enavainnmkn pédodog yua Tov

npoodiopiopd g eAAXI0TNG TIPNAG TG {NTOVHEVNG MAPAHETPOU.
. i — —_ m— —— u—
4 =f 6 + Qg Eg Dys X, C

Znpavrikh efval n Sedpnon Tov XapakTnpIoTIKGOY TIHAOV Kal Tev Tipdy oxedtacuol tev Stagdpwv
peyedov. Mia karaokevi pnopel va vndkeitat o kdrola peraBAnti Suvapikn @oprion nov
nepypdgetal ané t twxaia peraBAnm Q. H xapaktnpiotikni nipn g peraBAntig avagéperan wg Q.

H xaraokevn dpwg SiactacioAoyeitan yia gopria

Qd=vqQKk

dmov yq, eival o pePIKSG CUVTEAEDTRG TG peraBintiic pépnong Q. Av o cuvteAeoTiig v avindel katd
éva nooootd nx 20% avté onpaivel avriotolxn avinon mg anAITOUPEVNG OVOHACTIKAG IKavoTnTag
NG KAtaoKeunc yia va avaddBer 1o goprio Q. Znpafvel eniong kat avriotoixn avgnon tng
MPAYHATIKAG 1KAvOTNTAg Tng Kataokevrig va avardBel 1o goprio Q. H avnon avm ouvvendyerat
avZnon Tov S1actdosmv Tev HEAGV Kal dpa Kat avinon Twv povipwv gopriev 15{ov Bapoug kat dpa

Kal avénon Tov KAGTOUE KATAOKEUNG.
Ané v dAAn nAgupd o1 avroxég oxedaopot R4 napéxovrar and oxéoeig tng popeng
Rg=Ri /¥m

émov Ry n xapaktnplotkh nph tng avroxnig Kat y,, o pEPIKEg ouvteAeotig vAkoy, o onoiog
Siapdvtag ™ XapakTnpioTKn avtoxh €xel ng (Sieg emntdoeig oro oxedacps, onwg o

noAAanAaciactikég ouvtEAEoTAG T@Y SpdoEmv yg.

H sicayoyn Svo opddwv pepikdv ovvteAsotav emBaAderal yia Adyoug eZacpdiiong 1oodivapng
afiomortiac oxedaopot perafl Sagdpwv TUNWV KATAOKEVMOV €vOg Kavoviopov, aAAd Kat mv
opdoAoyikni avriper@mon tov npoBAnpartog Tov cuvduacpol goptioewv, I1aiTepa ong NEPINTMOCEL,
4Mov yia oplopéva PEAN TNC KATAOKEURG N CUVOAIKN £mppon o@eiAetal otn Siagopd goptiwv iSiag

rafewc peyédouc.
H yeviki popen pe mv onoia pnopoiv eniong va Statunwdouv ot EAeyxot eivar:
Sy <Ry

e tnv onofa ouykpivovrag ot Spdoceig oxediaopo pe Tig avriotoixeg avroxég oxediacpoy.



Exkté¢ rwv optakav eAdyxwv ot kavoviopoi neptdapBavouy kat karackevaotikég Statdéeig nov £xouvy
anodeifel én e€acgaiilovv g karaokevég npoodiSovrag npéodetn aopdareia Or Sardéeig avrég
efaptdvral ané 1o VAIKG KAtaokevic Tou Sopnparog kat Sev efval evkoAo va kwdikonoindovv oe

EMMUEPOUG EVOTNTEC.

O Evpwkadikag No. 8 akoAoudel nig apyég tng ouvoMkng avroxnig, anotedel & wa npoonddeia
Beopodémong evdg eviaiov nAaiciov aviiceiopikol oxediacpol knpinv ota nAaiowa g Evpdnng

Kar anoBAgner

* omv avnon tov eninedov avTICEIOHIKAG ACPANEIAG TV KATACKEV®OV

* otmv nototikni BeAtiwon tng avniogiopikAg SSUNong Tev KaTaokevmV.

O Evpokddikag No. 8 duwg Sev efvar avroteAng kavoviopde. IMapéxet kupiwg npdéodereg Sardéerg
nov da npénet va nAnpoUv KataoKevég OF OEICUIKEG NEPIOXEC KAl CUUMANPAVEL KAmolov dAdo
Evpokddika avdloya pE 10 UAIKG KATAOKEVNG, EVK O HEPIKEG NEPINTWOCEIG TPOTIONOIET OPICHEVEG

Srard€eig M wv Evpokndikav.



TEXNHTH NOHMOZYNH KAI EMIIEIPA ZYZTHMATA

Texvnti vonpoovvn gival o kAGSog tng nAnpogopikiig nov peAéra pedoSoug nov enttpénovy oToug
vnoAoyiotég va Sayeipi{ovral karaotdosig yia Tig oneigg o1 avBpwnot Sewpovvral kaAvtepor Tunpa
NG TEXVNTAG VONHOGUVNG Eival Kal n MEPIOXA TV EUNEIPOY CUOTNPATAV MoV avantyooel pedédovg
nov emdiddkovv Tnv anédoon yvaaong nov Sev givat evkoAo va arododei xpnotpornoidvtag Kdnowa
Sewpia. Ta éuneipa cvoripara npoogépovral yia Tnv kwdikonoflnon gUneIPIKNng yvaong, xprotung
yia mv enfAvon noAAdv npoBAnpdrwv, kadag kat yia v anédoon, pe ™ popen NAnpogoplakoy
CUOTAHATOG, TOU TPOTIOL HE TOV Onofo EpNEpoyvdpoveg emAvovy npoBAnpara cvykekpipévov

YVOOTIKOU QVTIKEIHEVOU.

H Soun evég éungipov ocvotiparog anotedel eZéAin tov pdnwv Staxeipiong twv nAnpogopidv pe
Bdaoeig Sedopévav. Kipro xapakmpionkd tov Bdoswv Sedopévev givar ot avanrvooovral
aveZdptnta ané to ovornpa enedepyaciag tng ninpogopiag. To {Sio woxvel kat yia Ta éuneipa
ovotiipara Kai érol emnAgov gival Suvari kat n avantwin npoypappanonkodv nepiBairévieov yia

mv avdntvén Tov Euneipav cuotpdrwv (expert system shells).

H opodoyia nov kadiepddnke yia ta éunepa cvoripara ovopalet tn Baon Sedopévav wg Bdon
yvdong (knowledge base), yia va vnodnAmogl 10 Suvapiké xapakripa avanpooappoyng Twv
Sedopgvav. H pedodotoyia enedepyaciag g nAnpogopiag avagéperal wg ovungpaouarixdg
unyavioudg (inference engine), yiari xpnotponoteitar ornv gdayoyn ovpnepacpdrwv. ‘Etor éva

£ungpo ovotnpa anoteAgital kupiwg and t Bdon yvaong Kal To CURNEPACHATIKG HNXAVIOHO.

H Bdon yvdong pnopel va avanruyxdei xpnowponoiavrag Sidpopeg Sopég. Mia anAn avanapaoraon
g yvoong pnopei va yivelr pe kavéveg g popenig IF.THEN.ELSE. Mnopoltv dpwg va
xpnowponoindoliv kar ouvdetdrepol tpénotl avanapdotaong tng yvaong HE tTn popen nAatcieov
(frame representation). O cupnepaopankog pnxaviopog agopd Tov Tpono, HE Tov onoio Sigpguvdral
n Soun gvég Sévrpov karaotdoewv. Av n avalitnon fexiviicel and tn pila npog ta @uAAa tou
Sévipov avagepdpacte oe pia omododpopkn Sradikacia avaliitnong ovpunepacpatwv (backward
chaining), eved étav Zexkivape andé ta @oAda npog ™ pila avagepdpacte o pia epnpootodpopikn

Sadikacia avaritnong cupnepacpdrav (forward chaining).

Znv avalimnon avti avakontel noAAEg gopég 1o npdBAnpa g emAoyng evég Spopou anod Toug
noAAovg nov pnopovv va akoAovdndoiv. Anaitovvral 161 e1dikoi Kavoveg yia v enidvon rng
ovyxpovong peraf xavévwv (conflict resolution). Inpavniki eniong eivar n Svvarémrta nov
napéxouvv NoAAd éuneipa cvotipara oro va Siaxepilovral my aBeBaidtnta oy eayoyn Tov

CUHNEPACHATOV.

Ta teAevtaia xpovia n BiBAoypagia yia 1a éuneipa ovorthpara gival nAovota oe Gpdpa, BiBAia

kadd¢ kat og nepiBaANovra avanrving épnepwv ovornpdrev. [apdéo Aotndv nov n avantvén evég

8



éunepov ovotiparog Sev napovardler WSiaitepeg npoypappanorikég Suokodieg, n avantvén evég
épunEepov ovoThpartog nov va efvat og déon va anodwasl T yvadon ot pia neploxh ivar éva odvdeto
npéBAnua nov e€aprdral and Tn Hop@R TNG YVAONG MOV TO £UNEIPO cUOTNHA KaAe(Tal va neplypayeL
‘Etor givar onpavriké, npokepgvoy va emAééel kaveig ta éunepa ovotipara w¢ Bdon yia tnv
avanin evog npoBiAnparog, va yvwpilet dv 1o npéBinpa tou mpoodialer ota WSwitepa
XAPAKTNPIOTIKA TV Epnelpav ovotnpdrov. [ToAdée gopég “€uneipa ovoripata” 8a pnopovoav va

avantuxSovv noAv kaAvtepa xpnaoponodvrag pia aAyopilduikn yAdooa.

"Etoy, Sepshiadderg 18 16tnreg evég Epneipov ovotripatog efvat :

*  va epappdleral O€ Hia CUYKEKPIPEVN NMEPIOXN EPNEIpiag.
* va pnopel va Byalsr oupngpdopara and aBéBaia deSopéva

* va pnopei va e€nynoel ro Spbpo cuAAoyiIopoU Tou KATtd KatavonTo TPOTIOo .

Znpavrikol napdyovreg yia tny emMAOYR Tov Ungipev cuoTnpdrev otny eniAvon evog npoBAnparog
glvan:

* naBeBaidtnra twv Sedopévav
* n pn vnapén kadiepwpévng ewpiag
* nunapén noAAov peraBAntov Kalt AAANAOCUYKPOUGHEV@Y NAPAPETPOV

* Ol EUNEIPOYVAOHOVEG va gival ondviot kat n apoBn toug vynAn
O1 Suvarérnreg nov napéxouvv 1a éunelpa cvompara givat

*  XPNON YAWOO®V QUIK®OV NPOG TOV XPNOTN.

* guxepéotepog XEIPIONOG oupBéAY. - - - e
*  Siaxwpiopdg yvaong / pnxaviopol eAéyxov -peyaivrepn Siapdaveia

* avademhpnon ng nopeiag cuAdoyiopov avddoya pe ta exdorote Sedopdva
* oradiakdg npoypappancpdg kat pe aAAnAenmiSpaon .

*  xpnion gupenkwv pedddwv yia nepropiopd tou nediov épeuvag.

* napdoraon kai Siaxeipion tng yvaong.

¢ gux£pela oy ENEKTAoN Kal avadedpnon g yvaong.

*  XEIPIOPOG ACAPOUE KAl ATEAOUE YVOONG.

¢+ Svvardtnta enaywyikig pddnong.

+ gnefnynon rov Spdpov okéyng.

L& avriBeon ta ovpBarikd npoypdppara efvar kaAbtepa yia npoBAripara nov napovoidlovv ta
NAPAKAT® XAPAKINPICTIKA:

*  xpnon yAwoonv nov Bpiokovral nAnciéotepa otov Tpono Agitovpyiag Tov UMOAOYICTA.

*  guxépeia o£ apdUnTIKoUg UMOAOYIOHOUG.

o avamén Sedopévav (yvaong) kat pnxaviopol eAgyxou - pikpn Siagaveia
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* npokadopiopévog Spopog cuAAoyIoHOY.

»  Zexwprotd otadia ovvralng, perayAdrriong, extéAgong, Sivpdwong.

s xpnon alyopiBuwv.

¢ napdotacn kat xepiopdg Sedopévav.

* navadsdpnon tng vndpxovoag yvaong emBaAel evpeiag kAipakag peraBoAég oo
npéypappa

*  Svoxépeia oTo XE1PIoR6 a0a@oug YVAONG.

* Svoxépeia enaywyikig padnong.
Qg nep1opIopO] TV CUYXPOVWV EPUREIPWV CUCTNHAT®Y Hropoiv va avagepdoiv:

* nanovoia éunvevong.
* n éAAgyn euputnTag oToug CUAAOYIOHOUG.
* n £AAgyn NpooappooTIKOTNTAG.

* nSvoxépeia otn peTaguUTELON O’ AVTA KOIVNG AOYIKNG.
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ANAAYTIKH IMTAPOYZIAZH THZ AOMHZ TOY EMIIEIPOY ZYEZTHMATOZ

Eva éuneipo ovornpa eivai eva nAnpogoptakéd ovotnpa, 1o onoio avanticosrar cuvidwg pe Baon
kanoto nepiBaAdov avantuvéng (expert system shell). To nepiBaAiov avtd anoreAgitar ano 1o Baoiké
gpyaieio yia v avantwn tov cvothparog kKat and gva ovvodo Bondntikdv npoypappdrov
Sracvvdeong pe 1o xpriotn. Ta emuépoug npoypdupaTa rMov cuVIcTOUY TO EHMIIPO CUCTNHA EXOLV
ypaetel o€ Kdnola n KAMoleg YADOOEG npoypappariopoy, ol onoieg Bpionovral KAtw anod 1o
Agttoupyiké ovotnpa kat ovvepydlovrar pali tov. H Sopn egvédg turkod €ungipov cuotnparog

nepiAapBavel ta g€nig

* npoypdpuara Siacvvdeong pe 1o xpriotn.
*  MUPNVAG TOU EUMEIPOV CUOTNHATOG.

* gpyaieio Aoyiopikou yia tnv avantuvén.

*  YyA®dOoOoa rnpoypappatnopov.

* Azitoupyiké ovotnpa

* vnoAoylotig
Tov nupriva evég éunelpov ouotriparog anoteAoiv Suo avtdvopa kar' apxnv Tpnpara, ra onofa ivar

* nBdaon yvaong (knowledge base)

* o unxaviopdg e€ayayiig ovpnepaopdrnv (inference engine)

Ta ovoripara nov Siarnpovv avei tn Sopn orov nupriva Toug kat teivouv va Staxwpicovv NANpwg ™
yvaon nov avagéperal oto npdBAnpa {domain knowledge) ané v vndéAoinn yvaon (yvoon nov
oxetileran pe tov tpoéno eniAvong tov npoBAnpatog) karovvial “ovctipara Baciopéva ot yvoon”
(knowledge based systems). Ta éungipa cvoripara aviikovy oTnv KArnyopia t@v CUCTNHATOV TRV
Baciopévav otn yvaon, kai xapakmpilovial and 1o yeyovog 611 N yvion nov NEPIEXOUV avapEperal

o€ noAv eidikovg Topeic.

O Swaxwpiopds g Bdong yvaong andé 1o pnyaviopd efaywyig ovunepacpatwv napéxet
ouykekpipéva nAgovekTipara, Baowkdtepa anéd ta onoia gival n Sragdaveia Tov npoypappancpol Kat
n Svvardrnta npdodeong, petaBoiig i katdpynong yvaang, xwpic va anatrovvral evpeiag kAlpaxkag

peraBoAég oto npoypappa

To nepiBaAiov, ndvw oto onoio Ba Acttovpyiioel 1o unelpo ovoTNHA CUPNANPWVETAL MOAAEG POPES
ané Bdosig SeSopévawv kat cupBarikd nmpoypdppara, pe ta onoia evdexdpeva cuvvepydletal To

ovotnpa, pe Stdgpopa péoa emrovaeviag kar aAAd neprpepelakd pnxavipara

Zmv nepinrwon peydAov ovotnpdrov n vAKA vnodopri touv nepiBaAdovrog Asttovpyiag Tov
ovothparog 8¢ tavrileral anapaitnta pe exsivn tov nepiBaAdovrog avdntvéng touv. And nAgvpdg
Aoyiopikov, To nepiBaiiov avantuéng (development environment) nepidapBavel ovvndwg, ektég and

10 gpyaisio Aoyiopikoy, ndve oto onoio xTileral o nuprivag Tov CUCTANATOG, Kal cuvtdkteg Baong
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Yyvaong, EAEYKTEG TNG CLVENEIAg TG £l0aydpevng yvaong, Bondripara npocopoiwong (what-if),
QUTOHATEG EPWTACEIS NPog Tov Xpnotn, napakoAotdnon kat enediiynon tng nopeiag cuAAoyiopoy,
Bondripara S 16p8waong AaBwv (debugging aids), npoypdupara e1068ov-££680u (input-output facilities)

K.A.M

H B8don yvaong

H Bdon yvaong nepidapBavel 6An mv 181k yvaon nov neptypd@el 1o ovykekpipévo npoBinpa H
yvaoon riov nepiéxeral ot Bdaon yvaong Sakpiveral o orankn kat Suvvapkni. Za orankn yvaoon
Aoyilovral o1 nepypagég Twv S1AQPOpwYV AVTIKEIPEV@V Kal YEYOVOT®Y Kal Ol OUCXETIOEIG PETay
avtav. Ta yeyovédra pnopovv va Siakpidolv o€ yevikA Kal povipa Kai o€ yeyovota nov avagépoviat
oto ouykekpipévo npéBianpa Ta eidikdtepa avrd yeyovora oxnuarilouvy, cipguva pe pa dedpnon,
™ Agyopevn Bdaon Sedopévwv (data base), evad 10 ovvoAo twv yeyovétwv nov nepidapBavovrat otn

Bdon yvadong anoteAovv n Bdon yeyovétav (facts base).

H Suvapikni yvdon, n onoia anoreAzital cuvidwg and Siadikaoisg kat kavdveg, napéxel ra péoa yia
NV ANOTEAESHATIKA Xpnolponoinon Tng otankig yvadong yia tn Snpiovpyia véwv yeyovétwv. Ta
véa yeyovora npootidevral otn Bdon yeyovotwv, Mov ouolactikd anoteAel Tnv pvnpn gpyaciag Tov
ovotnparog (working memory). Zm Sv\)aple\ yvaon pnopei va nepidapBdavoviar kat noAv
e€edikevpgveg Sradikaoieg nov oxeridovral pe 1o edikd npdéBAnpa nov xepileran 1o £uneipo
ovotnpa, avtd dpwg Sev eivar andAvro, SedSopévou 61 réroieg Sradikaoieg nponipdral noAAég gopég
va evowpardvovtal oto pnyavicpd cfaywyic ovpnepacpdrov. And Toug yevikolg Tponoug
napacTacng g yvaong, Nov avagépdnkav nponyovpeva ota EUnElpa cvoTipara, xpnotponotovvial
ovvndéortepa n vk Aoyikn, Ta onpaciofoyika Siktva kat ta nAaiola. [ToAAG éunepa ovotipara,
aAlda kat gpyadeia avdntvéng, éxovv oripepa VIOBETNOEL TOV AVTIKEINEVOOTPEPN MPOYPAHHATIONO

(object oriented programming).

Mia a8k karnyopia éunsipwv ovotnpdrov sivar ekgivn tov "cuotnpdrev nov Baocilovial o
kavoveg” (rule based expert systems), twv onoiwv o KUPIOg OYKOG NG yVAONg Napiotaveral pe
kavéveg. [Mdvw oe auti v Aoyiki €xel eriaxtel Kat 1o npoypappa yia tov Evpwkaddika No. 8. H
eontepIKn Sopn (to npokeipevo Kal n evépyela) Tav Kavévav NEpypAQETal Opwg NOAAEG PopEg Kat
HE T Xprion dAAwv yAwoody, énwg n LISP kai n PROLOG, o1 onoigg, avtidera pe ta nepiBaiiovia
avantving, napovoidlovv ocapdg peyadvtepn gveAifia xai npooappocTiKéTNTa, £@ocOV Sev

ompilovral o€ kdnoio oTEPESTUNO CUCTNHA

M’ autii tn cuADoyioTikh o1 kavéveg Sgv napovcidotnkav cav évag €exwplotdg 1ponog napdotaong
Ot Ox€on HE TN AOYIKA, av Kal o0 @oppadiopdg sival acgaddg ovykpioipog pe ng Sopnpéveg
nedddoug napdortaong yvadaong, nov £xouvv nponyovpeva naparedei. AAMwote o Siaxwpiopdg peradv

ovotnpdrev Baociopévav otn Aoyikn kat cvompdrev Baciopévev oe kavéveg, gival MoAL oxEeTIKA,
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Sedopévov 6 ta neploodrepa and ra undpxovra ouotipara nov Bacilovral otn Aoyikn €xouvv
avantvxdel pe téroo 1podno, dote o xprorng va avnidapBdaverar pdAdov toug kavéveg napd
Aoyikni, n onoia kpuBeral kdrw arm’avrove. Eroy, kaveig 8& 8a anékAgie m radivépunon avtav twv

ovompdrov wg Bactopévav o Kavoveg.

O npoypappanspdg nov Baoileral ota avukeipeva eiodyet pia Sopnpévn Bedpnon kat nepypa@r.
1@V npoBAnud wv. Baoilerar o Sopnpgveg ovidtnteg, o1 onoieg kadovvral avrikeipeva (objects). Ta
avrikeipeva pnopovv va ocvoxerilovrar perav tovg pe Sidgpopoug tpénovg, va tadivopovvral og
VEVIKOTEPEG Katnyopieg, va eunepiéxovy dedopéva kat Stadikaoieg, va emkotvwvovv peraél Toug HE
punvipara Kat va KAnpovopouv avtopara ididtnteg andé dAda avrikeipeva. Ta avtikeipgva anoreAovv
Sopég Sedopévwv nov evowpardvouy agevég ta Sedopsva nov xapaxktnpilovv to avrikeipevo, aAda
kat tig peddédoug pe ¢ onoigg avtd avudpoiv o Sedopéva pnvipara H exkrédeon evédg
npoypdpparog Baciopévoy Of AVTIKEIPEVOOTPEPR NMPoypappanopsd ocuvviorarar omnv avraAdayn
pnvupdreov nou gvepyonotovv avrtioroixeg pedddovg. H girocogia avrov tou npoypappariopov
Baoiletral ovciactika otov Tpoéno, pe Tov onofo o dvdpwnog cuAAapBaver kat xeipileTan ig évvoleg
kal ta avtkeipeva Erol, anotedel éva Siaitepa @uokd tpdno Szdpnong kat neprypagnig v
npoBAnpdrwv, o onofog Bpiokeral apkerd kovtd ornv avBpdnmivn Siaiodnon kar epnepia It avro
aKOMNn Kal KAaoolkég yAdoosg npoypappaniopoy éxovv enektadel, dote va unoornpilouvv
napaotdoeig Baolopéveg o avrikeipeva, 6nwg yia napddeiypa n C+4+, n Objective C, n Prolog++ ka

AAAEg, Evad TO npoypappanotiko nepBaiiov rwv MS-Windows 3.x Baoileral eniong o€ avrikeipeva

Zuxva yia Tnv neptypagn evég npoBAnparog naparnpeital otnv npdén n xpnoiponoinon cvyxpovaeg
MEPICOOTEP®Y TOV EVOE TPONWV NAPACTACNS TNG YyVAONE. £’ QuTh TNV NEPINTOON N ApXITEKTOVIKN TOV
ocvotiparog kaAeital vBpIdikn (hybrid architecture). L& éva vBpiSiko ovotnpa n yvoon napiotrdveral
ouvvindwg pE TNV popen Kavévav, o1 onofol anotreAovv 1o Suvapiké pépog tng yvaong, Kai Pe tTn

xprion Sounpévev napactdoewv (Sopnpéveg neptypagéc avrikeipevav).

Ave€dpnta Spwg and 1o CUYKEKPIPEVO TPOMo NApAcTacng NG yvdong nov xpnotponoleitay, Sa
npénet va e€eraotel coBapd kat 1o eninedo Aenropépeiag e napdoraong nov 8a viodetel. 'evvaral
SnAadn 1o egpdrtnpa £dv n nepiypagn g yvaong eivat okompo va yivel péow piag opddag
NPWIOYEVAY otolxeinv xaundoy sninedov, i pe xpron tpénwv éxgpaong vynAdtepouv eninedov.
Yrnevlupilerar én1 n xprion xapndov eninedov napdoraong odnyei o€ noAvNAoKn vnoAoyIoTIKN
gpyaocia yia v napdoraon mo ovvdemng yvaong, kadag eniong kai o capng oykwdéotepn Baon
yvaong. EmnAéov, n smioyn twv nportoyevav ekeivov otoixeiov mov 8a SiguvkoAvvouv ma
IKAVOTIOINTIKN NAPACTACN NG YVAONE O £va CUYKEKpipévo npdBAnpua, gival o€ NoAAEg nepINTWOELg
efapenikd Svoxepng. BéBaia n xprion evdg neproptopgvov apidpol MPOTOYEVAOV OTOIXEIWV
ovvendyeral éva povooripavro Kal cagéotepa kadopiopévo 1péno napdotaong. O unxaviopoi nov
anatrovvral yia v eaywyn oupnepacpdtev eival nepiocdtepo oageig, avornpoi, kat oAtyapiduon,

Sedopévouv 611 avagépovral pévo ora oAydpdua npwroyevi aroixeia
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O unxaviopdg efaywynig cvpnepacpdrev

O pnxaviopég efaywyig oupnepacpdtey givat 1o THRPA EKEIVO TOU CLOTAPATOG, TO ONoio NEPIEXEL
TN YVAON MNMov avagepetal cro XEPIopd Kal édeyxo tng Bdaong kal acyoAeital pe v gUpeon Tng
Avong touv npoBAnparog. AnoteAdsl SnAadn, to pnyxaviopd okéyng touv cuotiparog. H Sopn tov
Hnxaviopov edaywyng oupnepacpdrav e aprdral dueca and tov Tporno, Pe Tov onolo avanapiotarat
Kal opyavaveral n yvoon péoa ot Baon e yvoong kai and Ti¢ 1010opPieEg TOU CUYKEKPIPEVOL
npoBArparog. H nowdmra tov ovvdéeral dppnkra pe tnv Ikavotnta 10U yia anoteAEcPanko xXeptopd
mg Bdong yvaong kai ypriyopo gvromopé g Avong. O pnyxaviopéde efaywyic ovpngpaopdrov
pnopel va Siaxwpiotel oe dvo pépn, 1o npwro ovopdlerar Sigpunvéag (interpreter) kan to Sevrepo
xpovooxediaotig n emAoyéag (scheduler). O Sigppnvéag eival o pnxaviopdg nov xepilerar v
vndpyxovoa yvaon pe okond tnv gdaywyn véag yvaong Egappdler ovykekpipéveg TEXVIKEG
efaywyng ovpnepacpdrwv (inference techniques), onwg eival o1 oranonkég pédodor kai o1 pédodot
avayvapiong npotinwv (pattern matching). Me m xpnoiponoinon avtdv tov pedédwv ektipcdvral ot
NPOTACEIG, Ta YEYOVOTa, o1 OXEOElg Kai o1 Kavoveg nov anaprilovy tn Bdon yvaong. Eton, ya
napddeiypa o éva cvornpa Baolopévo oe kavoveg, o Siepunvéag EVIOMIEl TOVG KAVOVEG, T®V
onoiwv eivar Suvari n spappoyn o pa Sedopévn onypi. O xpovooxediactiig 1 emAoyéag
anogaocifel note kat pe nowa oeipd da xpnowponoindovv ta Sidgopa oroixeia tng Baong yvaong.
[Mepiéxer yvaon ektipnong (assessment knowledge), n onofa extipd toug evaidakrikovg Spopoug
gpevvag Kat yvaon gAgyxou (control knowledge), n oroia cuvroviler v gvepyonoinon Kat Tov
npoypappaniopsd tev Asitovpyiov. O emAoyéag ekepdlel SnAadnh tn otparnyikn eAéyxov Ttou

CUCTNHATOG.

"Eva peifov npéBinpa otnv Tsxvntﬁ Nonpoovvn anoteAel n emAoyn tov oroixeiov g yvaong, o
orofo efvan to nAéov katdAAnAo va epappootel oto kade Bripa tng nopeiag eniAvong, 6rav vndpyxouvv
ouyxpovag NMoAAd vnoyngia yia egappoyn oroixeia To npdBAnpa avtéd sivat yvword oav emfAvon
ng ouykpovong (conflic resolution). Mia yevikni apxni nov egappdlerat anéd tig Sidgopeg orparnyikég
nou acxoAolvral pe Tnv avriper@mon avrol tov npoBArparog, ovviorarar omv anédoon tng
VYNASTEPNG NPOTEPAISTNTAG OTIG NMPOTATElS Nov Elval NEPlocotepo neploptotikég. H anaitnon avti
eivar andAvra karavonti, Sedopévouv 611 0 éAcyxog nov Eexkiva and TeAeiwg YEVIKEG NMpotdoElg yia va
npoxwpnoel o e181kOTEPEG, £ival €UKOAO va odnynoel og onardAn unoAoyioTikol xpovou.

Ziparnyikég nov egappdlovral oe cvotnpara Baciopéva o kavoveg givat

+  Xopriynon npotepaidtntag o€ kavoveg pe E1GIKOTEPO npokeipevo, Sedopgvou 611 avtoi ot Kavoveg

Sivouv ovviidwg akpiBéotepa oupnepdopara.

+  Xopriynon npotepatdtnrag o€ kavéveg nov Sivouv Tov HEYAAUTEPO apiBpd CUPNEPACHATMOV.
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e Xprion pera-kavévev (meta-rules) mov xepilovrar dAdouvg kavéveg Ot pETa-KAVOVEG

unoSeikviouy Tov kavédva nov Bewpeital mo npdogopo va epappootef oe pa dedopgvn otiypn.

H otparnyiki edéyxov sivar moAdéc @opég avaykaio va nepiExel yvwon mov avageperat oto
ouyKeEKpIpEvo npéBAnpa, To onoto xeipileray, kat pdAiota og ékraon éon emBaAAovv ot 1&1opopeisg
tov npoBinparoc. Maparnpeitay, Sraadn, n peragopd aildikng yvaong ané m Baon yvadong orto
Hnxaviops eAéyxou. Autd épxetat e Kanola avrideon pe Ty gikéva nov éxel S0dei nepi vnapéng
nAfipoug kat andéAutov Staxwpiopov perafi Baong kai unyaviopov eZaywyrig ovpnepacparwv. Eron
OTIG NMEPICOOTEPES MEPINTACEIS 0 PUNXaviopog efaywyng CUPNEPAcPAT®Y NMEPIEXEL KAl YVOON Nov
oxetiletan pe 1o npéBAnpa, ondre xar xapaktnpileral cav efaptnpévog and 1o ovykekptpévo nedio

yvwong (domain dependent).

[Mepintwon piZng edikng yvaong kat yvaong eAdyxov £xel Ndn avapepdei ong nepINTOOEIG ™G
Siadikaotiknic npoodptnong kai ora miaiowa e Siadikaonxkig avanapdoraong. Ekel, n pi€n avti
yiveral orn Bdon g yvaong, n onofa nAgov nepiéxel, ektdg and tnv eidikn yvaon tov npoBAnparog,

Kal KAnoto Koppar yvaong nov oxeriZerat pe tov 1pdno eniAvong rov npoBAnparog.

Yndpxouv Svo xapaxktnpiotikéc pédodot nov epapuélovral Kard tnv pevva oto nedio Karactaoewy
yia Tov evromopé tne Avong evég npoBAnparog, kat ouykekpipgva o1 pédodot epnpoatodpopikig
avalnmong (forward reasoning n forward chaining) kat tng avdorpopng OUAAOYIOTIKNAG TN
omodoSpopikric avalritnong (backward reasoning n backward chaining. H pédodog tng
epnpootoSpopikiic avalritnong Zekiva Ty épguva yia Ty avelpeon véag ninpogopiag and mv idn
vndpyxovoa yvaon. Na 1o Adyo avté n pédodog avri xapakmpiletal oav kadodnyolpevn and ra
SeSopéva (data driven) i oav nopefa nov Zexivd ané  Bdon ka1 npoxwpd NPog 10 aAnoSEKTED
(bottom-up). Avtii n pédodog épevvag eivar pavepd on pnopel evkoAa va anonpooavarohiotel and
10 {ntovpevo epdoov 1o obotnpa cvAdoyileral xwpic va éxel oe kade Bripa kdnowa £vderdn, n onoia
va 1o kaBodnyel npo¢ 10 anodeiktéo. Auté oupBaiver enaidn 1o ovotnpa S& AapBaver kadoAov
undyn tou 1o {nrobpevo Kard mv nopeia cuAoyiopov. Etol, pévo kard toxn priopel va karadrnéel
oo {ntovpevo, extée BeBaia av BonBndei ané kardAAnAeg evperikég pedédovg. ' autd to Adyo
noAAég gopéc xpnoponoieital n omodoSpopixr avaliitnon, n onoia Zekiva anéd 1o anodeiktéo kat
npoonadei va karadnfer oe #dn yveord yeyovora Ta tovto ovopdlerat eniong pédodog
npocavaroAiopévn oto anodeiktéo (goal oriented) i ek 1wV Gvw npog Ta katw (top-down). Tiderar
nAgov 1o gpdTnpa notd and nig o napandve pedoédovg eivar n kataAAnAdTepn yia T Avon evég
npoBAnparog. L& npoBirpara, ora onofa o apidpdg twv Suvardv emAoydv ot kade Bripa eival o
iS10¢ kat yia nig Svo peddSoug kar To NANRSog Twv Suvardy apxIKOV KaTtaoTdcewv Eival To avto pe 1o
nARBoc Twv anodeiktéwy, Sev undpxouv npogavi emyepripara nov va gvioxvouv mv emioyn g
pag n tng aAAng pedoédou. Térola npoBinpara Spwg anoredodv paAdov mv edaipgon kat éx1 Tov
kavéva. Etot n "ronodoyia”tov nedfov épsuvag elvat onig neprocdtepeg nepintaoelg KabopioTika yia

v gmAoyn petady twv Svo pedoddwov.
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H epnpootodpopikin  cuvAdoylotikin  gival  ngpioodtepo  KardAAnAn  yia  npoBAnpara nov
xapaktnpilovral and pikpotepo apdud apxikdv Kartactdoewv am’ é1l anoSeIKTéwy, Onmg Kal yia
npoBAripara, ora onofa n opdn cuAAoyioniki yevva pikpotepo apidud Suvardv emioydv o KAOE
Brpa tng nopeiag enidvong, am’ 6oec da Snpiovpyoloe n e@appoyri Tng omododpopknig
ovAdoyiotikig Ze avtidem nepintwon, drav ta anodeikréa eivar Aiydrepa and tig Suvvargg
KAaTaotdoelg Kal otav n epappoyn tng omododpopikng vAAoyioTikng odnyel og pikpdtepo apiduod
Suvardv emAoydv og kGde Bripa, 1d1e n ouAAoyioTiki avti gival neploodtepo npéogopn, Bondd Se
ovndwg otn “pnyavikn”® enefnynpatiki kavémra tov cvotiparog. Eva kAacoiké napadsiypa
gpappoyng tng omododpopikiic  cvAdoyiotikiig anoteAsi n anédeidn dswpnpdrwv. Ala TumkKa
npoBAnpara, ora onoia xpnotponotgital n cuAAoyioTiki avth gfvar ta npoBAnpara Stayvwotikig kat

napakoAovdnong napapétpwv Acitovpyiag.

Ze pepikd ovoripara e@appdéleral ovyxpdévag n opdn kar n avdorpogn cuAdoyioTIKA. Zinv
nepinrwon avti n ekkivnon yiveral kat and ta dedopéva npog 1a epnpdg Kat and ta anodekréa npog
1a nicw, £wg étov o1 Svo avrég nopeieg ovvavindovv. H pédodog avti ovopdlerar apgidpopn
ouAdoyiotiki  (bi-directional reasoningl. To Baociké npdéBAnpa nov avuperwnilerar Kard v
epappoyn avtig tng peddédov efvar n mdavérnta va pn ovvavindoiv ot Svo nopeigg. Na mv

avripetddmon tov npoBAnparog avrov epappélovrar e181kég evpenikég pédodor.

H pédodog onoBodpdunong xpnoponoleital oy nepintwon nov 1o olvornpa @ddaver o gva
onpefo, anod 1o orofo eivan emBuuntd va emoTpEyel O NPONYOVHEVEG KATAGTACEIS YA va CUVEXIOEL
mv épguva touv npog AAAN karevBuvon. [podketral akpiBag yia kan avdroyo pe ™ pédodo nov
akoNovdel évag nelondpog nov npoonadei va evronioel pa ovykekpipévn tonodeocia péoa oe éva
nukvo Kat dyvworto 8doog. Zekiva anéd éva yvwotd tov onpeio npog tnv nAdov mdavi karevBuvon,
onpgiwvovtag KaAd otnv pviun tov 1o Spdpo, éng dtov Sidpopeg naparnpnoslg N paprupieg Tov
nefoovy 6n Sev akoAovdel 10 cwotrd Spopo. Tére emorpéper oto Yyvword onpeio ekkivnong Kat
emAéyel AAAN karevduvon épevvag, nov alpgwva HE opicpéva Kpithpia gival n nepiocdtepo mdavn
va odnynoel og emruxéc anoréAeopa. To yeyovde 61 n omodoSpéunon anotedei ma ocvvndéorara
AnAavtdPeVN TEXVIKA e avdpanivng okéyng, Ty éx&l karaotnoel idiaitepa xprotun Kai ora unepa

cuoThpara
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H epnpooroSpopiknn  ouddoyiotiki  gival neploodtepo  KAtdAAnAn  yia  npoBAnpara  mou
xapaktnpiovral ané pikpétepo apidpéd apxikdv Karaotdoemy ar’ 0T anodeKTéwy, onwg Kat yia
npoBAnpara, ota onofa n opdri cLAAOYIOTIKA yevvd pikpoTepo apdpd Svvatdv emioydv o€ KAde
BhApa tng nopeiag enidvong, am’ 6ogc da Snuioupyoloe n gpappoyn Tng omododpopikig
ovAdoytotikric. e avridern nepintwon, drav ta anodektéa eivar Miyotepa and Tig Suvarég
KATAoTACELC Kal OTav n epappoyn g omododpopikng tuAdoyiotikiig odnyei oe pikpoTEPO apildno
Suvatdv emAoydv oe ke Bripa, ToTe n cuAoytotiki avth eival neplocoTepo npdcgopn, Bonda de
ouwnBwg¢ otn “pnxavikn” eneZnynpanki ikavémra tov ovotiparog. Eva kAacowké napadeiypa
gpappoyric e omodoSpopikric  cuAdoyiotikig anotedel n anddeidn Sewpnpdrwv. AAda Tumka
npoBAnpara, ota onoia xpnotponoigital n cuAdoytotiki avtn gfvat Ta npoBAnpara Stayvwotikig kat

napaxoAovdnong napapérpwv Agitovpyiag.

L& pepikd ovoripara e@appéletal ovyxpévag n opdi Kal n avdotpogn CUAAOYIOTIKA. Zrnv
nepintwon avth n ekkivnon yiverat kai ané ta SeSopéva npog ta eprpdg Kat and 1a anodeKTéa npog
ta niow, éwg 6tov ot Svo autée mopefeg ouvavindoiv. H péBodog auvth ovopalerar apgidpopn
ovAdoyiotikri (bi-directional reasoning. To Baoiké npéBinpa mov avupetenilerar kara v
gpappoyit avtiic tng pedoédov efvat n mBavémra va pn ovvavinBouvv ot duvo nopeieg. Na v

avniperdmon tov npoBAnparog avtov epappéloviar 181kég evpetikég pédodor.

H né8oSoc omodoSpéunong xpnotponoteital oy nepintwon nov 10 cvotnpa @davel oe eva
onpefo, ané to onofo efvalt emdupntd va emoTpéyel o0& NPONYOUHEVEG KATAOTACEIG Yia va CUVEXIOEL
mv épevva tou npoc AAAN karevduvon. Mpdkerrar akpiBadg yia kan avdatoyo pe  pédodo nov
akoNouvdel évac nelonépog nov npoonadel va evronioel pia ouykekpipévn tonodecia péoa ot éva
nukvé Kal dyveoto 8doog. Zexiva and éva yvwoté tov onpeio npog nv ndgov mbavr karevduvon,
onpgidvovtag KaAd otny pvipn tou to Spdpo, éng 6tov Sidgopeg napartnprosig 1 paptvpieg Tov
neioovv 6n Sev akoAovdel to cwotd Spopo. Tédre emorpépel oto YyvwoTd onpeio ekkivnong kat
emAéyel GAAN karevduvon épevvag, ov oUpE@va e opiopéva Kpithpia gival n neptocétepo mdavi
va odnyrioel og emruxég anotédeopa To yeyovog 6n n omoBoSpdunon anoteAei ma ovvndéorara
anaviopevn TEXVIKA tng avBpmmung okéyng, Tnv €xel karaotioet 1daitepa xprRolun Kai ora épnetpa

ovotpara.
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KANONIZMOI QZ EMINEIPA LYZTHMATA

Ot kavoviopol nepiéxouv yevikég odnyieg yia Tnv npocopoiwan tig pedédovg avaAvong xai Toug
£NEyx0Ug CUVOAIKNG avroxnig nov anatrovvrat yia va e€aogatiotel o oxediaopog evog Sopnparog pe
mv afiomora mov emBdder 1o onpepvd eninedo yvaocewv. [lepiAapBavovrar emiong xai
KATAOKEVAOTIKEC MPAKTIKES NMov £XOuv EMKpatioel ato oxediacpd tev dopnpdrev avddoya pe 1o

VAIKO KATAOKEVNG.

H npoonddeia Swaxeipiong twv kavoviopdv HE T HOPPNR NMANPOPOPIAKAV CUCTNHATAV EXEL
Zexivriogr and tn Sexkaeria tov 1960 ong HINA and tov S. Fenves kat dAdoug [3]. Zn karetduvon
avth Baokéc Bewpovvian o epyacieg twv S. Fenves xat Liadis [4] kat Fenves kan Wright [5]. O S.
Fenves pereixe eniong otnv opdda odvraing rou kavoviopov petaddikav €pywv g AISC (LRFD)
w¢ vnevduvog yia Tny Aoyiopitikonoinon tng pong Tav eAdyxwv Tov Kavoviopov. Or Rosenman and
Gero [6] avéntvZav Tov KnipioSopikd kavoviopé mg Avotpaiiag pe tn popen pnelpov cuosTiparog
Baciopévou oe kavoves. Me tny popen épnelpov cvotriparog €xel avantuxSel kal o kavoviapdg

nuponpootaciag tng Néag ZnAavdiag (Buis [7]).

Inpavtikég otnv neploxn avth Sewpodvrar kat o1 gpyaocieg twv Garrett kan Fenves [8] kat [9] kat rov
Harris ka1 Wright [10] Ot Kumar, Georges ka1 Topping xpnotpornotoiv mnpoypappanopd He

avrnkefpgva yia mv napdortaon twv kavoviopav [11}

H yevikn Sopnt v StardZewv anoteiel v npdtn evétnta nov pnopei va enefepyaotei éva épnepo
ovompa H Sopn auth sivar ouviidag SevSpoeidiig. H oeipd twv yevikav eAéyxwev nov da npénel va

akoAoudnBovv npokinrel ané v evétnta avti.

Mia Sebrepn evétnta agopd Toug EAEYXOUG TV OplaKdV Kataotdoewv nou emBAaAel o kavoviopog
avdAoya e To UAIKS Karaokeuig Tov épyou, kaddg kat Tig xaraokevaotikég SardZeig nov Sa npénet

va tpn8otv.

Ze pla tpitn evétnra Sa pnopovoav va SiaraxSovv o1 anatTAcEIg Kal n OE1Pd TV UMOACYICHOV yia
kGOe oprakéd Aeyxo. H evétnra avti efvar n nAgov aAyopiduikni kai £xe1 anoteAéoel 1o avnikeipevo
épevvag and tn Sekaeria Tov 70 pe kipla m ovvSpopn tou S. Fenves kat twv Aoyikav mvakev

gvepyornoinong Twv eEAEyxwv.

O Evpoxadikag No. 8 anoteAsl ovpnAnpoparikd Kavoviopd otoug avrioTolxoug Kavovicioug nov
kaAvntouv ™ SactactoAdynon karaokevav pe Baon cuykekpipévo vAKS. ‘Enopévag dev givat
£@IKTA n aveZdptntn avdivon Tng evétntag avtiig xwpig toug dAdouvg Evpakadikes. ‘Etot n napovoa
gpyacia Sev avriperomilel tov kavoviopd adyopidpikd addd wg nepiypagh twv avrioroixwv

anairAoEwv.
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KANONIZMOI QZ LYETHMATA HYPERTEXT

Ta ovompara Hypertext anoteAoiv Sevdpoeideic Sopég, o1 képBot 1wy onofwv pnopovv va
gvepyornolobv apxela pe kefpeva, eikoveg, video kadag kar dAia mpoypdupara. Ta ovotipara
Hypertext avanticoovtar kat avta og kardAAnAa nepiBaddovra Lrhpepa ra Windows 3.x, pe 6Aa ta
NAEOVEKTIRHATA TOU QVTIKEIHEVOOTPEPOUG Npoypappatiopoy, napgxovv ta epyateia yia tnv avantvén

ovatnpdreov Hypertext pe nig 1di16tnteg tov npoypappdrev "Help” tov epappoyav yia Windows 3.x.

H 8evSpoeidri¢ Sopnt tou kavoviopol avantiooerar pe tn popen cvoriparog Hypertext nov
Suvvapka ouvdéen kelpeva, epaocelg N eikoveg kepaaiwv Tou kavoviopol pe eneZnynpankd keipeva
N £1KOVEG NoV Kat avta prniopouv va givar Hypertext. Me tov tpéno avté avadeikvieral n SianAokn

Tov drardfewv Tov Kavoviopol Kat napéxovial ot anapaitnteg efnyioeig. Ztnv napovoa gpyaocia

Hopent avtii Tov Evpakddika Sev efvar n opioniki aAAd evkoAa 8a pnopovoe kaveig va evowpardogn
¢ addayég.

[TapéAo nov ra ovoripara Hypertext avanricocoviar oe edikd nepiBéAdovra, n Sopn twv
ovotnpdrov avtdv akoAouvdel tnv avalntnon g ninpogopiag énwg avrh yiverar orng Bdoeig
Sedopévav kan napanépa ora épnepa cvomipara ‘Etor n oupnepigopd twv cvotnpdrev avtdv
eppavilel ta {Sia xapakmnplomikd pE Ta EpnElpa CUGTAMATA, av Kal and Sopikng NAgvpdg Sev

ravtiferal pe ™ Sopn TV TUMIKMOY ERNEIPOY CUGTNPATOY HE TNV OTEVA §vvola

[Mpoteivépevn Soph avantving Tov ovotrhparog

INa m BeAtiwon tng xpriong evdg kavoviopol otn napovoa epyacia Sswpsital dn o1 Baokég apxég
£VOG KAVOVIOHOU OUVOAIKIG avroxrig kaddg kal n SianAokn Tav Bacikdv EvoTRTOVY TOU KAVOVIoROU
efval yvwotég kar avapevopeveg. H kupidrepn Svokodia evronmieral oro va emAé€el kaveig pe
BeBaiétnta kat nAnpdtnta g Swardeig nov agopovv tn peAémn empépouvg depdrwv. Erar n
Saxwpionikn ypappn tderal peralv g yevikig kat ei8ikig yvaong tov kavoviopot. Me Bdon
dzdpnon avth kpidnke 6T avrioroixn 8a npéner va efvat kar n Sopr Tov MAnpogoplakol cuoTApATog
yia tnv napovoiaon tov Evpokddika No. 8. EmAéxOnke Aoinév va napovoialeral oto xpriotn n
S1a0UVOEON TV EVOTATAOV TOL Kavoviopol HE T pop@n SEvipov, nov dAdwore ival anAn kat pe ™
ouvexn xpnon npoodidel mv enonteia nov xpeialeral kat Bonda va evrundveral oto xpriotn n Sopn
tov kdika. Le avtidern nepintwon, 1o Sévrpo da napgpeve otn Bdaon yvaong Tov cuoTAPATOG TO
onofo pe gpwrioelg da napovoiale tn Intobpevn xdde @opd S1adpopn, Snplovpydvrag pia

AaBup1vdddn gvrinwon yia tn Standokn Tov k@Sika

To nAéov nepinAoko 8pa tng emAoynig pe BeBaidtnra xar nAnpénTa 1wV Sratdfewv nov agopoiv

™ HEAETN TV 8181koTEpRV Bepdrwv pnopel va avripetwmortei oe Svo enineda. [Mpwra oto eninedo
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g avalAmong twv gvepydv Sardemv nov agopouv To cuykekpipévo dépa kar tv aAAndovyia
TOUG Kal oTn ouvEéxela oto atyopduiké eninedo énov akoAovdovvral ta Bripara Twv anairovpevey

vrioAoyiopdv nov anatrel o kwdikag.

Baoké 8épa yia tnv avdnrtuén tou ovoriparog anotédece kat n emAoyn perad g pop@hg TG
nAnpogopiag Kal tov nepiexdpevoy, Snid. 10 av ot Sardéeic Tov KOSk 8a akoAouvdrcovy v
kadiepopévn Sopn evég Epneipov ovothparog  8a xpnotponoteital n NPoIpopdTEPN Kal APECOTEPN
S1a8<opun @dpua yia v anéSoon tov npoBiriparog. EmAéxdnke n avaSeidn tov nepiexopévou wg

ONHAVTIKOTEPOU.

To oMo obornpa av kar Eexivnoe pe éupaon v avantvfi Tov pe ™ popEN KAVOVWV WE TUMIKO
£UnEPO oVOTNNA, HETATOMOTNKE OTN EKTETapévn xprion hypertext mnou kpidnke én anodider noAvy
KaAlTepa T yEVIKA @don Kat Tnv np@Tn empépoug @don. To aAyopiduikéd pépog Tov kavoviopov os
ovvduaopd pe Toug avrioroiyoug kMSIkeG pnopei odokAnpepéva va avantuxdei xpnotponotdvrac m

yAdooa Prolog.
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[TAPOYZIAZH TOY ZYZTHMATOZ

Apxikég EvioAég

To obornpa éxet avantuydei, 6nwg avagépdnke, og nepiBaAov MS-Windows 3.x kai evepyonotei ta
Sidgpopa empépaovg npoypdppara pe tny KardAAnAn emAoyrh and 1o KUplo menu Mov Napovolalera:
omv Ek. 1 Zvo kipto menu gpgavilovral ot yevikég niAnpogopieg Data, n evotnta Tree kat n
evotnta How to., oxenkd pe 1o nd¢ avadieral kanola ouyKekpipévn Kataokevn, i nadg oxedidlerat
kdrolo péAoc karaokevig and cuykekpipévo VAIKS. Yndpxel eniong n Suvardtnta evepyonoinong
1ov enednynocnv Help. OAeg o1t emoyég avtég pnopovv va evepyonoindovv HE 1O MOVTIKI TOU

vroAoyioTA, i pe To ndrnpa Tov NARKTPOU Nnov vroypappileral

i

: Eurocade 8 Expent
Data Tree Howto.. Help

*
*x*
* EUROCODE No 8
Structures in seismic regions
- - w °
N Part | - General and building
- May 1988 edition

E. 1. Kipro menu rov cvotriparog

g yeEVikéG MANPoQopies o xpoTNg evnuepdveTal yia o 1 ewpeital and 1o ovotnpa wg aAndég
yla TI¢ Napakdrtw evépyeieg avdadoya pe o vAIké kataokevig. ‘Erotl ot Eik. 2 BAénovpe g yevikég
nAnpogopiegc nov agopoiv 1o clotnpa SepeAivong, Tny KavovikdTnTa TOV KTIPIOV, TNV KOWOVIKA
orovdaidtnta tov Sopriparog, Tn celopIKA neploxn kadwg kat To VAIKSG Kataokevng. Ot mipég nov
avaypdgovrtal otn onovdaidtnta kai T osiopkn {dvn givar avtég tov NEAK kar agopoiv tov

EAAaS1k6 xdpo.
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S ; r':: ﬁ

The following facts are assumed to be TRUE

1. The provisions of Eurocode 7 on Foundations
2. The general principles for NonSeismic Regions
3. The relevant National Codes

Select the appropriate values for ....

Foundation System Regularity
@ Footings with connecting beams | | @ Regular building
O Grid on elastic foundation QO Nonregular building
O Mat foundation Eo 8
reglons
QO Deep foundation .
Importance factor Seismic zone Materials d building
O 0.85 Ol 12 O Concrete e
@ 1.00 @1 [0.18) 0O steel .
| O1.as Cm [0.29) [ Masonry -
Q130 Qv [0.35)

Ewk. 2 Tevikég nAnpogopieg yia tn kataokevn

Zng Eix. 3 ka1 4 napovoidZovral o1 yevikég NANPOQOPIES MOV AQopolV KATAOKEVEG arnd oKupoSepa

kat XxdAvBa nov kaAovvral pe Ty evepyonoinon tng EMAOYNG TNG MPATNG £IKOVAG OTOV TMvaka TV

VAIKOV.
Th
The following facts are assumed to be TRUE
1. The
2. The 1. The provisions of Eurocode 1 on General Criteria
3.Ther 2. The provisions of Eurocode 2 on Concrete Structures
2 Select the appropriate type of Concrete Structure
Fo
@ Footin] @ Frames - Frames with Shear walls  [q=3.5)
OGrido O Shear Walls (g=3.0)
O Mat fol O Inverted Pentulum - Silo (q=2.0) -
O Deep
Importanc
O 0.85 o1 (0.12) & Concrete [rhon
@1.00 @1 (0.18) (] steel
QO1.15 Ol (0.24) (J Masonry
O1.30 O v [0.36)
i i
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Eix. 3 F'evikée [MAnpogopiec yia karaokevég anod onAiopévo okupodepa

Il
Th
The following facts are assumed to be TRUE
1. The
2. The 1. The provicions of Eurocode 1 on General Criteria
J.Ther 2. The provisions of Eurocode 3 on Steel Structures
S Select the appropriate type of Steel Structure
Fo,
@ Footin! @® Frames (q=4.0)
O Grid o O Frames with diagonal bracings [concentric) (q=3.0)
O Mat f O Frames with V bracings [concentrid) (g=1.5)
O Deep O Frames with K bracings [concentric) (q=1.0]
Importanc O Frames with bracings [eccentric) (q=4.0)
Ou.
@1.
Q1.5 Qi [0.29 [0 Masonry
Qv [0.35)

T

Th
The following facts are assumed to be TRUE
1. The
2. The 1. The provisions of Eurocode 1 on General Criteria
3. Ther 2. The provisions of Eurocode 6 on Masonry Structures
S Select the appropriate type of Masonry Structure
Fol
@ Footi @ With horizontal tic-beams (q=1.5)
O Grido O With horizontal and verical icbeams  [p=2.0)
O Reinforced Masonry (g=2.5)

s

Ol 012 O Concrete s
@1 (0.16) 0 steel

O [0.29 X Masonry

Qv (0.36)

Eiwx. 5. Tevikég nAnpogopieg yia kataokevég ano toiomnotia
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Te OMec T nmEPIMT@OElC avagépovral Kal ot avtiotoixot Evpwkddikeg nov kaAunmrouvv Ttov
npwrevovta oxediaopd twv empgpoug Karaokevwv. Ot mAnpogopieg autég pnopouvv va

gvepyonotoouv aryopiduikd npoypdupara yia empépoug dépara

Argpedvnon tng Sopng Tov Satdfewv Tov Evpokoddika No. 8.

Me 1o ndmnpa tov nAnktpov Tree (Eik. 6), o clotnpa gvepyonolei 1o EPNeElpo cUCTNHA MOV MAPEXEL
™ SanAokn twv evotntov touv Evpwkddika No. 8. [Tpotiun8nke n ypagikn avarnapdotaon tov
Sévtpov tng Sracvvdeong Twv Stapdpwv evotitav tov Evpakddika pe tnv napakdre cipBaon. Ot
k6pBor tov Sévtpov eivarl Sto £18dv, k6pBol nov napictavrar pe opdoydvia pe padpn oKid Tov
onpaivouvv én pe éva click Tov novtikiov endve toug 1o Sévipo avoiyel Npog ta KATw, EKTég anod Tov
np&To K6pBo nov emotpégel nicw. Ot kduBot xwpig okid anoteAovv PUAAa Touv Sévtpou kat £tot Sev
gvepyonotovvral. H npdtn 0dévn tov Sévtpov napovoidZerat otnv Eik. 7, 6niov Aot o1 képBot €xouvv

oK1d Kal dpa evepyornolovpgvol anokaAvntovy tny napakdre Sopn tov Sévipou.

Data 8 How to.. Help

General Principles
No Collapse
Serviceability
Specific Measures

Materials iod ‘
5 1
> ¢ EUROCODE No 8
Structures in seismic regions
A 8 —
ey Part | - General and building
. ~ Y May 1988 edition

Eik. 6. Evepyornoinon touv 8évrpou yvaong
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v % Eurocode 8 Expert

Requirements of

EUROCODE 8

v

Qeneral Principles
for Nonssismic
Regions

y

Specific Aseismic
M easures

Material

Dependent Rules

No Collapze
Uttimate Limit
State)

Limited Damage
(Serviceability
Limit State)

Ew. 7 H pila tng Sevdpoeidoig Sopnig rov Evpwkwdika No. 8

Te k&de térora eikdva nardvrag 1o narkrpo F1, nov ouvidwg xpnotponoteital yia enednynoeig, éva
kuA1dpevo napddupo avoiyel and to onofo o xpriotng propel va emAg€er pia and g evéTntEg Nov
gpgaviovral otoug kK6pBoug Tng cuykekpipévng 0déung kat va Bpedei oto avricroixo kepdAato Tov
Evpwkddika pe tn popen xempévov Hypertext kai pe ta xapaktnpiotmkd mov avaggpoviat o€
napakdre evétnta. H 08évn nov npokvnrel pe v gvepyornoinon tov nirktpov F1 yia v npam
08évn tou 8évtpou napovoialerar otnv Eik. 7. H avanapdotaon tov 8gvipov twv Siacuvdedepévav

gVOTATOV TOL KOSIKA epgavileral otig napaxkdrm e1koveg 8 €wg 32.
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General Principles
for Nunseismic Regions

v Vi

National Codes )
Andior Other Eurocodes Construction Rules
]
Eurocode 1 Eurocodes 2-6 Euracode 7
General Criteria M aterial Dependert Rules Foundations

Ew. 8. T'evikég Apxég.

No Collapse
(Ultimate Limit
State

Veification of
Resistance
Capactty Detailing Rules
&Ductility Verification of
Overall Stability ]
Structural Foundation aneral
System A R Det atll_ng Rulgs
for Buildings in
Overturning Uplifting Seismic
Siiding Det ailing Rules for

Buildings in Seismic
Regions

Eik. 9. Anoguyn kardpegvong
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Limited Damage
(Serviceability Limit

State)

General M at erial Derendent
Deformation Conditions Deformation Conditions
(Pat 1.2, Cl. 4.2) (Part 1.3)

Eix. 10. Oplakég KaraoTdoelg AEITovpyiKoTnTag

Specific Aseismic
Measures

(SAM)

SAM SAM
for Structural SAM . for Quality SAM
for Foundation for Ground
System Control

Ewx. 11. Eidikd Avriogiopika pérpa
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SAM

v

for Struct

ural

4

! System -
SAM for \|l .
. SAM for Height
Planning & SAM for Limitations
Design SAM for Energy
Structura Dissipation
I M odel
L 1
Form of s \I{
Structural Symmetry in
System Amangement of
Vertica Adequate ineariti Oveall Ductility
o Elements Structural N:‘;’éﬁf"g’s
M odel
Plan Changes in
Strengt WStiffne No -
ss with Height Modificaions of
Elev ation Str. System
During
E. 12. Ei8ikéd pérpa yia ro Sopkéd ovornpa
Specific Aseismic
Measuras (SAM)
for Foundation
Variety of Foundation Depth of Foundation ) )
Foundation Types Plane Bements Soil Properties

Eix. 13. Exdikd pérpa yia tn SepeAioon
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SAM

Y

Importance of structure --= High
Seismic svents --» Strong
Formal quality pian --» Exists

J{ for quatity
Control
Regural Rules
for Quality |
Control
Rules for
Seismic
Regions
Rules from J
other Euroccodes Design
documernts &
drawings
Checking of upperfiower ¥
limits of material properties
during construction Show details

Satisfy Formal

quality plan

of special

Point out elements

importance

Ew. 14. E\dikd pétpa yia 1o nolomikd €Agyxo

SAM
for ground
Usual rues of Rules of special
ground ground
Investigation Rules of investigation
T microzonse
Soil Ground Recently active Possibility of
classification instability faults landslides
Presence of Special rules for
Soll profile Lguefaction Slope instability underground different types
cavities of structures

Ew. 15. Eid1kd pétpa yia to £dagpog
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Matarial
Dependent

Rules

Steel
structures

Concrete
structures

Masonry Composite Timber Mixed
structures structures structures structures

Ewx. 16. Kavéveg eZapradpevor aro 1o vAiko
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Concrete
structures

Materials

Structural
Reguiarity

Behaviour Factors

Fundamental requirements

for concrete structures

Additional requirements
for structural members

Ew. 17. Karaokevég okupodéparog

Matearials

Concrete

Reinforcing Steel

Prestressing Steel

Ewk. 18. YAika
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Fundamental requirements

for concrete strictures

Non Collapss

Low Damageability

|

Local Strength

Umitation of
Deformations

Ek. 19. Baoikég anaitnogig

Non-Coll apse

Local Strength Quality Assurance Plan
Overall Ductility Specific Additional
M easures
|
Capacity Structural Uniform Structural Resist ance
Design Redundancy Configuration Uncertainties
Local Secondary Ductility Appropricte
Ductility Resistance Uncert ainties Analy sis M ethods

Ew. 20. Oprakn kardoraon aoroxiag
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Additional requirements

for structural members

Beams

Columns

Beam- Column

joirts

R.C Walls

M asonry infilled

R.C. Frames

Ew. 21. [Tp6odereg anartioeig yia 1a p€AN Tng KATaoKEVNng

Beamns
Ductility Design action
Classes effects
Design . Specific
Strengths Local Ductility. M easures

Ek. 22. Aokodl

32




Columns

Ductility Design action
Classes effects
Design - Specific
Strengths Local Ductility M easures
Ei. 23. YnootwAopara
Beam - Column
joints
Ductility Design action
Classes effects
Design - Specific
Strengths Local Ductility M easures

Eix. 24. KépBog Sokoi-vnootuAdparog
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R.C Walls

Design Action | Ductility
Effects ClassesH ML
— ) S
, Failure Design Coupling Local Specific
Analysis Modes Strength Beam Ductility measures

Ew. 25. Toixdpara onopévov okupodéparog

Requirements and
Criteria

Masonry infilled
R.C. Frames

o

in-Plan irregularity

Consequencies of
the vertical

Design Seismic

Irregularity

Forces

Analysis

— 1

Local Effects of

Safety of the infill
Walls per se

Low damageability
requirements

Infiil Walls

Eik. 26. Totyonotia ninpwong nAaioiwv anAtopévov okuvpodéparog
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Steel

structures
. Classification of
Mt erials steel structures
Bahaviour Desi iteri
factor esign criteria
Det ailing Rules for specific
rules Specific control structural types
measures
Ew. 27. Kataokevég ané xaavBa
Detailing rules
Connecti Parts in
ions compression
Parts in
tension

Ewx. 28. Kavéveg péppwong Aentopepeimv
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Masonry

structures
. Types of Structural
Mat erials M asonry for buildings
Bahaviour .
factor Constructional Rules
Sdf ety v Control of Design
Verification Limitation of Construction and use
Damage
Ew. 29. Kataokevég ano toixonotia
Composite
Structures
I( Classification
M at erials of composite
structures

Behaviour factors

Design criteria

Det ailing rules

Spetific control
measures

Eix. 30. Zuppik1ég Karaokeveg
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Mixed

Structures
M aterials e Behaviour factors
Classific ation of e
mixed structures € l )lSafaw verifications
Limitation of Control of design,
damage construction and use
Eik. 31. Miktég karaokevég
Timber
Structures
M aterials Behaviour factors
Classificaion of e
timber structures \L Safety verifications
Limitation of Control of design,
damage construction and use

Ew. 32. ZvAwvég kataokevée
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To 8évtpo auté anotedel tn Bdon yvdong tov cuvothparog. Zvvidwg, ota neplocdtepa unelpa
ovoTAHATA MAPEXETAl WG AMOTEAECHA TNG OUVOEONG HEHOVOMEVAV KavOV@Vy MOV £10dyovTal OTo
ovotnpa. Kan téroto opwg npoogéperal otig nepintcdoeic nov n S1anAokn Twv Kavovev givat noAv
ekteTapévn kai S Sianvéeral and pia anAn Aoyikn énwg ovpBaivel oe éva kdSika ‘Etol kpidnke
okomun n €€ apxng npoBoAn g Standoknig Tov Sévipou otig Baoikég Tou StakAadwoeig Kal n
avagopa otig emuépovg Aentopepéotepeg Sardéelg and éva Badog kan kdrw. H 1&iaitepdra tav
KwSikwv og ox€on pe Ta Twmkd éuneipa ovorrhpara da Aéyape 611 £ykettal oty MOAVAAOKSTNTA TV
empépovg Sard€ewv SnA. otn Svokodia va avarpéfer kaveig kal va cvAAéZer tig Siatddeig nov

a@opoLV To CUYKEKPIPEVO Bépa, mou Tov anacyoAei, evd yvwpilel Tn yevikn Sopn tov KOSIKa

How to ...

Me Bdon 1o S£vtpo Tng yvdong nov napovctdotnke pnopobv va 1edoivv Sidpopa epwTRpATA-oTOXOL
nov Ba npénel to ovompa va anavricel Ta gpwmipara avtd Sarvndvovral pe ™ HopeNn TV
gpotnpatev Tldg prnopd va ." (how to ..) avadvow, n va oxedidow kdm ocvykekpipévo. H
gvepyornoinon Tov avricrolxov NANKTPou 6To menu pag odnyel og empgpoug menu énwg otnv Eik. 16
énov evepyonoiwvrag to How to design columns of a concrete structure kdvw g emAoyég nov

gppaviovral pavpiopéveg ora tpia gvepyornotnpéva menus.

== Eurocode 8 Expert
Data Tree BI7A0M Help

Design Concrete Structures Beams
Steel Structures Columns
Masonry Structures Beam-Column Joint

] RC Walls
Masonry infilled

EUROCODE No 8
Structures in seismic regions

. - Design -
Part | - General and building

May 1988 edition

Ewk. 33. EmAoyn otéxouv
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Me tnv emAoyri KAMo10v CUYKEKPINEVOL OTOXOL TO ovoTnpa napéxel Tig avriotoixeg SiardZeig Tov
EvpakdSika pe tn popen hypertext péow tov onoiov kaAovvral kat 6A&g ot anatrovpeveg Siard€eig
Mou anoteAovv Kal Tnv anoSeIKTIKN 086 yia Tnv avdAvon i 1o oxeSiacpd KAnolag KAtacKeLng N
pédove. Or SraréZeic nov epnAékovtal prnopovv va anopovadoiv kat va odnyndolv o €va apyeio,

TO OMOi0 0 XPROTNG UMOPEL va TUNWDOEL yia va o cvpBovAeverat.

Hypertext

Bdon touv éAov cuothpatog anotedel n avantuén tov ovotiparog hypertext pe tig Siardéeig Tov
EvpwkaSika No. 8. ['a 1o okoné avté oAékAnpog o EvpakdSikag xpetdomke va avanapaxdei oe
NAEKTPOVIKA HOPPR, MANKTpoAoydvTag Ta Keipeva tov Kddika kal oxedidloviag NAEKTpovIKA Ta
oxnpara nov napovacialovrar orig SiardZeig Tov. Ln napovoa popen Sev £xovv cvpnepAngdei Ta
Ke{peva Kal oxnpara nov agopovv ota oxOAla Tou Kavoviopol, eneidn avapéverar n TEAKN
Satvnwon tov kadika. ‘Onec avapépdnke ndn, To ovotnpa hypertext anoteAei ev yéver pia Sopn
Sévtpov, o1 képBot Tou onoiov anotedovvral ané dAAa keipeva hypertext. ‘Etol n npoonéiaon oroug
Sidgpopoug kopBouc tou hypertext yivetar pe tpdno avtiotolxo pe v avalAtnon TV
npoinodéoewy Kal CUPNEPACHATOV OTOUG KAVOVEG EVOG EHMEIPOV cuotiparog yia v anddeidn

KArolov otoxov.

To obornpa hypertext avantixdnke xpnowponoldvrag tig Suvardinteg twv povtivawv tov SDK tav
MS-Windows 3.1. H Siadikaasia avdntvng tov cuotiparog avtov givatl eninovn kat anaitel ibaitepeg
NMPOYPAHNATIOTIKES 1KAVOTNTEG, cuvictatalt & otov MPoodloplopd Kat KAatdAANAN NAEKTPOVIKN
karaypa@n tev Stacuvdéoswy empépoug evorritwv. H epyacia avti npayparonomdnke kara gdosig
kat katd evéotnta. H Standokn nov éxet evowparwdei oto napdv ovotnpa kaAvnrer dAeg tig Sraraeig
10V KAOSIKA MANV Twv oxoMev Kal pe Tny apxikn obvrain tov k@dika Zn @don avth Kpidnke
okémpo va pn yivouv napanopnég népav Tov KEPEVOL Tou KOSIKa yia va pnv rnpocAdBer o cbornpa

UMOKEIPEVIKO XapaKTnpa.

To obvornpa hypertext evepyonoteital pe o Help énwg epgavilerat omv Ek. 34. H popen tou
ovotrhiparog hypertext eival avti nov epgaviletrar oy Ew.35. To odotnpa hypertext Siadérer to
816 Tov menu nov nepinapBdaver File, Edit, Bookmark, kat Help nArktpa. Metd ta menus tou File xat
Edit,0 xpriotng pnopei va avoiZel éva apyeio kal va koAARGCE! 1o NEPIEXOPEVO TwV 080VAV MOV TO
Hypertext 8a avoife1 pe ta Siadoxikd click ong vnoypappiopéveg Aé€eig 1 ppdoeig kA£1d14G, Mov
anoteAolv Tig npoemAeypéveg AéZeig 1 ppdoelg, o1 onoieg napanépnovv oe Ala keipeva hypertext.
Me 1o nAnktpo Bookmark o xpriotng pnopeil va tonodetei onpeia eAéyxov wote va pnopel va
avatpéZel og avtd Me avté 1o tpdémno aAdd ka pe v evepyornoinon tou annotate ané to Edit o
Xpotng prnopei va g10dyel ta Sikd Tov oxdAa ota onoia pnopei va avatpéxel. H Asirovpyia avrod
10U ouoTrhparog eAéyxeTal and ta téocepa nAnktpa Contents Search Back kat History. Me 1o npato

MARKTPO EVEPYOMOIOVVTAN TA MEPIEXOHEVA TOL KdSIKA, and drnov o xprotng pnopei va emAé€el 1o
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Eurocode 8 Expert

. About

Exit

AltF4

EUROCODE No 8
Structures in seismic regions

- Design -

Part | - General and building
May 1988 edition

Ew. 34. Evepyonoinon touv Help

Eurocode 8 Expert

M 0 e O elp ;
File Edit Bookmark Help
FE s = u;é i "»l'ﬁ~.,‘

Eurocodes

The Objectives of the Eurocodes

The Commission of the European Communities (CEC) is
issuing European Codes - the Eurocodes - for the design
and construction of buildings and civil engineering '
structures.

These codes are intended to establish a set of common
rules as an alternative to the differing rules in force in the
various Member States and also to serve as a guide for

the development of national rules.

The commission's programme for aligning the
regulations, laws and administrative provision's of the
Member States concerning the safety, serviceability and
durability of the different types of construction and
materials provides initially for 9 Eurocades.

Ew. 35. Apxikn 0dévn tov cuotiparog hypertext
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dépa nov tov evSiagéper To onofo eivat kat avtd hypertext. Me 1o niriktpo Back o xpriotng pnopei

va EmMoTpEyel oto nponyovpevo hypertext, evdd pe 1o nAnktpo history eival o éon va avarpééer

otnv 1otopia tng Sradpopng nov €xel akoAouvdrioel kat va gvepyonoinoet avtiv nov emdupei , xwpig

va akofoudnogr ™ Brpa npog Brpa nopeia emotpogrg xpnolponoidvrag To nARKrpo back
Stadoxikd. Ot Suvardtnteg avtég vndpxouv o€ 6Aa ta cvothpara Help tov MS-Windows xat

g€nyovvrat oto Help tov MS-Windows.Ztnv Eik. 35 H pévn gpdon nov anotedei hypertext givai n

teAevtaia Aé€n Eurocodes. H gvepyonoinon tou nAnktpov Contents epgavilet tnv Eix. 36.

*(not yet available)

SYMBOLS

Eurocode 8 Expert % bat
o acade 8 elp ;f;t ;ﬁ»
File Edit Bookmark Help
T o B ¥ = B 27 i
Furocode 8 - Contents
R Eurocode B is the code that deals with the structures in seismic regions and it consists of
bearall the following parts.
Part 1.1 contains the basic principles applicable to all structures.
Part 12 contains some additional principles and application rules relevant
specifically to buildings.
Part 1 contains specific rules for different maternials and elements again relevant
specifically to buildings.
Part 1.4* contains provisions for the strengthening and repair of existing buildings.
Part 2* contain some additional principles and application rules relevant
Part 3* specifically to other civil engineers' structures, namely bridges, towers,
Part 4* silos and tanks, foundations, retaining structures and gsotechnical
Part 5 aspects.

Ew. 36. Tanepiexdpeva tov kadika

Zug Ew. 37 swg 40 gpgavilovrar dAdeg oddéve¢ nov npogkuyav and v gvepyonoinon twv

EKQPACE®V MOV NEPIYPAPOLY O avtioTolxol Tithol. ZuvoAikd 1o nAndog twv odovav eival nepinov

250.
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Eurocode 8 Expert

File Bookmark Help
R E T

4.2.1.1 Normalised elastic response spectrum

The elastic response spectrum of acceleration Be(T) normalised to the peak ground acceleration 3

and corresponding to a viscous damping ratio of =5 % is defined by the four parameters BoTiTo k
and the following expressions:

i
0<T<Ty - Be(T) =1¢_TT;*(30-1)
Ty CT < Ty By (T) = B
k
DT 6M (2] 8
Ball) .
ko
' 10 -
1 T
where: _

Eik. 37. EAactiké @dopa oxediacpov

=

Eurocod§ 8 : ert

"Elle Edit Bookmark Help

T

5.3.1.1 Muiti-modal response spectrum analysis

In a complete modal analysis the effects of ssismic action shall be evaluated by using the design
spectrum £(T) according to section 4.3.

The responses of all modes of vibration making a significant contribution to the global response shall
be taken into account. The modal responses for each variable relevant to the resistance or the
stability of the structure shall be evaluated.

If the modal responses can be regarded as independent of each other, their combination will be
performed according to the expression:

s=,{fs,2

where S denotes the response quantity under consideration and S\ its value in the i-th mods of
vibration.

For the purpose of application of this combination rule two modal responses may be considered as
independent when the periods of the modes differ by more than 10 %.

If the modes cannot be considered to be independent more accurate procedures for the combination ‘

Ew. 38. ®acpankn avdAvon
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Eurocode 8 Expert

Eurocode 8 - Help

Bookmark Help

E

Appendix "A" Practical expressions of characteristics of confined concrete

Based on the finding (see Addendum) that the average effective confining pressure is given by the
expression:

Oy = 0y
f

(2

eff

1
* ¥ £
Sovay o W,

and that the increase of concrete strength (due to the triaxial effect) is given by the diagram here
below:

0 0.05 (92 =93) :fop

the following characteristics of the modified constitutive law of the confined concrete may be used in

=
T

Eik. 39. Xapakmnpiotikd nepiopuypévov okupodéparog

. 'Eurocode 8 Ex ert‘
Euraocode 8 - Help

| 3.4 Behaviour factors q

The behaviour factor q introduced in clause 4.3 of Part 1.1 of this Eurocode to account for energy
dissipation capacity, takes the values in fig. 3.3.2, provided the regularity requirements laid down in
part 1.2 and the design and detailing rules that are included in clause 3.5 of this part are observed.

|5 1. Frame structures S0 00 high medium
' bl % regularity | regularity
— ~1.10
9y
aq" Qq"
= - c|1‘1 w=d u1‘1
diss. zones diss. Zones = ?:?r?emngezamgs
2. Concentric truss bracings
Diagonal bracings
=4 =3
diss. zones = tension diagonals only
V - bracings
i b - | T

Ew. 40. ZuvteAeotég ovpnepipopdg xaAuBdivng kataokevng
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Eurocode 8 Expert
Eurocode 8 - Help

Type a word. or select one from the Hst.
Then choose Show Topics.

ppean Communities (CEC) is ||
he Eurocodes - for the design
ks and civil engineering

Design action effects for RC beams of DC "L™
Design action effects for RC beams of DC "M"

Design strength evaluation and vesifications for RC beam
Design strength evaluation and verifications for RC beams (#]

p establish a set of common
E differing rules in force in the |
also to serve as a guide for
rules.

Select a topic. then choose Go To.

e for aligning the
istrative provision's of the
the safety, serviceability and |
es of construction and ‘
matenals provides inttially for 9 Eurgcades.

Ewk. 41.. Aarrovpyia avalritnong 8éparog

Zmv Ek. 41 napovoidleral n Aeitovpyia tov mAnktpov Search. Me tnv nAnktpoAdynon otnv
KatdAANAN neploxn g {nrodpevng evétntag, n Aiota otnv kuAdpevn 0dévn auvtépara gvromnilel
aA@aBntika mig avriotoixeg Swardfeic. EmAéyovrag pia ouvykekpipévn Sidrafn 1o ovotnua

gvepyorolel nv avrtioroixn Sidraén hypertext.

Anaitioeig oe hardware ka1 Software

To cbompa yia va tpé€er xperdlerar évav npocwniké vrnoAoyioti PC tovAdyiotov 386 pe pvipn

TovAdxiotov 2ZMb kat to nepiBaAiov MS-Windows 3.x, cuvict@dvral dpwe 4 Mb.

Xpnfion tov gvothparog and opddeg otvraZng kxavoviopdv

ZupnAnpwpartkd pe 1g npotdoeig npog 1o Evpwnaiké kévrpo emonpaiveral 61 1o oiotnpa avtd kat
napopola Tov, propovv va avanrbooovral napdAAnAa pe m Siadikacia civraZng twv kedSikwv. H
opyavwon tng SovAgidg propei va napakoAouvdei tnv opydvwon tng avantving evég kdSika, pe Ty
npoodnkn piag emnAgov @dong oto tédog kade empépoug oradiov. Kard t gdon avth ot opddeg

gpyaciag 8a npénet va napadivovy og nAekTpoviKi pop@n Ta Keipeva Toug o pia opdSa nov éxel Ty
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gvdvvn e avantvéng Tov nAnpogopiakol cuotparog. v opudda avti da npénel va petéxet Kat
ané évag avtinpéownoc Tng kéde opddag epyaciag wg ovvdeopog nov da napéxer e€nynoeig yia v
anédoaon tov épyou g opddag Tou. To €pyo tng opddag NAEKTPOVIKAG TEKPNPIWONG TOU KAVOVICHOU
8a ovvioratal a) omnv avanwin tov cuothparog hypertext kat tov mnpoodiopiopd Twv
aMnAsfaptioswy tev empépoug Satdéewv kat B) otn oivrain twv Siaypappdrev pong yia Toug
eAéyxoug nov npoBAénel o kavoviopde pe 6An v aAdnAovxia tev unoAoyiopov, katd To npdTLNo
touv LRFD. To npoidév tng ouvdeong avtig avd gdon da napadidetar onig opddeg yia oxoAacps,
gpnAovTIoNd 1t avadedpnon. Me avth v avedktiki nopeia kpiverar 611 da SievkoAuvdei noAv o
ouvtoviopdg Twv opddwv kaddg Kat o evtomopdg npoBAnpdrwv ot pon 1wV VNMOAOYIGH®V MOV
emBAAAEl dvag xavoviopdg yia to oxeSiaopd evédg épyov. Oa ocvpBaAAder eniong kat omv
opoyevoroinon Tev Kelpévov kat SrardZenv Tov Kavoviopoy Kat yEVIKGTEpA oTNv artdomnoinon tng

Sadikaociag ovvraZng evog kavovicpov.

IMpétraon Enéxraong rov Epyov

H popgen tov Evpakddika No. 8 nov xpnoponoiidnke wg 8aon avantuéng rov cvotiparog dev givan
n optotikn. Mo o Evpukddikag No. 8 opiotikonoindei, nporeiverat n enékraon tov £pyou 0oTe va

nepiAdBer nig aAdayég kat ta oxoAla oTnV TEAIKN TOUG HOPPN.

Emniéov pnopei va avantuydei pia ékSoon tov npoypdpparog nou cuykekpipevornotel tig Stardéeig
tov EvpwkadSika No. 8 pe npég peyedodv nov agopovv v EANGSa o ovvduaopd pe to Néo
Avuosiopké Kavoviops (NEAK). ' avti ™ nepintwon elvar Suvati kat n kdAvyn tov

AAYopIOHIKOV TUNPATWY TOU KAVOVIGHOU.

T#Mog kpiverat okémpo va npayparonoindei pia yevikétepn npoonddeia yia mv anédoon 6Awv Twv
Evpwkwdikwv tovAdxiotov pe t popen Hypertext kat kat' apxriv oto eninedo tng vonparknig
Sacvvdeong tov Siatdfewv kar otn cuvéxela oto ninedo Twv atyopidpwv. H emAoyn tov gopéa
Kal N opyAvmon Tov vEou avtol EpguvnTikoy £pyov pnopel va anoteAéoel npotaon tov Evpwnaikov

Kévtpou yia 1o endpevo npoypappa
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Eurocodes

The Objectives of the Eurocodes

The Comniission of the European Communities (CEC)
is issuing European Codes - the Eurocodes - for the
design and construction of buildings and  civil
engineering structures.

These codes are intended to establish a set of
I common rules as an alternative to the differing rules
\:m&a;:l in force in the various Member States and also to
e i serve as a guide for the development of national
rules.

\“v. 3583

The commission's programme for aligning the
regulations, laws and administrative provision's of the
Member States concerning the safety, serviceability
and durability of the different types of construction and materials provides initially for 9
Eurocodes.

Eurocodes
Eurocode 1 with common unified rules- for different types of
construction and material
Eurocode 2 for concrete structures
Eurocode 3 for steel structures
Eurocode 4 for composite steel and concrete structures
Eurocode 5 for timber structures
Eurocode 6 for masonry structures
Eurocode 7 for foundations
Eurocode 8 for structures in seismic regions

Eurocode ... for actions on structures



Eurocode 1

Eurocode 1 contains common unified rules for different types of construction and
material

Eurocode 2

Eurocode 2 contains common unified rules for concrete structures

Eurocode 3

Eurocode 3 contains common unified rules for steel structures

Eurocode 4

Eurocode 4 contains common unified rules for composite steel and concrete
structures

Eurocode 5

Eurocode 5 contains common unified rules for timber structures

Eurocode 6

Eurocode 6 contains common unified rules for masonry structures

Eurocode 7 contains common unified rules for foundations

Eurocode ...

Eurocode ... contains common unified rules for actions on structures




Eurocode 8 - Contents

Eurocode 8 is the code that deals with the structures in seismic regions and it
consists of the following parts.

contains the basic principles applicable to all structures.

Part 1.2 contains some additional principles and application rules relevant
specifically to buildings.

Part 1.3 contains specific rules for different materials and elements again
relevant specifically to buildings.

Part 1.4* contains provisions for the strengthening and repair of existing
buildings.

Part 2* contain some additional principles and application rules relevant

Part 3* specifically to other civil engineers' structures, namely bridges,

Part 4* towers, silos and tanks, foundations, retaining structures and

Part 5* geotechnical aspects.

*(not yet available)

SYMBOLS

Part 1.1

Part 1.1 SEISMIC ACTIONS AND GENERAL REQUIREMENTS AND RULES FOR DESIGN

1. Intr ion
2. Reguirements for structures and criteria for ensuring compliance with these requirements
3. Special aseismic considerations regarding the groun
4. Seismic action
5. Structural analysis
6. Combination of seismic action with other actions
Part 1.2

Part 1.2 BUILDINGS IN SEISMIC REGIONS GENERAL RULES FOR DESIGN

1. Introduction

2. Structural regularity
3. Structural analysis
4. Safety verifications

Part 1.3

Part 1.3 BUILDINGS IN SEISMIC REGIONS. SPECIFIC RULES FOR DIFFERENT MATERIALS
AND ELEMENTS.

Introduction

Specific rules for Concrete structures
Specific rules for Steel structures
Specific rules for Composite structures
Specific rules for Timber structures
Specific rules for Masonry structures
Specific rules for Mixed structures
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8. Specific rules for Elements

Part 1.1 - 1, Introduction
1. INTRODUCTION

1.1. Qbject

1.2. Scope

1.3. Assumptions
1.4. Units

1.5. Symbols

1.6. Reference Codes

Part 1.1 - 2. Requirements for structures and criteria for ensuring compliance with these
requirements

2. REQUIREMENTS FOR STRUCTURES AND CRITERIA FOR ENSURING COMPLIANCE WITH
THESE REQUIREMENTS

2.1. Requirements
2.1.1. No collapse requirement
2.1.2. Limiting susceptibility to damage

2.2. Criteria
2.2.1. Criteria concerning reliability against collapse
2.2.2. (Criteria for limitation of damage
2.2.3. Specific Aseismic measures

Part 1.1 - 3, Special aseismic considerations regarding the ground
3. SPECIAL ASEISMIC CONSIDERATIONS REGARDING THE GROUND

3.1. General
3.2. Ground investigations
3.3. Special ground investigations

Part 1.1 - 4, Seismic action
4. SEISMIC ACTION

4.1. Seismic zones
4.2. Definition of the seismic action
4.2.1. Response spectrum representation
4.2.1.1. Normalized elastic response spectrum
4.2.1.2. Site dependent response spectra
4.2.1.3. Absolute ground displacement
4.2.2. Power spectrum representation
4.2.3. Time:history representation
4.2.4. Spatial model of seismic_motion
4.3. Linear analysis design spectra



4.3.1. Design spectra for other damping

Part 1.1 - §. Structural analysis
5. STRUCTURAL ANALYSIS

5.1. Field of application
5.2. Modelling
5.3. Methods of analysis
5.3.1. Response spectrum analysis
5.3.1.1. Multi-modal response spectrum analysis
5.3.1.2. Simplified dynamic analysis
5.3.2. Static analysis
5.3.3. Power spectrum analysis
5.3.4. Time domain dynamic analysis

5.4. (Calculation of individual members (appendages) supported by the main_structural
system

5.5. Calculation of the displacements

Part 1.1 - 6. Combination of seismic action with other actions
6. COMBINATION OF SEISMIC ACTION WITH OTHER ACTIONS

6.1. Components of seismic action
6.1.1. Use of response spectra

6.1.2. f power spectra or of samples of time histories derived thereof
6.1.3. Use of spatial model of seismic motion
6.2. mbination of seismi ion with other action

6.3. Importance categories

Part 1.2 - 1. Introduction
1. INTRODUCTION

1.1. Scope
1.2. Assumptions, units, symbols and difference codes

Part 1.2 - 2. Structural regularity
2. STRUCTURAL REGULARITY
2. Structural regularity

2.1. Geometrical and structural layout in plan
2.2. Vertical configuration

Part 1.2 - 3. Structural analysis
3. STRUCTURAL ANALYSIS
3.1. Modelling



3.2. Methods of analysis
3.3. Use of the simplified dynamic analysis
3.3.1. Distribution of the horizontal seismic forces
3.3.2. Fundamental vibration period
3.3.3. Iorsional effects
3.4. Components of the seismic action to be congidered as acting simultaneously
3.5. lmportance categories, importance factors
3.6. Comgina;ion’fgctors for variable loads

Part 1.2 - 4. Safety verifications

4. SAFETY VERIFICATIONS
4.1, fety against collaps

4.1.1. Resistance capacity of the structural elements
4.1.1.1. Strength
4.1.1.2. Safety against 2nd order effects

4.1.2. Duyctility

4.1.3. Querall stability

4.1.4. Foundations

4.2. Limitation of damage
4.2.1. Seismic joints between structures
4.2.2. Limitation of interstorey drift

Part 1.3 - 1. Introduction
1. INTRODUCTION

1.1. Scope
1.2. Assumptions, units, symbols and reference codes

Part 1.3 - 2. Specific rules for concrete structures

2. SPECIFIC RULES FOR CONCRETE STRUCTURES

2.0. Notations
2.1. General
2.1.1. Field of application

2.1.2. Criteria for the satisfaction of the fundamental requirements
2.1.2.1. Non-collapse
2.1.2.1.1. Local strength
2.1.2.1.2. Qverall ductility {energy dissipation)
2.1.2.1.3. Specific additional measures
2.1.2.1.4. Quality assurance plans

2.1.2.2. Low damageability
2.1.3. Materials

2.1.4. Behaviour factors



2.2,

2.3.

2.4,

2.5.

Beams
2.2.1. Beams of ility class "H"
2.2.1.1. Design action effects
2.2.1.2. Design strength evaluation and verification
2.2.1.3. Local ductility
2.2.1.4. Specific measures
2.2.2. Beums of ductility class "M"
2.2 2.1. Design action effects
2.2.2.2. Design strength evaluation and verification
2.2.2.3. Local ductility
2.2.2.4. Specific measures
2.2.3. Beams of ductility class "L"
2.2.3.1. Design action effects
2.2.3.2. Design strength evaluation and verification
2.2.3.3. Local ductility
2.2.3.4. Specific measures
Columng
2.3.1. Columns of ductility clags "H"
2.3.1.1. Design-action effects
2.3.1.2. Design-strengths-evaluation-and-verification
2.3.1.3. Local ductility
2.3.1.4. Specific measures
2.3.2. Columns of ductility ¢class "M"
2.3.2.1. Design-action effects
2.3.2.2. Design-strengths-evaluation-and-verification
2.3.2.3. Local ductility
2.3.2.4. gpecific measures
2.3.3. Columns of ductility class "L"
2.3.3.1. Design-action effects
2.3.3.2. Design-strengths-evaluation-and-verification
2.3.3.3. Local ductility
2.3.3.4. Specific measures
Additional design measures for masonry infield R.C. structures
2.4.1. Requirements and criteria
2.4.2. |n-plan irregularity due to infills
2.4.3. Conseguences of the vertical irregularity due to infills
2.4.4. Design seismic forces
2.4.5. Analysis
2.4.6. Local effects of infill walls
2.4.7. Safety of the infill walls per se
2.4.8. Low damage ability requirements
Column beam joints
2.5.1. Beam-column joints in DC "H" strutures



2.5.1.1. Design action-effects
2.5.1.2. Design strength evaluation and verification
2.5.1.3. Local ductility
2.5.1.4. Reduced models uncertainty
2.5.2. Beam-column joints in DC "M" structures
2.5.2.1. Design action-effects
2.5.2.2. Design strength evalyation and verification
2.5.2.3. Local ductility
2.5.2.4. Reduced models uncertainty

2.5.3. Beam-column joints in DC "L" structures
2.6. Walls
2.6.1. Design actions effects
2.6.1.1. Analysis
2.6.1.2. Distinction of prevailing failure modes
2.6.2. Walls of DC "H" structures
2.6.2.1. Design strength evaluation and verification
2.6.2.2. Coupling beams
2.6.2.3. Local ductility
2.6.2.4. Specific measures
2.6.3. Walls of DC "M" structures ,
2.6.3.1. Design strength evaluation and verification
2.6.3.2. Coupling beams
2.6.3.3. Local ductility
2.6.3.4. Specific measures
2.6.4. Walls of DC "L" structures

Appendices

A: Practical expressions of characteristics of confined concrete
B: Specific rules for cut-off vertical elements (resting on beams)
C: Specific rules for the estimation of the final design action effects of R.C. walls
D: Dimensioning of R.C. walls for flexural strength and ductility

Part 1.3 - 3. Specific rules for steel structures
3. SPECIFIC RULES FOR STEEL STRUCTURES

3.1. General

3.1.0. Symbols
3.1.1. Scope

3.1.2. Earthquake resistant structures

3.1.3. Strength verifications
3.2. Materials

3.3. Structural types
3.4. Behaviour factors g
3.5. Design criteria and detailing rules for dissipative structures
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3.5.1. Design criteria
3.5.2. Detailing rules for structural elements

3.56.3. Diaphragms and horizontal bracing
3.5.4. Frames

3.5.5. Concentric truss bracings
3.5.6. Eccentric truss bracing

3.5.7. Cantilever structures or inverted pendulum structures
3.5.8. Dual structures

3.5.9. Mixed structures made from steel frames with reinforce U concrete infill
3.6. Specific control measures

Part 1.3 - 4. Specific rules for composite structures

4. SPECIFIC RULES FOR COMPOSITE STRUCTURES
4.1. General
4.1.0. Symbols
4.1.1. Scope
4.1.2. Earthquake resistant structures
4.1.3. Strength verifications

4.2, Materials
4.3. Structural types

4.3.1. Non dissipative earthquake resistant structures
4.3.2. Dissipative earthquake resistant structures

4.4. Behaviour factors g
4.5. Design criteria and detailing rules for dissipative zones

4.5.1. Design criteria
4.5.2. Detailing rules for structural elements

4.6. Particular control measures

Part 1.3 - 5. Specific rules for timber structures
5. SPECIFIC RULES FOR TIMBER STRUCTURES

5.1. General criteria
5.2. Materials

5.3. ructural es

5.4. Behaviour factors and damping ratio
5.5. Safety verifications, limitations detailing
5.6. Limitation of damage

5.7. Control of design, construction and use

Part 1.3 - 6. Specific rules for masonry structures
6. SPECIFIC RULES FOR MASONRY STRUCTURES
6.1. General



6.1.1. Scope
6.1.2. Criteria for ensuring compliance with the general requirements
6.1.3. Partial coefficients for materials
6.2. Materials
6.3. Types of structural masonry for buildings
6.3.1. UN reinforced masonry
6.3.2. Confined masonry
6.3.3. Reinforced masonry
6.3.4. Reinforced masonry systems
6.4. Constructional rules
6.4.1. General rules
6.4.2. Particular rules for "Simple Buildings”
6.5. Behaviour factor, damping ratio and fundamental period
6.6. Safety verification
6.6.1. Definition of seismic resistant elements
6.6.2. Methods of analysis
6.6.3. Safety verification
6.7. Limitation of damage
6.8. Control of design, construction and use

Part 1.3 - 7. Specific rules for mixed structures
7. SPECIFIC RULES FOR MIXED STRUCTURES

7.1. General
7.2. Materials

7.3. Structural types

7.4. Behaviour factors

7.5. Safety verifications, limitation ilin
7.6. Limitation of damage

7.7. Control of design, construction and use

Part 1.3 - 8. Specific rules for elements
8. SPECIFIC RULES FOR ELEMENTS
8.1. General
8.1.1. Scope and definitions
8.1.2. General requirements
8.2. Types of non-structural elements
8.2.1. Architectural components
8.2.2. Mechanical/electrical components
8.3. Safety verifications, limitations, detailing
8.3.1. General
8.3.2. Safety verifications, limitations, detailing for elements/components
8.3.3. Storage elements or storage material
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Limitation of

8.5. Control of design, construction and use
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Symbols

Particular material-independent symbols used in this Eurocode are as follows:

<

tot

» 2 2

Q.

total horizontal dimension of a building, parallel to the direction of the seismic
action considered

seismic action in general, total seismic force

seismic action components
seismic force acting on an appendage supported by the main structure

horizontal seismic forces acting on weights W in static or simplified dynamic
analyses

permanent actions

total horizontal dimension of a building, perpendicular to the direction of the
seismic action considered

prestressing, action due to prestress

total gravity load action on a storey level

variable loads at their characteristic values

design resistance capacity

response quantity in multi-modal response spectrum analyses
design action effect

response quantity in the i-th mode of vibration

fun fundamental vibration period of a linear - elastic

single - degree of freedom system

limit T-values of the constant spectral acceleration branch in the normalized
elastic or design response spectrum

total seismic design shear action acting across the storey-considered
weight of an appendage supported by the main structure

weights of the masses considered in simplified dynamic or static analyses
spectral acceleration

peak ground acceleration

absolute maximum ground displacement Cement for a given soil profile under a
given earthquake

displacement of a point of the structural system determined by linear analysis
based on the design spectrum

width of a seismic structural joint
absolute ground displacement for a given soil profile corresponding to a =g

design inter storey drift (relative horizontal displacement of consecutive storey
diaphragms)

displacement of a point of the structural system induced by the design seismic
action
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si

Zi

YE.
Y2,

actual geometric eccentricity (distance between the stiffness Centre and a
straight line through the mass centre running parallel to the seismic action
considered

additional eccentricity taking into account the dynamic effect of simultaneous
translational and torsional vibrations

accidental eccentricity of masses from their nominal location

acceleration of gravity

storey height

storey number; order of vibrational mode; slope of ground surface
exponent

substitute length in calculating additional eccentricities

total number of lumped masses considered in simplified dynamic analysis
behaviour factor

ratio between torsional and translational stiffness

horizontal deflections of points of the structure where weights W, are assumed
to be concentrated, corresponding to a rational a approximation for the
fundamental mode shape of the structure

abscissa, - distance, in torsional calculations, of the element under
consideration from the floor centre of gravity, measured perpendicularly to the
direction of the seismic action

height of the i-th mass point from the level of seismic excitation in simplified
dynamic analysis

ratio of peak ground acceleration to the acceleration of gravity
o = agg
design spectrum of acceleration

elastic spectrum of acceleration corresponding to a damping ratio 5%)
normalized to the peak ground acceleration

maximum B,(T) value

site dependent value of B,( T)

importance factor

factor for determining horizontal seismic forces in static analysis
viscous damping ratio (damping normalized to the critical value)
correction factor for damping ratios ¢ different from 5 %.
stability coefficient for checking 2nd order effects

combination factors of seismic action components

factor that takes into account the difference in deformations due to the
earthquakes with different probability of occurrence which are considered in the
ultimate and serviceability limit state

correction factor in simplified torsional calculations
ratio between combination factors wg, and y,,
combination factor of O, for determining the inertia forces

combination factor of Q, for verification purposes
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Part 1.1

SEISMIC ACTIONS AND GENERAL REQUIREMENTS AND
RULES FOR DESIGN

1.1 Object

This Eurocode provides the basis for the design and construction of structures in seismic regions
and proposes operational rules for application. Its purpose is to ensure, with adequate reliability,
that in the event of earthquakes

i}  Human lives are protected
ii) Damages are limited
iii) Critical facilities remain operational.

The Principles which specify the requirements and criteria to be fulfilled by the structure to
comply with this Eurocode are included in the right hand pages and denoted in the text by a
vertical line in the margin. In this context Principles comprise both general statements and
definitions for which there is no alternative as well as requirements and models for which no
alternative is permitted unless specifically stated.

The Rules for Application are intended to be an acceptable method of satisfying the principles set
out in the Eurocode but do not preclude the use of other operational rules which can be shown
to satisfy these same principles. They are also included in the right hand pages of the Code.

1.2 Scope
This Eurocode is concerned with buildings and normal civil engineering structures.
This Part contains the basic principles applicable to all these structures.
Part 1.2 contains some additional principles and application rules relevant
specifically to buildings.
Part 1.3 contains specific rules for different materials and elements again
relevant specifically to buildings.
Part 1.4 contains provisions for the strengthening and repair of existing
buildings.

Parts 2, 3, 4 (not yet available) contain some additional principles and

and 5 application rules relevant specifically to other civil engineers’
structures, namely bridges, towers, silos and tanks, foundations,
retaining structures and geotechnical aspects.

Special Structures associated with increased risks for the population such as nuclear power
plants, large dams, structures for the processing or storage of particularly dangerous materials
etc. are outside the scope of this Code.

The level of protection adequate for such facilities shall be established through proper criteria by
the Competent National Authorities, on the basis of the consequences of failure specific to each
facility. For many of such facilities, additional safety requirements, criteria and application rules
will have to be introduced, related to the functioning of the internal subsystems comprised within
the structure.

Not included within the scope of this Code are also structures where special measure's are taken
to isolate them ({fully or partially) from the effects of earthquake motions, albeit the fact that
some of the principles contained in this Code may be applicable in these cases as well.
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1.3 Assumptions

For the use of the present Eurocode, the following basic assumptions, established in Eurocode 1
apply:

i) Projects are designed by appropriately qualified and experienced personnel.

i) Adequate supervision is always provided in factories and on site.

iii) Construction is carried out by personnel having the required skill and experience.
iv) The structure is adequately maintained.

v) The intended use of the structure will not be changed for the worse unless re-
calculation is carried out.

1.4 Units

As in other Eurocodes S.1. Units in accordance with the ISO Standard 4357 "Rules for the use of
international systems of units (S.1.) in buildings" are used.

1.5 Symbols

The symbols used comply with the ISO Standard 3898 "Bases for the Design of Structures-
Notations-General Symbols”.

For the material-dependent symbols as well as for symbols not specifically connected to
earthquakes the provisions of the other Eurocodes apply.

1.6 Reference Codes

For the application of this Eurocode reference shall be made to the other relevant Eurocodes in so
far as this code is not self sufficient but contains only those provisions that, in addition to the
provisions of the relevant Eurocodes, must be observed for structures in seismic regions.

2.1 Requirements

For the planning, design and construction of structures in seismic regions, in addition to the
general principles applicable in non seismic regions, the requirements of Clause 2.1.1 and Clause
2.1.2 shall be met with an appropriate degree of reliability.

Target reliability's shall be established on the basis of the consequences of failure considering
both aspects of safety and serviceability. Consequences of failure, in which monetary and non
monetary losses are included, depend principally on the use of the structures, on their contents
and on the importance of their functions.

Different levels of reliability are thus envisaged. This reliability differentiation is obtained by
amplifying the seismic action effects through a factor y, called "importance factor” (Clause 6.2).

1. No collapse requirement (Ultimate limit state)
2. Limiting susceptibility to damage (Serviceability limit state}

2.1.1 No collapse requirement (Ultimate limit state)

The entire structure shall be planned, designed and constructed such that it can withstand
without local or general collapse the design seismic action defined in chapter 4, thus retaining its
integrity and a residual capacity after this seismic action has ceased.
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2.1.2 Limiting susceptibility to damage (Serviceability limit state)

The structure as a whole, including structural and non-structural elements shall be planned,
designed and constructed such that it is protected against the occurrence of damages and
limitations of use as a consequence of an earthquake having a larger probability of occurrence
than the one to be considered in Clause 2.1.1.

2.2 Criteria

Design criteria comprise the set of operations to be performed in order to satisfy the general
requirements set forth in Clause 2.1.

These operations include checking both the ultimate and the serviceability limit states as well as
specific measures indicated as follows:

i) riteria concerning reliability against collapse

ii) Criteria for limitation of damage
iii) Specific Aseismic measures

2.2.1 Criteria concerning reliability against collapse

An adequate degree of reliability against collapse is ensured if the detailing rules given in parts
1.2, 1.3 and 2-5 are observed and the verifications listed below performed. The action effects to
be used for these verifications shall be calculated in accordance with chapters 4 to 6 including, if
applicable the capacity design procedures set forth in part 1.3 etc.

1) Verification of resistance capacity and ductility

The structural system as a whole as well as any of its components shall be verified as having
adequate strength and ductility to withstand the actions referred above.

In the strength verifications of structural elements the possible influence of 2nd order effects
on the action effects shall be taken into account. It shall be verified that both the foundation
and the foundation soil are able to resist the action effects transmitted by the superstructure
without appreciable residual deformations. In determining the actions transmitted to the soil,
due consideration shall be given to the actual maximum resistance capacity of the structural
element transmitting the action.

The capability of a structural system to resist seismic actions in the post-elastic range is
allowed for by means of the behaviour factor g. This parameter takes into account the energy
dissipation capacity through ductile behaviour.

2) Verification of overall stability

Verification of stability shall be performed for the structure as a whole considering the actions
referred above. Herein are included the verifications of overturning, sliding and uplifting.

2.2.2 Criteria for limitation of damage

An adequate degree of reliability against unacceptable damage is ensured if the deformation
conditions defined in the parts of the Code relevant to the different structures and material types
are satisfied (see part's 1.2, 1.3, 2.5).

The action effects to be used shall be calculated in accordance with chapters 4 to 6 of the
present part.

2.2.3 Specific aseismic measures
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The uncertainties inherent in aseismic design and their consequences shall be minimised by
taking the following measures:

1) Planning and design
a) As far as practicable, structures shall have simple form both in plan and elevation.

In addition a symmetrical arrangement of elements to minimise torsional action should be
sought and abrupt changes in strength with height should be avoided. In order to select forms
and procedures to be used in the cesign, the attribute of levels of structural regularity is
defined for the different types of structures in parts 1.2, 1.3 etc. of this Code.

(b) The analysis shall be based on an adequate structural model, which, when appropriate,
shall take into account the influence of non structural members.

No change, modifying the structural model used or the assumptions made, is allowed during
the constructions’' phase or the subsequent life of the structure, unless proper justification
and verification is provided, including the check that no undesirable over strengths are
introduced.

{c) The structure shall be designed and proportioned to have sufficient overall ductility to
ensure adequate energy dissipation.

2) Height and other limitations

In order to limit the consequences of damage, National Authorities may specify restrictions on
the height or other characteristics of a structure depending on local seismicity, soil conditions,
city planning and environmental planning.

3) Foundations

The use of different foundation types for the same structure shail be avoided, unless shown
to be acceptable through appropriate analysis. The structures should be founded on a
horizontal plane, with the foundation elements having approximately the same depth and on
soils without significantly different properties.

Measures should be taken to cope with relative displacements of individual foundations.
q

~—

Quality plan

National Authorities may, in special cases of seismicity and importance of the structure,-
prescribe formal quality plans, covering both design and construction, that are supplementary
to the control procedures prescribed in the other relevant Eurocodes.

In the absence of such formal quality plan the following apply:

Choice of materials and construction techniques shall be in compliance with the design
hypothesis. The design documents shall indicate details, sizes and quality provisions as well
as special devices and tolerances between structural and non structural elements.

Elements of special structural importance requiring special checking during construction shall
be pointed out on the design drawings. In this case the checking methods to be used shall be
also specified.

During construction the properties of the materials used shall be checked with respect to all
the limits -lower and/or upper as prescribed.

3. Specific aseismic considerations regarding the ground

1. General

2. Ground Investigations
3. Special ground investigations
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3.1 General

In regions which are divided into micro-zones the relevant rules shall apply. Elsewhere ground
investigations as described in Clause 3.2 shall be carried out.

3.2 Ground Investigations

Site investigations shall be carried out in order to:
i) classify the soil in profile types according to Clause 4.2.1.2.

i) identify possible ground instability that includes the possibility of liquefaction and
slope instability.

3.3 Special ground investigations

Special ground investigations may be required for structures of high importance in high
seismicity regions and for urban planning purposes. Guidance on the necessity of such
investigations for the different types of structures are given in parts 1.3, 2 etc. of this Code.

As a minimum, sites shall be inspected by a specialist who shall investigate
i) evidences of recently active faulting

ii) the possible occurrence of large landslides affecting the area where structures are
located and the presence of underground cavities.

Detailed description of the content, the procedures to be followed and the restrictions that may
accompany these investigations shall be determined by the National Authorities.

4.1 Seismic zones

For the purpose of this Code, national territories shall be classified into seismic zones depending
on the degree of local seismic activity.

The zonation of each country is made by the National Authorities and within each zone the peak

ground acceleration in rock or firm soil a‘ to be considered for design purposes is constant and
shall also be defined by such Authorities.

4.2 Definition of the seismic action

For design purposes the seismic motion can be defined by means of various different models,
whose complexity should be appropriate to the problem to be solved.

4.2.1 Response spectrum representation

Within the scope of this Code the surface earthquake motion is modelled by one or more
normalized elastic response spectra for horizontal motion having a form appropriate for the zone
and for rock or firm soil conditions. Normalization is made with respect to the peak ground

acceleration ag pertinent to the corresponding seismic zone and to rock or firm soil conditions.

The horizontal motion is described by two orthogonal components considered independent and
represented by the same response spectrum.

Unless more reliable information is available, the vertical component of the earthquake vibration
can be modelled by the same response spectrum as defined for horizontal motion scaled to 0.70.
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4.2.1.1 Normalised elastic response spectrum

The elastic response spectrum of acceleration B, (T) normalised to the peak ground acceleration
a, and corresponding to a viscous damping ratio of {=5 % is defined by the four parameters

B,.T1. T2,k and the following expressions:
0<T<Ty P (T) = 1+:I_I—*(Bo—1)
1
T <T <Ty 5 B{T) =P,

T k
T>T2_"->|3,m=(—l] *B,

T
Bo(T)
By
10
-
> T
Ty T2
where:
T is the vibration period of a linear single degree of freedom system.
Be(T) . . .
is the spectral value of acceleration normalised to a,
Bo is the maximum value of the normalised spectral value assumed

constant between T1 and T2.

T1, T2 are the limits of the constant spectral acceleration branch in the
response spectrum.

k is an exponent which influences the shape. .of the response
spectrum for a vibration period greater than T2.

The values of these parameters are indicated in Table 1 in glause 4.2.1.2 for soil profile A.

The four parameter definition of the response spectrum does not model adequately the real
vibration characteristics in the long period range (T > 5 sec). In cases where such period range
of the action is important for the response of the structure results from ad hoc studies or
properly motivated conservative assumptions shall be adopted.

4.2.1.2 Site dependent response spectra

The effects of local soil characteristics are accounted by the modification of the shape of the
response spectrum. Three soil profiles are to be considered as follows:

Soil profile A
Al Hard rock or soft rocky formations extended considerably both in
area and in depth, provided that they do not show signs of intense
cracking.
A2 Extended layers of particularly dense coarse-grained granular

materials, with a small percentage of clay/silt contents.

A3 Extended layers of very stiff, strong, over-consolidated clay with
high values of unconfined compressive strength.
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Soil profile B:

B1 Intensely in-situ eroded rock formations or soils that can be
assimilated to them from a mechanical characteristics point of
view,

B2 Coarse-grained granular materials of medium relative density.

B3 Medium stiff clay, slightly over-consolidated.

Soil profile C:

(03] Loose coarse-grained granular materials with low relative density
values.

Cc2 Clay/silt soils of reduced stiffness.

Additions and/or modifications to the above classification may be given by the National
Authorities so as to better conform to the different soil types prevailing in each Country.

The site dependent elastic response spectra of acceleration B, (T) normalised to the peak ground

acceleration a (for rock in the same seismic zone) corresponding to a damping ratio of (=5 % is
defined by the same parameters described in 4.2.1.1 plus the soil parameter S with the following
expression:

Bs(T) =S *Be(T)

The values of the parameters that define the spectra are specified by the National Authorities and
are entered into Table 1.

Table 1
Soil Profile S  Ti(s) T2(s) k o  do (cm)
A 1 0.2 0.4 1 25 60
B 1 0.2 0.6 1 2.5 90
C 0.8 0.3 0.8 1 25 120

For sites with soil conditions not matching the three soil profiles described above, special studies
for the definition of the seismic action are required.

4.2.1.3 Absolute ground displacements

The values of the absolute maximum ground displacement d are calculated using the following
equation:

d=a"d,

where d is the value included in Table 1 for each soil profile.

4.2.2 Power spectrum representation

The seismic motion may be described as a stationary process, defined by a power spectrum
associated with a certain duration.

The power spectrum, may be expressed as the power spectral density function of the
acceleration, shall be consistent with the elastic response spectrum defined in Clause 4.2.1.2.

4.2.3 Time-history representation
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The seismic motion may be described by a set of artificially generated accelerograms. It has to
be consistent with the elastic response spectrum defined in Clause 4.2.1.2 and the associated
with a certain duration.

4.2.4 Spatial model of seismic motion

For structures whose general characteristics including one or more of the following overall
dimensions, distance between contact points with the ground, foundation types, amount of
embedment e.t.c. - do not allow to treat the seismic excitation as a point motion, a complete
model of the seismic wave field shall be adopted.

This model shall include :

the surface motion, as defined in Clause. 4.2.1. The motion is assumed as isotropic in ptan, and
uncorrelated for the various directions. The vertical motion, also uncorrelated with the horizontal
ones, has an intensity generally set (see Clause. 4.2.1) at |70 %/ of the latter.

the direction, velocity of propagation and relative amplitudes of the body and surface waves, all
compatible with the surface motion at a given point as described above.

The parameters of the wave field shall be defined on the basis of justifiable assumptions
regarding the possible mechanisms of wave propagation from the far field to the site.

4.3a Behaviour Factor ¢

The capability of a structural system to resist seismic actions in the nonlinear range is accounted
for by the possibility of designing it for forces smaller than those inherent to a linear elastic
response.

For design purposes and in order to avoid the need for a nonlinear analysis, the concept of
behaviour factor q is introduced. This parameter, which takes into account the energy dissipation
capacity through ductile behaviour, is used to correct the results obtainable from a linear analysis
in order to get an estimate of the nonlinear response. Accordingly, the determination of the
internal forces for strength verifications may be based on the design spectra presented below.

The values of the behaviour factor q are given, for the various materials and structural systems
and according to various ductility levels, in parts 1.3, 2 and following of this Code.

4.3 Linear analysis design spectra

The design spectra to be used in the analysis of structures are defined by the following
expressions:

0<T<Ty>B(T)=a*S ‘(Hl*(—n Po —1)}
T q

* * +*
T <T <Ty—p(T) =25 "o

. eq k
T>T, __»pm=213T (.T;)
q T

where : B(T) 2 0.20 *a

o is the ratio of the peak ground acceleration to the acceleration of
gravity
n is a corrective factor defined in Clause 4.3.1 for structures with

damping different from { =5 %.
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q is the behaviour factor.

The values of parameters S, T1, T2and be may be taken from Table 1 presented in Clause
4.2.1.2 or be otherwise specified by the National Authorities and entered into Table 2.

Table 2

Soil Profile S Ti(s) T2(s) k fo
A
B
C

4.3.1 Design spectra for other damping

Some structural systems may display a viscous damping different from the reference value
adopted in clause 4.2.1.1.

In such cases the values of the design spectral ordinates shall be corrected by the factor:

5
n=.—_, n>070
Vc

where C is the value of the viscous damping ratio expressed in percent.

The values of  if other than 5 % are given, for the various structural materials, in parts 1.3, 2
and following of this Code.

5.1 Field of application.

The methods of analysis given in this chapter apply to all types of structural systems except for
the restrictions explicitly indicated in parts 1.2, 1.3, 2 etc.

Simpler procedures may be used for the analysis of buildings and for other types of structures
according to parts 1.2, 1.3, 2 etc. of this Code.

5.2 Modelling

The determination of the seismic effects on the structure shall be based on an idealised
mathematical model which is adequate for representing the actual behaviour.

In general the model shall also account for a possible non-planar motion of a structure.

The model shall also account for all non-structural elements that can influence the response of
the main resisting system.

If the structure can vibrate in two orthogonal. directions without significant coupling and without
significant coupling between translational and torsional vibrations, it may by analysed by means
of two separate planar models, one for each orthogonal direction.

5.3 Methods of analysis
The seismic effects and other action effects to be considered according to the combination rule

given in Clause 6.2 of part 1.1 may be determined on the basis of a linear model of the
structure as a whole.
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The P-A effect shall be taken into account when necessary as specified in parts 1.2, 2 etc. of
this Code. The stiffness shall also be determined as prescribed in those parts, and the masses in
accordance with Clause 6.2. of part 1.1

The following types of analysis are considered in this Code:

a) Response spectrum analysis
b) Static analysis

c) Power spectrum analysis

d) Time domain dynamic analysis

5.3.1 Response spectrum analysis

The following types of responce spectrum analysis are considered in this Code:

i)  Multi-modal response spectrum analysis
i) Simplified dynamic _analysis

_5.3.1.1 Multi-modal response spectrum analysis

In a complete modal analysis the effects of seismic action shall be evaluated by using the design
spectrum B(T) according to section 4.3.
The responses of all modes of vibration making a significant contribution to the global response

shall be taken into account. The modal responses for each variable relevant to the resistance or
the stability of the structure shall be evaluated.

If the modal responses can be regarded as independent of each other, their combination will be
performed according to the expression:

where S denotes the response quantity under consideration and Si its value in the i-th mode of
vibration.

For the purpose of application of this combination rule two modal responses may be considered
as independent when the periods of the modes differ by more than 10 %.

If the modes cannot be considered to be independent more accurate procedures for the
combination of the modal maxima shall be adopted.

For seismic effects of vectorial type (multi-component internal forces in a given section) the
vector summation of each component over all the modes may be physically inconsistent and
result in a large overestimation of the total effects. In those cases recourse is allowed to
approximate conservative procedures.

5.3.1.2 Simplified dynamic analysis

This type of analysis can be applied to regular and compact structures, for which no essential
contribution from higher modes of vibration to the action effects is expected.

In this analysis, the modal approach is restricted to the approximately evaluated fundamental
mode of vibration or modes if more than one direction is relevant. The period of the first mode
shall be calculated according to the ordinary methods of mechanics considering all elements
contributing to the stiffness of the system. The seismic action effects shall be determined by

applying horizontal forces F; acting parallel to the seismic direction to all masses W,.
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The forces will be determined by assuming the entire mass of the structure as a substitute mass
of the fundamental vibrational mode leading to the relation

N
Wi
=1

Fi=BIT) *s; "W * T

2.8 W,
=1

where

B(T) is the ordinate of the design spectrum according to Clause 4.3 of
part 1.1

W. w. are the weights of the masses taken into account according to
"1 Clause 6.2 of part 1.1

are the corresponding displacements in a rational approximation for

S. "
t the fundamental mode shape of the structure.

5.3.2 Static analysis

For this analysis the effects induced by the seismic action shall be determined by applying to the
structure a system of horizontal. forces which act parallel to the

assumed seismic direction and are applied at the centres of each mass they are given by the
relation

Fi=e, "W
where

is a factor corresponding to the maximum value of the design spectrum according
_a*n*S*B,  Clause 4.3. of part 1.1
0= 10 xlause 4.9
q

W, is the weight of the i-th mass taken into account according to Clause 6.2 of part 1.

§.3.3 Power spectrum analysis

A linear dynamic analysis of the structure shall be performed, either by using modal analysis or
frequency dependent response matrices using as input the acceleration power density spectrum

defined in Clause 4.2.2. of part 1.1

The resulting power density spectra of the response quantities of interest (internal forces and
deformations) shall be used to obtain the design values of these quantities.

The elastic response values are evaluated first, defined as the same fractiles of the distribution of
the response that are used in the definition of the elastic response spectrum (Clause 4.2.1 of
part 1.1)

The design values are finally obtained by dividing the elastic response values above by the

appropriate behaviour factor g.

5.3.4 Time domain dynamic analysis

For a direct dynamic analysis performed by numerical integration of the differential equations of
motion time-histories for the ground motion, artificially generated according to Clause 4.2.3, of
part 1.1should be used, in agreement with the National Authorities.
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The number of required accelerograms shall be such as to give stable statistical representation
(average and variance) of the response quantities of interest.

For non-linear type of analysis the models used for describing materials and elements behaviour
shall be supported by adequate reference to experimental and/or theoretical knowledge.

It shall be demonstrated, that by using the time domain analysis at least the same overall
reliability will be obtained as by the standard design procedure of this Code (Clause 5.3.1 of part
1.1). '

5.4. Calculation of individual members (appendages) supported by the main structural system

For the calculation of individual members or appendages, such as window parapets, gables,
antennas, mechanical appendages, bridge railings etc. detailed guidance is given in parts 1.3, 2
etc. of this Code.

If the main structural system is calculated by using the simplified dynamic analysis (Clause
5.3.1.2 of part 1.1), individual members or appendages shall be designed for those seismic loads
which they would have to sustain if directly connected to the ground, multiplied by the factor

n *Bs(T)
q
where
[ is the damping corrective factor (Clause 4.3.1of part 1.1) of the

main structural system

B.(T) is the ordinate of the normalised elastic response spectrum (Clause
. 4.2.1.2 of part 1.1 for the fundamental vibration period T of the
main structural system

q is the behaviour factor (Clause 4.3 of part 1.1} of the main
structural system.

For the calculation of the main structural system, the influence of the subsystem shall be
modelled by the forces calculated according to formula (5.4)(see above).

5.5 Calculation of the displacements

According to the rules of this Code, the displacements induced by the design seismic action may
be calculated taking account of the inelastic deformation of the structural system by means of
the simplified relation

dl = q * de
where
d is the displacement of a point of the structural system induced by
s the design seismic action
q is the behaviour factor (Clause 4.3of part 1.1)
d is the displacement of a point of the structural system determined
° by linear analyses based on the design spectrum.

6.1 Components of seismic action

1. Use of response spectra
2. Use of power spectra or of samples of time-histories derived thereof
3. Use of spatial model of seismic_ motion
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6.1.1 Use of response spectra

Denoting by E the design seismic action defined by the response spectrum of Clause 4.2.1 of
part 1.1 and by Ex, Ey the same action when applied along two arbitrarily chosen horizontal
orthogonal axes x and y and by Ez the (reduced) action along the vertical axis z, the seismic
input to be considered for the structural analysis shall consist of the following three
combinations:

E.+A*E . +p*E.
X y z
ACE HEtutE
A*E .+A*E . tE .

x y z

with the sign of each component in the expressions above being the most unfavourable for the
purpose at hand.

The values for A and [ will be given by the competent National Authorities.

Simplified forms of the general combination above are possible, depending on structural
configuration and material type, or both. The allowable simplifications are given in the relevant
chapters of this Code. '

6.1.2 Use of power spectra or of samples of time-histories derived thereof

If the seismic action is represented by means of the power spectra, or by the corresponding
time-histories as defined in Clause 4.2.2 and 4.2.3 of part 1.1 the seismic input for the structural
analysis shall consist of three simuitaneously acting independent random processes (or samples
thereof) acting along two arbitrarily chosen horizontal orthogonal axes x and y, and the vertical
axis z, this latter process being proprietary scaled according to Clause 4.2.1. of part 1.1.
Simplified formulations of the input as defined above are possible, depending on structural
configuration and material type, or both. The allowable simplifications are given in the relevant
chapters of this Code.

6.1.3 Use of spatial model of seismic motion

In lack of specific information, based on actual records and/or physical arguments, about the
possible wave patterns travelling across the ground layers, simplified conservative spatial models
of the seismic motion can be adopted.

in any case, the frequency content of the motion shall be in accordance with that of the elastic
spectrum defined in Clause 4.2.1, of part 1.1 while suitable assumptions will be made on wave
velocities, depending on average soil conditions at the site.

6.2 Combination of seismic action with other actions

When checking for the earthquake effects, the following combination with other actions shall be
considered:

1y, *E+G+P+) Wy *Qy
i

where the symbols have the following meaning:

importance factor, defined in Clause 2.1, dependent on the

Y .
' importance category (Clause 6.3).
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E design seismic action as defined in Clause 6.1.1 and Clause 6.1.2
of part 1.1 evaluated by taking into account the presence of all
gravity loads appearing in the combination formula.

For the determination of E, variable loads Q; are multiplied by the factors W2i. These factors take
into account the probability of loads Qik not being present over the entire structure during the
occurrence of the earthquake as well as the probability that during the occurrence of the
earthquake they act at values smaller than their characteristic values.

Values of ‘¥g; applicable for occupancy and environmenal loads on buildings are given in Clause
3.6 of part 1.2.

G permanent loads evaluated at their characteristic values

P prestressing at its final value

Qik variable loads at their characteristic values

¥, combination factors affecting the variable loads, giving the values

of Q; to be considered for design. Values of ‘¥, applicable for
occupancy and environmental loads on buildings are given in

Clause 3.6 of part 1.2.

6.3 Importance categories

Due to the reliability differentiation (Clause 2.1) structures are classified into different importance
categories. '

To each importance category an importance factor v, is assigned.

Detailed guidance on the importance categories and the corresponding importance factors are
given in Clause 3.5 of part 1.2 and in parts 2, 3 etc. of this Code.
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Part 1.2

BUILDINGS IN SEISMIC REGIONS GENERAL RULES FOR
DESIGN

1.1 Scope

This part of the Code is concerned with buildings. It contains some principles and application
rules applicable in addition to those given in part 1.1 and shall be used in conjunction with the
provisions of part 1. 3.

1.2 Assumptions units symbols and reference codes

The provisions given in part 1.1 apply.

2 Structural regularity

For the application of simplified methods of analysis and for the determination of the behaviour
factors g, distinction should be drawn between regular and non regular buildings.

A building can be classified as regular when the conditions expressed in Clause 2.1 and Clause
2.2 are simultaneously satisfied.

2.1 Geometrical and structural layout in plan

The plan configuration is compact, i.e. it does not present divided shapes nor large recesses.
When re-entrant corners or recesses exist their dimension does not exceed 25% of the building
external dimension in the corresponding direction.

The structure of the building is distributed along an orthogonal mesh defining two main
directions with similar stiffness.

The building has an approximately symmetrical plan configuration with respect to those two main
orthogonal directions.

At any storey the distances (measured in the two main directions) between the centre of masses
and the centre of stiffness do not exceed 15 % of the "resilience radius™ defined as the square
root of the ratio of the storey torsional and translational stiffness.

The in-plan stiffness of the floors is high enough, in comparison with that of the vertical
structural elements, so that a rigid behaviour may be assumed. Furthermore, the floors should
not present large holes hindering such assumption especially if they are located in the vicinity of
the main vertical structural elements.

2.2 Vertical configuration

The stiffness and mass properties are approximately uniform along the building height.

In case of gradual setback along its height, the setback at any floor is not greater than 20 % of
the previous plan dimension in the direction of the setback and symmetry about the vertical axis
is preserved.

If a setback greater than 20 %, but not greater than 50 % and preserving symmetry, occurs
within the lower 15 % of the total height of the building above the surrounding ground level {or
above the level of application of the seismic excitation), it may still be classified as regular. In
such case the structure of the base zone in the vertical projection of the upper storeys must be
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able to support at least 75 % of the shear forces that would develop in that zone in a similar
building without the base enlargement.

In case of setbacks occurring only in one facade, the overall setback (sum of setbacks at all
storeys) is not greater than 30 % of the plan dimension in the first storey and at any floor the
individual setback is not greater than 10 % of the previous pian dimension.

3.1 Modelling

In general the structure may be considered to consist of a number of vertical resisting systems
connected by horizontal diaphragms rigid in their plane. For buildings complying with the
regularity requirements set out in chapter 2 the analysis can be made by using two planar
models, one for each main direction.

Buildings not complying with such regularity requirements shall be analysed by means of three-
dimensional models, which, if applicable and justified, may maintain the rigid floor assumption.

3.2 Methods of analysis

1 Regular buildings

Unless otherwise specified by the National Authorities -depending on the local seismicity and the
importance of the building - or prescribed in part 1.3, for regular buildings having a fundamental
period less than or equal to 2*T2 (Clause 4.2.1.2 of part 1.1) the simplified dynamic analysis
(Clause 5.3.1.2 of part 1.1) with the additional specifications in Clause 3.3.1, , Clause 3.3.2,

and Clause 3.3.3 can be used.

For regular buildings having a fundamental period larger than 2*T2 the multi--modal response

spectrum analysis (Clause 5.3.1.1 of part 1.1) or equivalent procedures (Clause 5.3.3, 5.3.4 of
part 1.1) shall. be used together with the additional specifications of Clause 1.3.3.

2 Non regular buildings

Buildings not complying with the regularity requirements set out in chapter 2, and not explicitly
excluded from the scope of this Code, shall be analysed by means of the multi-modal response
spectrum analysis (Clause 5.3.1.1 of part 1.1) or by equivalent procedures (Clause 5.3.3; and

Clause 5.3.4 of part 1.1).

3.3 Use of the simplified dynamic analysis

The following issues must be resolved in order to carry out a simplified dynamic analysis
1) Distribution of the horizontal forces

2) Fundamental vibration period
3) Torsional effects

3.3.1 Distribution of the horizontal forces

The effects induced by the seismic action shall be determined by applying horizontal forces F at
each floor, given by the expression

N
LW
» » ji=1
Fi=B(T) *z *W, *——

Wtz

=1

where:
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W is the weight of the i-th storey including permanent loads and
variable loads multiplied by ‘¥g; (Clause 3.6)

z; is the height of the i-th mass from the level of application of the
seismic excitation.

B(T) is the ordinate of the design spectrum as defined in Clause 4.3 part
1.1 for the fundamental vibration period T according to Clause
3.3.2.

The horizontal loads determined in this way shall be distributed between the vertical elements
according to their stiffness, assuming rigid floors-

3.3.2 Fundamental vibration period

For the purpose of determination the fundamental period to be used in conjunction with the
simplified dynamic analysis approximate expressions based on structural dynamics (e.g. Rayleigh-
formula) may be used

3.3.3 Torsional effects

The torsional effect induced by seismic actions shall be taken into account generally by using in
calculations a three - dimensional structural model, adequate for the consideration of the
coupling between translational and torsional vibrations.

When complete symmetry of stiffness and mass about one axis parallel to the direction of the
seismic excitation exists, torsional effects may be accounted for by means of the following
simplified procedure:

- The effects of the seismic action shall be evaluated by applying t0 a planar model of the
structure the set of forces defined in Clause 3.3.1

- The resulting effects on each element shall then be amplified by a multiplication factor

X
z =1+0.6*—
L
where
X is the distance of the element under consideration from the floor
centre of symmetry, measured perpendicularly to the direction of
the seismic action considered
L is the total horizontal dimension of the buiilding, perpendicular to

the direction of the seismic action considered.

When this procedure is not applicable but the regularity requirements of chapter 2 are satisfied,
the following approximate evaluation of torsional effects, still using a planar structural model for
the determination of seismic forces, may be applied, provided the following conditions are
satisfied:

1) The centres of stiffness of the individual storeys are approximately vertical above each
other.

2) The centres of mass of the individual storeys which may not coincide with the centres of
stiffness are also approximately vertical above each other.

If these conditions are satisfied, at each floor of the building the application point of the
horizontal seismic force is assumed to be displaced from its nominal location in relation to the
mass centre, perpendicularly to the direction of the considered

seismic action, by the most unfavourable of the two eccentricities:
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A ax =€1+€5_0Or_Ae i, = €3

is the additional eccentricity taking account of the dynamic effect

€1 . ) . . .
of simultaneous translational and torsional vibrations

e, is the accidental eccentricity of storey masses from their nominal
location
Denoting by B and L the building dimensions parallel and perpendicular to the considered seismic
action, th: following approximations may be applied to €, and ¢,

e, =0.05"L

ey =0.1*(L +B) '1/10 .GTO <0.1*(L +B)_or_

‘(If -e2-r2 +J(lf +e? —r2)+4 *e? ’rz)

ey =
2%,

2= (L2 +82) /12

Where

e, is the actual geometric eccentricity {distance between the stiffness
centre and a straight line through the mass centre running parallel
to the seismic action considered)

L is the total horizontal dimension of the building, perpendicular to
the direction of the seismic action considered

B is the total horizontal dimension of the building. parallel to the
direction of the seismic action considered

r2 is the ratio between torsional and translational stiffness of the
structure.

e is assigned the lower of the two values.

Forr?>5 ’(l: + ef) the eccentricity e, may be neglected.

" 90 é vﬂ B

S IM }}

o+
*
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3.4 Components of the seismic action to be considered as acting simultaneously

In the case of buildings, the vertical component of the seismic action can be disregarded, except
otherwise explicitly indicated.

independently of other specific prescriptions, the vertical component shall be accounted for in
the following cases, if a is greater than 0.2:

horizontal structural members spanning 20 meters or more
horizontal or inclined cantilever structures

having a significant arching behaviour

columns resting on beams.

For buildings which satisfy the regularity requirements set forth in Clause 2.1 and Clause 2.2 of
part 1.2 the seismic action can be assumed to act separately along two main orthogonal
horizontal axes of the structure.

3.5 Importance categories
Buildings are classified into 4 importance categories as defined by the National Authorities:

To each importance category correspond different values of importance factors y,, given by the
National Authorities according to the following table:
Importance Factor
# | n i v

Y 1.4 1.2 1.0 0.80

3.6 Combination factors for the variable loads

The combination factors W, appearing in the combination formula of Clause 6.2 of part 1.1
shall be obtained from the following table, in which the specific values shall be taken from the
Eurocode on Actions.

The combination factors W introduced in Clause 6.2 of part 1.1 for calculating the inertia forces
are given by the following expression

Yei =0 "y

For multi-storey buildings the values of ¢ shall be obtained from the following table, in which the
speacific values shall be entered by the competent National Authority.

Type of QOccupation of storeys P
variable load
Categories A-C  storeys independently top storey 1.0
occupied
any other 0.5
storey
Caregories A-C some storeys having top storey 1.0

correlated occupancies
storeys having 0.8
correlated
occupancies
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any other 0.5
storey

Categories D-F any storey 1.0
archives

4.1 Safety against collapse (ultimate limit state)

The no-collapse requirement is. considered satisfied if the following conditions are met:

i) Resistance capacity of the structural elements
ii) Ductility

iii) Qverall stability

iv) Foundations

4.1.1 Resistance capacity of the structural element

Checking the resistance capacity of the structural element consist of checking:

1) Strength
2) Safety against 2nd order effects

4.1.1.1 Strength

The following relation must be satisfied for all structural elements

L *Rd - Sd '(‘Y| "EIGIPI\PaIQik)) > 0

Yrd
where:
Rd is the design resistance capacity of the component, calculated
according to the rules specific to the material and according to the

mechanical models which relate to the specific type of structural
system as given in part 1.3 of this Code

is a partial coefficient relating to the type of element and the type

¥ ra of verification performed

Sd is the design action effect, induced by the combination of actions,
2nd order effects included, if necessary (Clause 4.1.1.2 of part
1.2),

4.1.1.2 Safety against 2nd order effects

The design interstorey drift dr shall be evaluated as the difference in the displacements at the top
and bottom of the storey under consideration. (Calculated as per Clause 5.5 of part 1.1).

P-A (2nd order)-effects need not be considered when the stability coefficient E is limited
according to the relation

P,  *d
Q =—2—"¢£010
*h

tot

where:

Ptot is the total gravity load at and above the storey considered
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dr is the design interstorey drift

Vtot is the total seismic design shear action acting across the storey
considered is the storey height.

4.1.2 Ductility

It must be verified that both the structural components and the structure as a whole possess
sufficient ductility in accordance with the relevant provisions of part 1. 3.

4.1.3 Overall stability

The building structure regarded as a rigid body shall be stable under the set of forces given by
the combination rules of Clause 6.2. of part 1.1. Herein are included the verifications of
overturning, sliding and uplifting.

4.1.4 Foundations

The stability of foundations subjected to the action effects of the seismic combination shall be
verified according to Eurocode No 7 and the rules specified in part 5 of this Code.

4.2 Limitation of damage (serviceability limit state)

The requirement for limiting damage is considered satisfied if contiguous buildings are separated
by appropriate seismic joints and interstorey drifts are limited.

For the purpose of the required verifications the deformations of the building shall be determined
according to Clause 5.5. of part 1.1

1. Seismic joints between structures
2. Limitation of interstorey drift

4.2.1 Seismic joints between structures

Unless otherwise specified in part 1.3, the following limitations apply:

1) The minimum distance between two contiguous structures shall not be less than

min d,. =—

—
100 200

where

min dj is the minimum distance (in meters) at the height z in meters)
above the level of application of the seismic excitation.

2) The distance between two contiguous buildings shall not, at any elevation, be less than
the sum of the design deflections at the reference point concerned due to the design
seismic action, divided by the factor v. This factor takes into account the different
deformations due to the earthquakes with different probabilities of occurrence which are
considered in the ultimate and the serviceability limit states. It shall be taken equal to 2.5

3) The above verification can be omitted if a joint having a width not less than max dj is
provided,

where
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5 z2*q
max =—— +
100 200

4.2.2 Limitation of interstorey drift

The design interstorey drifts dr calculated as per Clause 4.1.1.2 of part 1.2 shall be limited,
according to the types of non structural members used.

Unless otherwise specified in part 1.3 the following limits shall be observed:

- buildings having non-structural elements of brittle materials (e.g. tiles) attached to the
structure.

d, <v *0.002 *h

- buildings having non-structural elements fixed in a way as not to interfere with structural
deformations

d, < v *0.006 *h

where
h is specified in Clause 4.1.1.2 of part 1.2
\Y is specified in Clause 4.2.1. of part 1.2
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Part 1.3

BUILDINGS IN SEISMIC REGIONS. SPECIFIC RULES FOR
DIFFERENT MATERIALS AND ELEMENTS

1.1 Scope

Part 1.3 is concerned with specific rules for different. materials and elements used in buildings. It
is applicable in conjunction with the provisions of parts 1.1, 1.2 and 5 of this Code and with the
other Eurocodes.

The following chapters are covered:
2 Specific Rules for Concrete Structures
3  Specific Rules for Steel Structures
4 ecific Rules for Composite Structures
5 Specific Rules for Timber Structures
6 Specific Rules for Mason ructures
7
8

cific Rules for Mixed Structures

Specific Rules for Elements

1.2 Assumptions, units, symbols and reference codes

The provisions given in parts 1.1, 1.2 and 5 of this Code and the other Eurocodes apply. The
provisions of this part serve only as additions or modifications to these rules.
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SPECIFIC RULES FOR CONCRETE STRUCTURES

2.0 Notation

Within this chapter, the following {additional to Eurocode 2) symbols are used:

Ac gross cross-sectional area of concrete

Ao area of the core of a concrete section (sectional area of :oncrete
after spalling of the cover)

Fres residual response of a section or an element to action-effects
(response after a certain number of deformation reversals)

Peff Prestressing force contributing to the confinement of a beam
column joint

vdd shear resistance of a R.C. section due to the dowel action of
reinforcing bars

Vih horizontal acting design force on a beam-column joint V

Viv vertical acting design shear force on a beam-column joint

Va shear resistance of a R.C. wall due to flexural failure

VR shear resistance of a R.C. wall due to shear failure

AMg, additional acting bending moment of a column due to the
frame/infill interaction

AVg, additional acting shear force on a column due to the frame infill
interaction

iy over strength ratio (=VR/VS where VR is the shear resistance of all
¢ vertical elements of a floor infills included, and VS is the acting
design shear force)

o regularity index (equal to the ratio of the minimum over strength
ratio along the height of the building to the mean value of over
strength ratios of all floors)

Bs coefficient reducing the elastic angular distortion of a building to
account for the presence of infill walls
e uniform steel elongation at failure
| 1%}
¢ ratio of the minimum to the maximum acting shear forces in a

section (derived for seismic load combinations)

coefficient of concrete-to-concrete friction

Hy

By curvature ductility factor of a R.C. section

Vg normalised design axial force { NSd: Acfcd)

® g mechanical volumetric ratio of stirrups
Note

A large part of symbols used along this document are defined in the text; thus, they are not
explained in this list too.
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2.1 General

The following issues must be resolved:
1. Field of application

2. Criteria for the satisfaction of the fundamental requirements
3. Materials
4

. Behaviour factors

2.1.1 Field of application

For the design of reinforced concrete structures reference is made to Eurocode 2. The following
provisions complete or partially replace Eurocode 2

The present provisions apply to ordinary reinforced and prestressed concrete buildings, having
structural resisting systems belonging to one of the three types as defined below:

Frame System: A system in which both vertical loads and lateral forces are resisted by space
frames.

Wall System: A system in which both vertical loads and lateral forces are resisted by
vertical structural walls, either single or coupled. A coupled wall is composed
by two or more simple walls, connected in a regular pattern by adequately
reinforced ductile beams {"coupling beams").

Dual System: A system in which support for the vertical loads is essentially provided by a
space frame. Resistance to lateral action is contributed in part by the frame
system in part by structural walls, single or coupled.

2.1.2. Criteria for the satisfaction of the fundamental requirements

The following Clauses develop the criteria set forth in Clause 1.2, of Part 1.1 so that R.C.
structures comply with the corresponding requirements. Whenever needed, these criteria are
supplemented by application rules cross-referenced to other chapters.

1. Non-collapse
2. Low damageability

2.1.2.1. Non-collapse

The fundamental requirement of Clause 2.1.1 Part 1.1 is deemed to be satisfied In the case of
R.C. structures if the following criteria are applied simultaneously:

1) Local strength

2) Overall ductility {(energy dissipation)
3) Specific additional measures

4) Quality assurance plans

2.1.2.1.1. Local strength
a) Under the design earthquake all critical regions should exhibit an action-effects’ resistance

adequately higher than the action-effects produced in these regions by the aforementioned
earthquake.
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b) Whenever more specific data are missing, it is allowed to be considered that under seismic
conditions the design-value of "action-effects resistance” is equal to the design-strength
value under monotonic loading, provided that all other provisions of this Code are met.

c) Second order effects shall also be taken into account.

2.1.2.1.2. Overall ductility (energy dissipation)

An adequate energy dissipation capacity of the structure, without a substantial decrease of its
overall resistance against horizontal and vertical loading, should be secured. To this end, under
the design earthquake. local ductility demands should be distributed to the largest possible areas
of the entire structure, avoiding concentration in only few weak points. In this respect, three
"Ductility Classes™. "DC", are distinguished, leading to different behaviour factor g values; for
each DC. separate application rules will be given for the detailed criteria presented here below :

a) Capacity design criterion

The possible inelastic dissipative mechanisms shall be favourably controlled. The criterion,
besides the local ductility privations, is considered to be followed if the design of some
appropriately selected critical regions is based not only on the action-effects bound by the
analysis. but also on the strength required to satisfy equilibrium when adjacent members have
reached their actual vyield strengths. More specifically, in R.C. frames this criterion is applied
as follows:

1) Plastic hinges should appear first in end cross-sections of beams than in columns.

2) The resistance of beam-column joints should be higher than the resistances of the
end cross-sections of concurring beams and columns.

3) The design of critical regions should take into account the actual strength of the of
the adjacent end cross-sections.

4) The ratio of the tensile strength to the vyield strength of steel bars should also be
appropriately limited; similarly, the actual steel strengths should not be
disproportionately higher than the nominal ones (Clause. 2.1.3.2).

b) Local ductility criterion

The overall ductility of the structure necessitates high plastic rotational capacities of the
critical regions of many structural elements. This criterion is deemed to be observed as
follows:

{i) A sufficient curvature ductility is provided in all critical regions. When more precise date
are missing, this rule is deemed to be satisfied if the conventional curvature ductility factor
("CCDF") of these regions (defined as the ratio of the curvature at the post-failure 85%-
strength level over the curvature at vyield of the tensional reinforcement), is higher than a
specific value given in Clause. 2.3.1.3b. 2.3.2.3b, 2.3.3.3b and 2.6 for each of the
Ductility Classes and structural elements.

For rectangular cross-sections of beams, columns and walls, it is allowed to use the following
simplified expression of "CCDF":

M1/r = -eﬂ "—-——1 _ é'v
sy écu
Ky = Son ‘1— g'y
ely 1- élu
where:
€., concrete strain at post-peak 0.85 fck level in the o — €_ diagram
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tensional steel strain at yield

€,

& uniform tensional steel strain at failure
su

£ normalised neutral axis depth at the post failure 85% strength level
cu when concrete is critical

£ normalised neutral axis depth at tensional steel's vield
sy

£ normalised neutral axis depth when the tensile steel strain is critical
su

(i)  Flexural failure of frame building elements should precede their shear failure.

(i) Local buckling of compressed steel within potential plastic hinge areas should be
appropriately prevented.

(iv) Appropriate concrete and steel qualities shall be adopted in order to enhance the local
ductility.

c) Structural redundancy
Higher degree of redundancy accompanied by a redistribution capacity should be sought.
d) Secondary resistances

Non-structural elements, not considered in the structural modelling, may also contribute to
energy dissipation, provided that they are uniformly distributed throughout the structure, and
appropriate measures were taken against possible local adverse effects due to the intersection
between structural and non-structural organism.

2.1.2.1.3. Specific additional measures

In order to observe the non-collapse requirement within acceptable limits of reliability,
appropriate measures should be taken to cover the uncertainties of the models used for
analysis and behaviour determination, (Clause. 2.2.3 of Part 1.1).

a) Structural configuration

The overall configuration of the structure (i.e. in space distribution of masses, stiffnesses and
strengths) shall be kept as uniform as possible.

In this respect, the following two "Regularity Classes" of R.C. buildings are distinguished for
practical purposes, in addition to the provisions of pars 2.1. of Part 1.2.

On the basis of the characteristics of Tables I, Il and Ill, a R.C. building may be categorised in
Regularity Class Rh if its characteristics do not exceed more than two of the limits set forth
by these tables for class Rh. A R.C. building may be cate-gorized in Regularity Class Rm if its
characteristics do not exceed more than two of the limits set forth by these tables for class
Rm.

R.C. buildings beyond these two regularity classes are not covered by this part of the Code.

[The Regularity Classes issue is still under discussion]

Notation
n number of storeys
T fundamental vibrational period of the building
5 max. deflection of the floor system {(diaphragm)
fs.max
5 mean displacement of the R.C. skeleton at the floor system's level
™, mean
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8, -5, inter storey drift

o regularity index
r
A plan area of the floor system (diaphragm)
fs
A area of the opening
op
e total eccentricity between mass and shear centres in direction (i)
tot,i
e geometrical eccentricity
s
additional eccentricity (*)
endrl
accidental eccentricity (*)
elCC
*) for dynamic effects
b) Analysis

Appropriate methods of analysis (Clause. 3.2 of Part 1.2) and g-factors {Clause 2.1.4) should
be selected in accordance with the degree of regularity of the structure.

c) Resistance uncertainties

(i) Certain minimum dimensions of R.C. structural elements should be respected, so that
tolerated geometrical deviations (dimensions and placement of reinforcements) produce
acceptable degree of uncertainties in predicting the structural behaviour of the element.

(ii) Due to the additional uncertainties related to the position of contra flexure point in R.C.
beams under the design earthquake, a substantial percentage of the upper fibber
reinforcements of beams at their end cross-sections should continue along the entire length
of the beam.

{iii) In order to minimise the risk of lateral instability of R.C. elements. a limitation of minimum
to maximum dimensions of linear elements should be observed.

(iv) Due to the disproportionately high uncertainties in calculating P — A effects under seismic
effects, the horizontal deformability of R.C. columns should be appropriately limited.

(v} Possible non predicted moments' reversals should be balanced by minimum reinforcement
provided at the relevant face of beams.

d) Ductility uncertainties

An appropriate minimum local ductility is needed in every part of R.C. structures subjected to
seismic actions (independently of the q-values adopted in design), in order to counterbalance
a part of models' uncertainty thanks to a higher redistribution capacity.

A minimum value of tensional reinforcement is needed in order to avoid brittle failures at the
moment of cracking.

When the normalised axial force increases, local ductility is decreasing while its prediction
becomes more and more uncertain; therefore, an appropriate limitation o! normalised axial
force values is needed.

2.1.2.1.4. Quality assurance plans

In order to fulfil the non-collapse requirement, an appropriate quality assurance plan should be
set-forth and followed, regarding the design documents, the materials and workmanship, as
well as the use and maintenance of the structure, as foreseen in Clause. 2.2.3. of Part 1.1.
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2.1.2.2. Low damageability

The fundamental requirement of Clause 2.1.2 of Part 1.1is deemed to be satisfied in R.C.

s

1

tructures if the following criteria are used simultaneously.

Local strength
Verificatio1s are required as in Clause.2.1.2.1.1.0f Part 1.3

2. Limitation of deformations

a) In order to avoid the impact between adjacent R.C. structures (or parts of the structure)
during the design earthquake, a seismic joint of adequate width should be provided.

This width may be calculated as in Clause. 4.2.1. Part 1.2,

b) Angular distortions of infill walls or claddings, as induced by the deformations of the
structure under the design earthquake, should be kept lower than their critical distortion
which corresponds to their maximum sheer capacity.

In R.C. buildings the inter storey drift used in the calculation of these angular distortions may
be found in Clause, 2.4.0f part 1.3.

2.1.3, Materials
1.

Concrete

The use of concrete class lower than C16 for DC "L" or C20 for DC "M" and DC "H" is not
allowed.

2. Steel for R. C.

Steel reinforcements should fulfil the additional rules of Table IV.

3. Prestressed steel

No limitations of mechanical characteristics of prestressed steel are needed for beams not
rigidly connected to a R.C. framework.

2.1.4. Behaviour factors

The parameter q introduced in Clause. 4.3 of Part 1.1, to account for energy dissipation
capacity and post-elastic resistance of the structure, takes the following maximum values,

)

rovided that R.C. structures are strictly observing the design criteria and rules included in this

Part 3.2 of the Code.

(a) For T< T1 refer to Eq. 4.6. part 1.1

{b)  When both coupled and uncoupled wells are included in the structural system, the
selection of g-factor is made on the basis of the more resistant type of walls

(c) Higher values of q-factors, equal to those valid for coupled wall systems may be applied
under the condition (Clause. 2.6.1.2 of part 1.3) that:

{d) Core structures are defined as those in which more than 65% of the total seismic force
is resisted by R.C. core(s)

{e) R.C. structures are considered as behaving like inverted penduli when
1. the 50% of their mass is located in the upper 1/3 of the height of the building, end
2. the dissipation of energy takes place mainly in one isolated region.

{(fl These values may be increased provided that the designer proves that a corresponding
higher energy dissipation is ensured in the critical region,
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2.2.0 Additional requirements

Beams
Columns

Mas infilled RC Frames

Beam-Column joints
Walls

O b6

2.2 Beams

This chapter includes the aseismic design rules of R.C. beams depending on their ductility class:

1. Beams of ductility class "H"
2. Beams of ductility class "M"
3. Beams of ductility class "L"

2.2.1. Beams of ductility class "H"

For the design of beams of ductility class "H" the following issues need to be resolved:

1) Design action effects

2) Design strength evaluation and verification
3) Logal ductility

4) Specific measures

2.2.1.1. Design action-effects

a) The acting bending moments shall be obtained from the analysis of the structure for the
seismic load combinations (Part 1.1, Clause. 6.2); redistribution according to
EC2Eurocode2_pop_topic is permitted.

b) The acting shear forces shall be determined in accordance with the capacity design
criterion (Clause. 2.1.2.1.2): The equilibrium of the beam will be considered under the
appropriate transverse load and a rationally adverse combination of the actual resistance
moments of the end cross-sections.

These moments should account for the actual value of tensional steel cross-sections. as well
as for the probability of steel stresses higher than their design values.

In order to take into account this over strength, an appropriate Y p,- factor should be used to

increase the values of also end resistance moments, considering however the lower
probability that all end cross-sections exhibit simultaneously the same over strength.

This ¥ gy-factor should counterbalance the partial safety factor of steel (y,- 1.15) and cover
the probability of considerable hardening effects. In the absence of more precise data, it can

be taken Y, = 1.25

At each end cross-section, two values of acting shear force shall be calculated:
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the maximum V,, . and the minimum V,, . corresponding to positive and negative resisting

moments at hinges.

.min

2.2.1.2. Design strength evaluation and verifications

1. The flexural strengths are evaluated as foreseen in, EC2.
The flexural strength verification is carried-out as follows:

a) Observe the inequality
M, >M,(E,G,P,> ¥5,Qy)

b} The up-side reinforcements of the end cross-sections of T- or L- shaped beams shall be
mainly placed within the beam's width; some of these reinforcements may be placed
within parts of' slab, shorter than the flange width (which is drastically reduced because of
local plasticity effects).

This slab width may be chosen as indicated here below

Column

?

For exterior columns

Within the column width, in absence of transversal beam,

Within a length twice as long as the slab thickness on each side of beam, if there is a
transversal beam of similar dimensions.

For Interior columns, these slab lengths may be respectively in-creased by 2df

c) All reinforcements of the end cross-sections shail be appropriately anchored in order to
resist bond degradations due to cyclic effects.

To this purpose, if more precise data are missing, the following deemed to satisfy rules should
be observed:

(i) The favourable effect of column's compressive force for the bond of the horizontal
bars crossing the joint is optimised if the width of the beam is not larger than the
column's width increased on each side by half of the height of the beam.

However, bw £ 2*b,

(i) In an event, 75% op the reinforcements of each side should be anchored inside the

column or beyond the joint at a distance not smaller than 1, =1.5*h

{iii) The diameter of bars anchored beyond the joint should not be larger than (1/25)bc.

d) Extension of bars is allowed only outside the beam-column joints and outside the regions
where plastic hinges may appear (Clause 2.2.1.3,0f part 1.3) and under conditions insuring
adequate bond resistance under cyclic actions.

To this effect, the following deemed to satisfy rules apply:
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Along the necessary overlapping lengths (see EC2), hoops will be provided spaced at
s = min{h,, /4,100mm}

Welded or sleeve-type joints should be staggered every 600 mm.

e) Efficient transfer of cyclic moments from beam to column shall be secured by reducing the
eccentricity of beam relative to the columns into which it frames.

A deemed to satisfy rule is to limit the distance between the geometrical centrelines of the
two members to less than bc /4

2. The shear strengths evaluation and verification are carried out as foreseen in EC2, with
however the following modifications:

a) The term Vcc shall not be taken into account within the critical regions of potential plastic
hinge formation (Clause. 2.2.1.3 of part 1.3).

b) The value Vy,, in critical regions should not exceed 0,2 fcd.

Regarding the arrangement of shear reinforcements, two cases should be distinguished,
depending on the algebraic ratio between the minimum end maximum design shear forces:

Q = Vmin /Vsmax
if -0.5 > @& > -1.0, i.e. if an almost full reversal of shear forces is expected, then:
(1) In case of a considerable probability of bidiagonal cracking caused by the negative

Viwn: half of V,_ . shall be retained by stirrups and half by bidiagonal

reinforcements, while

(i) In case of high probability of bidiagonal cracking caused by the negative, V, . all

V"w shall be retained by bidiagonal reinforcements.

{*) In such a case, the verification is carried out by means of the Inequality

2.2.1.3. Local ductility

The criterion of Clause 2.1.2.1.2 is applied as follows

1. It shall be considered that a potential region for plastic hinge formation is a length twice as
large as the beams depth next to the end cross-section {as well as a length twice the beam's
depth on both sides of any other cross-section amenable to vield under the design earthquake
conditions). Within these critical regions, if more precise data are missing, the required local
ductility (Clause. 2.1.2.1.2) is satisfied if:

a) Hoops, of not less than 6 mm diameter, are provided with a spacing:
s, = min{h,, /4,24 *d,,150mm}
in order to secure an adequate confinement
s, <6 *q,
so that local buckling of longitudinal bare is avoided.
The first hoop shall be placed at 50 mm from the end cross-section of the beam.

b) Additional reinforcements, not taken into account for the compliance to Equ. 2.2. are
placed to the compressive zone, equal to half the amount of tensional reinforcement of
these critical regions.

2. Besides, the necessary ductility conditions along the entire beam are deemed to be satisfied if:
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a) The ratio of the tensional reinforcement is not

less than (Clause. 2.1.2.1.3)

— 1 4fctm
Pmin = 2 ka
or greater than
1.f1
Pmax = g *ck
vk

b) There are at least two 14 mm in diameter bars at the top and two at the bottom side of
the beam, running along its entire length.

2.2.1.4. Specific measures

The criterion of Clause 2.1.2.1.3, may be applied as follows;
{i) Minimum width of beams 200 mm

{ii) One fourth of the maximum top-side reinforcement should run along the entire beam's
length.

{iii) Width to height ratio (cross-sectional dimensions) not lower than 0,25.

{iv) A certain minimum amount of reinforcement is needed in the lower side o P the end cross-
sections to provide a reasonable flexural resistance against reversed action, even if no
reversal is foreseen by the method of analysts used.

2.2.2. Beams of ductility class "M"

For the design of beams of ductility class "M" the following issues need to be resolved:

1) Design action effects

2) Design strength evaluation and verification
3) Local ductility

4) Specific measures

2.2.2.1. Design action-effects

The acting bending moments and shear forces shall be obtained from the analysis of the
structure for the seismic load combinations (Part 1.1, Clause 6.2): redistribution according to
EC2 is permitted.

2.2.2.2. Design strengths

1. The flexural strengths are evaluated as foreseen in EC2.

The flexural strength verification is carried-out as in Clause 2.2.1.2, with however, the following
modifications:

Clause {(2.2.1.2)1clii). lo = 100 mm
Clause (2.2.1.2)1cliii): diameter < bc: 20

2 The shear strengths evaluation and verification is carried out as in Clause { 2.2.1.2) 2 for DC
|'Hll.
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2.2.2.3. Local ductility

The criterion of Clause 2,1,2.1.2 is applied as in Clause 2.2.1.3. with however the following
modifications:
a) sy, = min{h,, /4,24 *d,,200mm}
b) s, <8*dg,
1.f
C) Prax == "
max 3 fyk

2.2.2.4. Specific measures

The criterion of Clause 2.1.2.1.3 is applied as in Clause. 2.2.1.4.

2.2.3. Beams of ductility class "L"

For the design of beams of ductility class "L" the following issues need to be resolved:

1) Design action effects
2) Design strength evaluation and verification

3) Local ductili

4) ific measure

2.2.3.1. Design action-effects

The acting bending moments and shear force shall be obtained from the analysis of the structure
for the seismic load combinations (Part 1.1, Clause. 6.2); redistribution according to EC2 is
permitted

2.2.3.2. Design strength evaluation and verification:

1 The flexural strengths are evaluated as foreseen in EC2.

The flexural strength verification is carried-out as in Clause 2.1.21, with, however, the following
modification:

Clause (2.1.2)1clii) does not apply
Clause (2.1.2)1c(iii): diameter < bc¢ :15

2. The shear strengths evaluation and verification is carried out as in EC2.

2.2.3.3. Local ductility

The criterion of Clause (2.1.2.1)2b is deemed to be satisfied if the minimal conditions of EC2
concerning transversal reinforcement are covered and the following specific measures are

respected.

2.2.3.4. Specific measures

The criterion of Clause 2.1.2.1.3 may be applied as follows:
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a) Additional reinforcements, not taken into account for the compliance to Equ. 2.2, are placed in
the compressive zone, equal to half the amount of tensional reinforcement of these critical
regions.

b) The ratio of the tensional reinforcement is not

1 f
less than (gee Clause 2.1.2.1.3¢) p,,, = - * ==

2 1,
or greater than ,  _ T.fy < 0.04

2.3. Columns

This chapter includes the aseismic design rules of R.C. columns or linear elements not meeting
the definition of beams.

In § 2.4. special design rules are presented, related to R.C. columns belonging to infill frames.

1) Columns of ductility class "H"

2) Columns of ductility class "M"

3) Columns of ductility class "L"

2.3.1 Columns of ductility class "H"

For the design of columns of ductility class "H" the following issues need to be resolved:

1) Design-action effects
2) Design-strengths-evaluation-and-verification
3) Local ductility

4) ecific measures

2.3.1.1 Design-action effects

1. The acting bending moments and axial forces shall first be determined from the analysis of the
structure for the seismic load combinations. Second order effects should also be considered (Part

1.2, Clause 4.1.3).

a) However, in application of the capacity design criterion of Clause 2.1.2.1.2, in order to
decrease the probability of plastic hinge formation in columns, the flexural action effects
under seismic conditions shall be determined from the equilibrium of the column subjected
to the most adverse combination of resisting moments of all adjacent beam end cross-
sections.

b) Nevertheless, a relief of this rule is possible wherever the probability of full reversal of
beam-end moments is relatively low.

c) The following or an equivalent practical rule has to be observed in applying the rule of
Clause 2.3.1.1:

Taking into account the actual resistant moments of the end corrections of the beams framing
into the joint, the equilibrium of this joint is considered. To this purpose, the following "sum of
moments ratio” is found.
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Vio (Mecrl Mgz
[Msca] + Msca

acp = max
VRD(IM‘:\dI ‘*{Mnd2')
[Msg| + M

In this expression, M are the moments acting on columns as determined by the analysis, MRb
are the actual resisting moments of the beam-ends taking into account the actual tensile steel
area used (under the design stress fyd). The VRd factor, equal to 1,35 for DC "H" structures,
retracts the stress-reduction Vs = 1,15, and accounts for the variability of fyk and for a probable
degree of strain hardening. At ground level, the same values of "aCD " will apply at the lower
part of columns (close to the foundations as at the upper part of these columns.

Sc2

d) In applying the rule of Clause 2.3.1.1, the following method may be used :

| Sb1 MSbZI |Msm'MSb2[
B A X or ——
M| + ] |+ M

{in correspondence with the seismic direction valid for aCD) is used in order to estimate the
magnification to be imposed on the bending moments MSc acting on the columns (as found by
the analysis carried-out under the seismic load combination),

The moments reversal factor & =

Thus, the capacity design criterion, is finally applied as follows:
Mg )ep = |1 +(Aep — I)SI'MScl
(Ms)ep = |1 +(acp - 1)6|'M502

where 1+ (o, = 1)3 >g.
An exemption from this criterion is permitted in the following cases:

In plane frames having four or more columns of the same structural importance, plastic
hinging is allowed in one column for every three others remaining free from hinging.

In single and two-storey buildings, as well as in the top storey of multi-storey buildings
columns hinge mechanisms are permitted.

The changing values of axial forces acting on a column when the seismic direction is
alternating, shall be appropriately taken into account.

2. The acting shear forces shall be determined in accordance with the capacity design criterion
Clause 2.1.2.1.2, considering the equilibrium of the column under the actual resisting moments
of its end cross-sections.

Mg, | + M|
1

<

(Vsdep. = Vi

where M denotes the actual resisting moments of the column-ends taking into account the actual
tensile steel cross-sections {under the design stress fyd). The yRd, equal to 1,35 for DC "H"
structures, retracts the stress-reduction ys=1,15, and accounts for the fyk variability and for a
probable degree of strain hardening.

2.3.1.2 Design-strengths-evaluation-and-verification
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1. The flexural strengths are evaluated as foreseen in EC2 under the minimum value of acting
axial force under seismic conditions.

The flexural strength verification is carried-out as follows:

Observe the inequality
Mg 2 (Mg)cp,

where (MS)C.D. denotes the acting moment found on the basis of

the capacity design criterion as described in Clause 2.3.1.1. In the verification, account should
be taken of the bidimensional character of the seismic actions.

2. The shear strengths VR are evaluated as in EC2. The critical regions of potential plastic hinge
formation are described in Clause. 2.3.1.3

Verification is carried-out by observing the inequality

Ve 2 (Vse)eo.,

Regarding the arrangement of shear reinforcements, two cases should be distinguished, depend
on the algebraic ratio between

the minimum and the maximum design shear forces

— VSmin
C_V

S max
If 0.5>C >-1.0, i.e. if an almost full reversal of shear
forces is expected, then:

(i) In case of a considerable probability of bidiagonal cracking caused by the negative V Smin,
haif of V Sax shall be retained , by stirrups and half by bidiagonal reinforcements, while

(i) In case of a high probability of bidiagonal cracking caused by the negative Vsmin, all
Vsmax shall be retained by bidiagonal reinforcements.

In such a case, the verification is carried-out by means

Vi2 D A, *f,*2

2.3.1.3 Local ductility

The criterion of Clause 2.1.2.1.2 is applied as follows:

a) The length of the potential plastic hinges should be determined taking also into account
the uncertainties related to this determination.

In the absence of more precise data, this length can be chosen as follows:
1, = min{h_,1, /5,600mm}

b) A minimum CCDF value of p1/r = 15 should be secured, whereas the reduction of cross-
section strength versus axial action effects because of the concrete "shell” loss under large
compressive strains, should be counterbalanced by means of adequate confinement.

To these ends, as a deemed to satisfy rule the following inequality may be used:
A,
A

o

®,, = max{A *(0.15*

+ v, - 0.25),0.20}

where
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wwd = the mechanical volumetric ratio of confining hoops.
Ac = gross concrete area
Ao = core concrete area
vd = Ns*(Ac*fcd) normalised axial force
A = 0,90 for circular hoops.
A =1.30 for "double hoop" rectangular pattern
A =1.10 for. triple hoop" rectangular pattern
c) The following minimal conditions should be respected:

(i) Hoops, of not less than 6 mm diameter, should be provided with a spacing bo/4 in order
to secure a minimum ductility,

Sh = min {bo/4,100 mm} independently of the specific design parameters

Sh < 6dL and dbh > 0.40*dbL*{fydL/fydh) 0.5 ,so that local buckling of longitudinal bars is
avoided

(i) Hoops' patterns should be selected in such a way that the largest part of the cross-section
of the column would benefit of the triaxial effect produced by hoops and cross-ties.-

Since transversal forces are acting to concrete only at points where hoops are forming an
angle (practically not larger that 135 ), or where appropriate cross-ties are anchored on
longitudinal bar these "restraining™ points should not be provided at distances larger than 200
mm.

Besides this restraining contributes to the avoidance of local buckling of longitudinal bars

For DC "H" structures the following confinement pattern should not be used in columns.

(iii) Acting axial forces should be limited by the rule

v, =N /A, /£, <035 (2.14)

since for higher values the implementation of the required CCDF becomes unpractical.
d) At least one intermediate bar (between corner bars) should be provided at each column side.

e) The total longitudinal reinforcements' ratio should not be less than 0,01 (in order to secure
appropriate substitution of cracked concrete under unexpected tensional effects.), and not higher
than 0.04 (in order to enhance rotational capacity at critical regions).

2.3.1.4. Specific measures
The criterion of Clause. 2.1.2.1.3 may be applied as follows:
(i) Minimum width of columns 300mm.

{ii) Unless special studies of P-A effects are carried-out, the width of the column should not
be smaller than one eighth of the greater distance between the point of contraflexure and
the ends of the columns (frame analysis parallel to the column width considered).
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{iii) In the lower two storeys of buildings, half of the minimal transverse reinforcement of
Clause. 2.3.1.3should also be provided after the critical regions for an additional length
equal to half the length of these regions.

(iv) Infill masonry walls' to R.C. frame interaction effects should be appropriately taken into
account.

{v) In the lower part of a ground floor column if abova the footing there are resistant earth
fills, or pavements ablz2 to restrain the deformability of the column, the critical region
reinforcement should bz appropriately extended.

2.3.2. Columns of ductility class "M"
For the design of columns of ductility class "M" the following issues need to be resolved:

1) Design action effects

2) Design strength evaluation and verification
3) Local ductility

4) Specific measures

2.3.2.1 Design action-effects

1. The acting bending moments and axial forces shall be determined as in Clause 2.3.1.1. with

however a value Vp, =1.20

Local authorities may foresee additional conditions under which the application of this criterion
might be substituted by directly given magnification factors.

2. The acting shear forces shall be determined as in Clause 2.3,1.1 with however a value
Ve = 1.20

2.3.2.2 Design-strengths evaluation and verifications

Strengths' evaluation and safety verifications are carried-out as in Clause. 2.3.1.2.

However, in flexural moments' verification, bidimensional bending may be considered in an
appropriately simplified way.

2.3.2.3 Local ductility

The criterion of Clause 2,1.2.1.2 is applied as follows:

a) The lengths of the critical regions of potential plastic hinge formation to be considered close
to the end cross-sections of the column, may be taken as follows:

Ip = min(hc,lc/6, 450mm)

b} A minimum CCDF value of ul/ = 6 should be secured, whereas the reduction of cross-
sectional strength versus axial action effects because of the concrete "shell” loss under large
compressive strains, should be counterbalanced by means of adequate confinement.

To these ends, as a deemed to satisfy rule, the inequality (2.13) may be used, taking however
for circular hoops A =0.70
for a "single hoop” rectangular pattern A=1.65

for "multiple hoops" rectangular patterns A=1.00
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c) The following minimal conditions should be respected:

{i) Hoops, of not less than 6 mm diameter, should be provided with a spacing
s, = min{b,_ /3,150mm}

in order to secure a minimum ductility, independently of the specific design parameters.

f
d,, >0.35%d,, * |[2*
f
s, <8*d, and ydh
so that local buckling of longitudinal bars is avoided

(ii) Since transversal forces are acting to concrete only at points where hoops are forming an
angle (practically not larger than 135°) or where appropriate cross-ties are anchored on a
longitudinal bar, these "restraining™ points should not be provided at distances larger than
200 mm.

(ili} Acting axial forces should be limited by the rule

vy = (N AL * T, <0.4 since for higher values the implementation of the required CCDF
becomes unpractical.

d) At least one intermediate bar (between corner bars) should be provided at each column side.

e) The longitudinal reinforcements' ratio should not be less than 0.01, in order to secure
appropriate substitution of cracked concrete under unexpected tensional effects, and not higher
than 0.04 in order to enhance rotational capacity at critical regions.

2.3.2.4 Specific measures

The criterion of Clause 2.1.2.1.3 may be applied as follows:
{I) Minimum width of columns 250 mm

{ii) Unless special studies of P-b effects are carried-out, width of the column should not be
smaller than one tenth of the greater distance between the point of contra flexure and the
ends of the column (frame analysis parallel to the column width considered).

(iii} The clause Clause 2.3.1.4 is applied only in the lower first storey of buildings.

(iv) Infill masonry walls' to R.C. frame interaction effects should be appropriately taken into
account.

{v) The rule of Clause 2.3.1.4 is also valid.

2.3.3 Columns of ductility class "L"

For the design of columns of ductility class "L" the following issues need to be resolved:

1) Design action effects

2) Design strength evaluation and verification
3) Local ductility

4) Specific measures

2.3.3.1. Design action-effects

The acting bending moments and axial forces as well as the shear forces shall be determined
from the analysis of the structure for the seismic load combinations.
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2.3.3.2 Design strengths evaluation and verification

1- Strengths' evaluation and safety verifications are carried out as in EC2 under the minimum
value of acting axial force under seismic conditions.

In the verification, account should be taken of the bidimensional character of the seismic actions
in a appropriately simplified way (e.g. as in Clause 2.3.2.2)

2.3.3.3 Local ductility

The criterion of Clause 2.1.2.1.2 is applied as follows:

a) The length of the potential plastic hinges should be determined taking also into account the
uncertainties related to this determination.

In the absence of more precise data, this length can be chosen as follows:
1, = min{h_,1, /6,450mm}

b) A minimum CCDF value of pt/r = 3 should be secured, whereas the reduction of cross-
sectional strength versus axial action effects because of the concrete "shell” loss under large
compressive strains, should be counter balanced by means of adequate confinement:

To these ends as e deemed to satisfy rule, the following inequality may be used

o, >1,45 *(0.10 « A
A

+V, = 0.37)__ for_single hoop _ pattern

]

o4 >0.10

0, >0.75% (0.15 . ic fv, - 0.45)_ for_multiple_hoop_ pattern

[\]

0.10
c¢) The following minimal conditions should be respected:
(i) Hoops, of not less than 6 mm diameter, should be provided with a spacing

(i) Since transversal forces are acting to concrete only at points where hoops are forming an
angle (practically not larger than 135°), or where appropriate cross-ties are anchored on a
longitudinal bar, these "restraining” points should not be provided at distances larger than
200 mm.

(iii) Acting axial forces should be limited by the rule
Vi = (Nt A, *f, <045 (2.18)
since for higher values the implementation of the required CCDF becomes unpractical

d) At least one intermediate bar (between corner bars)should be provided at each column side.

e} The total longitudinal reinforcements ratio should not be less than 0.01 (in order to secure
appropriate substitution of cracked concrete under tensional effects), and not higher than 0.04
(in order to enhance rotational capacity at critical regions).

2.3.3.4 Specific measures

The criterion of Clause 2.1.2.1.3 may be applied as follows:

(i) Minimum width of columns 200 mm
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(ii)

Unless special studies of P-A effects are carried-out the width of the column should not
be smaller than one tenth of the greater distance between the point of contra flexure and
the ends of the column (frame analysis parallel to the column width considered).

2.4. Additional design measures for masonry infilled R.C. frames

This chapter contains the modified design measures needed in the case of infilled R.C. frames.

1) Regquirements and criteria

2) In-plan irregularity due to infills

3) Conseguences of the vertical irregularity due to infills
4) Design seismic forces

5) Analysis

6) Local effects of infill walls

7) Safety of the infill walls per se

8) Low damage ability requirements

2.4.1 Requirements and criteria

1

The consequences of possible in-plan-irregularities produced by the infills should be
considered. To this end, a practical rule is given in Clause 2.4.2 (increase of eccentricity
for torsional effects).

The consequences of the possible in-elevation-irregularity produced by the infills should be
considered; vertical discontinuities of overstrength (possible soft stories) may result in
disproportionate local ductility demands. In order to account for such an event decrease of
the g-factor is imposed Clause. 2.4.3

The modified response of a R.C. structure because of the stiffening effect of the infills shall
be considered, taking however into account the alleatoric behaviour of the infilis (namely
the variability of their mechanical properties, the possible modifications of their integrity
during the use of the building, as well as the non-uniform degree of their damage during
the earthquake itself). To this end, Clause 2.4.4. and Clause 2.4.5. aim deemed to satisfy
design rules.

The uncertainties of the structural model of an infilled R.C. building should be adequately
covered. In Clause. 2.4.5 relevant design rules are given imposing one or two analytical
models depending on the in-elevation-regularity of the building.

The possibly adverse local effects because of the frame/infill interaction should be taken
into account. Relevant design rules are given in Clause. 2.4.6.

The damage ability of the infills should be appropriately considered both regarding the risk
to persons and the possibility of repair after the design earthquake. Relevant rules are

given in Clause. 2.4.7 and Clause 2.4.8.

2.4.2 In-plan irregularity due to infills

a)

In case of low in-plan-irregularity due to non-uniform distribution of infill walls in-plan, an
additional eccentricity Ae =0.05! will be taken into account for calculation of the additional
torsional effects due to the infills ("I" denotes the length of the floor in the direction under
consideration).
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b) In case of high in-plan-irregularity, due to non-uniform distribution of infill walls in-plan,
torsional effects due to infills should be taken into account by means of an appropriate
calculation

c) In this context, the following degrees of in-plan-irregularity have been considered:
-Low irregularity: When infills are arranged in a practically symmetrical way in-plan.

-High irregularity: The infills are arranged in a substantially unsymmetrical way in-plan, mainly
along two consecutive faces of the building.

2.4.3 Consequences of the vertical irregularity due to infills

2.4.3.1 The vertical irregularity of a building taking also into account the actual infills, may be
quantified as follows:

(a) An "over strength index", ios, is calculated for each separate floor of the building:
. V
() =2 __(2.19)
VS
where
Vs is the acting shear force for the considered floor, k, under the seismic load combination

VR is the available shear resistance of all vertical elements of the floor under consideration,
which may be calculated as

Ve =2 Vi + 2 Vo, =10* DA * 1y +'\71'*2Aw *f . (2.20)

VRc and VRw denote the shear resistance of columns and infill walls, respectively.

Ac and Aw denote the horizontal cross sectional area of columns and infill walls, respectively.
1 =
Tra == * oo *Y
4
fvko is the characteristic value of the shear strength of masonry
ym is the partial safety factor for masonry.

The reduced shear resistance of infill walls with openings shall be appropriately taken into
account.

(b} The main value of over strength indexes (ios) for all floors is calculated
(c) A "regularity index" &r of the building is calculated:
>0.55

o, = (minigg )iy

2.4.3.2 The values of behaviour factors, q, given in Clause 2.1.4 should be modified as follows,
to take into account the increased ductility demand because of the over strength discontinuities
of the building:

g =0~ o )+a, *q____(2.22)

However, if &r > 0.85, the gq-values in Clause 2.1.4 may be directly used.
2.4.4 Design seismic forces

The design shear forces shall be modified because of the decrease of natural period of reinforced
concrete structures after the addition of infills.
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If a more precise analysis is not available, the relevant rules included in Clause 2.4.5 may be
used.

The calculation of the natural period of infilled structures may not be needed if the natural period
of the bare one is close to the value T2 of the design spectrum (Part 1.1, Clause 4.2.1.1), if this
is the case the maximum ordinates of the design spectrum will be considered anyway.

If the natural period of the bare structure is considerably higher than T2, the calculation of the
natural period of the infilled structure may be made by means of a simplified method, e.g. a
closed formula.

2.4.5 Analysis

(a) When the regularity index, a, is larger than 0.75, only the bare structure 's analysed, taking
however into account design seismic forces corresponding to a natural period equal to the
mean value of the natural period of the bare structure and of the natural period of the infilled
structure.

Nevertheless, the possibly adverse local effects of infill walls on the columns of the structure
should be avoided (Clause 2.4.6.)

(b} When the regularity index, ar , is smaller than 0.75, the analyses should be carried out as
follows:

1) Mixed structure, with infill walls taken into account in their uncracked condition, and for
design seismic forces corresponding to the decreased natural period of the mixed
structure.

To this end, an appropriate model shall be used, taking also into account :

The uncertainties of wedging of the infill along the panel. From this point of view, diagonal
strut models are deemed as more realistic than continuum models considering full perimetric
bond.

Masonry panels containing openings, may be modelled by means of an appropriate increase of
stiffness of the adjacent R.C. columns and beams (equivalent frame method).

The variability of the mechanical properties of the masonry. To this end, assumptions
unfavourable for the R.C. elements should be made, taking into account characteristic values
of efastic moduli, etc.

ii) Without infills (bare frame) and for design seismic forces corresponding to a natural period
equal to the mean value of the natural period for bare structure and of the natural period of
the infilled structure.

The R.C. frames elements are designed for the most unfavourable combination of action-
effects resulting from analyses (i) and (ii).

2.4.6. Local effects of infill walls

The premature shear failure of columns under possible additional shear forces due to the diagonal
strut action, shall be avoided. To this purpose, columns should be appropriately reinforced
against shear in the regions where these additional shear forces are expected to act.

(a) Normally, in case of regular or slightly irregular structures (1>ar>0.85) with spans fully
filed with masonry, the transverse is reinforcement (closed stirrups) provided in critical
regions of columns is sufficient.

(b) in case of irreguiar structures (0.85>ar>0.55) the evaluation of the additional shear forces
should be m de by means of an appropriate analysis.
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(c) In case of spans filled with masonry walls the height of which is smaller than the floor
height, the columns are considered as critical regions along the whole height and they are
reinforced with the amount of stirrups required for the critical regions.

In case of DC "H" structures, the possible reductions of the final shear ratio of columns, taking
into account their interaction with infill walls, should be considered.

In case of actual shear-ratio values lower than 4, columns should be reinforced as in Clause
2.4.F

2.4.7 Safety of the infill walls per se

No special design of infill walls is required.

However, in order to avoid brittle failure and premature disintegration of infill walls, as well as
their out-of-plane falling of masonry blocks, light wire meshes, inadequately anchored into the
walls, should be provided on both faces of infills.

2.4.8 Low damageability requirements

a) To cope with the general requirement of Clause 2.2.2 of Part 1.1, the inter storey drift of
masonry infilled R.C. buildings should be appropriately limited, so that under the design
earthquake conditions masonry cracking be not extended beyond a limit of easy repair.

The maximum expected inter storey drift ©s under the design earthquake, if a more precise
method is not used, may be calculated as follows :

Og=Pg*O,)*q_ _(2.23)

where,
B denotes the reduction of inter storey drift of the bare structure,
® because of the residual stiffening effect of the infill walls; this
factor is equal to unity for bare structures or for infilled dual
systems, and may be taken equal to 2/3 in case of infilled frames.
©el the inter storey drift of the bare structure calculated elastically
q the behaviour factor used in the determination of the seismic forces

b) The verification is made by taking as critical angular deformation of masonry the limit ©u
which corresponds to the ultimate condition {(maximum shear response) of confined masonry.

2.5. Beam-Column joints

The area included between the edges of a beam and a column framing to each-other should be
appropriately designed following the criteria presented in Clause, 2.1.2.1.

1. Beam-column joints in DC _"H" strutures
2. Beam-column joints in DC "M" structures
3. Beam-column joints in DC "L" structures

2.5.1. Beam-column joints in DC "H" strutures

For the design of beam-column joints in strutures of ductility class "L" the following issues need
to be resolved:

1. Design action-effects
2. Design strength evaluation and verification
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3. Local ductility
4. Reduced models' uncertainty

2.5.1.1. Design action-effects

The shear forces acting around the core of the joint shall be determined taking into account the
most adverse conditions under seismic loading, i.e. capacity design conditions for the concurring
beam-ends and the lowest compatible values of axial and shear forces of the framing elements.

Simplified expressions of these shear forces may be used under well defined conditions.

In every case, the absolutely maximum shear forces acting on joints shall be determined,
corresponding to the appropriate seismic direction along the frame considered.

2.5.1.2. Design strength evaluation and verification

1. The shear-force transfer across the core of the joint can be effectuated through the following
two mechanisms depending on whether the flexural cracks of the adjacent beam-ends can or
can not be closed Curing a subsequent reversed bending moment:

a) Diagonal strut:

When at end-beam cross-sections, small width flexural cracks (due to a previous small
amplitude moment-reversal) are subsequently closed, horizontal compressive forces are
transferred through the concrete compressive zone and are combined with the vertical forces
of the compressed zone of the column. Thus, a diagonal compressive strut is formed self-
equilibrated within the joint.

In such a case, the compressive strength of concrete (under simultaneous transversal tension)
is governing the bearing capacity of the joint. In the absence of more precise data. the
following inequality of Equ. (2.24.) should be observed:

b) Truss and struts:

When at end-beam cross sections, large width flexural cracks [due to a previous large
amplitude moment-reversal) cannot be subsequently closed, the horizontal compressive forces
may be transferred only through the reinforcement of the beam. Thus, a complete diagonal
strut cannot develop; besides, vield penetration at both sides of the bar results in high and
concentrated bond stresses alone its middle. Hence, extensive diagonal cracks within the core
of the joint cannot be excluded; an

additional truss mechanism is then needed for shear transfer.

In such cases, an appropriate combined model should be used, in which diagonal concrete
cracking shall be adequately limited. Simplified design methods covered by

recognised experimental data are sufficient to this purpose.

2. The strength verification of beam-column joints of DC "H" structures shall be carried-out as
follows:

a) The Integrity of the diagonal strut defined in Clause. (2.5.1.2)1a shall be secured by means
of the following inequality.

th <20%* TRd * b] * hc___(224)

where the effective joint width bj, shall be taken equal to
b; = min{b.,b,, +0.5*h }__when__b, > b,
bj = min{b,,b, +0.5*h_}__when__b, > b,

In the case of an eccentricity "e" between the centrelines of beam and column.

-59 -



1 1

bj :—2'*(bw +bc +-2—*hc)—e

b) An appropriate amount and shape of joint reinforcements shall be provided, in order to
secure a safe-shear transfer under the considered seismic conditions. Limited concrete
cracking is allowed; to this purpose, the maximum tensile stress of concrete should not
exceed the design value of the mean tensile strength of concrete.

f

ct,m

maxo <
c

in the particular case when Peff=0 and adequate intermediate vertical reinforcement is
available in the column (so that at least Asvi/hj=(2/3)*Ash/hjw) the required horizontal
reinforcement of the joint may be approximately calculated by means of the following
expression:

Agh *fyd S (273)*vgq *(Ag +As2)*fyd -V
bj*hjw bj *hjc
(where__vy =N_/A_/f4)__and

— JTRa ¥ (2% Ty + vy *f4)_(2.29)

2
Avi 25 A *hic Iy

Besides, the concrete shear resisting term should be adequately reduced to account for the
cyclic effects.

2.5.1.3. Local ductility

Beam-column joints are not considered as substantial energy dissipation areas.

However, the design criteria of Clause. 2.5.1.2 are deemed to secure a sufficiently constant
response of joints under the design earthquake conditions.

2.5.1.4. Reduced models' uncertainty

The criteria of Clause 2.1.2.1.3 may be applied by providing minimum joint reinforcements as in
the critical regions of columns.

Thus, the horizontal confinement reinforcement in beam column joints shall be diameter of 6 mm
every sh=min(hc/4, 100 mm); If framing beams are present from all four faces of a column, the
spacing of these hoops may be reduced to hc/2 but in no case larger than 150 mm. Besides, at
least one intermediate (between column-corners) vertical bar shall be provided at each side of the
joint; the maximum distance between consecutive bars should however be equal to 150 mm.

2.5.2. Beam-column joints in DC ""M" structures

For the design of beam-column joints in strutures of ductility class "M" the following issues need
to be resolved:

1. Design action-effects

2. Design strength evaluation and verification
3. Local ductility

4. Reduced models’ uncertainty

2.5.2.1. Design action effects
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As in Clause 2.5.1.1, taking however yrd=1.15

2.5.2.2. Design strength evaluation and verification

1. The shear transfer mechanism across the core is the same as in Clause 2.5.1.2

2. The strength verification of beam-column joints of DC "M" structures shall be carried out as
follows:

a) The integrity of the diagonal strut shall be secured as in Clause 2.5.1.2.

b) Joint reinforcements shall be provided as described in Clause 2.5.1.2 for DC "H"
structures. However, due to the lower number of large amplitude cyclic reversals expected
to act In DC "M" structures (compared to those of DC "H" structures), the reduction factor
of concrete shear resistance may be taken equal to 0.80.

Thus, under the conditions of Clause 2.5.1.2, Equ.(2.29) is modified as follows:
A * Ty (2/3)*Yra* (Ag +A)* g -V
bj * hjw bj * hjc

—1.2% TR * (12* Ty + Vg *foq) _(2.29)

where__Ygq =1.15

2.5.2.3. Local ductility

As per Clause 2.5.1.3

2.5.2.4. Reduced models uncertainty

The criteria of Clause 2.1.2.1.3 may be applied by providing minimum joint reinforcements as in
the critical regions of columns.

Thus, the horizontal confinement reinforcement in beam-column joints shall be a diameter of 6
mm every sh=min (hc/2, 150 mm). Besides. at least one intermediate (between column-corners)
vertical bar shall be provided at each side of the joint.

2.5.3.-Beam-column joints in DC "L" structures

The horizontal confinement reinforcement in beam-column joints shall be equal to those provided
along the critical regions of the column. Besides, at least one intermediate vertical bar shall be
provided between column-corners at each side of the joint.

2.6. R.C. Walls

This chapter contains the aseismic design rules of R.C. walls or plane elements under (mainly) in-
plane action-effects.

1. Design actions effects

2. Walls of DC "H" structures
3. Walls of DC "M" structures
4

. Walls of DC "L" structures

2.6.1. Design actions effects

1. Analysis
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2. Distinction of prevailing failure modes

2.6.1.1. Analysis

a) The acting bending moments. shear forces and axial forces on walls shall be determined
from the analysis of the structure for the seismic load combination.

However, for DC "H and "M" walls and whenever a static analysis is carried out, dynamic
effects should be taken into account by means of an appropriate simplified method. If a more
precise method is not available, the rules given in Appendix C may be used for the estimation
of the final action-effects to be taken into account in dimensioning and detailing. These rules
cover theca deign envelopes for bending moments, as well as the magnification factors for
shear forces.

b) The possible modifications of axial forces on walls when the seismic direction is changing,
shall be appropriately taken into account.

2.6.1.2. Distinction of prevailing failure modes

as

yrd

a) Because of the fundamental importance of the prevailing mode of failure on the behaviour
factor to be used in analysis (Clause. 2.1.4.) a prediction of the expected type of failure
(flexural or shear) should be made for each wall of DC "H" and DC "M" structures. For DC
"L" structures such a distinction is not needed since the behaviour factor is very close to
unity.

b) The distinction between these two types of failure may be made on the basis of the ratio:

V= Vpy/ (Yra * YMra)

where VRd = the minimum, value of the design strength versus shear failure modes (diagonal
compression. diagonal tension or shear sliding) as described in Clause. 2.6.2.1,

V(MRd) The shear force value at the state of design flexural failure of the critical region under
consideration i.e. when the acting moment equals the design flexural strength Mrd ; this force
depends on Mrd and on the structural system (e.g. for a free cantilever wall with only one
horizontal force acting on its top (V(Mrd) =Mrd/hw).

More generally V(Mrd) = Mrd/4s/lw where:
the shear ratio at the state of failure.

a global factor expressing the uncertainties :

of the models predicting the shear and flexural strengths and,

of the shear ratio value needed in order to translate Mrd into V(Mrd) values.

When more precise data are not available 3rd may be taken equal to 1.40 for DC "H" structures
and to 1.30 for DC "M" structures.

¢) By means of the u-ratio. the distinction of the type of failure may be made as follows for DC
"H" and "M" walls:

(i)
(ii)

if 1.00 < u a flexural type of failure is highly probable

if 0.75 < u < 1.00 a mixed type of failure will probably occur, however with a prevailing

flexural character

(iii)

(iv)

if 0.50 < u < 0.75 a shear type of failure is highly probable

if u < 0.50 a shear type of failure is certain

2.6.2. Walls of DC "H" structures
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For the design of walls in strutures of ductility class "H" the following issues need to be
resolved:

1. Design strength evaluation and verification
2 lin m

3. Local ductilit

4. Specific measures

2.6.2.1. Design strength evaluation and verification

1. Flexural failure

Flexural strengths shall be evaluated and verified as for columns, under the minimum
compressive axial force for the seismic load combination.

2. Web diagonal compression failure

Vsa < Vraz — —(2.32)

where

Viap =0.20*f 4 *b,, *1, __in__critical__regions__(2.33)

and

V42 =0.30*f 4 *b,, *1, __outside__these__regions__(2.34)
3. Web diagonal tension failure

Vsd < Vras

An accurate model shall be used for the evaluation of the shear resistance VRd,3 taking also
into account the cyclic reversals of post yield imposed deformations. If a more precise model
is not available, the following provisions shall apply:

a) When as > 1.3, a simplified truss model may be used.
Consequently,

Horizontal bars. fully anchored at the boundary elements of the wall's cross-section. shall be
provided along the height of the wall to satisfy the inequality:

VSd < Pn * fyd,h * bw * lw + vcd——--—(2'36)

Vertical bars, properly anchored and spliced along the height of the wall shall also be provided
also the web to satisfy the inequality

Vsg Spy *fygn *by ¥, +minNgg____(2.37)
b) When as < 1.3 the following empirical expression shall be used for calculation of the
required horizontal and vertical reinforcement:
V<ip,* fyd,h *(a - 0.3)+p, * yd,v *(1.3- a)l* b, * 1, + Vq—(2.38)
(where if as < 0.3 it shall be taken 4s = 0.3 ).
c) The term Vcd may be approximated as follows.
For low axial load (Nsd <0.10*iw*bw*fcd)
1. In the critical region of the wall: Ved=0
2. Outside the potential hinge area: (Vcd = 2.5*twrd*bw*lw)
For high axial load (Nsd > 0.10*iw*bw*fcd)
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1. In the critical region of the wall: (Ved = 2.5*wrd*bw*lw)
2. Outside the potential hinge area: (Ved = 2.5*trd*bw*Iw)
d) In every case, the minimal fh, fiv, values foreseen in Clause. 2.6.2.4 shall be respected.
4. Shear sliding failure
V, <V

sd — "Rds—? Where

Veas = Vaa + Vg HH; *minNg,

V,=15* ZA“. * 1/f‘,‘, *f,, (dowel resistance of vertical bars ) ( 2.45)

]

v, =2% ZA:i *f , *cos@ (shear resistance of inclined bars) {2.46)

uf 1/3 a safe lower value of concrete-to-concrete friction coefficient under cyclic actions.

2.6.2.2. Coupling beams

In order to ensure a highly dissipative behaviour of beams connecting adjacent structural walls,
the evaluation and verification of strength of these beams shall be carried out as follows:

a) If one of the following conditions is fulfilled, the provisions of Clause. 2.2.1.3 apply:

1. A bidiagonal cracking has little probability to occur. if a more precise rule is not available,
this happens when:

V, <6*b*h*1,__(2.47)

2. A prevailing flexural mode of failure is secured. If a more precise rule is not available, this
happens when:

(23_(2.48)

b) Otherwise, all seismic actions shall be resisted by bidiagonal reinforcement. The Following
conditions should be observed:

2
\A =T*MSd <2*A *f, *sina

where Asi = total area of steel bars provided in each diagonal direction
a = slope of diagonals to the horizontal.

1. This reinforcement is arranged in column-like elements; the anchorage length of these
reinforcements shall be increased by 50% of the lengths prescribed in EC2.

2. Hoops shall be provided across these column-like elements in order to prevent buckling of
their longitudinal bars. The provisions of Clause. 2.3.1.3 and Clause 2.3.2.3 apply; however
sh < 100 mm.

In all cases, the specific measures of Clause. 2.6.2.4, as well as those of beams outside critical
regions, apply for coupling beams as well.

2.6.2.3. Local ductility

a) At the critical regions as defined in Clause. 2.6.2.3 near the base of walls, a conventional
curvature ductility factor (CCDF) equal to
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u% =1.2*q’_for__uncoupled__walls__(2.50a)

By, = 1.0*q*__for__coupled__walls__(2.50b)

shall be secured.

In Equ.2.50, "q" denotes the value of behaviour factor which has been linearly used in the
analysis, after taking into account the consequences of the relevant failure mode distinction (as

stated in Clause. 2.6.2.1).

If a more precise method is not used, the implementation of Equ. 2.50 may be made by means
of confining reinforcement defined as follows:

For normal cases of free-edge walls, when a "single hoop” (or cross-ties) pattern is used, the
volumetric mechanical ratio of the required confining reinforcement arranged every bo/4, may be
taken from the following expression:

0, = 0.9*3/;;% *©.01*p, +0.15* :° +V, - 0.4)_(2.51)

s

®,, 2020
where

_ Volume__of __stirupps__and__cross - ties , 4

wd T

Volume__of __confined__concrete f,

pnl/r the curvature ductility demand (Equ. 2.50)

vd {max Nsd)/bw*lw*fcd

Ac concrete gross area along the confined length Ic
Ao core concrete area along the confined length Ic
le confined length as defined in Clause. 2.6.2.3.

b) This confinement shall be extended vertically along the critical region as defined in Clause.
2.6.2.3.c, and horizontally up to the point where, under cyclic loading. unconfined concrete
may be spalled due to large strain. If more precise data are not available. this critical strain
value may be taken equal to 0.15% : the relevant loading situation should be under Msd and
max Nsd.

c) it shall be considered that a potential area for plastic hinge formation. (critical region). extends
from the wall's base up to a level greater than:

-The wall's length
-The storey's height. or
-1/6 of the walls height.

All requirements and detailing rules for columns' reinforcements (longitudinal and transversal)
apply also to the confined boundary areas of walls.

2.6.2.4. Specific measures

The criterion of Clause. 2.1.2.1.3 may be secured as follows:

a) Walls shall be secured against premature web shear cracking: therefore. a minimum amount of
web reinforcements shall be provided equal to:

Phmin = Pymin = 0-25%__(2.52)
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Web reinforcements shall form two "equivalent” orthogonal grids (of bars with the same bond
characteristics), one on each side of the wall's web; grids shall be connected by adequate and
properly spaced cross-ties.

Anchoring and splicing of web reinforcements follow the provisions of EC2.

b) To counterbalance the unfavourable effects and the uncertainties in case of unpredicted
cracking along cold joints, a minimum amount of well anchored reinforcement shall be
provided across expected cold joints. The reconstitution of the resistance of uncracked
concrete against shearing is sought:

P = yffoa ¥Fu B * P * £ + Moy 1356, @25

b, *1,
where
uf friction coefficient, may be taken equal to unity
Nsd the minimum compressive force acting on the wall.
Therefore:
P 2 (L3*F, 00 - bN’:dl VI£, 11+ :«* ) 0.25% _(2.54)
w o w yd

c) Web thickness shouid not be less than 150 mm or hs/20.

d) In order to avoid unpredicted lateral instability of the confined elements of walls (Clause.
2.6.2.3), their thickness should observe the following rules:

if__1.>2*b, __then__b, 2200_mm
if__1,202*],__then__b, >hg /10
if__1, <2*b,__then__b, >200_mm
if__1, <0.2*],__then__b, >h;/15

(iii) In case the most compressed edge of the well is connected to an adequate transversal flange
(minbf = hs/15. min if = hs/5), then if Ic < 3bw

it__shall__be__b,, > max{150mm,h, / 20}

a) A minimal confined boundary element should be provided at free edges (if not connected to
adequate flanks), containing hoops or cross-ties of no less than in diameter 6mm every bo/4.

b) The transfer of cyclic diaphragm actions from the floor to the walls shall be appropriately
checked.

¢} Random openings not regularly arranged to form coupled walls shall be avoided, unless their
influence is either insignificant or accounted for by means of an appropriate analysis.

2.6.3. Walls of DC "M" structures

For the design of walls in strutures of ductility class "M" the following issues need to be
resolved:

Design strength evaluation and verification
Coupling beams

Local ductility

Specific measures

PN =
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2.6.3.1. Design strength evaluation and verification

All provisions of Clause. 2.6.2.1. apply.

2.6.3.2. Coupling beams

All provisions of Clause. 2.6.2.2 apply. However, if the conditions of Clause. 2.6.2.2.a do not
occur, instead of the structural model of the bidiagonal column-like elements, other models may
be used if adequately proved to ensure a comparable level of energy dissipation capacity without
a substantial force-response degradation.

2.6.3.3. Local ductility

All provisions of Clause. 2.6.2.3 apply: however owd > 0.15. It is reminded that the confining
reinforcement of the boundary elements is arranged every bo /3.

2.6.3.4. Specific measures

All provisions of Clause. 2.6.2.4 apply with the following modification:

Web reinforcements should not be arranged at distances more than 25 lengths of diameter or
250 mm.

2.6.4. Walls of DC "L" structures

All provisions of EC2 relevant to structural walls apply. Nevertheless, the following additional
rule should be respected in order to ensure a conventional curvature ductility factor compatible
with the g-values foreseen in Table V, Clause. 2.1.4:

For normal cases of free-edge walls, when a "single hoop™ (or cross-ties) pattern is used, the
volumetric mechanical ratio of the required confining reinforcement arranged every bo/2 shall be:

® g = min{1.45* (0.10* % + vy —0.37),0.10}

]

Appendix "A"

Practical expressions of characteristics of confined concrete

Based on the finding (see Addendum) that the average effective confining pressure is given by
the expression:

c,=0; |

eff E*a,,*as*(ow

cC

and that the increase of concrete strength (due to the triaxial effect) is given by the diagram here
below: )
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]
foo — l foc
foo . o, :;-

»-
ol 0.05 (g2 =03) ifoq

the following characteristics of the modified constitutive law of the confined concrete may be
used in a closed form:

*

£ =f_*(L0+25%a *(ow)_for_;c— <0.05

cc

£5 =f, *(L125+125%a *mw)__for__—f—c— > 0.05

cc
LI * 2
E:c:o - 8co * f(:c /fcc)

8:,85 = 80,85 +0.1*q * OJW_(S.__aISO_ Fig__.l)

(1#2.5a0,,) for wy, + 0.1:a
(1.125+1.26awm,) for ww ¢ 0.1:a

o4

*
fce=fce

101 Fig.8: ap and ag values
(a =ayagseflectiveness) ,

081 n
061
041
02

A

4 12 16 L
0.0 0.15 0.30 0.45 0.60 s/b

Nate: for circular columns and circular hoops ap, = 1, as = (1-sf2b,)
for circular columns and spiral reinf. Qp,=1,0g= (1-3!2b0)

Besides these conditions, the problems of irregularity should be considered.

If more precise data are not provided, the effect of vertical component could be taken into
account as follows:
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Design axial load of cut-off column, to be taken into account in beam’s strengths verifications.
shall be multiplied by a factor equal to:

(Itq*e)
where "e" denotes the seismic coefficient of the beam' s floor level and "q" is the building's

behaviour factor.

In calculating beam's design action-effects, the load +-Nsd*q*a be considered as a live load,
with a @2 factor equal to 1.00.

b y
[ —
Dy 1AL
Ditect Direct
support support

Appendix "B"

Specific rules for cut-off vertical elements (resting-on beams)

1). Vertical elements {walls or columns) resting on slabs are not permitted in seismic zones.
2). Cut-off walls resting on beams are not permitted.
3). Cut-off columns resting on beam's of DC "H" are not permitted.

4), Cut-off columns resting on beams of DC "M" and "L" could be permitted, under the
following conditions:

i) Eccentricity of the column’s axis relative to the beam's axis shall be zero {Clause.
2.2.1.2).

ii) Beams shall be resting on at least two direct supports, on walls or columns.

iii) Simultaneously acting vertical component of seismic action shall be taken into account.
iv) Flexural resistance

It is evaluated as foreseen in Clause. 2.2.1.2 and Clause. 2.3.1.2

A minimum amount of up-side reinforcement shall be provided in the critical region of
potential hinge formation.

v) Shear resistance

It is evaluated as foreseen in Clause. 2.2.1.2 and Clause. 2.3.1.2

In addition to the minimum amount of stirrups foreseen for critical regions, a minimum
amount of bidiagonal reinforcement shall be provided in the critical regions of potential hinge
formation.

Appendix "C"
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Specific rules for the estimation of the final design action effects of R.C. walls

a) Bending moments' design envelopes

The design bending moment diagram along the height of the wall shall be that given by a
linear envelope of the calculated bending moment diagram (obtained from the structural
analysis), vertically displaced by a distance equal to the length o! the wall.

b) Shear forces' magnification factors

The design shear forces along the height of the wall shall be those given by the calculated
shear forces (obtained from the structural analysis) increased by the magnification factor "o".

i. For buildings withn < 5
®=09*01*n__ (0 =10 1.4)

ii. For buildings withn > 5
®=12*%0.04*n_(0 =1.4 e 1.8)

where n: number of storeys, n < 15

Appendix "D"

Dimensionig of R.C. walls for flexural strength and ductility

An analytical method is presented here below for the design of R.C slender walls' (of DC "H"
and "M") base cross-section for a given g-factor.

It is assumed that the behaviour factor g of the building (essentially wall system) and the overall
deflection ductility factor of the walls may be interrelated as follows:

V2*pg-l<q<pg_or_q<py <-;-*(q2 +1)

If this is so the following formula could be used for the estimation of the required curvature
ductility factor:

-1
hy =14 o {Pa D
T 3 lpi (1 - 0.5 ;"pi)
where
Ipi Ipi/hw
Ipi Plastic hinge length.

Thus, for a given behaviour factor g a minimum curvature ductility should be secured:
H (1) /(1) =f(q,Ap)
=(- — = q, .

In other words:

1 1
) = (@A) * (=)
' b 2o r?
where, approximately:
(1/r)y=0.8*Mp/3/K

(k' denotes a second stiffness of the wall-base up to its yield point)
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The strains at the critical region of the wall should satisfy the condition:
1 1
8Cu + asu = (—!—)u = f(q’ )'pl) * (l)y = constant
r r

(All possible rotated section lines satisfying this condition are parallel).
If the approximations proposed along this Appendix are adopted, the following formulation of
this condition may be used:
oy tEy = f(q,?\pi)*O.S* Mg *1, /3/K
In addition, the equilibrium equations should be respected:
Ng=FK-F= F. + ZAsi,2 *osi,2 - ZAsi,l *Gsi,l
Msd +Nsd*lw /2= Fc *yc - l:;s *YS
Wherever the computed concrete strain exceeds the value.
Eeor =(1/2=1/3)* ey cony =0.15%

confinement (secured by adequate hoops of mechanical volumetric percentage "uw") should be
provided.

For the satisfaction of these equilibrium conditions, the stress/strain diagram of confined
concrete may be taken in an approximate way as s function of the volumetric mechanical ratio
uw of the confining reinforcements.

The solution of the set of Eqgs.(3) to (5) may be found by trial and error leading to the evaluation
of the amount and extent of the required confining reinforcement (iw) and of the confined length
(lc).
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SPECIFIC RULES FOR STEEL STRUCTURES

3.1 General
0. Symbols
1. Scope
2. Earthgquake-resistant structures
3. Strength verifications
3.1.0 Symbols:
A +,A horizontal projections of the areas of the tension diagonals
At,Ac areas of the diagonals in tension or‘ compression
M bending moment in the beam or column due to the action
effects
Mca, moment resistances of the joints
Mcb
Mco bending moment due to vertical loads for the seismic loading
condition
Mcs bending moment due to the seismic loads
Mpa, moment resistances of the beam
Npb
Mpd, ultimate resistances according to Chapter 5 of Eurocode 3
Npd
Mra min{Mpa,Mca}
Mrb min{Mpb,Mcb}
N axial force in the beam or column due to the action effects
Nd resistance of the beam or the column to the axial force N
Rd resistance of the connection according to Chapter 6 of
Eurocod
Rfy yielding resistance of the connected part
Vv shear force in the beam or column due to the action effects
Vm shear force due to the resisting end moments Mra and Mrb of
the beam
Vo action effect due to vertical load in the seismic situation
Vpd shear resistance of the beam according to Chapter 5 of
Eurocode 3
b/t width-thickness ratio
fy yield strength
fyri actual yield strength of the steel component i on site
fyi yield strength of the steel component i considered in the

design
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q behaviour factor

ri ratio fyri/fyi

a magnification factor defined in Clause 3.5.5.2

al multiplier for horizontal seismic actions to reach the limit state
in the first hinge

au multiplier for horizontal seismic actions to reach the coilapse
load

ym partial safety factor to the resistances for fundamental load

combinations
(235/fy) " 0.5

A slenderness

3.1.1 Scope

Steel structures in seismic regions shall be designed in accordance with Eurocode 3.

Those parts of the structure which are intended to resist the effects of seismic actions,
henceforth defined as earthquake-resistant, shall satisfy the rules laid out in this chapter.

Structural or non-structural elements fixed to earthquake-resistant structures shall comply with
the rules in chapter 8. of this part.

3.1.2 Earthquake-resistant structures

Earthquake-resistant structures may be designed according to the following concepts:
a) Concept of non-dissipative structures

The action effects shall be calculated on the base of an elastic analysis without taking
account of non-linear material behaviour. This implies using a behaviour factor g = 1.

For these structures the strength of the members and of the connections to resist the design
seismic loading shall be evaluated in accordance with the rules for elastic or plactic
resistances in Eurocode 3 without any ductility requirements.

b) Concept of dissipative structures

They are designed in such a way that during an earthquake some of their parts, which will
henceforth be refered to as dissipative zones, will move out of the elastic range in order to
dissipate energy by means of ductile hysteretic behaviour. The energy dissipation of these
parts is taken into account by a behaviour factorg > 1.

3.1.3 Strength verifications

The combination of actions shall be taken from Clause 6.2 of part 1.1.

The ym-values specified in Eurocode 3 for fundamental load combinations shall be applied also to
the resistances for seismic loading.

3.2 Materials

Steels, welding and bolts shall conform to the requirements specified in Chapter 3 of Eurocode
3.

in dissipative zones the following materials shall be used :
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1) general structural steels according to EN 10025.

2) for bolted connections preferably high strength bolts in category 8.8 or 10.9 tightened as
prescribed for friction joints. Bolts in category 12.9 in tension are not allowed.

3) the maximum value of the yield strength and tensile strength of the steel to be used shall
be specified.

3.3 Structural types

1 Non-dissipative earthquake-resistant structures

In case of non-dissipative earthquake-resistant structures no distinction is needed for the type of
he structure in view of the behaviour under earthquakes because ductility effects are neglected.

2 Dissipative earthquake-resistant structures

Dissipative structures are classified according to their seismic behaviour into the following types
(see fig. 3.3.2.1)

1. Frame structures which resist horizontal forces in an essentially flexural manner. In these
structures the dissipative zones are mainly located in plastic hinges near the beam-column
joints and energy can be dissipated by means of cyclic bending.

2. Concentric truss bracing in which horizontal forces are mainly resisted by bars subjected to
axial forces. In these structures the dissipative zones are mainly located in the tensile
diagonals. Dissipative concentric truss bracings are subdivided in

2.1. Diagonal bracings, in which the horizontal external loads can be resisted by the
tension diagonals only, neglecting the compression diagonals.

2.2. V-bracings, in which the horizontal external loads can be resisted by considering both
tension and compression diagonals. The intersection point of these diagonals lies on the
horizontal member which shall be continuous.

2.3. K-bracings, in which the diagonal intersection lies on the column are not considered
as dissipative because this would require the co-operation of the column to the yielding
mechanism.

3. Eccentric truss bracing in which horizontal forces are mainly resisted by axially loaded bars
and the excentricity of the layout is such that energy shall be dissipated in the beams by
means of either cyclic bending or cyclic shearing. Only those bracings in which yielding
due to bending or shear of the beams or of parts of them precedes the attainment of the
limit strengths of the tension or compression bars can be associated to this group.

4. Cantilever structures or inverted pendulum structures acting essentially as beam-columns.
In these structures dissipative zones are mainly located at the base.

5. Structures with reinforced concrete cores or walls, in which horizontal forces are mainly
resisted by these cores or walls shall be designed according to Chapter 2 of this part.

6. Dual structures, in which horizontal forces are resisted by both steel-frames and steel-
bracings acting in the same plane.

7. Mixed structures in steel and reinforced concrete, in which horizontal forces are resisted by
steel frames with concrete infill elements. The concrete elements shall be designed
according to Chapter 2 of this part, the joints shall be designed according to Chapter 4 of
this part.

3.4 Behaviour factors q

The behaviour factor q introduced in clause 4.3 of Part 1.1 of this Eurocode to account for
energy dissipation capacity, takes the values in fig. 3.3.2, provided the regularity requirements
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laid down in part 1.2 and the design and detailing rules that are included in clause 3.5 of this
part are observed.

1. Frame structures a1 ~1.90 high medium
M % regularity | regularity
=
aq” (-
<1 ~ a5 5| o=t
i ; — bending zones
diss. zones diss.2ones = | h i e

2. Concentric truss bracings
Diagonal bracings

a=4 a=3

diss. zones = tansion diagonals only
V - bracings

g=2 g=1.5
a) b) ¢)

diss. zones = tension & compression diagonals
K - bracings

non dissipative

3. Eccentric truss bracings
4 4@

ay
ay

~1.10 Qyy

L~

o

diss. z0nes = bending or shear zones

4. Cantilever structures I,

Py
) diss. zones
in the columns

Restrictions. M $15 0802 %
(see clause 3.5.7.1)

G. Cores or walls in reinforced concrete

q=2 a=1.5

dissipative zones chapter 7 } chapter7

6. Dual structures

L

\frames with diss. bending zones
bracings with diss. tension zones

7. Mixed structures made from steel frames with|

reinforced concrete infills
framas with diss. bending zones q=2 g=1.5
diss. ahear walls
diss. joints

The following parameters are used in the previus figure:
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al multiplier of the horizontal seismic actions, by keeping constant the
other design loads, which corresponds to the point, where the
most strained cross section reaches its limit state.

au multiplier of the horizontal seismic actions, by keeping constant the
other design loads, which corresponds to the point, where the
structure reaches the Maximum load bearing capacity taking into

account of bending moment redistribution's due to the formation of plastic hinges.

In case appropriate calculations are not performed in order to evaluate the collapse-multiplier au,
the approximate values of the ratio au/al in fig. 3.3.2 may be used.

In the case of highly regular buildings to be built in regions defined by national authorities and
having earthquake resistant structures made from rolled sections and conforming to the types
listed in fig. 3.3.2 {the K-bracing excepted) a behaviour factor ¢ = 1.50 may be adopted without
taking account of the limitations given in clause 3.2 and the detailing rules given in clause 3.5.
The general safety requirement set forth in Part 1.1 of this Eurocode may then be deemed to be
satisfied by the strength assessments according to Chapter 5 and Chapter 6 of Eurocode 3.

3.5 Design criteria and detailing rules for dissipative structures

Design criteria
Detailing rules for structural elements

Diaphragms and horizontal bracing
Frames

Concentric truss bracin
Eccentric truss bracin

Cantilever structures or inverted pendulum structures
Dual structures

Mixed structures made from steel frames with reinforced concrete infill

© ® N Ok 0=

3.5.1 Design criteria

This clause contains the design criteria for dissipative earthquake-resistant structures, for which
behaviour factors q according to fig. 3.3.2 are taken into account.

Structural systems with dissipative zones shall be designed such that these zones develop mainly
in those parts of the structure, where yielding or local buckling or other phenomena due to
hysteretical behaviour do not affect the overall stability of the structure.

Structural parts of dissipative zones shall have adequate strength and ductility. The strength shall
be verified according to Chapter 5 and 6 of Eurocode 3.The ductility requirement is deemed to be
satisfied, if the detailing rules specified hereafter are met.

Non-dissipative parts of dissipative earthquake resistant structures and the connections of the
dissipative parts to the rest of the structure shall have sufficient over strength to allow cyclic
yielding of the dissipative parts to develop.

If the detailing rules that follow are infringed the earthquake-resistant structure shall be designed
as a non-dissipative structure.

3.5.2 Detailing rules for structural elements

1 Parts in compression
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Sufficient local ductility of members or parts of members in compression shall be assured by
restricting the width-thickness ratio b/t.

In dissipative zones of structures calculated with @ < 2 the width-thickness ratios b/t shall
conform to the limits for class 3-sections in Eurocode 3.

In case behaviour factors @ > 2 are chosen, the width-thickness ratios b/t shall comply with the
conditions in table 3.5.1 and table 3.5.2.

2 Connections
Connections in dissipative zones shall have:

sufficient overstrenqth to allow for yielding of the connected parts. For these overstrength
verifications the upper value of the yield strength of the connected parts shall be taken.

Connections of dissipative parts made by means of butt-welds or full penetration groove
welds are deemed to satisfy the overstrength criterion.

For fillet weld connections or bolted connections the following requirement shall be met

Ry 0120 Ry,

where
Rd Resistance of the connection according to Chapter 6 of Eurocode 3
Rfy Yielding resistance of the connected part.
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3 Parts in tension

The overstrength condition for connections may be overlooked in case the connections are
designed such, that they contribute significantly to energy dissipation to achieve the chosen g-
factor.

The effectiveness of such connection devices and their strength in view of cyclic behaviour shall
be proved by tests, to the satisfaction of national authorities.

For bolted shear connections the bearing failure shall precede the shear failure.

For tension-members or parts of members in tension the ductility-requirement in clause 5.4.3.2
in Eurocode 3 shall be met.

3.5.3 Diaphragms and horizontal bracing

The horizontal diaphragms and bracings shall be able to transmit with sufficieni overstrength the
earthquake forces to the various earthquake-resistant elements which are connected by them.

This condition is assumed to be fulfilled if for the relevant verifications the forces obtained from
the analysis are multiplied by a magnification factor a = 1.50.

The following minimum detailing rules shall be satisfied for diaphragms in reinforced concrete:

1. The horizontal diaphragms shall be reinforced in two directions and the reinforcements shall
be anchored to the perimeter beams.

2. When the diaphragms consist of parallel-ribbed floors, an additional reinforcement shall be
placed at right angles to it within the upper layer of concrete. This reinforcement shall
consist of no less than 4 bars of 8 mm diameter every meter. It may also be housed in
special cross way ribbings located at an interaxis of no more than 2,5 m.

3. Prefabricated plates may be used, provided each has reinforcements in two directions at
right angles to each other and they are connected to the support beams in such a manner
that the whole produces a truss system in the horizontal plane.

3.5.4 Frames

1 Specific criteria

Frames shall be designed so that plastic hinges form in the beams and not in the columns. This
criterion is waived at the base of the frame, at the top floor of multi-storey buildings and for one
storey buildings.

The beam to column joints shall have adequate over strength to allow the plastic hinges to be
formed in the beams.

The required hinge formation pattern shall be achieved by observing the following rules.
2 Beams

Beams shall be verified as having sufficient safety against lateral or lateral torsional buckling
failure according to Chapter 5.5.2 of Eurocode 3 assuming however the formation of a plastic
moment at one end of the beam.

For plastic hinges it shall be checked that the full plastic moment resistance and rotation capacity
is not decreased by compression and shear forces. To that end the following inequalities shall be
verified at the location where the formation of hinges is expected.

—y——s 1. (3.2)

M

N L @3

N,g 10

L+_V_N4_5 l._ (3.4)
Vi
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where
N,.M are the action effects taking account of the behaviour factor

Npd,M are the ultimate resistances according to Chapter 5 of Eurocode 3
pd

Vo is the shear force due to vertical loads

Vm =(Mra + Mrb)/l is the shear force due to the resisting moments Mra and Mrb of the beam at
its extremities A and B with

Mrad = min{Mpa,Mca}
Mrbd = min{Mpb,Mcb}

where

Mpad, are the moment resistances of the beam

Mpbd

Mcad, are the moment resistances of the joints (see clause 3.5.2.2)

Mcba

] is the distance between A and B

Vpd is the shear resistance of the beam according to Chapter 5 of
Eurocode 3

3 Columns

For the verification of columns a "worst case” combination of the axial force N and the bending
moments Mx and My shall be assumed.

The design values for the bending moments shall not be lesser than the sum of the resisting
moments Mr of the beams connected to the column as determined in clause 3.5.4.2.

The transfer of the forces due to the end moments of the beams to the column shall comply with
the design rules in Chapter 6 of Eurocode 3.

The strength verification of the columns shall be made according to Chapter 5 of Eurocode 3.

At the base of the frame the design bending moments for the connection of the column to the
foundations shall be taken from

M=M, +a*M,_(3.5)

where

Mco is the bending moment due to vertical actions

Mcs is the bending moment due to the seismic actions

a 1.2 except for the top floor of multi-storey frames, where a=1.0.

The shear force in a column shall be limited to

Y <l @6
Vg 3

except for the framed web panels connected to the beams, where (V/Vpd) < 1 is permitted.

A joint in the column shall be designed such that its strength exceeds the resistance of the
connected parts.

4 Beam to column joints

The joints of the beams to the columns shall be designed in view of sufficient over strength (see
clause 3.5.2.2) taking into account the moment resistance Mpd and the shear force (Vo + Vm)

evaluated in clause 3.5.4.2.
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3.5.5 Concentric truss bracings

1 Specific criteria

Concentric bracings shall be designed, so that yielding of the diagonals in tension will take place
before yielding or buckling of the beams or the columns and before failure of the connections.

The diagonal elements of bracing Qs shall be placed in such a way that the structure exhibits
similar load-deflection characteristic at each floor and in every braced direction under load
reversals. To this end the following rule shall be met

AT - A7
At +A”

where A+ and A- are the horizontal projections of the Areas of the tension diagonals, when the
horizontal actions have a positive or negative direction respectively.

<0.05_3.7)

2 Diagonal members

The slenderness é as defined in Chapter 5.5.12 of Eurocode 3 shall be limited to

A <L5__(38)
The tension force shall be limited to the yield resistance

N <10_039

pd

In V-bracings the compressive diagonals shall be designed for the compression strength
according to Chapter 5 of Eurocode 3.

The connections of the diagonals to any members shall fulfill the over strength condition
Ry 21.20* dii__(3. 10)

3 Beams and columns
Beams and columns with axial forces shall meet the following minimum strength requirement
NgM)2a*1.20*N__(3.11)

where

N axial force in the beam or column under vertical loads and seismic
action.

a min{Npdi/Ni} which is the minimum ratio of the resistances Npdi
and the forces Ni for all diagonals i in one bracing.

Nd buckling resistance of the beam or the column to the axial force N

according to Eurocode 3

In V-bracings (case b and ¢ in fig. 3.3.2) the beam shall be designed to resist all bending actions
without considering the intermediate support given by the diagonals.

The foundation base connections shall fulfill the minimum strength requirement as for beams and
columns.

3.5.6 Eccentric truss bracing

1 Specific criteria
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Eccentric truss bracings shall be designed so that beams are able to dissipate seismic energy by
the formation either of plastic bending or plastic shear mechanisms.

The rules given hereinafter are intended to ensure that yielding in the plastic hinges or shear
panels of the beams will take place prior to the yielding or failure elsewhere.

2 Beams

For beams which dissipate energy by plastic hinges the rules defined in clause 3.5.4.2 shall be
observed.

For beams which dissipate energy by a plastic shear mechanism the following rules shall be met:

\
—<10_(312
v (3.12)

pd
M <0.70__(3.13)
M pd
N <0103
pd

3 Columns and diagonal members

The columns and diagonal members shall be verified considering a "worst case” combination of
the axial force and any bending moments:

NyM,V) > a*1.20*N__(3.15)

where

Na,Nd resistance of the column or diagonal member according to
Eurocode 3

N compressive force effect in the column or diagonal member

and a=min{Vpdi/Vi,Mpdi/Mi} is the minimum ratio of the yield resistances Vpdi or Mpdi in the
plastic zone of the beam and the force Vi or the moment Mi for all beams i in one bracing
system.

3.5.7 Cantilever structures or inverted pendulum structures
1 Specific criteria
The structure shall be designed according to the following condition:

slenderness < 1.5

The following limitation of © according to clause 4.1.1.3 in part 1.2 shall be observed for the
column

® <0.20__(3.17)

The column shall be designed taking account of P-A effects if appropriate.
In cantilever structures the columns and their bases shall be verified.
2 Columns and column bases

The base connection of the column to the foundation shall be verified taking the action effect

N
M =120*Mpq * (1= ——)_(.18)
pd

with N as defined above
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3.5.8 Dual structures

Whenever both steel frames and steel bracings are present and acting in the same direction, the
horizontal forces may be distributed among them according to their elastic stiffness.

The frames and bracings shall conform to the rules in the clauses 3.5.4 and 3.5.5.

3.5.9 Mixed structures made from steel frames with reinforced concrete infill

When the horizontal forces are resisted by steel frames with infilled elements made from
reinforced concrete, the following rules shall be applied.

The steel frames and the bracing structure shall be verified according to the rules in this Chapter
while the shear panels shall be designed according to the provision given for walls in Chapter 2.
The joints shall be dimensioned according to Chapter 4.

3.6 Specific control measures

With regard to general rules for the control, the construction and use Chapter 2 of part 1.1 is
referred to.

In addition to these rules the following specific requirements shall be met:

The drawings made for fabrication and erection shall indicate the details of connections, sizes
and qualities of bolts and welds as well as the steel grades of the members and the allowable
maximum vyield strength fy in the dissipative zones.

It shall be controlled in the different phases of the fabrication and construction that

i) the specified maximum yield strength fy of the steel material is not exceeded by more than
10%.

ii) the distribution of the yield strength throughout the structure does not substantially differ
from the distribution assumed in the design. This condition is satisfied, when the
population of the ratios ri = ( fyri / fyi ) of the actual yield strength fyri of the steel
component i on site to the yield strength fyi of the steel component i considered in the
design is such, that (max ri - minri ) < 0.2.

iii) no change of the structure involving an increment or decrement in the stiffness or in the
strength of more than 10% of the values assumed in the design may occur.

Whenever one of the above criteria is not fulfilled new computations of the structure and of its
details shall be made to demonstrate its efficiency.

The control of the tightening of the bolts and of the quality of the welds shall follow the rules
laid down in Chapter 7 of Eurocode 3.
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SPECIFIC RULES FOR COMPOSITE STRUCTURES

4.1 General
Symbols:
h/t width-thickness ratio
q behaviour factor
ym partial safety factor to the resistance for fundamental load

combinations

1 Scope
Composite structures are structures composed of composite elements as defined in Eurocode 4.
Composite structures in seismic regions shall be designed in accordance with Eurocode 4..

Those parts of the structure which are intended to resist the effects of seismic actions,
henceforth defined as earthquake-resistant, shall satisfy the rules laid down in this chapter.

Structural or non structural elements fixed to earthquake-resistant structures shall comply with
the rules in chapter 8.

2 Earthquake-resistant structures
Earthquake-resistant structures may be designed according to the following concepts:
a) Concept of non-dissipative structures

The action effects shall be calculated on the base of an elastic analysis without taking into
account non-linear material behaviour. This implies a behaviour factor g = 1.

For these structures the strength of the members and of the connections to resist the design
seismic loading shall be evaluated in accordance with the rules for the resistances defined in
Eurocode 4 without any ductility requirements.

b) Concept of dissipative structures

They are designed in such a way that during an earth-quake some of their parts, which will
henceforth be referred to as dissipative zones, will move out of the elastic range in order to
dissipate energy by means of ductile hysteretic behaviour. The energy dissipation of these
parts is taken into account by a behaviour factorg > 1.

3 Strength verifications
The load combinations shall be taken from Clause 6.2. of part 1.1

The ym-values specified in Eurocode 4 for fundamental load combinations shall be applied.

4.2 Materials

The materials shall conform to the requirements specified in Eurocode 4 with the restrictions
given in chapter 2 of this part for reinforced concrete and in chapter 3 for steel.

4.3 Structural types

1 Non-dissipative earthquake-resistant structures

In case of non-dissipative earthquake-resistant structures no distinction is needed for the type of
the structure in view of the behaviour under earthquakes because ductility effects are neglected.
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2 Dissipative earthquake-resistant structures
Dissipative structures may be designed in the following two alternative ways:
Approach 1:

Sufficient strength and ductility is supplied by the steel parts only and the strength of the
reinforced concrete parts is neglected due to the fact that failure of the concrete parts in
compression or shear is expected before the steel parts vyield.

However, vhen the steel parts are embedded in concrete parts, reducing the risks of local
buckling, the limits for b/t-ratios for class C sections presented in chapter 3, may be used.

Approach 2:

Sufficient strength and ductility is supplied by the composite elements. They are so designed
that they exhibit sufficient rotational capacity achieved by yielding of the steel parts and of the
reinforcing steel.

By the plastic design rules laid down in chapter 4.5 a failure of the concrete parts in ccmpression
or shear proceeding the yielding of the steel parts shall be avoided

In case of mixed structures, consisting of composite frames with either steel or concrete infills,
where the dissipative elements are represented by composite parts shall be so designed that they
develop the sufficient over strength to localise the energy dissipation in the infills.

4.4 Behaviour factor q

The behaviour factor q introduced in Clause 4.3 of part 1.1 to account for energy dissipation
capacity takes the values according to the structural types in fig. 4.3.2 provided the provision in
Clause 4.5 of part 1.3 are respected.

In case of highly regular buildings to be built in regions defined by National Authorities and
having earthquake resistant structures made from rolled sections or hollow sections infilled with
concrete and conforming to the types listed in fig. 4.3.2 ( K-bracing excepted) a behaviour q =
2,0 may be adopted without taking into account the detailing rules given in Clause 4.5 of part
1.3 and the limitations given in Clause 3.2 of part 1.3. The general safety requirements set forth
in part 1.1 may then be deemed to be satisfied by the strength assessments according to
Eurocode 4.

4.5 Design criteria and detailing rules for dissipative zones

4.5.1 Design criteria

For dissipative composite elements where the strength of the concrete parts is neglected
(approach 1) the design criteria according to Clause 3.5.1 of part 1.3 apply. For dissipative
composite elements where the concrete part is taken into account (approach 2) the following
rules apply:

1 In elements subjected to bending the stiffness and yielding strength of the steel parts shall be
proportioned so that yielding of the steel parts can be ensured before the concrete parts fail in
compression.

In elements subjected to shear forces the total shear shall be resisted by the steel beam only.

Elements subject to compression shall be designed such that either the concrete parts are
totally encased by the steel parts or the concrete parts are confined by close spacing of the
stirrups according to Clause 2.2,

4 The shear connection between concrete parts and steel parts in composite elements shall be
ductile, (see EC4)

5 Any connection between dissipative concrete infills and non-dissipative composite parts that
is designed for over strength shall be verified taking into account the tension stiffening of the
cracked concrete parts.

-84 -



6 The steel reinforcement in the concrete parts of composite elements in tension shall be
sufficiently anchored according to the rules laid down in Chapter 2.

For dissipative reinforced concrete parts in mixed structures the design criteria laid down in
chapter 2 shall be adopted.

1. Frame structures M 420 high medium
41 % regularity | regularity
~1.10

a

1
' ayy ay’
ﬁﬁ =5 a, q=4 T,

diss. zones diss.2ones = bending zones

2. Concentric truss bracings
Diagonal bracings

a=4 a=3

diss. zones = tension diagonals only
V - bracings

=2 q=1.5
a) b) ¢)

diss. zones = tension & compression diagonals

K - bracings
non dissipative =1 a=1
3. Eccentric truss bracings
+ 48
a
1" a * a *
~1.10 o ] gy
g=5 a, q=4 a,
g
-~
diss. zones = bending or shear zones
4. (Zantilovor structures
(0} diss. zones
in the columns g=2 a=1.5
DAL AL AR
Restrictions. A£16,0£02
(see clause 3.5.7.1)
§. Cores or walls in reinforced concrete
dissipative zones chapter 7 | chapter 7
8. Dual structures
|
= + ay” 9
=5 = 4
—h——de. a' q u1
frames with diss. bending zones
bracings with diss. tension zones
7. Mixed structures made from steel frames with|
reinforced concreta infills
composite frames =2 g=1.5
diss. reinforced concrete or steel infills
diss. joints
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4.5.2 Detailing rules for structural elements

The detailing rules required for achieving the behaviour factors g may be taken from Clauses
3.5.4, 355, 35635.7,3.58 35.9 ofpart 1.3

For steel parts the detailing rules in chapter 3, for concrete parts the detailing rules in chapter 2
are referred to.

For the shear connection in composite elements the rules in Eurocode 4 laid down for plastic
design shall be applied.

4.6 Specific control measures

The relevant rules for steel and concrete structures laid down in Chapter 2 and Chapter 3 apply.
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SPECIFIC RULES FOR TIMBER STRUCTURES

5.1 General criteria

Timber elements and glued joints shall be designed and verified to behave linearly without
demand for hysteretic energy dissipation under seismic actions.

In structures having joints with mechanical fasteners, their plastic behaviour and capacity to
dissipate energy may be taken into consideration, provided that the behaviour of the joints under
cyclic loading is determined by tests either on single joints or on whole structures or parts
thereof.

5.2 Materials

Eurocode No 5, chapter 3, applies.

Only mechanical fasteners and connections with appropriate low-cycle fatigue properties are
allowed to be used, except for type A structures.

5.3 Structural types

Based on the ductility and the capacity to dissipate energy under seismic action, distinction shall
be made between the following types:

Type A: Non dissipative structures, such as
structures without or with only a few joints with mechanical fasteners
arches with hinged joints
cantilever structures with built-in columns
structures with diaphragms solely with glued joints
Type B: Low dissipative structures, such as
frames or beam-column structures with semi-rigid joints between all members and the
foundations
trussed frame structures with mechanical fasteners
Type C: Medium dissipative structures, such as

structures with diaphragms resisting the horizontal forces, connected by nails. Panels
may be either glued or nailed.

5.4 Behaviour factors and damping ratio

The values for the g-factors given in Table 5.4 shall be applied.
Table 5.4: Value's for the behaviour factor g

5.5 Safety verifications limitations detailing

For safety verifications the relevant provisions in chapter 4 of part 1.2 and in Eurocode No 5
apply with the following additions and modifications:

1. In diaphragms the strength of the panels shall be so high that failure will take place in the
joints, not in the paneis.
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N

If g-values higher than 1.0 are taken into account, the members shall be designed such
that their load-bearing resistance is higher than that of the connections.

3. kmod for instantaneous load apply.

. For ultimate limit state verifications the partial safety coefficients for material properties
ym from Eurocode No 5 table 2.3.3.2 for fundamental load combinations apply.

5. Compression members and their connections which may fail due to deformations caused
by load reversals shall be so designed as to retain their original position at all times.

6. Bolts shall only be used in secondary members, and they shall be tight and tight fitting in
the holes.

7. Smooth nails shall not be used.

5.6 Limitation of damage

The provisions given in part 1.2 (Clause 4.2) apply.

5.7 Control of design construction and use

The provisions given in part 1.1 apply.
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SPECIFIC RULES FOR MASONRY STRUCTUES

6.1. General

1. Scope
2. Criteria for ensuring compliance with the general requirements
3. Partial coefficients for materials

6.1.1 Scope

The present chapter apply to masonry structures designed in accordance with Eurocode 6
definitions of: unreinforced masonry, confined masonry and reinforced masonry. The following
rules are additional for use in seismic regions only.

Due to its low tensile strength and low ductility, unreinforced masonry is not suitable for high
seismic actions. However, its association with reinforcing steel can provide ductility and limit the
strength degradation under cyclic actions. The reinforcing techniques considered by Eurocode 6
and referred to in this Chapter are called "confined masonry” and "reinforced masonry”
according to the definitions given in Clause 6.3.

6.1.2 Criteria for ensuring compliance with the general requirements

1 No collapse and low-susceptibility to damage

The detailing and verification rules contained in this chapter ensure the required degree of
reliability against collapse.

Because of the rigidity of the masonry walls, and their concurrent structural and non structural
role, the susceptibility to damage is limited by the same rules, with the addition of only few
further measures as specified in Clause 6.6

2 Specific aseismic measures

In order to minimise the uncertainties inherent in aseismic design, and their consequences, the
following conditions shall be met:

i) The behaviour of the structural system as a whole shall be ensured by effective
horizontal connections between the walls and the floors.

ii) Bearing walls shall be provided with stiff foundations, so that they can be
considered as built-in at their base.

iii) The design documents shall point out the detailing whose effectiveness is essential
for seismic resistance.

6.1.3 Partial coefficients for materials

Partial coefficients for masonry strength are the following:

The partial coefficient for steel is: ys=1.0.

6.2 Materials

1 Artificial units

The rules presented in this chapter apply to masonry made with solid, perforated, hollow, cellular
and horizontally perforated units according to Eurocode 6.
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Perforated, hollow, cellular and horizontally perforated units should not have more than 50 % by
volume of holes.

The minimum thickness of their face shells and cross webs shall not be less than .15 mm,
Vertical webs in hollow and cellular units shall extend to the entire length of the unit. Units
different from the above can be used in reinforced masonry systems provided they comply with
the tests foreseen in Clause 6.3.4.

2 Natural stone units

Stone masonry is allowed in seismic regions, provided units are square d-essed with parallel
horizontal faces.

3 Minimum strength of units

Both artificial and natural units shall have a mean compressive strength not less than the
following values obtained from tests carried out in accordance with the relevant provisions of

Eurocode 6.

With reference to the normal bedding position in the masonry:

a) in the vertical direction: fb = 2,5 N/mm~2

b) in the horizontal direction in the plane of the wall: fb = 2,0 N/mm~2
4 Mortar - Grout - Concrete infill

For unreinforced and confined masonry, only mortar types M20 - M15 - M10 - Mb - according to
Eurocode 6) are allowed in seismic regions. National Authorities can allow, depending on the
seismicity of the region and the importance of the building, the use of mortar type M2.

For reinforced masonry, only mortar types M20 - M15 - M10 are allowed.

Grout and concrete infill shall comply with the relevant provisions of Eurocode 6.
5 Reinforcing Steel

Only steel type A as defined in Eurocode 2 shall be used.

6 Bonding patterns

In addition to the rules given in Eurocode 6, for the application of the present chapter concerning
all types of masonry made by artificial or natural units the following specifications shall be met.

The courses shall be horizontal.

- Vertical joints between adjacent courses shall be staggered not less than one third of the length
of the unit (one third running bond), and the joints shall be filled with mortar.

- joints between orthogonal walls shall be fully bonded.

- When the thickness of the wall requires more than one unit, a staggered pattern shall be used
in order to realise not less than one third running bond across the wall.

6.3 Types of structural masonry for buildings

Unreinforced, confined, and reinforced masonry built in accordance to EC6 are allowed in seismic
regions, with the following additional limitations:

1} Unreinforced masonry

2) Confined masonry

3) Reinforced masonry

4) Reinforced masonry systems
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6.3.1. Unreinforced masonry

The thickness of seismic resisting walls shall not be less than
for artificial units walls 300 mm,(suggested)
for natural units walls 400 mm,(suggested)

The ratio between the storey height and the wall thickness shall not be greater than the
following values:

for artificial units walls 12,{suggested)
for natural units walls 9,(suggested)

Horizontal steel-ties shall be provided in the plane of the wall, at every floor level and in any
case not spaced more than 4 m.(suggested

This type of structural masonry is not allowed in buildings having more than 2 storeys in seismic
regions where the peak ground acceleration is greater than ag = 0,25 g, unless the conditions
for the simple building are fulfilled (Clause 6.4.2.1).

6.3.2 Confined masonry

This type of masonry shall be confined by horizontal and vertical structural reinforced concrete
tie-beams adequately bonded together and anchored to the elements of the main structural
system.

In order to obtain an effective bond between tie-beams and masonry, casting of the concrete
shall follow the construction of the masonry wall.

The cross section of both horizontal and vertical tie-beams shall be not less than. 150x150
mm.(suggested)

Vertical confining elements shall be placed at both sides of any wall opening with an area of
more than __ m2, at every intersection between walls, and within the wall if necessary in
order not to exceed the spacing of: 5 m.(suggested)

Horizontal tie-beams shall be placed at every floor level and be connected to the floor slabs; in
any case their vertical spacing shall not exceed: 5 m.(suggested)

In each vertical or horizontal tie-beam the reinforcement shall be not less than 2.5 cm
(suggested) of cross section. If more than one steel bar is adopted in the tie-beams, the
reinforcement shall be put together by regularly spaced stirrups.

Continuity of the reinforcement shall be achieved by 60 diameters overlap.
Wall thickness shall be not less than: 240 mm.(suggested)

The ratio between the storey height and the wall thickness shall not be greater than: 15.

6.3.3 Reinforced masonry

Reinforced masonry is characterised by the presence of reinforcement diffused within the
masonry according to the following rules.

Horizontal reinforcement shall be placed in the bed joints or in suitable grooves in the units,
and spaced not more than 600 mm.(suggested)

Special units shall provide place for the reinforcement needed in the lintels and in the
parapets.

Steel bars with diameter not less than 4 mm, bended around the vertical bars at the edges of
the wall shall be used.
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The minimum percentage of horizontal reinforcement spread in the wall, referred to the cross
section of the wall, shall not be less than 0.511000.(suggested)

Vertical reinforcement shall be located in appropriate pockets, cavities or holes of the units.

Vertical reinforcement with section not less than, 4 cm2 shall be arranged at both free edges
of every wall element, at ever wall intersection, and within the wall, if necessary, in order not
to exceed the spacing of 4m.{suggested)

The minimurn percentage of vertical reinforcement spread in the wall, referred to the cross
section of the wall, shall not be less than: 0.5/1000.(suggested)

The parapets and lintels shall be regularly bonded to the masonry of the adjoining walls and
linked to them by horizontal reinforcement.

Wall thickness shall not be less than: 240 mm.(suggested)
The ratio between the storey height and the wall thickness shall not be greater than:

*) The provisions contained in this Clause will be reviewed when the relevant part of Eurocode 6
becomes available.

6.3.4 Reinforced masonry systems.

Reinforced masonry systems may be industrially produced, with a set of standard and special
units supplied with pockets and grooves appropriate to accommodate the reinforcement, and a
corresponding consistent set of properly studied details.

In this case the system may violate some of the specifications of Clause 6.3.3 provided it is
submitted to appropriate experimental tests, according to the indications of agreed Standards.

The complete qualification documentation of the system shall be officially approved and shall
contain all the relevant informations for design and construction of the system.

In this document the shape of all the unit types, the assembling procedures, the arrangement of
the reinforcement, the mechanical characteristics, etc. shall be described.

6.4 Constructional rules

The constructional rules can be classified in:

1) General rules
2) Particular rules for "Simple Buildings”

6.4.1 General rules

Buildings constructed using masonry shall behave as three-dimensional structures made up of
floors and walls with all the elements contributing to resist the applied load.

Shear walls shall be provided in 2 orthogonal directions. The floors shall be verified to be able to
transfer horizonta! actions to the walls.

The following rules apply to floors:
Any type of floors can be adopted, provided the general requirement of continuity is satisfied.

In particular for reinforced concrete slabs a layer of continuous concrete having a thickness of
not less than 40 mm (suggested) shall be provided, unless other means assure effective
diaphragm action.

Floors shall be reinforced in 2 orthogonal directions and reinforcement shall be anchored in
the perimeter tie-beams confining the floor.
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In case of parallel ribbed floors, intermediate ties shall be placed orthogonally to the main
reinforcement, so as not to exceed the spacing of 5 m (suggested} between ties. These shall
contain not less than 6 cm?2 (suggested) of reinforcement, effectively anchored at both ends.

Precast slabs shall be reinforced in 2 orthogonal directions and connected with the supporting
beams and each other with shear connectors, so that the whole forms a continuous
diaphragm.

Steel and timber floors may be used if they fulfil the requirements of effective diaphragm
action in transferring the horizontal actions to the shear walls.

see also: Clause 6.4.2 of part 1.3.

6.4.2 Particular rules for "Simple Buildings"

For the purpose of the present Code, if a building satisfies, in addition to the prescriptions of
Clause 6.4.1 of part 1.3 the ones contained in the following, it is defined a "Simple Building".

The number of storeys above ground does not exceed the following values:

The plan is approximately rectangular, with sides ratio not less than 0.25 (suggested) and
with projections or recesses from the rectangular shape not greater than 15 % (suggested) of
the side parallel to the direction of the projection, and less than 2 m.(suggested)

At least 75 % of the vertical load is supported by walls.

The in-plan-layout of the more important walls is symmetrical with respect to two orthogonal
axes.

Two parallel walls with not less than 50 % of the length of the building in the direction of
those walls shall be located at a distance from each other greater than 75 % of the other plan
dimension of the building.

The difference in mass and in wall horizontal cross section between the storeys does not
exceed 20 %.

Tie-beams and minimum reinforcement are provided according to the rules given for the
corresponding structural type (unreinforced, confined, reinforced masonry).

The horizontal cross section of the lateral load resisting walls, in each of the orthogonal
directions, given in percent of the total floor area above the level considered, at every floor is
not less than the values of the following table:

The wall elements with height-length ratio greater than the value given in Clause 6.6.1 of part
1.3 shall not be taken into account in the evaluation of the lateral load resisting area.

For unreinforced masonry buildings, the walls in one direction shall be connected with the
walls in the orthogonal direction at a maximum distance of 7 m.(suggested)

6.5 Behaviour factor damping ratio and fundamental period

The following values of the behaviour factor q shall be adopted:
Unreinforced masonry 1.5 (suggested)
Confined masonry 2.0 (suggested)
Reinforced masonry 2.5 (suggested)

Values of q for reinforced masonry systems shall be derived from the results of the ductility tests
referred to in Clause 6.3.4 of part 1.3 and shall be officially approved.

With reference to Clause 4.3.1, of part 1.1 for masonry buildings the damping factor { = 8 %
can be adopted.
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In the absence of an analytical evaluation of the fundamental period of the building, for the
purpose of application of the linear analysis design spectra, T shall be taken equal to T2 (Clause
4.2.1.2 of part 1.1).

6.6 Safety verification

1. Definition of seismic-resistant elements
2. Methods of analysis
3. Safety verification

6.6.1 Definition of seismic-resistant elements

In a masonry building the following elements can act as seismic load-resisting elements.

a) Masonry walls, provided the height/length ratio is not greater than the value given in the
table below.

If the height/length ratio is greater than the above values, the element shall not be taken into
account as a resisting element.

b) Horizontal connection elements, acting as coupling beams between two vertical elements.
The masonry parapets, if regularly bonded to the adjoining walls, connected to the floor tie
beam and to the lintel below, may be considered as coupling beams.

6.6.2 Methods of analysis

A static analysis procedure (i.e. the simplified dynamic analysis in Clause 5.3.1.2 of part 1.1)is
considered appropriate to masonry buildings. A linear analysis can generally be used modelling
the whole building and considering the floors rigid in their plane. Flexural, shear and axial
deformability taken into account in evaluating the stiffness of the elements.

If the structural model takes into account the coupling beams, a frame analysis can be used for
the determination of the action effects in the vertical and horizontal structural elements.

More refined methods (e.g. finite elements) may also be used.

The distribution of the total base shear among the walls, as obtained by the linear analysis, may
be modified, provided that global equilibrium is assured and the action in any wall is neither
reduced more than 30 % (suggested) nor increased more than 50 %.(suggested)

6.6.3 Safety verification

For the safety verification against collapse described in Clause 4.1.1.1 of part 1.2 the design
resistance of every seismic resisting element shall be evaluated according to chapter 4 of
Eurocode 6 and considering the values of presented in Clause 6.1.3.0f part 1.3

In the case of the "simple buildings" fulfilling the particular requirements given in Clause 6.4.2 of
part 1.3 the above verification is implicit in the design procedure.

6.7 Limitation of damage

The provisions given in Clause 4.2 of part 1.2apply. For "simple buildings" these conditions are
considered to be implicitly satisfied.

6.8 Control of design construction and use

Provisions contained in EC 6 Chapter 6 shall be adopted.
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SPECIFIC RULES FOR MIXED STRUCTURES

7.1 General

1 Scope and definition

The following provisions apply for structural systems designed to resist horizontal seismic forces,
whose parts (frames, diaphragms, infills) and/or elements (columns, slabs, walls) consist of
different materials, but provide a single homogeneous resisting system in a vertical plane (mixed
structures).

The provisions don't apply for "dual structures”, whose parts or elements may also consist of
different materials, but are able to provide more than one resisting system in a vertical plane, as
for example the association of wall and frame elements.

Mixed wall structures consisting of masonry walls confined by reinforced concrete or steel ties
(confined masonry) are dealt with in Chapter 6.

2 General requirements

The different elements shall be assembled in an appropriate way to form a resisting structural
system.

7.2. Materials

The different materials of mixed structures shall meet the requirements given in the relevant

Eurocodes and in Chapters 2, 3, 4, 5, and 6.

7.3 Structural types

The provisions of this Chapter apply for the following mixed structures:
TYPE A:

Mixed structures consisting of reinforced concrete or steel frames filled by normal or
lightweight reinforced concrete or brick or block masonry walls

TYPE B:

Mixed structures consisting of reinforced concrete cores or walls and steel columns
connected with reinforced concrete slabs

TYPE C:

Mixed structures consisting of triangulated timber frames filled by masonry.

7.4 Behaviour factors

TYPE A - structures:

The behaviour factors g given in Chapters 2 and 3 of this Code for bare reinforced concrete
and steel frames respectively shall, when needed, be reduced to account for the influence of
infill walls.

Reduced g-factors shall be considered if

{a) non-uniform distribution of infill walls in elevation (vertical irregularity) causes increased
ductility demand in frame elements of the "less-infilled” floors or bays,
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(b) additional shear forces locally acting on columns (near column/beam joints) due to the
frame/infill interaction may cause a reduction of the shear ratio of columns and, therefore,
may also reduce their ductility.

TYPE B - structures:

(a) If, according to a linear analysis, more than 60 % of the base shear force is carried by the
reinforced concrete core(s), then the core(s) shall be designed so as to be able to carry the
total shear force; the appropriate g-factors given in Clause 2.1.4 of Chapter 2 apply.

(b) If, according to the structural analysis, less than 60 % (suggested) of the total seismic
force is carried by the concrete core(s), then the g-factors given in Clause 3.4 of Chapter 3
apply. -

TYPE C - structures
The behaviour factors given in Chapter 5 of this Code apply.

7.5 Safety verifications limitations detailing

TYPE A - structures

Safety verifications of reinforced concrete and steel frame elements and for infill walls
concerning out-of-plane bending and connections to the frames shall be carried out according

to Chapter 2, 3 and 6 respectively.

Additional shear forces and bending moments acting on columns, due to frame/infill
interaction, shall be taken into account when dimensioning columns.

No safety verifications concerning in-plane bending and shear of infilling walls are needed,
unless these walls are taken into account for strength verifications of the entire structural
system. In this case the relevant provisions for walls given in Chapter 2 and § apply.

Limitations and detailing rules given in Chapter 2, 3 and Chapter 6 apply.
TYPE B - structures

Safety verifications of reinforced concrete walls and steel frame elements shall be carried out
according to Chapter 3

It shall be verified that the concrete diaphragms are able to distribute the horizontal forces
among the resisting vertical elements.

In the case the total shear force is considered to be carried by the reinforced concrete cores,
the columns shall be designed based on the results of a static analysis according to the rules

contained in Chapter 3.
Limitations and detailing rules given in Chapters 2 and 3 apply.

TYPE C - structures

Safety verifications of timber elements and of infill walls concerning out-of-plane bending and
connections to the frames shall be carried out according to Chapter 5 and 6.

No safety Verifications concerning infills are needed.

Limitations and detailing rules given in Chapter 5 apply.

7.6 Limitation of damage

TYPE A - structures

The inter storey drift of reinforced concrete and steel infilled buildings may be calculated

according to Clause 5.5 of part 1.1 and shall be limited, according to Clause 4.2.2 of part
1.2, considering the infills as a brittle material attached to the structure.
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TYPE B - structures
The general rules contained in Clause 4.2 of part 1.2 aiming at limitation of damage apply.
TYPE C - structures

In addition to the limitations contained in Clause 4.2.2 of part 1.2 light wire meshes should be
placed on both sides of timber-masonry infilled walls (appropriately anchored into the walis)
and be protected appropriately.

7.7 Control of design, construction and use

The respective sections of Chapters 2, 3, 5 and 6 and of part 1.1 of this Code apply.
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SPECIFIC RULES FOR STUCTURAL ELEMENTS

8.1 General

1 Scope and definitions

This chapter is concerned with specific rules for non-structural elements in buildings. Non-
structural elements are architectural, mechanical or electrical elements, systems and components
that, whether due to lack of strength or to the way they are connected to the structure, are not
in a position to affect the stiffness of this latter; consequently - except for their weight -they are
not included in the analysis of the structure.

2 General requirements

Architectural, mechanical and electrical elements, systems and components and their
connections shall be designed and constructed to resist seismic action

without endangering persons by failing

without affecting the main structure

without affecting other non-structural elements
remaining operational when being part of vital facilities.

Those "non-structural” elements which cannot be clearly restrained from interacting with
structural elements shall be introduced in the model used for the analysis.

8.2 Types of non-structural elements

Non-structural elements may be classified into the following types

8.2.1 Architectural components

Architectural, components are
1) Appendages, such as
exterior non-bearing walls
wall attachments
veneers
roofing units
free standing components, such as chimneys, antennae a.o.
2) Partitions such as
stairs and shafts
vertical shafts
horizontal exits
public corridors
non-bearing walls

structural fireproofing
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suspended ceilings
3) Fixtures. such as
built-in cupboards

shelves

8.2.2 Mechanical/electrical components

Mechanical/electrical components are
1) Heating/cooling components such as
boilers, furnaces a.o.
chimneys, flues, vents a.o.
communication systems
tanks
ducts and piping distribution systems
2) Electrical components such as
electrical ducts and cable systems
electrical supervision or safety systems

lighting fixtures

8.2.3 Storage elements or storage material

8.3 Safety verification limitations detailing

8.3.1 General

Safety verifications shall be carried out for elements/components and their connections that
might, in the case of failure, cause risk to persons.

Specific provisions, dependent on the seismicity level of the zone, will be given by the
competent National Authorities.

8.3.2 Safety verifications limitation detailing for elements/components

1) Individual elements/components as described in Clause 8.2.1-8.2.3 and their connections
shall be verified according to the provisions given in Clause 5.4 of part 1.1, in Clause 4.1
of part 1.2 and the other Eurocodes to have adequate strength and overall stability.

2) The horizontal seismic action on any element/component shall be applied at its centre of
gravity and be assumed to act in any horizontal direction. Where required, the vertical

seismic action (Clause 4.2.1, part 1.1) shall also be applied.

The horizonta!l and vertical seismic actions shall be calculated according to Clause 5.4 of part
1.1.

3) For panels, their strength and the strength of their connections under seismic actions shall
be verified both in their plane as well as orthogonally to it.
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4) Elements and components shall be connected together and attached to the structure so as
to preclude that failure of a single element may automatically involve a generalised failure
of the interconnected items.

5} Connections and attachments

a) Non-structural elements/components and their connections shall be arranged such as
not to affect the deformations of the main structure.

b) Ccnnections shall be checked to adjust for the design deformations of the structure
(Clause 4.1 of part 1.2), either elastically or with an adequate ductility reserve.

c) For small sized overlapping elements, such as tiles, it is sufficient to attach only the
individual elements of a group, necessary to ensure the attachment of the whole
group.

d) In the absence of exact verifications hanging or swinging - type fixtures shall have a
safety cable attached to the structure at each support point, capable of supporting 4
times their weight.

8.3.3 Storage elements or storage material

Storage elements or storage material shall be arranged in a self-restraining way or be provided
with adequate restraints If i.e cables or other attachments to the structural in order not to
loose their overall stability (sliding, overturning, uplifting), causing

danger to the stability of the main structure or of non-structural elements or

blocking of emergency areas.

8.4 Limitation of damage
The provisions given in Clause 2.1.2 and 2.2.2 of part 1.1 and Clause 4.2 of part 1.2 apply.

8.5 Control of design construction and use

The provisions given in part 1.1 apply.
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