METZOBIO I'IO/\YTEXN EIO

>XOAn I'!@!)\lTchov Mnxa\"/TK(f)v/ A o
Epyaotnpio M W#ETCIM&K(D\Q KCITCIUKEHU(DV
Ny ¢ [ > b
iy g g
/BE N SISO |

¢ mm - : oy L]

¥ .
-

'l .y - L -

R

T BAZIKE2 APXE2 KAI I'U}PAAEII'MATA'
2XEAIAZMOY KATAZKEYS!N ENANTI EKPH EQN

EruB)\snwv ;Xéﬁgrawéq, KaBnyntnc, EBvikd MeTaoBio MoAuTtexveio :
V4M|xa)\r]q (XGTCI’]I(,OGWOU EpeuvnTnc - Mnxavikoc, Protection Engineering Consultanl ts.'

nr“‘@ﬂh



EONIKO MET20BIO MNMOAYTEXNEIO
>x0oAn MoAITIKwV Mnxavikwv

EpyaoTtnpio MeTtaAikwv KaTaokeuwv

BAZIKEZ APXEZ KAI NAPAAEINMATA
2XEAIAZMOY KATAZKEYQN ENANTI EKPH=EQN

MeTanTuyiakn Epyaoia
M.A.E. AopooTaTIkOg oXedIaoUOG kal avaAuon TwV KATAGKEUWY

OpéoTnc Iwavvou

EMK ME 2017/02

EniBAEnwv: Xapng Mavteg, Kabnyntng, EBvikd MeTooBio MoAuTeyveio

ZuveniBAEnwv: MixaAng Xatniwavvou, EpeuvnTig - Mnxavikog, Protection
Engineering Consultants

ABryva, Mapriog, 2017



Copyright © OpéoTng Iwavvou, 2017

Me enipUAagN NavTog SIKAIMKATOG

AnayopeUeTal n avTiypa®ry, anobnkeuan o apxeio nAnpogopiwy, diavour, avanapaywyn, HETApPaon
N WeTadoon TnG napoloag €pyaociac, €€ OAOKANPOU N TUAMATOG AUTNG, YIa EMMOPIKO OKOMO, unod
onoladnnoTe Jop@r Kal JE onolodnnoTe HECO EMIKOIVWVIAC, NAEKTPOVIKO 1 WNXAVIKO, XWpIG Tnv
nponyouuevn £yypagn adeia Tou ouyypagéd. EmTpeneTal n avanapaywyn, anobrikeuon kai diavoun yia
OKOMO M KePOOOKOMIKO, EKNAIOEUTIKNG I €PEUVNTIKNG (UONG, und Tnv NpolnoBeon va avagepeTal n
nnyr NpPogAEUoNG kal va diaTnpeiTal To Napov unvupa. EpwTtriuara nou agopolv oTn Xpnon Tng
epyaoiag yia kepdookonikd akonod MPENEl va ansubuvovTal Npog Tov ouyypaged.

H £ykpion Tng JINAWMATIKNG €pyaaiag anod Tn ZxoAr MoAiImkwv Mnxavikov Tou EBvikou MeToofiou
MoAuTexveiou dev UNOdNAWVEI anodoxr Twv anowewv Tou cuyypagea (N. 5343/1932, Apbpo 202).
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EuxaploTiec

To euxaploTw €ival pia eUKoAN AEEN va Tnv neic aAAd dev navel va gival napd Kovo pia AEEn. To Bapog
nou £xel dev Pnopei va To onkwael. Asv avTexel dnAadn oUTe To idIo BAPOG TNE ONwG Ba Aéyape eUEiC ol
noAITikoi unxavikoi. To nepiepyo Opwg givar 0TI TNV Aéve OAol kal €ival id1a yia OAEC TIG NEPIOTACEIC, AVTE
va npooTedei kal &va noAU aTo TéAoc. Kal £1a1 va yivel “euxapiot® noAU”. Nahi, opwc, ocuvdualeTal o
OAEC TIC NEPIOTACEIC, TO iDI0 UXAPIOT® Ba Nw OToV AvBPWNOo Mou PEPVEI TO (PaynTo Mou naphyyeiAa
€0w Kal wpa Kai 1o idlo euxaploT® Ba nw o€ 6AOUC TOUC UNOAOINOUC. Oa To NAw, AoINov, Xpovohoyika:

MAnoialel o ®eBpoudpiog Tou 2015 kal okEPTOMAl TI VA KAVW APECWE YETA TO SinAwpa. Na kavw aitnon
yId JETANTUXIAKO OTO £EWTEPIKO, iI0WC va Naw oTpaTtd arAd anod Tnv aAAn dev Exw 10€a Kail Nolo €ival To
endyyeApa Tou pnxavikou otnv npdén. Eiyal ota 4.5 xpdvia Tou SINAQMATOG Kal EXw TEAEIWOEI KAl HE
Ta PHadnuaTa you kai Pe Tn dINAwPaTIki epyaoia. 'ETal Aéw OTI 00 oI CUPPOITNTEG ou npoonadolyv va
TeAsiwoouV eyw Ba EekoupaoTw kal Ba anopaciow Ti va kavw. Kanou ekei Bpioketal To Tdpupa Qvaon
TO onoio €xel opioel NpoBeapia arrnoswy nepi To TEAoG PeBpouapiou. ZneUdw, Aoindv, va anopacion
Kal A€w OTI ayanaw 1600 MNOAU TN XWPd KOU NMou NPOTIH® VA KATOW 0w WEXPI KAl yId TO JETANTUXIAKO,
apkei va pnv €ival anAwg pia papkida.

'ETOI, Kpivw OTI TO OUYKEKPIPEVO JETANTUXIAKO €ival KATI nou a&idel kal Ox1 kATl nou Ba xpnoiyonololoa
YIa va cUPNANp®Wow To BIoypapikod Wou. Tehika, To Idpupa Qvacn To kalokaipl Tou idlou XpOvou Hou
XOPNYEI TNV unoTpogia kai EEKIVK) va oKEPTopAl NWE ano Tn Osaoalovikn nou cnoudala Ha nNaw os pia
ABriva otnv onoia dev &pw oxeddv kavevav. To Bripa €yive kal NTav dUOKoAo kabwg Enpene va Bpw
oniTI Kal va To QTIAEW. H ouvelo@opa Tou IdpUNAaTog ival TOGo GnUavTIKr, MOTE va Nw 0TI diXWE auTo
Oev Ba €kava noTE To PeTanTuxiako. Euxapiot®, Aoindv, noAl. Euxapiotw kal Tov Kadnyntr Iwavvn
Wuyapn o onoio¢ wg oUPBoUAOC anoudwv Pou PE BorBnaoe os auTo.

>TnVv nopeia Tou PETANTUXIakoU kavw noAAoUC gihouc alAa Eexwpilw duo. Tov MNwpyo kai Tov Mavvn.
M£oa and autoug yvwpilw kal Tov KaBnyntn pou, Tov Xapn FavTeé. 2To paénud Tou GTo PETANTUXIAKO
Kavape pia opadikn €pyacia kal PJou €ixe NPokaAEoel EKNANEN TO YEYOVOG OTI AuTOG 0 avBpwnog EXel
unePBONIKEC EvaoXoAnoeIc aAAd nap’ OAa auTda npoAaBaivel Ta NAVTA ENITUXWC.

'ETol, Tou {NTw va avaAdBel Tn PETANTUXIGKR WOU €pyacia kal pou npoTeivel To €Eéxov Béua Twv
EKPNEEWV OTA KTipla To onoio €ival enikaipo, o€ EPEUVNTIKN AIXUN) KAl anapaitnTo €8vikd, apou n EAAada
£X€l EVTOVN TPOUOKPATIKA dpacTnpIOTNTA, Kia ano TIG JeyaAUTEPEG OTov KOOWO. MANIOTa, Hou yvwpilgl
Tov MixdAn Xatlniwdavvou o onoiog epyaletal oTig H.M.A. navw OTO AVTIKEIHEVO TV ekpn&ewv. O
MixaAng pe BonBder 101aiTEPA Kal e KAvel va kaTaAdBw NoAAd npdypaTa kai OAd auTtd €€ anooTAoEwg
XWPIC va PE EXEl YVWPIOEI MNOTE Ano KOVTA. € guxaploT® MixaAn, noAU. EnminAfov, pou yvwpilel Thv
unownela d1dakTopd Tou Kwvotavriva Kouhdtoou nou e PBonBdasl o B£uata npooopoinong. €
EUXApPIOT® Kal geva KwvaoTtavTiva, noAU. Mevikwg, Pou yvwpilel oAU kOoHo népa and To yeyovog OT
aoxoAeiTal o id1o¢ Npoownikd. AKOUN Kal TWPa nou Ypapw TIG EUXAPICTIEC, NNYAiVW OTO YPAgeio Tou
KadnuepIva. Zac euxapioT®, K. Favte, noAu, yia oAa.

'OPwG, Oev EEXV Kal TOUC UMOAOIMOUC, T EUXAPIOTW €ival QUTOVONTA YIa TOUC YOVEIC Jou Kal yia Tov
MIKpO Hou adepO, 0 ornoiog dev NpENEl va £XEl NAPANovo Kabwe Tou aiEépwad ndn To dinAwpda pou
aTov OpKo. AuaTUXWCG, OEV €ixa TNV EUKAIpia va aPIEPWOW Kal TNV TOTE JINAWWATIKN EpyaAcia og Kavévav
kabwg nTav opadikr. OnNdTe, TWPA Nou £Xw TNV gukaipia 6a aPIEp®WOowW Tn PETANTUXIAKN HOU €pyacia
OTOV MNP®NV CUPPOITNTI HMOU Kal KAAUTEPO Hou @iAo Xapn Kapunmidn o onoiog eival otnv
AAeEavdpolnoAn kai pou Aginel. ac aprivw Twpa yiati Ape n napayyehia pou. KaAr avayvwaon.
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MNEPIAHWH

O1 BOUPBICTIKEC TPOMOKPATIKEC ENIBETEIC WE TNV NAPOJO TOU XpOVOU OAO Kal auEavovTal evw ol EMIBECEIG
ME oudBaTIKEC PeBOBOUC nepiopifovTal nMia aPoU PECW TwV EKPNEEWV £vag ev OUVAMEI TPOUOKPATNG
ouvartal va npokaAégel OKANPOTEPO anoTEAEOPa HE AlyOTepo kOMo. MapAaMnAa, ol ekpnEeic Adyw
aTuXNUATWV Napauévouv oTabepec we Kivduvoc. 'ETal, To npoPANUa Twv ekpriEwV NApapEVEl HOVIMa
oTNV €NIKaIPOTNTA AAUBAVOVTAG XWPA TOOO OE AVANTUYUEVEC OGO KAl OE AVANTUGCOUEVEG XWPEG EVW
10iw¢ oTnv EANGda KaTéxel hia ek Twv UPNAOTEPWV BETEWV NAYKOOUIWE. Q0TO00, N dpdon TwV eKprEEWY
anod Tnv NAEUpa evog Unxavikou noTe dev gixe eupl nedio epappoyng otnv EAAGda. 'ETal, n yvoon oTo
OUYKEKPIMEVO QVTIKEINEVO €ival NEPIOPIOUEVN KABWC UNMAPXav MEPIOPIOUEVEC €PAPUOYEC MOU va TV
anairouv. MAéov, OpwC, n katdoTaon autn aAalel piIdika apou n Ekpnén anoTeAei pia ouvrndn dpdon
nou €xel BapuvovTa poAo o< £va €pyo KaBwG KMopei va Kpivel TNV TEAIKN dlagTaclioAdynon Evog Qpopéea.
O 0 Tpdnoc dpdong TnG €ival dIAPOPETIKOG and AUTOV TOU CEIOUOU I TOU AvEPOU Kal JE AUuTOV ToV
TPOMo anokTd 181aiTeEpn onuacia aTov TPOMo YOpPwang evog oTaTikoU cuoThHUAToC. Evw, evdlapEpov
€ival To yeyovoc OTI To BEpa TWV EKPAEEWY €ival 0TeVA OUVOEDEPEVO WE TNV KoIVwvia TOGO Uno Tn okonid
TNG TPOHOKPATIag 600 kai und Tnv okomid TwV AaTuXNUATwV Nou odnyouv Ot eKPnEEIC KaBWC Kal OTIC
OUo nepINTWOEIC BapUvovta poAo nailel o avBpwnivog napdyovrag kai oxl Ta Quolka gaivoueva. H
napouoa WPETANTUXIAKA €pyaacia, AoInov, £PXETAl va NApoucsIidcel TIG BacikEG apXEC nou JIEMOUV TNV
¢kpnén w¢ Opacn kai va napdoxel Ta kKatdAAnAa epddia yia Tov oxediaoud evog Epyou o€ €kpnEn. Ta
€QOdIa auta peta@palovral TOoo Ot epyaleia, OoNwg TUNOAOYIA, Nivakeg kal diaypduuara 6oo kal o€
EQAPUOYEC anAonoinuéveG ala kal ouvBeTec. OI EPApUOYEC QUTEC BpioKovTal OTNV dIXUn Twv NAEOV
enikaipwy TEXVOAOYIKWV Npoanadsiwv yupw and Tnv Ekpnén. ‘ETal, yivetal uBaduvon Twv TEXVOAOYIKWOV
YV@oewV oTo nedio Twv ekpri&ewv nou ival €éva and Ta nAgov peifova npoBANuATa Tng Kolvwviag eve
yivetal kal oUykpion Twv YeBOdwY avaiuong piag €kpnénc. H diadikacia ival duoxepnc agou Ta Bacika
oXedIaaTIKA epyaleia npooTaTeloVTal ECWTEPIKA ANO TIG XWPEC NMou Ta napdyouv, woTOC0 NPOTEivovTal
TEXVIKEC Mou divouv Tn duvaToTnTa avaluong onoloudnnoTe €idouG Popea O EKPNEN HE EVAAAAKTIKA
péEaa.
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ABSTRACT

In the course of time, terrorist attacks using explosives keep increasing while conventional methods of
attacking are limited. A potential terrorist has the ability to cause a more severe result with less effort
through bombing. Simultaneously, accidental explosions are still a lurking danger. So, explosions are
constantly on the news regarding both the developed and the developing countries while Greece
specifically holds one of the highest positions in the list of the top rankings worldwide. However, from
an engineering perspective, explosions never had actual application to greek projects. So, knowledge
regarding explosions is limited since there were only few applications to demand it. Nevertheless, blast
has become a common action nowadays and plays a significant role since it can determine the final
design geometry and section properties of a structure. Furthermore, explosion is of paramount
importance for the structural system as it has a different mode of action from the earthquake or the
wind. An interesting fact is that explosions are closely related to society regarding both terrorism and
accidents since the human element plays a key role and not the natural phenomena which apply to
most occasions. So, this master thesis’ main aim is to answer the most common questions regarding
this issue, to present the general principles that form the action of explosions and to equip the potential
designer with proper tools for structural mechanics use. More specifically, these tools are formulas,
tables, diagrams and applications, both simple and complex. The applications do not only have
educational side but also focus on current research since they are at the technological edge of the field
of explosions. As a result, this thesis is an effort to enforce the technological knowledge in the field of
explosions which is one of society’s current needs as well as to present a comparison of the analysis
methods of a structure subjected to blast loads and the designation of the most appropriate ones.
However, the main methodologies are protected in terms of research and design for internal safety
reasons in countries which have developed this type of technology. So applying an explosion to a
structural element has become a tedious procedure and thus this thesis is a gives a large variety of
examples and alternative tools in order to extract structural behavior under blast loading since the most
commonly used tools worldwide are not disclosed to other countries such as Greece.



