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ZTATIKH KAI OIKONOMOTEXNIKH ANAAYZH BIOMHXANIKOY KTIPIOY
XapaAapnog I. Koopidng

EniBAénwv:

MauAog ©avonouAog, Enikoupog KaBnynTrg E.M.M.

NepiAnyn

AvTikeiyevo TN napolong OJINAWPATIKAG £pyaciag €ival n POppwaon kal n oiaoraciohoynon &vog
Blounxavikou KTIpiou pE HETAANIKO (PEPOVTA OKEAETO, dlaoTdcewv 78m X 23,88m. ZTO EC0WTEPIKO TOU
KTIpiou kal gg Uyog 4,00m oTeyalovral Ta ypageia dloiknang ouvoNkng enipavelag 24m X 23,88m.
EninAgéov, NnpayuaTonoleiTal 0IkOVOUOTEXVIK avaAuan oTo KTiplo, avaAlwvTag Tov TPOMo Nou nnpealel
n dlaoTacioAdynon (TPOMoC KaTaokeunc, €miAoyr dlaTopwY, TPONOC CUVOECHOAOYIAC) TOV GUVOAIKO
NPOUMNOAOYIOPO TOU €pyou, kabBw¢ eniong kai To ndco ennpedleTdl TO KOOTOC Tou XAaAuBa ano
Nnaykoouia yeyovoTd, TO Onoio JIaUOpPWVEl TO TEAIKO KOOTOG TWV HETAANIKWY KATAOKEUWV.

>Ta kepdahaila nou akoAouBoUv yiveTal pia nepiypa@ry TG APXITEKTOVIKAG AUONG, avanTUoosTal n
(IAoooQia TNG HOPPWONG ToU OTATIKOU NPOCOUOI®UATOC Kal napoucialeTal n diactacioAdynon Tou
@épovta opyaviopoU. H avaluon kai dlaocTacioAdynon TnG KATaokeung Eyive HE BAcn Toug
EupwkmdIKEG, PE TN XPNON Tou unoAoyioTikoU npoypdupatog Robot Structural Analysis Tng Autodesk.
>Tn MeAETN nepIAAUPBAVETAl KAl O AEMTOMEPNC UMOAOYIOUOC OPICUEVWV OUVOECEWV TOU METAAIKOU
OKEAETOU.
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Abstract

The subject of this thesis is the molding and dimensioning of a steel industrial building with
dimensions 78m X 23,88m. The administrative offices are placed inside the building and at a height of
4,00m with a total area of 24m X 23,88m. In addition, an economic and technical analysis is carried
out on the building, analyzing how the dimensioning (construction method, choice of cross-sections,
connection method) affects the overall budget of the project, as well as how much the cost of steel is
affected by global events, which defines the final cost of metal structures.

In the following chapters a description of architecture requirements is taking place, the philosophy of
a static model’s molding is developed, and the dimensioning of the steel structure is presented. The
analysis and dimensioning of the building is based on the Eurocodes and its study is accomplished
through the use of the commercial program Robot Structural Analysis of Autodesk. Finally, a detailed
calculation of some connections regarding the steel members is provided.
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EYXAPIZTIE:

Me Tn OINAWMATIKA QuTh €pyacia OAOKANPWVETAI O KUKAOG (oIiTnonG Hou oTtn ZXoAn MoNITIkwmv
Mnxavikov Tou EBvikoU MeTaoBiou MoAuteyxveiou. Me Tnv a@opun autr 6a nésAa va ekppdow TIG
EUXAPIOTIEC MOU OE OAOUC GooUC €naifav onuavTiko poho katd Tn OIApKEId TNG (POITNONG HOU OTO
Tdpupa.

KaTapxag 6a ndeha va suxapioTriow Tov Enikoupo Kabnyntr Tou EBvikoU MeTodBiou MoAuTeyveiou K.
Mauho Oavonoulo nou NATav kai o emBAéNwv TG JINAWHATIKAG Mou epyaciag. H dlapkig kai
unodelydaTikn kabodnynon Jadi Ye Tnv ApioTn €NICTNPOVIKN TOU KATAPTION OUVEBAAAV KATAAUTIKA oThv
oAokAfpwon TnG Npoonabeiag Jou auTng.

Enionc B6éAw va guxapioTnow Beppd Tov K. Xapn Mavrté, KaBnyntr Tou TopEa AopooTaTikng Tou E.M.M.
Kal Tov K. AnunTpio BappaTtoiko, KaBnynTr Tou Topéa AodooTaTikng Tou E.M.I. yia Tn GUPUETOXT TOUG
oTnv €EETAOTIKN EMITPONM TNG JINAWHATIKAG HOU Epyaciac,

TéAog, Ba NBeAa va euxapioTnOw TNV OIKOYEVEID JOU YId T CUUNapacTacn TnG o OAn Tn OIAPKEId TwV
onoudwv Hou.

XapdAaurnoc Koouiong

OkTwpBpiog 2023
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1. EIzArQrH

1.1 Zt0x0¢G

AvTIKEipEVO TNG Napouonc dINAWKATIKAC pyaadiac gival n PeAETN Kal 0 aXedIaopog evog Blounxavikou
KTIpiou ano XaAuBa. H eniloyr| TOU OUYKeKpIPEVOU OEPaToc, aopda To IDIaiTEPO EvOIAPEPOV MOU
napouoialouv ol PETAANIKEG KATAOKEUEG, TOOO WG NMPOC TNV KATAOKEUAOTIKN AENTOMEPEId MOU TIC
xapakTnpilel, 00 kal WG NPog To eupU GAcua pywv MoAITikoU MnxavikoU nou pnopouv va KaAUyouv.
H xprion HETAAIK®V KTIpiKV ano XaAupa £xel kabiepwBei oTov BIOUNXAVIKO TOPEd, AOYw TWV I1AITEPWV
NAEOVEKTNUATWV TouC (€Ea0MAAION WeYGAWV avOIYUATWV HE OXETIKA MIKPEC OIATOPEG OOKWV —
UMOOTUAWMATWY, TAXUTNTA KATAOKEUNG, AVTIOEIOMIKOTNTA, AQVOEKTIKOTNTA OTO XPOVO, HOPPOAOYIK)
e\eubepia). Zkonodg TnG napoucag OINAWUATIKAG €Pyaciag ATAv pECW TNG OTATIKAG MEAETN €vOg
Blounxavikou KTipiou va xpnaoiydonoindouv kai va epappocTouV ol YVWOEIG TWV MNPONYOUUEVWV ETWVY, Va
katavonBouv NANPWE O KAVoVIOTIKEG OIaTAEEIC Twv Eupwndikwv MpoTunwv kai va avantuxbouv
0€EI0TNTEG WC NPOC TO OXEJIAOUO NMPOCOUOIMKATWV O NPOYPAUMATIOTIKO nepIBAAhov, alAd kai va
€EETAOTEI TO OIKOVOMIKO AVTIKTUMO MOU €XEl OTNV KATAGKEUN N MOAUMAOKOTNTA TNG KATAGKEUNC OF
ouvOUaoMO Pe TNV OIEBVI OIKOVOUIKN TACN avd NEPIGdOUG WG NPOC To TEAIKO OIKOVOMIKO anoTEAEoUa
TNG. H oTaTikr avaAuon, n diaoTacioAdynaon Kai TEAIKWG N ekndvnon TnG epyaaciac, £yive Pe Tn Bondeia
Tou npoypapparoc Robot Structural Analysis Tng Autodesk.

Aopn TnG epyaoiac:
> 270 Ke@dAaio 2 yiveral napouciacn Tou (popéa, Kabwg niong kal KaTaypagr Twv
DOMIKQWV OTOIXEIWV TNG KATAOKEUNG Kal TWV UAIK®V Nou Xpnaolyonoinenkav.

> 2T0 KeaAaio 3 napouaoialovral ol OpACEIC MOU KATAMovoUVv TNV KATAOKEUr Kal ol
ouvduaaoyoi (POPTIONG TNG OTIC OPIAKEG KATAGTACEIG aoToxiac kal AsIToupyikoTnTac,
uE Baon Tov Eupwkadika.

> 210 Kegpahaio 4 napoucialeTal To GTATIKO NPOCOUOIWKA TOU BIOKNXAVIKOU KTipiou
Mou UEAETNONKE

> 2710 KegpaAaio 5 napoucialovTal ol €Aeyxol Kal n OlaoTacioAOynon Twv OOMHIKOV
OTOIXEIWV, KABWG Kal ol YETAEY TOUG GUVOETEIG.

> 270 Kepahaio 6 napouacialeral n oIKOVOUOTEXVIKT avaAuon TNG KATAOKEUNG HECW TWV
KATAOKEUAOTIK®Y AENTOUEPEIOV KAl HEOW EEWTEPIKWY NAPAYOVTWV Nou ennpedlouv
TO TENIKO KOOTOG TNG KATACOKEUNG,.

> 210 KepdAaio 7 napouaidletal n BiBAloypagia nou xpnaoiponoinénke
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KepaAaio 1

Eikova 1-1: Mpocopoiwpa BlounxavikoU KTipiou oTo Aoylopikd Robot Structural Analysis
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2. NMEPIFPA®H METAAAIKOY ®OPEA

2.1 TEQMETPIA ®OPEA

2Tta nAaiola TnG OINAWMATIKAG €pyaciag, peAetdtal éva PBiounxavikd KTiplo nmou npokeiTalr va
KaTaokeuaoTei oTov Voud ATTIKAG oTnv ZTeped EAAGDa kal ouykekpipéva otov Anpo Axapvwv. H
KaTaokeun BpiokeTal o€ uwdueTpo 200m Kal n xprion TnG NPoBAENETal va gival BIOKNXAVIKH.

To KkTiplo £xel opBoywviKn KAaTown diIaoTacewv 78m eni 23,88m kai anoTeAeiTal ano dekaTéooepig (14)
KUpIoUG popeic-nAaioia o€ napaAnAn diatagn peta&l Toug ava 6,00m. To péyioTo UWoG Tou KTipiou
(kop@iac) sivar 10,00y kal To gAaxioTo UWog 7,50m To onoio eMAEXONKE yia va £XOUME TNV BEATIOTN
anoppdPnan Tou UAIKOU HE TNV 000 duvaTov AiyoTepn anwAeia Tou katda Tnyv didpkeia Tng eneepyaoiac,
Kabwg ol eEAATEC diaToPEC NapayovTal o 12m kai 15m (oikovopia UAIkoU). H khion Tng oTéyng eivai ion
pe 12,00°.

O1 kUpliol popeic enIAéxBnkav va ival nAaioia TonoBeTnuéva kaTta Tnv dielBuvan X TNG KaTAGKEUNC, ME
OAa Ta péAN Toug (unooTUAwWa kai {Uywua) and ehatég diatopéc (HEA 400). Toug agovec 1 — 4 £xouv
XwpoBeTNnBei Ta ypapeia dl0ikNoNG Kal O AUTEC TIC BE0EIC unNdpyouv evOIAUEDA UNOOTUAWKATA AOYW
auénuévwv anarnoewv. H emAoyr TonobETNoNG evOIGUECSWY UNOOTUAWUATWY EYIVE HE KPITNPIO TNV
ano@uyn PeyaAlTepng diaToung dokoU, NoU AUTOUATWC €AAXIOTOMOEI TOOO TO OUVOMKO BApoc TNG
KATAOKEUNG 000 Kal To KOOTOG. Eniong, 0To NMpwTO Kal OTO TEAEUTAIO MAQICIO UNAPXOUV WETWMIKA
UNOCTUAWMATA YIa va napaAdBouv Tnv Mieon Tou avEPou Kal va napeXouv oThpIEn oTIG UNKIdeC kal Ta
naveA Tng NAEUPAG auTng .

>tnv Eikova 2-1 napouoidletal To Npocopoiwpa Tou BIoPnxavikoU KTIPIoU Mou PEAETABNKE, PE TOUG
a€oveg Kkal TIG GUVOAIKEG dIAOTATEIG TOU, Evw aTnVv Eikova 2-2 kai 2-3 napoucialovTal ol 2 KUPIEG OYEIG
TOU KTIpiou (Mpooown kai nAgivr)).
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Eikova 2-1: Aneikovion BiopgnxavikoU KTipiou WE Tig Ia0TACEIG TOU

Eikova 2-2: Mpooown Biounxavikou KTipiou
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Eikova 2-3: MAaivn oyn Blopnxavikou KTipiou
2.1.1 Kuipiol gopeic — nAaioia

'Onwc¢ npoavapépdnke, ol kKUpIol Popeic Tou BiounxavikoU kTipiou €ival nAaioia diateTaypeva avd 6,00m
METAEU Touc. Ma Ta akpaia unooTUAWEATA TwV NAAICi®V Kal yia OAa Ta {uywuata eniAéxbnkav va
xpnoidonoinBolv diatopég and Tnv oeipd HEA. H emidoyr) nAatuneAywv diatopwv HEA Eyive dIOTI
NPOC(EPOUV Wi ICOPPONNUEVN GUUNEPIPOPA Kal avToxr EvavTl AUYIOHOU Xwpi¢ va au&avouv onuavTika
TO BAapoc.

KaBw¢ oTov popéa pag npoBAENETAl NAQIOIAKN AEIToupyia yia TNV NapaAdBn Twv KaTakOpuPpwV Kal Twv
opIZOVTIOV (OPTIWV, 0 NPOCAvaTONOUOC TWV KUPIKV aEOVV TWV UNOCTUAWHATWV Kal Tou {UywHaTog
£YIVE £TOI WOTE 0 I0XUPOC GEovac Toug va AEIToupyei evTOC Tou nNAaiciou. Ta unooTuAwpata BewpolvTal
NakTwPéva oTnv BAcn Touc, EVTOG Tou eninédou Tou nAaigiou (dielBuvon X) kal apbpwTa ekTOC TOU
nAaigiou (d1eUBuvaon Y). H eniAoyr) Tou apginakTou nAaigiou £yive dIOTI 0 GUYKPION HE TO AUPIapBpwTOd
napouoldalel euvoikOTEPN KATAVOUN TWV KAUMTIKWY PON®V Kal KUPIWE HEIWUEVN NAPANOPPWOIPOTNTA
TOOO UNO TA KATAKOPU(pA POoPTia 000 kai und Ta opifovTia QopTid, YEYovOoc NoAU onUavTIKO yia EAEYXOUC
OTNV OpPIaKN KATAoTaon ASITOUPYIKOTNTAC €I0IKA yia €va TETOIO KTiplo PE TOOO WeydAa avoiyuara.
Movadiko PEIOVEKTNHA €vavTl Tou aupiapBpwTouU gival Tl anaiTei kaAng noloTnTag £dagoc BepeAinonc
Kal ouvOeTOTEPN AENTOUEPEIa £DpaacnG eni Tou BepgAiou

2.1.2 Teyideg

O1 Teyidec anoteAoUv OeUTEPEUOVTA DOMIKA OTOIXEID MOU GUHUNANPWVOUV TO KEAUPOC TOU (PEPOVTA
opyaviopouU. KUpia AsiToupyia Toug gival N HETAPOPA TwV KATakOpuPpwV PopTiwV (KIVNTA, AVEHOC, XIOVI)
OTOUG KUPIOUG (POPEIG. AEUTEPEUOVTWC AEITOUPYOUV WG OTOIXEIQ MOU GUHHETEXOUV OTOUG OPI{OVTIOUG
OUVOEOOUC duoKapwiag Npoa@EpovTac NAEUpIkn eEacpdalion ota {uywuara.

>TO KTipIo nou oxedidoape ol Teyideg diaTacgovTal ava 1,20m Kal £X0UvV KaTAOKEUAOTEl wC au@IEpIOTa
oTOoIXEia €VOG avoiyuaTog HETAEU duo diadoxikwv uywpaTtwy. H diatopr Toug, eneidn katanovouvTal
KUPIWG OE KApWn eMIAEyeTal va gival ano Tnv osipd IPE.

AvTi auQIEPIOTEG, oI Teyidec Ba pnopouadav va gixav oXediaoTel oav GUVEXEIGC NOA®Y avolyydtwyv. H
HOPQI) auTr £XEI EUVOIKI KATAVOUN TWV KAPNTIK®Y pON®Y KATA WUAKOC TNG Kal HIKPES NApAUOPPWOEIC.
Anaitei OpWC OUVOEDEIC ANOKATAGTACNG TNG OUVEXEIQG O MOAMEC evdldpeosg Begelg, n O€ napoucia
KOXAIQV, YIa TIG OUVOECTEIC AUTEG, 0TO Avw NEAPA Twv Teyidwv duaxepaivel TNV TONoBETNON TWV PUAAWV
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ENIKAAUYNG. AVTIBETWC TA AU@IEPIOTA OTOIXEid napoucialouv anAOTNTA OTIC OUVOECEIC KAl APKETA
HEYAAn EUKOAIQ OTNV avEYEPON GUYKPITIKA JE AGANEG OTATIKEG HOPPEC,

O1 Teyidec edpalovTal oTo Avw NEAUa Tou {uywpaToc. Me auTd Tov TPOMo NPOCPEPOUV OTN dIATOWUN TOU
{uywpaToc, o ouvdUaopd PE TOUG OUVOECUOUC dUOKAUWiag TNG opo®nc, AUean MAEUPIKT) OEOPEUDN
oTav To Avw néAPa ival To BAIBOPEVO Kal OECUEUON £vavTl OTPOPNC OTAv To Avw NEAMA Eival To
EPeANKUOEVO.

2.1.3 MnKkideg

O PNKIdEC OMOIWG ME TIC Teyideg anoTelolv deuTepeUovTa OOMIKA OTOIXEId MOU YEPUPWVOUV TIG
anooTACEIG METAEU TWV UNOCTUAWKUATWY, TONOBETOUVTAI G OAEG TIC OYEIG TOU KTIpiou kal d€xovTal Ta
@UANG TNG NAEUPIKNG €NEVOUONG TNG KATAOKEUNC. Baoikr) Aeimoupyia Toug €ival n peTagopd Twv
QVEUONIECEWY OTOUG KUPIOUC (POPEIC..

>T0 KTiplo ol unkideg diatdooovTtal avd 1,50m oTnpidovral navw ota dokapia au@iapdpwTd Kal n
dlaTopn Tou €mIAEXONKe va eival anod Tnv oeipd IPE kabwg katanovoUvTtal povo ano kauwn. Eival
NpooavaToAIOUEVEG HE TETOIO TPOMO £TCI WOTE O I0XUPOG TOUG GEovac va evepyonoleiTal yia Ta gopTia
TOU QVEpOU.

Ta @UA\a TNG NAsupikNG enevduong, AOyw TNG PeydAng duokapwiag oTo €ninedo Toug kai und Tnv
npounobeon OTI €ival €NapKAG OTEPEWHEVA €Mi TWV MWNKidwv, MPOOMEPOUV GUVEXN OTNPIEN OTO
€EWTEPIKO NEAWA Kal Napepnodifouv TIG NAEUPIKEG NAPAUOPPWOEIC Tou. Apd and TnV OTIYKA nou ol
MNKIOEC €XOUV KATAOKEUAOTEl au@iapBpwTeG AOyw Tng aveponieonc BAIBETal To EWTEPIKO NEAYA TO
onoio ival eEaocpaliopEvo and Tnv NAEUPIKA €NEVOUGN, Kal €TOI PEIOVETAI AIOBNTA TO PAKOG AuyiGHOU
TNG Teyidag kal 0dnyoUacTe O ApKETA HIKPOTEPEG DIATOMEC.

2.1.4 Ke@paAodokog

H ke@alodokO¢ ival opiOVTIO YPAUMIKO OTOIXEID, MOU CUVOEE! TIC KEPAAEC TWV UNOCTUAWUATWY KATA
v O1eUBuvon Y Tou KTIpiou. Méow Twv KEPAAODOKWV 01 opIfOVTIEG DUVAMEIC, MOU AOKOUVTAl OTO
eninedo TNG enikaAuwng kai napahappavovral and Toug opilOVTIOUC OUVOECHOUG duokapwiac,
METAQEPOVTAl OTA KATAKOPU(PA CUCTAMATA duokapwiag, £T01 WOTE N aAnoppoO@EnNon TNG OEICHIKNAC
EVEPYEIAC VA KATAANyel oTnV BePeNinon HEOW TwV BECEWV OTAPIENC.

H Oiatour nou emAéEape va xpnoidonoinooups gival and Tnv katnyopia Twv HEA, €101 woTe va
00nyoUpaoTe O GTOIXEId JE OXETIKN HIKPH AuynpOTNTA KAl OnUAvTIKA avToxr o BAiyn.

2.2 YAIKA KATAZKEYHZ

3TN OUYKEKPIKEVN Napdypa®o napoucialovral CUVONTIKA Ta UAIKA KATAOKEUNC nou AapBavovTal un'ogiv
KaTda Tov oxXediaopo.

2.2.1 AopikoG XaAupag

O xaAuBag nou xpnaiponoindnke ge 0Aa Ta SOUIKA OTOIXEIQ TNG KATAOKEUNG gival kaTnyopiag S275 kal

Ol OVOMAGTIKEG TIMEG TOu opiou diappong fy kal TNG ePeAKUOTIKNG avToxng fu yia ev Beppm eAaTolg
XAAuUBeG divovTal ota Eupwnaika Mpotuna EN 10025-2 kar EN 1993-1-1.

AinAwpartikn Epyacia Koopidn Xapahapnou E.M.M. 2023
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IIpotvmo ko ., ,
P Ovonootiké tdyoc Tov erorysiov t [mm]

mOLOTNTO.
1GivBa t<40 mm 40 mm <t <80 mm
fy [N/mm?] [N/mm?] fy [N/mm?] fu [N/mm?]
EN 10025-2
S 275 275 430 255 410

Mivakag 2.1 : OVOPAGTIKEG TIUEG TOU opiou Blappong fy kal TNG EPeAKUTTIKNG avToxng fu Tou xaAuBa
S275

O1 TIYég oxediaopoU yia TOUG KUPIOUG OUVTEAEOTEC UAIKOU Twv OOMIKWV XaAUBwv, o1 ornoiol
Xpnoidonoinenkav aToug unohoyiopoUg gival ol €Enc:

ME£TpO EAACTIKOTNTAG: E= 210000 N/mm?
MéTpo diaTtunong: G=80770 N/mm?

Adyog Poisson oTnv eAACTIKN NEPIOXN): v=0.3

ZuvTeAEOTNG OEPHIKNG S100TOANG: a=12'10% ava °C
Eidi1k0 Bapog: Ya= 78.5 kN/m3
Taon oxediaopou: fya=fyk | Ymo,ymo=1.0

2.2.2 EmkaAUyeIg

Qc enikAAuwn Tou PeTaANIKoU okeAeToU, eniAéyovTal naveh noAuoupedavng PIR waTe va EXOULE Kal £va
MIKpO OEiKTN NuponpooTaaciag. To NAxog Twv NaveA nAaylokaAuyng kai opo@ng ivar 100mm pe €18IKO
Bapoc 10,95 kg/m? . MapaTiBeTal o nivaka 2.2 Pe Ta TEXVIKA XapAKTNPIOTIKA TwV NAVEA

Elbog Néxog D (mm) Bapog (kg/m*) ®oprio (daN/m’)
ECOPANEL* WLC 10 8,67 0,10
ECOPANEL" WLC 50 9,05 9,50
ECOPANEL® WLC 60 043 9,00
ECOPANEL® WLC 80 10,18 10,70
ECOPANEL" WLC 100 10,95 11,50
ECOPANEL® WLC 120 L P 12,30
EASYPANEL® WLC 40 7,36 7,70
EASYPANEL®" WLC 50 772 8,00

Mivaka 2.2: Texvika XapakTnpeIioTika naveA noAuoupebavng
(www.elastron.gr/gr/el/products/en/ecopanel-wlic/)

ExTiunon Bdpoug otov oxedlaopd pag éxel yivel e g=0,15 kN/m? yia Ta navel nAayiokdAuyng kai
OpOPrG.

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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2.2.3 IkupOdepa danidou ypaPeinv

Qc danedo opoPou nou edpadlovral Ta ypageia enAéxBnke Tpaneloeidnc Aapapiva SYMDECK 73 / ndxoug
1,00mm pe okupodepa noidTnTog C25/30 kal XaAupa onAiopol B500C.

Onhopéq

XoruPdoguiho

Eikova 2-4: Aiaudppwon ZUPpIKTNG MAAkag

Bapog G (kg/m3) 9.81 13,08 16,36
Enwpaveia A ([cm?/m) 12,76 16,96 21,31

Ponn adpoveiag L, {em*/m) 110,01 147,22 184,43
Ponn avricracndg W, {cm/m) 27,57 36,99 42,23

Mivakag 2.3: MEwUETPIKA Kal adpavelaka XapakTnpioTika Tpanelogidols XaAupdo@uAlou Symdeck 73
(www.elastron.gr/gr/el/products/composite-symdeck-decks/symdeck-73/)

s
— lx‘ ,l‘
el 0
15 2020 20 ke

0

< YW of A

Eikdva 2-5: l'ewpeTpia Tpaneloidolc XaAuBdo@uAou Symdeck 73

(www.elastron.gr/gr/el/products/composite-symdeck-decks/symdeck-73/

Ain\wpaTikr) Epyacia Koopidn XapaAapnou E.M.M. 2023
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3. APAZEIz ENI THZ KATAZKEYHZ

3.1 EIZAINQrH

O1 dpaosic kaBopilovTal ano Tn B€aon, T HopPr Kal TN Xpron Tou KTipiou kal opiovTal anod KavovIoTIKEG
dlatageic. Xpnaoiponoinénkav ol Eupwnaikoi Kavoviopoi cUpgwva pe To npdTuno EN 1991, O kavoviouog
Oivel TIC XAPAKTNPIOTIKEG TIPEG Twv OpACEwv We BAon TIC onoieg, Me Tn Porbeia kataAAnAwv
NPocoUoIWUATWY, avaAUeTal o Qopeéag kal npoaodiopilovral Ta OUOUEVESTEPA €VTATIKA Kal
NnapapopPwWoIaka Keyedn Twv WEA@V TOU. TNV UNO WEAETN KATAOKEUN €nEIdr To BIOMNXAVIKO KTipIo
nepIBAMEeTal anod BepUoPovwTIKA panels dev eEeTaoTnkav Bepokpaciakda popTia dioTI dev BewpriOnkav
kpioipa. Enopévwg, ol 6pAcelg Nou ackouvTal oTnV KATAOKEUN €ival ol napakdTw.

1. Moviusg dpaoerg

a) 010 BAPOG PEPOVTOG OpYaviouoU
b) MpdaBeTO POPTIO EMKANIWEWY
C) MpooBeTo PopTio danédou nuImpoPou (ypageia dI0IKNOEWG)

2. MerafAntég dpdoeig

a) KivnTd @opTio danédou nuiwpOpou Kal 0poprG

b) Xiovi
C) Avepog
d) pXalle/lleld

3.2 MONIMEZ APAZEIz

Me Tov Opo auTo vVooUVTal OAEG oI OPACEIC , Ol OMOIEC AVAPEVETAI VA ENEVEPYNOOUV KATa TNV JIAPKEId
Hiag Sedopévng nepiodou enavapopdac Kai yia Tnv onoia n diagoponoinan Tou JeyEBOUG TOUC OTO XPOVO
Ba eival apeAnTéa. MepidapBavovTal 0Aa Ta kaTakopuPa QopTia nou dpouv kad’ dAn Tn didpkeia {wNng

STATIKN KAl OIKOVOUOTEXVIKI avaAuon BlounxavikoU KTipiou
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TNG KATAOKEUNG. EVOEIKTIKOG Xpdvog {wnG Tou £pyou Bewpoupe Ta 50 xpovia. O1 JoviKeG dpAoEIC Nou
aokouvTal ivai :

a) 'Idia Bapn gpepdvTwyv aToixeinv (unooTuh®uaTa, dokoi, KTA) Ta onoia unoAoyioTnkav autopaTa
and To npoypappa avaiuong Robot structural analysis pe idlo Bapog 78,5 kN /m?3 .

b) MpdobeTo PopTio enkaAlywewv To onoio €ival and To idlIo Bapog Twv panels noAuoupebavng
nou Xpnalgonoinénkav yia Tnv nAaylokaAuyn kai Tnv opo@n Tng oTéyng. AvaAuTikdTepa oTnv
napakaTw xfua 3-1 napoucidlouys To NPOCHETO POPTIO MOU KATAVEUETAI OUOIONOPPA OTIG
Teyi®EC Kal OTIC UNKIDEC.

c) MpdoBeTO YOVIUO (POPTIOU MOU KATAVEUETAI OUOIONOPPA OTO dANEd0 TWV ypaPeiwv dloiknang
(nmwpogou) kai gival ico Pe 0,40kN/m? (Exnua 3-1).

To qopTiO NOU KATAVEWETAI OOIOKOPPA OTIC Teyideg gival 0,15 kN/m? kai oTig pnkideg 0,14kN/m?

=0.14
pZ=0. AFEEY
| p2=0.14\ PSS pZ=-0.14
R pZ=-0.14 ELL=SP:
SN e, LN -
pz=-0.14 , ‘\‘,\;‘_"

pZ=-0.14

>xnHa 3-1: MpdabeTo popTio enikaAlWewv eni Twv Teyidwv, PNKIdGWV Kal NUIWPOPOU

AinAwpaTikn Epyaacia Koopidn Xapahaunou E.M.M. 2023



APAOELC ETTL TNC KOTALOKEUNC 13

3.3 METABAHTEZ APAZEIZ
3.3.1. KivnTa gopTia nHI®popou kai opoPpng

>Tnv Katnyopia autr nepiAauBdavovral Ta katakdpuPa gopTia nou npokUNTouv and Tn XpAon Tou
KTIpiou Kal mpoépxovral and Tnv napoucia avBpwnwv, eninAwv, KivnTou £fonAiopou, oxnudatwv,
anoBnkeupevwy ayabwv KA. AOyw TNG PUOEWG TwV (POPTIWV auTwy, dev gival eNakpiBEC To BApoc Kal
n 6£on Toug, yI' auTtd Kal nNpoadiopilovTal oTATIOTIKA, Ol O TIMEC E(PAPHUOYNC TOUG (XAPAKTNPIOTIKEG
TIMEG) divovTal anod Toug KavoviGUoUc.

O1 petapBAnTég Opdoeic Ba npénel va TonoBeToUvral KAatd Tov nAEov QUOHEVR TPOMO, WOTE va
kaAunTovTtal 6AoI o1 evOEXOUEVOI OUVOUAOHOI POPTIOEWY Kal va NpoadIopileTal n SUCUEVEDTEPN ENIPPON
TOUG,.

Y€ KATAOTAOEI OXedIaopoU, Onou Ta eniBAAOPEVA QopTia Opouv TAuTOXPOvVd HE AANEC PETABANTEC
Opaosic (N.X. avepog, X16vi kAn), To oUVoAo Twv eniBaAAoPEVWY QopTiwv Nou AauBavovTal unoyn orn
OUYKEKPIKEVN NePINTWan QopTionc, Ba Bewpeital w¢ pia eviaia dpdon. € OTEYEG, Ta emBalopeva
popTia dev epappdlovTal TAUTOXPOVA WE Ta gopTia XiovioU 1 avépou Kal dev €l0AyovTal OTn OEIOUIKNA
KaTanovnon.

H opo@r Tou peTaAIKOU KTIpiou nou peAeTaue BewpriBnke kaTtnyopiac H, dnAadn cival pia opo®n
NPOOITH MOVO YId KAVOVIKI] GUVTNPNON, EMICKEUN, BAgn Kal JIKPOEMIOKEUEC. H NpoTeEvOUEVN TIUNR Tou
EBvikoU MpooaptripaTog yia opo®r katnyopiag H €ival gk= 0,50 kN/m?, Tnv onoia kai AaBape unoyn
Mag w¢ KIVNTO (pOoPTIo 0poPn¢G Xxnua 3-2.

lNa Tov nuIopoPo (Ypageia dioiknang) emAéxBnke kivnTd gopTio 2,00 kN/m? Zxnua 3-3.

> z-.;s
i

p2=050 7~
050 Z2%L5%
7% pz=-0.50

xnua 3-2: Kivntd gopTio aTEYNG

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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>xnua 3-3: Kivnto @opTio NUIOPOpou

3.3.2 Apdoeig xioviou

Ta gopTia Aoyw xiovioU avTieTwnidovTal, opiovTac Pia CUYKEVTPWHEVN anAr TIUN PopTiou, YE MIBaveg
MEIOOEIG YIa anoTopeG KAIOEIG oTeywv. Mia KaAUTEPN MPOCEyyion €ival n Xxpnaoigonoinon katdAAnAou
XapTn, nou divel TIG BACIKEC EVTATEIC TWV POPTIWV XIovIoU YIa £va CUYKEKPIUEVO UWOUETPO Kal NePiodo
€Mavagpopac, EVe PNOPEi va e(pappocTolV ev CUVEXEIa JIopOWOEIC yia dIapOPETIKA UYWOWETPA I dIapKela
{wnc oxediaopou.

Ta @opTia XiovioU kataragoovTal oTiC MeETABANTEG oTaBepég dpaoeic. To popTio XIovioU MpokaAeiTal
and Tnv evanoBeon Tou XiovioU Ot opIlOVTIEC N KEKAIMEVEC OTEYEC Kal €ival 11QITEPA ONUAVTIKO OF
NEPIOXEC OMOU €NIKPATEI KPUOG KaIpOC Kal ival GUVABEIC Ol IEYAAEG XIOVONTWOEIC. Avaloya e TNV HopQr)
TNG OTEYNG, TA BEPUIKA TNC XAPAKTNPIOTIKA, TNV TPaxUTNTA TNG €NIPAVEIAS, TO N00o TnG BepudTnTaACg
nou ekAUETal KATw anod TNV OTEyN, TNV anooTAcn YEITOVIKWV KTNPiwv, Tov NepIBAAOVTA XWPOo Kal TIG
TOMIKEC KAIMATOAOYIKEC OUVONKEG TO XIOVI UMNOPEI VO OUCCWPEUTEI OTN OTEYN KATA dIAPOPOUG TPOMOUG,.
Id1aiTepn onuaocia €xel kaTa NOCN N OTEYN €ival EKTEBEINEVN GTOV AVEHO, 01 HETABOAEC TNC Bepuokpaaiac
TNG OTEYNG Kal n MOavoTNTa OUYKEVTPWONG AOYw KATAKPRKVIONG.

la Tov unoAoyiopd Tou popTiou XIovioU TNG KATaokeung epappolovTal ol 8iaTageig Tou EN-1991-1-3
To @opTio XiovioU O Jia OTEYN NPoodiopileTal ano TIC NAPAKATW OXECEIC:

1. MNa kaTaoTaceIc dIapKeiag r NapodIKEC:

S =Hi*Ce*Ct*sk

2. 1@ TUXNUATIKEC KATAOTAOCEIC:

s =i *Ce* Ct*sAd

AinAwpartikn Epyacia Koopidn Xapahapnou E.M.M. 2023
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‘Onou:

LJj €ival 0 OUVTEAEDTNG HOPPNG PopTiou Xioviou

Sk €ival n XapakTnpIoTIKA TIUr Tou (popTiou XiovioU €ni Tou £5APouUG
Ce €ival 0 OUVTEAEDTNG €kBEONC

Ct€ival 0 BEPUIKOC CUVTEAEDTTNC

SAd €ival n TIUn oXedlaopou Tou e€alpeTikoU (opTiou XlovioU eni Tou €0APOUC yia pia Oedopévn
TonoBeaia

MNa Tnv EAAGOa, oUpgpwva pe To EBvikd MpooapTnua, opifovral ol NnapakaTtw TPEIG (WVEC XIovioU WE TIC
avTIOTOIXEG XAPAKTNPIOTIKEG TIMEG Sk,0 TwWV @OPTiwv yia £dapog nou PpiokeTal oTtn oTabun Tng
B8dlaooac:

1. Zwvn I (sk,0 = 0,4 kN/ m2 ) : Nopoi Apkadiag, HAeiag, Aakwviag, Meoonviag, kal OAa Ta vnoia nAnv
TWV Znopadwv kai Tng EuBoiag.

2. Zwvn II (sk,0 = 1,7 kN/m2 ) : Nopoi Mayvnaiag, ®0i0Tidag, Kapditaag, TpikdAwv, Aapioag, Znopadeg
kal EuBoia.

3. Zovn III ( sk,0 = 0,8 kN/m2 ) : Ynohoinn xwpa.

lNa TonoBeoiec Ye UPONETPO PeyaAlTepo ano 1500m npénel va yiveral 101K PEAETN Kal agloAoynon.
MePIOTOTEPEC NANPOPOPIEC YIa €IBIKEC NEPINTWOEIC NEPIEXOVTAI 0TO EBVIKO MpoodpTnua.

H xapakTnpioTIKn TIUr sk Tou (opTiou Xioviou €ni Tou £dagouc o kN/m2 ouvapTnosl Tng {wvng kal Tou
avTioToIXou UWwopETpou (A), via Wia ouykekpipévn Tonobeaia, diveTal ano Tn oxEon:

A 2
Sk,A: Sk,O 1+ ﬁ

orou:

Sk,0:  €ival TO XapakTNPIGTIKO (POPTIOU XIOVIOU O £8aPOG Nou BpioKeTal aTnv aTABUN TG Bakacoag
(A=0). H iR Tou diveral aTov Mivaka 1 cuvaptroel Tng {wvng (BA. nap. 1.1(3) yia Tov kabopIiouo Twv
{wvwv)

A: gival To UYPONETPO TNG TonoBeoiag navw ano Tnv enipaveia Tng 8aiacoac (o€ m). To UPOETPO A
MeTpIETal e akpiBeia 100m. To UYPOHETPO OTPOYYUAEUETAI OTNV AMECWG MEYAAUTEPN €kATOVTADA

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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@oprio Xioviou yia A=0

Zxnua 3-4: ZOVEG X1ovIioU Kal XapakTnpioTikEG TIHEG ( MapapTnua I ogA 42 EN 1991-

1-3:2002 EL)

ZUVTEAEOTEG HOPPNG POPTIOU XIOVIOU

Nepimrwon (i)

p(on) |

Nepfmrwon i) 0,54 (0t) |

H1(0c2)

H1(02)

Mepimwon(iii) (o) | 0,5u1(0r2)

o) O

ZxNHa 3-5: ZUVTeAEOTNG HopPNG o€ DIKAEIVEIG OTEYEG (ZeA 23 EN 1991-1-3:2002 EL)

AinAwpartikn Epyacia Koopidn Xapahapnou E.M.M. 2023
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O1 ouvTeAeaTéG Wl divovTal oTov nivaka yia dIAPopeC TIYEG TNG ywviag a TnG oTéync, oTav n
oAioBnaon Tou xioviou dev napeunodileTal.

KAion oTéyng 0°<a<30° 30° <a<60° a>60°
M1 0,8 0,8 (60-a)/30 0,0
M2 0,8+0,8 a/30 1,6 -

YNOAOIIzMOz ®OPTIO XIONIOY

To WETAAMIKO KTipio nou WeAeTAUe BpiokeTal oTnv nepioxn Twv Axapvwv ATTIKNG Kal O€
ugopeTpo 200m and Tn oTabun Tng 8dhacoag, dnhadn BpiokeTtal otn Zwvn III (sk,0=0,8
kN/m2) kai €xw A=200m.

a) H xapakTnpIioTikn T sk Tou gopTiou XIovioU &ni Tou £dAPOUC NPOKUNTEL:

A 2
Sk,A: Sk,O 1+ E

Apa, sk=0,8*(1+(200/917)?)=0,838 kN/m?

b) KAion oTéyng 12° dpa ouvteAeaTnG HOP@PNG xiovioU W1 and nivaka eivai ioog pe 0,80

) ZuvteAeoTnG €kBeong Ce cival ioog he 1 ( KavoVIKEG OUVONKEC)

d) @epuikdG ouvTeAeoTnG £kBeang Ct eival icog he 1 ( KavoVvIKEG OUVONKEG BEPUIKNG HOVWONG)
To opTio xiovioU yia KaTaoTAcoelg diapkeiag 1 napodIKEC givat:
s=p1l*Ce*Ct*sk=0,670KN/mz2,

pZ=-0.67 P .87
pZ=-( pZ=-0.67

>xfua 3-6 : ®opTia XIovioU GTO JOVTEAO NPOCOMOIWANG

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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3.3.3 Apdoeig Avépou

O1 dpdoeic AOyw avEPOU OTIC KATAGKEUEC anod XaAuBa, naifouv 101QITEPA ONUAVTIKO POAO Kal O£ NMOANEC
NePINTWOEIC anoTeAoUV TN Bacikr) GOPTION, aveEapTnTa ano Tov TUNo Touc. To peyebog Twv dpaoswv
auTv PETaBaAAeTal avaloya pe Tnv TonoBeaia, To UYWOC TNG KATAOKEUNC, To €id0¢ Tou nepiBaiovTta
XWPOU KA.

O1 duvapeic Aoyw avepou gival Xpovika PeTaBarOPEVEC kal Pnopei va npokaAéoouv TahavTwaoelc. Ma
NoAAEC OJWC KaTaokeuEC (N.x. o€ duoKaunTec) n duvayikn auTh nidpacn sival Pikpr), ondTe Ta popTia
TOU avepou pnopoUv va BewpouvTal oTaTiKd. X€ EUKAUNTEC KATAOKEUEG Ol DUVAMIKEG EMIPPOEC WMOPEI
va gival onuavTikeG, onoTe Npénel va AauBaveral unoyn n SUVayIkr) Toug cudnepipopd.

H nAéov onuavTik NnapdueTpoc yia Tov Npoodiopiohd Twv dpdoewv avepou eival n TaxUuTnTa Tou
aveyou. H Baon oxediaopou eival n geyioTn TaxUuTnTa nou npoPAEneTal yia Tn didpkeia {wng oxediaouou
TNG KATAOKEUNC.

O1 napayovTeg nou ennpealouv To Péyebog TnG TaxUTNTAC Kal TNG aokoUPEVNG Nieong eivar:

I.  H yewypa@ikin 0£on. O TaxUTNTEG TOU AvEPOU €ival OTATIKWG WEYAAUTEPEG OF OPIOUEVEG
nepIoXEC an’ OTI o AAAec. TMa NOAAEG nepIOXEC undpxouv OIaBETIa onPAvTIKa OTATIOTIKA
OTOIXEIa Kal Ol BACIKEG TAXUTNTEG TOU AVEHUOU OnHOCIEUOVTAl OUVNBWG KE TN HOPPR I000YwV
KaunuA®mv, ol onoieg sival ypaupég iong Baaoikng TaxUTnTag Tou aveUou TOMoBETNUEVEG O £va
Xaptn. H Bacikn TaxuTnTa TOU avéWou avagEpetal otov Eupwkwdika 1 w¢ n TaxutnTa
avapopdac ToU aveou Kal avTIoTOIXEI oTn WEan TaxuTnTa ota 10m navw and To eninedo yupvou
€0apouc, AdapuBavovtag Tov HECo 0po Yia Mia nepiodo 10 AenTwv Kal e nepiodo enavapopdc Ta
50 xpovia.

II. H @uoikn 0&on. O1 pINEC TOU avéPoU HPE UWNAEG TaxUTNTEC ANAVTOVTAl OE EKTEOEINEVEG
NEPIOXEC ONWG €ival Ol AKTEC, NApd Ot MIO MPOCTATEUPEVEG MEPIOXEC ONWG €ival TA KEVTPA
NOAswv, AOYW Twv PETABOAWV oTnv TpaxUTNTa Twv ENIPAVEIDY, NOU CUVENAYETAI PEIWON TNG
TaxUTnNTag Tou avépou aTo £ninedo Tou £dAgouc. H peTaBoAr) auTh AayBaveral unown pEOW
evog ouvTeheaTn TPaxUTNTAc, o onoiog oxeTiCeTal e TNV TpaxUTNTA Tou £0APOUC kal TO UYOC
navw ano To £ninedo Tou £0Apouc,.

III.  H Tonoypa®ia. Ta 131AiTEPA XapaAKTNPIOTIKA TNG TONoBECIAc O OXEON ME TOUG AOPOUC 1) Kal
TOUG YKPEPOUC AauBavovTal unoyn We TOV CUVTEAEDTH Tonoypagiac,.

IV.  O1 31a0TA0EIG TWV KTIpiwv. To UWog Tou KTIpiou eival 101aiTEpa onuAvTiko, €neidr ol
TaxUTNTEG ToU avEUou au&avovTal Pe To UWoC Navw ano To ninedo Tou e3Apouc.

V.  H péon TaxuTtnTa Tou avépou. MpoodiopileTal and Tn Bacikr TaxUuTnTa, Nou Npocau&averal
yia va An@Bei undywn To UYOC Tou KTIpiou, N TpaxuTnTa Tou £dAPOUC Kal N Tonoypagid. H nieon
TOU avEPoU &ival avaioyn nNpog To TETPAYWVO TNG HEONC TaxUTNTAG Tou.

VI. To oxfpa TNG KaTaokKeUNG. Ta QpopTia Tou avépou dev €ival anA®g Kia PETWIKR MiECN Nou
aokeiTal oTnv nNpooown MIAC KATAOKEUNG, al\a To anoTéAeopa piac oUVOETNG KATAVOMNG
NIECEWV 0 OAEC TIC OWEIC TNG, Adyw TNG Kivnong Tou avéPou yupw anod TNV KaTaokeur). Mevika
avanTuooovTal BETIKEC KAl apvNTIKEG MIECEIG OTIC OIAPOPEG OWEIC TNG KATACKEUNG avTioToixa
npog Ta aspoduvapika (paivopeva nou napatnpolvTal oTav £va eynodio (kTipio) napeuBAaiAeTal
o€ JIa unapyouaa pon (avepoc). H katavopn eival eninAéov nePIinAoKn AOY®W TWV YEITOVIK®V
KATAOKEUWV Kal TWV QUOIKWV £UNodinv/HeETaBoAwy, Onwe AOQol, KOIAGDEG, DACIKEC EKTAOTEIC,
nou pnopei va ennpealouv Tn Pop@r TNG Kivnong TOU avéUoUu Kal T OXETIKN KATAVOUN TNG
nieong. Mevikd WG NPOG TIG KATAKOPUPEG ENIPAVEIEG TOU KTIPIOU, MIECEIG avanTUooovTal OTIG
NPOCTNVEHEG KAl UMNOMIETEIC OTIC UNMNVEUEG OWEIG TOU KTIPIioU.

VII.  H kAion TnG oT€yNnG. H NnapdueTpog auTn €ival onuavTikn wg NpPoc To €id0¢ Twv MIEJEWV NMou
avanTuooovTal €ni TnG KaTaokeunc. Eivar a§loonueiwTo OTI OTEYEG PE MIKPEG KAIOEIG Unopei va
UNOKeIVTal OE upapnayn n avappoenon (apvnTikéG MIECEIG 1 UMOMIECEIG), EVW OTEYEC HE
MeyaAUTepn khion (peyaAUTepn and 20°) paiAov undkevTal o€ nieon NPog Ta KATw.

AinAwpartikn Epyacia Koopidn Xapahapnou E.M.M. 2023
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VIII. H &i1etBuvon Tou avépou. OI KATAVOPEC TNG nieonc WeTaBaMovTal yia OIapOPETIKEG
OleuBUVOEIG TOU avELOU.

To supwnaikd npoTuno EN 1991-1-4 ( dpaceic avéPou) NapeEXEl KAvOVEC Kal PEBOSOUC UNOAOYIOHOU TwWV

Opaoswv avéPou o€ KTipia yia uyn PEXP! kal 200m.Bacikeg NapaPEeTpoI yia TOV UNOAOYIOHO TNG Nieong

TNG Bacikng TaxUuTNTAG TOU avéPou Kai n niean TaxuTnTa aixung.

e BAZIKH TAXYTHTA ANEMOY

Vb = Ciir * Cseason * Vb,O
onou:

Vb .  €ival n Baoikn TaxUTnNTa avéyou, nou opileTal w¢ ouvapTnon Tng dielBuvong Tou aveépou Kal
TNG ENOXNC Tou €Toug, oTa 10m navw anod édagog katnyopiag II

Vb,o : Eival n xapaktnpioTikn peon TaxuTnTa Tou avedou 10 AenTwv, aveEapTnTa anod Tn dielBuvon
TOU Kal TNV €Mnoxr| Tou €Touc, ota 10m navw anod 1o £5agoc, € avoIKTr NEPIOXN HE XaunAn BAdaTnon,
onwc ypaaidl Kal JEPoVWMEVA Unodia, ava anooTAcelc METAEU Toug TouAaxioTov 20 popéEC To UWog
Twv eunodiwv (£dagog katnyopiac II). ZUuewva pe To EBvikd MpoodpTnua, n BegeNimdNng T TNG
Baoikng TaxUTNTag Tou avépou vb,0 yia Tnv EAAGda opileTal ota 33m/s yia Ta vnoid kal napaAia JExp!
10km ano Tnv akTr kai ota 27m/s yia Tnv unoAoinn xwpa. To uno MEAETN KTiplo BewpeiTal 0TI BpioKeTal
0€ anooTaon PeyaAuTepn Twv 10km and Tnv akTr. 'ETol Aaypaveral vb,0=27m/s.

Cdir - gival o ouvTeAeaTnc dIelBuvoNG, NPOTEIVOUEVN TIWN €ival 1.

Cseason : €ival 0 enoxIkOG OUVTEAEDTIG, NPOTEIVOEVN TIWA €ival 1.

‘Etor Vb=27 *1*1 =27 m/s

e MEZH TAXYTHTA TOY ANEMOY
2XE3H :vm (z)=cr(z).co(z).vb

Ano nivaka ogA 22 EN 1991-1-4

Zo Zmin
K ja €00
artnyopia edagoug m m
0 Odhaocoa f TTAPAKTIA TTEPIOXN EKTEBEINEVN OE AVOIKTH 0,003 1
Bdhacoa
I Nipveg i eTTiTredeg Kal opIfOVTIEG TTEPIOXEG UE
apeAntéa BAGOTNON KAl XWpPig euTTédIa 0,01 1

Il Meproxh pe xapunAn BAdoTtnon 6TTwg ypaaoidi Kai
pepovwpuéva eutrddia (S€vTpa, KTipia) pe atréoTacn 0,05 2
TouAdxioTov 20 QOpPEG TO UWOG TWV EUTTOBIWV

I MeproxA pe kavovikr) KGAuwn BAAoTNONG A PE KTipla
1 ME MEMOVWHEVA EUTTODIA E PEYIOTN ATTOOTACH TO 0,3 5
TTOAU 20 @OpEG TO UWOG TWV EPTTOdIWY (OTTWG
XWpI4, TpodaTia, péviya ddon)

IV Mepioxr) étmou TouhdxiaTov 10 15% TnG eTIPAVEIAG
KQAUTITETAI HE KTIPIO TWV OTTOIWY TO PEGO UWOC 1,0 10
Zemepva 1a 15m.

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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TNV NepinTwon Jag €dagog katnyopiag III - Zo (m) = 0,3m kai Zmin (m) = 5m
h<b - h=10m < b= 24,255m
Zo(m) < Ze=10m < Zmax =200m

ZuvTteAeoTnG TpaxuTnTag Cr (Ze)

Zxéon : cr(ze)=kr*In(ze/z0)

Kr : ZuvTteAeoTng €dagoug

Kr = 0,19 * (Ze/Zo) %% = 0,19 * (10/0,3)*%7 = 0,243

Apa Cr(ze) = 0,243 * In(10/0,3) = 0,852

Co(z) : ZuvTeAeoTNC TOMOYPAPIKNG DIAUOPPWAONG OTNV MEPINTWON PaAg IcouTal pe 1

Enopévwe n peon TaxuTtnTa €ivai:

Vm =Cr (z2) * Co (z) * Vb = 0,852 * 1 *27 = 23,00 m/s

o MIEZH TAXYTHTA AIXMHZ ZE YWOZ Ze

H nieon TayxutnTag aixung oe Uwog z, n onoia nepiAapBavel PEOEC Kal MIKPAG OIAPKEIAC
dlakupavaelg TaxuTnTag, NpoadiopileTal anod Tnv oxEon:

qp(2) = [1+7*Iv(2)]*(1/2)*p*Vm? (2) = ce(z)xqp

‘Onou:

Iv(z) : n &vtaon Tou oTpoPiAiopol o UYog z

P : n nukvdTNTa TOU aépa, €EAPTWHEVN anod TO UWOUETPO, TN Beplokpaaia kal
Tn BApOMETPIKN MiEon Nou avapévovTal o€ Jia NepIoXn KaTtd Tn didpkeia
avepgoBUeAag (npoTeivopevn Tiwn p = 1.25kg/m3)

ce(z): o ouvTeAeoTG €kBeaNC kail diveTal anod Tn oxéon:

ce(z) =agp(2) / Qv

gb: n Baoikn nieon, ion nNpog:

gb =(1/2)*p*wb

H évraon Tou oTPoRINIOHOU YIa Zmin = 5m <Ze = 10m < Zmax = 200m
Iv(ze)=(K1/( c0(ze)*In(z/z0)))= (1/( 1*In(10/0,3)))=0,285

Enopévawg :

ae(2)=[1+7*Iv(z)]*(1/2)*p*Vm?2(z)=[1+7*0,285]*0,5*1,25*(23~2) =
=990,22N/m? = 0,990 KN/m?

MNIEZH ANEMOY >E EZQTEPIKEZ EMNIPANEIEZ

We = qp(Ze) ) Cpe
‘Onou

e - (gp(ze) eival n nicon TaxUTNTAC AIXHNAG.
. Ze €ival To UYWoG avapopdg yia Tnv eEWTEPIKN nieon.
. Cpe €IVAI O OUVTEAEDTHG EEWTEPIKNG MiEONC.
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O ouvTeAeoTNG EEWTEPIKNG MIETNG Cpe YIA KTipIQ Kal THAKATA KTIpiwv e&apTaTtal and Tig 1aoTACEIG TNG
@opTIfOPEVNG eMipaveiac A. Qc @opTI{Opevn enipavelia , BewpeiTal n em@aveia A, n onoia UETAPEPEI
oT0 £€eTalOPUEVO OTOIXEID TNG KATAOKEUNG TN Opacn TNG AVeUOMIiEONC Kal MPOKAAsl Tnv avTioToixn
KaTanovnorn Tou.

TwA = lm" sivol Cpe:Cpg,]
T 1 m? <4 <10 m? sivar Cpe=Cpe 1T (Cpgrlo-Cpe:l) *Zog.r-I
TI'a .4 =10m?2 stvon Cpg:C_pe:IO

>

01 1 2 A 6 4] 10 A ]m ]

Eikova : MeTaBoAr Tou ouVTEAEOTI) eEWTEPIKIG NIEONG OE KTipIa, CUVAPTNOEI T 0pTI{OUEV!
em@aveiac A (2eA 36 EN 1991-1-4EL)

®opTI(OPEVEG EMIPAVEIEC BEwPOUVTAl Ol KATAKOPUPO! EEWTEPIKOI TOIXOI KAl Ol OTEYEG TWV KTIpiwv. a
TNV €Upeon Twv OPACEWY AvEPOU, XpNOILONoINenKav ol Nivakes Tou Eupwkwdika EN 1991-1-4 yia Toug
OUVTEAEDTEC EEWTEPIKNG MIENC YIA KATAKOPUPOUC TOIXOUG OpBOYWVIKWOV KTIPIWV Kal yia SIKAIVEIG OTEYEG,
Je dielBuvon Tou avépou (a)8=0° kai (B)6=%90°.

NIE>EIZ> 2E KATAKOPY®QY2 TOIXOY2 OPOOIQNIKHZ KATOWH

O npoadiopIoHOG TOU UYWOUC avapopdc Ze Yid TOUG NMPOCTVEHOUG TOIXOUG KTIPIWV 0pBoywVIKNG KATOWNS
e€apTaral and Tn oxeon PETA&l Tou UWouc h kal Tou NAATOUG b Tou KTIpiou. ZUpPpwva Pe To Xxnua 3.7
dlakpivovTal ol NapakaTw NEPINTWOEIC:

e Ta h <b Aappaveral wg €va TUNUA YE ze=h

e Tab < h <2b 70 kal ze=h yia To unepkeipevo

e [ah =2b To kTipIo BewpeiTal 6T anapTileTal and NOAAd TUNPATA, K TWV OMOIWV TO XAUNAOTEPO
£xel UWoG ze=b, To uPnAdTEPO £xel Wog ze=h, evw To PETAEU auTwv diAoTnUA unodiaipeiTal
O€ TUNMATA PE PEYIOTO UWOoC KABE TURMATOG i00 e b

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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b
>
t R qu(2)=q,(z) )
h< b h >
z |
! B s o —
—2
MT 195 ?’;.;:j»" X s ay(2)=q,(h) —4:
* /“.‘ / '\ - ) b |
2= L T
b<h<2b| T . q,(2)=q,(b) _:
b I—
>
z —»
- 4 -*/ ,‘1,, F 7 4 r /
>
'y z.=h
fz 9,(2)=q,(h) >
b
h> 2b| h| el RRRRRATF 272 qy(2)=y(Zauip)
D%
b >
Z.= -
T4 9,(2)=q,(b)
b
i :

Eikdva: Ywog avapopds z. ouvapTtiios! Twv h kai b, kKaravour meoewv.

Zwvn A B c D E
h/d Cpe.10 Coet | Coetn | Cpet | Cpeto | Cpes | Coeto | Coent Cpe.10 Cpe.1
5 12 |14 08 | -11 05 #0.8 +1,0 0.7
1 12 | -14 08 |-11 -0,5 +0.8 +1.0 -0,5
=025 | 12 | -14 08 |11 -05 +0,7 +1,0 -0.3

Mivakag : IpoTEIVOUEVEG TILEGC OUVTEAEOTWV EEWTEPIKIIC MIECTIC VIa KATAKOPUPOUC TOIXOUS KTIPIWV 0pBOYwVIKIIG
«kdrowng ( nivaka 7.1 oeA 40 EN1991-1-4 FL)

01 {wveg kal ol cupBoAiopoi A, B, C, D kai E paivovTal oTnv napakaTtw sikova (oxnua 7.5 oeA 39

EN 1991-1-4 EL)
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Oynvyiae>d
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!: elb,, d-e/5 _!
; h
Qvepog
o A B
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Eikova : Syrjua 7.5 oed 39 EN 1991-1-4 EL

MNIEZEI> 2E AIKAINEI> >TEME>

H oTéyn, ouPnePIAUBAVOUEVWV Kal TWV NPOEEEXOVTWV TUNUATWY, Ba dlaipeiTal o

e=bn 2h,
OTT0I0 £ival HIKPOTEPO

b: didoTaon eykapoia oTov QVEUO0

Oynyiae<d

Qvepog
e

avepog

Oynyiae>5d

avepog
E—

QvePog

N

{wvec ONWC Paiveral oTo NapakaTw oxnua (oeA 47 EN 1991-1-4 EL) . To Uwog avapopdc z. AauBaveral
i00 e h. O1o0UVTEAEDTEG Nigong yia kaBe {wyvn, Nou NPENEl va Xpnaoiydonoinbouyv, divovTal oTov NapakaTw

nivaka yia 8=0° kar 8=90°

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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TIPOOTIVEUN TTAEUPA

TIPOOTV EUN TTAEUPA

c'xveuos Gvepog
o=0° UTMVENN TTASUpAa 6= / uTMVEUN TTASUPA
o >0
i iiaeae o] [m h
lwvia Khiong Berik lwvia kKhiong apvnrikd
(a) yevika
TIPOOTIVEUN TTAEUPG UTMVEUN TIAEUPA
\ f
\ / -
el4 F
Gaos 0=0° G| HS|J I b
ei4I F
2 2 x
f—sle/10  |—|el10
e=bnR2h
OTTOIO Eival HIKPOTEPO
(B) SievBuvon avépou 6 = 0°
b Sidotaon eykapoia
OTOV AVENO
o4 L F
— M !
" ‘ G -
VEHOG KOp @
e » 0=90° ' R
G
. H |
a4 L F
X
[e—wle2/10
al2

(y) SievBuvon avépou @ = 90°

AinAwpaTikn Epyaacia Koopidn Xapahaunou
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D Zwvn yia dievbuvon avépou © = 0°
MMwvia
KAiong F G H | J
* Cpz.10 Cpat Cpz.10 Cpz1 Cpe 10 Cpe1 Cpz.10 Cpz1 Cpe 10 Cpe.1
-45° -0,6 -0.6 -0.8 -0,7 -1.0 -15
-30° -1.1 -2.0 -0.8 -1.5 -0.8 -0,6 -0.8 -1.4
-15° 25 2.8 -13 -2,0 -0.9 -1.2 05 -0.7 12
+0,2 +0,2
-5° 2.3 -25 -1.2 -2,0 -0.8 -1.2
-06 -06
-1.7 25 -1.2 -2,0 -0.6 -1.2 +0,2
5o -0,6
+0.0 +0,0 +0,0 -0.6
0.9 I -2,0 0.8 | -15 0.3 04 1,0 -15
15°%
+0,2 +0,2 +0,2 +0.0 +0.0 +0.0
05 I -1.5 0.5 | -1.5 0.2 0.4 -0,5
30°
+0.7 +0,7 +0.4 +0.0 +0,0
-0,0 -0,0 -0.0 -0,2 -0.3
45°
+0.7 +0,7 +0,6 +0.0 +0,0
60° +0,7 +0,7 +0,7 -0,2 -0.3
75° +0,8 +0,8 +0.8 -0,2 -0.3
ZHMEIQZH 1 Ta 8 = 0° n micon petaPdAAeTcn ypriyopa Omd BeTIKEG OE GpVNTIKEG TIUEG OTNV TTPOCTIVEUN
TASUPG yUpw aTmd ywvia kKAiong o = -5° éwg +45°, &1o1 BivovTal T600 01 BeTIKEG 60O KCu ol apvnTIKEG TINEG. T
TIC OTEYEC QUTEG, TECOEPIC TTEPITTTWOEIG Ba TTpéTTel va BewpolvTal OTTOU Of PEYUAUTEPEG 1) Ol PIKPOTEPEG TINEG
OAwv Twv emeavelwy F, G kol H ouvduddovial pe TG ueyaAUTEPEG N TIC MIKPOTEREC TIMEC TWV ETTIQaVEIWY | Kai
J. Aev emimpémeTcu avapign BETIKWV Kol apvnTIKWV TIHWV oTnV idic TTAeupd.
ZHMEIQXH 2 Tpoappikr TrapepPoAr yia evlidpeoeg ywvieg kAiong Tou idiou Trpbdonuou ptropel va
XpnolgoTtroleital peTagd Tipwy Tou idlou Trpoonuou. (Ox1 TTopepBoAn petafl a = +5° kai a = -5°, aAAG xprion
Twv dedopévwy yia emitredeg atéyeg otny 7.2.3). O1 ipég ioeg pe 0,0 divovTal yia okoTrolg TTapepBoArg

lTivakac : SUVTEAEOTEG EEWTEPIKIIC Nicong 8=0° (7.4a oA 48 EN1991-1-4 EL)

Zwvn yia digubuvon avépou © = 90°
MNwvia ;(Ncmg F G H :
Cpe, 10 Cpe 1 Cpe 10 Cpe.1 Cpe, 10 Cpe,1 Cpe, 10 Cpe 1
-45° -1.4 -2,0 -1,2 -2,0 -1,0 -1,3 -0.9 -1.2
-30° -15 21 1.2 2,0 -1,0 13 0.9 12
-15° -1.9 25 -1,2 2,0 -08 1.2 -0.8 1.2
-5° -1.8 25 1.2 2,0 -07 1,2 -0.6 12
5e -1,6 22 1,3 2,0 07 1,2 -06
15° -1.3 -2.0 -1,3 -2,0 -0,6 -1.2 -0.5
30° -1.1 15 -1.4 -2,0 -0,8 -1,2 -0.5
45¢° -1.1 -1,5 -1.4 -2,0 -0,9 -1.2 -0,5
60° -1.1 -15 -1.2 -2,0 -0,8 -1,0 -0,5
7592 -11 -15 -1.2 -2,0 -0,8 -1.0 -0.5

IMivaxag : SuvreAeoTeg eEwTEPIKIIG Nigons 8=90° (7.4 o€A 49 EN1991-1-4 EL)

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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NIEZH ANEMOY 2E EZQTEPIKEZ EMI®ANEIEZ

Ol €0WTEPIKEC KAl Ol €EWTEPIKEC MIECEIC BewpouvTal OTI dpouv TauToxpovd. O OUOCHEVECTEPOG
OUVOUAOMOC €EWTEPIKWOV KAl ECWTEPIKWY MIECEWV Ba AauBaveral undwn yia kads ouvduaopod duvaTwy
avolypatwv Kal aAwv dpopwv diapponc. O CUVTEAEOTNG ECWTEPIKNG MIEONC, Cpi, £EapTaTal and To
MEYEBOG Kal TNV KATAVOMN TWV avolyUdTwy oTn OUVOAIKN ENIPAveId Tou KTipiou. ‘OTav, o€ TOUAGXIOTOV
OUO NAEUPEC TOU KTIpiou (NMAEUPIKEC 1} opodn)), N CUVOAIKN EMIPAVEID TWV AVOIYHATWV O KABE NAsupa
eival peyaAuTepn and 1o 30% TNG EMIPAVEIQG AUuTNG TNG NAEUPAG.

Ma kTipla Xwpic kaboploTik NAEUPd, ONWC TO UMOOTEYO MOU HEAETAUE, O cpi npoodiopileTal ano
Oldypappa Tou Eupwkwdika ouvapTnoel Tou AOyou Tou UWoug npog To Badog Tou kTipiou h/d kar Tou
AOyou avolyudTwy Y yia kaBe diellBuvon Tou avépou 6.

0,8
0.7
0,6
05
04

03553 \ hld<0.25
0,2

(o8
0, (1) =
-0,1
-0,2 ~
-0,3 N
04 ~
-0,5

i
hld>1,0 \\:\

033 04 0.5 0,6 0.7 0.8 0.9 1
u

B Z EMLPAVELOGOVOLYLAT®OVOTO 0Ttoia o €, efvatapymtikoc 0,0

H . . .
Z EMPAVELAGOLDV TT® OVOLYLLATOV

3TNV NepiNTwor Mac Oev UMOAOYIOTNKAV OUVTEAEOTEC E0WTEPIKNAG MIEGNG OTNV OPIAKN KATAOTAON

aoToyxiag dI0TI BewpnOnke OTAv UNApPXOUV duvaToi Avepol Ol NOPTEC TNC KATACGKEUNCG NAPANEVOUV
KAEIOTEG,

TeAIKEG NIECEIG
H eEwTepikn nicon diveTal anod Tnv oxéon:

We= Qp(Ze)*Cpe= 0,990* Cpe

AinAwpartikn Epyacia Koopidn Xapahapnou E.M.M. 2023
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YNOAOII>MO2 ANEMOY I'TA ©=0°

KATAKOPY®OI TOIXOI

h =10,00m < b = 78,00m --> Ze = h = 10,00m
e=min( b; 2h) = 20,00m
d ( nAatoc oyng) = 23,86 m

h/d = 10/23,86 = 0,2386
Ano ypappikn napeyBoAn ( mivaka 7.1 EN1991-1-4) éxoupe

Mepioxn A : Cpe,10 = - 1,20
Mepioxn B : Cpe,10 = - 0,80
Mepioxn C : Cpe, 10 = - 0,50
Mepioxn D : Cpe,10 = 0,70
Mepioxn E : Cpe,10 = - 0,30

EEWTEPIKEC MIECEIC :

We,A = 0,99 * ( -1,20) = -1,188KN/m?
We,B = 0,99 * ( -0,80) = -0,792KN/m?
We,C = 0,99 * ( -0,50) = -0,495KN/m?
We,D = 0,99 * (0,70 ) = 0,693KN/m?
We,E = 0,99 * ( -0,30) = -0,297 KN/m?

2TElH (12°)

And nivaka 7.4, 2eA.48 and Eupwkwdika 1991-1-4 pe ypappikég napePBoAég unoAoyilw Ta
Cpe,10 .

ApVNTIKEC TIUEC Cpe:

Mepioxn F: Cpe,10=-1,14

Mepioxn G: Cpe,10=-0,92

Mepioxn H: Cpe,10=-0,39

Mepioxn I: Cpe,10=-0,46

Mepioxn J: Cpe,10=-0,88

Kai o1 eEwTepikeg nieoelg Ba eival (EUPEVNC):
We,F=0,990%(-1,14)=-1,130kN/m?
We,G=0,990%(-0,92)=-0,910kN/m?
We,H=0,990%*(-0,39)=-0,390kN/m?
We,I=0,990*(-0,46)=-0,460kN/m?
We,J=0,990%*(-0,88)=-0,870kN/m?

OETIKEG TIMEG Cpe:
weF= weG= weH=0,990*0,14=0,14 kN/m?
wel=0,990*0,06=0,06 kN/m?

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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YNOAOI'I>MOZ ANEMOY I'TA ©=90°
e KATAKOPY®OI TOIXOI

e=min( d; 2h) = 20,00m
e<d=>e=20<d=78,00m

h/d = 20/78= 0,25
Ano ypappikn napeyBoAn ( mivaka 7.1 EN1991-1-4) éxoupe

Mepioxn A : Cpe,10 = - 1,20
Mepioxn B : Cpe, 10 = - 0,80
Mepioxn C : Cpe, 10 = - 0,50
Mepioxn D : Cpe,10 = 0,70
Mepioxn E : Cpe,10 = - 0,30

E€wTepIkEG MIETEIG :

We,A = 0,99 * ( -1,20) = -1,188KN/m?
We,B = 0,99 * ( -0,80) = -0,792KN/m?
We,C = 0,99 * ( -0,50) = -0,495KN/m?
We,D = 0,99 * (0,70 ) = 0,693KN/m?
We,E = 0,99 * ( -0,30) = -0,297 KN/m?

e ZTEIH (12°)

Ano nivaka 7.4, 2eA.49 and Eupwkmdika 1991-1-4 pe ypappikéG napePBoAEC unoAoyilw Ta
Cpe,10 .

ApVNTIKEC TIUEC Cpe:

Mepioxn F: Cpe,10=-1,39

Mepioxn G: Cpe,10=-1,30

Mepioxn H: Cpe,10=-0,63

Mepioxn I: Cpe,10=-0,53

Kai o1 eEwTepikeg nigoelg Ba eival (EUPEVNC):
We,F=0,990%(-1,39)=-1,376kN/m?
We,G=0,990*(-1,30)=-1,287kN/m>
We,H=0,990*(-0,63)=-0,624kN/m>
We,1=0,990*(-0,53)=-0,525kN/m?

AinAwpartikn Epyacia Koopidn Xapahapnou E.M.M. 2023



APAOELC ETTL TNC KOTALOKEUNC

29

A, 16 , , 3,86

7 77
-1,188KN/mA2
|
‘ -0.792KNim*2
(171 | | -0.485KN/mA2

W

> 0.693KN/m*2
' | -0.267KN/mA2
—
-D.AO5KN/m?2
-1,188KN/my2 | [ 0.782KNIm*2
Ll

OWH

Sxnua 3-7:MEoEIC avePwy OTOUC KATAKOPUPOUC Toixoug 8=0°
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d
6=0°

G H [

?

Zxnua 3-8 : Meéosic avépwv oTeyng 6=0°

68
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D 495KNm*2

0.435KNm"2

-0.792¢Nm*2

1,188 N?2

Sxnua 3-9:MEoLIC avEuwy OTOUC KaTakopUPOUG Toixoug 8=90°

; wl" |A
I 6=9O g.g“ o
- 3 '
O v
2 .81 68 ]

>xnua 3-10 :Miéosic avepwy oTeyng 8=90°
3.3.4 ZeIopIKEG OPACEIG

H xopa pac Bpioketal os pia €EQIPETIKA OEIOWOYEVN MEPIOX KAl WG EK TOUTOU Ol OEIOUIKEG OPACEIG
naiouv onuavTikd POAO OTO OXEDIAOKO TWV KATAGKEUWY. QG OEIOHIKEG OpAoelC oxediaouol BswpolvTal
0l TAAGVTQOEIG TOU KTIPioU AOYw TOU OEICKOU, Ol Onoieg ovopualovTal Kal GEIUIKEG OIEYEPTEIG ) OEIOUIKEG
dovnoelc. OI OEIoPIKEG OPACEIC KATATACOOOVTAl OTIG TUXNMATIKEG kal dev cuvdualovtal HE AAAEC
TUXNMATIKEC dpATEIG, Onw¢ eniang dev auvdualovTal Ye TIC OpAcelC AOYyw aveUou.

>Tnv napouca £pyaaia ol OEICUIKEC BpATeIC unoAoyioTnkav cUPPwva We TIG dIaTAgelc Tou Eupwkmdika
8. ZUppwva pe Tov Eupwkwdika 8 ol kaTaokeuéc Ba npenel va axedialovTal Ye TETOIO TPOMO WOTE vd
IkavornoloUvTal ol €EnG BepeNIOOEIC anaIThOEIC:

1. AvaAnun Tng osiopikng dpdong oxediaopol Xwpig TOMIKNA 1 YEVIKN KATApPEUON, SIaTNPWVTAG KATdA
OUVEMEID TN OTATIKA aKEPAIOTNTA TOU Kal NAapapévoucsda (PEPOUCA IKAVOTNTA META TA OEIOHIKA
yeyovoTd. H ogiopikn dpdon oxediaopou ekppaleTal Je:

a. TNV TIMR ava@opdac TnG OSIOUIKNG dpAcng Mou avTIoToIXEl aTnv TIPR avagopdc Tng meavoTnTag
unéppaaong, PNCR, o 50 €Tn 1) o€ ekeivn TnG nepiodou enavagopac TNCR, kal

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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b. Tov ouvteAeoT onoudaldTATAC V1.

KaTd Ta EN\nvika npoTuna n mavotnta uneppaong opiletal o PNCR=10% kai n nepiodoc enavapopac

TNCR=475 xpovia

2. Avainyn TnG osIopIkAG dpaonc nepiopiopoU BAaBwv, dnAadn osioUIKAC dpaonc HE peyaAUTEPN
moavoTnTa €u@Aviong and Tn OeiopIkn Opacn oXedIAoPoU, XwPiC TNV eugavion BAaBwv kai
ouvenakoAouBboug nepiopiooUC xprnong, ol dandveg Twv onoiwv Ba ATav ducavaloya UWNAEG o€
oUykpion We Tn dandavn Tou idiou Tou Qopéd. H oeiopikny dpdon nou AauBaverar unoyn yia Tnv
«anaitnon neplopiopou BAaBwv» €xel mBavoTnTa unepPaonc o< 10 £n kal nepiodo enavagopac,.

Katd Ta EN\nvika npoTuna n mbavotnta unepBaonc opiletal o PNCR=10% kai n nepiodog enavapopac

TNCR=95 xpovia.

1. Zavn o€IouIKnG EMNIKIVOUVOTNTAG KAl OEIOUIKI] ENITAXUVOT) E0APOUG

H &vraon Twv €daPIKWV OLIOUIKWV dIEYEPOEWY, KaBopileTal and Tn YEYIOTN OEICUIKN ENITAXUVON agr,
avaloya Pe TN Zwvn OSICPIKNG ENIKIVOUVOTNTAC OTNV ornoid BpiokeTal To €pyo. H xwpa pag XwpileTal o
TPeiG Zwveg osIOMIKNAG enmkivduvoTnTag (Z1, Z2, Z3) Ta opia Twv onoiwv kabopilovral aTov XapTn
OSIOMIKNG €MIKIVOUVOTNTAG. 2 kABe {wvn QVTIOTOIXEI HIa TIUR OEICHIKAG EMITAXUVONG, N onoia Exel
niBavoTnTa unépBaong 10% ota 50 £€1n (1} nepiodo enavagopac 457 €tn). MNa Tnv Tonobeaia Tou £pyou
enAéyoups Z2 (Exnua 3.11) kar enopevmg, onwe gpaiveral otov MNivaka 3.1, npokUnTel a4=0.24g.

£ z2
= s _
Zxnua 3.11: Zoveg ogIoPIKAG ENIKIVOUVOTNTAG,.
Z®V1| GEWGPIKNG
ETIKVOVVOTTAG 71 72 73
agr/g 0.16 0.24 0.36

Mivakag 3.1: Z€IopIKn eniTaxuvon £dagouc,
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2. lpoodioprouog Trn¢ Karnyopiag Eddpoug

>Tov Eupwkwdika 8, n osiopikn dpaon €Eaptartal OxI Jovov anod Tn CEIoPIKOTNTA oTn B€an Tou £pyou,
al\a kai and TIG TOMIKEG dAPIKEG GUVONKEG. IMa To okono Tou kabopiouoU TG CEIOHIKNG Opaonc, o EK8
KaTnyoplonolei To £€dagoc os 5 Tunonoinueves katnyopiec, Tic A, B, C, D, E kal og duo €IdIkEG, TIG S1,
S2.

H Baoikr] napdueTpoc yia TNV Katata&n os katnyopia €ival n Peéon TR TNG TaxuTnTag SIaTPNTIKOV
KupaTwv ota avwtarta 30m and Tnv enipaveia, vs,30:

30
Us30 ™= ~ h

2:: 1..'\';.':
onou hi kai vi ival To naxog (o€ m) kai N TaxuTnTa dIATUNTIKWV KUPATWV (0€ dIaTUNTIKA Napauopewon
10-5 1} pikpdTEPN) TOU OXNUaATIoKoU 1) oTpwHaTog i and N ouvolika. Av Jev eival S1aB£oiun n TIPn TNG
vs,30, Unopei va XpnoIPonoIEiTal yia TNV KATaTagn oe katnyopia o apiBudc kpouoewv/0,3m oTnv
MpoéTunn Aokiun Aigioduong, NSPT. Av oUTe autdg eivar 01aB£01JoC, WYNopei va Xpnoidonolsital n
aoTpdyyioTn avroxn, cu.

Katnyopia eocpovg Vs 30 (M/S) Nspr ¢, (kPa)
A Bpdyoc e Eémc Sm 0GOeVEGTEPO EMPUVEIUKO VAIKO >800 - -
B [ToA¥ oKV GG 1) CPOYGATKO. 1] TOAD GKANPI 360-800 >50 >250

aPYIL0C. OEKGOMV M JIE GOENGT LNYUVIKGOV 1010 THTOV
e 1o Badoc

C TTokVvi) GUEOGC 1) OHOYGATKO. 1] GKANPY] dpYLAoC. 180-360 15-50  70-250
UPKETOV OEKAOMV 1) EKATOVTIHS®V M

D | XoAopn €6¢ HETPIOC YUAUPPT GUILOS 1) UUHOYIAIKO 1) <180 <15 <70
HOAOKY £0C HETPIOS GKANPY GPYIROC

E Eme@aveioko otpopa C 1\ D nayovc 5-20m kot
VROGTPpONA LE v 800m/s

S; | =10m poAoxn Gpythod/1ANg HE GEIKTI TACGTIOTITOC <100 - 10-20
PI>40 Kot vynAn TEPIEKTIKOTITA VEPOD

S, | Evaigbnt dpytroc. e6G@N PEVGTOTOMGILY 1) EKTOC A- -
EnS,
Mivakacg 3.2 : KaTtnyopia £dagouc

>Tnv epyaociac pac emIAEXBNKe katnyopia dagpoug B

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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3. 3uvreAeoTiic onoudaiornrag

Katnyopio. Zrovoaiotnrog Kripia 2ovrelectic Zrovoaiotntos

yai
I Mikpnig 6Tovda1dTNTUS Y1d TN 0.80
ONUOCIU UCQUEAEIN

I Zovnbeg 1.00

111 Me peydiec Guveneieg 1.20
Katdppevong (m.y. oyoleid,
LOPOL GLYKEVTIPMOGTS KOVOL )

1AY ZOTIKNES ONUUCTiUg Yo TV 1.40
ITortuiken Hpootocio (m.y.
VOGOKOMEIW, THPOGPecTiKoi
ctabuot, ctubpol Tupaymyng
EVEPYELUG )

Mivaka 3.3 : SUVTeAEOTHC onoudaloTnTag

To PETAAANIKO KTipIO MOU WEAETAME avhKkel oTnv kaTtrnyopia onoudaioTnTag dAgouc II pe OUVTEAEDTN
yr=1,00.

4. Zuvredeornc onouvdaioTnrag

O OUVTEAEOTNG CUMNEPIPOPAG g EI0AYEl TN HEIWON TWV CEIOUIKWV EMITAXUVOEWV TNG NPAyUaTiKhC
KATAOKEUNG AOYWw HETEAACTIKNG OUMNEPIPOPAC, OFE OXEON ME TIC EMITAXUVOEIC MOU MPOKUMTOUV
unohoyIoTIKG o0g andAuTta eAacTikO oUoTnuad. 2Tnv napouod HEAETN BewpnBnke onuavtikd va
nepIopIoToUV Ol CEIOHIKEG BAABEC AOYW TNG XProng TNG KATAOKEUNG KAl XpNOILONOINONKE GUVTEAEDTNG
oupnEPIPOPAac q=1.5. Q¢ anotédeopa de XpeldleTal va pappocBolv ol NPOaBeTeG dIATAEEIC yia ToV
IKavoTIKO oxedIaouo Tou KTIpiou.

5. ®doua oxediaoyou

Ma TiIc opI{OVTIEC OUVIOTWOEG TNG OEIOUIKNG dpdong To ¢daoua oxediaopou Sd(T), ye Bdon Tov
Eupwkwdika EN 1998-1 , opileTal wg €ENc:

S./a,

1

258n

25547

2580 T T /T?

S —

e - - -

Meplobog, T (sec)

o
&
&

c‘i
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Sfiiaa s s 222] na 0<T<T,
I3 Gikeg 3]
2.5

S,T)=a,-5-— yia Te<T<T

' q

25 T _

Sc(7)=0‘,'5'7'?c*—'3'09 va T £T<T,
25 T_-T

S4(T)=a,-5-—- Crzu >8-aq, yuaa Tp<T<4sec
q :

Iopdwva pe to EBviko MNpooaptnua, n tur P opiletal oe 8=0.2.

6. @douara anokpiong

lMa TNV KaTakopugn ouvioT®wod Tou oelopoU loxuel avg=0,9-ag=0,9-0,24g=0,2169<0,25g. Apa dev Ba
An@Bei unown n KaTakdpUEPN CUVICTWOA TOU CEICHOU GTN MEAETN TNG UNOWN KATACOKEUNG BEwpwvTac
OTI N eNippon TNS KAAUNTETAI anod TouG OUVTEAEOTEC aopaleiac yg=1,35 kal yg=1,50 oTov ouvduacuo
Baoikwv dpAcEWV Xwpic OEIoUO, Kal anod Ta UPIOTAPEVa NePIBwPIa aEOVIKNAG avToXNG TWV KATAKOPUPWY
OTOIXEIWV

3.4 Zuvduaopoi dpacewv

OplakéC KATAoTACEIG €ival Ol KATAOTACEIC NEPAV TWV OMNOiwV 0 POopEAg f THNUA autoU Jev IKAVOMOIE
nA€ov Ta kpITnpia axediaopoU Tou.

AlakpivovTal oTIG NapakaTw dUO KATNYOpIEG:
1. Opiakeg kataoTaoeic acToyiag (OKA)

2. OpIaKEC KATaoTaoelg AsiroupyikoTnTag (OKA).

3.4.1 Oplakég kaTtaoTaoei acroyxiag (OKA)

Ol KaTAoTACEIGC QUTEC CUVOEOVTAl PE KATAPPEUON I WE 1000UVAMEC JOPPEC aoToxXiac Tou (PopEa N
TUAMATOG Tou (MAAOTIKEC QVTOXEC, anmAsld euoTabeiag, Bpauon, konwan, avatponn KTA). Ol
ouvduaopoi oxediaouoU yia Tov EAEYX0 OTNV OpIaKN KaTaoTacon acToxiag gival ol akdAoubBor:

1. Ta kaTaoTdoeig SlapKeiag rj NapodIKEG:

Z ¥6,jGr;" +"veP" + ¥ 1Qk1" +" z Yo.:¥0,:Q.:

izl i>1
2. Tla TUXNUATIKEG KATAGTACEIG :

Z Gr; "+ "P"+"Ag"+ "Y1 Y1) Q1" + Z Y2,iQ
Jjz1 i>1
3. TNa karaoTdoeig os!opoo:

ZE:GkJ"+'"P"+—"Ad"4'":E:¢bJQkJ

jz1 i>1

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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3.4.2 Opiakég Karaoraon Asitoupyikotntag (OKA)

1

2

3

3.4.3

O1 KATAOTACEIG AUTEC OUVOEOVTAl HE OUVONKEG MEPAV TwV OMoiwv Oev MANPoUvVTal NAEOV Ol
KaBOPIOWEVEG AEITOUPYIKEC ANAITACEIC yid TO @Oped N yia HEAOC auToU (METATOMICEIC,
TaAQVTWOEIG, pnyHaTwoelc KTA). O1 cuvduaopoi oxediaouol nou opifovTal yia Tov EAeyXo aTnv
OpIakKM KaTaoTaon AsIToupyIkOTNTAG ival ol akoAouBol:

. XapaktnpioTikOG ouvdUacHog

Z Gyj + P+ "Qpy" + Z V0,1 Qs
jz1 i>1

. ZUXVOG ouvduaopog

Z Gk'j" + "P" + "wlv].lelﬂ + " Z wzlek‘l

j21 i>1

. Huipovipog ouvduaouog
Z Gy +"P# Z Y2,: Qs
j=1 i>1

Zuvduaopoi dpacemwv BioxnxavikoU KTipiou

>upBoAiCovTal Ye G Ta poviha gopTia Tou (popéa, Ye Q Ta KIvNTa QopTia, ye W Ta @opTia avéuou
kal S Ta gopTia xiovioU. H ageiopikn duvaun Aep unoAoyileTal and To npdypappa Robot Structural
Analysis, w¢ ouvduaopodc dUO CEIOHIKWV OUVICTWOWY, YId TOUG AEOVEG TOU XWPOU X,y yia To 90%

TWV

IDIOHOPPIKWY Haldwv kaTd X kal y Tautdxpova.

Xpnoigonoinenkav Ta napakdTw loadcases :

1.
2.

o Uk w

o ~

DL1 Mdvipa gopTia 18iou BApOUC TV PHEAWV TNG KATAOKEUNG

DL2 MpoaBeTa poviya gopTia Adyw 1diou BApouc TwV eNIKAAUWEWV OTEYNG KAl KATAKOPUPWV
ToiXwV, KaBwc¢ kal Tou danédou Tou NUIWPOPOU.

LL1 KivnTa gopTia nuI®popou

LL2 KivnTd gopTia oTEYNG

SN1 qopTia xioviou

Wind-0-toixoi ®opTIion AOYw £EWTEPIKWV NIECEWV avEpou dlelBuvaong B= 0° KATAKOPUPWV
TOIXWV.

Wind-0-stegi ®opTion AOoyw €EWTEPIKWV MIETEWV avépou dielBuvong 6=0° aTEync.
Wind-90-toixoi ®opTion AOYyw £EWTEPIKWV MIETEWV avEpou dielBuvang 8= 90° KaTakOoPUPWV
TOIXWV.

Wind-90-stegi ®opTion AOYyw EMTEPIKWV MIECEWV avepou dielBuvang 6=90° oTéyng.

Me Baon Ta napandavw loadcases npokUNTEl 0 NapakaTw Mivakag 3.4 pe Toug ouvOUAGHOUC POPTICEWV:
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A Combi o
Combinations Name Analysis type otion Case nature Definition
10 (C) oka-basikoQ-0| Linear Combinati ULS Structural (1+2)*1.35+5*0.75+(6+7)"0.90+(3+4)*1.05
11 (C oka-basikoW-o | Linear Combinati ULS Structural (1+2)*1.35+(3+4)*1.05+5%0.75+(6+7)*1.50
12 (C) oka-basikoW-90| Linear Combinati UuLs Structural (1+2)*1.35+(3+4)*1.05+5*0.75+(8+9)*1.50
13 (C) oka-basikoS-0| Linear Combinati uLs Structural (1+2)*1.35+(3+4)*1.05+5%1.50+({6+7)*0.90
14 (C) oka-basikoS-90| Linear Combinati ULS Structural (1+2)*1.35+(3+4)*1.05+5*1.50+(8+9)*0.90
15 (C) oka-basikoQ-90| Linear Combinati ULS Structural (1+2)*1.35+(3+4)*1.50+5*0.75+(8+9)*0.90
16 (C) oka-eumenis | Linear Combinati ULS Structural (1+2+3+4)*1.00
17 (C) okl-basikoQ-0| Linear Combinati SLS Structural (142+3+4)*1.00+5*0.50+(6+7)*0.60
18 (C) okl-basikoQ-90| Linear Combinati SLS Structural (1+2+3+4)*1.00+5%0.50+(8+9)*0.60
19 (C) okl-basikoW-0| Linear Combinati SLS Structural (1+2+6+7)*1.00+(3+4)*0.70+5*0.50
20 (C) okl-basikoW-90| Linear Combinati SLS Structural (1+2+8+9)*1.00+(3+4)*0.70+5*0.50
21 (C) okl-basikoS-0| Linear Combinati SLS Structural (1+2+5)*1.00+(3+4)*0.70+(6+7)*0.60
22 (C) okl-basikoS-90| Linear Combinati SLS Structural (1+2+5)*1.00+(3+4)*0.70+(8+9)0.60
26 (C) (CQC) 1*X 0.3 *Y| Linear Combinati ULs seismic 24*1.00+25%0.30
27 (C) (CQC) 1*X -0.3*Y| Linear Combinati uLs seismic 24*1.00+25*-0.30
28 (C) (CQC) 0.3*X 1*Y]| Linear Combinati uLs seismic 24*0.30+25%1.00
29 (C) (CQC) 0.3*X -1*Y| Linear Combinati ULS seismic 24*0.30+25*-1.00
30 (C) (CQC) 0.3 *X 0.3 *Y| Linear Combinati ULS seismic (24+25)*0.30
31 (C) (CQC) 0.3*X -0.3 * Y| Linear Combinati ULS seismic 24%0.30+25%-0.30
32 (C) (CQC) seismikos1| Linear Combinati uLs Structural (1+2+26)*1.00+(3+4)*0.30
33 (C) (CQC) seismikos2| Linear Combinati ULS Structural (14+2+27)*1.00+(3+4)*0.30
34 (C) (CQC) seismikos3| Linear Combinati ULS Structural (1+2+28)*1.00+(3+4)%0.30
135 (C) (CQC) seismikos4 | Linear Combinati ULs Structural (1+2+29)"1.00+(3+4)*0.30
36 (C) (CQC) seismikos5 | Linear Combinati uLs Structural (1+2+30)*1.00+(3+4)*0.30
37 (C) (CQC) seismikos6| Linear Combinati ULS Structural (1+2+31)*1.00+(3+4)*0.30

Mivakag 3.4: Zuvduaopoi POPTICEWV KATA TNV avaAuon Tou Qopéa
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4.ZTATIKO NPOCOHOIWHA (POoPEA

4.1 Eicaywyn

Me Baon kal Ta nponyoUpEva KeQAAAIQ N KATACKEUN HAG EXEl €&vav €vidio OKEAETO anO HETAAAIKG
oroixeia. To npdOypappa nou XpnoidonoiBnke Tou onoiou uhomoiBnke n avaluon kal n
dlaoTacioAdynon Twv HEA®V Tou @opéa €ival To Robot Structural Analysis Tng Autodesk. To
NPOCOUOoIwKa Mou dnuIoupyRBNKe anoTeAsiTal and ypauuika OToIXEIa, eV Ta PopTia €lonybnkav oe
auTo, oTNnV NAgloYnPia TouC, WG ENIPAVEIAKA OUOIONOPPA KATAVEUNKEVA OTIG AVTIOTOIXEG BETEIC ToU
(popéa onou aokouvTal. EEaipeon anoTeAei dvo pia katnyopia TwV PHOVIMWV QPOPTIWV KAl GUYKEKPIMEVA
Ta idla Bapn Tou PeTAMIKoU OKEAETOU, NMoU €10MXONKaAv 0TO NPOCOMOIWUA auTOUATa anod To NPoypaAuKa.

AkoAouBei n avaAuTIKr) napouciaon Twv OTATIKWV NPOCOUOINKATWV ToU (POopEd.
4.2 ZTATIKO NPOCOHOIMHA KUTAOKEUNG

'Onw¢ avapEpOnKe as nponyoUUevo KePAAaio, katd Tn dielBuvan X n diaoTaan Tou KTipiou gival 23.88
m, evw kaTa Tn dielBuvon Y n didoTaon eivar 78.00 m. KaTtd Tn dielBuvon Y, TonoBeTouvTal nAaioia
TV onoiwv ol HeETa&U anooTaceig sival ava 6,004. Ano Toug dgoveg 1+4 uNApXouV E0WTEPIKA Ol DOKOI
Kdl Ta UNooTUA®KATA Tou NUIKPOPOU, Nnou anoteAolv Ta ypageia dioiknong (Eikdva 4.1).

22 ‘//I-,

g iy

,o,;o'?.‘g.‘ .
< T T

-

Eikdva 4.1 : 31aTikd npogopoiwpa Biounxavikol KTipiou
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Ta unooTuAwpaTta Twv nAaiciwv gival diaTodng dINAOU Tau kai n niAoyn Toug €yive anod Tn CEIpd TwV
npoTuUnwv eAatwv diaTopwv HEA. H emidoyn nAatuneApwy diatopwv HEA 400 yia Ta unooTuAwpaTa
gyive OIOTI TA YEWWETPIKA Kal adpavelakd XapakTnpioTIKa TOUG MPOC(REPOUV HId MIO I00PPONNHEVN
OUMNEPIPOPA Kal avToxn &vavTl AuylopoU, £vavTl aEovIKwV, TEUVOUCWV DUVAHEWY Kal ponmVv Xwpig va
au&avouv onuavTika To BApog TNG KATAOKEUNC. STov (popea npoPAEneTal nAaioiakn AsiToupyia yia Tnv
napalapfr Twv KaTakopuPpwV Kal Twv opifOVTIwV (POPTIWV ,0 NPOGaAvVATOAOHOG TWV KUPIWV aEOVWV TwV
UMOOTUAWMATWV EYIVE ETOI WOTE O I0XUPOC AEovac va AsIToupyei evTOG Tou nAdiciou. Ta UNOCTUAWMATA
BewpouvTal NAKTWHPEVA OTNV BACNG TOUC EVTOC Tou eninedou Tou nAaigiou (dieuBuvon X) kal apBpwTa
€KTOC Tou nAaigiou (dielBuvon W). H emiAoyn Tou apg@inakTou nAaigiou €yive SIOTI o€ GUYKPION HE TO
auPIapBpwTO NApouciAlel €UVOIKOTEPN KATAVOUN TWV KAUNTIKOV POMNMV KAl KUPIWG HEIWHPEVN
napaygoppwaiydTnTa TOC0 UNd Ta KATAKOPUPA (popTia 600 Kal und Ta opilOvTIa popTia yeyovoc noAU
ONUAavTIKO YIa EAEYXOUC OTNV OPIaKN KATAoTaon ASITOUPYIKOTNTAC €10IKA YIa €va TETOIO KTipIo PE TOCO
peyaha avoiypata. Movadikod PEIOVEKTNHA EvavTl To aupiapBpwToU eival 0TI anaitei kaAng noidTnTag
£0apog BepeAinong kal ouvBeTOTEPN AenTopépela £dpaong eni Tou Bepeliou (Eikova 4.2) .

Eikova 4.2 : X1aTikd npocopoinpa — kUpia UNooTUAWKATA

MNa Ta duyopaTta ToV NAaioiov eMAEXONKe diaTour diNAoU Tau and Tn osipd TWV NPOTUNWY EAATV
Olatopwv HEA. O ouykekpipévog Tunog diatoung HEA400 smiAéxBnke €neira anod diepeuvnon OIOTI
napouoldalel auénuevn avrtoxn &vavTl AuyiopoU O OXEoN ME auTh Twv uyikopuwv IPE kar otoug dUo
atovec. MapdAhnAa, eival nio eAaepid and TIG avTioToixeg diatopéc HEB nou 6a upnopoloav va
emAexBolv, yEyovoc MoU anuaivel NwCE €ival OIKOVOUIKOTEPEG YIA T CUYKEKPIYEVN XPRoN Kal JEIWVOVTAl
Ta idia Bapn Twv dokwv. Ta {uywuaTta napaAayBavouy KaTakopupa QopTia Ta onoia kal perapipalouv
0TA UNOOTUAWHATA WG afovikéS duvapelg. O NnpooavaToAoPOC TWV aEOVWV EYIVE £TC1I WOTE O 1GXUPOC
agovac va AeIToupyel evtogc Tou nAdioiou. H oUvdeon Twv {UYWUATWV PE TA UNOOTUAWUATA TWV
nAaiciov npayuparonoloUvTal e ouVOETEIC PONNG £TCI WOTE va eEac@aileTal n nAaioiakn AsiToupyia
(Eixdva 4.3).
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Eikova 4.3 : 2TaTIKO NPOCOUOIwHa- ZUympaTa NAgICiwV

Ma va kahugBoUv Ta PETWNA TOU KTIPIOU, MOU avTIoToIXouv oTa duo akpaia kupia nAaioia (npwTo Kkai
TEAEUTAIO) TOU KTIpiou, TonoBeToUvVTaAl Ava ANOOTACEIC JETWNIKA UNOCTUAWUATA Ta onoia edpalovTal
o€ BepéNia evw avw otnpilovral oTa akpaia nAaioia. Or yeTwnikoi aTUAoI gival diaTopng dinAoU Tau Kai
N emAoyr Toug &yive anod Tn oeipd Twv NpoTUNwWV eAatwv diatopav IPE. H eniAoyr TOU OUYKEKPIKEVOU
TUNou dIaToWNG £yIVeE e Ta idia KPITRAPIa ONwG Kal Pe Ta KUpIa unodTuA®paTa, napoT gival duvatn Kal
emhoyn dlaTounc ano Tn osipad HEA Xwpic PeyaAec diapopEG, wOTOGO MPOTIMNONKE N napanava yia
KaAUTEPN OUMNEPIPOPA EvavTl AUYIOPOU Kal BApouc Tng diaTounc . O1 YETwNIKoi OTUAOI NPOOPEPOUV
OTNAPIEN OTIC WUNKIOEG Kal EMOMEVMC Ol ANOOTACEIG PETAEU TOUC OUVOEOVTAl PE TO AVOIYUd MOU Ol
XPNOILOMNOIOUKEVEG JIATOMEC WNKidwY pnopolv va yepupwoouv .H BEon Twv HETWNIKWY OTUAWV
kaBopileTal enionc oc ouvdudouo MWe TN JIATAEN TwV Teyidwv Kal Twv opIfOVTIOV CUCTNHATWY
duokaupyiac. H Béon  kabopileTal and Ta avoiyuaTa nou dlapoppvovTal oTnv Owrn, WoTE va
€EUNNPETOUVTAl O AEITOUPYIKEG avVAYKEG Tou KTIpiou .KUpia qOpPTION Yia TOUG PETWMIKOUC OTUAOUC gival
n aveponigon, nNpokeirar dnAadn yia oToixeia KatanovoUeva KUupiweC O KAPWn, v KAtd kavova
Xpnolgonolouhevn diaToun eival dINAG Tau pe néApata napdAAnAa npog Tnv Oyn. 2To KTipIo paAg
eMAEEaPE PeETWNIKA unooTuAwpaTa diatoung IPE300 kar IPE400 (Eikdva 4.4).

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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Eikova 4.4 : X1aTikd npogopoinpa — MeTwnika unooTUA®PATA

H ke@alodokOc gival To opIlOVTIO YPAUMIKO OTOIXEIO , MOU OUVOEEI TIC KEPAAEG TWV UNOOTUAWHATWV
KGO uNOOTUAWUATOG Kal JIATPEXEI TO WKOG TOU KTIpiou KaTd Tn dielBuvan Tnv KABeTn npog Ta enineda
TWV KUPIWV Popéwv (aGEova Y oTnv nepinTwon Hag). Méow Twv KEPAAODOKMV Ol OEIOHIKEG Kal AOIMEG
opICOVTIEC DUVAREIC , MOU AdoKoUVTal OTO £ninedo TNG enikaAuwng kal napaiaupavovral, JETapEPOVTal
Kal KaTd npootyyion I00KATAVEUOVTAl OTA KATAKOPU(A CUCTNUATA dUOKAPWIAg, woTe ol wlnaeIC va
KaTaAfyouv otn Bepeiwon HEOW NEPIOOOTEPWV BETEWV OTAPIENG KAl VA UNAPXOUV NEPIOOOTEPEC BETEIC
anoppoPnNoNG CEIOUIKNG EVEPYEIAC O NEPINTWAON OEICUIKAG katanovnong. O1 kepahodokoi anoTedolv
eMNAéoV OonuavTikd OTOIXEID OUVAPUOAOYNONG TNG KATAOKEUNG KATa Tnv (Acn aveéyeponc eneidn
OUVOE0UV EYKAPOIA TOUG AVEYEIPOPEVOUG diadoyikd eninedoug (popeic.O1 kKepahodokoi Kal oI NAEUPIKEC
Ookoi Mou ennAéxBnkav  eivar diaToung dINAOU Tau Kai n €MIAOyn Toug &yIve anod Tn CeIpd NpOTUNWY
ehatov diaTopwv HEA. Me Tn ouykekpigévn emihoyn diaToung ivar duvato va napaAngBolv kai ol
BAINTIKEC OUVAUEIC (O OUYKEKPIMEVEC OOKOI HETAPEPOUV TIC OUVAUEIC and Ta opilOvTia CUOTAPATA
duOoKauWiac oTa KaTakopugpa Kal cuvOLoUV Ta NAiola Tou Ppopéa PETAEU Touc), aAAd Kal ol DIATOUEC
va enapkoUv évavTl Auyiopou. EvaAakTika, 6a pnopoloav va XpnoidonoinBouv KOIAEG TETPAYWVIKEG
dlaTopEg SHS, kabwe ol ponég sival apeAnTEee. 'Exouv TonoBeTnOei e NpooavaToNIoUO TETOIO WOTE O
KOPHOG va €ival 0To KATakdpu@o €ninedo. ZUVOEOVTAl HE TA UMOCTUADMATA HE ANAEC KOXMWTEC
OUVOEDEIC. 2TO Mpocopoiwpa Kag enmiAéxdnkav HEA140 kar HEA300 OTO KOMMATI TWV YPAPEIWV TOU
nuiwpogou (Eikdva 4.5).
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Eikova 4.5 : Z1aTikd npogopoinpa — Kepalodokoi

Ma Ta unooTUA®KATA Kal TIC dokoUC ToU POpEd TwV ypaPeiwv S10iKnong Tou NUINPOQPOU MIAEXONKE
OlaToung dinAoU Tau Kai n EMNIAOYN TOUG £yivav ano TIG CEIPEC NPOTUNWY eAaTwv diaTopwv HEA. 'Exouv
oav Bacikny Toug Asiroupyia Tn oTNPIEN Tou dAn£dou TOUu NUIMPOPOU KAl O MPooavaToMOHOC TOUG
kaBopioTnke pe Baon auto.To XapakTnpioTikO, TWV HEAWV AUTWV ATAV Ol OXETIKA WEYAAEG ponéc,
TEPVOUOEG Kal aEOVIKEC Kal yIa TIC OMOIEG EMAEXONKAV Ol GUYKEKPIYEVEG dlaToUEC. Ta unooTuAWuaTa
BewpoUvTal NakTwpéva oTn Bacn Touc. EmAéxBnke HEA300 kai yia Tig dokoUG Kai yid Ta UnooTuAwpaTa
Tou nuiwpogou (Eikova 4.6).

Eikova 4.6 : X1aTikd npocopoinya — YnooTulwpata dokoi nPIwpdpou
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O1 Teyideg eivar diaToung dINAOU TAU Kal n €mAoyn Toug €yive and Tn ocipd TV NPOTUNWV EAATWV
Olatopwv IPE avTi yia HEA yia Adyouc Bapouc Tng diaTouns. TonoBeTolvTal oTn OTEYN TOU BIOKNXAVvIKoU
KTIpiou kal anoTeAolv OeuTepelovTa douika oToixeia. Kupia Asiroupyia Toug €ival n petagopd Twv
KaTakopupwv PopTiwv (NpdobeTa, aveonIECEIS, KIVNTA) OTOUG KUPIOUG (PopEic. AEIToupyouv €niong wg
OTOIXEId MOU OCUMUETEXOUV OTOUC OpIOVTIOUG OUVOLOHOUC duoKapwiac npoopEPOVTAG MAEUPIK)
e€aopahion ota {uywuata. Eivar ouvdedepéva appiépeaTa. EmAéxBnke n diatour) IPE160 (Eikdva 4.7).

Eikova 4.7 ZTaTikd Npooopoinpa — TeyIOeC

'Onwc¢ £Xoude oTnV OTEYN Ta deuTepelovTa aToixeia ( Teyidec) EXOUME Kal yia TNV NAQYIOKAGAUWnN Tou
(popEa pag nou ovopalovral pnkidec. O1 Pnkidec ivar diaToung dINAoU Tau Kal EMAEXBNKE ano Tn oeipa
Twv npoTunwv ehatwv diatoywv IPE avti yia HEA yia To MHIKpOTEPO BAPOG TOuG. AnoTeAouv
OeuTepeliovTa DOMIKA OToIXEId MoU TonoBeTOUVTAI OE OAEC TIG OWEIC TOU KTIpiou Kal OExovTal Ta GUAA
TNG NAEUPIKNG ENEVOUONG TNG KATAokeunG. H kKUpia Asiroupyia Toug eival n JETagopd TwV avePONIECEWY
0TOUG KUPIOUG (POPEIC Kal AEITOUPYOUV WG OTOIXEIQ MOU GUMETEXOUV GTOUG KATAKOPUPOUG GUVOECHOUC
duoKapyiag nNpoo®EpovTac NAEUPIKN €Ea0PAAION OTA KUPIA UMOOTUAWMATA KAl OTOUC METWMIKOUC
oTUAoUG. O npooavaToNIoPOC TOUC ival TETOIOC WOTE 0 KOPHOG TNE dIATOMNG va £ival napaAAnAog UE To
opifovTio €ninedo.To OTATIKO OUCTNUA MOU €MIAEEQUE OTN OUYKEKPIMEVN KATAOKEUN E€ival Tng
apiEpeloTng dokou kai n diaToun nou niAexdnke eival IPE160 onwg Tng oteyng (Eikdva 4.8).
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Eikova 4.8: ZTaTikd npooopoinpa — Mnkideg
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5. EAEMNXoz KAI AIASTAZIOAOIHzZH

5.1 EIZArQrH

H diaoTaaioAdynon Twv SOMIK®V OTOIXEIWV TNG KATAOKEUNG EYIVE UE BACN TIC KAVOVIOTIKEG dIATAEEIG TOU
Eupwkmdika 3, nou agopd TIC PETAAIKEG KATAOKEUEG, Ot GuVOUAOWO We Tov Eupwkwdika 8 kai
npayparonoinenke pe Tnv Bordsia Tou npoypdupatog Robot Structural Analysis 2021 Tng Autodesk. Oi
OlaTONEC eMAEXONKaV WETA and apkeTEC OOKIPEG avaAluong kal d1aoTacioAdynonG, WOTe va enapkouv
EvavTl Twv OeDOPEVWV EAEYXWV KAl N KATAOKEUR va €XEl OUVOAIKG KAAUTEPN anoOKpIOon £vavTl TwV
eMBaloOpevwv @opTiwv. AkoAouBsi n neplypa®r TngG dlaoTacioAOyNnonG Twv JOUIKWV OTOIXEIWY TNG
KATAoKeUNC, kaBwg eniong kal OpIoPEVEG EVOEIKTIKEG OUVOEDEIC HEAWV TNG.

5.2 AIAZTAZIOAOIHZH KATAZKEYHZ
5.2.1 YnooTuAopara

lNa Ta kUpIa unooTUA®UATa n dIaToun Nou NPOEKUWE anod Tnv avaiuaon kal Tnv diacTacioAoynan sivai
n HEA400. To ouvoAIKO WUNKOG TV UNOCTUAWMATWV gival 7,50m kai unokeivral o dIaovikr Kapywn Je
afovikny OUvapn kai Téuvouoda. H diatoyr €ival npooavatoMoPevn €TOI WOTE O 10XUPOC agovag va
AeIToupyei evToc Tou nAaioiou. O UVTEAEOTNC 1000UVAUOU PRKOUG AUYIGHOU B Kal TO 1I00dUVAHO HRKOG
AuyiopoU npokUNTouv anod To diIdypaupa yia JETaBeTd nAgiola BewpwvTac (uywuata diatoung HEA400
Kal unooTuAwpaTta diatopng HEA400 pe Baon Ti¢ EEiowaeic (5.1) kai (5.2):

ni= (ke + k1)/ (ke + ki + ki1 + ki2) (5.1)
n2 = (ke + k2) / (ke + k2 + ka1 + k22) (5.2)
YEVIKA yIa KGO unooTUAwWa 1oxUel K=I/L

Me Baon To diaypaupa yia HeTaBeTa nAaioia npokUNTOUV:

(X=0,00m £wc 78,00m) To k =1,53 kai 70 ler =11,47m

Ytov acBevr] a€ova, Omou Sev UTIAPXEL TAALOLAKN) AELTOUPYLA, TO UAKOG AUYLOHOU UELWONKE
(X=0,00m) k=0,5 l¢r = 3,75m
(X=6,00m gwg 72,00m) k= 0,7 t0 lcr = 5,25m

STATIKM KAl OIKOVOUOTEXVIKN avaAuan Blounxavikou KTipiou
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(X=78,00m) k= 0,5 t0 lcr = 3,75m

Eikdva 5.2: Aidypappa V OUOUEVESTEPOU UMOCTUAMMATOC

A

Eikova 5.3: Aiaypappa My dUOUEVESTEPOU UNOOTUAWMATOG

AinAwpaTikr) Epyacia Koopidn XapaAapnou E.M.M. 2023
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CODE: EN 1993-1 2005/A1 2014, Ewocode 3. Desyn of steel structures
ANALYSIS TYPE: Code Group Verification

CODE GROUP:  main column

MEMBER: 17 Columu 16 POINT: | COORDINATE: x=000L=000m
LOADS:

Governing Load Case: 14 oka-basikoS-90 (1-2)*1 35+(3+4)%1 05=3*1 50+{8+9)*0.90

MATERIAL:

§27% (8275) ¢y =273.00 MPa

SECTION PARAMETERS: HEA 400

h=39.0cm gMO=1.00 gMI=1.00
b=300cm Av=126.20 cm2 Az=5733 cm2 Ax=158.98 cm2
tw=1.1cm ly=45069 .40 cmd 12=8563.B3 crnd Ix=191.00 cmd
tf=19 cm Wply=2561.97 cm3 Wplz=872 88 cm3
INTERNAL FORCES AND CAPACITIES:
N.Ed= 35953 kN My Ed= 10615 KN*m VyEd=LI17EN
Ne,Rd=437190kKN My Ed max = 499 25 ¥N*m Mz Ed max = 3.75 kN*m VyTRd=
NbRdA=3102 13 kN MycoRd=T704 54 kN*m MzcRd=24004kN*m VzEd=-8205kN
MN.V,Rd = 704,54 kN*m Vz,T Rd = 90996 kN
Mb Rd = 704 54 KN*m TtEd = 0.02 kN*m

Class of section= |

STEEL DESIGN

200274 kN

s 1=
LATERAL BUCKLING PARAMETERS:

z=0.00 Mer = 2498.35 kKN*m Curve LT -b XLT=0.95
Ler,upp=5.25m Lam LT=0.53 fiLT=0.63 XLT,mod=1.00

BUCKLING PARAMETERS:

About y axis: About z axis:

Ly=1148m Lam y=0.79 Lz=525m Lam z=0.82
Lery=1148m Xy=0.80 Lerz=525m Xz=0.71
Lamy = 68.15 kyy=0.86 Lamz=71.53 kzy =045

VERIFICATION FORMULAS:

Section strength check:

N.Ed/Nc.Rd=0.08 <1.00 (6.2.4.(1))
My.Ed/My.cRd=0.15<1.00 (6.2.5.(1))
Vy.Ed/'Vy.TRd=0.00<1.00 (6.2.6-7)
VzEdVzZTRd=0.09<1.00 (6.2.6-7)

Tau,ty Ed/(fy/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)
Tau,tz Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)
Global stability check of member:

Lambda,y = 68.15 < Lambda,max = 210.00 Lambda,z=71.53 < Lambda,max =210.00 STABLE
My.Edmax/MbRd=0.71<1.00 (6.3.2.1.(1))

NEd/(Xy*N.Rk/gM1) + kyy*My,Ed.max/(XLT*My Rk/gM1) + kyz*Mz,Ed max/(MzRk/gM1) = 0.72 < 1.00 (6.3.3.(4))
N.Ed/(Xz*N Rk/gM1) + kzy*My,Ed max/(XLT*My,Rk/gM1) + kzz*Mz,Ed max/(MzRk/gM1) = 0.45 < 1.00 (6.3.3.(4))

Section OK !!!

Eikova 5.4: AnoTeAéopaTta SUCUEVESTEPOU UNoaTUAwUaToC diatounc HEA 400
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5.2.2 Zuyopara

M£ow Tng avaiuaong Ta {uywpaTta diactaciohoynBnkav eniAéyovracg diatopr) HEA 400. O SUCUEVEOTEPOC
ouvduaopog yia To {Uywpa sival o ouvduaopog 13 Baoikog xiovi yia avepo 0 ( kata dieuBuvon Y) . Ta
{uywpaTa unokeivral os dlaovikr kapwn Pe afovikny dUvapn kal €xouv pnkog 23.88 m. Mapakdtw
(paiveTal anod Toug nivakeg n diacTacioAdynon Tou duopevéaTepou {UYWHATOC

Eikova 5.5: Aiaypappa N duopeveaTepou (Uy®UATOC

Eikova 5.6: Aiaypappa My duopeveoTepou {UyOUATOC
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'EAeyxoc kai SiagTaaioAoynon

51

STEEL DESIGN

CODE: EN 1993-1.2006/A1 2014, Ewocode 3. Design of stee! slruchwes
ANALYSIS TYPE: Cods Growp Venfication
CODE GROUP: 6 muaum rafter
MEMBER: 753 Beam 783 POINT: & COORDINATE: x«100L=1220m
LOADS:
Governing Lood Case: 13 oka-basikoS-0 (1+2)*1.35+(3+4)*] 05+5%]1 50+(6+7)*0.90
MATERIAL:
S$275 (8275) fiy = 275.00 MPa
@ SECTION PARAMETERS: HEA 400
1=39.0 cm gM0=1.00 gM1=100
b=30.0 cm Ay=12620 cm2 Az=57 33 cm2 Ax~158 98 cm2
tw=1.1ecm Iy=45069 40 cm4 [7=8363 83 cm4 Ix=191 00 cm4
tf=1.9 cm Wply=256197 cm3 Wplz~872.88 cm3
INTERNAL FORCES AND CAPACITIES:
NEd=26535kN MyEd=-30635kN*m MzEd=043kN*m VyEd=-1390kN
NeRd = 4371 90kN My Ed max = .506.35 KN*m Mz Ed max = .4.19 ¥N*m VV.T.Rd = 2003.00 kN
NbRd=2729 50 kN MycRd=704 54 kN*m MzcRd=24004kN*m VzEd=-139.87kN

MN.Y,Rd = 704.54 KN*m MN2Rd=24004 KN*m VzTRdA=91003 kN

MbRd = 62747 kKN*m TtEd=-0.01 kN*m

Class of section =1
@ E] LATERAL BUCKLING PARAMETERS:
z=0.00 Mer= 139528 kN*m Curve LT -b XLT =086
Lerjow=6.10m Lam LT=071 ilT=074 XLT mod =089
=
- g LATERAL BUCKLING PARAMETERS:

z=0.00 Mecr = 139528 KN*m Curve LT -b XLT=0286
Lerlow=6.10m Lam LT=0.71 fiLT=0.74 XLT.mod=0.89

BUCKLING PARAMETERS:

g About y axis: About z axis:

Ly=1220m Lam_y=0.83 Lz=6.10m Lam 2=0.26
Lery=1220m Xy=0.78 Lerz=6.10m Xz=0.62
Lamy=72.45 kyy=1.08 Lamz=83.10 kyz=1.19

VERIFICATION FORMULAS:

Section strength check:

N.Ed/Nc,Rd=0.06 <1.00 (62.4.(1))

My, Ed/MN,y,Rd—0.72<:1.00 (6.2.9.1.(2))

MzEd/MN.zRd=0.00<1.00 (6.2.9.1.(2))

(My.Ed’'MN,y.Rd)" 2.00 + (Mz,Ed/MN,zZRd)"1.00=0.52 < 1.00 (6.2.9.1.(6))
Vy.Ed'Vy.TRd=0.00<1.00 (6.2.6-7)

VZEd'VZ, I RAd=0.18<1.00 [(6.2.6-7)

Tau.ty,Ed/(fy/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)

Tau,tz. Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 72.45 < Lambda,max = 210.00 Lambda,z = 83.10 < Lambda,max = 210.00 STABLE
My.Ed.max/MbRd=0.81 <1.00 (6.3.2.1.(1))

N.Ed/(Xy*N Rk/gM1) + kyy*My.Ed max/(XLT*My Rk/gM1) + kyz*Mz,Ed max/(MzRk/gM1)= 0.97 < 1.00 (6.3.3.(4))
NE/(X2FN RK/gM1) + kzy*My, Ed,max/(XLT*My Rk/gM1) + kzz* Mz Ed max/(Mz,Rk/gM1) = 0.58 << 1.00 (6.3.3.(4))

Section OK !!!

Eikova 5.7: AnoTteAéopaTa duopeveéaTepou JuywpaTog diatounc HEA 400

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou



52 KedbaAato 5

5.2.3 Ke@aAodokog

O1 kepahodokoi napalapfavouv Kuping afovika @opTia and Tnv KATAOKEUR Kal ouvdgovTal e
apBpWOEIC OTNV KEPAAN TWV UNOOTUAWHPATWY. TO HNKOC AuyIoPoU TouG €ival ioo PE To NpayuaTiko Toug
MKOG kal kaTd Toug dUo agovec. H diaTopr nou npoékuwe ano Tnv avaiuon eivai n HEA 140.

Mapakatw napouacialovTal Ta anoTEAEoHATa avaiuong TNG SUOUEVEDTEPNC KEPAAOSOKOU

STEEL DESIGN

CODE: EN 1993-1.2000/A1 2014, Ewocode 3. Dasign of sleel strucluyes
ANALYSIS TYPE: Code Group Venification

LOADS:
Governing Load Case: 11 oka-basikoW-o0 (1+2)*1.35+(3+4)*1.05+5%0.75+(6-7)*1.50
MATERIAL:

$275 (8273) fy=275.00MPa

SECTION PARAMETERS: HEA 140

k=133 cm gM0=1.00
b=140cm Av=1636 cm2
tw=0.5 cm Iy=1033.13 cmd
=09 cm Wphv=173 51 em3

gMI1=1.00
Az=1012 em2
2=389321 cmd
Wplz=84.85 em3

Ax=3142cm2
1x=797 cm4

INTERNAL FORCES AND CAPACITIES:

NEd=-B15kN My Ed= 199 kN*m

Nt,Rd =863 94 kN My,plRd = 47.71 kN*m
My e Rd=4771 KN*m
MNy R4 =47 71 kN*m
MbRd=3165kN*m

MzEd=-16 94 KN*m

MzplRE=2333kN*m
MzceRA=2333kN*m
MN zRd=2333 kKN*m

VyEd=009 kN
VyTRAd=41835kN
V2 Ed=-002KkN
VeTRA= 16071 kKN
TLEd = -0.00 kN*m
Class of section =1

lii‘-j [l] LATERAL BUCKLING PARAMETERS:

z=1.00
Lerupp=5.74m

Mor = 4042 KN*m
Lam LT=109

Curve LT -b
fiLT=1.06

XLT =063
XLT,mod = 0.66

BUCKLING PARAMETERS:

About y axis:

About z axis:

VERIFICATION FORMULAS:

Section strength check:
N.EANtRd=0.01<1.00 (6.2.3.(1))

My, Ed/MN,y.Rd=0.04 <1.00 (6.2.9.1.(2))
MzEd/MN.zRd=0.73 <1.00 (6.2.9.1.(2))

(My,Ed/MN,y.Rd)" 2.00 + (MzE/MN,zZRd)*1.00=0.73 <1.00 (6.2.9.1.(6))

VyEdVyTRd=0.00<1.00 (62.6-7)
VZEd/VZTRA=0.00<1.00 (6.2.6-7)

Tau.ty. Ed/(fv/(sqrt(3)*gMO0)) = 0.00 < 1.00 (6.2.6)
Tau tz. Ed/(fv/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:
My.Ed/MbRd =0.06 <1.00 (6.3.2.1.(1))

Section OK !!!

Eikdva 5.8: AnoTeAéopaTta SUOPEVEDTEPNC KepaAodokou diaToung HEA 140

Ain\wpaTikr) Epyacia Koopidn Xapahapnou

E.M.M. 2023
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5.2.4 Teyideg

H diatoun nou npogkuwe and Tnv avaiuon sival n IPE 160. O1 Teyideg BewpolvTal OTI CUUPETEXOUV
oTnv Asiroupyia Twv opIlOVTIWV GUVOECHWY duokauwiac, onoTe napaiapBavouy agovika gopTia. AKOua,
AOyw TNG KAIoNG TNG OTEYNG UNOKEIVTal O€ OIAEOVIKN KAMWN HE MIKPN TIUR TNG POMNG KAMWEWG NEPi TOV
aoBevr| GEova. To oTATIKO NPOCOUOIWHA MOU XPNCILOMNOIEITAl €ival auTo TNG AUPIEPEIOTNG doKoU Kal TO
MAKOG AuyiopoU Twv Teyidwv AayBaveTal ioo e To NPAypaTtiko Toug Knkoc. MapakaTtw napoucialovral
Ta anoTeA£opaTa TNG avaiuong yia TNV OUCHEVEDTEPN Teyida TOU NPOCOHOIMUATOGC.

Eikova 5.9: Alaypappa My duopeveaTepnc Teyidag

STEEL DESIGN
CODE: EN 1993-1 2005/A1.2014, Eurocode 3. Design of steel structures
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 7 1«
MEMBER: ::s

LOADS:

MATERIAL:

== | SECTION PARAMETERS: IPE 160

h=16.0 cm gMO0=1.00 EM1=1.00

b=8.2 cm Av=1373 em2 A2z=9.66 em2 Ax=2009 em2
tw=0.5 cm Iy=869.29 cmd 2=68.31 codd Ix=3.53 e
tf=0.7 cm Wply=123.87 cm3 Wplr=26.10 cm3

INTERNAL FORCES AND CAPACITIES:

NEd=5187kN My Ed=092kN*m MzEd = .020 kN*m
NeRd = 55251 kN MyEdmax~ 092 KN*m Mz Edmax = .0.20 kN*m
NbRd=$52.51 kN MycRd=3406kN*m MzcRd=7.18kN*m

MNyRd=3406kN*m MNzRd=718kN*m
MbR4A=1093 XN*m
Class of section = 1

@ El LATERAL BUCKLING PARAMETERS:

z=1.00 Mer = 1095 kKN*m Curve LT-b XLT=032
Lerupp=6.00 m Lam_LT=177 GLT=1%0 XLTmed =032

Eikova 5.10a: AnoteAéoparta duoueveaTepng Teyidag diaTtounc IPE 160

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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BUCKLING PARAMETERS:

About y axis About z axis

kvy =1.00 kzz =1.00

VERIFICATION FORMULAS:

Section strength check:

NEANcRI=009<1.00 (6.24(1))

My EAMNyRd=003<1.00 (629.1.(2))

MzEdMN,zRd=0.03 <1.00 (6.2.9.1(2))

(My.EdMN,y.Rd)" 2.00 + (Mz EAMN.2Rd}"1.00 =0.03 < 1.00 (62.9.1.(6))

Global stability check of member:

My Ed maxMbRd=0.08 <1.00 (63.2.1(1))

NEA(Xy*N Rk/gM1) = kyy*My Ed. max/(XLT*My Rk/gM1) - kvz*Mz Ed max/(Mz Rk/'gM1)=021<1.00 (63.3.(4))
N EA/(Xz*NRk/gMI) ~ key*My Ed max/(XLT*My Rk/gM]1) + kzz*Mz Ed max/(Mz Rk/gM1) =021 <100 (6.33.(4))

Section OK ]!!

Eikdva 5.10b: AnoteAéopara duopeveaTepnG Teyidag diatoung IPE 160

5.2.5 Mnkideg

O1 uNKideG unokevTal o€ dIAgoVIKN KApWn, apevog Aoyw Twv dpAcEwWY TOU avéUoU Ol Onoieg kaTanovouv
TNV KATAOKEUN Kal a@eTépou AOyw Tou 10iou PBApouc Twv enmKaAUWewv. Eniong, ol Wnkideg
napaiappavouv kar €va noAU Hikpod a&ovikd @opTio, e€aiTiag Twv d1apOpwV CUVOUACHWV POPTIOEWY,
TO 0Moio EARPON UNOYN KATA TNV avaAuan Tou Popéd. To oTaTikd oUCTNUA TwV PINKidwV gival auto TNg
AUPIEPEIOTNG OOKOU. TO WUNAKOC AUYIGHOU TwV AUPIEPEICTWV UNKIOWV €ival i00 PE TO GUVONKO TOUG HNKOG,
To pnkog €ival 6.00m H diaTour) Nou NPOEKUWE yia TIC UNKidec auTég eival n IPE 160. EVOEIKTIKG oTa
Zxnuata 5.8 kai 5.9 napouaialovTai ol kpigiol EAEyXO! Yia TIG UNKIOES e TN HEYIOTN KATAnovnon.

Y
L' Cuses: 13 (cka-eakoW-50)

n rane

Eikova 5.11: Aidypaypa M dUOPEVEDTEPNG UNKIdAG

AinAwpartikn Epyacia Koopidn Xapahaunou E.M.M. 2023
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CODE: EN 1993-1 2005/A1:2014, Ewocode 3 Desxn of steel structures
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 594 Beam 594 POINT: 2 COORDINATE: «=030L=310m
Laos:

Governing Load Case! 14 okn-basikoS-90 (1-2)*135+3-4)*1.05+541 50~(8-9)*0.90

MATERIAL:
S275 (S275) fy=27500MPa

<& | SECTION PARAMETERS: IFE 160

b=160cm #M0=1.00 gM1=1.00

b=82em Ay=1373 em2 A2=9.66 cml Ax=20.09 em2
tw=0.5 cm Iy=869.29 cmd [z=68.31 cmd 1x=3.53 cmd
=07 cm Wply=123 87 em3 Wplz=26.10 em3

INTERNAL FORCES AND CAPACITIES:

NEd=-1308kN MzEd = -1.00 kXN*m

NtRd =55251 kN MzplRd=7 18 KN*m

MzeRd=718 ¥N*m
MN2zRd =T 18 kKN*m
Class of section =1

K" LATERAL BUCKLING PARAMETERS:

STEEL DESIG}

BUCKLING PARAMETERS:

About y axis: About z axis:

VERIFICATION FORMULAS:

Section strength check:
N.Ed/Nt.Rd=0.02<1.00 (6.2.3.(1))
MzEd/MzcRd=0.14<1.00 (6.2.5.(1))

Section OK !!!

Eikdva 5.12: AnoTteAéopata duopevéaTepng Unkidag diatoung IPE 160

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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5.2.6 MeTWNIKA UNOCTUAGMATA

To UWoG TwV PETWNIKWY OTUAWV g€apTdaTtal and Tn B£an Toug oTo Popéa kal TNV KAion Tng opo@nc. Ol
OIdTOMEC Mou npogkuwav ano Tnv avdaiuon kai Tn diagtacioAoynon eivar IPE 300 kai IPE 400.
MapoucialeTal evOEIKTIKA O KPIOIMOC EAEYXOC Yia TO UNOCTUAWWA WE TN WEYIOTN kaTanovnon IPE 400.

STEEL DESIGN

CODE: £EN 1993-1 2006/A1 2014, Ewocode 3 Design of steel structures
ANALYSIS TYPE: Code Group Verification

CODE GROUP: 3 int column

MEMBER: 25 Column_29 POINT: 3 COORDINATE: x=040L=400m
LOADS:

Governing Load Case: 34 seismikos3 (1-2-28)*1.00-(3+4)*0.30

MATERIAL:

S275 (8275) fv=27500MPa

o | SECTION PARAMETERS: IPE 400

h=40.0 cm 2MO=1.00 eM1=1.00
b=18.0cm Ay=56.00 cm2 Az=42.69 cm2 Ax=8446 cm2
tw=09 cm [y=23128 40 cm4 [z=1317.82 cm4 Ix=46 80 cm4
=14 cm Wply=1307.26 cmn3 Wple=229 01 em3
INTERNAL FORCES AND CAPACITIES:
N.Ed= 15534 kN MyEd=-24713kN*m MzEd=026kN*m Vy.Ed =043 kN
NeRd=2322.75 kN My Edmax =-247 15 kN*m Mz Edmax = 0.52 KN*m Vv, TRd = 889.04 kN
NbRA=469.10kN MycRA=35950kN*m MzcRA=6298kN*m VzEd=5206kN

MNyRd=35950kN*m MNzRA=629BKN*m VzTRA=67785kN

TtEd = 0.00 KN*m

Class of section = 1

BUCKLING PARAMETERS:

= About y axis: i About z axis:

Ly=10.00m Lam y=0.70 Lz=7.00m Lam_z=2.04
Ler,y=10.00m Xy=0.85 Lerz=7.00m Xz=0.20
Lamy=60.43 kyy=1.09 Lamz=177.22 kyz=1.19

VERIFICATION FORMULAS:

Section strength check:

N.Ed/Nc,Rd=0.07<1.00 (6.2.4.(1))

My.Ed/MN.yRd=0.69<1.00 (6.2.9.1.(2))

MzEd/MN.zRd=0.00<1.00 (6.2.9.1.(2))

(My,Ed/MN.y.Rd)" 2.00 + (Mz,Ed/MN,zRd)*1.00 =048 <1.00 (6.2.9.1.(6))

Vy.Ed'Vy.T.Rd=0.00<1.00 (6.2.6-7)

VzEd/'VzTRd=0.08<1.00 (6.2.6-7)

Tau,ty. Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Tau,tz. Ed/(fy/(sqrt(3)*gMO0)) =0.00 <1.00 (6.2.6)

Global stability check of member:

Lambda,y = 60.43 < Lambda,max = 210.00 Lambda,z=177.22 < Lambdamax =210.00 STABLE
N.Ed/(Xy*N.Rk/gM1) + kyy*My.Ed max/(XLT*My Rk/gM1) + kyz*Mz Ed. max/(Mz.Rk/gM1) = 0.84 < 1.00 (6.3.3.(4))
N.Ed/(Xz*N.Rk/gM1) + kzy*My.Ed max/(XLT*My.Rk/gM1) + kzz*Mz.Ed max/(MzRk/gM1) =0.72 < 1.00 (6.3.3.(4))

Section OK !!!

Eikova 5.13: AnoTteAéopaTa OUOHEVESTEPOU UETWNIKOU OTUAOU SiaTtoung IPE 400

Ain\wpaTikr) Epyacia Koopidn Xapahapnou E.M.M. 2023
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5.2.7 YnooTuA®paTta nHInPOPpou

H diaTopn nou npogkuye and Tnv diacTacioAoynon kai Tnv avaiuon sivar n HEA 300. MNMapakaTtw
OivovTal Ta duoWEVEDTEPA KEYEDBN MOU NPOEKUWAV anod TOV OEIOHIKO ouvOUAoHO 5.

HEA 300

_‘ J Fx+c Fx-t 50kN
Max=101.81

Min=98.34

Eikova 5.14: Aidypappa V OUOPEVESTEPOU UNOOTUAWUATOG NUIwpo®ou diaToung HEA 300

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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Eikova 5.15: Aiaypappa N dUOUEVESTEPOU UNOCTUAMKATOC NHIWPOPou diaTtoung HEA 300

Eikova 5.16: Aidypaupa My SUCHEVECSTEPOU UNOCTUAWUATOC NUIKPOPouU diaToung HEA 300

Ain\wpaTikr) Epyacia Koopidn Xapahaumnou E.M.M. 2023
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STEEL DESIGN
CODE: E£EN 1993-1 2005/A1 2014, Eurocode 3. Design of steel structures
ANALYSIS TYPE: Member Verification
CODE GROUP:
MEMBER: 32 Columm 32 POINT: | COORDINATE: x=000L=000m
LOADS:
Governing Load Case: 35 seismikosd (1+2-29)*1.00+(3+4)%0.30
MATERIAL:
S275 (8275) fy = 275.00 MPa
£
=%=| SECTION PARAMETERS: HEA 300
k=290 cm gM0=1.00 eM1=1.00
b=30.0 cm Av=04 85 cm2 Az=37 28 em2 Ax=112.53 cm2
w=09cm Iy=18263 50 cmd [2=6309.56 cid Ix=7530 cd
tf=1.4 cm Wply=1383.40 cm3 Wplzr=641.18 cm3
INTERNAL FORCES AND CAPACITIES:
NEd= 101 81kN My Ed = .27 84 KN*m Mz Ed = .0.00 KN*m VyEd~=.19.01 kN
Ne Rd =3094 52 kN My Ed max = -27 84 kN*m MzEdmax=-81 91 kN*m Vv TRd=150591 kN
NbRd=2726.11 kN MycRA = 38044 KN*m MzcRd=17632KN*m VzEd~ 1226 KN
MNyRE=38044kKN*m MN:zRA=17632kN*m VzTRd=3918TkN
MbRd = 38044 KN*m TtEd = 0.00 kKN*m

Class of section=2

z=000 Mor = 2844 25 kKN*m Curve LT -1 XLT =100
Lerlow=2E0m Lam LT=037 iLT=054 XLTmod =100

BUCKLING PARAMETERS:

About y axis: About z axis:

Ly=4.00m Lam y=0.36 Lz=280m Lam z=0.43
Ler,y=4.00m Xy=00954 Lerz=280m Xz=0.88
Lamy=31.40 kzy =047 Lamz=37.39 kzz=10.79

VERIFICATION FORMULAS:

Section strength check:

N.Ed/Nc.Rd=0.00<1.00 (6.2.4.(1))

My.Ed/MN,y.Rd=0.00<1.00 (6.2.9.1.(2))

MzEdMN.zRd=047 <1.00 (6.2.9.1.(2))

(My.Ed/MN,y.Rd)" 2.00 + (Mz,Ed/MN,ZRd)"1.00 =047 < 1.00 (6.2.9.1.(6))

Vy.Ed'Vy.TRd=0.01<1.00 (6.2.6-7)

Vz.EdVzZTRd=0.00<1.00 (6.2.6-7)

Tau,ty.Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Tau,tz.Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 31.40 < Lambda,max = 210.00 Lambda,z=37.39 <Lambdamax =210.00 STABLE

My.Ed max/Mb.Rd=0.00<1.00 (6.3.2.1.(1))

N.Ed/(Xy*N.,Rk/gM1) + kyy*My.Ed max/(XLT*My.Rk/gM1) + kyz*Mz Ed max/(MzRk/gM1) = 0.26 < 1.00 (6.3.3.(4))
N.Ed/(Xz*N.Rk/gM1) + kzy*My.Ed max/(XLT*My,Rk/gM1) + kzz*Mz.Ed max/(MzRk/gM1) =0.37 < 1.00 (6.3.3.(4))

Section OK !!!

Eikdva 5.17: AnoTeAéopaTa dUOPEVESTEPOU UNOOTUAWKATOC NUIwpdpou diaTounc HEA 300

5.2.8 Karakopugoi kai opi{ovTiol cUV3EoH0I Suokapypiag

O1  katakdpugol ouvdeopol duokapwiag oxnuatog X Oéxovral povo afovikd @opTia  Kal
dlagTaaioloynénkav BewpwvTac 0TI ASITOUPYOUV OVO 01 EPEAKUOUEVEC paBdoI OTNV £kACTOTE OpICOVTIa
@OpTIOoN. 2TIG BAIBOMEVEG, NAPOTI ayvoouvTal, €AEyXETal n AuynpoTnTa Toug. Me Tov TPOMO AUTO
unepdiaoTacioAoyoUpe eAAPP®G TIC PARDOUC Twv CUVOECUWV duokauwiac unép TnG ao@aleiac,
npoAapBavovTac To evOeXOUEVO aaToxiag kanolag papdou. Or opIlOVTION XIAoTi oUVOETHO! dUOKAPWIag

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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dExovTal Yovo afovika opTia. H diaTtour) nou NpoéKUWes anod Tnv avaiuon Kal oTic dUOo NEPINTWOEIG
eival SHS120x8.

EvOelkTIKG OTO Zxnua 5.13 kar Tnv Eikova 5.8 napoucidlovralr Ta HeyEdn anod To OUCHEVECTEPO

INEERENERNEN

€= = ROV A J

TCAR 120x8
U Fx+c Fx-t 5kN
Max=20.71
Min=20.44

Eikova 5.18: Aidypaupa avriavepiou ouvdéapou N

STEEL DESIGN
CODE: EN 1993-1 20080/A1:2014, Eurocode 3 Desyn of steel structures
ANALYSIS TYPE: Member Verification
CODE GROUP:
MEMBER: 46 Simple bar 46 POINT: | COORDINATE: x«000L«000m

LOADS:
Governing Load Case: 14 oka-basiko§-90 (142)%135+{3+4)*1.05+5*1 30-(8+9)*0.90

MATERIAL:
§275 (8275) fy=27500MPa

nl: |
SECTION PARAMETERS: TCAR 1208

b=120¢cm gM0=1.00 gM1=1.00

b=12.0cm Ay=17.77 cm2 Az=17.77 cml Ax=35.53 em2
tw=0 8 cm Iy=75830 cm4 [z=758.30 cm4 x=1159.00 cm4
tf=0.8 cm Wply=150.78 cm3 Wplz~150.78 cm3

INTERNAL FORCES AND CAPACITIES:
NEd=114.76 kN

NeRd=977.08 kN

NbRd = 67996 kN

BUCKLING PARAMETERS:

m 9 Aboul y axis ]IJ E ADOUL Z G5

Ly=767Tm Lam yv=0096 Lz=76Tm Lam z2=056
Lery=384m Xv=0.70 Lerz=384m Xz=0.70
Lamy =83.03 Lamz=83.03

Section strength check:

NEANcRdI=0.12<1.00 (6.24(1))

Global stability check of member:

Lambda y = 83.03 < Lambdamax = 210.00 Lambda,z = 83,03 < Lambdamax = 21000 STABLE
NEANbRA=0.17<1.00 (63.1.1(1))

Section OK !!!

Eikova 5.19: AnoteAéopaTta SUCUEVESTEPOU CUVOECHOU duokapwiag SiaToung SHS120x8
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5.3 ZYNAEZEIz

ZNUAvTIKO KOPKATI TNG AVEYEPONG MIAG HETAAAIKNG KATAOKEUNG anoTEAOUV O GUVOEDEIG TWV HEAWV TIC,
O1 ouvdéoeic Ba npenel va napéxouv Tn duvaToTNTa avanTuéng oAOKANPNG TNG NAAOTIKAC IKAVOTNTAC
TWV JEAWV, £TCI WOTE VA EKMETAAAEUONACTE OTO ENAKPO TNV AVTOXN Kal TNV NAACTIHOTNTA TWV HEADV
€voc XxaAUBdIvou nAaiaiou.

O1 ouvdéoelg Ba npenel va unohoyidovTal KaTd TPOMNOo Mou va KabioTouv TNV KATAOKEUN KAl aveyepon
TwV Popewv 600 To duvaTov Mo anAn Kal ypriyopn kai dsv Ba npénel va ivai 1I91aiTepa uaiodnTeC ot
KATQOKEUAOTIKEC aTEAEIEC TOU gpyooTaciou.Me auto Tov Tpono Oev auEaveral TO KOOTOC EITE TNG
KATAOKEUNG TwV OUVOETEWY oUTE XAveTal XpOvog KaTa TNV £pYaAcia aveyepong Tou HETAAAIKOU (opéd.

TNV napouca OJINAWMATIKN, Ol OUVOECEIC Mou unoAoyioBnkav pe Tnv Bordsia Tou npoypduuaTog
Autodesk Robot Structural Analysis 2021 €to1 woTe va ikavornoloUv Tnv OUOHEVESTEPN (POPTION
£€0IKOVOUWVTAG UAIKO TauTOXpova.

MapoucialovTal eVOEIKTIKA Ol CUVOETEIC TWV NAPAKATW MEAWV Padi Je Ta anoTeAéouaTa Toucg cUPPWva
Me To npdypappa Robot Structural Analysis 2021 Tng Autodesk .

> ZUvdeon Oepelinong KUPIOU UNOOTUAMHATOG

Eikdva 5.20: TpiodidoTaon ansikovion BepeAinong KUpiou UNooTUA®UATOG

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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Eikova 5.21 : ZUvdeon BepeAinong KUpiou UNOCTUAWKMATOC
GENERAL
Connection no.: 1
Connection name: Fixed column base
Structure node: 49
Structure bars: 25
GEOMETRY
COLUMN
Section: HEA 400
Bar no.: 25
Le= 7.50 [m] Column length
o= 0.0 [Deg] Inclination angle
he = 390 [mm] Height of column section
brc = 300 [mm] Width of column section
twe = 11  [mm] Thickness of the web of column section
tre = 19 [mm] Thickness of the flange of column section
fe= 27 [mm] Radius of column section fillet
Ac= 158.98 [cm?] Cross-sectional area of a column
lyc = 45069.40 [cm* Moment of inertia of the column section

Material: S275

AinAwpartikn Epyacia Koopidn Xapahaunou

E.M.IN. 2023
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fyc = 275.00 [MPa] Resistance

fuc = 430.00 [MPa] Yield strength of a material
COLUMN BASE

lpa = 660 [mm] Length

bpd = 350 [mm] Width

tpd = 40 [mm]  Thickness

Material: S275JR

fypd = 275.00 [MPa] Resistance

fupd = 410.00 [MPa] Yield strength of a material
ANCHORAGE

The shear plane passes through the THREADED portion of the bolt.
Class = 10.9 Anchor class

fyb = 900.00 [MPa] Yield strength of the anchor material
fub = 1000.00 [MPa] Tensile strength of the anchor material
d= 33 [mm] Bolt diameter

As = 6.94 [cm? Effective section area of a bolt
Ay = 8.55 [cm?]  Area of bolt section

nH = 4 Number of bolt columns

ny = 2 Number of bolt rows

Horizontal spacing eni = 290;130 [mm]

Vertical spacing evi = 200 [mm]

Anchor dimensions

Li= 150  [mm]

Lo = 800  [mm]

Lz = 150  [mm]

Anchor plate

lp = 100  [mm] Length

bp = 100  [mm] Width

tp = 15 [mm] Thickness

Material: 527530

fy = 275.00 [MPa] Resistance

Washer

lwa = 60 [mm] Length

bwd = 60 [mm] Width

twd = 10 [mm] Thickness

WEDGE

Section: IPE 100
lw = 0  [mm] Length

Material: S275J0

fyw = 275.00 [MPa] Resistance

STIFFENER

Is = 660 [mm] Length

hs = 390 [mm] Height

ts = 20 [mm] Thickness

di = 20 [mm] Cut

dz = 20 [mm] Cut

MATERIAL FACTORS

1.00
1.25

Y™Mo =
™2 =

Partial safety factor
Partial safety factor

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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MATERIAL FACTORS

Mo = 1.00 Partial safety factor
yc = 1.50 Partial safety factor

SPREAD FOOTING

L= 1500 [mm] Spread footing length

B= 2400 [mm] Spread footing width

H= 1200 [mm] Spread footing height

Concrete

Class (C30/37

fok = 30.00 [MPa] Characteristic resistance for compression
Grout layer

tg = 30 [mm] Thickness of leveling layer (grout)

fekg= 12.00 [MPa] Characteristic resistance for compression
Cia= 0.30 Coeff. of friction between the base plate and concrete
WELDS

ap = 7 [mm]  Footing plate of the column base

aw = 4  [mm] Wedge

as = 4 [mm] Stiffeners

LOADS

Case: Manual calculations.

NjEd = 82.05 [KN]  Axial force

ViEedy = 1.17 [kN] Shear force

Vjedz= 359.53 [kN] Shear force
Mjedy = 106.15 [kN*m] Bending moment
MiEdz = 0.08 [kN*m] Bending moment

RESULTS

COMPRESSION ZONE

COMPRESSION OF CONCRETE

fea = 20.00 [MPa] Design compressive resistance EN 1992-1:[3.1.6.(1)]
fi= 34.82 [MPa] Design bearing resistance under the base plate [6.2.5.(7)]
¢ = tp V(fyp/(3*F*ym0))

c= 65 [mm] Additional width of the bearing pressure zone [6.2.5.(4)]
Dett = 149 [mm)] Effective width of the bearing pressure zone under the flange [6.2.5.(3)]
left = 350 [mm] Effective length of the bearing pressure zone under the flange [6.2.5.(3)]
A= 520.84 [cm? Area of the joint between the base plate and the foundation EN 1992-1:[6.7.(3)]
Ac1= 4687.52 [cm?] Maximum design area of load distribution EN 1992-1:[6.7.(3)]
Frau = Aco*fcd*\/(AcllAco) < 3*Aco*fcd

Frau= 3125.02  [kN] Bearing resistance of concrete EN 1992-1:[6.7.(3)]
B = 0.67 Reduction factor for compression [6.2.5.(7)]
fig = Bi*Frau/(Deft*letr)

fia = 40.00 [MPa] Design bearing resistance [6.2.5.(7)]
Acy = 625.85 [cm?] Bearing area for bending My [6.2.8.3.(1)]
Acz = 520.84 [cm?] Bearing area for bending Mz [6.2.8.3.(1)]
Ferdi = Ac,i*fid

Feray = 2503.38  [KN]  Bearing resistance of concrete for bending My [6.2.8.3.()]
Fcraz=2083.34  [kN] Bearing resistance of concrete for bending Mz [6.2.8.3.(1)]
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COLUMN FLANGE AND WEB IN COMPRESSION

CL= 1.00 Section class

Wpiy= 3979.47 [cm3] Plastic section modulus

Mcrday = 1094.35 [kN*m] Design resistance of the section for bending
hiy = 408 [mm] Distance between the centroids of flanges
Fc,fc,Rd,y = Mc,Rd,y/ hf,y

Fcicray =2684.02 [kN] Resistance of the compressed flange and web

Wpz= 899.88 [cm?® Plastic section modulus
Mcrdz = 247.47 [kKN*m] Design resistance of the section for bending
hiz = 175 [mm] Distance between the centroids of flanges

Fc,fc,Rd,z = Mc,Rd,z / hf,z

Feferdz =1414.10 [KN] Resistance of the compressed flange and web
RESISTANCES OF SPREAD FOOTING IN THE COMPRESSION ZONE
FC,Rd,y = min(Fc,Rd,y,Fc,fc,Rd,y)

Fcray =2503.38 [kN] Resistance of spread footing in the compression zone
Fc.rd,z = min(FeRd,z,Fefe,rdz)

Fcraz=1414.10 [kN] Resistance of spread footing in the compression zone

TENSION ZONE

STEEL FAILURE

Ap = 6.94 [cm?] Effective anchor area
fup = 1000.00 [MPa] Tensile strength of the anchor material
Beta = 0.85 Reduction factor of anchor resistance

FtRrdst = beta*0.9*fup*Anlym2

Ftrast = 424.73 [KN]  Anchor resistance to steel failure
TMs = 1.20 Partial safety factor

fyb = 900.00 [MPa] Yield strength of the anchor material
FtRrd,s2 = fyo*Ablyms

Ftrdsz = 520.50 [KN]  Anchor resistance to steel failure
Ftrd,s = min(FtRrd,s1,FtRrds2)

Firas = 424.73 [KN]  Anchor resistance to steel failure
PULL-OUT FAILURE

EN 1993-1-1[5.5.2]
EN1993-1-1:[6.2.5.(2)]
EN1993-1-1:[6.2.5]
[6.2.6.7.(1)]

[6.2.6.7.(1)]
EN1993-1-1:[6.2.5.(2)]
EN1993-1-1:[6.2.5]
[6.2.6.7.(1)]

[6.2.6.7.(1)]

[6.2.8.3]

[6.2.8.3]

[Table 3.4]
[Table 3.4]
[3.6.1.(3)]

[Table 3.4]
CEB [3.2.3.2]
CEB [9.2.2]

CEB [9.2.2]

fox = 30.00 [MPa] Characteristic compressive strength of concrete EN 1992-1:[3.1.2]
An = 91.45 [cm?] Bearing area of the head CEB [15.1.2.3]
Pk = 210.00 [MPa] Characteristic strength of concrete (pull-out) CEB [15.1.2.3]
YMp = 2.16 Partial safety factor CEB [3.2.3.1]
FtRrd,p = Pk*An/ymp
Ftrdp= 952.57 [kN]  Design uplift capacity CEB [9.2.3]
CONCRETE CONE FAILURE
het = 733 [mm] Effective anchorage depth CEB [9.2.4]
NRk,cO = 9_O[NO.S/mmO.S]*kaO.S*hefl.S
Nrkc® = 978.94  [kN]  Characteristic resistance of an anchor CEB [9.2.4]
ScrN = 2200 [mm] Critical width of the concrete cone CEB [9.2.4]
CerN = 1100 [mm] Critical edge distance CEB [9.2.4]
Acno= 48400.00 [cm? Maximum area of concrete cone CEB [9.2.4]
Acn= 18000.00 [cm?] Actual area of concrete cone CEB [9.2.4]
waN = AcN/Ac,No
yan= 0.37 Factor related to anchor spacing and edge distance CEB [9.2.4]
c= 475 [mm] Minimum edge distance from an anchor CEB [9.2.4]
ysn =0.7 +0.3*c/can £ 1.0
ysn= 0.83 F_actpr taking account the influence of edges of the concrete member on the CEB
' distribution of stresses in the concrete [9.2.4]
‘i’eC'N 1.00 Factor related to distribution of tensile forces acting on anchors [gczEf]
WYre,N = 0.5+

he[mm]}/200 < 1.0
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WYreN = L 8 Shell spalling factor CEB [9.2.4]
yuern 1.0 Factor taking into account whether the anchorage is in cracked or non-cracked CEB[9.2.4
= 0 concrete [9.2.4]
YMc = 2 é Partial safety factor 3. ZCBEE]
Ftrdc = NRk,co*\}IA,N*\Vs,N*\Uec,N*Wre,N*\Vucr,N/YMc

Ftrac=139.82 [kN] Design anchor resistance to concrete cone failure EN 1992-1:[8.4.2.(2)]
SPLITTING FAILURE

het = 770 [mm] Effective anchorage depth CEB [9.2.5]
Nrk,c® = 9.0[NOS/mm0-5]*fe0-5*herl-5

Nrc® = 1053.27  [kN]  Design uplift capacity CEB [9.2.5]
Scr,N = 1540 [mm] Critical width of the concrete cone CEB [9.2.5]
Cer,N = 770 [mm] Critical edge distance CEB [9.2.5]
Acno= 23716.00 [ecm?] Maximum area of concrete cone CEB [9.2.5]
Acn= 10831.50 [cm?] Actual area of concrete cone CEB [9.2.5]
WAN = AcN/AcNo

yan= 0.46 Factor related to anchor spacing and edge distance CEB [9.2.5]
c= 475 [mm] Minimum edge distance from an anchor CEB [9.2.5]
ysN=0.7 +0.3*c/can < 1.0

ysn 0.8 Factor taking account the influence of edges of the concrete member on the distribution of CEB
= 9 stresses in the concrete [9.2.5]
WeeN ! '8 Factor related to distribution of tensile forces acting on anchors [9C2E5E§

yrenN = 0.5 + hefmm]/200 < 1.0

yreN = 1.00 Shell spalling factor CEB [9.2.5]
yuer,N =1 .00 Factor taking into account whether the anchorage is in cracked or non-cracked concrete CEB [9.2.5]
whn = (W/(2%he))?3 < 1.2

WhN = 0.85 Coeff. related to the foundation height CEB [9.2.5]
YMsp = 2.16 Partial safety factor CEB [3.2.3.1]
Ft,Rd,sp = NRk,co*\llA,N*\Vs,N*\Vec,N*\Ure,N*\Vucr,N*\Vh,N/YM,sp

Ftrasp =166.91  [kKN]  Design anchor resistance to splitting of concrete CEB [9.2.5]

TENSILE RESISTANCE OF AN ANCHOR

Ftrd = min(Ft,Rd,s , Ftrdp , FtRrdc, Ft,Rd,sp)

Ftra= 139.82 [kKN]  Tensile resistance of an anchor
BENDING OF THE BASE PLATE

Bending moment M;jEdy

left1 = 422 [mm] Effective length for a single bolt for mode 1 [6.2.6.5]
lefr,2 = 422 [mm] Effective length for a single bolt for mode 2 [6.2.6.5]
m = 82 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
Mpiird = 46.43  [kKN*m] Plastic resistance of a plate for mode 1 [6.2.4]
Mpi2rd = 46.43 [kKN*m] Plastic resistance of a plate for mode 2 [6.2.4]
Frira= 2262.56  [kN] Resistance of a plate for mode 1 [6.2.4]
Frerd= 724.65 [kN] Resistance of a plate for mode 2 [6.2.4]
Frard= 279.64 [kN] Resistance of a plate for mode 3 [6.2.4]
Ftpirdy = MiN(FT1Rrd , FT.2Rd , FT,3,Rd)

Fip,rdy = 279.64 [kN]  Tension resistance of a plate [6.2.4]
Bending moment Mjed .z

lefr,1 = 409 [mm] Effective length for a single bolt for mode 1 [6.2.6.5]
lefr,2 = 409 [mm] Effective length for a single bolt for mode 2 [6.2.6.5]
m = 87 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
Mpiird = 44.97 [kKN*m] Plastic resistance of a plate for mode 1 [6.2.4]
Mpi2rd = 44.97 [kN*m] Plastic resistance of a plate for mode 2 [6.2.4]
Frira= 2077.62 [kN] Resistance of a plate for mode 1 [6.2.4]
Frerd= 816.23  [kN] Resistance of a plate for mode 2 [6.2.4]
Frsra= 559.28 [kN] Resistance of a plate for mode 3 [6.2.4]

Ftplrdz = MiN(Fr1Rrd , FT.2Rd, FT,3,Rd)
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Fiplraz = 559.28  [kN]  Tension resistance of a plate [6.2.4]
TENSILE RESISTANCE OF A COLUMN WEB

Bending moment M;jeqd,;

twe = 11 [mm] Effective thickness of the column web [6.2.6.3.(8)]
Deft twe = 409 [mm] Effective width of the web for tension [6.2.6.3.(2)]
Avc = 57.33 [cm?] Shear area EN1993-1-1:[6.2.6.(3)]
o= 0.75 Reduction factor for interaction with shear [6.2.6.3.(4)]
Ftwe,rdz = © beff,t,wc twe fyc / Ym0

Ftwerdz = 921.78  [kN]  Column web resistance [6.2.6.3.(1)]
RESISTANCES OF SPREAD FOOTING IN THE TENSION ZONE

Njra = 1118.56 [kN] Resistance of a spread footing for axial tension [6.2.8.3]
FT,Rd,y = Ft,pI,Rd,y

Frray=279.64 [KN] Resistance of a column base in the tension zone [6.2.8.3]
FT,Rd,z = min(Ft,pI,Rd,z,Ft,wc,Rd,z)

Frriz=559.28 [KN] Resistance of a column base in the tension zone [6.2.8.3]
CONNECTION CAPACITY CHECK

Njed / Njra < 1,0 (6.24) 0.07 < 1.00 verified (0.07)
ey = 1294 [mm] Axial force eccentricity [6.2.8.3]
Zey = 204 [mm] Lever arm FcRrdy [6.2.8.1.(2)]
Zty = 275  [mm] Lever arm FrRrdy [6.2.8.1.(3)]
Mjrdy = 115.68 [kN*m] Connection resistance for bending [6.2.8.3]
Miedy / Mjray < 1,0 (6.23) 0.92 < 1.00 verified (0.92)
ez = 1 [mm] Axial force eccentricity [6.2.8.3]
Zcz = 87 [mm] Lever arm FcRrdz [6.2.8.1.(2)]
Ztz = 100 [mm] Leverarm FrRrdz [6.2.8.1.(3)]
MiRrdz = 1.08 [kN*m] Connection resistance for bending [6.2.8.3]
Mijed.z / Mjrdz < 1,0 (6.23) 0.07 < 1.00 verified (0.07)
Mikedy / Mjrdy + Mjedz / Mjrdz < 1,0 0.99 < 1.00 verified (0.99)
SHEAR

BEARING PRESSURE OF AN ANCHOR BOLT ONTO THE BASE PLATE

Shear force Vjedy

ody=0.71 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
opy=0.71 Coeff. for resistance calculation F1vb,rd [Table 3.4]
kiy=2.50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]

F1vb,Rrdy = K1y*ow,y*fup*d*tp / ym2

Fiw,rdy =773.14 [kKN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]
Shear force Vjed:z

oadz=0.52 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
opz=0.52 Coeff. for resistance calculation F1,vb,rd [Table 3.4]
kiz=2.50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]
Fl,vb,Rd,z = kl,z*ab,z*fup*d*tp / M2

FivwbRrdz=566.97 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]
SHEAR OF AN ANCHOR BOLT

b = 0.25 Coeft. for resistance calculation F2b rd [6.2.2.(7)]
Asb = 6.94 [cm? Effective section area of a bolt [6.2.2.(7)]
fup = 1000.00 [MPa] Tensile strength of the anchor material [6.2.2.(7)]
M2 = 1.25 Partial safety factor [6.2.2.(7)]
F2uvb,Rrd = ab*fun*Asblymz

Fow,rd= 137.69  [kN]  Shear resistance of a bolt - without lever arm [6.2.2.(7)]
am= 2.00 Factor related to the fastening of an anchor in the foundation CEB [9.3.2.2]
Mrks = 3.59 [kN*m] Characteristic bending resistance of an anchor CEB [9.3.2.2]
lsm = 67 [mm] Lever arm length CEB [9.3.2.2]
yms=  1.20 Partial safety factor CEB [3.2.3.2]
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Fv,Rd,sm = (XM*MRk,s/('sm*'YMs)
Fvrdsm= 89.92 [KN]  Shear resistance of a bolt - with lever arm CEB [9.3.1]
CONCRETE PRY-OUT FAILURE
Nrkc= 302.01 [kN]  Design uplift capacity CEB [9.2.4]
ks = 2.00 Factor related to the anchor length CEB [9.3.3]
M = 2.16 Partial safety factor CEB [3.2.3.1]
Fv,Rd,cp = kS*NRk,c/YMc
FvRrdcp = 279.64 [KN]  Concrete resistance for pry-out failure CEB [9.3.1]
CONCRETE EDGE FAILURE
Shear force Vjedy
CEB
VRrkey®=  1364.14 [kN] Characteristic resistance of an anchor [9.3.4.(a)
]
WAVy = 0.21 Factor related to anchor spacing and edge distance [Q%Ef]'
CEB
Yhvy = 1.11 Factor related to the foundation thickness [9.3.4.(c)
]
. CEB
_ 0.79 Factor related to the influence of edges parallel to the shear load 9.3.4.(d
VsVy ) direction [9.3.4.( %
. . CEB
_ 1.00 Factor taking account a group ef_fect when different shear loads are [9.3.4.(c)
Weevy acting on the individual anchors in a group o |
_ . . . CEB
Yavy = 1.00 Factor related to the angle at which the shear load is applied [9.3.4.(1)]
CEB
WuerVy = 1.00 Factor related to the type of edge reinforcement used [9.3.4.(9)
]
. CEB
= 2.1
YMe 6 Partial safety factor [3.2.31]
Fv,Rd,c,y =
VRk,c,yo*\UA,V,y*\Uh,V,y*\Vs,V,y*\Vec,V,y*\Va,
V,y*\llucr,v,y/YMc
Fvrdcy= 115.62  [kN]  Concrete resistance for edge failure CEB [9.3.1]
Shear force VjEed,z
VRkez 387. [K - . CEB
0= 09 NJ Characteristic resistance of an anchor [9.3.4.(a)]
YAV,z : . CEB
e 1.00  Factor related to anchor spacing and edge distance [9.3.4]
Whvzo 1 o0 Factor related to the foundation thickness CEB
z [9.3.4.(0)]
‘I_’S'V’Z 1.00 Factor related to the influence of edges parallel to the shear load direction [9.3 4C(I(Ej)B]
VecViz 1 gq Factor taking account a group effect when different shear loads are acting on the CEB
= ) individual anchors in a group [9.3.4.(e)]
Z“’V'Z 1.00 Factor related to the angle at which the shear load is applied 9.3 gl(Ef)Ei
WuerV.z 1 00 Factor related to the type of edge reinforcement used CEB
i yp 9 [9.3.4.(9)]
. CEB
= 2.1
s 6  Partial safety factor [3.2.3.1]
Fv,Rd,c,z = VRk,c,zo*\VA,V,z*\Vh,V,z*\jls,v,z*\jlec,V,z*\lla,V,z*\jlucr,V,z/VMc
Fvrdez= 179.21  [kN]  Concrete resistance for edge failure CEB [9.3.1]
SPLITTING RESISTANCE
Cia= 0.30 Coeff. of friction between the base plate and concrete [6.2.2.(6)]
Ncea= 0.00 [kN] Compressive force [6.2.2.(6)]
Ffrd = Ct,a*Nc,Ed
Fird = 0.00 [kN]  Slip resistance [6.2.2.(6)]
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Stiffener parallel to the web (along the extension of the column web)
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BEARING PRESSURE OF THE WEDGE ONTO CONCRETE
Fv,Rd,wg,y = 1.4*|w*bwy*fck/'Yc
Fvrawgy =0.00 [KN] Resistance for bearing pressure of the wedge onto concrete
Fv,Rd,wg,z = 1.4*|w*bwz*fck/'Yc
Fvrdwgz =0.00 [KN] Resistance for bearing pressure of the wedge onto concrete
SHEAR CHECK
VijRdy = np*min(F1vb,Rdy, F2,vb,Rd, Fv,Rd,sm, Fv,Rd.cp, Fv.Rd,cy) + Fv.Rdwgy + Ff,Rd
Virdy = 719.40 [kN]  Connection resistance for shear CEB [9.3.1]
Viedy / Virdy < 1,0 0.00 < 1.00 verified (0.00)
VjRd,z = nb*min(F1vb,Rd,z, F2,vb,Rd, Fv,Rd,sm, Fv,Rd.cp, Fv,Rd,c.z) + Fv.Rdwg,z + Ff,Rd
Vjrdz= 719.40 [kN]  Connection resistance for shear CEB [9.3.1]
Vjedz / Virdz < 1,0 0.50 < 1.00 verified (0.50)
Viedy / Virdy + Vjedz / Vjrdz < 1,0 0.50 < 1.00 verified (0.50)
STIFFENER CHECK
Stiffener parallel to the web (along the extension of the column web)
*|
i/ll 20.54 [k'\]l m Bending moment acting on a stiffener
Q1= 256.70 [kN] Shear force acting on a stiffener
Zs = 97 [mm] Location of the neutral axis (from the plate base)
Is = 33228'3 [cm* Moment of inertia of a stiffener
od = 3.52 [MPa] Normal stress on the contact surface between stiffener and plate 5?612923251)]
. . EN 1993-1-
= 20.
Gy 0.59 [MPa] Normal stress in upper fibers 1:[6.2.1.(5)]
_ . . EN 1993-1-
1= 32.91 [MPa] Tangent stress in a stiffener 1:[6.2.1.(5)]
Equivalent stress on the contact surface between stiffener and EN 1993-1-
= 7.11
oz S7- 11 [MPa] e 1:[6.2.1.(5)]
max (og, t / (0.58), oz ) / (fyp/ymo) < 1.0 (6.1) 0.21 < 1.00 verified (0.21)
WELDS BETWEEN THE COLUMN AND THE BASE PLATE
oL = 34.93 [MPa] Normal stress in a weld [4.5.3.(7)]
T = 34.93 [MPa] Perpendicular tangent stress [4.5.3.(7)]
Ty = 0.14 [MPa] Tangent stress parallel to Vjedy [4.5.3.(7)]
T = 50.72 [MPa] Tangent stress parallel to Vjed. [4.5.3.(7)]
Bw = 0.85 Resistance-dependent coefficient [4.5.3.(7)]
o1/ (0.9*fulymz)) < 1.0 (4.1) 0.12 < 1.00 verified (0.12)
V(o12 + 3.0 (tyn? + 1.2)) / (ful (Bw*ym2))) < 1.0 (4.1)0.18 < 1.00 verified (0.18)
V(o12 + 3.0 (T + 112)) / (ful (Bw*ym2))) < 1.0 (4.1)0.28 < 1.00 verified (0.28)
VERTICAL WELDS OF STIFFENERS
Stiffener parallel to the web (along the extension of the column web)
oL = 71.60 [MPa] Normal stress in a weld [4.5.3.(7)]
= 71.60 [MPa] Perpendicular tangent stress [4.5.3.(7)]
W= 82.28 [MPa] Parallel tangent stress [4.5.3.(7)]
67 = 202.03 [MPa] Total equivalent stress [4.5.3.(7)]
Bw = 0.85 Resistance-dependent coefficient [4.5.3.(7)]
max (o1, m * V3, oz) / (fu/(Bw*ymz)) < 1.0 (4.1) 0.52 < 1.00 verified (0.52)
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oL= 168.07 [MPa] Normal stress in a weld [4.5.3.(7)]
1= 168.07 [MPa] Perpendicular tangent stress [4.5.3.(7)]
o= 104.14 [MPa] Parallel tangent stress [4.5.3.(7)]
o2 = 381.48 [MPa] Total equivalent stress [4.5.3.(7)]
Bw = 0.85 Resistance-dependent coefficient [4.5.3.(7)]
max (o1, T * V3, o2) / (fu/(Bw*ym2)) £ 1.0 (4.1) 0.99 < 1.00 verified (0.99)

CONNECTION STIFFNESS

Bending moment M;jedy

bett = 149 [mm] Effective width of the bearing pressure zone under the flange [6.2.5.(3)]
left = 350 [mm] Effective length of the bearing pressure zone under the flange [6.2.5.(3)]
Kizy = Ec*V(beft*lef)/(1.275*E)

kizy = 28 [mm]  Stiffness coeff. of compressed concrete [Table 6.11]
lest = 422 [mm] Effective length for a single bolt for mode 2 [6.2.6.5]
m = 82 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
kisy = 0.425*ef*tx3/(m?3)

kisy = 21 [mm] Stiffness coeff. of the base plate subjected to tension [Table 6.11]
Lo = 361 [mm] Effective anchorage depth [Table 6.11]
kiey = 1.6*Ab/Lb

Kiey = 3 [mm] Stiffness coeff. of an anchor subjected to tension [Table 6.11]
Aoy = 0.51 Column slenderness [5.2.2.5.(2)]
Siiniy = 44224.82 [kN*m] Initial rotational stiffness [Table 6.12]
Sirigy = 378582.96 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Siiniy < Sjrigy SEMI-RIGID [5.2.2.5.(2)]

Bending moment M;jEed,z
kizz = Ec*V(Ac2)/(1.275*E)

kisz = 28 [mm] Stiffness coeff. of compressed concrete [Table 6.11]
left = 409 [mm] Effective length for a single bolt for mode 2 [6.2.6.5]
m = 87 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
le,z = 0.425*|eff*tp3/(m3)

kisz = 17 [mm] Stiffness coeff. of the base plate subjected to tension [Table 6.11]
Lb = 361 [mm] Effective anchorage depth [Table 6.11]
k16,2 = 1.6*Av/Lb

Kiez = 3 [mm] Stiffness coeff. of an anchor subjected to tension [Table 6.11]
o,z = 1.18 Column slenderness [5.2.2.5.(2)]
Sjiniz = 10965.39 [kKN*m] Initial rotational stiffness [6.3.1.(4)]
Sjrigz = 71936.17 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Sjini.z < Sirig.z SEMI-RIGID [5.2.2.5.(2)]

WEAKEST COMPONENT:

FOUNDATION - CONCRETE CONE PULL-OUT FAILURE

REMARKS

Insufficient distance between anchor bolt and column pier. 31 [mm] < 50 [mm]

Connection conforms to the code Ratio 0.99
Eikova 5.22 : AnoteAéopaTta aUvdeonc BepeAinanc KUpIoU UNOGTUAWMATOG
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> ZUvOeon KUPIOU UNOOTUAMHATOG HE J0KO {UYDHATOG
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Eikdva 5.24 : ZUvdeon unooTUA®UATOC-(UYWUATOG

GENERAL

Connection no.: 3

Connection name: Frame knee

Structure node: 50

Structure bars: 25, 799

GEOMETRY

COLUMN

Section: HEA 400

Bar no.: 25

o= -90.0 [Deg] Inclination angle

he = 390 [mm] Height of column section

bic = 300 [mm] Width of column section

twe = 11 [mm] Thickness of the web of column section
te = 19 [mm] Thickness of the flange of column section
re= 27 [mm] Radius of column section fillet

Ac= 158.98 [cm?] Cross-sectional area of a column

Ixc = 45069.40 [cm* Moment of inertia of the column section
Material: S275

fyc = 275.00 [MPa] Resistance

BEAM

Section: HEA 400

Bar no.: 799

o= 11.8 [Deg] Inclination angle

hp = 390 [mm] Height of beam section

br = 300 [mm] Width of beam section

twb = 11 [mm] Thickness of the web of beam section
to = 19 [mm] Thickness of the flange of beam section
o = 27 [mm] Radius of beam section fillet

Io = 27 [mm] Radius of beam section fillet

Ab = 158.98 [cm?] Cross-sectional area of a beam

Ixo = 45069.40 [cm?# Moment of inertia of the beam section
Material: S275

fyb = 275.00 [MPa] Resistance

BOLTS

The shear plane passes through the UNTHREADED portion of the bolt.
d= 24 [mm] Bolt diameter

Class = 8.8 Bolt class

Fira = 203.33 [kN] Tensile resistance of a bolt

Nh = 2 Number of bolt columns

ny = 7 Number of bolt rows

hi = 70 [mm] Distance between first bolt and upper edge of front plate
Horizontal spacing ei = 150 [mm]

Vertical spacing pi = 120;120;190;90;90;160 [mm]
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PLATE

hp = 930 [mm] Plate height

bp = 300 [mm] Plate width

to = 20  [mm] Plate thickness

Material: S275J0

fyp = 275.00 [MPa] Resistance

L OWER STIFFENER

Wg = 300 [mm] Plate width

tra = 12 [mm] Flange thickness

hg = 380 [mm] Plate height

twd = 8 [mm] Web thickness

lg = 1500 [mm] Plate length

o= 25.1 [Deg] Inclination angle

Material: S275J0

fybu = 275.00 [MPa] Resistance

COLUMN STIFFENER

Upper

hsu = 352 [mm] Stiffener height

bsu = 145 [mm] Stiffener width

thu = 8 [mm] Stiffener thickness

Material: 5235

fysu = 235.00 [MPa] Resistance

Lower

hsa = 352 [mm] Stiffener height

bsd = 145  [mm] Stiffener width

tha = 8 [mm] Stiffener thickness

Material: S235

fysu = 235.00 [MPa] Resistance

FILLET WELDS

aw = 8 [mm] Web weld

ar= 14  [mm] Flange weld

as = 8 [mm] Stiffener weld

ard = 5 [mm] Horizontal weld

MATERIAL FACTORS

MO = 1.00 Partial safety factor [2.2]
™1 = 1.00 Partial safety factor [2.2]
™2 = 1.25 Partial safety factor [2.2]
™3 = 1.25 Partial safety factor [2.2]
LOADS

Ultimate limit state

Case: Manual calculations.

Mbied= 499.25 [kKN*m] Bending moment in the right beam
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RESULTS

BEAM RESISTANCES

BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)

Wpb = 2561.97 [cm®] Plastic section modulus EN1993-1-1:[6.2.5.(2)]
Mb.pl.Rd = Woib fyb / ymo

Mbpird =704.54 [KN*m] Plastic resistance of the section for bending (without stiffeners) EN1993-1-1:[6.2.5.(2)]
BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT

Wp = 4560.36 [cm® Plastic section modulus EN1993-1-1:[6.2.5]
Meb,rRd = Wi fyb / ymo

Meora = 1254.10 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]
FLANGE AND WEB - COMPRESSION

Mebrd = 1254.10 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]
hi = 762 [mm] Distance between the centroids of flanges [6.2.6.7.(1)]
Fcfo,rd = Mcbrd / ht

Fcm,rd =1645.53  [KN]  Resistance of the compressed flange and web [6.2.6.7.(1)]
WEB OR BRACKET FLANGE - COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

B= 11.8 [Deg] Angle between the front plate and the beam

y= 25.1 [Deg] Inclination angle of the bracket plate

Deft.cwo = 322 [mm)] Effective width of the web for compression [6.2.6.2.(1)]
Awp = 57.33 [cm?] Shear area EN1993-1-1:[6.2.6.(3)]
o= 0.82 Reduction factor for interaction with shear [6.2.6.2.(1)]
Geomed =165.05 [MPa] Maximum compressive stress in web [6.2.6.2.(2)]
kwe = 1.00 Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]
FcwbRd1 = [0 Kwe Defr.cwb two fyb / ymo] cos(y) / sin(y - B)

Fcwbrar =3142.66  [KN]  Beam web resistance [6.2.6.2.(1)]
Buckling:

dwb = 298 [mm] Height of compressed web [6.2.6.2.(1)]
Ap = 0.95 Plate slenderness of an element [6.2.6.2.(1)]
p= 0.83 Reduction factor for element buckling [6.2.6.2.(1)]
Fewb,rd2 = [0 Kwe p Defr.cwb twh fyb / ym1] cos(y) / sin(y - B)

Fewbrd2 =2612.39  [KN]  Beam web resistance [6.2.6.2.(1)]

Resistance of the bracket flange

Fcwb,rds = Db tb fyb / (0.8*ymo)

Fewbraz =1237.50  [kN]  Resistance of the bracket flange [6.2.6.7.(1)]
Final resistance:

Fecwb,Rdjlow = Min (Fcwb,Rd1 , Fewb,Rd2 , Fewb,Rd3)

Fewb,rdlow =1237.50  [KN]  Beam web resistance [6.2.6.2.(1)]

COLUMN RESISTANCES

WEB PANEL - SHEAR

Mbied = 499.25 [kN*m] Bending moment (right beam) [5.3.(3)]
Mb2,ed = 0.00 [kN*m] Bending moment (left beam) [5.3.(3)]
Vei,ed = 0.00 [kN]  Shear force (lower column) [5.3.(3)]
Ve2,Ed = 0.00 [KN]  Shear force (upper column) [5.3.(3)]
z= 642 [mm] Leverarm [6.2.5]
Vwp,ed = (Mb1,Ed - Mb2ed) / Z - (Ve1,Ed - Ve2,ed) / 2

Vwped = 777.85  [kKN]  Shear force acting on the web panel [5.3.(3)]
Avs = 5;3 [cm?] Shear area of the column web EN1993-1-1:[6.2.6.(3)]
Avc = 5;3 [cm?] Shear area EN1993-1-1:[6.2.6.(3)]
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7.

Avs = 533 [cm?] Shear area of the column web
ds = 922 [mm] Distance between the centroids of stiffeners
Mplicrd 7.4 . 1 Plastic resistance of the column flange for
_ [kN*m] .
= 5 bending
Mpistur 1.1 . - Plastic resistance of the upper transverse

il [kN*m] __. .
d= 3 stiffener for bending
Mpt,stl,Rd Plastic resistance of the lower transverse

1.1

3 [kN*m] stiffener for bending
pr,Rd =09 (Avs*fy,wc ) / (\/3 YMO) + Mln(4 Mpl,fc,Rd /ds, (2 Mpl,fc,Rd + Mpl,stu,Rd + Mpl,stI,Rd) / ds)
Vwp,rd = 837.78  [kN]  Resistance of the column web panel for shear
Vwp,ed / Vwp,rd < 1,0 0.93 < 1.00 verified
WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

twe = 11 [mm] Effective thickness of the column web

beficwe = 323 [mm] Effective width of the web for compression

Ac= 57.33 [cm?] Shear area

o= 0.82 Reduction factor for interaction with shear

cecomed = 0.00 [MPa] Maximum compressive stress in web

Kwe = 1.00 Reduction factor conditioned by compressive stresses
As = 19.78 [cm?] Area of the web stiffener

Fewe,rdl = ® Kwe Deff.ewe twe fye / ymo + As fys / ymo

Fewerd1 =1262.57  [kN]  Column web resistance

Buckling:

dwe = 298 [mm] Height of compressed web

Ap= 0.95 Plate slenderness of an element

p= 0.83 Reduction factor for element buckling
As = 3.38 Stiffener slenderness

Ys = 1.00 Buckling coefficient of the stiffener

FeweRd2 = © Kwe p Deff.ewe twe fye / ym1 + As s fys / yma

EN1993-1-1:[6.2.6.(3)]

[6.2.6.1.(4)]
[6.2.6.1.(4)]

[6.2.6.1.(4)]

[6.2.6.1.(4)]

[6.2.6.1]
(0.93)

[6.2.6.2.(6)]
[6.2.6.2.(1)]

EN1993-1-1:[6.2.6.(3)]

[6.2.6.2.(1)]
[6.2.6.2.(2)]
(6.2.6.2.(2)]

EN1993-1-1:[6.2.4]

[6.2.6.2.(1)]

[6.2.6.2.(1)]
[6.2.6.2.(1)]
[6.2.6.2.(1)]

EN1993-1-1[6.3.1.2]
EN1993-1-1:[6.3.1.2]

Fewerd2 =1127.26  [kKN]  Column web resistance [6.2.6.2.(1)]
Final resistance:

Fewe,Rdlow = Min (Fc,wc,Rdl ) Fc,wc,RdZ)

Fewerd =1127.26  [kN]  Column web resistance [6.2.6.2.(1)]
GEOMETRICAL PARAMETERS OF A CONNECTION

EFFECTIVE LENGTHS AND PARAMETERS - COLUMN FLANGE

Nr m Mx e ex o] |eff,cp leff,nc letf,1 leff,2 |eff,cp,g |eff,nc,g |eff,1,g |eff,2,g
1 48 - 75 - 120 301 352 301 352 270 269 269 269

2 48 - 75 - 120 301 285 285 285 240 120 120 120

3 48 - 75 - 155 301 285 285 285 310 155 155 155

4 48 - 75 - 140 301 285 285 285 280 140 140 140

5 48 - 75 - 90 301 285 285 285 180 90 90 90

6 48 - 75 - 90 301 299 299 299 240 201 201 201

7 48 - 75 - 136 301 326 301 326 287 251 251 251
EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE

Nr m Mx e o] |eff,cp leff,nc letf,1 letf,2 |eff,cp,g |eff,nc,g |eff,1,g |eff,2,g
1 60 - 75 - 120 380 427 380 427 310 319 310 319

2 60 - 75 - 120 380 336 336 336 240 120 120 120

3 60 - 75 - 155 380 336 336 336 310 155 155 155

4 60 - 75 - 140 380 336 336 336 280 140 140 140

5 60 - 75 - 90 380 336 336 336 180 90 90 90

6 60 - 75 - 90 380 336 336 336 280 213 213 213

7 60 46 75 90 136 287 150 150 150 - - - -
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m — Bolt distance from the web

Mx — Bolt distance from the beam flange

e — Bolt distance from the outer edge

ex — Bolt distance from the horizontal outer edge

p — Distance between bolts

letcp  — Effective length for a single bolt in the circular failure mode

letnc  — Effective length for a single bolt in the non-circular failure mode

let1  — Effective length for a single bolt for mode 1

let2  — Effective length for a single bolt for mode 2

lettcp.g — Effective length for a group of bolts in the circular failure mode

lefincg — Effective length for a group of bolts in the non-circular failure mode

lett1,g — Effective length for a group of bolts for mode 1

lett2g — Effective length for a group of bolts for mode 2

CONNECTION RESISTANCE FOR BENDING

Ftra= 203.33  [kN] Bolt resistance for tension [Table 3.4]
Bpra= 443.52  [kN]  Punching shear resistance of a bolt [Table 3.4]
Fiierda — column flange resistance due to bending

Ftwerd  — column web resistance due to tension
Fteprd — resistance of the front plate due to bending
Fitwb,rd — resistance of the web in tension

Ftfc,rd = Min (F1,14c.Rd , FT,2fc,Rd , FT.3.fc,Rd)

Ft,wc,Rd =0 beff,t,wc twe fyc / Ym0

Fteprd = Min (FT,1,epRd , FT.2.epRd , FT:3,ep,Rd)

Ftwb,Rd = Deff,twb two fyb / ymo

RESISTANCE OF THE BOLT ROW NO. 1

[6.2.6.4] , [Tab.6.2]
[6.2.6.3.(1)]
[6.2.6.5] , [Tab.6.2]
[6.2.6.8.(1)]

Component

Bolt row resistance
Column flange - tension
Column web - tension
Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression
Beam web - compression

Component

Bolt row resistance

Column flange - tension
Column web - tension

Front plate - tension

Beam web - tension

Bolts due to shear punching

Web panel - shear

Column web - compression
Beam flange - compression
Beam web - compression

Ft1,rd,comp - Formula Ft1,rd,comp
Ft1,rd = Min (Ft1,Rd,comp) 387.87
Ft,fc,ra1) = 387.87 387.87
Ftwe,rd) = 760.39 760.39
Ftep,rd1) = 398.59 398.59
Ftwb,rd(1) = 1148.93 1148.93
Bp,rd = 887.05 887.05
Vwp,rd/pf = 837.78 837.78
Fewerd = 1127.26 1127.26
Fe,ib,rd = 1645.53 1645.53
Fewb,rd = 1237.50 1237.50
RESISTANCE OF THE BOLT ROW NO. 2

Ft2,rd,comp - FOrmula Ft2,Rd,comp
Fto,rd = Min (Ftz2,Rd,comp) 240.86
Ftfc,rd2) = 357.34 357.34
Ftwe,rd@) = 732.22 732.22
Ftep,rd(2) = 361.42 361.42
Ftwb,rd2) = 1015.03 1015.03
Bp,rd = 887.05 887.05
VwpRrd/f - Y11 Fiird = 837.78 - 387.87 449.91
Fewerd - Y11 Fyrd = 1127.26 - 387.87 739.38
Fetb,rd - Y1t Fira = 1645.53 - 387.87 1257.66
FewbRd - Y1 Fijrd = 1237.50 - 387.87 849.63
Ftfcrd@+1) - Y1* Fjrd = 630.98 - 387.87 243.11
FtweRrd2 +1) - 1% Fijrd = 896.08 - 387.87 508.21
FtepRd@+1) - Y1' Fijrd = 628.73 - 387.87 240.86
Fruwb,rd@ +1) - Y1* Fjra = 1328.91 - 387.87 941.04

RESISTANCE OF THE BOLT ROW NO. 3

Column flange - tension - group
Column web - tension - group
Front plate - tension - group
Beam web - tension - group

AinAwpartikn Epyacia Koopidn Xapahaunou

E.M.IN. 2023



'EAeyxoc kai SiagTaaioAoynon

Ft3,Rrd,comp - Formula Ft3,Rd.comp Component

Ft3,rd = Min (Ft3,rd,comp) 209.05 Bolt row resistance

Ftfc,ra@) = 357.34 357.34 Column flange - tension
Ftwe,rd@) = 732.22 732.22 Column web - tension

Ftep,rd3) = 361.42 361.42 Front plate - tension

Ftwb,rd3) = 1015.03 1015.03 Beam web - tension

Bp,rd = 887.05 887.05 Bolts due to shear punching
VuwpRrd/B - Y12 Fiird = 837.78 - 628.73 209.05 Web panel - shear

FeweRd - Y12 Fijrd = 1127.26 - 628.73 498.53 Column web - compression
Feford - Y12 Fjra = 1645.53 - 628.73 1016.80 Beam flange - compression
Fewb,rd - Y12 Fjrd = 1237.50 - 628.73 608.77 Beam web - compression
FticRd@+2) - 22 Fijrd = 569.95 - 240.86 329.09 Column flange - tension - group
Ftwe,rd@ +2) - Y22 Fijrd = 712.81 - 240.86 471.96 Column web - tension - group
FicRd@+2+1) - » 2% Fyrd = 928.29 - 628.73 299.56 Column flange - tension - group
FtweRrd@3+2+1) - y2* Fjrd = 1058.58 - 628.73 429.86 Column web - tension - group
Ftep,rd@+2) - 322 Fird = 500.42 - 240.86 259.57 Front plate - tension - group
Ftwb,rd@ +2) - Y22 Fijrd = 831.88 - 240.86 591.02 Beam web - tension - group
Fteprd@+2+1) - 2* Fjrd = 916.84 - 628.73 288.11 Front plate - tension - group
Ftwb,Rrd@+2+1) - y2F Fjrd = 1797.79 - 628.73 1169.06 Beam web - tension - group
RESISTANCE OF THE BOLT ROW NO. 4

Fta,rd.comp - FOormula Fta,rd,comp Component

Fta,rd = Min (Ft4,Rrd,comp) 0.00 Bolt row resistance

Ftfc,rd@) = 357.34 357.34 Column flange - tension
Ftwe,rd@) = 732.22 732.22 Column web - tension

Ftep,rd@s) = 361.42 361.42 Front plate - tension

Ftwb,Rd@) = 1015.03 1015.03 Beam web - tension

Bp,rd = 887.05 887.05 Bolts due to shear punching
Vwp,rd/p - ¥ 1% Fiird = 837.78 - 837.78 0.00 Web panel - shear

Fewerd - 3 1% Fyrd = 1127.26 - 837.78 289.47 Column web - compression
Fefb.rd - Y1° Fyrd = 1645.53 - 837.78 807.75 Beam flange - compression
Fewb,rd - Y 1° Fyrd = 1237.50 - 837.78 399.72 Beam web - compression
Fifc,rd@ +3) - 3 3° Fird = 587.71 - 209.05 378.65 Column flange - tension - group
FtweRd@4 +3) - 23° Fijrd = 749.78 - 209.05 540.73 Column web - tension - group
Ftfc,Rd@ +3+2) - 332 Fijrd = 860.11 - 449.91 410.20 Column flange - tension - group
Frwe,Rd(4 +3+2) - Y32 Fira = 929.45 - 449.91 479.53 Column web - tension - group
FtfcRd@4+3+2+1) - » 31 Fra = 1218.69 - 837.78 380.91 Column flange - tension - group
FtweRd@4+3+2+1) - 33 Frd = 1149.61 - 837.78 311.83 Column web - tension - group
Fep,rd@ +3) - 3 3° Fijrd = 536.82 - 209.05 327.76 Front plate - tension - group
Frwb Rd(a +3) - >3° F,rd = 892.38 - 209.05 683.32 Beam web - tension - group
FtepRd@ +3+2) - Y32 Fjrd = 755.18 - 449.91 305.27 Front plate - tension - group
Ftwb Rd(a+3+2) - Y32 Fjrd = 1255.38 - 449.91 805.46 Beam web - tension - group
FtepRrd@+3+2+1) - y3' Fyra = 1198.86 - 837.78 361.07 Front plate - tension - group
FrwbRd(a+3+2+1) - >3t Fyrda = 2221.29 - 837.78 1383.50 Beam web - tension - group

The remaining bolts are inactive (they do not carry loads) because resistance of one of the connection
components has been used up or these bolts are positioned below the center of rotation.

SUMMARY TABLE OF FORCES

Nr hj Ftj,rd Ft.fc,Rd Ftwe,Rd Ft.ep,Rd Ft,wb,Rd Ft,rd Bp,rd
1 702 387.87 387.87 760.39 398.59 1148.93 406.66 887.05
2 582 240.86 357.34 732.22 361.42 1015.03 406.66 887.05
3 462 209.05 357.34 732.22 361.42 1015.03 406.66 887.05
4 272 - 357.34 732.22 361.42 1015.03 406.66 887.05
5 182 - 357.34 732.22 361.42 1015.03 406.66 887.05
6 92 - 363.53 756.53 361.42 1015.03 406.66 887.05
7 -68 - 376.04 760.39 306.15 - 406.66 887.05
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CONNECTION RESISTANCE FOR BENDING M rd
Mijrd = 3 hj Ftjrd
Mjra= 508.91 [kN*m] Connection resistance for bending [6.2]
Mbz1,ed / Mjrd < 1,0 0.98 < 1.00 verified (0.98)
WELD RESISTANCE
Aw = 292.47 [cm?] Area of all welds [4-5-3-2(2%
Awy = 185.08 [cm?] Area of horizontal welds [4'5'3'2(2%
Awz = 107.39 [cm?] Area of vertical welds [4'5'3'2(2%

_ 196597.2 ~» Moment of inertia of the weld arrangement with respect to the hor. [4.5.3.2(5)
hwy = o [em’] axis ]
c:”max:”max 78.09 [M]Pa Normal stress in a weld [4'5'3'2(6%
cl=TL= 74.39 [M]Pa Stress in a vertical weld [4-5-3-2(5%
= 0.00 [M]Pa Tangent stress [4-5-3-2(5%
Bw = 0.85 Correlation coefficient [4'5'3'2(7%
V[o1max? + 3*(timax?)] £ ful (Bw*ym2) 156.17 < 385.88 verified (0.40)
V[o12 + 3*(t.2+t2)] < ful (Bw*ym2) 148.78 < 385.88 verified (0.39)
o1 < 0.9*fulym2 78.09 < 295.20 verified (0.26)
CONNECTION STIFENESS
twash = 5 [mm] Washer thickness [6.2.6.3.(2)]
hhead = 17 [mm] Bolt head height [6.2.6.3.(2)]
hnut = 24 [mm] Bolt nut height [6.2.6.3.(2)]
Lo = 70  [mm] Bolt length [6.2.6.3.(2)]
kio = 8 [mm] Stiffness coefficient of bolts [6.3.2.(1)]
STIFFNESSES OF BOLT ROWS

Nr hj ks ka ks Keft j Keftj hj Kef, hj?

Sum 34.59 1875.25

1 702 6 15 10 2 15.32 1074.99

2 582 3 7 4 1 6.41 372.82

3 462 3 9 5 1 6.32 291.87

4 272 3 8 5 1 3.42 92.84

5 182 2 5 3 1 1.55 28.27

6 92 4 11 7 2 1.57 14.46
kettj =1/ (33° (1 /kij)) [6.3.3.1.(2)]
Zeq = Z keff,j hj2 / Zj keff,j hj
Zeq = 542 [mm] Equivalent force arm [6.3.3.1.(3)]
Keq = 3j Keftj hj / Zeq
Keq = 6 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(1)]
Avc= 57.33 [cm?] Shear area EN1993-1-1:[6.2.6.(3)]
B= 1.00 Transformation parameter [5.3.(7)]
z= 542 [mm] Lever arm [6.2.5]
ki = 4 [mm] Stiffness coefficient of the column web panel subjected to shear [6.3.2.(2)]
kz = ) Stiffness coefficient of the compressed column web [6.3.2.(2)]
Sjini = E Zeq? / 3i (1 / k1 + 1/ k2 + 1/ Keq) [6.3.1.(4)]
Sjini= 152177.53 [kN*m] Initial rotational stiffness [6.3.1.(4)]
p= 2.84 Stiffness coefficient of a connection [6.3.1.(6)]
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Sj = Sjini / p [6.3.1.(4)]
Sj=  53624.98 [kN*m] Final rotational stiffness [6.3.1.(4)]
Connection classification due to stiffness.

Sirig = 62068.29 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Sjpn=  3879.27 [kN*m] Stiffness of a pinned connection [5.2.2.5]

Sjini > Sjrig RIGID

WEAKEST COMPONENT:

COLUMN WEB PANEL - SHEAR

REMARKS

The thickness of bracket web is less than the thickness of beam web 8 [mm] < 11 [mm]
The thickness of bracket flange is less than the thickness of beam flange 12 [mm] < 19 [mm]

Connection conforms to the code Ratio 0.98

Eikova 5.25 : AnoteAéopara oUvOeonG unooTUAWKATOG — (UYWHATOG

> Z0vdeon uydparTog ( KopPIag )

Eikova 5.26: S0vdeon {uywpaTog (Kopgidag)
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GENERAL

k]

150

180

Eikova 5.27 : AenTopepnc ZUvdeon (UywPAToG

Connection no.:

2

Connection name: Beam-Beam

Structure node: 76

Structure bars: 798, 799

GEOMETRY

LEFT SIDE

BEAM

Section: HEA 400

Bar no.: 798

o= -168.2 [Deg] Inclination angle

hol = 390 [mm] Height of beam section

brol = 300 [mm] Width of beam section

twol = 11 [mm] Thickness of the web of beam section
trol = 19 [mm] Thickness of the flange of beam section
lol = 27 [mm] Radius of beam section fillet

Abl = 158.98 [cm?] Cross-sectional area of a beam

Ixol = 45069.40 [cm?* Moment of inertia of the beam section
Material: S275

fyb = 275.00 [MPa] Resistance

RIGHT SIDE

BEAM

Section: HEA 400

Bar no.: 799

AinAwpartikn Epyacia Koopidn Xapahaunou
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o= -11.8 [Deg] Inclination angle

hor = 390 [mm] Height of beam section

bror = 300 [mm] Width of beam section

twor = 11 [mm] Thickness of the web of beam section
tror = 19 [mm] Thickness of the flange of beam section
lor = 27 [mm] Radius of beam section fillet

Abr = 158.98 [cm? Cross-sectional area of a beam

Ixor = 45069.40 [cm?*] Moment of inertia of the beam section
Material: S275

fyp = 275.00 [MPa] Resistance

BOLTS

The shear plane passes through the UNTHREADED portion of the bolt.
d= 24  [mm] Bolt diameter

Class = 8.8 Bolt class

Fira = 203.33 [kN] Tensile resistance of a bolt

Nh = 2 Number of bolt columns

ny = 4 Number of bolt rows

hi = 40 [mm] Distance between first bolt and upper edge of front plate
Horizontal spacing ei = 150 [mm]

Vertical spacing pi = 160;160;190 [mm]

PLATE

hpr = 598 [mm] Plate height

bpr = 330  [mm] Plate width

tor = 20  [mm] Plate thickness

Material: Def

fyr=  235.00 [MPa] Resistance

FILLET WELDS

aw = 8 [mm] Web weld
ar= 14  [mm] Flange weld

MATERIAL FACTORS

™o = 1.00 Partial safety factor [2.2]
ML = 1.00 Partial safety factor [2.2]
™2 = 1.25 Partial safety factor [2.2]
™3 = 1.25 Partial safety factor [2.2]
LOADS

Ultimate limit state
Case: Manual calculations.

Mbiea = 103.58 [kKN*m] Bending moment in the right beam

RESULTS

BEAM RESISTANCES

BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)

Wpb= 2561.97 [cm3 Plastic section modulus EN1993-1-1:[6.2.5.(2)]
Mb,pi.Rd = Woib fyb / ymo

Mbpirda =704.54 [KN*m] Plastic resistance of the section for bending (without stiffeners) EN1993-1-1:[6.2.5.(2)]
BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT
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Wp= 2561.97 [cm® Plastic section modulus

Meb,Rd = Wi fyb / ymo

Meora = 704.54 [kN*m] Design resistance of the section for bending
FLANGE AND WEB - COMPRESSION

Meora = 704.54 [kN*m] Design resistance of the section for bending
hs = 371 [mm] Distance between the centroids of flanges
Fe.tb.rd = Mcb,rd / ht

Fe,ra =1899.03  [KN]  Resistance of the compressed flange and web

GEOMETRICAL PARAMETERS OF A CONNECTION

EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE

EN1993-1-1:[6.2.5]
EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]
[6.2.6.7.(1)]

[6.2.6.7.(1)]

Nr m Mx e ex p |eff,cp |eff,nc |eff,1 |eff,2 |eff,cp,g |eff,nc.g |eff,l.g |eff,2.g
1 60 44 90 40 139 277 165 165 165 - - - -
2 60 - 90 - 160 380 393 380 393 350 296 296 296
3 60 - 90 - 160 380 354 354 354 350 257 257 257
4 60 36 90 48 122 224 165 165 165 - - - -
m — Bolt distance from the web
Mx — Bolt distance from the beam flange
e — Bolt distance from the outer edge
ex — Bolt distance from the horizontal outer edge
p — Distance between bolts
let.cp — Effective length for a single bolt in the circular failure mode
left,nc — Effective length for a single bolt in the non-circular failure mode
letf 1 — Effective length for a single bolt for mode 1
ler,2 — Effective length for a single bolt for mode 2
left.cp.g — Effective length for a group of bolts in the circular failure mode
leffnc.g — Effective length for a group of bolts in the non-circular failure mode
left1,g — Effective length for a group of bolts for mode 1
left 2,9 — Effective length for a group of bolts for mode 2
CONNECTION RESISTANCE FOR BENDING
Fira = 203.33 [kN]  Bolt resistance for tension [Table 3.4]
Bpra= 396.29 [kN] Punching shear resistance of a bolt [Table 3.4]
Ft,fc,Rd — column flange resistance due to bending
Ftwe,Rd — column web resistance due to tension
Ftep,Rd — resistance of the front plate due to bending
Ftwb,Rd — resistance of the web in tension

Ftfc,rd = Min (FT,14c,Rd , FT,2fc,Rd , FT3,fc,Rd)

Ftwe,Rd = ® Deff.twe twe fyc / Ym0

Ft,ep,Rd = Min (FT,l,ep,Rd , FT,Z,ep,Rd , FT,S,ep,Rd)

Ftwb,Rd = Deff,twb twb fyb / ymo

RESISTANCE OF THE BOLT ROW NO. 1

Ft1,rd.comp - FOrmula Ft1,Rd,comp Component

[6.2.6.4] , [Tab.6.2]
[6.2.6.3.(1)]
[6.2.6.5] , [Tab.6.2]
[6.2.6.8.(1)]

Fu,rd = Min (Ft1,Rd,comp) 285.42
Ftep,rd@) = 285.42 285.42
Bprd = 792.59 792.59
Fe,t,rd = 1899.03 1899.03
RESISTANCE OF THE BOLT ROW NO. 2

FtZ,Rd,comp - Formula th,Rd,comp
Fiz,rd = Min (Ftz2,Rd,comp) 361.63
Ftep,rd2) = 361.63 361.63
Frwb,Rd2) = 1148.93 1148.93
Bprd = 792.59 792.59
Febo,rd - Y11 Frd = 1899.03 - 285.42 1613.61

RESISTANCE OF THE BOLT ROW NO. 3

Bolt row resistance

Front plate - tension

Bolts due to shear punching
Beam flange - compression

Component

Bolt row resistance

Front plate - tension

Beam web - tension

Bolts due to shear punching
Beam flange - compression
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Ft3,Rrd,comp - Formula Ft3,Rd.comp Component
Ft3,rd = Min (Ft3,Rd,comp) 281.21 Bolt row resistance
Ftep,rd@) = 348.35 348.35 Front plate - tension
Ftwb,rd@3) = 1071.75 1071.75 Beam web - tension
Bp.rd = 792.59 792.59 Bolts due to shear punching
Fem.Rrd - Y12 Fjrd = 1899.03 - 647.05 1251.99 Beam flange - compression
FrepRd@ +2) - 222 Fijrd = 642.84 - 361.63 281.21 Front plate - tension - group
Frwb,Rd@ +2) - > 2° Frd = 1671.96 - 361.63 1310.33 Beam web - tension - group
The remaining bolts are inactive (they do not carry loads) because resistance of one of the connection
components has been used up or these bolts are positioned below the center of rotation.
SUMMARY TABLE OF FORCES
Nr hj Ftj,rd Ft,fc,Rd Ft.ep,Rd Ft.wb,Rd Ft,rd Bp,rd
1 449 285.42 - - 285.42 - 406.66 792.59
2 289 361.63 - - 361.63 1148.93 406.66 792.59
3 129 281.21 - - 348.35 1071.75 406.66 792.59
4 -¢61 - - - 322.46 - 406.66 792.59
CONNECTION RESISTANCE FOR BENDING Mjrd
Mird = Y hj Fijrd
Mjrda= 268.71 [kN*m] Connection resistance for bending [6.2]
Mb1.ed / Mjrd < 1,0 0.39 < 1.00 verified (0.39)
WELD RESISTANCE
Aw = 198.51 [cm?] Area of all welds [4.5.3.2(2)]
Awy = 149.80 [cm?] Area of horizontal welds [4.5.3.2(2)]
Awz = 48.71 [cm?] Area of vertical welds [4.5.3.2(2)]
lwy = 59164.43 [cm* Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)]
Glmax=T.Lmax = 25.53 [MPa] Normal stress in a weld [4.5.3.2(6)]
G1=TL = 18.85 [MPa] Stress in a vertical weld [4.5.3.2(5)]
W= 0.00 [MPa] Tangent stress [4.5.3.2(5)]
Bw = 0.80 Correlation coefficient [4.5.3.2(7)]
V[o1max? + 3*(timax?)] £ ful (Bw*ym2) 51.06 < 365.00 verified (0.14)
V[o12 + 3*(t2+m?)] < ful (Bu*yme) 37.69 < 365.00 verified (0.10)
oL < 0.9*ulyme 25.53 < 262.80 verified (0.10)
CONNECTION STIFFNESS
twash = 5 [mm] Washer thickness [6.2.6.3.(2)]
Nhead = 17 [mm] Bolt head height [6.2.6.3.(2)]
hnut = 24 [mm] Bolt nut height [6.2.6.3.(2)]
Lo = 70  [mm] Bolt length [6.2.6.3.(2)]
kio = 8 [mm] Stiffness coefficient of bolts [6.3.2.(1)]
STIFFNESSES OF BOLT ROWS
Nr hj ks ka ks Keff,j Keft,j hj Keff,j hj?
Sum 29.04 1049.30
1 449 o0 o0 14 16.74 751.30
2 289 o0 o0 10 3 8.73 252.16
3 129 0 0 8 3.56 45.84
ketj =117 (>3% (1 /kij) [6.3.3.1.(2)]
Zeq = Z keff,j hj2 / Zj keff,j hj
Zeq = 361 [mm] Equivalent force arm [6.3.3.1.(3)]
Keq = Yj Keftj hj/ Zeq
Keq = 8 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(2)]
S;ini = E Zeq? keq [6.3.1.(4)]
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Sjini= 220353.65 [kN*m] Initial rotational stiffness [6.3.1.(4)]
p= 1.00 Stiffness coefficient of a connection [6.3.1.(6)]
Sj=Sjini/p [6.3.1.(4)]
Sj=  220353.65 [kN*m] Final rotational stiffness [6.3.1.(4)]
Connection classification due to stiffness.

Siig= 62068.29 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Sjpn=  3879.27 [kN*m] Stiffness of a pinned connection [5.2.2.5]
Sjini > Sjrig RIGID

WEAKEST COMPONENT:

FRONT PLATE - TENSION

Connection conforms to the code Ratio 0.39

Eikova 5.28: AnoteAéopata ouvdeong {uympaTog (KoppIac)

> Zuvdeon Teyidag He apPIapBpwTn oUVIECN

Eikdva 5.29 : ZUvdeon Teyidag
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Eikdva 5.30: AenTouepnc ouvdeon Teyidag
GENERAL
Connection no.: 7
Connection name: Beam-beam (web)
Structure node: 1064
Structure bars: 20, 533, 538
GEOMETRY
PRINCIPAL BEAM
Section: HEA 400
Bar no.: 20
o= -90.0 [Deg] Inclination angle
hg = 390 [mm] Height of the principal beam section
brg = 300 [mm] Width of the flange of the principal beam section
twg = 11 [mm] Thickness of the web of the principal beam section
trg = 19 [mm] Thickness of the flange of the principal beam section
rg = 27 [mm] Fillet radius of the web of the principal beam section
Ap = 158.98 [cm? Cross-sectional area of a principal beam
lyp = 45069.40 [cm?* Moment of inertia of the principal beam section
Material: 5275
fyg = 275.00 [MPa] Design resistance
fug = 430.00 [MPa] Tensile resistance
LEFT SIDE
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BEAM
Section: IPE 160
Bar no.: 533
o= 0.0 [Deg] Inclination angle
hor = 160 [mm] Height of beam section
boi = 82 [mm] Width of beam section
twol = 5 [mm] Thickness of the web of beam section
trol = 7 [mm]  Thickness of the flange of beam section
lol = 9 [mm] Radius of beam section fillet
Ap = 20.09 [cm?] Cross-sectional area of a beam
lybl = 869.29 [cm?* Moment of inertia of the beam section
Material: 5275
fybr = 275.00 [MPa] Design resistance
fubl = 430.00 [MPa] Tensile resistance
BEAM CUT
hy = 30 [mm] Top cut-out
hz = 0 [mm] Bottom cut-out
= 140 [mm] Cut-out length
ANGLE
Section: CAE 120x10
o= 0.0 [Deg] Inclination angle
ha = 120 [mm] Height of angle section
b = 120 [mm] Width of angle section
tia = 10 [mm] Thickness of the flange of angle section
ra = 13 [mm] Fillet radius of the web of angle section
I = 130 [mm] Angle length
Material: S275
fyu = 275.00 [MPa] Design resistance
fut = 430.00 [MPa] Tensile resistance
BOLTS
BOLTS CONNECTING ANGLE WITH BEAM
The shear plane passes through the UNTHREADED portion of the bolt.
Class = 8.8 Bolt class
d= 16 [mm] Bolt diameter
do = 18 [mm] Bolt opening diameter
As = 1.57 [cm?] Effective section area of a bolt
Ay = 2.01  [cm?] Area of bolt section
fup = 800.00 [MPa] Tensile resistance
k= 2 Number of bolt columns
w= 2 Number of bolt rows
e1= 35 [mm] Level of first bolt
p2 = 50 [mm] Horizontal spacing
p1= 60 [mm] Vertical spacing
RIGHT SIDE
AinAwpartikn Epyacia Koopidn Xapahaunou E.M.M. 2023
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BEAM
Section: IPE 160
Bar no.: 538
o= 0.0 [Deg] Inclination angle
hor = 160 [mm] Height of beam section
bor = 82 [mm] Width of beam section
twor = 5 [mm] Thickness of the web of beam section
tror = 7 [mm]  Thickness of the flange of beam section
lor = 9 [mm] Radius of beam section fillet
Aor = 20.09 [cm?] Cross-sectional area of a beam
lyor = 869.29 [cm* Moment of inertia of the beam section
Material: 5275
fybr = 275.00 [MPa] Design resistance
fubr = 430.00 [MPa] Tensile resistance
BEAM CUT
hy = 30 [mm] Top cut-out
hz = 0 [mm] Bottom cut-out
= 140 [mm] Cut-out length
ANGLE
Section: CAE 120x10
hir = 120 [mm] Height of angle section
bk = 120 [mm] Width of angle section
tikr = 10 [mm] Thickness of the flange of angle section
Mkr = 13 [mm] Fillet radius of the web of angle section
I = 130 [mm] Angle length
Material: S275
fykr = 275.00 [MPa] Design resistance
fukr = 430.00 [MPa] Tensile resistance
BOLTS

BOLTS CONNECTING ANGLE WITH PRINCIPAL BEAM

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 8.8 Bolt class
= 16 [mm] Bolt diameter
do = 18 [mm] Bolt opening diameter
As = 1.57 [cm?] Effective section area of a bolt
v = 2.01 [cm?] Area of bolt section
fub = 800.00 [MPa] Tensile resistance
k= 2 Number of bolt columns
w= 2 Number of bolt rows
er= 40 [mm] Level of first bolt
p2 = 50 [mm] Horizontal spacing
p1= 50 [mm] Vertical spacing

BOLTS CONNECTING ANGLE WITH BEAM

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 8.8 Bolt class

d= 16 [mm] Bolt diameter

do= 18 [mm] Bolt opening diameter

As = 1.57 [cm?] Effective section area of a bolt
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Class = 8.8 Bolt class

Ay = 2.01 [cm? Area of bolt section

fup = 800.00 [MPa] Tensile resistance

k= 2 Number of bolt columns
w= 2 Number of bolt rows
er= 35 [mm] Level of first bolt

p2 = 50 [mm] Horizontal spacing

p1= 60 [mm] Vertical spacing

MATERIAL FACTORS

™o = 1.00 Partial safety factor [2.2]
™2 = 1.25 Partial safety factor [2.2]
LOADS

Case: Manual calculations.

LEFT SIDE

Nb2,Ed = 0.00 [kN] Axial force

Vb2,Ed = 0.00 [kN]  Shear force

Mb2,Ed = 0.00 [kN*m] Bending moment

RIGHT SIDE

Nb1,Ed = 10.00 [kN] Axial force

Vpiea= 30.00 [kN]  Shear force

Mb1,ed = 0.00 [kN*m] Bending moment

RESULTS

LEFT SIDE

BOLTS CONNECTING ANGLE WITH PRINCIPAL BEAM

BOLT CAPACITIES

Fvra =77.21 [kN] Shear bolt resistance in the unthreaded portion of a bolt Fv,ra= 0.6*fub*Av*m/ymz
Bolt bearing on the angle

Direction x

kix = 2.19 Coefficient for calculation of Ford kix=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kix > 0.0 2.19 > 0.00 verified

oax= 0.56 Coefficient for calculation of Fprd abx=min[e2/(3*do), p2/(3*do)-0.25, fuv/fu, 1]
obx > 0.0 0.56 > 0.00 verified

Fbri2x = 66.93 [kN] Bearing resistance of a single bolt Fb rd2x=K1x*ox*fu*d*tilymz
Direction z

ki= 2.19 Coefficient for calculation of Fprd kiz=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
kiz> 0.0 2.19 > 0.00 verified

Obz = 0.68 Coefficient for calculation of Fp,rd abz=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]
obz > 0.0 0.68 > 0.00 verified

FbRra2z = 81.43 [KN]  Bearing resistance of a single bolt Fb rd2z=K1z* oz *fu*d*tilym2

FORCES ACTING ON BOLTS IN THE PRINCIPAL BEAM - ANGLE CONNECTION
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Bolt shear
_ Distance between centroid of a bolt group of an angle and center of the
e= 68 [mm]
beam web
- [kN* i -
Mo= 0.00 m] Real bending moment Mo=0.5*Vb2 ed*e
Fvz= 0.00 [kN] Component force in a bolt due to influence of the shear force Fvz=0.5*|Vb1,ed|/n
Fux= 0.00 [kN] Component force in a bolt due to influence of the moment Fwx=|Mo|*zi/y zi?
Exz‘Ed 0.00 [kN] Design total force in a bolt on the direction x Fxz.Ed = Fux
EZZ'E" 0.00 [kN] Design total force in a bolt on the direction z Fz2ed = Fvz + Fwz
Fea= 0.00 [KN] Resultant shear force in a bolt Fea = \( 'T:XZES;;
Frax = 66- :93 [kN] Effective design capacity of a bolt on the direction x Frax=FbRrdax
Frdz = Bl é [kN] Effective design capacity of a bolt on the direction z Frdz=FbRrdzz
|[Fx2,Ed| < Frax [0.00] < 66.93 verified (0.00)
|Fz2,ed| < Fraz [0.00] < 81.43 verified (0.00)
Fed < Furd 0.00 < 77.21 verified (0.00)
BOLTS CONNECTING ANGLE WITH BEAM
BOLT CAPACITIES
Fvra =154.42 [kN] Shear bolt resistance in the unthreaded portion of a bolt Fv,rda= 0.6*fup*Av*m/ymz
Bolt bearing on the beam
Direction x
kix = 1.41 Coefficient for calculation of Fprd kix = min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kix > 0.0 1.41 > 0.00 verified
Olbx = 0.46 Coefficient for calculation of Fp,rd abx=min[e2/(3*do), p2/(3*do)-0.25, fub/fu, 1]
abx > 0.0 0.46 > 0.00 verified
Foraix= 17.98 [kN] Bearing resistance of a single bolt Fb rd1x=K1x*oox*fu*d*tilymz
Direction z
kiz= 2.19 Coefficient for calculation of Fprd k1z=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
kiz > 0.0 2.19 > 0.00 verified
Opz= 0.37 Coefficient for calculation of Fprd abz=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]
abz > 0.0 0.37 > 0.00 verified
Foraiz= 22.31  [kN]  Bearing resistance of a single bolt Fb.rd1z=K1z*owz*fu*d*tilymz
Bolt bearing on the angle
Direction x
kix = 2.50 Coefficient for calculation of Ford kix=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kix > 0.0 2.50 > 0.00 verified
oax= 0.56 Coefficient for calculation of Fprd abx=min[e2/(3*do), p2/(3*do)-0.25, fuv/fu, 1]
obx > 0.0 0.56 > 0.00 verified
Fbra2x =152.89  [kN] Bearing resistance of a single bolt Fb rd2x=Kax*owx*fu*d*tilymz
Direction z
ki= 2.19 Coefficient for calculation of Fprd kiz=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
kiz > 0.0 2.19 > 0.00 verified
Obz = 0.65 Coefficient for calculation of Fp,rd abz=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]
apz > 0.0 0.65 > 0.00 verified
FbRrd2z = 156.17 [KN]  Bearing resistance of a single bolt Fb rd2z=K1z* oz fu*d*tilym2

FORCES ACTING ON BOLTS IN THE ANGLE - BEAM CONNECTION
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Bolt shear
_ Distance between centroid of a bolt group and center of the principal
e= 71 [mm]
beam web
*

Mo= 0.00 [k’\]l M Real bending moment Mo=Vh2,ed*e
Fvz= 0.00 [kN] Component force in a bolt due to influence of the shear force Fvz=|Vb1,ed|/n
Fux= 0.00 [kN] Component force in a bolt due to influence of the moment Fwx=|Mo|*zi/y zi?
Exz‘Ed 0.00 [kN] Design total force in a bolt on the direction x Fxz.Ed = Fux
Fzes g9 [kN] Design total force in a bolt on the direction z Fz2ed = Fvz + Fuz

- 2
Fea= 0.00 [kN] Resultant shear force in a bolt Fea = V( Pxeo® +

Fz,Ed2 )

Frdx = 17 2 [kN] Effective design capacity of a bolt on the direction x FRdX:mm(EE::;X)’
X,

Frdz = 22 i [kN] Effective design capacity of a bolt on the direction z FRdemm(EE::;Z)’
z

|Fxgd| < Frax [0.00] < 17.98 verified (0.00)
|Fzed| < Fraz [0.00] < 22.31 verified (0.00)
Fed < Fyrd 0.00 < 154.42 verified (0.00)

VERIFICATION OF THE SECTION DUE TO BLOCK TEARING (SHEAR FORCE)

ANGLE

[cm? L :
Ant = 5.30 ] Net area of the section in tension

[cm? .
Anv = 6.80 ] Area of the section in shear

199.1 i i i

Vetd 5 [kN] Egjg?,?g‘;apaC"y of a section weakened by Verra=0.5**An/ymz + (LN3),*Andymo
[0.5*Vb2,ed| € Veftrd [0.00] < 199.12 verified (0.00)
BEAM
Ant = 2.40 [cm?] Net area of the section in tension
Any = 4.15 [cm?] Area of the section in shear
Veiird =107.17 [kN] Design capacity of a section weakened by openings Vera=0.5*fu* Antfymz + (1/N3)*fy*Anvlymo
[Vb2,Ed| < Vefird [0.00] < 107.17 verified (0.00)

VERIFICATION OF ANGLE SECTION WEAKENED BY OPENINGS

At = 13.00 [cm?]  Area of tension zone of the gross section
Atnet = 9.40 [cm?  Net area of the section in tension
0.9%(Atnet/Ar) 2 (fy*ym2)/(fu*ymo) 0.65 < 0.80

VERIFICATION OF A BEAM SECTION WEAKENED BY OPENINGS

A= 6.50 [cm?]  Area of tension zone of the gross section
Atnet = 4.70 [cm?] Net area of the section in tension
0.9*(Atnet/At) = (fy*ym2)/(fu*ymo) 0.65 < 0.80
RIGHT SIDE

BOLTS CONNECTING ANGLE WITH PRINCIPAL BEAM
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BOLT CAPACITIES

Fvra=77.21 [kN] Shear bolt resistance in the unthreaded portion of a bolt
Ftra = 90.43 [kN] Tensile resistance of a single bolt
Bolt bearing on the angle

Direction x

kix = 2.19 Coefficient for calculation of Fprd

kix > 0.0 2.19 > 0.00 verified
ox= 0.56 Coefficient for calculation of FpRrd

abx > 0.0 0.56 > 0.00 verified
Forix = 66.93  [KN]  Bearing resistance of a single bolt
Direction z

kiz= 2.19 Coefficient for calculation of Fp,rd

kiz > 0.0 2.19 > 0.00 verified
bz = 0.68 Coefficient for calculation of Fprd

abz > 0.0 0.68 > 0.00 verified
Fora2z= 81.43  [KN]  Bearing resistance of a single bolt

FORCES ACTING ON BOLTS IN THE PRINCIPAL BEAM - ANGLE CONNECTION

Bolt shear
_ Distance between centroid of a bolt group of an angle and center of the
e= 68 [mm]
beam web
- [kN* -
Mo= 1.01 Real bending moment

m]
Fvz= 3.75 [KN] Component force in a bolt due to influence of the shear force
Fwx= 5.06 [KN] Component force in a bolt due to influence of the moment

Pagd 5 g6 [KN] Design total force in a bolt on the direction x

Faed g g1 [kN] Design total force in a bolt on the direction z

10.1 .
Fed = 6 [KN] Resultant shear force in a bolt
66.9 . . . . .
Frax = 3 [kN] Effective design capacity of a bolt on the direction x
1.4 . . . . .
Frdz = 8 3 [kN] Effective design capacity of a bolt on the direction z
|Fxt,Ed| £ Frax |5.06| < 66.93 verified
|Fz1,ed| < Fraz |8.81| < 81.43 verified
Fed < Fvrd 10.16 < 77.21 verified
Bolt tension
_ Distance between centroid of a bolt group and center of the principal
e= 71 [mm]
beam web
_ 1.0 [kN* .
Mot = 6 m] Real bending moment
Ftea 6.5 . .
_ 4 [kN] Tensile force in the outermost bolt
Fted < Fird 6.54 < 90.43 verified
Simultaneous action of a tensile force and a shear force in a bolt
Fved = 10.16  [kN] Resultant shear force in a bolt
Fv,ed/Fvrd + Fted/(1.4*Fird) < 1.0 0.18 < 1.00 verified

BOLTS CONNECTING ANGLE WITH BEAM

BOLT CAPACITIES

Fvrda =154.42 [KN] Shear bolt resistance in the unthreaded portion of a bolt

Fv,ra= 0.6*fup*Avm/ymz
Ftra= 0.9%fu*As/ym2

kix=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
abx=min[e2/(3*do), p2/(3*do)-0.25, fub/fu, 1]
Fb rd2x=K1x*oox*fu*d*tilymz
Kiz=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
owz=min[e1/(3*do), p1/(3*do)-0.25, fub/fu, 1]

Fb rd2z=K1z*owz*fu*d*tilymz

Mo=0.5*Vb2 eda*e

Fvz=0.5*|Vb2,ed|/n
Fmx=|Mo|*zily z?

Fx1,ed = Fmx

Fz1ed = Fvz + Fmz

Fed = V( Fxed® +
Fz,Ed2 )

Frax=FbRrd2x

Frdz=FbRrd2z

(0.08)
(0.11)
(0.13)

Mot=0.5*Vp1 ed*e

Fied=Mot*Zmax/¥ zi% +
0.5*Nb2,ed/n
(0.07)

Fved = f[Fx,Ed2 + Fz,Edz]
(0.18)

Fv.ra= 0.6*fup*Av*m/ymz
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Bolt bearing on the beam

Direction x

Kix = 1.41
kix > 0.0

obx= 0.46
apx > 0.0
Fbraix= 17.98
Direction z

Kiz = 2.19
kiz > 0.0

Obz = 0.37
apz > 0.0
Fbraiz= 22.31

Coefficient for calculation of Fprd
1.41 > 0.00

Coefficient for calculation of Ford
0.46 > 0.00

Bearing resistance of a single bolt

verified

verified
[kN]

Coefficient for calculation of Fprd

2.19 > 0.00 verified
Coefficient for calculation of Fprd
0.37 > 0.00 verified

[KN]  Bearing resistance of a single bolt

Bolt bearing on the angle

50

Direction x
kix = 2.
klx > 00

Olbx = 0.56
abx > 0.0
FbRrd2x =152.89
Direction z
kiz = 2.19
kiz > 0.0

opz= 0.65
abz > 0.0

FbRrdez = 156.17

Coefficient for calculation of Fo,rd
2.50 > 0.00 verified

Coefficient for calculation of Fprd
0.56 > 0.00

Bearing resistance of a single bolt

verified
[kN]

Coefficient for calculation of FpRrd

2.19 > 0.00 verified
Coefficient for calculation of Fprd
0.65 > 0.00 verified

[kN]  Bearing resistance of a single bolt

FORCES ACTING ON BOLTS IN THE ANGLE - BEAM CONNECTION

kix = min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
apx=min[e2/(3*do), p2/(3*do)-0.25, fun/fu, 1]

Fb rd1x=Kaix*oox*fu*d*tilymz
k1z=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
apz=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]

Fb rd1z=K1z*owz*fu*d*tilymz

kix=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
abx=min[e2/(3*do), p2/(3*do)-0.25, fub/fu, 1]
Fb rRd2x=K1x* oox*fu*d*tilymz
Kiz=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
apz=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]

Fb Rd2z=K1z* oz * fu*d*tilymz

Bolt shear
_ Distance between centroid of a bolt group and center of the principal
e= 71 [mm]
beam web
*

Mo= 2.12 [k'\i m Real bending moment Mo=Vb1ed*e

Fnx=  2.50 [kN] Component force in a bolt due to influence of the longitudinal force Fnx=|Nb1,ed|/n

Fvz= 7.50 [kN] Component force in a bolt due to influence of the shear force Fvz=|Vb1,ed|/n

10.4 i i
Fu = o IkN] OIC_omponent force in a bolt due to influence of the moment on the x Fun=|Mo[*2i/ (x2+22)
irection
Fuz= 8.67 [KN] gomp_onent force in a bolt due to influence of the moment on the z Faa=| Mo/ (x2+222)
irection
Fxgd = 12 (9) [kN] Design total force in a bolt on the direction x FxEd = Fnx + Fux
E“‘Ed 16 % [KN] Design total force in a bolt on the direction z Fz1ed = Fvz + Fwz
- 2
Fea= 20-° [kN] Resultant shear force in a bolt Fea = V( Pred -
8 Fz,Ed )

Frax = L7 2 [kN] Effective design capacity of a bolt on the direction x FRdXme(EE:jZlX)’
X,

Fraz= 22 i [KN] Effective design capacity of a bolt on the direction z FRdemm(Es::;Z)’
z

|Fx.ed| < Frax [12.90| < 17.98 verified (0.72)

|FzEd| < Fraz 116.17| < 22.31 verified (0.72)

Fed < Furd 20.68 < 154.42 verified (0.13)

VERIFICATION OF THE SECTION DUE TO BLOCK TEARING (AXIAL FORCE)

ANGLE
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[cm? I .
Ant = 4.20 ] Net area of the section in tension

[cm? o
Aw= 10.60 ] Area of the section in shear

312.7 i i i

\_/effRd N Eg:rl]?rr]lgcsapamty of a section weakened by Vetra=f*Amfymiz + (LN3)H,*Andymo
10.5*Nb1ed| < Vet 15.00] < 312.78 verified (%%
BEAM
Ant = 2.10 [cm?] Net area of the section in tension
Anv = 4.80 [cm? Area of the section in shear
Vefira = 148.45 [kN] Design capacity of a section weakened by openings  Vefra=fu*Antymz + (1/N3)*fy*Anvlymo
[Nb1,Ed| £ Vefird |10.00| < 148.45 verified (0.07)

VERIFICATION OF THE SECTION DUE TO BLOCK TEARING (SHEAR FORCE)

ANGLE

[cm? L :
Ant = 5.30 ] Net area of the section in tension

[cm? .
Anv = 6.80 ] Area of the section in shear

199.1 i i i

Vet 7 [kN] gosion “apacty of  section weakened by Vettra=0.55u* Anlywz + (LV3)*fy*An/ywo
[0.5*Vb1,ed| < Veftrd [15.00| < 199.12 verified (0.08)
BEAM
Ant = 2.40 [cm?] Net area of the section in tension
Aw= 2.65 [cm?] Area of the section in shear
Veiird =83.35 [kN] Design capacity of a section weakened by openings Vera=0.5*fu* Antfymz + (1/N3)*fy*Anviymo
[Vb1,Ed| < Vefird [30.00] < 83.35 verified (0.36)

VERIFICATION OF ANGLE SECTION WEAKENED BY OPENINGS

A= 7.17 [cm?]  Area of tension zone of the gross section

Atnet = 5.37 [cm?]  Net area of the section in tension

0.9*(Atnet/At) 2 (fy*ym2)/(fu*ymo) 0.67 < 0.80

Whet = 27.22 [cm® Elastic section modulus

Mcranet =  7.48 [KN*m] Design resistance of the section for bending Mec,Rdnet = Whet*fyp/ymo
[Mo| £ Mc,Rdnet [1.06] < 7.48 verified (0.14)
Ay = 13.00 [cm?] Effective section area for shear Ay = la*tra
Av,net = 9.40 [cm? Net area of a section effective for shear Avnet=Av-nv*do
Vprd = 206.40  [kKN]  Design plastic resistance for shear Vpl,ra=(Av*fy)/(V3*ymo0)
|0.5*Vb1,Ed| £ VpiRd |15.00] < 206.40 verified (0.07)

VERIFICATION OF A BEAM SECTION WEAKENED BY OPENINGS

Ar= 3.58 [cm?  Area of tension zone of the gross section

Atnet = 2.68 [cm?]  Net area of the section in tension

0.9*(Atnet/At) = (fy*ym2)/(fu*ymo) 0.67 < 0.80

Whet = 13.61 [cm® Elastic section modulus

Mcranet =  3.74 [KN*m] Design resistance of the section for bending Mec,Rdnet = Whet*fyp/ymo
[Mo| £ Mc Rdnet [2.12] < 3.74 verified (0.57)
A= 6.50 [cm? Effective section area for shear

Av,net = 4.70 [cm? Net area of a section effective for shear Avnet=Av-nv*do
Vpra= 103.20 [kN] Design plastic resistance for shear Vpi,ra=(Av*y)/(V3*ymo)
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A= 6.50 [cm?] Effective section area for shear
[Vb1,ed] € Vpi,rd [30.00| < 103.20 verified (0.29)

VERIFICATION OF PRINCIPAL BEAM

BOLT BEARING ON THE PRINCIPAL BEAM WEB

Direction x

kx = 2.19 Coefficient for calculation of Fo,rd

kx > 0.0 2.19 > 0.00 verified
Olbx = 0.68 Coefficient for calculation of Fo,rd

ob > 0.0 0.68 > 0.00 verified
Forax= 89.58 [kN] Bearing resistance of a single bolt
Direction z

kz = 2.19 Coefficient for calculation of Ford

kz: > 0.0 2.19 > 0.00 verified
opz= 0.68 Coefficient for calculation of FpRrd

abz > 0.0 0.68 > 0.00 verified
Fbraz=  89.58 [kN]  Bearing resistance of a single bolt

RESULTANT FORCE ACTING ON THE OUTERMOST BOLT

kx = min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
abx=min[e2/(3*do), p2/(3*do)-0.25, fun/fu, 1]
Fb Rax=Kx*aox*fu*d*tifymz
kz=min[2.8*(e2/do)-1.7, 1.4*(p2/do)-1.7, 2.5]
apz=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]

Fb rdz=Kz*anz*fu*d*tilymz

(0.006)
(0.10)

Fxgd = 5.06 [kN] Design total force in a bolt on the direction x Fxed = Fx1,ed + Fx2,Ed
Fzed = 8.81 [kN]  Design total force in a bolt on the direction z Fzed = Fz1,ed + Fz2Ed
|[Fx.Ed| < Fo,rdx |5.06] < 89.58 verified
|Fz,ed| < Fo,Rdz |8.81] < 89.58 verified
REMARKS
Distance between horizontal edge of left angle and beam top flange is too small 8 [mm] < 9 [mm]
Distance between horizontal edge of left angle and beam bottom flange is too small 8 [mm] < 9 [mm]
Angle length is greater than height of right beam web l[fm?l] [mm] > 127
Distance between horizontal edge of right angle and beam top flange is too small 8 [mm] < 9 [mm]
sDrIr?zt:lllnce between horizontal edge of right angle and beam bottom flange is too 8 [mm] < 9 [mm]
Distance between bolt and edge of left beam cut-out is too small 20 [mm] < 22 [mm]
Distance between bolt and edge of right beam cut-out is too small 20 [mm] < 22 [mm]
Connection conforms to the code |[Ratio|0.72
Eikdva 5.31 : AnoTteAéopaTa oUvOeonc Teyidag
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> ZUvOeon OepeAimwonG HETWNIKOU UNOCTUA®HATOG

Eikova 5.32 : Z0vdeon BepeNinwong ETWMIKOU UNOCTUAWKUATOC
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Eikdva 5.33 : AenTouepnc ouvdeon BePENiwONG UNOOTUAWUATOG
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GENERAL

Connection no.: 6

Connection name: Fixed column base

Structure node: 57

Structure bars: 29

GEOMETRY

COLUMN

Section: IPE 400

Bar no.: 29

Lc= 10.00 [m] Column length

o= 0.0 [Deg] Inclination angle

he = 400 [mm] Height of column section

bic = 180 [mm] Width of column section

twe = 9 [mm] Thickness of the web of column section
tre = 14 [mm] Thickness of the flange of column section
re= 21 [mm] Radius of column section fillet

Ac = 84.46 [cm?] Cross-sectional area of a column

lyc = 23128.40 [cm* Moment of inertia of the column section
Material: S275

fye = 275.00 |[MPa] Resistance

fuc = 430.00 [MPa] Yield strength of a material

COLUMN BASE

lpa = 600 [mm] Length

bpd = 250 [mm]  Width

tod = 35 [mm] Thickness

Material: S27530

fypd = 275.00 [MPa] Resistance

fupd = 410.00 [MPa] Yield strength of a material
ANCHORAGE

The shear plane passes through the UNTHREADED portion of the bolt.
Class = 10.9 Anchor class

fyb = 900.00 [MPa] Yield strength of the anchor material
fup = 1000.00 [MPa] Tensile strength of the anchor material
d= 22 [mm] Bolt diameter

As = 3.03 [cm? Effective section area of a bolt

Ay = 3.80 [cm?] Area of bolt section

nH = 4 Number of bolt columns

ny = 2 Number of bolt rows

Horizontal spacing exi= 270;115 [mm]

Vertical spacing evi = 150 [mm]

Anchor dimensions

L= 120 [mm]

L2 = 880  [mm]

Ls = 100 [mm]

Anchor plate

lp = 100 [mm] Length

bp = 100 [mm] Width

tp = 15 [mm] Thickness

Material: 527530
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fy = 275.00 [MPa] Resistance

Washer

lwa = 60 [mm] Length

bwd = 60 [mm] Width

twd = 10 [mm] Thickness

WEDGE

Section: IPE 100
lw = 0  [mm] Length

Material: 5235

fyw = 235.00 [MPa] Resistance

MATERIAL FACTORS

™Mo = 1.00 Partial safety factor

™2 = 1.25 Partial safety factor

yc = 1.50 Partial safety factor
SPREAD FOOTING

L= 1600 [mm] Spread footing length

B= 1400 [mm] Spread footing width

H= 900 [mm] Spread footing height
Concrete

Class €20/25

fek = 20.00 [MPa] Characteristic resistance for compression
Grout layer

tg = 30 [mm] Thickness of leveling layer (grout)

feg= 12.00 [MPa] Characteristic resistance for compression

Cia= 0.30 Coeff. of friction between the base plate and concrete
WELDS

ap = 5 [mm] Footing plate of the column base
aw = 4 [mm] Wedge

LOADS

Case: Manual calculations.

Njea= -10.00 [KN]  Axial force

Viedy= 10.00 [kN]  Shear force

Vjedz= 10.00 [kKN]  Shear force

MiEdy = 5.00 [kN*m] Bending moment

MiEedz = 5.00 [kN*m] Bending moment

RESULTS

COMPRESSION ZONE

COMPRESSION OF CONCRETE

fea = 13.33 [MPa] Design compressive resistance

fi= 24.34 [MPa] Design bearing resistance under the base plate

¢ = tp V(fyp/(3*F*ymo))

c= 68 [mm] Additional width of the bearing pressure zone

Der = 149 [mm] Effective width of the bearing pressure zone under the flange
left = 250 [mm] Effective length of the bearing pressure zone under the flange
Aco= 373.34 [cm?] Area of the joint between the base plate and the foundation

EN 1992-1:[3.1.6.(1)]
[6.2.5.(7)]

[6.2.5.(4)]
[6.2.5.(3)]
[6.2.5.(3)]

EN 1992-1:[6.7.(3)]
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¢ = tp V(fyp/(3*f*ymo))

c= 68 [mm] Additional width of the bearing pressure zone
Ac1 = 3360.06 [cm? Maximum design area of load distribution
Frau = Aco*fcd*\/(AcllAco) < 3*Aco*fcd

Frau= 1493.36 [KN]  Bearing resistance of concrete

B = 0.67 Reduction factor for compression
fig = Bi*Frau/(Deft*letr)

fia = 26.67 [MPa] Design bearing resistance

Acn= 1089.23 [cm?] Bearing area for compression
Acy = 373.34 [cm? Bearing area for bending My

Acz = 373.34 [cm? Bearing area for bending Mz
FeRrdi = Ac,i*fjd

Fcran=2904.61 [kN] Bearing resistance of concrete for compression
Feray= 995.57 [kN] Bearing resistance of concrete for bending My
Feraz= 995.57  [kN]  Bearing resistance of concrete for bending Mz
COLUMN FLANGE AND WEB IN COMPRESSION

CL= 1.00 Section class

Wpy= 1307.26 [cm® Plastic section modulus

Mcray = 359.50 [kN*m] Design resistance of the section for bending
hiy = 387 [mm] Distance between the centroids of flanges
Fc,fC,Rd,y = Mc,Rd,y/ hf,y

Fcferay =930.13  [kN]  Resistance of the compressed flange and web

Wpz= 229.01 [cm?® Plastic section modulus
Mcrdz= 62.98 [kKN*m] Design resistance of the section for bending
hrz = 125 [mm] Distance between the centroids of flanges

FC,fC,Rd,Z = Mc,Rd,z / hf,z

Fererdz =503.82  [kN]  Resistance of the compressed flange and web
RESISTANCES OF SPREAD FOOTING IN THE COMPRESSION ZONE
NjRrd = Fc,rdn

Njra =2904.61 [kN] Resistance of a spread footing for axial compression
Fc,rdy = min(Fcrdy,Fefe,Rdy)

Fcrday =930.13 [kN] Resistance of spread footing in the compression zone
FC,Rd,z = min(Fc,Rd,z,Fc,fc,Rd,z)

Fcraz=503.82 [kN] Resistance of spread footing in the compression zone

TENSION ZONE

STEEL FAILURE

Ap = 3.03 [cm?] Effective anchor area
fub = 1000.00 [MPa] Tensile strength of the anchor material
Beta = 0.85 Reduction factor of anchor resistance

FtRrd,s1 = beta*0.9*fub*Anlym2

Firas:1 = 185.44  [kN]  Anchor resistance to steel failure
YMs = 1.20 Partial safety factor

fyo = 900.00 [MPa] Yield strength of the anchor material
FtRrds2 = fyo*Anlyms

Firdsz = 227.25 [KN]  Anchor resistance to steel failure
FtRrd,s = min(Fyrd,s1,FtRrd,s2)

Ftras= 185.44 [KN]  Anchor resistance to steel failure
PULL-OUT FAILURE

[6.2.5.(4)]
EN 1992-1:[6.7.(3)]

EN 1992-1:[6.7.(3)]
[6.2.5.(7)]

[6.2.5.(7)]
[6.2.8.2.(1)]
[6.2.8.3.(1)]
[6.2.8.3.(1)]

[6.2.8.2.(1)]
[6.2.8.3.(1)]
[6.2.8.3.(1)]

EN 1993-1-1[5.5.2]
EN1993-1-1:[6.2.5.(2)]
EN1993-1-1:[6.2.5]
[6.2.6.7.(1)]

[6.2.6.7.(1)]
EN1993-1-1:[6.2.5.(2)]
EN1993-1-1:[6.2.5]
[6.2.6.7.(1)]

[6.2.6.7.(1)]

[6.2.8.2.(1)]
[6.2.8.3]

[6.2.8.3]

[Table 3.4]
[Table 3.4]
[3.6.1.(3)]

[Table 3.4]
CEB[3.2.3.2]
CEB [9.2.2]

CEB[9.2.2]

fok = 20.00 [MPa] Characteristic compressive strength of concrete EN 1992-1:[3.1.2]
An = 96.20 [cm? Bearing area of the head CEB [15.1.2.3]
px = 140.00 [MPa] Characteristic strength of concrete (pull-out) CEB [15.1.2.3]
YMp = 2.16 Partial safety factor CEB [3.2.3.1]
Ftrdp = P*Anlymp

Ftrip= 668.05 [kN]  Design uplift capacity CEB [9.2.3]
CONCRETE CONE FAILURE
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het = 417 [mm] Effective anchorage depth CEB [9.2.4]
Nrk,® = 9.0[NO5/mmO-5]*fei0-5*hesl-5
Nrk®=  342.33 [kN] Characteristic resistance of an anchor CEB [9.2.4]
SerN = 1250 [mm] Critical width of the concrete cone CEB [9.2.4]
CerN = 625 [mm] Critical edge distance CEB [9.2.4]
Acno= 15625.00 [cm?] Maximum area of concrete cone CEB [9.2.4]
AcN = 5000.00 [ecm? Actual area of concrete cone CEB [9.2.4]
WAN = AcN/AcNo
yan= 0.32 Factor related to anchor spacing and edge distance CEB [9.2.4]
c= 550 [mm] Minimum edge distance from an anchor CEB [9.2.4]
Ys,N = 0.7 +0.3*c/caen < 1.0
- 0.96 Factor taking account the influence of edges of the concrete member on the CEB
WsN = = distribution of stresses in the concrete [9.2.4]
geC'N 1.00 Factor related to distribution of tensile forces acting on anchors [9C2E48]
yren =0.5+
heflmm]/200 < 1.0
YreN = 1.00 Shell spalling factor [9C2E48]
_ 1.00 Factor taking into account whether the anchorage is in cracked or CEB
WuerN = : non-cracked concrete [9.2.4]
_ . CEB
YMe = 2.16 Partial safety factor [3.2.31]
Ftrdc =
NRk,cO*\UA,N*\Us,N*WeC,N*\Ure,N*\Vucr,N/'Y
Mc

Ftrac= 48.89 [kN] Design anchor resistance to concrete cone failure
SPLITTING FAILURE

EN 1992-1:[8.4.2.(2)]

hef = 850 [mm] Effective anchorage depth CEB [9.2.5]
Nri,c® = 9.0[N%5/mm0-5]*fe 0-5*hes!-5

Nrkc®=  997.44  [kN]  Design uplift capacity CEB [9.2.5]
ScrN = 1700 [mm] Critical width of the concrete cone CEB [9.2.5]
Cer,N = 850 [mm] Critical edge distance CEB [9.2.5]
Acno= 28900.00 [cm?] Maximum area of concrete cone CEB [9.2.5]
Acn = 5600.00 [cm? Actual area of concrete cone CEB [9.2.5]
waN = AcN/AcNo

yan= 0.19 Factor related to anchor spacing and edge distance CEB [9.2.5]
c= 550 [mm] Minimum edge distance from an anchor CEB [9.2.5]
ysn =0.7 +0.3*c/carn £ 1.0

ysn 0.8 Factor taking account the influence of edges of the concrete member on the distribution of CEB
= 9 stresses in the concrete [9.2.5]
"_jec'N L 8 Factor related to distribution of tensile forces acting on anchors [9C2E59i
yreN = 0.5 + hefmm]/200 < 1.0

yreN = 1.00 Shell spalling factor CEB [9.2.5]

yuern =1 .00 Factor taking into account whether the anchorage is in cracked or non-cracked concrete CEB [9.2.5]

whn = (h/(2%her))? < 1.2

WhiN = 0.65 Coeff. related to the foundation height
YMisp = 2.16 Partial safety factor

Ft,Rd,sp = NRk,co*\VA,N*\Vs,N*\Vec,N*\Vre,N*\Vucr,N*\Vh,N/YM,sp

Ftrasp = 52.36  [kN]  Design anchor resistance to splitting of concrete
TENSILE RESISTANCE OF AN ANCHOR

FtRrd = min(Ft,Rd,s , Ft,Rd,p , Ftrdc , Ft,Rd,sp)

Ftrd = 48.89 [kN]  Tensile resistance of an anchor

BENDING OF THE BASE PLATE

Bending moment M;jedy

left1 = 125 [mm] Effective length for a single bolt for mode 1
lefi 2 = 125 [mm] Effective length for a single bolt for mode 2

CEB [9.2.5]
CEB [3.2.3.1]

CEB [9.2.5]

[6.2.6.5]
[6.2.6.5]
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Bending moment M;jedy

lefra = 125 [mm] Effective length for a single bolt for mode 1 [6.2.6.5]
m = 44  [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
Mpira = 10.53 [kKN*m] Plastic resistance of a plate for mode 1 [6.2.4]
Mpi2rd = 10.53 [kKN*m] Plastic resistance of a plate for mode 2 [6.2.4]
Frird= 949.63 [kN]  Resistance of a plate for mode 1 [6.2.4]
Frzra= 274.99 [KN] Resistance of a plate for mode 2 [6.2.4]
Frara= 97.78 [kKN] Resistance of a plate for mode 3 [6.2.4]
Ftp,rdy = MiN(FT,1,Rd , FT2,Rd , FT,3Rd)
Ftp,rdy = 97.78 [KN]  Tension resistance of a plate [6.2.4]
Bending moment M;jed,z
lefra = 279 [mm] Effective length for a single bolt for mode 1 [6.2.6.5]
lefr,2 = 279 [mm] Effective length for a single bolt for mode 2 [6.2.6.5]
m = 65 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
Mpird = 23.49 [KN*m] Plastic resistance of a plate for mode 1 [6.2.4]
Mpi2rd = 23.49 [kN*m] Plastic resistance of a plate for mode 2 [6.2.4]
Frira= 1444.61 [kN] Resistance of a plate for mode 1 [6.2.4]
Frzra= 493.37 [kN] Resistance of a plate for mode 2 [6.2.4]
Frsra= 195.56 [kN] Resistance of a plate for mode 3 [6.2.4]
FtplRdz = Min(FT.1Rrd , FT.2Rd , FT,3.Rd)
Fipirdz = 195.56  [KN]  Tension resistance of a plate [6.2.4]
TENSILE RESISTANCE OF A COLUMN WEB
Bending moment Mjked.z
twe = 9 [mm] Effective thickness of the column web [6.2.6.3.(8)]
Deft,twe = 279 [mm] Effective width of the web for tension [6.2.6.3.(2)]
Avc = 42.69 [cm?  Shear area EN1993-1-1:[6.2.6.(3)]
®= 0.84 Reduction factor for interaction with shear [6.2.6.3.(4)]
Ft,wc,Rd,z = beff,t,wc twe fyc / Ym0
Ftwerdz = 555.46  [kN]  Column web resistance [6.2.6.3.(1)]
RESISTANCES OF SPREAD FOOTING IN THE TENSION ZONE
Fr.rRdy = Ftplrdy
Frray= 97.78 [kN] Resistance of a column base in the tension zone [6.2.8.3]
FT,Rd,z = min(Ft,pI,Rd,z,Ft,wc,Rd,z)
Frrdaz=195.56 [kN] Resistance of a column base in the tension zone [6.2.8.3]
CONNECTION CAPACITY CHECK
Njed / Njra < 1,0 (6.24) 0.00 < 1.00 verified (0.00)
ey = 500 [mm] Axial force eccentricity [6.2.8.3]
Zey = 193 [mm] Lever arm FcRrdy [6.2.8.1.(2)]
Zty = 250 [mm] Lever arm FrRrdy [6.2.8.1.(3)]
Mirdy = 70.64 [KN*m] Connection resistance for bending [6.2.8.3]
Mi.edy / Mjrdy < 1,0 (6.23) 0.07 < 1.00 verified (0.07)
e;= 500 [mm] Axial force eccentricity [6.2.8.3]
Zcz = 63 [mm] Lever arm FcRrd,z [6.2.8.1.(2)]
Ztz = 75  [mm] Lever arm FrRrd:z [6.2.8.1.(3)]
Mirdz = 30.73 [kKN*m] Connection resistance for bending [6.2.8.3]
Mi.ed,z / Mjrdz < 1,0 (6.23) 0.16 < 1.00 verified (0.16)
Mijedy / Mjrdy + Mjed,z / Mjrdz < 1,0 0.23 < 1.00 verified (0.23)
SHEAR
BEARING PRESSURE OF AN ANCHOR BOLT ONTO THE BASE PLATE
Shear force VjEedy
ody=0.69 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
oby=0.69 Coeff. for resistance calculation F1,vb,rd [Table 3.4]
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ody =0.69 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
kiy=2.50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]
F1vbRdy = Ka,y*awy*fup*d*tp / ym2

Fivwbrdy =438.47 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]
Shear force Vjed.z

odz=0.69 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
obz=0.69 Coeff. for resistance calculation F1,vb,rd [Table 3.4]
kiz=2.50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]
F1vbRd,z = K1,z%ab 2*fup*d*tp / ym2

Fivwbrdz=438.47 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]
SHEAR OF AN ANCHOR BOLT

ob = 0.25 Coeff. for resistance calculation F2 b rd [6.2.2.(7)]
Awp = 3.80 [cm? Area of bolt section [6.2.2.(7)]
fup = 1000.00 [MPa] Tensile strength of the anchor material [6.2.2.(7)]
™2 = 1.25 Partial safety factor [6.2.2.(7)]
F2vb,Rd = ow*fub*Avblym2

Fawbrd = 75.42  [kN]  Shear resistance of a bolt - without lever arm [6.2.2.(7)]
om= 2.00 Factor related to the fastening of an anchor in the foundation CEB [9.3.2.2]
Mrks = 1.35 [KN*m] Characteristic bending resistance of an anchor CEB[9.3.2.2]
lsm = 59 [mm] Lever arm length CEB [9.3.2.2]
ywms= 1.20 Partial safety factor CEB [3.2.3.2]
Fv,rdssm = am*Mgk,s/(Ism*yms)

Fvrasm= 38.41  [kN]  Shear resistance of a bolt - with lever arm CEB [9.3.1]
CONCRETE PRY-OUT FAILURE

Nrkc= 105.60 [kN]  Design uplift capacity CEB [9.2.4]
ks = 2.00 Factor related to the anchor length CEB [9.3.3]
YMc = 2.16 Partial safety factor CEB [3.2.3.1]
Fv,rd.cp = k3*NRrk,c/ymc

Fvrdep = 97.78 [kN]  Concrete resistance for pry-out failure CEB [9.3.1]

CONCRETE EDGE FAILURE
Shear force Vjedy

VRkcy 416. [K - . CEB
0= 66 NJ Characteristic resistance of an anchor [9.3.4.(a)]
WAV . . CEB
v 0.56  Factor related to anchor spacing and edge distance [9.3.4]
WhVy . . CEB
: 1.01  Factor related to the foundation thickness [9.3.4.(c)]
‘I_’S'V’y 0.88 Factor related to the influence of edges parallel to the shear load direction [9.3 4C(I(Ej;
YecVy 1 (0 Factor taking account a group effect when different shear loads are acting on the CEB
= ) individual anchors in a group [9.3.4.(e)]
g“""y 1.00 Factor related to the angle at which the shear load is applied 9.3 g%;
WYucr,V,y f CEB
- 1.00 Factor related to the type of edge reinforcement used [9.3.4.(q)]
ywme= 2.16  Partial safety factor 3 ZCSEE

Fv,Rd,c,y = VRk,c,yO*\VA,V,y*\Vh,V,y*Ws,V,y*\llec,V,y*\Va,V,y*\llucr,V,y/’YMc
Fvrdcy = 96.47 [kN]  Concrete resistance for edge failure CEB [9.3.1]
Shear force Vjedz

CEB

VR’ = 343.96 [kN] Characteristic resistance of an anchor [9.3.4.(a)
_ : . CEB
YAV,z = 0.76 Factor related to anchor spacing and edge distance 9.3.4]
CEB

WYhyvz = 1.00 Factor related to the foundation thickness [9.3.4.(c)

]

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou



102 KedbaAalo 5
CEB
Vrke’ = 343.96 [kN] Characteristic resistance of an anchor [9.3.4.(a)
]
. CEB
Vs = 0.93 giarlggirorr(]elated to the influence of edges parallel to the shear load [9.3.4.(d)
]
. . CEB
Veovz = 1.00 Fa(_:tor taking account a group ef_fect when different shear loads are [9.3.4.(¢)
acting on the individual anchors in a group ]
B . . . CEB
Yav,z = 1.00 Factor related to the angle at which the shear load is applied [9.3.4.(f)]
CEB
Wuerviz = 1.00 Factor related to the type of edge reinforcement used [9.3.4.(9)
]
YMc = 2.16 Partial safety factor [3.2(_:3?5']
FvRrdez =
VRk,c,zo*\VA,V,z*\Vh,V,z*\Vs,V,z*Wec,V,z*\U(x,
V,z*\llucr,V,z/YMc
Fvrdcz=111.86 [KN]  Concrete resistance for edge failure CEB [9.3.1]
SPLITTING RESISTANCE
Cia= 0.30 Coeff. of friction between the base plate and concrete [6.2.2.(6)]
Necea =10.00 [kN] Compressive force [6.2.2.(6)]
Ftrd = Ct,d*Nc,Ed
FiRrd = 3.00 [kN] Slip resistance [6.2.2.(6)]
BEARING PRESSURE OF THE WEDGE ONTO CONCRETE
Fv,Rd,wg,y = 1.4*|w*bwy*fck/’}/c
Fvrawgy =0.00 [KN] Resistance for bearing pressure of the wedge onto concrete
Fv,Rd,wg,z = 1.4*|w*bwz*fck/'Yc
Fvrdwgz =0.00 [kN] Resistance for bearing pressure of the wedge onto concrete
SHEAR CHECK
VjRdy = np*min(F1vbRrdy, F2,vb,Rd, Fv,Rd,sm, Fv,Rd.cp, Fv,Rd,cy) + Fv.Rdwgy *+ Ff,Rd
Vijrdy = 310.26  [KN]  Connection resistance for shear CEB [9.3.1]
Vijedy / Virdy = 1,0 0.03 < 1.00 verified (0.03)
Vj,Rd,z = nb*min(Fl,vb,Rd,z, F2vb,rd, Fv,Rd;sm, Fv,Rd,cp, Fv,Rd,c,z) + Fv,Rd,wg,z + FtRd
Vjrdz= 310.26  [kN]  Connection resistance for shear CEB [9.3.1]
Vigdz / Virdz < 1,0 0.03 < 1.00 verified (0.03)
Vijedy !/ Virdy + Vjedz / VjRrdz < 1,0 0.06 < 1.00 verified (0.06)
WELDS BETWEEN THE COLUMN AND THE BASE PLATE
oL = 38.80 [MPa] Normal stress in a weld [4.5.3.(7)]
= 38.80 [MPa] Perpendicular tangent stress [4.5.3.(7)]
Ty = 2.85 [MPa] Tangent stress parallel to Vjedy [4.5.3.(7)]
Tl = 2.68 [MPa] Tangent stress parallel to Vjed,z [4.5.3.(7)]
Bw = 0.85 Resistance-dependent coefficient [4.5.3.(7)]
oL/ (0.9*ulym2)) < 1.0 (4.1) 0.13 < 1.00 verified (0.13)
V(12 + 3.0 (tyi? + 1:2)) / (ful(Bw*ymz))) < 1.0 (4.1)0.20 < 1.00 verified (0.20)
V(o1 + 3.0 (tzi? + 112)) / (ful(Bw*ym2))) < 1.0 (4.1)0.03 < 1.00 verified (0.03)
CONNECTION STIFFNESS
Bending moment M;jedy
bett = 149 [mm] Effective width of the bearing pressure zone under the flange [6.2.5.(3)]
left = 250 [mm] Effective length of the bearing pressure zone under the flange [6.2.5.(3)]
K1y = Ec*V(beft*lef)/(1.275*E)
Kizy = 22 [mm]  Stiffness coeff. of compressed concrete [Table 6.11]
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lest = 125 [mm] Effective length for a single bolt for mode 2 [6.2.6.5]
m = 44 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
kisy = 0.425*ef*tp3/(m?3)

kisy = 26 [mm] Stiffness coeff. of the base plate subjected to tension [Table 6.11]
Lp = 262 [mm] Effective anchorage depth [Table 6.11]
kisy = 1.6*Av/Lb

kiey = 2 [mm] Stiffness coeff. of an anchor subjected to tension [Table 6.11]
Aoy = 0.70 Column slenderness [5.2.2.5.(2)]
Sjiniy = 97234.11 [kN*m] Initial rotational stiffness [Table 6.12]
Sirigy = 145708.92 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Sjiniy < Sirigy SEMI-RIGID [5.2.2.5.(2)]
Bending moment M;jEeqd,;

kisz = Ec*V(Ac.2)/(1.275*E)

kisz = 22 [mm] Stiffness coeff. of compressed concrete [Table 6.11]
leff = 279 [mm] Effective length for a single bolt for mode 2 [6.2.6.5]
m = 65 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
kis,z = 0.425*ler*tp3/(m?3)

kisz = 18 [mm] Stiffness coeff. of the base plate subjected to tension [Table 6.11]
Lo = 262 [mm] Effective anchorage depth [Table 6.11]
k16,2 = 1.6*Ab/Lb

kiez = 2 [mm] Stiffness coeff. of an anchor subjected to tension [Table 6.11]
Aoz = 2.92 Column slenderness [5.2.2.5.(2)]
Sjiniz = 6924.54 [kN*m] Initial rotational stiffness [6.3.1.(4)]
Sirigz = 8302.27 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Siini.z < Sjrig,z SEMI-RIGID [5.2.2.5.(2)]

WEAKEST COMPONENT:

BASE PLATE - BENDING

Connection conforms to the code

Ratio 0.23

Eikova 5.34: AnoteAéopaTta aUvOeong BepeAinong HETWNIKOU UNOOTUAMMPATOG
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> ZUvdeon kKUPIag 3oKoU NHIWPOPOU HE UNOCTUAWHA

Eikova 5.35 : Z0vdeon dokoU NUIWPOPOU HE UNnooTUAWHA
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GENERAL

Eikova 5.36 : AenTopepnc ZUvdeon AokoU NUIKPOQPOU UNOCTUADUATOC
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Connection no.
Connection name:

: 4

Column-Beam

Inclination angle

Height of column section

Width of column section

Thickness of the web of column section
Thickness of the flange of column section
Radius of column section fillet
Cross-sectional area of a column
Moment of inertia of the column section

Structure node: 100
Structure bars: 16, 82
GEOMETRY

COLUMN

Section: HEA 400

Bar no.: 16

o= -90.0 [Deg]
he = 390 [mm]
brc = 300 [mm]
twe = 11 [mm]
te = 19 [mm]
fe= 27 [mm]
Ac= 158.98 [cm?
Ixc = 45069.40 [cm4|
Material: S275

fye = 275.00 [MPa] Resistance
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BEAM

Section: HEA 300

Bar no.: 82

o= -0.0 [Deg] Inclination angle

hp = 290 [mm] Height of beam section

b = 300 [mm] Width of beam section

two = 9 [mm] Thickness of the web of beam section
to = 14 [mm] Thickness of the flange of beam section
Io = 27 [mm] Radius of beam section fillet

Io = 27 [mm] Radius of beam section fillet

Ap = 112.53 [cm? Cross-sectional area of a beam

Ixo = 18263.50 [cm* Moment of inertia of the beam section
Material: S275

fyp = 275.00 [MPa] Resistance

BOLTS

The shear plane passes through the UNTHREADED portion of the bolt.
d= 20  [mm] Bolt diameter

Class = 8.8 Bolt class

Fra= 141.12 [kN] Tensile resistance of a bolt

Nh = 2 Number of bolt columns

ny = 5 Number of bolt rows

hi = 30 [mm] Distance between first bolt and upper edge of front plate
Horizontal spacing ei = 150 [mm]

Vertical spacing pi = 110;70;70;130 [mm]

PLATE

hp = 510 [mm] Plate height

bp = 300 [mm] Plate width

tp = 20 [mm] Plate thickness

Material: 5235

fyp = 235.00 [MPa] Resistance

LOWER STIFFENER

Wg = 300 [mm] Plate width

tg = 14 [mm] Flange thickness
hg = 140 [mm] Plate height

twd = 12 [mm] Web thickness

la = 300 [mm] Plate length

o= 25.0 [Deg] Inclination angle
Material: S275J0

fybu = 275.00 [MPa] Resistance

COLUMN STIFFENER

Upper

hsu = 352 [mm] Stiffener height
bsu = 145 [mm] Stiffener width

thy = 10 [mm]  Stiffener thickness
Material: 527530

fysu = 275.00 [MPa] Resistance

Lower

hsg = 352 [mm] Stiffener height
bsd = 145 [mm] Stiffener width
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hsd = 352  [mm] Stiffener height

tha = 10 [mm] Stiffener thickness
Material: S275J0

fysu = 275.00 [MPa] Resistance

FILLET WELDS

aw = 6 [mm] Webweld

ar = 10 [mm] Flange weld

as = 6 [mm] Stiffener weld
ard = 5 [mm] Horizontal weld

MATERIAL FACTORS

™o = 1.00 Partial safety factor [2.2]
ML = 1.00 Partial safety factor [2.2]
M2 = 1.25 Partial safety factor [2.2]
M3 = 1.25 Partial safety factor [2.2]
LOADS

Ultimate limit state
Case: Manual calculations.

Mbied = 106.15 [kKN*m] Bending moment in the right beam

RESULTS

BEAM RESISTANCES

BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)

Wpb= 1383.40 [cm® Plastic section modulus EN1993-1-1:[6.2.5.(2)]
Mb,pi.Rd = Wolb fyb / ymo

Mbpird =380.44 [kKN*m] Plastic resistance of the section for bending (without stiffeners) EN1993-1-1:[6.2.5.(2)]
BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT

We= 1919.37 [cm® Elastic section modulus EN1993-1-1:[6.2.5]
Mecb,rd = Wel fyb / ymo

Mebrda = 527.83 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]
BENDING WITH AXIAL FORCE ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT
n= 0.00 Ratio of the axial force to the sectional resistance EN1993-1-1:[6.2.9.1.(5)]

Mnb,Rd = Mcb,Rrd (1 - n)
Mnb,rd =527.83 [KN*m] Reduced resistance (axial force) of the section for bending EN1993-1-1:[6.2.9.2.(1)]
FLANGE AND WEB - COMPRESSION

Mebra = 527.83 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]
hf = 415 [mm] Distance between the centroids of flanges [6.2.6.7.(1)]
Fe.ib,rd = Mcb,rd / ht

Fe,ra =1271.03  [KN]  Resistance of the compressed flange and web [6.2.6.7.(1)]
WEB OR BRACKET FLANGE - COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

B= 0.0 [Deg] Angle between the front plate and the beam

y= 25.0 [Deg] Inclination angle of the bracket plate

beftcwb = 266 [mm] Effective width of the web for compression [6.2.6.2.(1)]
Aw= 37.28 [cm?] Shear area EN1993-1-1:[6.2.6.(3)]
o= 0.82 Reduction factor for interaction with shear [6.2.6.2.(1)]
Geomed =60.45 [MPa] Maximum compressive stress in web [6.2.6.2.(2)]
kwe = 1.00 Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]
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Fc,wb,Rdl = [CO kwc beff,c,wb twob fyb / 'YMO] COS(’y) / sin(y - B)

Fewb,ra1 =1096.95  [KN]  Beam web resistance [6.2.6.2.(1)]
Buckling:

dwb = 208 [mm] Height of compressed web [6.2.6.2.(1)]
Ap = 0.93 Plate slenderness of an element [6.2.6.2.(1)]
p= 0.84 Reduction factor for element buckling [6.2.6.2.(2)]
Fewb,rd2 = [0 Kwe p Deft.cwb two fyb / ym1] cos(y) / sin(y - B)

Fewbraz = 922.97  [kKN]  Beam web resistance [6.2.6.2.(1)]

Final resistance:
Fecwb,Rd,low = Min (Fcwb,Rd1 , Fewb,Rd2)
Fewb,rdlow =922.97  [kN]  Beam web resistance [6.2.6.2.(1)]

COLUMN RESISTANCES

WEB PANEL - SHEAR

Mbiea = 106.15 [kN*m] Bending moment (right beam) [5.3.(3)]
Mb2,ed = 0.00 [kN*m] Bending moment (left beam) [5.3.(3)]
Vei,ed = 0.00 [kN]  Shear force (lower column) [5.3.(3)]
Ve2,Ed = 0.00 [KN]  Shear force (upper column) [5.3.(3)]
z= 407 [mm] Leverarm [6.2.5]
Vwp,ed = (Mb1,Ed - Mb2,ed) / Z - (Ve1Ed - Vez,ed) / 2

Vwped = 260.63  [kN]  Shear force acting on the web panel [5.3.(3)]
Avs = 57.33 [cm?] Shear area of the column web EN1993-1-1:[6.2.6.(3)]
Avc = 57.33 [cm?] Shear area EN1993-1-1:[6.2.6.(3)]
ds = 360 [mm] Distance between the centroids of stiffeners [6.2.6.1.(4)]
Mpiierd = 7.45 [KN*m] Plastic resistance of the column flange for bending [6.2.6.1.(4)]
Mpisurd = 2.06 [KN*m] Plastic resistance of the upper transverse stiffener for bending [6.2.6.1.(4)]
Mpistiird = 2.06 [KN*m] Plastic resistance of the lower transverse stiffener for bending [6.2.6.1.(4)]
Vup,rd = 0.9 ( Avs*fync ) / (V3 ymo) + Min(4 Mpierd / ds , (2 Mpife.Rd + Mpistu,rd + Mpi,sti,Rrd) / ds)

Vwprd = 872.01  [kN]  Resistance of the column web panel for shear [6.2.6.1]
pr,Ed / pr,Rd <1,0 0.30 < 1.00 verified (0.30)
WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

twe = 11 [mm] Effective thickness of the column web [6.2.6.2.(6)]
befriewc = 314 [mm] Effective width of the web for compression [6.2.6.2.(1)]
A= 57.33 [cm?] Shear area EN1993-1-1:[6.2.6.(3)]
o= 0.82 Reduction factor for interaction with shear [6.2.6.2.(1)]
ocomed = 0.00 [MPa] Maximum compressive stress in web [6.2.6.2.(2)]
kwe = 1.00 Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]
As = 28.90 [cm?] Area of the web stiffener EN1993-1-1:[6.2.4]
FeweRdl = © Kwe Deff.cwe twe fye / ymo + As fys / ymo

Fewerdr =1577.21  [KN]  Column web resistance [6.2.6.2.(1)]
Buckling:

dwe = 298 [mm] Height of compressed web [6.2.6.2.(1)]
Ap = 0.94 Plate slenderness of an element [6.2.6.2.(1)]
p= 0.84 Reduction factor for element buckling [6.2.6.2.(1)]
As = 3.38 Stiffener slenderness EN1993-1-1:[6.3.1.2]
xs = 1.00 Buckling coefficient of the stiffener EN1993-1-1:[6.3.1.2]
FeweRd2 = © Kwe p Deff.ewe twe fye / ym1 + As s fys / yma

Fewerdz =1451.33  [kN]  Column web resistance [6.2.6.2.(1)]

Final resistance:
Fewe,Rdlow = Min (Fc,wc,Rdl ’ Fc,wc,RdZ)
Fewerd =1451.33  [kN]  Column web resistance [6.2.6.2.(1)]

GEOMETRICAL PARAMETERS OF A CONNECTION
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EFFECTIVE LENGTHS AND PARAMETERS - COLUMN FLANGE

Nr m Mx e ex p leff.cp leff,nc leff,1 leff,2 leftepg  leffncg  leffig leff,2.
1 48 - 75 - 94 301 373 301 373 244 277 244 277
2 438 - 75 - 70 301 328 301 328 220 220 220 220
3 48 - 75 - 70 301 285 285 285 140 70 70 70
4 438 - 75 - 100 301 285 285 285 200 100 100 100
5 48 - 75 - 130 301 303 301 303 280 225 225 225

EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE

Nr m Mx e ex p |eff,cp |eff,nc |eff,1 |eff,2 |eff,cp,g |eff,nc.g |eff,l.g |eff,2.g
1 64 29 75 30 94 180 150 150 150 - - - -

2 64 - 75 - 70 402 419 402 419 271 279 271 279
3 64 - 75 - 70 402 350 350 350 140 70 70 70
4 64 - 75 - 100 402 350 350 350 200 100 100 100
5 64 - 75 - 130 402 350 350 350 331 240 240 240

m — Bolt distance from the web

Mx — Bolt distance from the beam flange

e — Bolt distance from the outer edge

ex — Bolt distance from the horizontal outer edge

p — Distance between bolts

left.cp — Effective length for a single bolt in the circular failure mode

leff.nc — Effective length for a single bolt in the non-circular failure mode

left,1 — Effective length for a single bolt for mode 1

lett,2 — Effective length for a single bolt for mode 2

left.cp.g — Effective length for a group of bolts in the circular failure mode

leftnc.g — Effective length for a group of bolts in the non-circular failure mode

left1,g — Effective length for a group of bolts for mode 1

leff 2, — Effective length for a group of bolts for mode 2

CONNECTION RESISTANCE FOR BENDING

Fira= 141.12 [KN]  Bolt resistance for tension [Table 3.4]
Bprda = 325.72 [kN]  Punching shear resistance of a bolt [Table 3.4]
Ft.fc,Rd — column flange resistance due to bending

Ftwe,Rd — column web resistance due to tension

FtepRd — resistance of the front plate due to bending

Ftwb,Rd — resistance of the web in tension

Fticrd = Min (Fr1fcrd , FT.20cRd , FT3/cRd) [6.2.6.4] , [Tab.6.2]
FtweRd = @ Defftwe twe fyc / ‘Ym0 [6.2.6.3.(1)]
Ft,ep,Rd = Min (FT,l,ep,Rd y FT,Z,ep,Rd ’ FT,S,ep,Rd) [6.2.6.5] y [Tab.6.2]
Ftwb,Rd = Deff,wb twb fyb / ymo [6.2.6.8.(2)]
RESISTANCE OF THE BOLT ROW NO. 1

Ft1,rd.comp - FOrmula Ft1,Rd,comp Component

Ft1,rd = Min (Ft1,Rd,comp) 264.41 Bolt row resistance

Ft,fc,rd(1) = 282.24 282.24 Column flange - tension

Ftwe,Rrd@) = 760.39 760.39 Column web - tension

Fteprd@) = 264.41 264.41 Front plate - tension

Bp,rd = 651.44 651.44 Bolts due to shear punching

Vwp,rd/p = 872.01 872.01 Web panel - shear

Fewerd = 1451.33 1451.33 Column web - compression

Feo,rd = 1271.03 1271.03 Beam flange - compression

Fewb,rd = 922.97 922.97 Beam web - compression
RESISTANCE OF THE BOLT ROW NO. 2

Ft2,Rd .comp - FOrmula Ft2,Rd,comp Component

Ft2,rd = Min (Fi2,rd,comp) 282.24 Bolt row resistance

STATIKN KAl OIKOVOUOTEXVIKN avaAuon Blounxavikou KTipiou
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Ft2,Rd.comp - FOrmula

Ftfc,rd(2) = 282.24

Ftwe,Rrd@) = 760.39

Ftep,rd2) = 282.24

Ftwb,Rrd2) = 939.40

Bprd = 651.44

Vuwprd/B - Y1t Fiird = 872.01 - 264.41
Fewerd - Y11 Fird = 1451.33 - 264.41
Fefo,rd - Y1t Fird = 1271.03 - 264.41
Fewbrd - Y11 Fjrd = 922.97 - 264.41
RESISTANCE OF THE BOLT ROW NO. 3
Ft3,Rd,comp - FOrmula

Ftz,rd = Min (Fts,Rd,comp)

Ftfc,rd@E) = 282.24

Ftwe,Rrd@) = 732.22

Ftep,rd@3) = 270.57

Ftwb,rd(3) = 817.18

Bp,ra = 651.44

Vuwprd/B - Y12 Fiird = 872.01 - 546.65
FeweRd - Y12 Fijrd = 1451.33 - 546.65
Fe,ford - Y12 Fjrd = 1271.03 - 546.65
Fewb,Rd - Y 12 Fij,rd = 922.97 - 546.65
Fife,Rrd3+2) - D22 Fijrd = 447.18 - 282.24
Ftwe,rd@ +2) - Y22 Fijird = 740.80 - 282.24
Fife,Rrd3+2) - D22 Fijrd = 447.18 - 282.24
Ftwe,rd@ +2) - Y22 Fijrd = 740.80 - 282.24
Frep,rd@+2) - 322 Fjrd = 422.68 - 282.24
Ftwb,Rd@ +2) - Y 22 Fijrd = 815.66 - 282.24
FrepRd@ +2) - 222 Frd = 422.68 - 282.24
Ftwb,Rd@ +2) - Y 22 Fijrd = 815.66 - 282.24
RESISTANCE OF THE BOLT ROW NO. 4
Ft4,Rd,comp - Formula

Fta,rd = Min (Ft4,Rd,comp)

Ftfc,rd4) = 282.24

Ftwe,Rrd@) = 732.22

FtepRrd@) = 270.57

Ftwb,rd4) = 817.18

Bprd = 651.44

Vuwp,rd/p - 318 Fird = 872.01 - 687.09
Fewerd - Y 1% Fjrd = 1451.33 - 687.09
Fe,ford - Y1° Fjrd = 1271.03 - 687.09
Fewb,rd - Y13 Fijrd = 922.97 - 687.09
Fuic,Rd@ +3) - 33° Frd = 352.33 - 140.44
Frwe,Rd@ +3) - Y 3° Fijrd = 481.99 - 140.44
Fuic,Rd@ +3+2) - 332 Fj,rd = 650.03 - 422.68
FrweRd@4 +3+2) - 3 3% Fijrd = 897.51 - 422.68
Fuic,Rd@ +3+2) - 332 Fj,rd = 650.03 - 422.68
FrweRd@4 +3+2) - 3 3% Fijrd = 897.51 - 422.68
FtepRrd@ +3) - Y3° Fjrda = 249.84 - 140.44
Frwb,Rd(4 +3) - 3 3° Fijrd = 397.38 - 140.44
FtepRd@ +3+2) - 332 Fijrd = 608.83 - 422.68
Frwb,Rd@ +3+2) - 3 3° Fijrd = 1049.41 - 422.68
FtepRd@ +3+2) - 332 Fijrd = 608.83 - 422.68

FtZ,Rd,comp
282.24
760.39
282.24
939.40
651.44
607.60
1186.92
1006.62
658.56

FtS,Rd,comp
140.44
282.24
732.22
270.57
817.18
651.44
325.36
904.68
724.38
376.32
164.94
458.56
164.94
458.56
140.44
533.42
140.44
533.42

Ft4,Rd,comp
109.40
282.24
732.22
270.57
817.18
651.44
184.92
764.24
583.94
235.88
211.89
341.55
227.35
474.83
227.35
474.83
109.40
256.93
186.15
626.73
186.15

Component

Column flange - tension
Column web - tension

Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression
Beam web - compression

Component

Bolt row resistance

Column flange - tension
Column web - tension

Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression
Beam web - compression
Column flange - tension - group
Column web - tension - group
Column flange - tension - group
Column web - tension - group
Front plate - tension - group
Beam web - tension - group
Front plate - tension - group
Beam web - tension - group

Component

Bolt row resistance

Column flange - tension
Column web - tension

Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression
Beam web - compression
Column flange - tension - group
Column web - tension - group
Column flange - tension - group
Column web - tension - group
Column flange - tension - group
Column web - tension - group
Front plate - tension - group
Beam web - tension - group
Front plate - tension - group
Beam web - tension - group
Front plate - tension - group

AinAwpartikn Epyacia Koopidn Xapahaunou
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Ft4,Rd.comp - FOrmula Fta,rd,comp Component

FrwbRd4+3+2) - »3% Fyra = 1049.41 - 422.68 626.73 Beam web - tension - group
RESISTANCE OF THE BOLT ROW NO. 5

Fts,rd,comp - Formula Fts,Rd,comp Component

Fis,rd = Min (Fis,Rd,comp) 75.52 Bolt row resistance

Ftfc,rds) = 282.24 282.24 Column flange - tension

Ftwe,Rrdi) = 760.39 760.39 Column web - tension

Ftep,rds) = 270.57 270.57 Front plate - tension

Ftwb,rd(s) = 817.18 817.18 Beam web - tension

Bp.rd = 651.44 651.44 Bolts due to shear punching
Vuwp.Rd/p - Y1* Fiird = 872.01 - 796.49 75.52 Web panel - shear

FeweRd - Y 1% Fijrd = 1451.33 - 796.49 654.84 Column web - compression

FemRrd - Y1* Fjra = 1271.03 - 796.49 474.54 Beam flange - compression

Fewb,Rd - Y 14 Fij,rd = 922.97 - 796.49 126.49 Beam web - compression

FticRd(s +4) - Y 4* Fjra = 463.36 - 109.40 353.96 Column flange - tension - group
FtweRds + 4) - Y 4* Fjrd = 801.49 - 109.40 692.10 Column web - tension - group
FticRds+4+3) - y4° Fyrd = 652.40 - 249.84 402.56 Column flange - tension - group
FtweRd(s + 4 +3) - »4° Frd = 904.28 - 249.84 654 .44 Column web - tension - group

Fifc,Rd5 +4+3+2) - »42 Fjrd = 910.53 - 532.08 378.46 Column flange - tension - group
FtweRds +4+3+2) - »42 Fjrd = 1109.87 - 532.08 577.79 Column web - tension - group

Ftep,RdG +4) - Y 4% Fjrd = 419.59 - 109.40 310.19 Front plate - tension - group

Fiwb,Rd( + 4) - Y 4% Fijrd = 794.28 - 109.40 684.88 Beam web - tension - group

Ftep,Rd +4+3) - 34° Fijrd = 595.59 - 249.84 345.76 Front plate - tension - group

Ftwb,Rd(s +4 +3) - 3 4° Fird = 957.90 - 249.84 708.07 Beam web - tension - group
Frep,Rd+4+3+2) - > 4% Fird = 842.27 - 532.08 310.19 Front plate - tension - group
FtwbRd5+4 +3+2) - > 42 Fijrd = 1609.94 - 532.08 1077.86 Beam web - tension - group
Additional reduction of the bolt row resistance
Fisrd = Fr2rd hs/h2
Fis,rd = 65.92  [kN]  Reduced bolt row resistance [6.2.7.2.(9)]
SUMMARY TABLE OF FORCES

Nr hj Ftj,rd Ftfc,rd Ftwe,Rd Ft.ep,Rd Ftwb,Rd Ft,rd Bp,rd

1 462 264.41 282.24 760.39 264.41 - 282.24 651.44

2 352 282.24 282.24 760.39 282.24 939.40 282.24 651.44

3 282 140.44 282.24 732.22 270.57 817.18 282.24 651.44

4 212 109.40 282.24 732.22 270.57 817.18 282.24 651.44

5 82 65.92 282.24 760.39 270.57 817.18 282.24 651.44
CONNECTION RESISTANCE FOR BENDING M;rd
Mijrd = Y hj FijRrd
Mird = 289.94 [KN*m] Connection resistance for bending [6.2]
Mb1,ed / Mjrd < 1,0 0.37 < 1.00 verified (0.37)
WELD RESISTANCE
Aw = 202.61 [cm?] Area of all welds [4.5.3.2(2)]
Awy = 162.70 [cm?] Area of horizontal welds [4.5.3.2(2)]
Anz = 39.91 [cm? Area of vertical welds [4.5.3.2(2)]
lwy = 55242.78 [cm* Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)]
Glmac=Timax = 32.95 [MPa] Normal stress in a weld [4.5.3.2(6)]
G1=TL = 26.70 [MPa] Stress in a vertical weld [4.5.3.2(5)]
= 0.00 [MPa] Tangent stress [4.5.3.2(5)]
Bw = 0.80 Correlation coefficient [4.5.3.2(7)]
V[o1max® + 3*(t1ma®)] < ful (Buw*ym) 65.90 < 360.00 verified (0.18)
\[o12 + 3*(t2+m2)] < ful (Bw*ym2) 53.40 < 360.00 verified (0.15)
oL < 0.9*fulyme 32.95 < 259.20 verified (0.13)
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CONNECTION STIFFNESS
twash = 4 [mm] Washer thickness [6.2.6.3.(2)]
hhead = 14  [mm] Bolt head height [6.2.6.3.(2)]
hnut = 20  [mm] Bolt nut height [6.2.6.3.(2)]
Lo = 64 [mm] Boltlength [6.2.6.3.(2)]
kio = 6 [mm] Stiffness coefficient of bolts [6.3.2.(1)]
STIFFNESSES OF BOLT ROWS

Nr hj ks ka ks Keff,j Keft, hj ket hj2

Sum 21.38 792.28

1 462 5 14 46 2 10.39 480.30

2 352 5 12 7 2 6.01 211.74

3 282 2 4 2 1 1.78 50.12

4 212 2 6 3 1 1.83 38.78

5 82 5 13 7 2 1.38 11.34
Kertj =1/ (33% (1/ ki) [6.3.3.1.(2)]
Zeq = z, keff,j hj2 / Zj keff,j hj
Zeq = 371 [mm] Equivalent force arm [6.3.3.1.(3)]
keq = Zj keff,j hj / Zeq
Keq = 6 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(1)]
A= 57.33 [cm?] Shear area EN1993-1-1:[6.2.6.(3)]
B= 1.00 Transformation parameter [5.3.(7)]
z= 371 [mm] Lever arm [6.2.5]
ki= 6 [mm] Stiffness coefficient of the column web panel subjected to shear [6.3.2.(1)]
kz = ) Stiffness coefficient of the compressed column web [6.3.2.(2)]
Sjini = E Zeq? / 3i (L / k1 + 1/ k2 + 1/ Keq) [6.3.1.(4)]
Sjini= 83966.70 [kN*m] Initial rotational stiffness [6.3.1.(4)]
p= 1.00 Stiffness coefficient of a connection [6.3.1.(6)]
Sj = Sjini / n [6.3.1.(4)]
Sj= 83966.70 [kN*m] Final rotational stiffness [6.3.1.(4)]
Connection classification due to stiffness.
Sirig= 25697.39 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Sipin= 1606.09 [kN*m] Stiffness of a pinned connection [5.2.2.5]
Sj,ini > Sjrig RIGID
WEAKEST COMPONENT:
COLUMN WEB PANEL - SHEAR
Connection conforms to the code Ratio 0.37

Eikova 5.37 : AnoteAéopaTta aUvdeonc dokoU NUIWPOPOU HE UNOCTUAWKA
AinAwpartikn Epyacia Koopidn Xapahaunou E.M.M. 2023



6 OIKONOMOTEXNIKH ANAAYZH

6.1 EIZArQrH

O xaAuBag sivar pia npwTn UAN nou €xel onuavTikd KOOToG. TNV Xwpd Hag, o XaAuBag nou
XPNOIKOMOIEITAl yIa TNV KATAOKEUN HETAAAIKWV KTIpiwv €ival gil0aydevog, KabioTwvTag Tov apKeTd
danavnpo w¢ NpPo¢ TNV UAoMoinon Twv KATaokeuwv. 2 autd To kepdhaio Ba avalubei n enmppor| nou
EXEl O TPOMOG KATAOKEUNC, €mIAoynC OIaTOPWV Kal TpOno¢ GCUVOECHOAOYIQG OTOV  GUVOAIKO
npoUnoAoyiopd Tou KTIpiou, kKaBWwG niong kal To NWG eNnPEAdeTal  n TIUN Tou XaAuBa anod naykoouia
yeyovoTa (navdnuia, noAepog Oukpaviag) To onoio akoAoUBwG ennpedlel To KOGTOG TWV HETAAIKWOV
KATAOKEUWV.

6.2 ANAAYZH KOZTOYZ KATAZKEYHZ

O TpdNog nou dlIacTACIOAOYEITAl KAl O TPOMNOG OUVOEDNG TwV MEAWV €VOC KTIpiou Nailel eyalo poAo aTo
OIKOVOMIKO aVTIKTUMO TOU (POpEQ.

OIKONOMIKH ANAAYZH KTIPIOY

Koéotog petadopag,
avéyepon dpopea
15%

Kbéotog mpwtng UAN
Eneepyaoiac, ( xaAuBag, koxAleg
KTA)
55%

petamoinong
XaAuBa
30%

Eikdva 6.1:EvdeikTikO S1Aypapa NoocoaTiaiag OIKOVOUIKNG avaluong KTipiou

STATIKM Kal OIKOVOUOTEXVIKI avaAuon BloygnxavikoU KTipiou
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>1nv Eikdva 6.1 napouaoidleTal n NoooaTiaia OIKOVOUIKN avaAuaon evog KTIpiou. Ta NooooTd EXouv
dlaywpIOTEl O Tpia TUAKATA :

a) KoaoTtog npwtng UANG (XaAuBac, KoxAieg K.T.A.)

b) KdoTocg eneepyaciacg kar yeranoinong xaAuBa

c) KooToc HETapopac kal aveyepons Ppopea

O xaAuBag xwpiletal oe 3 noidTnTeG S235, S275 kai S355. H oikovopikn diagopd PETAEU Twv 3
noloTATWV €ival 3% n pia ané v dAAn. ZTo oTaTIKO MPOCOHOIMKA TOU BIOUNXAVIKOU KTIpiou
Xpnoigonolnenke xaiupag S275.

O1 noIdTNTEG TWV KOXAIWV €ival pia onuavTikh NapdueTpog eMIAOYNG yia TNV WETAAANIKN KATAOKEUN.
JuvneeIg TIMEC noIOTNTAC TV KOXAIWV UYPNANRG avtoxng ivar 8.8 kar 10.9. H oikovopikiy diagopa
avapeoa o auTeg TIC OUo KaTnyopieg KoxAIWV gival NoAU onuavTikn kal avépxetal o€ 127% . MNa Tn
dlagTaaioAdynon Tou eEeTalOpevou BlopnxavikoU KTipiou sMIAéEXBnkav KoxAiec noidTnTag 8.8 kai yia Ta
aykupia Bepeliwong noiotnTa 10.9.

>NUavTiko pOAO OTNV OIKOVOUIKI avaAuon evog BlounxavikoUu KTipiou €xel n diaoTacioAdynon kai n
emioyn OIaTOU®VY, MOU €KTOC and Tnv KaTnyopia NolidTNTAg Touc, ONUAvTIKr EMIPPON €XEl Kal 0 TUNOG
OlIaTOMNG, ONWC Kai n dIaBeadIuOTNTA TWV UAIKWV OTNV ayopd, €I0AAM®G To KO6oToG Ba au&nBei o noAU
deyaho nocooTtd pe mBavotTnTa Unapéng kabuoTepriong npoundeiag UAikoUu nou Ba odnynoel ot
kabuoTEpnon enegepyaaiag Tou. Na Tov QpopEa TNG Epyaciac CUVEKTIUNONKav ol napanavw AOyol Kai yia
auTo xpnaigonoinénkav diaTopéc HEA, IPE kai SHS nou ival diab£aipol aTnv ayopd, Kal o TUNoG autog
Twv diaTop®V dev au€avel onuavTika To KOOTOG,.

'Evag dMog napayovTtag nou ennpeadel onuavtika To KOOTOG TOU BIOUNXAVIKOU KTIpiou aAAG Kal TwV
METAAIK®V KATAOKEUWV €ival 0 napdyovTac ene€epyaaciac kal YETANOINONG TOUG. 2€ AUTO TO ONUEIO
EKTOC and To KOOTOG Napaywyng naifel poAo o TpoONo¢ ouvdeons TwV PeEAwV PETAEU Touc. ‘Ogo nio
OUOKAMNTEC YivovTal Ol CUVOETEIC, TOOO MEPICTOTEPO AUEAVETAI TO KOOTOC AOYW WeyaAUTepou Xpovou
ene€epyaoiag (NePIOOOTEPEC OUYKOAANOEIG), MG kal Adyw anaitnong yia Katavalwon nepiocgoTePNC
noodTNTag UAikoU (nepiocodTepn npwTn UAN). To yeyovoc auTtd pnopei va odnynoel os al&non Tou
ouvnBIoPEVOU KOOTOUC £we Kal navw ano 30%. AOYw auTnc TNG NAPAPETPOU, 0 TPOMOC OUVOEDNG TOU
Blounxavikou KTipiou €yive Baoel Twv Eikovwv 5.20, 5.21, 5.23, 5.24, 5.26, 5.27, 5.29, 5.30, 5.32, 5.33,
5.35, 5.36 nou avaAuoape oTo KepaAaio 5.10.

TéNog, €vag akopa napayovTag nou ennpeddlel To TEAIKO kKOOTOC TNG KATAOKEUNG gival N JETAPOPA Kal N
aveyepon Tou gopéea. H TonoBeaia ( av undapyel eukoAn npdoBacn r) Ox1), 0 TPOMNOG nou Ba perapepbolv
Ta UAIKA, 0 apiBuog Twv dpopoloyiwv nou Ba anairnBoulv yia va JeTapepBouv OAa Ta PEAN, aAAG kal o
XPOVoC nou Ba xpelaaTei va Xpnoiponoindsi yepavog yia Tnv avéyepan, kabopilouv TOV OUYKEKPIPEVO
napayovra.

'Onw¢ avapepBnKe NponyoupEvwe, yia Tnv EAAada o xahuBag eival pia sioayopevn npwtn UAN. Autod
TO KaBIoTA oav npoidv 1Id1aiTEPa €uaiobnTo WG NPog TNV dlakupavon TnG TIMAG AOyw NapayovTwy nou
ennpeadouv TNV NaykooUia OIKOVouid.

O1 napayovTeg Onwc n navonuia, o NoAepog Tng Oukpaviag kai n TepdoTia {ATNoN O NPWTEG UAEC
ano Tnv Kiva €xouv dnuioupynoel Ta TEAEUTaia Xpovia Jia ONUAvTikn avodo TwV TIHMV.

>tnv Eikéva 6.2 napouaialetail n diakUpavaon Twv TIHOV dIaXwpPIoHEVO O 4 NePIGDOUG :
I.  Nepiodo npo navdnuiag
II.  Nepiodo navdnuiag
III.  Nepiodo noAéyou Oukpaviag
IV.  Znuepiva dedopéva
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Kootog XaAuvBa (€/kg)

@ Mpomavénuioag  ®@MNavdnuia & Molepog Oukpaviag @ Znuepwva dedopeva

Eikova 6.2: Aidypappa diakupavong KOoToug XaAuBa ava nepiodo

OI TIPéG TNG €1kOVAG 6.2 gival and TIHOAOYNON ToU UAIKOU OTIG NEPIOSOUG AUTEG anod €Talpeia npopnoeiag
XaAuBa otnv ayopa.

TIUEC ENEEEPYAOIAC Kal aveyepont (€/kg)

EMpo mavénuiag  ®@MNavénuio & NoAepog Oukpaviag B EInuepva Sedopéva

Eikova 6.3: Aldypappa €EENIENG KOOTOUC eNeEepyaaiag Kal avéyepong HETAAANIKOU (popEa

STATIKN Kal OIKOVOUOTEXVIKI avaAuon Blounxavikou KTipiou
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Tiun naveh neTpopaupaka (€/T.4.)

@ MNpomavénuia  ®@MavéAuia & MoAepog Oukpaviag B EInuepwva Ssdopéva |

Eikova 6.4: Aiaypappa EENENC kooToug MNaveA MeTpoBappaka

Mavw oTta napanavw Oedopéva Twv Eikovwv 6.1 €wg 6.4  €yive Wia npooeyyion Tou
Blounxavikou KTipiou nou d1acTacioAoynBinKe G NPOC TO OIKOVOMIKO TOU KOOTOG. To KTiplo
npopeTpnonke 185000kg xaAuBa kai 2900T.u. naveA nerpoPfappaka 100mm nAayiokaAuyng

Kal 0poPng.
K(')OTOQ BLO}JI’]XGVLKOU KTLPpLoOU
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) Mo .
Mpo ravénpuia Mav8nuia @ suc?q unspt'va
Oukpaviag AsSopeva
e X AU PG 240500 462500 592000 434750
el [lQvEN TLETPOPOpPaKa 58000 63800 75400 87000
s T JVOALKO KOOTOG 258500 526300 667400 521750
Axis Title
e XOAUBQC sl [Tove RETPOPOAPPAKA st TYVOAIKO KOOTOG

Eikova 6.5: KooTog BloynxavikoU KTipiou (TIUEG o€ €)
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H eikova 6.5 deixvel Tnv EENIEN TOU KOOTOUC TOU BIouNXavikoU KTipiou nou 81a0TAcIOAOYRONKE.
AlanioTwVETal N YEVIKOTEPN AUENCN TOU KOOTOUC KATATKEUNG, AOY®w TNG NPWTNG UANG aAAG kal AOyw Tou
nAnBwplopol, o omnoioc eninAéov aufavel kal To KOOTOC €MEEepyaciac Kal aveyeponG Tou (PopEd.
Ei0IkOTEPA TNV NEPiodo Tou NOAEPOU NapaTnERdnKe n peyaAlTepn au&naon Tou GuvoAikoU kKOGTOUC Kal
OUYKEKPIMEVA oToV XAAUBa kal auTto ogpeileTal aTo yeyovog OTI n Oukpavia kal n Pwaia €ival ol Xwpeg
Mou Napayouv PeYaAeg noooTnTEC XAAUBa, TIC onoisc npounBeueTal n EANada.

STATIKN Kal OIKOVOUOTEXVIKI avaAuon Blounxavikou KTipiou
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7.TENIKA ZYMMNEPAZMATA

And Tnv evacxoAnon pag pe Tnv napoloa dINAWKATIKA £pyaacia, npogkuwav npoBAnuaTiopoi doov
agopa TNV owaTn avaiuon kai dilacTacioAdynon evog Biounxavikol KTipiou, 600 Kal Thv onuacia
TNG d1a0TACIOAGYNONG YIa TO BEATIOTO dUVATO ANOTEAECHA OTOV OIKOVOHUOTEXVIKO TOPEQ TOU (POPEQ.
O1 npoBAnuariopoi autoi, &EnepaoTnkav PETA aAnoO OUVOUAOMO YVWOEWV Kal OEEIOTHTWY MOu
anokTnénkav, Tooo Katd Tnv JIApKeId Twv onoudwv Jag, 6o kal JETA anod NPOCWIIKr EVACXOANGN
pag yia Tnv eUpeon TnG evdedelyevng diadikaaiag eniAucnig Toug. TeAkd, Ta oupnepacuaTa orta
onoia kataAn&ape eival Ta €Eng:

AOoyw Tou MikpoU 1diou BApoug Twv OTOIXEIWV Tou PIOUNXAVIKOU KTIpioU Kal Tng
avOeKTIKOTNTAG ToU XAAUPBA w¢ OOMIKOU UAIKOU Ta PETAAAIKAG KTipia €ival mio €UEAIKTA WG
KATAQOKEUEC ano avTioToIXd KTipia OonAIOPEVOU OKUPODJEPATOC oTn oxediaon 000 Kal TNV
QVTIHET®MION TWV POPTIWV.

Ta peTal\Ika kTipia AOyw TNG TUNONoinong Twv dIATOPWY 000 KAl TNV NPOKATACKEUN TWV
MEAWV TOUC KaTaokeualovTal O OXETIKA YPNYOPOTEPO XPOVIKO dIdaTnua.

AOyw Tou uwnAoU KOGTOUG Tou XAAuBa ,n emAoyr Tou (popEa Kai n HOpQPomnoinar) ToU £YIVE
HE KPITHPIO TNV OIKOVOMia Tou UAIKOU.

H emhoynl Tng noidtnTac xaAuBa Oev ennpedlel OnUAVTIKA TO KOOTOG KATAOKEUNG
METAMIKOV KTIpiwv, aAAa kabopilel o onuavTikd Babuod Tnv acpaAela kai TV avToxr Tou
KTIpiou.

H enmiloyr| TNG NoidTNTAC TwV KOXAIWV eNnpeadlel €i00U ONUAVTIKA TO KOOTOG KATAOKEUNG
Kal TNV aoPAAEla Kal avTox TWV OUVOECEWY TWV HEAWV TOU (POpEQ.

To kOOTOC Mpoundeiac Tou XAAuBa Kal €MOMEVMC TO OUVOAIKO KOOTOC KATAOKEUNG
ennpedleTal and naykoopia yeyovoTd, Kabwc o XaAuBag w¢ npwTn UAN gival El0ayOUEVOC,
'0O00 N0 MEPINAOKOC gival 0 TPOMOC KaTaokeung ( ouvdeopoAoyia ) nou odnyei ot
nepIoodTEPO XPOVO eneEepyaaniag TOOO PEYAAUTEPO ival To KOOTOG TOU TEAIKOU NpPoidvToC.
2€ KGBe nePINTWON OTOXOC £ival N UAOMOINGT KATAOKEUWY HE HIKPOTEPO OUVATO KOOTOG
Xwpic va napaBAEnsTal n acpdieia.

STATIKM KAl OIKOVOUOTEXVIKN avaAuan Blounxavikou KTipiou
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