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IHepidnyn

H mieon mov déyeton po katookevr] A0y pog eEmteptkng €kpnéng, etvar molv
peydiov peyéBouvg ko modd pikpng dwapketoc. H kpovotikny avthy @dption, vroroyileTon,
YPNOCLOTOUDVTAG YPOVIKES avorvoels. TTo cuykekpiéva, avantioseTor AOYIGUIKO, TOV
dvvatol vo TapAyEL ATOTEAEGIOTO YPOVIKMOV OVOADCEMY KOl SUVOUKAOV OVTIOPACE®MY Yo
KkéOe movédo (opoeng kol Toiyov), unkido kol TeYido, WETOAMKNG KOTOGKELNG, Yo
omolodnmote  oeviplo  eEwtepikng  €kpnéng. Toa  otoyeio mov  emmpedlovran,
LLOVTEAOTOLOVVTOL G £VOL EAAGTOTANGTIKO dLVOUIKO cuoTna pe Evav Babuod ehevbepioc, o
omoiog avtiotoyel ot péylot) mopapdpemon Adym £Kpnénc, v Ol TMEGES Kol Ol
wOnoelgc  vmoloyilovrar ypnopwonowdvrog molvevopkés  eéilomosg. H o éxpnén,
mopodoteitar  amd téooepelg mbavég  Katnyopie  («AvOpwmOg», «UOTOGLKAETON,
«OVTOKIVITO» KO «POPTNYO»), te eKkpnKTiKd goptio omd 1 émg 10000kg-TNT, and 3200
OlopopeTikd onueio. AmO to. OMOTEAECUOTO, YIVETOL EUPAVEG TMOG Ol PETOKIVIGELS TV
otoyelov, avéavovtal pe v avénomn Tov Bapovs Tov ekpnkTko Poptiov, pe TN peiwon
™G omdoTaoNS TOL oNUEiOL NG EKPNENG amd TOV GTOYO Kol KLpimg, 6Tav TO GLVNUITOVO
g yoviog e ékpnéng, pe to divuspa kiBeTo 6to VIO peEAETn otoyeio, etvar Betikd. Ot
avaKAGUEVES TECELG/ mONoELS elval peyahdtepes amd TIG TPOOTIMTOVCES MEGE/ WO OELS
avtiotorya yuo kdBe amdoTaon, Kol Eniong, 0G0 UEYOADVEL 1] ATOGTAGT ond TOV 6THY0, Ol
péyloteg  miEcelc/wbnoelg  petowvovion  OpopoTikd.  AkoAovfei, mBavotikny aviivon
EMKIVOLVOTNTOG TOV EKPNEEDV Kot oxeOACETOL | KOUTOAN SloKIVOVVELOTG EVOC TAVEAOV
TOoL KTpiov, amd TV omoio, Yo To TOPATAVE GEVAPLOL EKPNEEDV, SOTIGTOVETOL TOG 1
dugTpnon tov mavérov, aviiotoryel o 1250 € mepiodo emavapopds kot évtoves PAaPeg
nmapatnpovvion epitov ota 600 £tn. TéLog, oyedtdlovtal o1 KOUTOAES SLOKIVOVVELGNG Y1dL
Oleg TIC TAELPEG TOL KTIPIOL, COUEOVA UE TIG OMOle GUUMEPOIVETOL TG 1 TEPIODOG
EMOVOPOPAS TNG OPLIKNG KATACTAONG AOTOYI0C, OVEAVETOL OGO HELOVOVTOL Ol KOTYOPIES
7oV givol KavEG VoL TuPOdOTHoOVY EKPNEELS Le Yaovia Ekpnéng — davocpatog kiBeTo 6To
movéLo, BeTikod cuvnuItdvov, Kot OGO OVTEG Ol KATNYOpPieg UTOpPOovV VO TUPOSOTHGOLY
Kuplwg ekpNEELg pe peydda eKpNKTIKE popTio, T0 000 PLGIKE AVTIGTOLYOVV GE UIKPOTEP
oLYVOTNTO ELPAVIONG 1] TOGO HIKPA QopTio, To 0Toi0 dEV TPOKAAODV AGTOYIES.
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Abstract

The blast pressure on a structure due to an external explosion is typically of very high
magnitude and very short duration. Such an impulsive loading, is calculated, using
dynamic time-history analysis. In particular, a software is developed, able to provide time
history analysis and dynamic reaction results for each panel (roof and wall), girt and purlin,
of a steel structure, for every external explosion scenario. The elements that are affected,
are modeled as an elastic-plastic dynamic system with a single degree of freedom, that
corresponds to the maximum blast deflection. The pressures and the impulses, are
calculated using polynomial equations. The explosion, can be detonated from four possible
categories (“human”, “motorcycle”, “car” and “truck’), with explosive charge mass from 1
to 10000kg-TNT, from 3200 different grid points. It is clear from the results that the
deflections of the elements, are increasing with the increment of the explosive charge
mass, the decline of the stand-off distance and mainly, when the cosinus of the angle of the
explosion, with the vector perpendicular to the element under investigation, is positive.
Reflected pressures/impulses are greater than the incident pressures/impulses respectively
for every stand-off distance, and also, as the stand-off distance is increasing, the maximum
pressures/impulses are dramatically decreasing. Furthermore, probabilistic blast hazard
analysis is carried out, where the risk curve of a panel of the structure is designed, from
which, for the above scenarios of explosion, it is concluded that the failure of the panel,
corresponds to 1250 years and heavy damages are observed at 600 years. Finally, the risk
curves for every side of the building are designed, and it can be concluded that the period
of failure is increasing, as the categories that can cause explosions with angle of explosion
— vector perpendicular to the panel, of positive cosinus are decreasing, and as these
categories can detonate explosions with big explosive weights, which certainly correspond
to smaller frequency, or small enough explosive weights, that can not cause any damage.



Evyoprotieg

Me Tnv napoUod PETANTUXIAKN €pyacia onuaTtodoTeiTal n oAOKANPwon TNG PoiTnoNG HouU OTo
A.NM.Z. AopooTaTikdg Zxedlaopdc kal Avaluon Twv Kataokeuwv. KAheivovtag To ev AOyw
akadnuaikd kepahaio, Ba nbeAa va euxapioTrow Beppd Tov akoAouBbo KUKAO avBpwnwy, ol onoiol

unnp&av ouvodoIndpol HoU OE auTr TNV Npoonadsia:

v' Tov kalnynTi kai emiBAénovTa Tng napouoac WETANTUXIAKNC €pyaciag K. BapBaToiko
AnuATPIO, YIa TNV €UKAIpid Mou Hou £OWOE va CUVEPYAoTw Wali Tou o€ €va eEAIPETIKA

evllapEPOV Kal NpwTOTUNO BENa, KaBWG Kal yia TNV apépIoTn BonBeia Tou.

v" Tov 01dakTopa K. Iwavvou OpéaTn, yia Tnv evepyd nNapouadia Tou kai T GUPBoAR Tou kad’
oAn Tn didpkeia TG dlEEaywyng TNG Epyaciag, kabwg Kal yia TIC YVWOEIC NOU HOU UETEPEPE

MEoa and pia euxdpioTn cuvepyaaia.

v" Tnv AyvoUAa pou, yia Tnv adidkonn evBappuvon, To yEANIO Kal Trn BETIKN EVEPYEIQ NOU HOU

METEDIDE OAOUC auTOUG TOUC PNVEG WE TEPATTIA EMITUXIA.

v' TéNog, péoa anod Tnv kapdid pou, Ba nBeAa va guxapioTriow TNV OIKOYEVEID HOU Yid TV
naocng QUOswWC OTNPIEN MOU HOoU Napeixe oTnv XAapa&n Tng WEXP! TwPa Nopeiag pPou, nou
ouveyilel va eival dinAa You Kal va e oTnpilel kaBnuepiva os kabe Brijua pou, oc KaBe

emiTuyia Jou, aAa nponavTtdg o kKABe anoTuxia Hou.



1 Ewayoyn

1.1 T'svika

[evika 1 éxpnén, ooppova pe tov Tanvpo Larousse Britannica topog 22 (2001), eivon
QoIVOUEVO KOTO TN OlpKEW TOL Omoiov Tapdyovionl 1 ameilevBepdvovior HEGH GE
eEapeTikd oLVTOHO YPOVIKO Oldotnuo peydieg paleg oepimv vEd vynAn mieorn, ®¢
amotélecpo EoQViKNG amelevfépmong eocwmTEPIKNG evépyelag omd pia ovcio M éva
unxavicpo, mov odnyel oty avamtuén moAd vymAwv mécewv. Kdabe éxkpnén mpoxadel
UNYOVIKEG KOTATOVIGELS GTO TEPPAAAOV, EVAD GLYVE GLVOIEVETOL KOl OO TNV TOPOYMYN
EKKOQVTIKOL BopOPov, 0 onoiog malaidtepa iye BewpnBel O KOPLO YOPAKTNPICTIKO TOV
expnéemv. Znuepa €xet owmotwbel 0TL dev amotelel mapd pio omAn Kataypoen ond To
avTi ToV aVBPMOTOL TOL EKPNKTIKOV KOUOTOC, TO OMOl0 OladidETOL OTOV aépa KOTd TN
OugpKeld TG €KPNENG, KO Yo avTd amAd CLYKATOAEYETOL GTA OLAPOPA POLVOLEVO TIOV TN
GLVOOELOLV.

Expnrrind koua xoleiton m petdadoon mmg €kpnéng otn palo g eKpNKTIKNG VANG,
owvnBog pe tayvtta 2 éog 10 km/s, eapmmuévo amd T pUOIKEG KOt YNUIKES 1010TNTES
NG EKPNKTIKNG VANG.

Ta expnruixa viika yopilovior 6€ VO KOTNYOPieg avOrlOyd HE TNV TAXDTNTO TNG
avtiopaong (éxkpnéng). Av m taydmra elvar vynAdTepn NG TAXVTNTAG TOL MYOL, M
EKPNKTIKN VAN KOAElTOL «oypnAng 1oyDoc», v av eivar YOUNAOTEPT), KAAEITOL EKPNKTIKY|
VAN «ouUning 1oyvog».

XopaKTNPIoTIKA TOV EKPNKTIKOV ivat: 1 1aydg (LETPO puBpol EKAvomg TG evEPYELNG),
N TOPOYOUEVH] EVEPYELQ. KOL O OYKOG TV TOPOYOUEVOV GEPIWV, M| TOYDTHTO. TOPOSOTHONG
(toyvnTa. pe TV omoio 00gVEL TO KPOLOTIKO KOUM), M 7wokvotyta (MOGOTNTO TOL
tonoBeteiton Kotd ) YOU®GN), N avtioroon ato vepo Ko 1| evoucOnoio (eMA(I1GTN EVEPYELL
mov amouteiton Yo TV vavon). Ot 1010TNTEC TOV EKPNKTIKAOV TEPLYPAPOVTOL OVOAVTIKA
67O KEQAALO 2.

Evavon M diéyepon kokeiton 1 Ekpnén vtd cvvOrkeg amdAvtov eA&yyov. Me tovV 0pO
CEKPNKTIKA LEGOY, OVOPEPOVTOL Ol EKPNKTIKES VAEG OV YPTGLLOTOLOVVTOL KOl TAL LEGO
EVOGEMG (TVPOKPOTNTES Kot OPLOAAIDEC).

Atdtpnua €ivol pio. KOAVOPIKY Ol €vOG LAIKOD, €vtOG NG omoing TpokaAeitor 1
axoplaio arocuvhesn TG EKPNKTIKNG VANG, e 6KOTO TN O1dppnén Tov VAIKOVD.

T'ouwan gtvar 1 epyacio TomoBETNONG ™G EKPNKTIKNG VANG EVTOG TOV dtoTppLoToc. Me
ToVv 1010 6po yapaktnpiletal emiong N TOGOTNTA TNG EKPNKTIKNG VANG, TOL E1GAYETAL GTO
SaTpnpo.

H éxpnén, oOpwg, oev amotedel pwoe ocvvnOn mepintoon ordd ypnlet €01Kng
petayeipiong. Avti n petoyeipton vanpye oxedoOV OMOKAEICTIKG o€ Propunyovikd pya
€101KOY GKOTOV, OMMG OE METPEANIKEG EYKATAOTACELS, TOL GLVOEOVTOL GUECH UE TNV
TOMTIKN Tpootacio. And ekel Tov 0 oyedaoTng elxe cvvndicel, Aoudv, va opilel Tmg Oa
tomoBetnBovv ta dopiKd oTotKEln, MOTE VO KOADTTOUV TPMTICTMG TNV OPYITEKTOVIKT] KoL
OVTICEICUIKY] OKOTLA, TOPO KOAEITOl Vo €MEKTEIVEL TIG TOKTIKEG TOL €POPUOlEl oTA
Bropmyavikd épya €101K00 GKOTOV, Kol GE O TAL VITOAOLTA £PYOL.

"Etot, xoataAnyet va apyilet va oképteton pe oevapra ékpnéne. [1oco kovid pmopet va
nmAnoidoet o Tpopokpdng; Ioca kikd BopPa puropet va kovfaincel o¢ exel; Mov avtéyet
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N KoA®Vo; Oa pov ordcovv ta Tapdbupa; AvTtd ivol To EPOTAATA TOV ATAGYOAOVV Kot
o mpémel vo amacyoloOV OO Kol TEPICCOTEPO TOV CYEOLONOTY], 101G €KEIVOV OV
aGYOAEITOL LE EPYO ELPVTEPNC KOWVMVIKNG KOl OIKOVOUIKNG GNUOGTOG.

AMLG Oev elval povo avtd. O TpdTOg POPTIoNS TNE KATAoKEVNG amd pio mhovn €kpnén
amotelel (o oxowvotevn S1adkacio Tov YPeldleTol eOKEG YVAGCELG KOl EOKH AOYIGHIKAL.
Amo ) pla mhevpd PpickeTon To VYOG KO TO €100G TOL POPTIOV TO OMOI0 EMOPE GTNV
KOTOGKELN Kol amd TNV GAAN TAELPA PpiokeTon 1 ATOKPIGN TNG KOTOOKELNG GE OUTO TO
nepiepyo poptio. O oyedlaoTNC KOAEITOL VO AvTOTOKPIOEL GE OVTEC TIC AMATNOELS KO VO
OYEOBGEL TNV KATOOKELT TOL HE TETOO0 TPOMO, MOTE VO, KOTOGTNOEL TO EVOEYOUEVO
EKPNENG TEPLOPIOUEVO, VO TPOGTATEVGEL TO AVOPOTIVO SLVALIKO, TOV EEO0TAMGHO KaODG Kot
va emPdArel ) emavoiertovpyion TNG KOTAGKELNG HETA amd TNV £Kpnén 0G0 o €VKOAN
yivetar.

1.2 Expieic otnv EALGoa

O «ivdvvog éxkpnéng oe pio Katookevn amotedel évav amd TOvg TAEOV GNUAVTIKOVG
KWvOUVOUG NG GVYYpovng emoyns. Ohoéva Kol meEPIGGOTEPO Ol TPOCYEONAGUEVES EMBECELS
peyefovovtal evd ot exkpnéelg amd atvynuato £xovv po. otobepn 0éom ot yevikn
katdtoén. Idwitepa oty EALGSa, o1 ekpri&elg vmpyav, vtapyovy kot icwg Ba cuveyicovv
VO VTAPYOVV KOl GE OPOVG TOAEUKOVS, KOL GE OPOVG TPOUOKPOTIKOVG Kol GE OPOLG
atuynuaTov. Avtd arnswoviCetar avdylvea otig debveig AMoteg mov eppavifovv ™ xdpa
povipwg ota TOp-Ten tov avantuyUEveV Yopav OTtec eaivetol otov mivoka 1.1 .

Xopakmpotikd mapadeiypato  omoteAovv 1 ékpnén  duvapitidag oto  mhoio
[Tavopuitng oto Apdvi g Zovdag 1o 1979, n éxkpnén oe Putioedpo oy €BviK 006
ABnvov — Aapiag to 1999, n ékpnén o610 vao g Pddov 1o 1856 kot to «Atdymuo» otnyv
PETROLA 7o 1992.

[Mivaxag 1.1: Ta&vounon tpopokpotikdv entbéoemv diebvag [Jenkins M. (2010)].

All attacks: leading countries - distribution
and average fatalities per attack

Developing % of Developed % of
il Country # Total FPA | IPA Country # Total FPA | IPA
1 India 267 | 16.35% | 5.3 | 17.6 | Israel 165 9.55% 3.2 | 157
2 Pakistan 149 | 9.12% 3.8 9.9 | Russia 151 7.04% | 2.6 9.5
3 Philippines | 85 5.21% 1.8 7.3 | UK. 78 | 4.78% 1.0 | 123
5 Colombia 7 4.35% 1.3 1.4 | Spain 47 | 2.88% 3.8 | 383
6 Sri Lanka 57 3.49% 9.0 | 27.7 | France 27 | 1.65% 0.7 6.8
4 Turkey 54 3.31% 1.9 6.9 | Germany 25 | 1.53% 0.1 0.9
7 Algeria 44 2.69% 6.1 9.5 | ltaly 14 | 0.86% 79 | 235
9 Thailand 42 2.57% 0.9 3.9 | Greece 10 | 0.61% 0.1 1.6
8 Egypt 34 2.08% 1.3 6.5 | Japan 8 0.49% 0.1 0.3
10 China 18 1.10% 95 |116 JUS. 7 0.43% 0 0.3




1.3 Buwopnyovika Atvyfqpote Meyaing Extoong (B.A.M.E.)

H mpdoepatn ékpnén mov €ywve oto Advi g Bnputod otig 4 Avyovostov 2020
(Ewova 1.1) kot ot ekatovtadeg TANYES, VAIKESG, 0ALG KVpimG ol ovOpOTIVEG AmOTELECOY
TNV oyun Tov JOPOTOC Yo TN CLYYPAPN OLTAG TG METOMTUYOKNG epyacioc. ITo
OLYKEKPILEVA, Ol vekpoli Mrtav TovAdywotov 203  xor ot Tpavpatieg  6.500.
H éxpnén onueiddnke oe yoOpo omobKELONG TLPOTEYVNUATOV KOl GTI  GLVEXELN
enektdOnke oe yopo Omov MNrav omobnkevuévor 2.750 TOVOL VITPpKOD  appLViov.
Koateypdonoav {nuiég axodun kot oe onitior 10 yrlopetpa pokpid amd to tomo g Ekpnéng
Ko £ywve oueOn aképa kol otnv Korpo.

Ewova 1.1: Zuvdvacpog eikévmv omd To DAIKO ToV KATaypAQNKE TN OTIYUN TG TEPACTIOG £KpNENS
nov énAnée v Bnputd oto Mpdvt g tpotedovsag tov Apdvov otig 4 Avyovotov 2020 [AFP].

Yrdpyovv moArd mopodeiypato Bropnyovikdov Atvymudtov Meyding Extoong
(B.A.M.E.) opiopéva and to omoio mopadETovron TapaKiTm:

o Awévac Xdaopa Kavadag (1917) [Stepben J. (2002)]

H éxpnén Nrav eEarpetikd 1oyvpn| pe anotérecpa va okot®mBovv axaplaio mive arnd 1600
dvOpomol, va TweAwnbodv mept tovg 1.000 avBpmdmovg amd To Opavopoata  TOL
EKGOEVOOVIGONKAY, VO TPOVUOTIGTOOV TEPATEP® YIMADES AVOPOTOL, VD 160TEdDONKAY
1300 otpéppota yng kol EEomacay OUETPNTEG TVPKAYLEG GTNV evPLTEPT TteployN]. Eva amd
T Kavovie Tov Mov Mmhav BpéBnke mévte yrmdpetpa pokptd amd to onpeio g Ekpnéng.

o T'eppavia, Onmdov (1921) [Ta NEA ¢ EXTRACO (2009)].

‘Expnén piypatog 50/50 Beuod appmviov kot vitpwod appmviov oto Oppau g
I'eppaviag to 1921, n omoia mpoxkdiese 1o Bavato 430 avOpdOTwV.

e H.IILA., TéEac (1947) [Ta NEA t¢ EXTRACO (2009)].


https://el.wikipedia.org/wiki/%CE%92%CE%B7%CF%81%CF%85%CF%84%CF%8C%CF%82
https://el.wikipedia.org/wiki/%CE%88%CE%BA%CF%81%CE%B7%CE%BE%CE%B7
https://el.wikipedia.org/wiki/%CE%A0%CF%85%CF%81%CE%BF%CF%84%CE%AD%CF%87%CE%BD%CE%B7%CE%BC%CE%B1
https://el.wikipedia.org/wiki/%CE%9D%CE%B9%CF%84%CF%81%CE%B9%CE%BA%CF%8C_%CE%B1%CE%BC%CE%BC%CF%8E%CE%BD%CE%B9%CE%BF
https://el.wikipedia.org/wiki/%CE%9A%CF%8D%CF%80%CF%81%CE%BF%CF%82

Metd and molvwpn katdkovorn 3200 tévev goptiov Nitpikod Appwviov (AN) o mhoio
oL NTa oyKLPoPoAnuévo oto Apavt Tov TéEag TpokAnOnke peydn €kpnén, mov eiyxe g
amotéleopa to Odvato 552 kot tov tpavpaticpd 3000 avOpodTmy.

¢ Hvopévo Baocireto, Expnén otn ynuikn Brounyavia Flixborough (1974).

To athymua etvar to wo coPapd mov GuVERT moTé ot YMukn Propnyavia Tov Hvouévoo
Booctieiov kot glye cov amotéAespa TV TANPN KOTAGTPOPN TOV €PYOCSTAGIOV. ATO TOVG
epyalOUEVOVS EKEIV TN OTLYU| OTO £PYOCGTAG10, 28 oKotdOnKav kol 89 TpavpaticOnkay
cofoapda.

1.4 Tpopokpatikéic emOEoeLs

Otr tawtoypoveg embBéoelg oto Ilaykoomo Kévipo Epmopiov (embéceg 117
YentepPpiov 2001, (Ewodva 1.2) kot oto Ileviaymvo £xovv apnoet pia Padid arotvnwon
OTLG AVTIMYELS: T OA000&E0 TOV EUTAEKOUEVOV TPOLOKPATAV, TNV KOUYOTNTA KOl TNV
Kkovotopion g pueBoddov emibeong, TV TOAVTAOKOTNTO TOV TAPUCKEVAGUATOV TOVG, 1)
QPIKTI KOl TEPIOTACIOKT doAoPOoVvia YIMAd®V abd®v, TNV apyikn dTapayn € £vav TOAD
SOGLVOESEUEVO EUTOPIKO KOGHO, 1 TPOGPOAY oV d60NKE 6TV €BVIKY avtogKTiunom pe
cLVERELES TEPOQ Ao TNV 101 TNV emibfeom).

Ewoéva 1.2: Tpopoxpotikn enifeon 11" Xentepppiov 2001 [Yelland M. (2015)]

Ta tedevtaia ¥povia, ot TPOLOKPATIKEG EMBETELS Exovv eEelyBel paydaia, cOLPva e
toug D.Cormie et al, dwitepa pe v eugdvion Poupiotdv owtoktoviag ot omoiot gival
dwtebeyévol va dddcovv Ttéhog ot (1 TOLG AGTE Vo TOPAdDOCOVV £V UNVOUA.
Avotoymg, N Tpopokpation delyvel akoun kabe onudol VaPENG Yoo TOAD Koupd okoOu.
T6c0 PLGLOAOYIKO £xEL Yivel TAEOV OTOL TO AVTITPOUOKPATIKE pHéTpo Bewpovviol TAEOV
oLVNOGUEVA OTIC TEPIOCOTEPES EUTOPIKES Ko Yuyoywykég opaotnprotrec. H mpootacia
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elvar TAéov cuVNOIGUEVT GE €PYO VITOJOUNG KoL VITAPYEL QVENUEV TEPLEPYELD YO TO TL
umopel va emtevydei o€ avTOV TOV TOPEN GTO HEAAOV.

Qo1660, fTav N oKOTUN TTTHOT 000 CEPOCKAP®V e TANPN KAOGILO GTOVG SIOVIOVG
mopyovg tov Iaykdoov Kévrpov Epmopiov (World Trade Center) otn Néa Yopkn to
2001 mov dAraée amdtopo v evorcOntomoinon. H apyikn ékmAnén koatd v mpdén
AVTIKOTOOTAONKE amd TV avayvaplon 0Tt ot Tpopokpdrtec Oa e&epevvovoay kKabe svkopio
OV TOPOVCLAGTNKE, TEPLOPLOUEVT HOVO Od aVTO TOL NTOV SLVUTO GTOVG VOLOLS TNG
(PLGIKTG.

Ta&wounuéveg 6cov agopd to KO0TOC ot avOpomiveg (wég mapovoidlovral ot
UEYOAVTEPEG EKPNEELS OO TPOUOKPATIKEG EMBECELG TOV £XOVV GLUPEL:

e BouPopdiopog tov moivkatokiov Yazidi otig Kahtaniya and Jazeera tov Ipdx

(2007) [onlinearchive].

H anoiewo oe avOpomiveg Lwég rav 520 vekpol kot 1500 tpovpatiec, n ekpnkTikny VAN
mov ypnowormomnke Nrav 2000kg Iocodvvopioc TNT dyveotov &idovg pe ypnon
AVTOGYESIMV UNYOVIGLMV LE OYNLLOL.

e BopPapdiopodg og morvkaroikieg otn Boppdn g Ivdiag (1993) [indiatoday].

H andrewa og avBpomiveg {wég NTav 257 vekpol kat 717 tpavpartieg, 1 ekpnKTiky VAN Tov
ypnopomombnke Mrov 3329kg RDX 2000kg pe ypnon owTocyESIMV HNYOVICU®V HE
oxnua.

e BopPapdiopds g apepikavikng tpeoPeiog e Kévoag (1997) [CNN].
H ondiewo og avOpodmveg (wéc rav 213 vekpol ko 4000 tpavpatieg, 1 eKpnKTIK) VAN

nov ypnoonodnke Nrav 3000~17000kg Isodvvapiog TNT dyvmotov gidovg pe ypriion
OQVTOGYEOIWV UNYOVICLAOV LE OYMLLOL.

e BopPapdiopds oto Beirut tov Apavov (1983) [Huffingtonpost].

H andieln oe avOpomveg Coméc nrov 305 vekpol kot 75 tpavpaties, N eKpNKTIKY VAN TOV
ypnotpomomnke nrov 9525kg Isodvvapiag TNT dyvootov €idovg pe xpnon avtooyEdimy
UNYXOVICU®V 1LE OYTLLOL.

e  Boppapdiopodg oe voytepvo payali oty Kuta tov Mraii (2002) [newscom].

H andlea oe avBpomiveg Lwég nrov 202 vekpol kot 209 tpavpatieg, n eKpnKTIKN) VAN TOL
ypnowonomdnke Nrav 1020kg Miypotog yhopikod kadiov pe okdvn apythiov kat Ogio pe
APTON AVTOGYEI®V UNYAVICUAV LLE OYTLLOL.

e  Boppapdiopodc ktpimv oty Sadr tov Ipdk (2006)

H andiewa og avBpomveg {wég ntav 202 vexpot kat 260 tpavpaties, 1 ekpnkTiky VAN Tov

ypnowonomOnke frav 1000kg TNT pe xpron avtooyEdimv unyaviouoy pe dynua.

e BouPopdiopog tov Alfred P. Murrah Federal Building otqv Oklahoma twv H.IT.A.
(1995).

H andiewa og avBpomiveg {wég Tav 169 vekpol kot 675 tpavparties, 1 ekpnkTiky VAN Tov
ypnowonomOnke nrav 3200kg Nitpikov aupwmviov, vitpouebaviov kar Tovex pe yprion
AVTOGYEOIWV UNYOVIGULMV LE OYXMLLOL.

2uvolikd, péoa amd To TAPadELYLOTO TPOUOKPATIKNG OPACTS SLOTICTMVETAL OTL:
— Meg v mapodo Tov ¥POVOL AVEAVOVY 01 TPOUOKPATIKES EMBECELS HECH eKPNEE®V KOl
yivovtot 6A0 kot o Bavatneopesg, dnwg eaivetan kot ota oynuota 1.3 ko 1.4.
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— H ypfion avtooyédiov unyovicpon pe dynuo eivatl oxedov KaBOAK.

— AxOuN Ko TEPLOPIGUEVOL PEYEDOVE EKPNKTIKO POoPTiOo, 0V TPOKAAEGEL EKPNEN EVTOG TG
KOTOGKELNG, 0G0 Kav| Kot av glvar O vtapEel TOLAYYIGTOV TOTIKT AGTOYiO.

— Yabupd otoryeio empépovy TOAD xepdTEPT QMOKPLIOT TNG KOTAOKEVNG O avtifeon e
T0, TAGCTILO GTOLYELOL.

— XOyYpOVeS KOTAOKEVEG e KOVTIVI EKpNEN 0V 0GTOYOVV TANP®G AL O GKEAETOG TOVG
ocuvnbwg Tapopévet.
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Tymua 1.3: Tpavpatiopoi, 0avatot kot aptBudc tpopokpatikmv entbécewv diebvac [Wikipedia].
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yquo 1.4: @dvotol TpopoKpoTIK@Y eMBEcEmV d1eBVMG KOl OTIC TO GLYVA TANYUEVES YDPEG

[Wikipedia].
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1.5 Eleyy0peves KoTed0QicEg NE (PO EKPNKTIKAOV

H amdgaon ywoo v kabaipeon HIOG KOTAOKELNG T TUNUOTOS OLTHG, &ivor €va
ATMOTELEG O TTPOEPYOUEVO OO TOALG Kot OOPOPETIKA aitio, cOuemva pe TG Nopukov L.
Kot Z00m A. (2011). H @Bopd, n yRpavon pog Kataokevng i £vag GEIGIOG, GUVONKEG TOL
onuovpyodv coPapés PAAPec (TOMIKES M YEVIKELUEVEG), (PEPVEL TOLG UNYOVIKOVS GTO
StAAnpa, emokevn M kateddeion; H Mjym pétpov anévavtt oty emkivéuvotnto evog
KT1piov, Kol GUVERMC oty kobaipeon tov 1N Oyl €MALYETOL COUG®VO LE OTKOVOUIKA
Kprpa, Aappavovtog cofapd v’ oyny kot v nAkia tov. H amd@aon kateddeiong
LG N TEPICCOTEPMV EYKATAGTACE®V gu@aviletor Kot ywoo AOYovg KOAvyYNng TV
KOWOVIKOV ovoykov, Ootav ypelaletoar vo  avowkodounbovv dnudcio Ktipo, Omwmg
vocokopuegia 1| oxoieia, epyacio Tov AGY® NG EKTOONG TNG KOTOCKEVNG, TPOVTOOETEL TNV
€QOpPLOYN ™m¢ KOTAAANANG pnebddov KATESAPLONG.

Ot Adyot mov odnyolv ce pa kateddpion Aowmdv, epeaviCovior ovk oAlyeg popég. Ot
TPOTOL EKTEAEONG TNG €lval apkeTol, dlvovtag Eva PAGHIO EMAOYOV OGTE VO TPOTIUN el 0
EKAOTOTE KOTAAANAOTEPOS, GOUPOVA LLE £VOL GUVOAO KPUTnpimv. 10 TEPAG TOL YPOVOL, Ol
tpomol kabaipeons TV Katacokevdv Pertidvovtar Kot epmiovtiCovrol. Mo and avtég Tig
nebodovg, mov gppaviCetor To teAevtaio ypoévia Ko otnv EAAGSa, epaprocTnKe TpadTn
eopd to 1995, wou elvar M KOTESAQPIOM HE TNV TEYVIKY TNG EAEYYOUEVNG YPNOMG
EKPNKTIKAOV.

Ot pnéBodot kaTedAPIoNS TOV YPNOLOTOOVVTOL EIvoL UE UNXAVIKE LEGO Kol EpyaAeio
YEWPOS (ovpPatikéc pnébodor), Bepuikég puéBodot, néBodog e extdvmon aepiov, pe ypnon
doykobuevoy vVMKkoV dwdomacng (aBopvPo  eKPNKTIKA) KOU LE YPNOT EKPNKTIKOV.

H vrmoypewtikny epappoyn g peboddov epeaviletar dtav dev vdpyel 0 KATAAANAOG
eEomAMopdg mote va paypatonombel n Kateddpion He Unyovikd péca, oAAG Kot OtV
aVTA OEV UTOPOVV VO EPYUGTOVV LE OCPAAELD KO OMOTEAEGLATIKOTNTA 1) deV elvar KT
va tpoceyyicovv to onueio mov amorteiton 1 koteddeion. Ta mheovektnpata g peddoov
gtval 1 aENUEVN AGPAAELD TOV TTPOCHOTIKOV Kol 1) TOLOTNTO SIEEAYWYNG TNG KATEOAPIONG,
0 OUVIOHOG XPOVOG TOL TPOGPEPEL O OedOUEVOS TPOTOG TNG KaTeddPIon, N HUEB0d0G
GLVOMKG, Bewpeitol MO «PUMKN» TPog TOo TEPPAAAOV Kol TO KOOTOG GE KOMOLES
TEPUITAOCES pmopel  va  eivar  youniotepo amd  T1¢  ovuPotikéc  pebodovg.

Xmv peAétn katopyds, egetdlovror ot mBovoi-dovvartol tpdmor mov umopel vo
npaypotonmombel n kobaipeon g Katackevnc. Mmopodue va dtakpivoope 2 tpdmovg
KOTEOAPIONG UE TN YPNOTN EKPNKTIKAOV, COLP®VO [ TNV KatevBuvon g ttoong. O évag
TPOTOG givar 1 Katdppevon va mpaypatoronfel tpog pio TAevpd 6mov vVIapyeL EAeLOEPOG
yopo¢ (Ewova 1.5 apiotepd) kot 0 GALOG 1) GUVOMKN TTOGCT TPOS TO EGMOTEPLKO, EVIOS TOL
neprypappotog g kotaokevng (Ewova 1.5 de€id). Avtiy n emioyn kabopileton xot’
eEoynv amd tov mepPAAiovia y®Po. AV Yo TOPAOELY LD, GE L0 AGTIKY] TEPLOYT LITAPYEL
amd TV P TAELPA TG TPOG Kabaipeon KaTtaoKevNS, Eva YEITOVIKO KTIplo opKeETE KovTd,
evd amd TV OloueTpkd  avtibetn mAevpd, ehevBepog  ydpog (TApKIvYK, un
AP CLLOTOIOVLEVT]  KOTOOKELOOTIKG €kTaom), 1  embounty kotevboven  mTdOMNG,
mhavotato va ivol Tpog avTtov Tov eAeDBepo ydPo. PLGIKA, GE Ui TETOLN TEPIMTOON, M
katevBuvon mrtdong Oo emdeybel oe ouVOLACUO KOU PE TO YOPOKTNPIOTIKA TNG
KataoKeLng. Avtifeta, av 1 mepLoyr] €ival TUKVOKATOIKNLEVT] KOl O0EV VILAPYEL EAEVLOEPOG
YOPOS yerrovikd, 1 ueAétn Bo emkevipwbel e TEYVIKEG KOTAPPELONG, EVTOG TOL
meptypaupotdg e H katdppevon mpog pio mAevpd ivor mo €0KOAOC KOt O OGPOATC
TPOTOG KATEOAPIOTC.
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Ewoéva 1.5: TTtdon mpog po mevpd New York, U.S.A. 2007, Ecwtepikn kateddoion Las Vegas,
U.S.A. 1998 [Nopuo0 1., Z6dn A. (2011)].

Ot 6éo¢1g - emimeda YOpmong kot ot ypdvot emPpddvvens mov 0dnyovv ot dnuiovpyio
‘pacewv’ mopoddtnong, eivar or mopdyovieg mov kabopilovv v €EEMEN Ko TNV
Katevbovvon g mtdong ocoupova pe tov Mrolkton H. (1996). Xtov mpmdto Ttpdmo
KATESAPIONG Ol S10POPEG PAGEMV TPAYLATOTOLOVVTOL KATd TNV 0p1lovTia dievbuven kot 1
TaTdYpovn KB’ HYog TVPOSOTNGT TV VITOCTLAMUAT®V, EEKIVOVTOG OO TN Uio TAELPA
Kol KoToAyovtoag oty dAAn (Zynua 1.6). Ze puo Kateddoion mpog T0 EGMTEPIKO TOV
KTplov, TNV TPOTN PACT EVEPYOTOLOVVTOL Ol YOLMGEL TOV TLPNVE TOV KTIPiov, ONANON
oto kévipo. Kdamoleg @opég, m mpotn ¢@don umopel va €xel ®G AMOTELECUQ, VO
ATOSVVOLADGEL KOt OYL OmapOiTNTO VO GTACEL TIG GUYKEKPILEVEG KOADVESG, adLVOTILOVTOG
OTOTIKA TO KTip1o, ympic avtd va méptel. Metd amd Aiyo, akolovbBovv ot emOUEVEG PAGELS
oV KOPOLV TIG KOADVEG amd PECH TPOG TO. £E®, TPOKAADMVTAG TNV KATAPPELST TAV® OO
T0 advvatiopévo onueio. H embount kotevBouvon ttdong mpog 10 E0mTEPIKO, LTOPEL VoL
vrootpydel emmAéov, e EL0KA GUPULATOCKOVO TOL JEVOVV TIG AKPLOVES KOADVEG LE TO
KEVTIPO NG TAGKOG TOL KAOE 0pOPOV, £TGL MOTE 1 KATAPPELOT| VAL TOPAGVPEL TIC YOVIEG
TPo¢ to. péoa. Avti 1 TEYVIKN £paprOcTNKE 6TV Koteddapion tov NAT oty Abnva 1o
2010 (Zynuo 1.6)

ACUTEDN KOI TOATH @AON &
KOBOVIOI NPWTO 01 KEVIPIKES KOI
TO Univeo £

ODOHOTE! GHITE VO MOW KOAOVES KOt pMETA OF
Beamel 1o Sy view YRV 00 KT .
084V Lihsmaiy Do T pean ward "(D*"ED"("“»
LI T T

Ewova 1.6: In edon, vrootpién pe cvppatdsyowa, Kateddpion NAT, Abnva, EAAGSa 2010,
21- - 31 edon kortedaeione, Kateddpion NAT, AOfva, EALGda 2010 [Nopukoo 1., E0dn A.
(2011)].

Ot ekpNKTIKEG DAEG TTOVL YPTGLLOTOLOVVTOL Yia TNV KaBaipeon KaTaokevmV gival Kupimg
ol Juvapitideg (EKPNKTIKG LYNANG 16x00¢) Tov €yovv ®G KOPO GLOTATIKO TNV
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vitpoyAvkepivn. H évavon amottel ) dnpiovpyio Kot HETAO0GT KPOLGTIKOD KOIATOG TOL
glval dOuvato va Yivel NAEKTPIKO Ko Un- NAEKTPIKO cvotnuo. H évavon pe niexktpikd Ko
NAeKTpOVIKA péco ivor apkeTd SL0OEO0UEVT] OE VTLOYELES KOl EMUPOVEINKES OVATIVAEELS,
AOY® NG EVKOATOG GUVOESTC KOt EAEYYOL TOV KUKA®UATOV, TPETEL OUMG VO OTOPEVYETOL
o€ VYPEC oLVONKEG KOl OOV VLIAPYOLV 1GYVPA TLYXOIOL PEVUOTO. XTO U NAEKTPIKA
GUCTAUOTO, O OYEOGUOC KOl 1 €QUPUOY 1TNG ouvoeouoloyiag yivetar ywpic
VTOAOYIOUOVS, TNV ONOATNOY OYOANGTIKNAG TPOETOLUOCING, YOPIC UEYEAN punyovy
TVPOSOTNONG, EVA KATA Kavova ot kivovvol va tpokAnBovv {nuiée, PAAPEC kot dtakomeég
GTOVG COANVEG KOl GTO GUGTNULO TVPOSOTNONG ElvaL PIKPOTEPOL.

Ye KOmMOlEG TMEPMTMOELS ypNolwomoleiton  cav  ekpnktiky VA 1o  T.N.T
(tpwitpotorovévio) oe cuvovaoud pe RDX kot PENT (mevipitng), amd T1g 1oyupOTEPES
EKPNKTIKEG VAEC KOl KOTO TAEIOYNPio 1| EPAPLLOYN TOV Elval Y10 GTPATIOTIKOVS GKOTOVC.
2T1C KATESAPIOELS YPNOLLOTOLEITAL Y10 KO LETAAMK®DV GTOUYEIWDV.

1.6 APePorotnres Kot vrodicerg

Yrdpyovv apketés afePordnreg kot VTOOEGES GTOV GYESOGUO KOl GTNV OVOAVOT TOV
eKPNEEDV, QKOO Kol OTOV YPNGUYLOTOLOVVTOL QUVAUIKES POPTIGELS Kol amokpioelg. Tvmikd
nmapodeiypata TePIAAUPAvouV:

— To péyeBog kot n TonoBesio TG EKPNKTIKNG VANG.

— To péyebog kot to oynua g ypovoictopiog mieong tng Ekpnéne.

— Ot emdpdoelg g 60vNGEDS TOL £0APOVS, Ot BpLUUATIGHOT TOV TPOKAAOVVTAL KoL

T OEVLTEPEVOVTO GUVTPILLLLLOL.

—  Toa xopaktnploTikd TV VMKOV.

— H ovoyétion petadd g mopoapodpemaong Tov atotyeiov kot tov Baduot g (nudg.

— H petagopd tov poptiov 6TIC GLVOEGELS TOV PEPOVTOV GTOLXEIMV.
Axopo Kol pUKpPEG TOPOAAAYEG OVTAV TOV TOPOUETPOV UTOPEL VO EYOVV GMUOVTIKY|
EMPPON otV TPoPAremopevn couneprpopd. I'vopifovtag avtd, eivar onpaviikd K4t amd
opopéveg cuvOnKeg, vo vioBeBel o wodvvaun pebodoroyia,  omoia eivor Tpooit o€
EMOLYYEAUATIEC TTOAMTIKOVG UNYOVIKOVS KOl TAPOLGLALETOL GTO KEQPAANLO 5.

1.7 AdpOpmon epyaciog

H 616pBpmwon ¢ epyaciog £xel o¢ eENg:

1° Kepdaio: [Tapovcidlovrtal d1dpopa 160 ywytkd oToygio TAVD GTO AVTIKEILEVO TV
ekpnéemv.

2° Kepdhowo: Atvovion Bacikég TANpoeopieg enl TV EKPNKTIKOV VADYV.

3° Kepdrao: Avardeton 1 Ekpnén ¢ LGIKO POIVOUEVO.

4° Kepdaiaro: Alvetar  Teptypo@n TOV LETOAAKOD KTIPIOL TOV HEAETATAL.

5% Kepddoro: Avalvetot 1 d1001kaciol VITOAOYIGHOV TOL akoAOLONONKE.

6° Kepdraro: T'ivetar avaivon g oamdkpions v TovEA®Y TOL KTIPiov.

7° KepdAoro: Atvovtot To GUUTEPAGLLATO TTOV TPOEKLYAV OO TNV TAPOVCH EPYACIAL.

8° Kepdroro: Zvpmephappdvovtar OAeC o1 INYEG TG EPYOTIOG.
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2  ExpnKTIKEG vAEG

2.1 Katnyopromoinon ekpnéemv

2oppova pe tov Kapmovpn Epp., (1984), ekpnktikny VAN sivor kabe vAkd copo M
GUOCTNUO TO OTOi0 JVVATOL KOTOMY KOTAAANANG Oeplukng 1 pnyovikng oyepong va
elevbepdoel andTopa pio peydAn mocdTTa oepimv e TETO0 TPOTO MOTE VO KOTAOTEL
dvvotr M doknon piog woyvpNg SVVAUIKNG Kotamovnone oto mepiailov. Avtictoya,
éxpnén plog expnrTikng VANG etvan n tayOToT HETAPOAN TNG, KLpiwg oe aépila Tpoidvta,
ta omoia fplokovial 6e GLVONKES LYNADOV BEPLOKPACLOV KOl TECEWMV.

[Ma Vv KaAVTEPT KOTAVON O TOV OVTIKEWEVOL TV EKPNEEMV Elval apykd omapaitnn
1] KOTNYOPlOTOiNGT TOVG, £TG1 MOTE VA KOTAGTEL ELYEPESTEPT 1 OLAKPLIGN TOVG EV GLVEXELQL.
O ekpnéeic dvvavral va tastvounfovv otig akdlovdeg katnyopieg:

— Dvowég expnéetg, Ommg N Ekpnén neaioteiov.

— TTvpnvikég expnéetg, OTmg N €kpnén atopkng Poppog.

— Xnuwég expn&etg, OTmg 1 €kpnéEN Le T ¥pNon duvapir.

— Hlextpucég expnelc, Ommg 1 £kpnén nhektpikod tdEov.

— Mnyavikég expnéetg, Omwg 1 éxkpnén omd dappnén doyeiov migong.

To mapov keipevo apopd TG ynukég ekpnéelg dedopévon 6Tl Kot ovsioy HOVO QTG
&xovv oyxéon ue t erhocopio g epyaciag. Ot ekpnEelg avtng g Katnyopiog opeilovral
TNV TTpaypatoroinon piog ToydTaTng ¥NUIKNnG ovtidpaong mov cuviedeital ot pdlo piog
ANUIKNG 0vGiag N VO PIYHATOG YMUKAV OVCIMV, TOL XopoKTNPILETOL G EKPNKTIKY VAN.
Yovbog pe tov amhd Opo «Ekpnén» voeiton M oymukn €kpnén, eved ot LVTOAOTEG
KATNYOpleg avapPEPOVTIOL GOPMG MG UNYOVIKEG, TUPNVIKEG K.AT. €KPNEELS. ATTOTEAOVY TV
o PEYOAN Kotnyopia eKpEEDV KOl Y10 TO AGYO OVTO 1) TEXVOAOYIO TMV EKPNKTIKMOV LAMV
aGYOAEITOL KOTA TO PEYOADTEPO UEPOG TNG LE TIC YNUKES EKPNKTIKES VAEG. Ot LGIKEG Ko
TOPNVIKEG EKPNEELS Elvar EKTOGC TNG KAILOKOG TOVL KTIplov Kot NG EMUEPOLS EEETAGTG TOV
EVAD Ol MAEKTPIKEG Kol PUNYOVIKEG eKPNEELS KAADTTTOVTOL €V UEPEL PE TNV OVOAVLOT) TOV
GUVETEUDY TOLG GTNV OVTIoTOON TOV KTIPimV aALd dlywe T cLuvoAlkn Bedpnon| Tovg.

2.2 I010TNTES EKPNKTIKAV VADOV

211 TAEIOTEG TOV TEPMTAOCEMV Ol EKPNKTIKEG VAEC ovvtifevior and o&vydvo, and
4lmto Kou amd To TPog o&eidmon (kavoiun VAN) ynuikd ototyeia, Onwg T0 VOPOYOVO N} O
dvOpakag. ‘Etol, kotd t ymukn avtidpaon g €kpnéng to popro. o&uyodvov-aldtov
yopilovtor petalh TOvg KO EVOVOVTOL PE TNV KOOI VAN omeAevfepmdvovtag HeyOoAn
TOGOTNTA EVEPYELNG Kol KOLTOV oepimv 1 Bepuokpacio TV omoiwv TPoKHTTEL amd T
Oeppokpacio mov amorteitor Yoo Tov apyko Sy®Popd 0&ELYOGVOL-al®dTOL Kol TN
Beppokpacio Tov TPOKVTTEL OO TN PETEMELTA EVAOGCT PE TNV KOOGS VAN.

Koatd v avtidopaon g Ekpnéng mopdyetal £va amOTOUo KO,

— Kpovotikd kbpa: Amotopo kopo mieong eviog Kamotov agpiov.
— Expnktco xopa: O cuvdvacuodg evog KpovuosTikoD KOUOTOG LE TOV GVELLO.
[Mopakdto TopovstalovTot To YoPaKTNPIoTIKA TV EKPIKTIKOV VAMYV.
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2.2.1 Awyepon ekpnKTKNG VANG-Yéopa

A0 Baoikég £vvoleg ApPNKTO CUVOESEUEVES LE TIC EKPNKTIKEG VAEG glvor 1 O1€yepon
K01 TO YEHGLAL.

Aéyepon piag eKpnKTIKNG VANG o€ £kpnén tvor n Tpdaén e TV omoio EMTLYYAVETOL 1)
évapén g Ekpnéng ot pdla g ekpnktiknig VANG. H diéyepon pmopet va eivan acBevng 1
1GYLPY.

1) Acbevig d1éyepomn eivor ekeiv 1 omoio EMLTLYYAVETOL HE TOAD WIKPY TNYR
eVEPYELOG, Yio Topdoelypa TETown Tyn eival Eva Bepud onpeio, n PPN Kou M
elappié kpovon.

i) Ioyvpn Siéyepon eivar exeivn 1 omoia yio va emitevyOel amontel Ekpnén piog
TOGOTNTOG EKPNKTIKNG VANG.

[Méopa etvarl pio 0moladNmOTE LOPPOTONUEVN TOCOTNTA EKPNKTIKNG VANG. H mAdov
cuvnoiopévn popen tTev yepopdtov eivar 1 kKoAvdpikn. Tlepropiopdg evog yepicpatog
elvan KGO mepifAnpa to omoio mepPdAiel TO YEMGHO Kot TO TEPLOPILEL OE CLYKEKPLUEVEC
dwotaoelc. O meplopiopds pmopet va givar acBevig (m.y. mepipAnuo and xapti) N 16xLPOHS
(m.y. mepifAnua amd ydAvfa). ATOAVTOG TEPLOPIGUOG KOAEITOL €KEIVOG O omoiog Oev
voiotatol £0T® Kot TNV €AAYoTn TPOGPoAr, Katd v €kpnén g TEPLOPIGUEVNG
EKPNKTIKNG VANG (T pnetaAlikol kKGAvKee puotyyimv mupoforwv omAwv). I'epicpato yopic
TEPLOPOUO elvar eketva mov ot dlaotdoelg Toug dev meplopilovtal amd OmTOLOINTOTE
nwepiPAnpa M péoo katd tn ddpketo e EKpNENG.

2.2.2 Toydmnta ékpnéng

H tayomrta éxpnéng (velocity of detonation — VOD) eivar 1 taydtnto pe v omoia
TpoYwpd T0 HETOTO avtidpaong Ekpnéng evioc (oG KLAWVOPIKNG GTAANG YOU®ONS omd
ekpnkTikn VAN. Exepalet Tov puBuo £kivong e ymukng evépyelog Kot Exel Gueon oyéon
pe v mieomn €kpnéng koi TN OWPPNKTIKN EVEPYEID TNG €KPNKTIKNG VAnG. Eedcov
ocvoyetileton aueca pe tov puOud EKAvomg evépyelag, 0G0 PEYOALTEPN Eivon 1 TayvTNTO
éxpnéng, oo ToyvTEPN ivan n EKAvom evépyelag Kat, dpa, TOco PBpaydtepn 1 Ekpnén.

A6y t0V 011 0 TEPPAALOV YDPOG TNG EKPNKTIKNG VANG Tailel ONUAVTIKO pOLO OGNV
éxpnén, avtdg daympiletar e TPELG SOPOPETIKESG KATAGTACELS:

— "Expnén pe mepropiopévec ouvinkeg (Dc - ConfinedVVOD).

— "Expnén pe erevbepec ouvBnkeg (Du - UnconfinedVVOD).

— Idavikn éxpnén (D — Ideal VOD).

Ot ovvOnkeg avtég €xovv Papdvovca onpacia yo v taxdtta £kpnéng, aeod pe
avénon TV TEPLOPIGUOVY dhvaTol N avtidpacr g £kpnENg va extedectel TAnpéotepa,
UELDVOVTOG TNV KPIGIUN SIAUETPO:

— Kplown ddpetpoc: EAdyiotn StGpeTpog YOU®ONG KATA TV OOl 1| EKAVOUEVT EVEPYELD.
etvat iavn vo dtatnpnoet v avtodiddoon g Ekpnéng.

— Tayvmta £ékpnéng oe meplopiopéveg cvvinkeg (DC): T dtdpetpo yopwmong peyoAlvtepn
NG Kpioung OopéTpov ektereiton n avtidpaon g éxkpnéng. Otav og pio StapeTpo OAoL
01 KOKKOL avTIdpovV, TOTE Y10 TIC VPICTAUEVES GLVONKEG TPOKLATEL N TOOTNTA EKPNENG
Dc.

— Idavun taydra €kpnéng (D): Me ) cuveyn adénomn g Stapétpov yOUMong, KAmolo
ottyu] Bo eméAfBerl Eva Téhpa ko M taxvtnTa £kpnéng ayyiler éva péyioto. Avtd to
péytoto amotehel TNV WOVIKN ToOTNTA £EKPNENG.

Ot Baoikot Tapdyoveg mov exnpealovy TV TavLTNTO £KPNENG ivat:

— Xpovog amodnkevong ekpnKTIKNg VANG.
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— Ilpoopi&elg otV ekpnKTIKN VAN.

— 2VoKeELOCTO EKPNKTIKNG VANG.

— XNWikn obeTOoT EKPNKTIKNG VANG.

— Koxxkopetpio ekpnKTikng VANC.

— ITvkvomto yopwong (adénon g moukvoTTag YOpmong odnyet oe avénon g
Toy0TNTOG EKPNENG).

— Atbpetpog yopmong (avénon g SapéTpov yopmong odnyel oe adénon g TaydTNTOG
EKpNENG).

— BaBuog mepropiopod tov covOnkov yopo oamd v ekpnktiky VAN (avénon twv
TEPLOPICUMV 00MYel o€ avEnom g TovTNTaG EKPNENG).

— Ogppokpaocio.

— Awdkacio Evowong EKpNKTIKNG VANG.

— Xpovog avapeca 6e YOUMGON Kot EVOVOT).

— Mnjkog draTprpatog.

— IlepiBdArov dratprjnatoc.

MéBodot pétpnong g tayvtnrog Ekpnéng:

— Yreprayeio potoypaeion.

— HAextpovikn pébodog pe ypnon acOnmpov Kot TaApoypdeov.

— Me ontikég iveg.

— Mé0odo¢ Dautriche.

2.2.3 Toyig éxkpnéng

H 1oybg exppdlel v exAvopevn evépyela katd v Ekpnén (o eKpnKTikig VANG.
Koatd ) ddpketa pog Ekpnéng, n KN EVEPYELD LETATPETETAL GE EVEPYELD TIECTS OOV
TUKVOL POpOL aEPLdV €YOVV VYNAN KWWNTIKY €VEPYELD. AVTH KATOVOAD®VETOL KLPIimg
KPOVOTIKA LLE TNV ACKNOT GYE00V GTOTIKNG TiEONG KOl TPOKAAMVTOG LETOKIVoN, Opavon,
dovnon, TpIPn K.o.

H evépyea exppaletor katd povada Papovg ekpnkTikng VANG Kol Kotd povado dykov
EKPNKTIKNG VANG. AAAG Kot ®G amOAVTN 100G N GYETIKN 1OYVG O GYEOT UE KAmowo GAAN
EKPNKTIKN VAN avagopds. 'Etol mpokdntovv:

— AmdAvt 1oyg Katd Bapog (Absolute weight strength - AWS). Exepaleton cuvnbwmg oe
cal/g 1 J/g.

— Amdlotn 1oy0g kat' dykov (Absolute bulk strength - ABS). Exepdaleton cuvibmg o€
cal/cm® 1y J/em?,

— Zyetikn 1oy0g kot Papoc (Relative weight strength - RWS). Exeppdletar o€ oyéon pe
Kamotla ekpnKTiKn VAN, 6Twc NG, AN K.T.A.

— Zyetikn woybc kot oykov (Relative bulk strength - RBS). Exepdleton oe oyéon ue
Kdmota ekpnKTikn VAN, 0mwg NG, AN K.T.A.

Mé£Bodot pétpnong g 1oyvog Ekpnéng:

— Aoxn Trauzl.

— Aok BoaAMOTIKOD EKKPEUOVG.

— Aoxun Hess.

— Aoxiun| kpatnpa.

2.2.4 TIoodvvapio TNT

Xopakpiotikn mepintmon ivar 1 ioodvvapioc TNT yio Tov vmoloyiopd g evépyetog
mov amehevBepdvetan o pia Ekpnén. Qg mapadoyn Oewprdnke 6t kotd v Ekpnén TNT
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npokvrtovy 4184 J/g. v mpaypotikdmmra anodeiydnke 6t n cwot tiun givar 4686 J/g
npokTikd ko 4853 J/g Oswpnrikd. Opmg, Ady® Tov OTL )O1 VANPYE OE EQUPUOYN 1 TIUN
tov 4184 J/g dwatnpndnke kot ot cuvéyela uéypt onuepa. H ioodvvapioo TNT amoteret
évo, amd To. TAEOV ONUOVIIKA OTOLXEIDL Yo TOV YOPOKTNPIGUO OGS EKPNKTIKNG VANG.
Qo1660, dev VILAPYEL KON PeBOdOLOYiN TOYKOSUIMG Y10l TOV VITOAOYIGHO TNG IGOJVVOUING
TNT pog cuyKekplévng EKPNKTIKNG VANG.

Onwg Oo dodpe Tapakdto yio v KMpokmt) aroctacn (oxéon 3.10), Z = R/(WA1/3)
omov R 1 amdctaon amd to Kévrpo TG Ekpnéng oe M, koau W 10 €kpnktikd @optio
exppoopévo og 1oodvvapa KA TNT, n ypion tov TNT ®g ekpnKTiKoD «avagopdc» ot
Stapdpemon tov Z gival kabopiopévn. To Tpdto 6TAd10 6TOV TPOGIHOPICUO TOV KLUATOV
éxpnéng amd aAleg mnyéc ektog Tov TNT elvor  peTaTpomn TG TPAyHOTIKNG LAlag Tov
@optiov o€ 1oodvvaun pdlo TNT. Qot6c0, dev LIAPYEL KAOOAIKE OmOdEKTN TPOGEYYIoN
vy v agloddynon mg oodvvopiog TNT omotovdnmote ekpnktikov. BéPaia, vrdpyovv
evoeilelg OTL €val GLYKEKPLUEVO EKPNKTIKO VAKO pmopel va €xel wwodvvapioo TNT mov
e€apthron omd to Z.

O amhovotepog tpomog aforoynong g oodvvapicg TNT evdc ocvykekpiyévov
EKPNKTIKOV €lvar vo moAlamAoctootel 1 pnalo TG eKPNKTIKNG VANG HE VoV GUVIEAEGTN
oodvvapiog pe Paomn m cvykekpluévn evépyeta Tov Kot ekeivn tov TNT. Mia icodvvapio
TNT mov eivon peyardtepn amd v povada deiyvel 0Tt N 101K EVEPYELDL TNG EKPNKTIKNG
VANG etvon peyodvtepn avtng tov TNT.

Ot ovvtereotég wwodvvapiog TNT yia évav aptlBpd exkpnkTik®v VAOV topovotdlovrol
otov Ilivaxa 2.1. An6 tov mivoka @aivetat, v mopdderypa, o0tt o eoption 100 kg g
kg évoong B (Compound B) petotpénetar oe 114,8 kg TNT, kobmdg o Adyog tmv
oLYKEKPEVDV evepyelmv ivar 5190/4520 (=1.148).

[Mivokag 2.1: Xvvteheotéc petotpomng ya ekpnéeig [Cormie D. et al.].

Explosive Mass specific TNT
energy equivalent
Q. (k]/kg) (Qu/Qrnt)
Nitroglycerin (liquid) 6700 1.481
C4 (91% RDX) — 1.19-1.37
HMX 5680 1.256
Semtex 5660 1.250
RDX (cyclonite) 5360 1.185
Compound B (60% RDX 40% TNT) 5190 1.148
TNT 4520 1.000
Blasting gelatin 4520 1.000
ANFO (94% ammonium nitrate, 6% fuel oil) [6] 3932 0.870
60% nitroglycerin dynamite 2710 0.600

M evaAloktiky pébodog mov mpoteivetan amd to “US Army Corps of Engineers”
YPNOOTOEL OVO CUVTIEAESTEG HETATPOMNG TOV  EMTPEMOLV TN OLPOPOTOINGN  TNG
CLGYETIONG UG EKPNKTIKNG VANG He T0 TNT O6cov apopd otnv ®Onorn kot dcov apopd
otV mieon Ps. 'E1o1, GAAOG GUVTEAEGTNG LETOTPOTNG VLAPYEL Yo TV MONoN Kot dAAOG Yo
v mieom mopdTL TpdKeLTan yio TV 1010 ekpnkTiky VAN. ‘Etot, yia v ‘Evoon B 10 yeyovog
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OTL ka1 ot dVvo mopdyovies eivor pukpdtepor amd 1,148 eivor yopaxtnpliotikd ToV
TPOPANUAT®V GTOV OPIGTIKO TPOGIOPICUO TNG LGOSVVOUING.

Youpovo pe toug Cormie D. et al., n wodvvapic TNT &vdg avtooyedoouévov
ekpnKTikoH 0mw¢ 10 ANFO (vitpikd appdvio - palovt) eivar 006KoAo vo TposdloptoTel
AOy® G petafAnTOTNTOC TNG OVVOECNG TOVL KOl TNG TOWOTNTOG TOV EAEYYOVL TOV
YPNOOTOLEITOL 0TV KaTtaokewn Tov. 'Exovv mpotabei cvuvteleotés 1co0bvapor pe TNT
mov Kvpaivovron amd 0,4 (Yo xounAng moldtnTag oTosyE0 EKPNKTIKG) £WG KOl GYEOOV
™G Hovadag. uvibwg ypnoonoleital cuvieheotng 1oodvvapiag 0,87 TOco yio TV Tieon
0G0 Kot Yo TV Odnon.

INa exphéelg vépoug Kavoipov - aépa M otpov, 1 wodvvauio TNT etvar e€icov
O0OKOAO VO Tpocdloplotel pe  akpifela, ov Kol HEPIKES QOPEC  YPMOUOTOLEiTOL
ovvteheotnc petald 0,4 kai 0,6.

2.2.5 Mowtnto Topaydpevov aepinv

Xg mepinTOON MPAYHOTOTOINONG OGS WavIKNG £KpNENG, Ho €KPNKTIKY VAN dgv
mapdyel ToEika agpta. Otav, Oumc, n avtidpaon g £kpnéng dev gival 1ooluyiopévn e 1o
o&vuyovo, 161 mapdyovror To&ikd aépia, onwg to CO, ddpopa ofeidia Tov aldtov NOx
K.o.. AAAol A0yol OV UmopoHV va 0OMYNGOVV GTNV TAPUy®YT| TOEIKAOV aeplwv eivar 1
QVETOPKNG EVALGT), 1 LELOUEVN OVOEKTIKOTNTO GTNV VYPOGia, 1 TANUUEANS YOL®ON K.OL.
Qot6c0, Otav mpokertal Yoo vraifpleg avatvaéels, o ToEKA aéplo S1HADOVTOL AUECH
omv atpoécealpa. To onpavtikd mpdfinua Bpicketor 6Tig VLHYELEG OVATIVAEELS OOV O
agplopdg  givar  dvokorog. Ot ekpnkTikée  VAeg  taivopobvtoar  oe  TAEELS
(fumeclasses/ratings).

2.2.6 Avrtictoon 6To vepo

Méoca and v avtictacn e 6to vepd TPOocdopileTal 1 SOLVUTOTNTA TNG EKPNKTIKNG
VANG va ekpryvuton pe v ékBeon g o€ vypd mepBarlov. Yhpyovv ekpnKTIKEG VAEC e
KOAT avTiGTOON GTO VEPO OV UTOPOLV VO EKPIYVLVTOL EMTVYADS oV €KTEBOHV Yoo LIKPO
YPOVIKO SIACTNHO EVA VITAPYOVV EKPNKTIKES VAEC LE EENPETIKY] OVTIOTOON GTO VEPO OTAV
EKPNYVLVTOL EMLTLYMG Kot EKTIOEVTOL GTO VEPD Y10 LEYAAO XPOVIKO SLAGTNLLA.

H exmopnn kamvadv og dtdpopa 131aitepa xpOUATO KOTA TNV EKpNEN UOG EKPNKTIKNG
VNG delyvel OTL M ekpNKTIKY VAN €xel mBavmdg aAloiwbel amd mponyovuevn ékBeorn ce
VYPo TEPPArLoV. ['evikd 1 VYPOGKOTIKOTNTO LIOG EKPNKTIKNG VANG amoTeLel delypa yio TO
Katd moco eivar avBektikn o £kBeon oe VYPO mePPAAAoV (VYpOsKOTIKATNTA: 1 1010TN T
pog VANG va mpocAapBdvel vypacia).

2.3 Asgrtovpyio g EKpNENS (MUIKIG) EKPNKTIKNG VANG

Yopeova pe tov Kapmobpn E. (1984), katd v ékpnén mn ynuikn €KpnKTIK VAN
arocvvtifeton og ypovo 0,0001 sec (ypoévog €kpnéng), evd to. aéplo. TOL TOPAyovVTOL
avantoocovy mEcelg uéypt kot 700 tovoug avd tetpaymviky ivtoa. H Beppokpacio katd
™V €Kkpnén 1oxvpNg eKPNKTIKNG VANG avépyetan otovg 3.000 émg 4.000 Babuovg Keroiov.
Mio mocotnTor TG EVEPYELNG TTOL EKAVETOL domavdtan yio T dppnén - amosvvheotn g
EKPNKTIKNG VANG Kot T dnpovpyia Opavcpdtov, eved OAN 1 vwOAOIRY evEPYELD GLUTIECEL
oV aépa oL PBpicketal yopw amd 1o onueio ™ ékpnéng. H ovumieon avtn eivor to aito
TOPOYOYNG TOV EKPNKTIKOV TOV 0EPO KIVEITOL YPNYOPa, LE POPA OMOUAKPLVCNG OO TO
KEVTPO NG Ekpnéng oav pia aépla ceaipa, n eEmTEPIKN eMPAaveLn TNG omoiag epeoaviletan
cov PETOmo Aemtdtatov mhyovg (mepimov 0,001 y1lootd) o omoio KaAeitonr KpovoTikd
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pétomo. AvTtO Kveltor peE opylkn ToyLTNTO TOAD peyaAvtepn Tov nyov (1.100
TOO10/OEVTEPOAENTO), 1 OTOl0L OUMG EANTTOVETOL YPNYOPO KOl KATOWL OTLyp| To
Opavopato Tov akoAovhovV TPONYOVVTOL TOV KPOLGTIKOD HETOTOV. AVTd cuppaivet d16Tt
N emPpadvvon mov TPOKAAEITAL GO TNV AVTIIGTOOT TOV O€pa €IvOl OVAAOYN TPOG TNV
EMPAVELD. TOL KIVOOLUEVOL CAOMOTOC. Evd 1 empdvela kot to péyebog twv Bpavoudtmv
TOPOUEVOVY GTADEPA 1) EMLPAVELD TOV KPOVOTIKOD HETMTOL OVEAVEL OGO OMOUUKPVVETOL
a6 1o k€vipo g Ekpnénc. To kpovoTikd pétemo ackel pio amdTOUN KpOLON Kot TEST
UIKPNG SLAPKELNG, 1) OTTOL0L TPOKOAEL OVTIGTPOQY| TNG KIVIONG TOL aEPO. TPOG TO KEVIPO TNG
éxpnéng. E&attiog avtov tov pawvopévovu éva ELappv avtikeipevo, mov Bpédnke kovtd oto
KEVIPO NG EKPNENG, EKGPEVOOVILETOL LOKPLA OALL GTY) GUVEYEWD ETAVEPYETOL, LITO TNV
enidpaocmn ¢ avtioTpoeng kivnong tov aépa. [a to yKpéuoua 1 TV KotaoTpoen piog
KOTOOKELNG 1 TETPOUATOV, K.AT. TPEMEL 1] UEYIOTN TIEST KOl 1| OONGN TOL EKPNKTIKOV
KOUATOG VO EEMEPAGOVY OPIGUEVES TIUEG YOPOKTNPIOTIKEG TOV OVTIKEWEVOL GTO OTOi0
amgvBiveTon N Ekpnén. AAAEG KATOOKEVEG 1| TETPOUATO KaTodALlovTol amd TV oyvpn
KPOUGT] TOL KPOLGTIKOD HETMOTOL KOl GAAEG OO TNV TOPATEVOUEVT TECT TOV MOTIKOV
KOHOTOC. Znueudvetol 0Tt pe EKpnén 6€ TEPLOPICUEVO YDPO TO EKPNKTIKG ATOTELECLATOL
EVIOYVOVTOL AOY® 1TNG OVAKANGCNG TOV EKPNKTIKOV KOUOTOS OV OTIC TEPLOPLOTIKEG
empdvetec. TELog av T0 eKkpNKTIKO KLU OV OMpovpyeital amd v Ekpnén EKPNKTIKNG
VANG Kot eV Sotnpel akOpUn TV KOTAAANAN €VEPYELD. GUVAVTIOEL GAAN EKPNKTIKY VAN
tote TV dleyeipel kan g mpokael €kpnén, M omoia amokoieitor cupmadNTIK) £kpnén
KOUATOG, T0 omoio yapoaktnpiletor amd: 10 KPOLoTIKO UETMOTO, TO OCTIKO KOUO KO TNV
apoainon Tev aeplov 6to Ydpo ™S Ekpnéng. Apéomg petd v ékpnén ta aépla Tpoidvta
aLTnG, To omoia Ppiokovtal 68 KATAGTOCT LYNANG TEoNS EKTOVOVOVTOAL Ko apyilovv va
méCovv T oto1dda tov aépa, mov PpickeTor dimAa TOLG Kol TEAOVCE UEYPL €Kefv T
GTIYUN GE OTHLOGPAIPIKT 1GOPPOTIaL.

2.4 Kotnyopromoinon eKpnKTIKAOV VAOV

e plo ynukn éxpnén yiveton tayeio o&eldwon g ekpnrtikng VANG. H goon g vAng
umopel va tvon gite otepen, site vypn|, gite aépra. O ynuikég expnéelg tavopovviot 6
dvo Pactkd €i0n Kat, avTicToyo, TPOKVTTEL £VOS PACIKOS TPOTOG KOTNYOPLOTOINONG TV
EKPNKTIKAOV DADV:

— Expnéeic ovpmukvouévng eaonc: H o&eldmon oty mepintmon avt) odnyel otn Pioun
ekTOVOON aeplov Kol otnv omeAevBépmon Beppotntag. Zvvakoiovba, TPoKaAovVTIL
EKPNKTIKG KOUOTO GTOV OEPO. KOl KPOVOTIKES TIEGELG GTA TOPAKEILEVO GTEPEQ GOUATA
ottymaia. H ékpnén avtov tov tOmov ovopdleton xatdppnén [Kpovotikd wopa —
Muwpotepn Sdpketn Oetikng @dong — YynAdtepo €0pog — YmepnymTikn Toy0TnTo
KOpoTog — Expnrtikég HAeg vynAng 1oyvog].

— Exprigeic vépoug aepiov: ‘Eva vépog ebplektov pevotov €xel daokopmichel o éva
0&E0MTIKO CAOMO KO OVOPAEYETOL HE OMOTEAECUO. TO WUIYUO. TOV PELGTOD KOL TOL
OOUOTOC GTOOOKE VO VTOKEITOL G KATAKOLON Kot vo. onpovpyel kopo mieone. H
ékpnén avtod oL TOHTOL YopoakTNPilEl Kol TO TPOWONTUKG VAWKG Kol ovopdleTon
katakovon [Kopa wieong — Meyolvtepn dudpkela Oetikng edong — Xounidtepo €Hpog -
Y monyntikn taydtra kopoatog — Expniticé vAeg meplopiopévng 1oy0og].

Qo1000, Ol EKPNKTIKEG VAEC TOV TPOKAAOLV TIG EKPNEELS KOTIYOPLOTO0UVTOL KATA
KOpoV avdAoya pe TV eVKOAMa TVPOSOTNONG TOVS 1| KAAMG evasOnaciog Tovg. H gukolia
TVPOSOTNONG TOV EKPNKTIKMOV VADV €lval €vo onuavTikd péEyeog 0e00UEVOL OTL TEAKA
kaBopiletl og onuovTicd Baduod v emtuyia Kot T0 KOGTOG TOVG.

EminAéov, évag BepeMdong tpomog d1ompiopol TV EKPNKTIKAOV DADOV givol péca omd
1 606TaoN TOvG. YO ouTiV TNV ONTIKY, €lval SIOPOPETIKN 1| CVOTACN TOV EKPNKTIKMOV
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VA®V avdAoyo pe To av etvan ynukég ovoieg (OTmg N yAvkepivn) N av amotehovy Hién
MUKOV otoyeiov (6mwg o dvvauitng). O cvyKeEKPUEVOG TPOTOG KOTIYOPLOTOINoNG
umopet va emektadel o€ TaSvOuNon avaloyo Pe LOPLOKES OUAOES.

INUovTIKO €100G Katnyoplomoinong, OHmE, OmOTEAEL Ko 1 YPNON TOV EKPNKTIKOV
vA®vV. Omote, apykd dywpiloviar 6€ avTd OV £(0VV OC GKOTO TOLG TNV EKPNKTIKY
YPNON KOl UETEMELTO, OVAAOYO LLE TOV OKOTO NG £KPNENG, TPOKVMTEL AV TPOKELTAL Y10l
1o LPE EKPNKTIKG, Yo TPO®ONTIKE (TVpoPOA®V 1| TLPAVAMY) KOl Yio TVPOTEYVIKA. Ta
1GYVPA EKPNKTIKA otV Topeia ywpilovtal 6Ta TPMTOYEV] KOl GTO OEVTEPOYEVT] TOV £XOVV
N Blounyovikn 1 GTPOTIOTIKY ¥PNOT).

Baocwkoi optopol tov avotépm mov dev Exovv tpoavapepOet:

— Agvtepoyevn expnktikd: Expnktikd ta omola AOy® tng meplopiopévng evoucinciog
To0uG, kabiotator dvoyxepng M dwdikacio Katdppnéng tovg ki €tol ypelaloviol To
TPOTOYEVT EKPNKTIKA, ®GTE VO, TPOKAN Ol N katdppnén toug (0nmg to TNT).

— Expnkrucéc VAeg pe un expnitikn ypnon: Hopdyovtal pe okomd ™ un aglomoinon g
&xpnéng toug (6mmg to SllaviokTova).

— TMvpoteyvikd: apdyovtar pe okond v mapovcioot EWOKOV epE (OT®G Ta Peyyalikd).

— Ipowbnrikd vAwkd: YAd 1o omoio ¥pnoILonotohvTot yio TV KTOEEVOT AVTIKEWEVAV,
ommg pa ceaipa 1 Evav mopavro. IepiEyovv ta idwa o amapaitnto o&uydvo yio v
Koo Kol YeEVIKOTEPO Ogv €KPNyvLVTOl OAAQ Kaiyovior pe tpémo Ploto (0nwg m
Topition).

— Ilpowtoyevn ekpnktikd: Expntikd pe toyeioa petdPfoon omd v avaerien omv
Katdppnén Kot Pe 6KOTO v HETAOMGOLV TNV Katdppnér Toug o Ayotepo gvaicOnta
expnktkd. Ta 0w €yovv peydAn evacbnocio ce kpovotkd wdpota, TPPN, LVYNAELG
Oepurokpacieg Kot nAeKTpKovs omvOnpeg (0mmg to alidoto Tov poAvBoov).

— Evioyutéc: YA mov KaAOTTOUY TO KEVO OVAUESOH GE £VOV TUTTIKO EKTVPGOKPOTNTI KoL
po YounAng evoncnoiog exkpnktikig VANG, He TNV TUPOSATNGY| TOVS OPYIKA OO TOV
EKTTUPCOKPOTNTY KOL TNV €V GLUVEYEID EKTVPCOKPHTNON Od TaL 1010 TNG EKPNKTIKNG VANG
(tprroyevig). Ilpdkettar 6TV TPOYUATIKOTNTO Y10 OEVTEPOYEVES EKPNKTIKO.

— BEvatsOntomomtic: YAIKO pe 6komd v adpavomoinot Tov EKPNKTIKOV [e TV avénon
™™g 6TafepdTNTOS KO TOV TTEPLOPIoUO TG gvancOnciog Tovg, OTMG To KeEPL Tapapivig
(paraffin wax), to TNT, 1o yapti, T0 vepo K.a.

210 oynua 2.1 yiveton 1 KaTnNyoplomoinon TV EKPNKTIKGOV DADV avOAOyo LE TN ¥PNomn

TOVG

ExpnkTikr Xprion Mn ekpnKTIKT Xprion

Il
il

loxupd

MpwToyevn Aeutepoyevi MupoBéAwv

Biopnxavika

Mupotexvika MpowBnTiKa

1

ZTPATIWTIKG

J
i

Zyque 2.1 Kotnyoptomoinon tov eKprKTIKOV VAOV avOAOYO LE TN YPTON TOVG.
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3  Duoiki] TOV ekprjéemv

Apycd dtvovtar avaAvTikd ot S1adKacieg Tov GUVTIPEXOLY Katd TNV Ekpnén tv dVo
SLOLPOPETIKMOV LOPP®V TTOL TPoavaPEPOnKay, ONAadn TG EKPNENG CLUTVKVOUEVIG A
Kot TG EkpNéENG vEQOLS aepimv.

3.1 "Expnén cvumokvopévig gdong

e i éxpnén ocvumukvopévng edong, HETE TV €vouoTn NG EKPNKTIKNG VANG
mopdyovtatl Oeppd aépro Tov Bpiokovtal oe cuvONKeg VYNNG Tieong Ko Bepprokpaciog.
Ta aépro avtd droykmvoviar amodtopa eEMOMVTOS TOV YOp® aépa €KTOS TOV OYKOL TOV
katolopuBaver kot avaykalovidg tov vo cvumieotel. ‘Etol, dnuovpysitor 1o ekpnrTiKd
KOO TO omoio TePLEYEL TNV evépyela mieong N omola TeptAapfavel To PLEYOADTEPO UEPOG
™G YMNUIKNG evépyelag g Ekpnéng. Adym ¢ dtopopis avAUESH GTO TAEOV GUUTIEGUEVO
OTPOUA AP €VTOC TOV EKPNKTIKOD KOUATOG Kol 6TOV EAeVLOEPA O1UGKOPTICUEVO TTEPLE
aépo, TO EKPNKTIKO KOpa EEKv amd o kEVTPO NG EkpnENG kot Taldedel EEwbev pe micon
oLVEYMG HeVUEVT] 0G0 amopakpvvetal and To kévipo. H opun tov aepiov ta avoykalet
va  vrepdloykmBohv  mpokoAmvtog €Ttol o peioon KAt®w omd To EmImEdH TNG
OTLOGQALPIKNG TIEGNC OTO TEPAS TOL EKPNKTIKOD KUUATOC. AVLTY 1 0pVNTIKN PAoT OTMC
eatvetor kot oto oynua 3.1, to omoio mapovosldlel To Sdypappo mESNS — YPOVOV
EKPNKTIKOD KOUOTOG CUUTVKVOUEVIS eAonS (Katdppnén), avaykdletl Ta yOpw popa tov
aepiov va emPpadhvouy Kot 1 pon vo avTioTpagel Tpog To kEVIPo g Ekpnéng. Telkd, pe
avtdv T0V TpdTO amokabicTatal 1) 1oppoTicL.

+ Pressure
< Positive Phase

Peak |ncident
Pressure

Areals

Areaiy

Atmospheric =
Pressure I./_/ -

Time of \
Rerival

Negutive Phase Y.

- Pressure

Iymua 3.1: Tumiky ypovoictopia wicong [Paciouévo ard Chipley, M. (2003)].
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Youeovo pe Chipley, M. (2003), to péyebog kot n Kotavoun tov eoptiov Ekpnéng ot
pia Kataokeun e€aptdratl amd Stpopovs TapayovVTES:
—  Id0treg ekpnKTIK®OV (TOTTOG VAIKOD, EVEPYELD TOV OMEAELOEPDVETAL, KO TOGOTNTA
™me €kpnéng)
— Amdotaon g £kpnéng amd To Ktiplo
— Evioyvon tov mokpov g mieong péocm g aAAAeniopacns pe to £00.pog 1 TO
KTipto (avakAdoeLg).

INo v e€ayoyn g micong oe oyéomn pe to xpovo o Friedlander mpdteve v e€ng
oyéon:

p(®) = p, x[l—}]xexp(?} , (3.1)

0 0
b: Mapdpetpog oynuatog ToL KOLATOG

Xoupova pe toug H. Dragani¢, V. Sigmund, 10 pétmmo tov KOUOTOG £pYETOL GE L
GLYKEKPLULEVN BE0M GTOV POV ta, KOl LETA TNV OOENGT GE Lo HEYIOTN TN Pso, 1 HEYIOTN
TEOT LEUDVETOL GTNV TIUN TNG ATUOCPOPIKNG TIEGNS TN GTIYUN to TOL AVTUTPOCSHOTEVEL TN
Betikn eaomn. Avt akolovBeitan amd pio apvnTiKn Ao [e dtdpkeld to 1 omoia cuviBwg
glvol ToAD peyaAvtepn amod Tt OeTikn @don kot yapaktnpiletar and apvntikn wieon (Kot
amd TNV OTUOGOUIPIKY]) UE UEYIOTN TIUN pso’ KOt avtiotpoen pon copotdiov. H @non
mov oyxetiCetor pe to Koo €fvor 1 emPAvELD KAT® amd TNV KAUTOAN ¥pOVOL Tieong Kot
VITOSEIKVVETOL LUE Is YioL TN OTIKN Pdon Kat is” Yo TNV opvnTIKY QAcT.

Onwg avaeépOnke kot 610 KePdAawo 1, vapyovv apketec afePordtnreg kot vVwoHEGELS
OTOV GYeSGUO Kol GTNY OvVOAVLOT TOV ekpnéemv, akOpa Kot OTav YPTCLULOTOOVVTOL
dvvopkég eopticelg kol amokpioels. Emopévog, eivar onpoviikd kdtm omd opliopéveg
cuvOnkeg, va voBembel  p wwodvvaun pebodoroyia, 1 omoia eivor mpooity o€
EMOLYYEAUATIEC TTOATIKOVG UNYOVIKOVC.

Ocov agopd ) @OpTIoT, TOAAEG POPES YIVETOL Yo AOYOVG EVYPNGIOG YPOLLUIKOTOINOT)
™m¢ oxéong kabotmdvtag ™ ddpkel TAEov g OeTiknig @dong g ta (Zymuoe 3.2). H
ypoppkonroinon mpokvmtel and TN Swrhpnorn g oG ®Onong, omAaon tov idtov
epPadov g Betikng pdong. [To cuykekpipéva,n 16odHvaun oty EOPTIoT TPOGUPUOLETOL
€161 ®OTE Vo TPLdlel TN HUEYIOTN aVOKAMUEVT Ttieon (Ps) KOL GTN GUVOAIKT OVOKAMUEVN
®Onon (is) g OeTIKNG PAoNS TOV POPTIOV, £TGL MOTE 1 SIGPKELD, GYESIUGLLOV:

LY (3.2)
P,

Ot tég is ko ps e€aptmdvtar omd v amodotaon ¢ ékpnéng R kot to péyebog tov
expnktikod eoptiov W, ta omoio. cuvovdloviar ®ote va kabopicovv TNV KALOK®T
amooToon Onwe eaivetal mopakdto ot oyéon 3-10. H apvntikn @don de Aappdveton
VITOYT aPOV GLVNOMG EYEL LUKPY| ENLOPAGCT] OTN UEYIGTY OTOKPLON.
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Pso F----------1

IpappikoTToinon Eupadov is

Po : - " t
! t, ty W"‘ :
oo T D 's
1 (BeTIKA @AON)  e— (apvnTikA @don) |
0.25ty

Zymua 3.2: Atdypoppo Tieomng — xpOVoL EKPNKTIKOD KOUATOG CUUTVKVOUEVNC paong(Katdppnén)
ue ypappukoroinon [Baciopévo and Chipley, M. (2003)].

Inuovtikd poro mailel, emiong, m amodctacn and tov otdyo (Stand-off distance) n
omoia kaBopilel onuavTikd To POPTio TOL dEXETAL | VIIOYIV KOTACKELT. Ao To ZyMua 3.3,
QoiveTOl TMG OGO PEYUAMVEL ] AOCTOCT OO TOV GTOYO, LEYOADVEL O YPOVOS APIENG TOL
EKPNKTIKOD KOUOTOG, EVM TAVTOYPOVO, Ol UEYIGTES MIEGES UELDVOVTOL OPOUOTIKE. AVTO
emPefordveton kot 6to Zynuo 3.4.

p(t)
Ps1

AméoTaon ammé oToxXo

E&aipeTik@ KovTIVA) atréoTacn
— — — Kovmiv améoTacn
————— Métpia amméoTacn
—_— — Makpivi) aréoTacn

Ps2

> t

RN R —

tos

yfuo 3.3 Adypappio Ttieong — xpOVoL EKPNKTIKOD KOUATOG
v, S10popeg amootdoel; amd tov otdyo [Chipley, M. (2003)].
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Pressure

Shock velocity

:

Distance from explosion

Yynuo 3.4: MetofoAn mieong pe v andotaon [Dragani¢ H,, Sigmund V.].
3.2 "Expnén vépovg agpiov

Katd v ékpnén evog vépoug aepimv 1 kawon Aaupdvel ydpa ce peydlo yopo e
QOTEAECUO, TO KOWO TECTG OV TOPAYETOL VO OAANAOETIOPE pe TO YOp® TEPIPAAAOV
TaVTOYPOVa PE TNV akoun cvvexlopevn kavon. Oco eEediooetal 1 kaHon, T060 avEdvel N
TOpPN HEYOADVOVTOGS TO UETOTO PAOYAG Kal, cuvakoilovBa, tov puBud kadonec. Avtd og
GLUVOLAGO LE TO YEYOVOS OTL TO LETOTO PAOYAG deV gival eviaio Kot OLOIOHOPPO OAAG el
aKOVOVIGTO GYNU Kal, Gpo, To Ponddel vo TPoywpAasl TPOSTEPVMOVTAG KOUUATIO OTO
omoia dev €yl NON eTAcEL | PAOYA. 'ETot, y0pv TV Topandve attidv To HETOTO QAOGYOS
wpoympd ypnyopo. H taydtmra avtm eivor mov kpivel mdéco vynmAn Ba eivor 1 péyiom
VIEPTiEST] TOVL TTPpOoKaAEitat. Xto oynpa 3.5 divetar to didypappa wieong — xpOvov KOUATOG
mieomng.

EmumAéov, n otoyeopetpio tov piypotog kovcipov — aépa moilelt onuoviikd poro
a@oV kaBopilel OG0 Wavikn 1| Oyt elvar  avtidopaot. H wavikn ayyiletonr 6tav n kowon
OAOKANPAOVETOL KATOVOADVOVTAG TANPMOS TOV 0£p0 Kot To kavoo. Mmopel, Opmc, to
Kovowo vo etvor AMydtepo M meplocotepo amd OG0 ypewdletal. AAAG M mo €viovn
avTidpaon TPoKLATEL 0G0 0 AHYOG 0EPO — KOVGIHOV €lval KOVIVTEPO GTOV GTOLXELOUETPIKO
Moyo. Evo, emmpocBétwg, onuoavtikd mapdyovia oamotehel to onueio  avapieéng,
dgdopévng G aKatdotaTng 0106mopds Tov Kovaipov. M kevipikr) 0éon avaeieéng Oa
TPOKOAOVGE CNUOVTIKOTEPES VILEPTIECELG OO OTL 0L TOLLOKPLGLEVT BEo.
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Zyfua 3.5 Aldypappae tigong — xpovov kOHaTog Tieong vEoug aepinv (katdkovon) [lodvvov O.].

Xapoaktnplotikn eivor n wepintoon tov DDT (Deflagration to detonation transition)
Katé v omoio pa €kpnén TOmOL Katdkovong apyilel vo amokTd TG 010TNTEG LG
€kpnéng tomov katdppnéng ko e€edicoeton cav avtyv. Il cuykekppéva, dwitepa o
TEPLOPIGUEVEG CLVONKES (Yol TapAdEYHa GE éva KAEIGTO dWUATIO) N €EEMEN TG Kawomg
OtO VITONYNTIKY| LETOTPEMETOL GE LILEPMYNTIKN Kot TAEOV €PaprOLEL 6To TEPLE TEPPAALOV
VYNAEG TEGELS TTOL gival KOwEG oe PEYEBOG e aVTES TG KOTAPPNENG.

3.3 Awgopés Exkpnéng ovumukvouévig @dong kot EKpnéng véeovg
agpimv

Ot Boaocucéc dopopéc EKPNENS CLUTVKVOUEVIS OAoNG HE EKpNEN VEPOVS aEPi®mY TOV
TPOKVLTTOLV, vt ot eENG:

[Mivaxog 3.1: Zoykpion ékpnéng COUTVKVOUEVNS Paong pe EkpnEn vEQoLS aepiwmv.

SUMNUKVWOUEVN Qaon NE@og agpiwv
MepIBAAAmV X®POG Aev ennpealel Ennpeade
EUpog YWnAoTEPO XaunAoTepo
Aiapkeia OeTIKAG Paong MikpOTEPN MeyaAUTepn
Kopa KpouaTikd Migong
TayxuTnTa YnepnynTIKh YnonxnTikn
EXpPNKTIKEG UAEG YynAng 1oxU0G Mepiopiopevng 10XU0G
Eidog €kpnEng KaTappnén KaTakauon

3.4 XopoKTNPLoTIKG EKPNKTIKOD KONOTOG

Ta dwypbppoto mieong — xpOvov aPopovy £va. OVTIKEILEVO TO omoio Bpioketal oTov
OpOLO TOV EKPNKTIKOL KOUOTOS OAAG OV €xel TN dvvOTOHTNTA VO TO €MNpedoel. Aéyetan
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evépyela amd TO EKPNKTIKO KOU Lo TN HopeY| TG evépyelag ieons. H migon mov déyxetan
OVOUALETO TPOCTIMTOVGH VILEPTIEST) Ps.

evikotepa, OL®G, OTOV TO EKPNKTIKO KOUO GLVOVTINGEL L0 GTEPEN EMIPAVELD, TOTE
avakAdTor 1 kol vrokerroan o mepiblaon Yopw g (avdroyo pe 1o péyebog ng
empdvelng). AmAoOoTEPT] HOPPN €VOC TETOOL TOPAOEIYHOTOS OMOTEAEL O OTEIPW®S
peydAn, otiopn Kol TPOKOADVTAG OAMKN avAkAaot emiedaveln (Ommg 10 £00(pOC GE Ui
éxkpnén oe eledbepo mepiPdAlov 1 éva tepdotio ktipo). Kartd v avdxioon,
onuovpyeitan Tomkd por LoV TEPAITEP® TIEONG GTNV OTOloL M EMPAVELD TPOKAAEL TOL
puopla Tov aépa vo amokToouvy ovtifetn opur. H odhayn g opung avédvel Tomkd v
mieon Kol MV @Tavel Taveo omd To emineda TG mpoomintovcog mieonc. H mieon avtn
ovopaletot HEYIOTN AVOKADUEVN VIEPTIEST| Pr.

H péyiom mieon Ppioketon 610 PETOTO TOL E€KPNKTIKOL KOUOTOG Kol OVORALETON
UEYLOTT TPOCTIMTOVGN VIEPTIEST] Pso EVA VITAPYEL Kol 1 HEYIGTN SVVOIKNY VIEPTIEST Os M
omoia apopd TV mieomn mov acKeital o€ Eva avVTIKEILEVO AOY® TNG TaOTNTAS TOL 0EPO TOV
TO TPOGTEPVAL.

Cevikdtepa, N avakiodpevn vreprieon, copemvo e Chipley, M. (2003), givar mavto
HEYOADTEPT OO TNV TPOCTIMTOVGH VIEPTIEST], Yot TNV 1010 amdotaon and v Ekpnén
(Zymua 3.6). H avaxidpevn vrepmieon dapépet Le T Yovio TPOCTTOGNS TOV EKPNKTIKOD
KOpatog. Otav 10 ekpnKTIKO KOUA TPOCKPOVEL G€ pia empdvela mov Ppioketal KAOeTO 6N
devbuvon g, tote ekel Ba dOmuovpynBel n péytot avakAdpevn vrepmicon. Avtictoya,
otav N emedveln PplokeTon TOPIAANAQ GTO EKPNKTIKO KOMO, TOTE ekel Ba dnpovpyndel n
eldoTn avakAmpevn 1 mpoomintovca vrepmicon. [lépa and ™ yovia mpoécTT®ONS, TO
péyefog e HEYIOTNG AVAKADUEVNC VITEPTiEONS, £50PTATAL OO TN HEYIOTN TPOCTITTOLGA
vrepmieon, N onoia gival GuvapTon Tov KaBoPov EKPNKTIKOL BAPOVS KAl THG AmOGTOONG
amd v £kpnén.

log(Mieon)

AvakAwpevn
UTTEPTTIED

MpooTimTouca
UTTEPTTIEDT

log(AméoTaon)

Zyquo 3.6: AvakAdpevn vrepmieon €vovtl Tng Tpoonintovcog vaeprieong [lodvvou O.].

To Zyfua 3.7 deiyvel TOVG TUTIKOVE GUVTEAEGTES OVOKAMEVIG VITEPTIECT)G GLVAPTNOEL
G YOVIOG TPOCTTMONG Y10 TEGGEPQ OUPOPETIKEG LEYIGTEG TPOSTHITTOVGES VILEPTIETELS. O
GUVTEAEGTNG OVOKAMUEVNG LREPTIEONC, 1G0VTOL HE TN UEYIOTY OVOKAMUEVY] VTEPTiEON
pog ™ péylotn mpoomnintovca vrepmicon (Cr = Pr/Pi). Avtd 1o oynua deiyvel Tmg ot
OVOKADUEVES VITEPTIECELS OTIG EKPNEEIC LTOPOVV va. eivar €m¢ kal 13 @opég peyaivtepeg
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Ao TIG LEYIOTES TPOOTIMTOVGEG VIEPTIEGELG. KO TGS Y10l OAEG TIG EKPNEELS, Ol GUVTEAECTEC
AVOKADUEVNG VITEPTIESOTG EIVOIL CIUOVTIKA LEYOADTEPOL KOVTA 6TV EKPNEN.

1251 Peuk Incident Pressure
5,000 psi
500 psi
100 T 100 psi
= 7T 0° = Perpendicular to surface
<= 90° = Parallel to surface
“I; G = Coefficient of reflection
S 501
T \
| | |
0 | | |

0 30 60 90
Angle of Incidence, Degrees

Zynuo 3.7 Atdypoppo cuvteleot avakAduevng vrepricong — yoviog tpdontwong [Chipley, M.
(2003)].

O1 oyéoelg mov £xovv mpokvyeL amd TV epyacio Twv Rankine & Hugoniot givau:

. 6'ps+?'pu (3-3)

2
=P (3-4)
5 2(p,+7-p,)

7-Py 4P,

pr=2'p5+(v+1)'qs=2'ps' ?'p0+ps (3-5)
p

C=-t (3-6)
I ps

Us: Toydtnta petdnov.
Po: ITieom o€ cuvOkeg Tepfaiiovtog.
do: TaydTnra Tov NYov 6ToV aépa GE TEST Po.
v: Adyog eldkng Oeppomtog Cp/Cy (=1.4 yia ToV aépar).
Cp: OeppoympntikdtnTo VIO cTdEPN TiEDT.
Cv: Ogppoympntikdmnta vtd otabepd OyKo.
Cv: Ztabepd avaxkioong.
o Tov vroloywopd g mieong Ps o€ KOvivo kot pokpvd medio kabmg kot g
voTieong Pso- 0 Brode mpotewve tig e€ng oyéoeig (1MPa = 10bar):
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6.7
p5=?+1 (bar), p,=10 bar (3-7)

0.975 1455 5.85

py=—5—+ - + =3 -0.019 (bar), 0.1 bar<p_<10 bar (3-8)
0.35

psnz—T (3'9)
R

- (3-10)

R: AndoTaon and To KEVTPo TNG €Kpnénc o m.
W: EKpNKTIKO QOPTiO eKPPACHEVO O€ I00dUvapa KIAG TNT.

Ievikd, vmapyovv kot evaAloktikég Oewpiec, Omwc ovtny tov Naumyenko ot
Petrovshyi:

10.7
Dsz? +1 (kp/em?), Z<1 (3-11)
0.76 2. 55 6. 50
p,= 7 + Zz (kp/cm?), 1<7<15 (3-12)
H Oewpia tov Henrych:

14.072 5.540 0. 35?' 0. [}0625

< 3-13
P=—g 5t (bar),0.05< 7<0.3 (3-13)
6. 194 0326 2. 132
p,= 5 (bar), 0.3=Z=<1 (3-14)
Z 7
0.e62 4.05 3288
Py=—5—+ = - (bar), 1<Z<10 (3-15)
H 8ewpio tov Mills:
1772 114 108

Aleg Bempieg sivar avtéc tov Kinney, Newmark, Kingery-Bulmash.
H ®bnon (dtwpopd opung) mov moapdystor and v Tpootintovca mieor vroloyileton
Y TN O1dpkela e OeTikng edaong LEca amd TV OAOKANPOO:
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i, = f p.(t)dt (3-17)

Evd yia v apvntikn edon pmopel vo vtoAoylotel og:

iy [ 1- (3-18)

o v xoAbTEPN KATOVONOT TOV YOPOKINPIOTIKOV TOV EKPNKTIKOV KVOUOTOG
YPNOLOTOLOVVTAL SAYPAUUATO HE TNV KAUOK®OTH omdotacn Z. Avtd to Soypdppoto
glonyOnoav ard tov Hopkinson kot tov Cranz kot cuoyetilovy 1o eKPNKTIKO QOPTIO Kot TN
OLIUETPO dVO SLAPOPETIKMOV EKPNKTIKMY VA®V HETOEL TovG. TTio cvykekpiéva, to @optio
W1 pog expnktiknig OANG eiva oavadoyikd g dtapétpov g di. Avtictorya, To @optio Wa
LG EKPNKTIKAG VANG givatl avoroyikd tng dapétpov dz. ‘Etot emotpatedovtag v kopikn
pila:

1/3
j_zz v_z) (3-19)
AANOG TPOTOC DGTE VO TPOKLYOLV TOL SLOLYPALLILOTO, LE TNV KALLOK®TY 0tOcTOCN Eival
avtn Tov Sachs.
O ekpnéeig o€ eE@TePKO YOPO TAEIVOLOVVTOL OG:

— ElebBepeg otov aépa ekpnéelg popong coaipoc: H €kpnén emdpd omv KoTacKeELN
dlywg mpdtepn emidpaocn 6e AALO EUTOOIN GTO £SAPOG.

— Ztov aépa ekpnéelg popong ooaipag: H €kpnén emdpd otnv KOTOCKELT UETA OO
emidopaon pe GAAL EpTOSI0 GTO £S0POC.

— Xmv empavelo ekpnéetg popens nuoeorpiov: H Eékpnén Aappavel yopo oto £d0¢pog Kot
£TG1 OVOTTTOOCEL NIGPOIPIKT LOPPT TOL EMOPE GTNV KATACKELN. AVTNG TG LOPPNG M
gkpnén BempnOnke 610 KEQALOLO 5, GTO TAPAOELY LA TOV HETOAALKOD KTIpiov.

Y10 oynqua 3.8 yivetar EexdBopn M dpopd €kpnNENG  HOPPNG GPOIPOC KOl HOPONG

nuoeapiov.

Mopeor
oQaipag

Mopen Kripio
nuIoQaipiou

Y

Zymua 3.8: Atapopd £kpnéng LopeNSg SPaAipag Kot LOPPNG NHGOALPiov.
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10000 -

1000 iyWP333 (MPa-ms/kg™3%%)
\ pr (MPa)
¥

/WO 3\33 (ms/kg®3®)
100 *

cl

to/vvﬂ.333; (ms/kg° 333

Us/(m/ms)

'

0.1+ Lu/WO333 (mykgP-333)

is/ W33 (MPa-ms/kg®33%) .
pso (MPa)

0.001 1 1 I ]
0.01 0.1 1 10 100

z (m/k90.333)

Zymua 3.9: Tlapduetpot eKpNKTIKOD KOUOTOG Y10 LOPOY| GPaipag g eEAeDBePO aépa Kot 61O eMinedo
g BdAaccag (Bstikn edon) [lodvvov O.].

1000

p’(MPa)
100

Pso (MPa)” "

101 OS5 (MPa-ms/kg®™®) WO, (msikg” %)

Us/(m/ms)

L/ WO333 (m/kg®33%) is/WPO-333 (MP\a—msl kg®*%)
0.1+ Tte-.l

\
t/WO333 (ms/kg®3%%)
0.01+-

0.001 | | | |
0.01 0.1 1 10 100

Z (mikg®)

Zymua 3.10: Mapdpetpotl ekpnKTIKOD KOUOTOG Y10 LOPQT] NLUCPAPIOn GTNV ETPAVELD KOL GTO
eninedo g Odlacooag (Betikn paon). [lodvvov O.].

Me avtdév tov tpémo pmopodv ot1o 810 dSudypappo vo avamopoctafodv kol ot
VLOAOUTEC TOPAUETPOL, KANGTOVTAG TO £val epYOieio Tov ypnoiponmoteitol and TAEIGTOVS
EMOTNOVEG Kol 0Xe0100TEG. Avtd cvpPaivel 010t pe v kuPwkn pilo, av embopeitor n
{010 ieom Ps 000 SAPOPETIKAOV EKPNKTIKOV VADV, TOTE 0 VTOAOYICUOS TMV OLUPOPETIKAOV
aKTiVoOV GTIG 0moieg LITApyeL 1 idwa wieon Ps (>10 bar) eivau:
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1/3
psl=p92_>i_§+1=z—';+1—>z§=z§—>2—:= ) : (3-20)
Avtog givar kot 0 Adyog mov &€ apyng opioke étol  kKMpokot) ondotaon Z. Ta
oYNMOTO avoapEpovIon TOGO € Lope opaipag (oe erevbepo aépa Kot ympig eyydTnTa e
KAmolo em@Aveln Tov TPOKOAEl avlkAiaon) 0G0 Kol 6 Hoper Nuoeapiov (oe Gueon
gyyvTnToL amd TNV GAAN TAELPA TOL MUICEOPIOL UE ETIPAVEID. TOL TPOKOAEL OAMKY
avaxkioon).

/W33 (ms/kg®3)

101 /_

Lu/WO3 (mikg® %)

ir/vv"-“‘3 (MPa-ms/kg®33%)

'

P (MPa) -

L _
0.01 pso (MPa)
_ /
is/ W33 (MPa-ms/kg3%%)
0.001 1 1 1 ]
0.01 0.1 1 10 100
Z (mikg®3®)

yfua 3.11: Mapduetpot ekpnKTikod KOUOTOG Yo LopPT opaipoc o€ Erebbepo aépa Kl 6T
eminedo ¢ Bdracoas (apvntikt| edon). [lodvvov O.].

10 -

]
L0 (ms/kg®3%?)

Tu/WO 333‘(m/kg” 333)

i,/w"'“‘3 (MPa-ms/kg®*%%)
h

0.1+

Pr (M#a) K

0.01+ /
Pso (MPa) /
Ts/WO-333 (MPa’-ms/kgu 333)
0.001 1 1 1 ]
0.01 0.1 1 10 100
Z (mikg®¥®)

32



Zyua 3.12: Mapduetpot eKpNKTIKOD KOUOTOG Y10 LOPQT NLUGEAPIOn GTNV EMPAVELD KOl GTO
eninedo g 0dhaccagc (apvntikn edaon). [lodvvov O.].

Ocov apopd v mapdueTpo e YOviog TpOCTTMONGS, Yo Yovia TpocrTmong péypt 40°
eEedlooetal QUGIOAOYIKA M ovlkAaon. QoTdc0, Yo PeyoADTEPT YoVio £pYETAL GTO
TpookNvio M avakiaon Mach n omoio mpokeitar yio €101kn Ko ovvOetn mepintwon
avaKAOoNG KOTA TNV 0moio, 6TV ovoia T0 KO dev avamndd amd v empavelo oAAd TNV
YOEPVEL, TO OVOKAMUEVO KOUOL OAANAOETIOPA LE TO TPOCTIMTOV KOUO KOl TPOKAAOVV TN
dnuovpyia evog Tpitov KOUATOG KAT® atd TO TPUTAd onpeio.

EE opiopov, péca and toug tomove twv Rankine&Hugoniot gaivetonr 6t 2 < Cy < 8.
AMG o0T0, OTOC TOPOVCIALETOL GTO OVTIOTOLXO Oldypapa deV 1oYVEL, dedopévov OTL
ayyiletr kot Tipég mov eTavouy 10 12~13. Avtd cvuPaivel AOY® S106TACE®Y TOV HOPimV
TOV agPiov TOoMKA 6TV emPdveln TpocTtwons. H avakiopevn dnon vroroyiletotl oc:

iy =i.-(1+cosa-2-cos?a)+i,-cos’a (3-21)

AVOKAWPEVO KUPO MpooTritTov KOua
ps(t) | Us

0<a<40°

AVOKAWPEVO KU MpooTitTov KUUa
pr(t) | Ur ps(t) | Us

TpimrAS onpeio

pu(t) | Uy ——>

o > 40° pr

- N°
Us a=0

a=90°

Zympa 3.13: Mopeég avakiaong ekpnitikov kopatog [ladvvov O.].
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Cr

14

12

10

pso (MPa)

34.47 0.48
20.68 0.34
- = =1378 —~—-—0.21
6.90 0.14
3.45 0.07
2.76 0.035
—=—207 —-——0.0138
1.38 0.0069
1.03 0.0034
-————=069 ————— 0.0014

20

30

40 50 60 70 80 90

lwvia mpoomTwaong (°)

Zynuo 3.14: Awgopomoinon tov Cr avdloya pe T yovia TpécnTmong Kot v wicon Pso. [Chipley,

M. (2003)].

[evikd, Tpelg Pacikég KOTYopies EMPAVEIDV — COUATOV UTOPOLY VO TPOGOIOPIOTOVV:

— ZOM0 TOVL VTTOKELTOL GE POPTION OO EVOL LEYAANG KAPOKOG EKPNKTIKO KOO TO 0010 TO
nepikieiel oAAG dev KOTOQEPVEL VO, TO UETOKIVAGEL (0TS €va KTiplo). Xtnv ovaia,
EMITAEOV TV VIOAOIT®V SLVALE®V, OoKEL KO (o TpdGOetn dvvaun cOpPceEmG TAELPIKA
o ™ popen mepibrlaonc. To copa, OGS, 0eV HETAKIVEITOL AOY® TOV GYKOL TOV.

— ZON0 TOV VTTOKELTOL GE POPTION OO EVO LEYAANG KAHLOKOG EKPNKTIKO KOO TO 0010 TO
nepikieiel ko €xel duvatdTTa Vo TO HETOKIVACEL (OT®G €vol avtokivnTo). Ackeitan
TlEON OTA TAEVPIKA TOLYDUOTO TOV COUONTOS KOl VIOKELTAL GE (o OOVOUN cVUPCEWMS M
omoio pUopel va To PETOKIVIOEL e dpeon cuvémela va TpokAnOel (nud Ko povo Aoy
QLTINS TNG LETOKIVIOTC.

— Zopo mov LLOKETAL G OPTIOT amd £va TEPLOPIGUEVNG KATLAKOSG EKPNKTIKO KOMOL Ko
dev 10 @oprtilel pe eviaio kot opoldpopeo tpdmo aAdd Kabe otoreio @optileton ce
OLOLPOPETIKT OTLYUN| KO LE OLOPOPETIKY| TTIEDT).

Oocov agopd oT1g 600 TPOTEG KATNYOPIES, LE TNV TOPEAEVOT] TOL EKPNKTIKOV KOLATOC,

AVOTTUGOOVTOL 0€ OAEG TIG EKTIOEUEVEC TAEVPEC TECELS. AVTEG Ol TEGELS KATAVELOVTOL (OC;
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EKpNKTIKO KUPQ
Zwua

i ---Métwto . - --Métwtro
21poBIANIoHSG £ KUPOTOC & —-ZTpOBINUHQQj; KOpQTOC
Q

MétwTtro
QavOKAOUpEVOU - -
KOpaTog

MmpooTd
Miow

ZWua ZWua

p(t)

MtrpooTd

MAeupIkd kal Gvw

Miow

Zyfua 3.15: Avartuocduevn wieon amd EKPNKTIKO KOO GTO SIA(POPO. GTUEN TOV GMUATOG
[Chipley, M. (2003)].

Mmnpoctd: Mg v mpdGTTOON TOV EKPNKTIKOV KVUOTOS OVOTTOGGETAL £VTOVN TiEOT
GTNV UTPOGTIVI] TAELPA TOL CAOUNTOS. Xg Ypovo t1 avt M mieon Ba eivor ion pe v
péylom avokAopevn mieon pr. Qo1000, €v cvvexeia ot M mieon pewdveTal Ady® TOL
YEYOVOTOG OTL LIAPYEL OTIG YOVIEC TAELPIKY| Tieon Ps n omoio givon pukpotepn g pr. H
mieon ovt) Poaivel peovpevn pExPg 0ToL Vo OTAGEL TN CTAGIUN TIECT Pstag 1 OTOiN
ocvvtifeton amd v mieon Ps ko T Suvapiky mieon (. Méoa amd ovtnv TN petdfoon
exppaletar n peiwon ™ ®ONoNg oV TPOKAAEITAL GE GYECT LE VTNV EVOS COUOTOS TOV
€xel amelpec OOTACELS Ko, Gpa, Oev €YEl OLUPOPETIKEG MEGEIS OTIG YoOviec. AVTOg 0
xpOvog petafaong tc vroroyileton mg:
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4.5
t( :f‘tl :m (3'22)
o -

G: (= max(B/2,H).

S: Metoatiky andotaon (= min(B/2,H).
B: ITAdtog copatoc.

H:"Yyoc copatoc.

Cr: Tayvtta Tov Nyov.

Pstag=Ps1Co-a (3-23)

[TAevpikd kot dvo: Apyikd vdpyel o avoatdpaln mTov oPeileTal 6T TPOKAAOVUEVT
oLvBeTn poT| 6TIG YOVieg VD otnV Topeio akoAovOEel Lo OLOAMG LELOVUEVT THEST).

P,=Ce P, +Co-q, (3-24)

Pa: Evepydg migon mievupikd kot Gve.

Ce: Zuvteleomg and 1o dbrypoppa 2-196 tov UFC 3-340-02.
Cb: ZuvteleonC GUPGEMC.

qo: Méylotn dvvopikn mieon.

[Mivoxog 3-1. Zvvtekeotéc ovpoemg Cp ovpewva pe to [UFC 3-340-02].

q, (kPA) Co
0-172 -0.40

172-345 -0.30

345-897 -0.20

[Tiow: Xe dapopeTikd ypdvo, pExpt dNAadn To KOUA v SovOGEL OAO TO UNKOG TOV
CMUATOG, TPOKAAEITOL oL apyIKT LEAVOUEVT KOl GTN GLUVEYELN LEOVUEVT TTiEDT.

650

600

550

500

450

400

Tayutnta Tou fixou C; (m/s)

350

300

0 50 100 150 200 250 300 350 400 450 500 550

MéyioTn oTaTIkr UTTEPTTIEDN Pso (kPa)
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Yynpa 3.16: Toydmto Tov fyov avdAioya pe T péylotn otatikn vaeprieon [lodvvou O.].

H dvvoun cvpoemg vroroyiletat wg e&ng:

Fo=Cp-q,(t)-A (3-25)

A: EpPadov poptildpevng empaveiog.

2opeova pe tovg H. Dragani¢, V. Sigmund, kafdg to kdpa d1adidetol HEGm Tov aépa,
TO UETOTO TOL KOUOTOG TEPIKLKAMDVEL TO KTIPLO KOl OAEC TIC EMPAVEIEC TOL £TOL DOTE
0AOKANPO TO KTip1o va ektiBeton oty mieon g Exkpnéng. To péyebog kan 1 KoTavoun Tov
@optiov eaptdral amd Toug aKOAOVOOLG TAPAYOVTES:

o) TO YOPOKTNPIOTIKE TV EKPNKTIKAOV TOL EEAPTOVTOL OO TOV TUTO TOV EKPNKTIKOV
VAoV, v evépyewn mov ameievbepoveton (néyeBoc €kpnéng) kot to PAapog TOL
EKPNKTIKOD,

B) T Béom ékpnéng o€ oyéon pe 1o Ktipo,

Y) TV évtaon Kot v avénomn g mieong otV aAAnAenidpacn pe to £30pog 1 To 1010
TO KTip1o.

Edv 10 opBoydvio ktiplo ektibeton oe €kpnén, Oo aokovvtal mEcES o OAEC TIG
emdveléc tov. H mepiBhaon g ékpnéng yopw and to ktiplo Ba mpokaiécsel dvvaun ce
omoladnmote ektedeluévn empdveln (Zynua 3.17). To ktiplo wbeiton mpog ta de&1d €av M
aploTeEPN TAELPA elvarl OPTICUEVT] VD TAVTOYPOVE MOEITOL EAAPPDOS TPOS T APLGTEPE
000 M mepiblaon tedewwvel. H ghktikny dOvoun ompodyvel To KTiplo omd v aplotepn
TAELPA Kol akoAovBeiTat amd T dvvaun avappoenong ota deid OTav 1 dSuVapIKN Tieo
olaoyilel amd mave Kot TEPIUETPIKA TO KTipto.

KobBog to péromo emexteivetor otov mepipdAiovia Oyko Tov 0€pa, 1 apyIKn HEYIOTN
TEOT LELDVETOL KOl 1) OLAPKELD TNG TIESNC AVEAVETAL.

Initial wave front Wave front
Side surface Refracted wave-| Side surface|
5 g
el 5 Refracted
E ,. : pressure
Side surface
Wave front
e
“Side surface| & [“Side su
T .
@ ‘ ; Difracted front @
| Side surface|2 | |_Side surface| .
R N B
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yquo 3.17: Zoumepupopd Tov KOHOTOG KT TO TEPAGSUE Tov YOpm and To ktipto [H. Draganic, V.
Sigmund].

3.5 "Expnén pe nepropiopéveg ouovOnkeg

Onwg mpoavaeépOnke, vrapyovv ot ekpnéelc pe elevbepeg kol or ekpnelg e
TEPLOPIOUEVEG GLUVONKEG. Ze eminedo KTPimV, 1 dPopPd TOVG eivol GNUAVTIKY dOTL €val
KTip1o mov TpokaAel meploplopéveg cuvOnkeg (Yo Topadetypa Eva vdyeio parking) mpémnet
va gtvat 1oyvpdTEPO TPOKEEVOL Vo avTioTadel oe oyéomn e €vo Tov mpokalel eElevOepeg
ovvOnkeg (Yo Tapddetypo £vog 0popog e ToAAd Tapabupa). I'evikmg, Ekpnén evtog evog
KTipiov mpokaAel 0o €idn eoOpTIONG:

— ®opTion AMdy® Tov EKPNKTIKOD KOUOTOG KOl TNG cuvakoiovdng avimynons. H edption
avtn 0V aeopd HOVO TO apyYIKO KPOLOTIKO KOUO OAAG Kol TO OVOKAMUEVO €K TOL
APYKOV KPOLOTIKE KOpOTA T 0o, OGS, Paivouy petodueva.

— ®opTion MOy SOYKMONG TOL TPOKUAEITAL OO T AEPLOL TOV YNUIKOV OVTIOPAGE®V.

Ta avaxiAopevo kopato pmopovv xbpv amiodotevons va Bewpnbovv Tprymvikd pe
UNOEVIKO ¥pOVO avOY®MONG Kot Tpocdlopiloviag TV aVOKAMUEVN THECT MG TN UICT] TOL
Tponyovpevov kouatog. ‘Etot, dtatnpovtag v ida didpkela e kGbe TaAUO, AOY® TOV
YEYOVOTOG OTL 1| OONGN TPOKVTTEL OO TO EUPAOOV TOV EKAGTOTE TOALOD, GLVAOETAL OTL
KOl 0LTH LEWOVETAL GTO WSO TNG. Xvvnlwg, tpelg maipol (tpelg avoakiacelg) Bewpodvral
KovomomTikn mpocéyywon. EmumAéov, dwmmpeitor otabepdg o xpovog eUOAVIONS T®V
TOALOV KoL 160G PE tr, YEYOVOG OLMG TTOL dEV 1GYVEL TANPWGS, 0POV 01 0oOEVESTEPOL TOALLOL
GTNV TPOYUATIKOTNTO £XOVV LEYAADTEPT OBPKELQL.

f(t
P t t

.-y

Prq

Pr2

> t

ty b+, 3t M+, 5t Bta+t,

ZyMua 3.18: [Ipocéyyion tov avaxklicemv yio Ekpnén oe TePlopIoUEVEG CLVONKEC.

Ot avtiototyot Tomot givarn o1 e&Ng:

P,=0.5-py | P3=0.3py, | P =0 (3-26)

ir2=0.5'ir1 | ir3=D.5'ir2 | ir4 =() (3-27)
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t=2t, (3-28)

Mo dAAN evodhokTikn pEBOOOC ylo TN YPNOCLULOTOINGT TOV OVOKAMUEVOV KOUATOV
(WVwitepa 6TV TEPIMTOON KOTAGKELNG [LE HEYAAT 1010TEPT0d0) €lval 1] EVOTTOINGY| TOVG GE
éva EMOVENIEVO pE T KAT®O1 YopaKTNPIoTIKdL:

Pr=Pr+ Pt P3=1.75py (3-29)

ip=i+ i+ i3=1.75-iy (3-30)

E E

EAeUBepeg ouvorikeg MEPIKWG TTEPIOPICUEVEG TUVONKES Meplopiopéveg ouvorkeg

Zyfua 3.19: Tagwvounon ekpnéewmv wg Tpog Toug teplopiopovg [lodvvov O.].

Ta avaxhopevo kKopata, Aomdv, ackovviol 6ty apyn aAld oty mopeio epeavifeTot
n mieon tov agpiov. Avtn Eexkvd poll pe To KPOLOTIKE KOUOTO KOl 0VOTTOGGETOL MO TO
onueio A, and 1o onoio kot petd svveyilet pe pBivovoa mopeia. H micon agpiov eEaptdron
kaBoploTikd and Tov Tpog dribeom OyKo, amd TNV EKPNKTIKN VAN Kot amd to puéyehog tmv
neploplop®v (o€ éva Ktiplo Paocikd porio mailer o e€aepiopog). H ebivovoa mopeio g
TEONC 0EPIOV TEPTYPAPETOL IKAVOTOINTIKA OO TN GYECT:

agAs'tag
p(t)=(Pgs*+p e v (3-31)

pas: MEyioTn olovei GTaTIKN migon.

Qe: AOYOG EMIPAVEIQV EEAEPITHOU NPOG TNV EMIPAVEIQ TWV TOIXWV KAl OPOPRV.
As: ZUVOAIKN EMIPAVEIQ ECWTEPIKA TOIXWV KAl OPOPOV.

V: 'OYyKOG XWpOou.

, Avakhwpeva koparta
-7

_15eatr) KPOUOTIKN TriEoN

Mieon

,Znpeio A

,15earn Trieon aepiou
/

tmaxgv
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Yyquo 3.20: . AvokAduevn KPOVGTIKT TEon Kot TtieoT agpiov o EKpnén Ue TEPLOPICUEVEG
ouvinkeg [lodvvou O.].

Avti n eBivovoa mopeia £xel epaATplO TO onueio A, dnMAadN TN YPOVIKY GTIYUN
Statty, omdte Ko Tavovv (Bewpntikd) ot avakidocels. To eufaddv KAT® amd TNV KOUTOAN
opilel v mOnomn g migong aepiov ig:

ig= 5™ (P(t)-Po)dt=F2 - (1-Cmms) p, g, (3-32)
Py szS+p0 (3-33)
C= 213020 (3-34)

v

H e&iowon tov ig otV mpoypotikdtnTo vtoAoyilel to eufaddv cvumeptiappdvovtag to
apPYIKO GTAOI0 OTTOV EVEPYOVV KLPIWG Ol KPOVGTIKES MEGEIS TV AVAKADUEVOV KUUATOV.
To yeyovog avtd, Opmc, dev dnpovpyel TPOPANUO SLOTL QLT 1 APYLIKN XPOVIKY SLUPKELL
tov Statty elvar moAy pikpn ko povo oy mepimtwon evog Ktpiov pe mMOAD KOAO
e€aepiopd dvvatal va 00NYNGEL o€ ovaKOAOLOA amoTEAEGHLATOL.

10°

10’

pas (Pa)

10°

10°

10*

10° 102 10" 10° 10’ 10?
WV (kg/m®)

Zynua 3.21: Adypoppo avaueso oty Tieon Pos kot otov Adyo W/V [Tedvvou O.].
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1000

P=P/Po

0 1 2 3
T=tmax@o0eAs/V

Zyfua 3.22: Atdypoppo ovapeso otny KAMUOK®OTH TieoT Kol otV KALaK®T diapkela [lodvvov

0.].
25
20
%
£ 15
$
%
RS
= 10
I
|
5
0
0 5 10 20 50
P=P/Po

Tyfuo 3.23: Atdypoppo ovapeso otny KAMUOK®OTH oOnon wieong agpiov kot TV KAUAK®TH
nieon [lodvvou O.].

2UVolkd, o1 ekprEEIS EVIOC TV KATACKELOV €V avTIBESEL e TIG ekpNEEIS oTa OplaL TG
KOTOOKELNG 1 OMOUOKPUOUEVO OO TNV KOTAOKELT TPOKOAOVV UEYOADTEPN 1N Kot
moALomAdoe (N 6TIG KATAGKEVES, YU 0UTO Kol £X0VV Waitepn onuocia.

3.6 Znmég Tov KTipiov

H éxtoon mg (Mg kol tov TPOvUOTICUGV o€ poe EKpnén dgv umopovv va
wpoPrepBovv pe axpifeia. BéPara, eivar duvatdv va 60000V yevikég evdeitelg Yo To
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eMimedo TV {MUOV Kol TOV TPOLUOTICUAOV TOL TPEMEL AVAUEVOVTOL O [o. Ekpnén,
oOUEMVO LE TO PEYEDOC TG EKPNENG, TNV OTOCTOCT], KOl TO YOPOKTPLOTIKE TOL KTIpiov.

To xdpa g Ekpnéng ivat 0 To oNUAVTIKOS UNYOVIGHOG KATAGTPOPAOV G Ui EKpNéN.
Ot mécelg Tov aoKEl OTIC EMPAVELEG TOV KTpiov pmopet va glvarl apketég TaEelg peyéboug
peyodvtepeg amd tor poptio ylo to. omoia £xel oyxedlaotel 1o ktiplo. To ekpnrrikd KOUO
emiong Opa oe 01eLVOHVGELS Yo TIG Omoieg TO KTiplo umopel va punv €xel oyedlaotel, Ommg
TPOG TO, TAV® 6T0 dAmedo kaOe opdpov. Ocov apopd v axorovdia ¢ andkpiong, To
EKPNKTIKO KOO TPOGKPOVEL TPDTO, GTO 7O AdVVOUO ONUEID KovTivotepa oty £kpnén,
ocubwg ot0 eEwTtepikd mepifAnua tov ktipiov. H ékpnén ompodyvel toug e€mtepicoie
TO1YOVG GTOVE YOUNAOTEPOVG OPOPOVG KO UTOPEL VO TPOKAAEGEL OIGTOYIOL TWV TOLYMV Kot
Opvppatiopnd tov mapabopov. Oco 10 ekpnkTiKO KOPO cvveyilel va emekteiveral,
ELGEPYETOL OTO KTIPLO, OTPDYVOVTAC TAV® Kot KATo o motdpoto (Zyfiuo 3.24)

H ootoyio tTov motopdtov sivor oovnbeg eowvopevo o€ PeyaAng KAIPOKOG HEC®
OYNUATOV EKPNKTIKEG EMOEGEIS, 0POV Ol TAAKEG TOV TATOUAT®OV GLVNO®G Exovv HeYEAN
EMPAVELD Y10 VO OPAGEL 1) TEST Kol GLYKPITIKE pikpd Ttayos. Ocov agpopd pe tov ypovo
TV YeYovOTOV, TO KTiplo mepukcheieTor amd 10 ekpnkTikd KOpa kot anevbeiog copPoaivovv
Iuéc o€ ekaTOoTA UAMSEVTEPOLETTOV O TN OTLYUn TG EKPNENG.

2uvnbmg to yvaAl givor to mo addvopo onpeio tov kTpiov, omhel o€ YOUNAEG TECELS
CLYKPITIKA pE GAAQ SOIKG GTOLEIN OTMG TO TATMUOTO, Ol TOXOl N TO. VITOGTLAMUATO.
Yyming taydmrag Opadopota yoakov, £xel pavel Tog eival 0 TO GNUAVTIKOS TOpAyOVTOG
GTOVG TPOVUOTIGHOVS OVTMV TV TEPICTATIKAOV.

1. Blast wave breaks windows
Exterior walls blown in
Columns may be damaged

2. Blost wave forces floors
upward

3. Blast wave surrounds structure
Downward pressure on roof
Inward pressure on all sides

Tymua 3.24: . Enidpaocn tng nicong Adyo ékpnéng oe éva ktipto [Chipley, M. (2003)].
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Ta oyuata 3.25 kar 3.26 deiyvovv Tic TPoPAEYELS Yo TO. AMOTEAEGUATO TOL KTIPiov o€
€xpnén, n omoia TLPOJSOTEITAL PE OWTOKIVITO KOL PE UEYOAO POPTNYO, GTO YDPO GTAOUELGNG TOV
kTpiov, avtictoyo. Xpnoomombnke Eva AOYIGHIKO Ye®YPUQIKOV TANpopopldv (GIS) ya v
avéivon tov potifov mpdoPaong Kot KukAoPopiag Tov KTipiov yuo va Tpocsdloptotel Eva Aoykd
onueio éxpnéng yio o PopuPa pe xpnomn oxnUaTog. XTr GUVEXELD TPOYUATOTOMONKE avAivoTn TG
EKpNENG  (PNOOTOLDOVTOS TAOGUOTIKE eKpNKTIKG Pépn kol mioopatikny ooun ktpiov. Ta
anoteAéopata gaivovtol ota oyfpota 3.25 kot 3.26.

O kOKKIVOG OOKTOAOG VTOOMAMVEL TNV Teployn Omov mpoPAémetal mANpng oaotoyic. O
TOPTOKOM Kol 0 KITpvog SOKTUALOG VITOSNA®VOLY TPOPAEYELS Yoo BOvVATNEOPOLS TPAVUATIGHOVG
Kol GoBapovg TPAV LATIGLOVG, OVTIGTOL(O OO YUOAL.

2y wepintoon otabugvpévon oxnuatog, yvopifovrag to péyebog e foupog (avtiotoryio o
TNT xatd Bdépog), v amdotacn amd 1O KIiplo, TN OOUN TOL KTpiov, KOl TO LAIKE 7oL
yPMNOLoTOOnKOY Y TOLG TOlYovg, Ta. mAaica, Ta TCAp, eivor duvatdv o oyedlaoThg va
kaBopioet to uéyebog Tov {numv mov Ba cupPel kot To LETPA TPOGTUGING TTOV ATOLTOVVTOL.

Blast Analysis

=== Red Ring — Structural Damage
=== (range Ring — Probable Lethal Injuries
== Yellow Ring — Severe Injuries from Glass

] Site Buildings

 Site Perimeter

Zyqua 3.25: Avdivon ékpnéng evoc KTipiov yio pua Tumiky| BOpPa g auToKiviTo Tov TVPOdOTEITOL
o710 Y®po otdbuevong tov ktipiov [Chipley, M. (2003)].
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Blast Analysis

=== Red Ring — Structural Damage
=== (range Ring — Probable Lethal Injuries
== Yellow Ring — Severe Injuries from Glass

] Site Buildings
' Site Perimeter

Yyquo 3.26: AvdAavon ékpnéng evog KTipiov yia ol Tomikn Boppa o€ peydrlo poptnyd mov

H evépyelo and o €kpnén peidveton dpopoatikd pe v andotaon. I'evikd, to k66TOC Yo va
TOPEYETOL TPOOTAGIO OTO KTIPO HeEWdveTar 060 1 amdotacn oand 1o mhavo onueio £kpnéng
peyoddvel, Omog @aivetor oto oyfua 3.27. Qotdco, n adénon TG amdoTACNC OmoUTEL
TEPLOCOTEPT] EKTOCT] KO TEPIUETPO VAL OLUCPUAICTEL UE PPAYTES, MGTE VO TOPEXETAL 1] OTOPOATI TN

mupodoteitat 610 Yhpo otdbusvong tov ktipiov [Chipley, M. (2003)].

TPOCTOGIOL.

To oynuo 3.28 deiyver mtwg N enidpacn g kpnéng pewdvetol 660 N amdoToon oLEAVETOL
(avédivon tov Khobar Towers). Av&avovtag v omootacn and 80 ce 400feet o pewwbdel
ONUOVTIKA 1) {nud Tov KTpiov kot 0 Kivouvog Tpavpaticpod, To PEyehog g omoiag vTodNAMVETIL

More Expensive

Cost to Provide

. SOURCE: U.S. AR FORCE, INSTALLATION
Force Protection .

FORCE PROTECTION GUIDE

Less Expensive

Less Stand-off Distance Between Threat and Asset Greater

Yynuo 3.27: Tyéon kootoug — andotacn omd Ekpnén [Chipley, M. (2003)].

and G KiTpveg kot KOKKIVES TEPLOYES TOL oyfuatog 3.28.
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Detonation at 80 feet from

Building 131

This is the actuel stand-off that was provided af the Khaber
Towers Complex

Detonation at 170 feet from
Building 131

This is the minimum stond-off recommended by FM5-114
Engineer Operations Short of War

Detonation at 400 feet from
Building 131

This stand-off distance would have prevented serious damage
und reduced the extent of casualiies

COLOR DAMAGE DESCRIPTION HAZARD TO OCCUPANTS
RED Very severe damage, possible collapse Very high hazard, widespread death and serious
injury likely
YELLOW Very unrepairable structural dmage High hazard, death and serious injury possible
GREEN Moderate Repairable structural dmage Medium hazard, limited casualties and injury possible

ZyMua 3.28: Andotaomn tov kTipiov amd to onpeio £kpnéng kot oxEomn TG LE TNV ENIOPOoT) OTIG
Mg, ommg povtelomomOnke yuo ta Khobar Towers [Chipley, M. (2003)].
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4 Tleprypa@r] 10V HETAAMKOV KTIPIOV

4.1 Tevika

Oa ekteleotel TANPNG EAeYXOC o€ €kpNEN TOL QOPEN., TLMIKOV WETAAAMKOD KTIPiov
(ZyMua 4.1) mov anoteleitor omd EOAAA eXKOAVYNE Kot TAAYLIOKAALYNG (XoAvBIOEULALY)
Kol GUVOEGHOVG SVGKAUYING GTO OKPOio PATVOUATO 0POPNG Kol OTIC TAELPIKES Oyels. H
Katackevn £xet Staotdost 15mx 30m kot ekteivetot og kaToyn 450.00mM? kot 6 GLVOAKO
vyog Sm.

Mo v AP KOTAVON o™ TG OPYLTEKTOVIKNG TOL KTpiov, TapafETovial TapaKiTm
ewoveg tov ktpiov ot omoieg e&NyOnoav péow RFEM  (Aoyiopikd  avdlvong
nenepoopévav otoyeiov 3D), péow MATLAB (nepiBdriiov aptOuntikig VTOAOYIGTIKNG
KOl TTPOYPOUUUOTIOTIKY] YA®GGH TETAPTNG Yevids), pnéow AUtOCAD (spmopikd Aoyiopikd
oyedacpov Ponbovpevo and vroroyiot) ko pécw Microsoft Paint 3D (spoppoyn pdotep
vYpaeik®v kot 3D povtedomoinong). [To cuykekpuéva, mapabétovtar 1 Tpiodidotatn dyn
0V Popéa (Zynua 4.2) n kéroyn tov ktpiov (Zyfua 4.3), n Thevpiky oyn (ZExnua 4.4) kot
N petomkn oyn (Zxmua 4.5). Ot koplot popeic drotdocovtar TapdAinio peta&d Tove, ava
otafepég amooTacelg e BEATIOTN T 6M 1 Afyo Atydtepo. XV mepintwon oG, ot Kuplot
eopeic (Zymua 4.6) dutdoocovtar ava 6m. Ot vrohoyiopoi éywvav pe ypion MATLAB
aAAG xvpiog péow Python (diepunmvevdpevn, yevikod okomov Kol LYNAOD Emédov,
YADGGO TPOYPOUUOTIGHOD). [l TV E1G0Y®MYT TOV YEOUETPIKOV YOPAKTNPIOTIKOV KO TOV
ovvtetaypévov kabe otoyeiov oty python, dnuovpyndnke péow MATLAB éva JSON-
exposure apyeio. Xe ovtd 10 apyeio eixe mpocsPfacn 0 KOS, Kot apov To ddPale eiye
A0V 0,TL GTOLYELO NTAV ATOPOLTNTO, MGTE VO YIVOLV Ol OOPaiTTOl VTOAOYIGLOL.

Ady® ™G oYETIKA AETTNG PETOAMKNG ETEVOLONG, OVTO TO KTIPLO amOoTEAEL TOAPAOELYLOL
QLA0GO010G 0VOETEPOL KIvdHVoL. H dadikacio vtoloyiool Tmv eoptimv €Kpnéng Kot TV
SLVOUIKAOV 1010THTOV, TOPOVGLALETOL TAPUKATM.

e 4.1: Tpiodudotatn 6yn Tov KTipiov.
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Yynuo 4.2: Tprodidotatn oymn tov gopéa pécm MATLAB (ndve oyfua), pécw RFEM (kdtom

oxfpa)
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5sp@20ft (6m) =100f (30m) |

2sp @25 ft (7.5m)
50 (15 m)
tr
F
13

Tymua 4.3: Kdroyn tov ktipiov og 3D péow RFEM (néve oyfua), oe 2D (uecoaio oynua), og 2D
uéow matlab (kérto oynua).

Yynuo 4.4: Tevpikn oym tov ktpiov o€ 3D péow RFEM (ndve oynua), og 2D (kdto oyfiua).
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16 fi (5 m)

Yynuo 4.5: Metomik oy tov ktipiov og 3D péow RFEM (nave oynua), og 2D (kdto oynua).

—

Yynpa 4.6: Kopilot popeic tov ktipiov og 3D péow RFEM

4.2 AW0TONEG KOl YEOUETPLKE (OPUAKTNPLOTIKA

Ot dwtopég Tov EEPovTog opyavicpol mapadétovior otov mivoka 4.1 evd oto oyfua 4.7
eatvetor n d1dtaln tov ototyeimv Tov peleTnONKAV:

IMivakag 4.1: Ta&wvopunon tpopokpatikay emifécemv debvog

YrnootuAdpota / Metomnikol otodot: HEA240
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Koataxoépopot covdeopot dvokapyiog: | SHS80x 4
Op1lovtiol 6HVOESHOL SLVoKOUYING: SHS50x% 3
Aoxol mharsiov: HEA260
Keparodoxkoi: HEA260
Teyideg Oepung eErdoemg: IPE200
Mnkidec TAEVPIKDV OYe®V: IPE200
Mnkideg LETOTIK®OV OYEMV: IPE200
Aoxoi TAdkog: HEA160
[Mavéla Toiyov: Symdeck 50
[Mavéro opoenc: Symdeck 50
roofpanel., roof pur]jn/
H 1L 1
wall — 'l
|
panel \ roof girder

‘\ exterior

column

floor slab

Iu
/ :nt;:

|

Zymua 4.7: Avdtaén TV ototyeiov Tov KTipiov

[Mopoakdto divovtol GUVOTTIKG Ol GUVIETAYUEVEG KOL TO YEOUETPIKO YOPAKTNPIOTKO TOV

KTipiov:
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2VVTETAYUEVES TOV KTIPIOV (N Ao TOD YwVIaKoD DTOCTOAGUATOS, PPIoKETOL TTNY PN TWV
alovav (x1,y1,21)):

— X1 =10000mm y1 =11000mm z1 =12000mm

— X2 =28490.38105676658mm  y. = 13026.27944162882/mm  z> = 12000mm

— X3=43490.38105676658mm  y3 =39007.04155516199mm  z3=12000mm

— X4 =33660.25403784438mm  y4 = 31980.76211353316mm  z4 = 12000mm

—  Kévtpo Bapovg : Xc = 28910.254037844385mm, y. = 23753.520777580994mm

Koroaokevaotika yopoxtnpiotikd tov KTipiov:

1. Awooraocig:
—  Mnxkog (mhevpkn dym) = 30m
— ITAdrog (petomikn 6yn) = 15m
—  EpPaddév = 15x30 = 450m?
— "Yyog=5m
— Oykog=2250 m3
2. Ilaiowa.
— Amnootdon gopémv (Y-axis) = 6m
—  ApBuds popéwv (Y-axis) =6
— Amnbotacn popémv (X-axis)=7.5m
—  ApBuds popémv (X-axis)=3
3. dokoi (HEA260):
— "Yyog doxo0 = 0.25m
— ITAdtog dokov = 0.26m
4. Ymoorviouaro (HEA240):
— "Yyog vrootvAdpatog = 0.23m
— ITAdrtog vrootvAdpatog = 0.24m
5. 2bvdeouor ovoxauyiog:
I.  Opilovrior(SHS50x% 3):
—  ApBudg ovvdéoumv duokopyiog =4 (amd 2 6To aKpoio GOTVOLOT)
— TIdyoc=3mm
— TITAdtog = 50mm
Il.  Katoxopopor(SHS80x 4):
— ApBudg ovvoéouwv ovokopyiog = 4 (amd 2 oto akpoio eATVOUATO
TAEVPIKAV OYEMV)
— Tldyoc=4mm
— ITAdtoc = 80mm
—  XUVOAMKOG apBpudg cuvoéopmv duokapyiog =4+4 =8
6. Teyioes (IPE200):
— Yyog teyidag = 0.2m
— Amndotoon teyidov = 1.25m
—  Ap1Buog teyidmv (X-axis) = 13
—  ZuvoAKOg apBudg teyidwv = 13 x5 = 65
7. Mnxioeg (IPE200):
— Yyog unkidewv = 0.2m
— Amndotoon unkideov = 1.00m
—  Ap1Oudc unkidwv (Z-axis) = 6
—  ZuvoMKOg apOpog unkidwv = 6 x (2x2 + 5x2) = 84
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8. [Iovéla (Symdeck 50):
. Ilavélo toiyov:
— Amnootdoeig movédwv (Y-axis) = 1m
— Amnootdoglg movédmv (X-axis) = 1.5m
Ap1Ouog mtavérwv (Y-axis) = 30
Ap1Ouog Ttavérwv (X-axis) = 10
—  ApOudg mavérov kad hyog =5
- Zovolkog apOpuog maveA®V = 30x 5x 2rieupec + 10X 5x 2mieupec = 400
Il.  Ilavéia opogng:
— Amootdoelg mavérwov = 1.25m
—  Ap1Budc mavélmv (X-axis) = 12
—  2VVOAIKOG apBpdg mavérwv opoeng = 30x 12 = 360
—  ZuvoAkoc ap1Buog movélmv = 400+360 = 760

4.3 Tleprypa@i mavérmv

Xpnowonombnkay — @OAAG  emwdAvyng Kol TAOYOKOALYNG,  TO. ool
dwakptrorombnkav oty Python 6mwc @aivetoar oto oynua 4.8, evd oto oynua 4.9
eatvetar to ktipto pe ta movéra. ITo ocvykekpyéva, ypnopomomnkay tpamelogidn
yxoAvBdoeLALa Symdeck 50, 1 oy oAAG Kot TO YEOUETPIKE YOPOKTNPIOTIKA TOV paivovTal
oto oynpa 4.10. Ot tipég Tov Vyovg, TOLV PNKOLS Kat TOV TTaYovs KaOe yarlvPdopuAlov, ce
KkaOe oy, mapabétovion otov mivaka 4.2.

Syquo 4.8: Atokprronoinom tov mavEA®V (ACTPESG KOTAKOPLEES Kol 0ptlOVTIES YPOUUEC)
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Zyfua 4.9: To HeTOAAIKO KTIpLo UE TNV EMEVOVON

250

§

Zynuo 4.10: Oyn tpamelogidong yaivdoeuitov Symdeck 50 (mavm) kot n yempetpio Tov (KOT®)
[‘EAAXTPON].

[Tivakag 4.2: I'eopetpia TV YoaAvBOOELAA®Y

Awotdoseg

Yyoc (pheight)

Mrkog (plength)

Iéyoc (pwidth)

ITevpixn oyn

1m

1m

Imm
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Merowmxn oyn

1m

1.5m

Imm

Opogpij

1m

1.25m

Imm

[Tepiocdtepa  yapaktnpoTikd Tov  Tpameloetdodc  yoAvPfodeuiiov Symdeck 50
poivovrar otov mivaxa 4.3. Axoun, E=210GPa, G=80769Mpa, v=0.3, p=7850kg/m? e
op1o dappong fy = 355Mpa kot fu = 490Mpa (TTivaxag 4.4).

[Tivakog 4.3: Xapaktnpiotikd yalofdoeuiiov Symdeck 50 [EAAXTPON].

MNaxog
Bdpog

Enupdvela
Ponn adpaveiag

t (mm)
G (kg/m)
Alecm?)
ly(em®)

Ponn avtiotaong  Wylem?)

MNivakac 1: MNewpetpikd ko adpavaiakd xopaxtnpuanikd Tou Tpanedoadols xohuBodpuiiou SYMDECK 50.

Maxog

Bdpog

Enwpdvera
Ponr adpaveiag
Ponri avtiotaong  Wy(cm®/m)

Nivakaoc 1: Mewpetpikd ko adpaveiokd xopaxtnpiaTikd Tou tpanedondolc xohuBsdpuilou SYMDECK 50 avd pérpo nhdtoug Sutoprc

t (mm)

G (kg/m?)
Alcm?/m)
lylem*/m)

[Mivokog 4.4: Avtoyn yéAvPo yio otoygeio pe ovopaotikd méyog t<=40mm [EUROCODE 3].

Structural Steel Strength Properties for elements with nominal thickness t = 40 mm

EN10025-2

steels

Hot rolled products -
Non-alloy structural

EN10025-3
Hot rolled products -
Normalized/normalized
rolled weldable fine grain
structural steels

EN10025-4
Hot rolled products -
Thermomechanical rolled
weldable fine grain
structural steels

EN10025-5
Hot rolled products -
Structural steels with
improved atmospheric
corrosion resistance

§275 5355 5420 5460

S275 S355 5420 5460

Symbol | Description | $235 S275 S355 S450 N/NL N/NL N/NL N/NL | M/ML M/ML M/ML  M/ML 5235 W 5355W
Yield
fy (MPa) strength 235 275 | 355 | 440 | 275 355 420 460 275 355 420 460 235 355
Ultimate
fu(MPa) strength 360 430 | 490 | 550 | 390 490 520 540 370 470 520 540 360 490
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5 AwoKaolo VTOAOYIGHOV

5.1 T'svika

Ta emevdopéva petoAlkd  ktipla  ypnolponoodv  cuopPatikd  oyxedlocpud Kot
YPNOUOTOLOVY BepUnG EAaoNG SOUIKA oTOtYElD Y100 TO TANIG10, TIC UNKIOES KO TIC TEYIOEC.
Mo toug e£mTePKoVS TOIYOVE YPNOIUOTOOVVTOL UETOAMKE TAVEL 1| HOVOUEVE TOVEA
TOTOV «GAVTOLITG», HE TOYVTEPO WETAAAO Kol TePlocdtepo otoryeion ovvdeonc. Ocov
aPOPA TO TPOKATOCKEVAGHEVO LETOAMKA KTipLo, TO HETOAMKS TAOIGIO avTIEXEL OE KABETA
Kot TAEVPIKA Qoptic. Ot GLVOECELS EVIGYLOVTOL Yol TNV AVATTLEN TG TANPOVS TAUGTIKNG
avToyNG (TeAKN pomn Kot / M KavdTNTa SATUNGONG) TOV SOMK®MV HEADY. AVTOC O TOTOC
KTipiov pmopel va oxed106TEL OIKOVOUIKA Y10 VO aVTEXEL GE POoPTio EKPNENG TG TAENS TV
3 psi (21 kPa) mhevpiknc vepmicong.

[Ipdto Ppa oty enidvon, Nrav n dnovpyio evog JSON-exposure apyeiov to omoio
TEPLELYE TIC GUVTETAYUEVES KOL TOL YEMUETPIKA YOPAKTNPLOTIKG KGOE oTOotryEiov TOV KTpiov.
‘Etot, 10 xtipro eiye povtedomomBel xor Mtav Pdoio va yivouv ot VTOAOYIGHOL 7OV
akolovBovv oto mopakdtw vmokepdiowa. E&icov onupoaviikd oty apyn, NTav M
onuovpyia cuvdptnong, n onoia, pe ypnom yeoperpiog, vrordylle ™ yovio ™g Ekpnéng
pe 1o davoopo kabeto oto mavéro (angle of incidence) xobd¢ kot v amdoTacn TOV
KEVTPOL PApoug Tov KTipiov and To onpeio g ékpnéng (stand-off distance).

5.2 IIiéosig ko m)oelg

IMa tov vwoLoyio o TG EVOPALGTOTNTAG TOV JOUIKDOV GTOLXEIMY, VTOAOYICTNKE!

—  n avakiopevn wicon refp (MPa),

—  n avokikopevn dOnon refi (MPa/ms),

— m mpoonintovoa wigon ince (MPa) ko

— m apoorintovoa ®@Onon inc (Mpa/ms)
7oV dpovce 610, oTotXEl KaODC Kot 0 ¥povog GpiEng Tov kbpatog Ta (MS) ota exdotote
oTOLYELD, YPNOHOTOLDVTOG TIG ToAVOVLUIKES e€lomoelg Twv Kingery kou Bulmash amd to
IATG 01.80 [2015], 1 yeviki TOAD®VOLIKT LOPOT TOV 0TOimV @oivetal otov mivaka 5.1.

Ot aplOuntikég Tpég Yo tig otabepéc ‘C’ wor ‘K’ givar awtéc yoo 1kg 1oodvvaun
@option TNT. IIpoPAéyelg yuo GAAeG EKPNEEIC, OMAITOVV TPMTO TOV VTOAOYIGUO TNG
oodvvapiog o TNT.

[Mivakog 5.1: Tevikn molvovopkn popen [IATG 01.80].

Y = Common Logarithm of the Air Blast
Parameter (metric) (Pressure or Impuise)
Co.1 2ec = Constant

U=Ko+ KT

Ko, 1 etc = Constant

T = Common Logarithm of the Distance (m)

Y=C,+C,U +CU +CyU ... c,U

O e&iomoelg ovvoyilovtor otovg mivakeg 5.2, 5.3, 5.4, 5.5, 5.6, 6mov @aivovrar ot
GUVOPTICELS TTOV AVIUTPOCMOTEVOLV TIC TOPAUETPOVS TNG EKPNENS OTOV AEPA GLVAPTIOEL
™G amdotoong oe pétpa yuo. 1kg TNT npuoeoapikng enpavelog ekpiéemc yo:
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1) Tlpoomintovca vreepmicon:
O e&lomoetg Tov mivaka 5.2 £xovv duvatdmra gpappoyns yuo 0.05 — 40m.

IMivaxag 5.2: TToAvdvouo yio tpoomintovco vraepricon [IATG 01.80].

U =-0.214362789151 + 1.35034249993T

Then substitute U into U=Ky+ KT
Y = 2.78076916577 - 1.6958988741U + 0.154159376846U, | T = Common Logarithm of the Distance (m)
+ 0.514060730593U; - 0.0988534365274U, - Y = Common Logarithm of the Air Blast
0.293912623038Us - 0.0268112345019U; + Parameter (metric) (Pressure or Impulse)

0.109097496421U; + 0.00162846756311Uxr

i) IIpoornintovca dOnon:

O e&iomoelg tov mivaka 5.3 €rovv dvvatdTTo EQAPUOYNS Y10 KALLOKOTES ATOCTACELS
peta&y 0.0674 ko 0.955m.

IMivaxag 5.3: TToAvdvouo yio tpoomintovco mdnen (modd kovtvo nedio) [IATG 01.80].

U=2.06761908721 + 3.0760329666 T
Then substitute U into Er"lfg“ + KT Logarithm of the Dista
Y = 2.52455620925 - 0.502992763686U + Y et of the At B
0.171335645235U; + 0.0450176963051U; - Parameter (metric) (Pressure or Impuise)
0.0118964626402U,

O g&iowoelg tov mivako 5.4 &xovv epappoyn yw vpn 660 TO KOUO TNG EKPNENG
ATOUAKPVVETOL 0Tt0 TO PopTio TG EKkpNENG (o€ KApokmt amdotoomn 0.955 wg 40m.)

[Mivakog 5.4: TToAvdvopo ya tpoonintovoa ddnon [IATG 01.80].

U =-1.94708846747 + 2.40697745406T

Then substitute U into U=Ko+ KT
Y =1.67281645863 - 0.384519026965U - T = Common Logarithm of the Distance (m)
0.0260816706301U, + 0.00595798753822U; - Y = Common Logarithm of the Air Blast
0.014544526107U, - 0.00663289334734U; - Parameter (metric) (Pressure or Impuise)

0.00284189327204U¢ + 0.0013644816277U;

i) AvakAdpuevn migon:
O e&lomoeig Tov mivaka 5.5 £xovv epappoyn yia evpn petad 0.05-40m

Mivakog 5.5: TToAvdvopo yuo avakiodpevn vreprieon [IATG 01.80].

U = -0.240657322658 + 1.36637719229T
Then substitute U into

Y = 3.40283217581 - 2.21030870597U + i e S
0.218536586295U, + 0.895319589372U, + 3 = Cormaron Lissaetas of e Al Black
0.24989009775U, - 0.569249436807U; - Parameter (metric) (Pressure or Impulse)
0.11791682383U; + 0.224131161411U, +

0.0245620259375U; - 0.455116002694U,

IV) AvakAduevn obnon
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O e€lomaoelg Tov mivaka 5.6 &xovv dvvatotnta epappoyns yw 0.05 — 40m.

[Mivakog 5.6: TToAvdvopo yo avakiopevn mbnon [IATG 01.80].

U = -0.246208804814 + 1.33422049854T U =Ko+ KiT

Then substitute U into T = Common Logarithm of the Distance (m)
Y = 2.70588058103 - 0.949516092853U + Y = Common Logarithm of the Air Blast
0.112136118689U, - 0.0250659183287U, FESETEN Flenicl (Do o iy )

Ot ovvoptfioelg ywoo v wieon (oyéon 5.1) xou ™v ®Onon (oxéon 5.2), 10
QOTEAEGUOTO TV OTTOl®V ¥pnooromdnkav érnetto oty cvvaptnon SDOF tov kddwka,
vroAoyloTnKa ®¢ eENG:

p, = ref, xcosa’ +inc , x (1+ cosa - 2 x cosa’), (5.1)
i, = ref, x cosa® +inc, x (1+ coso - 2 x cosa’), (5.2)

omov refp, ref| eivonr m avaxkopevn mieon kot @Onon avrtictoyo, INCe, INCi givar 1
mpoonintovca mieon Kot @Onon avtictora, eved o givar mn yovia g €kpnéng pe To

dudvocpa kiBeto 610 VIO peAéTn otoryeio. H dudpkela g avakiopevng mieong divetot
amo v oyéon 5.3:

P (5.3)

S

O ypdévog @dptiong ta vmoloyiotmke, ovupwva pe tovg Nagata et al. (2017),
YPNCLOTOLDVTAG TN WEYIGTN OVOKADUEVN vmepmieon Kot v @Bnomn, Oswpdvrag
YPOLUIKOTOINOT), QUEADVTAS TNV OPVNTIKN @AcT OTTwg gaiveTon 6to oynua 5.1.

Pressure
'y

Py Real Pulse
N

\ Incident Pressure "'..
\ ‘x_/ ¥ "-."' Triangular Pulse
\ \ \ Y
'.I '|II i %
\ A \ |
HC\' L1 \ I| |
a1 )

Structure ’1_'

{a) 8]

ZyMua 5.1: E&ldavikevpévn ypovoiotopia mtieong: (8) ypagik ometkovion Kkpnéng mov dpa 610
ktipro kat (b) ypovoictopio micong [Nagata et al. (2017)].

5.3 Io0d0vapo povopaduio cvotyua (SDOF)

AeBvirg, n Paocikn SadKacior EPApPUOYNS TOL TVYYXAVEL gvpeiog amodoyNg &tvar M
uébodog tov 16odvvapov povopdduiov taravtoty (SDOF). ‘Eva otoygio mov goptiletan
a6 £kpnén, umopel va povieAomomBel Kotd TpocEyylon ®g Vo EAUGTOTANGTIKO SUVOLIKO
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ovomuo pe évav Pobuo elevbepioag (SDOF) o omoiog aviiotoyyei otn péylom
TOPAUOPP®OT (Ymax) AOY® £kpnéng. XNV ovcio LETATPETOVTOL TOL GTOYEIN TOV POPEN OE
1000UVOLOVS  HOVOPBAOUIOVS TOANVTIOTEG KOl €T €MAVOVTOL  OTAOTOMTIKE HECH
Swypappdatov (PA. oek. 31 oy. 3.9 - 3.12) gite ekteAoVVIOL YPOVIKEC AVOAVGCEIS. XTHV
TaPOVCO EPYACIO ylo. TNV EMIAVOT, Eyvav YPOVIKES avaldoels, coppova pe Chopra. A
(1981). Qot600, ovth N SldIKacio Y. AOYOVG ECMTEPIKNG OGPAAELNG TPOOTUTEDETOL
EPELVNTIKA KoL GYESLOOTIKA OTIG EKAGTOTE YMPES TOL £YOVV TPOAYEL TNV EPELVOA YOP® OO
™ pébodo (Hvopévee IMolrteieg g Apepukng ko Hvopévo Baoilewo). 'Etot, €xet
KOTAoTEL OLOYEPNS N Stadikacio avVAAVONG LUING KATAGKELNG 68 EkpNnén.

H péyrot petakivnon Ymax AOY® Tov @optiov £kpnéng vmoloyiotnke, cOUEOVO UE
toug Nagata et al. (2017), ypnowonowdvtag poviélo evog Pabuod elevbepiog (SDOF)
Om®¢ Qoivetonl 010 oyfua 5.2. X10 poviédo, AouPdvovtor n péylomn avtiotacn Rm, M
wonepiodoc T, kot 10 Oplo €AACTIKNG TOPAUOPP®ONG Yel. H cuvolikn Sidpkelo g
avdAivong opiotnie 200ms pe ypovikd Prpa 0.1ms.

Load : F f
;Lﬁ.__i_q— l __nl. 1 /lE Mass | M ::> M, ";_M
R LS -
Spring Constant : K é‘f K,

(a) (b)

Yynuo 5.2: Avaivon omokpiong tov SDOF poviédov: () Aokdpt Tov vtoPAALETOL GE OLOLOLOPOT
eoption kar (b) SDOF povtého [Nagata et al. (2017)].

Xoupwvo pe Jon A. Schmidt (2007), n evepydc palo (Me), M €looTiK Kot
ehaotomAaotiky dvokapyio (K1 kat K2), n vrolemopevn doppor| Kot 1 avtoyn HeTd Tnv
epappoyn dlov eoptiov (Ry ko Rn) tov otoyyeiov, mpoépyoviar amd TG QLOIKEG
SWHOPPAOCELS KOt T XOPpaKTNPLoTikd Tov. O mivakog 5.7 cuvoyilel avTég Tig TapapéTpoug
vy éva otoryeio piag d1ievhuvong omolovdNTOTE LAIKOV Yo d1dpopec cLVONKES GTa AKPa
660V aPopa TV opotdpopea Kataveunuévn pate tov (M), to pétpo eaoctikdmrog (E), ™
porn adpaveiog (1), To pnkog avoiyuatog (L) kat Tic vwoAewmdpueves ponég 6To HEGO TOV
avoiypatoc (Mnm) KOl 6TO TOKTOUEVA GKPO.

Mivaxag 5.7: Evepyég 1610tteg otoryeiov ag dievbvuveng [Jon A. Schmidt (2007)].

Elastic Elastic-Plastic Yield Ultimate
Mass Stiffness Ratio Stiffness Strength Strength
End Conditions m, k; M,/ M k> R, R,
Fixed/Fixed 0.78m  384ELL’ >1/2 76.8EL/L’ 12M,0/L 8(Myam+Myae) L
<12 128E11° 24M, /L 8(Mygm+Mie)/L
Fixed/Pinned 0.78m  185ELL’ >9/16 76.8EI/L’ 8M,qe/L A(2Myam+Mige)/L
<9/16 32.8ENL° 14.2M,,/L 3.2(2.6TMygm+Mae)/L
Fixed/Free 0.65m SEII? N/A 0 2M,e'L 2Me'L
Pinned/Pinned 0.78m  76.8EI/L’ N/A 0 8Mam/L 8M, 'L

Yoppova pe tov Jon A. Schmidt (2007), omwg ¢aivetar oto oynuoe 5.3, 1
OTAOTOMNUEVT] GUVAPTNGON OVTIGTAONG TOV OUPITAKTOV 1) HLOVOTOKTOV OTOlElmv givorl
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tprypoppiky. H mopopdpemon avavetol ypoppkd pe v eAactikn dvokouyio Ki péypt
va oynuotiotel N opykn tAactikny apbpwon otn owppon Ry, Enerta 1 EAACTOTANGTIKY|
dvokapyio K2 kuplopyel éog ™ péyiom Rn. [Hapdro mov givan dvvatdv va avaivbel to
GTOLYEI0 YPNOYLOTOLOVTOG QT TI GUVAPTNOTN OVTIGTACTG, L0 KOV arAomoinon gival 1
APNON 1G0JVVOUNG EAAGTIKNG SVOKOUYING TPOCUPLOCUEVT] £TGL DGTE VO TAPEXEL TO 1010
eUPadOV KATM amd TNV KOUTOAT Kol ETOUEVOG TNV 1010, AmoppOPNoN EVEPYELNS:

K,

1-(1 k2 R)’ 2 Ry
-( _E)(?n)( —an)

k =

e

, (5.4)

Otav ot pomé 6To péco kot ota Gkpa sivar {oec, tote &xovpe ke = 307EI/L® yo
apeimoxta otorysio kot ke = 160EI/L3 yio povomaxto ototyeia.

A Actual
Resistance Assumed
R
_____________ -
/1o
Ry e o
/4N
7 | "
YA ! '
7 o
1 ! H
‘4 ' [ I
1 | 1
1 ! :
: P
1 ! H

* >
Yy Ye Yu Deflection

Yynuo 5.3 ATAOTOMUEVT GLVAPTNOT] AVTIGTOONC TV AUPITAKTMV 1| LOVOTOKT®V GTotXEinv [Jon
A. Schmidt (2007)].

2UVOAIKA, 0 KOOKAG dVVOTOL VO VTTOAOYIGEL TIG OLVOUIKEG OVTIOPAGELS TMV:
i.  TavéAov opoeng,
Ii.  mavéhov toiyov og OAEC TIG TAELPEG,
iii.  pnxidov kot
iv. 1eyidov,
Yo TG TOPOmTdve cuvOnkeg oTNPIENG, OTTMC EMIONG KoL TIC YPOVOICTOPIES:
1. petoaxivnong,
2. taydNTag,
3. emadyvvong,
4. ovtiotoong kot
5. mieomg.
Qc1000, 610 TOPOV TEVYOG, TOPOVCIALOVTOL LOMSG TO OTTOTEAEGHOTO. KOl 1] OTOKPIoN
TOV TOVEL®V TO1YOL G€ OAES TIC TAELPES.
H iomepiodog kar 1 andsPeon vworoyiotnKov cOUe®va pe T oxéoelg 5.5 kot 5.6
avtictolyo.:
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T =2nx M , (5.5)
k

1

omov Kim &lval 0 GUVTEAEDTNG HETAOXNHATIOPOU (opTiou — pAlag, me 1 1oodbvoun pala kot
K1 1 dvokouyio tov 1°° KAGdov. 1o vroke@dloto 5.4 avaidetal 0 TPOTOC VITOAOYIGHOD
TOVG, AVAAOYO LE TIG EKACTOTE GLVOTNKEG GTNPLENG.

O ovvieheotic andoPeong Bewpndnke C = 3%, emopévmg n amdcPeon:

C=2x{xm,x®=0.06xm, x® (5.6)

5.4 XovOnqkeg otipiEng

Boown mpobmdbeon yu Tov LIOAOYIGUO TOV TOPATOvVD, KOOGS Kot Yo dmolov
VTOAOYIGUO NTOV amoapoitnTog otV mopeia, NTav 1 BedPNON GLYKEKPEVOV GLVONK®OV
oTNPENG. € OVTO TO VIO-KEPAAOLO TTEPTYPAPOVTAL Ol GLVONKES GTNPIENS TOL OPIGTNKAY,
KaOdg Kol Ol GYECEIS TOL YPNOUOTOMONKOV Y10 TOV VTOAOYIGHO TV OLVOUIK®V
avTOPAceE®V YL OA T TOVELQ TOTYOVL Kol 0OPOPNS, Yol TIG UNKIOES Kot T1G TEYIOES.

5.4.1 Iavéra Toiyov Ko 0poPg

210 akpoio Tavela Tolyov, dnAadn o€ owtd mov Ppickovtav ot Pdon 1 6€ avTd TNV
KOPLOT TOV KTIPIOv, GTNV TAEVPA TOV OEV GUVOEOVTOL LE KATOL0 TAVEAO TOLYOV, LITAPYEL
apBpwon evd oto volowa onueio othpigng, Bewpnnke maxtwon (Zyxqna 5.4). Oupoing
Kot 670, TovEAL 0poPng (Zymua 5.5).

el J -
L BT
frog I zz
ZT I fr~g
ez I fr-g
S I q -

Syquoe 5.4: XovOnkeg othpiéelg mavEA®Y Toiyov.
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150

Zyfqua 5.5: Xuvinkeg otpietg mavEA®Y opoeng.
[T ovykekpyéva, aeod katoavepumnke opodpopea 10 @optio mieong mive oIV
EMPAVEID TOV TavEA®V, aviloyo pe T B€0m TOVG GTO KTIPLO KOl KOT EMEKTACN, TIG
cuvOnKeg oTNPIENG TOVG, VTOAOYICTNKOV Ol TOPATAVED OLVOUIKES OVTIOPACELS KOl Ol

ypovoiotopiec. Ao tov mivaka 4.3 €yovpe yoo T palo Tov TOVELOL aVA ETLPAVEIL M =
9.81 kg / m?. H oyéon 5.7, Siver v péla tov mavélov:

M., = Mx (plengthx pheight) (5.7)

omov, plength eivan to punkog tev mavérov ko pheight ivol to Yyoc Tov mavédov Kot
dtvovtar otov mivaka 4.2 yia kéOe empavela.
H 10080vaun pdalo vroAoyiletar copemva pe v oxéon 5.8:

me = I<LM x mpan ! (58)

omov K m elvan 0 cuvTeAeaTnig peTaoxnuaTiopol gopTiou — palac.

H péyiot avtictaon divetar and v oyéomn 5.9
R,=W,xf , (5.9)

omov Wy glvai n nAaoTiki ponr avtiotaong wg npog y-y.

5411 MovorakTo Tavilo

Ot mopaxdte® vroloywopol £ytvav ocouemva pe tov mivako 5.8 yw unkog L, ico pe
pheight (=1m). ITwo cvykekpiéva, 0 VTOLOYIGHOG TG avTOXNS Tov 1°° KAGSoL r1 Kot 2°°
KAGOOoL Iz (Zynpa 5.3) g anlomomuévng GuvapTnoNG OVTIGTUGTG LOVOTOKTMOV GTOLEI®V,
otvetar amd Tig oyéoelg 5.10 ko 5.11 avrictorya, Evd Y100 TOV LVIOAOYIGUO TNG SLOKAUYTOG
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tov 1% kKhddov ki wxon 2% kAdadov ka2 oydovv ov oyéoelg 5.12 ko 5.13 avrtictoyya
(OewpnOnke Mps = Mpm). ' ToV vTOLOYIGUO TOV GUVTEAEGTNG UETAGYTLOTIOHOD POPTIOL
— pélog Kim, ypnoyomomnke n oyéon 5.14.

r =8 m_ 5.10

1o plength o0

rz :12X Rm ’ (511)
plength

_185xExI, (5.12)

~ plength® |

ko= 3B4xExly (5.13)
5x plength

KLM _ (Kelastic + Kelastopla$ic)/2 + Kplastic 1 (514)

2

Ot duvopukéc avtidpdoelg oy apbpwon (reacp) kot oty maktwon (reacf) tov
TAVEAOV VTTOAOYIoTNKAV COHPWVO pe TIC oxéoelg 5.15 - 5.20 yia kabe mepintwon, 6mov R
gtvon 1 avtiotaon kot F to poptio:

Mo —ri<R<r:
reacp =0.26xR+0.12x F , (5.15)
reacf =0.43xR+0.19x F, (5.16)

o —r<R<ry:

reacp = 0.39x R +0.11x F —%, (5.17)
reacf = 0.39x R +0.11x F +%, (5.18)
AAMOC:

reacp =0.38xR+0.12x F —%, (5.19)
reacf = 0.38xR+0.12x F +%, (5.20)
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[Mivaxag 5.8: Tuvteleotés 16060VapOD HovoBaduion tTalavimT yio povomakto ototyeio [Cormie
D. et al. (2009)].

Loading diagram Mass diagram Strain Load Mass Load- Maximum Stiffness, Equivalent Support Ultimate shear Dynamic reaction, V
range  factor, factor, mass  resistance, k stiffness,  shear, stress, v
Ky Ky factor, Ry k¢ V.
Kim
Uniformly distributed load Uniformly distributed mass .. BM 183E1 . .
8 v Vi =0.26R+0.12F

M= ml Elastic 0.58 045 (.78 TY - IsE R

o m g (3 1YY ik
SN o 7 Va=g* w=k( g -LJ V, = 043R + 0.19F
HM,, + IM,) 384E1 . .
! L ! ! L | Elast 6 5 3 —

i . SR, /5 1y V=030R+0.11F

" plasic - fa=g Ui { B :J ML
- - M, +2M_) Ve N - )
Hastic 050 033 066 -"‘ =0 V = 038R, + 0.12F

; My /L

5412 Apgintoxto mtavéla

Ot mapoxkdTem vroroywouol ywvav copgova pe tov mivako 5.9 yu pnkog L, ico pe
pheight (=1m). ITwo cvykekpiéva, 0 VITOAOYIGHOG TG avToXNG Tov 1°° KAGdov r1 Kot 2°°
KAGSoL 12 (Eynua 5.3) g amlomompévig GuVAPTNONG AVTIGTOOTG AUPITOKTOV GTOXEIDV,
dtveton amd T1g oyéoelg 5.21 ko 5.22 avtiotoryo, €V Y TOV VTOAOYIOUO TG
dvokapyiog Tov 1% kKhadov ki xar 2°° kAddov k2 woydovv ot oyéoeig 5.23 ko 5.13
avtiotoyo (BewpnOnke Mps = Mpm). T TOV VTOAOYIGHO TOV  GUVIEAEGTNG
LETACYMUOTIGHOV popTiov — pdlog Kim, ypnoyomomdnke 1 oyéon 5.14.

R
r,=12 n_ 521
1=2e% plength (.21)
f,=16x—m (5.22)
277" plength '
_384><E><|y (5.23)
~ plength® '

Ot dvvapkég avtidpdoelg otny naktwon (reacf) tov mavélov vroloyiotnkay GOUEMVO
ue TG oxéoelg 5.24 - 5.26 ywo ke mepintwon, 6mov R givon ) avtiotaon kot F to goprtio:

Av —11<R<r:

reacf =0.36xR+0.14x F, (5.24)
Av —12<R<r2:

reacf =0.39xR+0.11xF, (5.25)
AAMOC:

reacf =0.38xR+0.12x F, (5.26)
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[Mivaxag 5.9: Tvvteleotég 16080vapov povoPaduon taiavtoth yio oueirakta otoysio [Cormie
D. etal. (2009)].

Loading diagram Mass diagram Strain Load Mass Load- Maximum Stiffness, Equivalent Support Ultimate Dynamic
range factor, factor, mass  resistance, k stiffness, shear, shear reaction, V
Kr K factor, Ry ke Vi siTess, v
K[.‘-‘i
Uniformly distributed load Uniformly distributed mass Elastic 0.53 0.41 0.77 12Mp, 384E1 0.36R +0.14F
F=plL M=mi L L’ 307EI
4 P e e e A e —_—
L va ¥ _ (M, +M,.) 384EI ! R, 11
| L | L | Elasto- 0.64 0.50 078 : =) 4B = R, (—,—-) 0.39R +0.11F
L 517 2 M, L
plastic ©
- 8(Mps + Mpm)
Flastic 0.50 033 066 T 0 0.38R,, + 0.12F

5.4.2 Mnkideg ko TeYioeg

O unkideg Bempndnkav apeapbpwtd péAn dmwg eaiverol kot oto oynua 5.6. Ot idieg
ovvOnkec otpiEng Bewpfinkay kot otig teyideg (Zynua 5.7). Ot mapakdT® VITOAOYIGHOL
&ywav oopeova pe tov mivoka 5.10. ITo cvykekpyiéva, o vVTOAOYIGHOG TG OVTOYNG, I1,
dtvetan amd v oyéomn 5.27, evd yio TOV VITOALOYIGUO TOV GUVTEAEGTNG UETACYNLOTIGLOV
eoptiov — patag Kim, ypnowonomdnke n oyéon 5.28.

z : : s : I s
4 e 75m L 75
e 150m

yfua 5.6: Zuvnkeg othpiéelg unkidwv.
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Zyua 5.7: Xovinkeg otpiéetg teyidmv.

[Mivakog 5.10: Xvvteheotéc 16000VOUOD LOVOPBAOUION TAAAVTMTH Y10 AUPLEPEISTA GTOLYEIN.

Loading diagram Mass diagram Strain Load Mass Load-mass Maximum Sdffness, Support Uldmate shear Dynamic reactior
range factor, factor, factor, resistance, k shear, V, stress, v v
Kp Ku K Rn
Uniformly distributed load Uniformly distributed mass Elasic 0.64 050 078 8M, BEAET 0.39R + 0.11F
F=pl M=mL L 5L R 1 1

goocecccceeniEcce, | goccceoceeeettilicee, B (L))

| L & 2 L » v o M, : - . .

I (. | Plasdc 0.50 033 066 - 0 0.38R,, + 0.12F
=R, =Exf, (5.27)
K _ Kelastic + Kplastic (5 28)

LM — 2 ! '

Ot dvvouikég avtdpaoels ot apbpmoelg (reacp) tov mavéLov VIOAOYioTNKOV
ovppva pe Tig oxéoels 5.29 kat 5.30 yia kdbe mepintmon, 6mov F givar to poptio:

Av —11<R<r:

reacp =0.38xR+0.12x F, (5.29)
AlMoc:

reacp =0.39xR+0.11x F, (5.30)

65



6 Amékpion Tavérlov

6.1 T'svika

Me 1t dieknepoimon TG GLYYPaPNS Tov KMdke otnv Python, apod dniadn eiyov
onuovpynfet o1 amapaitnTeG CLVOPTNOCELS Y TOV VIOAOYICUO ®ONCEWV Kol TECEWYV,
KaOdg Kol 1 UETOTPOMN TWV OTOWEI®V TOL @Oopén Ge 16000VOUOVS HOVOPadiovg
TAAOVTOTEG Y10 TV EKTELECT] YPOVIKOV OVOAVGEMV GE TAVELL TOLYOVL KOl OPOPNG, KAOMG
Kot 6 UNKideG Ko TeYideg, NTav xpnoun 1 dnuovpyia evog apysiov JSSON-blast source, to
onoio omoteAovtav amd mOAOTAG onueioa cvvtetaypévov (grid points) to omoia
amoTELOVV avTioTOro TOALUTAG Gevapila ekpiéewv yia kKabe Covn. TTio cvykekpipéva, to
apyelo avtd amoteleiton amd 4 watnyopieg/{dveg, amd TIG omoieg Mrav dvvatn 1
TPodOTNON TG EKPNENG:

i) «avBpwmog» — ‘human’ ((owvn 1),

il) «potocvkdéto» — ‘motorcycle’ ({ovn 2),

iii) «ovtoxivnto» — ‘car’ ({ovn 3),

iV) «poptnyo» — ‘truck’ ({dvn 4),
Ommg eaivetor kot oto oyfua 6.1, oto omoilo eivor ywplopéveg YPOUATIKE 01 dLVATES
0éoeic nuoeatpkng expnéems (Tynuoa 6.3 kot Zynua 6.4) yio kabe {dvn kot Exet yivel Kot
n apiBunom tov mievpav. [T cuykekpipéva pe povpo ypopa etvar n {ovn mov agopd
EKkpnén pe optnyo, He kitptvo Ekpnén He avTokivnTo, PE TPAGIVO EKPNEN HE LOTOGVKAETOL
Kot pe pmie ékpnén pe avBpomo. Emiong anoteAieitor and 10 péyioto duvoTd EKPNKTIKO
eoptio (maxcutoff) kdOe xatnyopiog (avOpwmoc-10kg, potoovkiéta-50kg, avtokivito-
200kg, @optny6-10000kg) xabmg kot and 3200 dopopetikd cevapio onueimv mbavig
éxpnéng v kaOe {odvn.

'Human' Side 4
'Motorcycle' 1

'Car’ f;g\%}— .
= et )

I 'Truck’ " —

Zynua 6.1 Awywpiopdg Lovav ekpigeng avé katmyopia kot apidunon mhevpdv tov Ktipiov (pe
xpnon AutoCAD ko1 RFEM).
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URAE - AvBpmrog

5 TPAGIVO - LOTOGUKAETA

KITPVO - auToKivI|TO
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: e 11

40

20 ; .;il'lil.il!i""y

0
-20

= 1 \ 1
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Zynuo 6.2 Alyopiopdg Lovav ekpnéemg ava katmyopia (pe xprion MATLAB).

Zyfuo 6.3: Huwepopikng popeng £kpnén oto vd uehétn Ktiplo

)))

15m

Zyquoe 6.4: Katoyn nuoeoipikng Lopeng Ekpnéng oto vd HeAETT KTiplo.

"Eywvov vrodoyiopol yio moAAamAd cevapia, yio kdbe onueio kdbe kotnyopiog, yo Eva
pévo mavéro, pe PBapog ekpnktikov 25%, 50%, 75%, kot 100% tov péyistov Pépovg
Ekpnénc ™ Kabe katnyopiog. AnAadr| vworoyiotnray yio éva cuykeKpévo tavéro 3200
* 4 = 12800 oevdpro T omoia amodnkevoviar avtopata o€ tXt apyeio. To ypovikd Prina
Enpene vo elvarl apkeTd puKpO, ®oTE va punv emmpedlel To aplOunTiKd amoTeEAECUATA.
EmdéyOnke, ypovikd Pripa (dt) ico pe to 1/10 tng d1omepiddov dniadn mepimov 0.22ms.
IMa v Katavonon g doung Tov apyeiov avtdv, to oynua 6.5 deiyvel éva tuyaio apyeio

67



mov Oivel TO. OMOTEAEGLOTO TTOL TPOKVTOVV Yo, €vo. TAVEAO TOlyov NG mAgvpdg 1
(Side(i2)=1), ywo expnxtikd goptio (Explosive charge mass)=10kg, to omoio mvupodoteiton
and v katnyopio (Category) = ‘Human’, mov Ppioketor €ktdg TOL KTIpiov. Agiyvet
EMIONG GTOV YPNOTN, TIC GLVIETAYUEVEG TOV onueiov TG Ekpnéng, Tov KTipiov Kabdg Kot
TOV TOVEAOL TOL HeEAETATOL AVApeco omd TIG OLUKEKOUUEVES YPOUUES, divoviol To
OTOTEAECLLOTO TTOV LOG EVOLOPEPOLY OTTO TIG TPELS PAGIKES GLVOPTNGELS TOL KOOIKA.

[Tio cvyKekpyéva, 6TO TPAOTO KOUUATL dIVOVTOL TO OTOTEAEGLLOTO TOV TPOKVITTOVY ATtO
™ ovvdptnon ‘LOAD’, 6nwg meprypdpeton 610 vro-kepdaiato 5.1. Exel aiveton mmg
amdotacn g Ekpnéng amod to kévrpo Papog tov krtipiov (Stand-off distance) eivou ion pe
15.8m ko Twg 10 cuvnuitovo g Yoviag g EKkpnENG Le To dtdvucuo KAOETO 6TO TaVELD
(cosa) wovtar pe 0.13 (a=83°).

210 0e0TEPO KOUUATL OIVOVTOL TO. OTOTEAEGLLOTO, TOL TPOKVTTOLY OO T GLVAPTNON
‘BLAST PARAMETERS’, 6mwg meptypdeetot 6to vo-kepdiato 5.2. Exel gpaivetot mwg o
xPOVOg Gpigng Tov ekpnktikov kouatog (Arrival time) wwovtat pe 31ms, n tpoonintovca,
®Onon ko mieon oovrat pe 0.09 MPa-ms kot 0.023 MPa avtictoya, evad 1 ovaKA®UEVT
®Onon kot tieon wwovton pe 0.178 MPa-ms kot 0.051 MPa avtictoya.

210 tpito Koupdtt divovtal To OMOTEAEGUOTO TOV TPOKVTTOLV OO TN CLVAPTNON
‘SDOF, o6nmg meprypdopetor ota vrd-kepdioia 5.3 ko 5.4. Tvykekpipuévo oty €kova
eoivetor 1 UEYIOTN pETOKIvVoT TOv TavEAOL amd TG Ypovikég avaivoelg (Max
displacement) n omoio. 1ovTol pe 4.86mm. O KOSIKOG EKTUTMVEL EMTAEOV KOL TIG
ypovoicTopieg PeETaKIVONG, TOYVTNTAS, EMLTAYVVONG, AVTIGTAONG KOl TIECS KAODS Kot TIg
SVVAHIKES aVTIOPACELS.
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Explosive charge mass: 18.9 kg

Category: 'Human'

Point of explosion:

X0 = 7767.949192431123 mm, y@ = 11133.974596215561 mm, z@ = 12008 mm
(Point out of the building)

Building's coordinates (mm):

X1l = 1008 yl = 11¢ee Zz1 = 120060
X2 = 28490.38105676658 y2 = 13026.279441628827 Zz2 = 12000
X3 = 43490.38105676658 y3 = 39007.84155516199 Z3 = 12000
X4 = 33660.25403784438 y4 = 31980.76211353316 Z4 = 12000

WALLPANEL (Side(i2) = 1, i3 = 15, i4 = 3) with coordinates (mm):

X1 = 17000.0 yl = 23124.,355652982144 Zz1 = 14000.0
X2 = 17000.0 y2 = 23124,355652982144 Z2 = 15000.0
X3 = 17500.0 y3 = 23990.38105676658 Z3 = 15000.0
¥4 = 17500.0 yd = 23998.3810567/6658 4 = 14000.0

LOAD results:

Stand-off distance: distance = 15827.19 mm
Cosine of a: cosa = 9.13

Panel's area: Apanel = 1000000.0 mm2
BLAST PARAMETERS results:

Arrival time: Ta = 31.852 ms
Incident impulse: IncI = @.09 MPa-ms
Incident pressure: IncP = ©.9823 MPa
Reflected pressure: RefP = @.851 MPa
Reflected impulse: RefI = ©.178 MPa-ms
SDOF results:

Max displacement = 4.864382452 mm

####################################################################l

Yyquo 6.5 Evdeiktiko mapadetypa txt apyeiov, mov agpopd v amdkpion evog TavELOL Yo kpnén
50kg-TNT.

6.2 Opuwkég Kataotdoseig Kot 6ta0pes Prafov

Mo mv e€aymyn TOV GUUTEPAGUATOV GYETIKE LE TNV TEAKY] KATACTOGT TMV TOVEADV
g amotéhecpa kdbe Ekpnéng, NTav amapaiTNTOC 0 TPOGOIOPIGUOC OPLOKDY KATACTACEWDV
petakivnong. Mo tov vmoloywopud TV oplok®dv ovtdv Koataotdoewv (Limit States),
YPNOLOTOMONKE 1) TOPAKAT® GYESN:

A =@xtan 0., (6.1)

Axoun, cOppova pe v Tapakdto e&icmon, vroloyictnkav ot otadueg Prapfav (Damage
States):

mm:Awﬂ_Aw’ (63
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omov pheight eivat To Vyog tov Tavérov kot O1 gival n yovia Tov O enpépet 6To TavVELO,
v ekdotote oplakh katdotaon i. ITo cvykekpipéva, otov mivaxa 6.1, divovtat ot Tipég
TOV OPLIK®OV KOTOOTACE®V, PacIGUEVEG amd TO oynua 6.6.

MMivaxag 6.1: Opraxég KATAGTAGELG Kol YOVIEG 00TOYI0G TOV EMAEXONKAV.

Limit States i Angle 0, (°) Avsi, (mm)
Limit State 1 1 8.73 mm
Limit State 2 3 26.2 mm
Limit State 3 6 52.55 mm
Limit State 4 10 88.16 mm
B1 B2 B3 B4
Member
p 0 n 0 p 1] n 0
Girts & No Tension Membrane Action 1 - - 3° - 1100 - | 20°
Purlins * With Tension Membrane Action | 1 - - 4° - 120 - | 20°
Top slip track studs walls * 05| - |08 - 09| - 1 -
Studs connected top & bottom® | 0.5 | - 1 - 2 - 3 -
Metal 23 Top and bottom of studs
Studs =~ .
anchored to develop full tensile 05 | - 1 05° | 2 2 5 50
membrane capacity of the stud ’ :
]
full tensile membrane capacity 1 .| a 30 6 | & | 10 | 120
One-Way .
Corrugated E:n;iitagsﬂa membrane 1 ) ) 1o ) a¢ ) g°
Metal Deck pacity
Limited tensile membrane R - R
capacity ® 1 - 18] 13 3 |2 6 4
Standing Seam Metal Deck 1 - 1813 | 3 |2 | 6 | 4°

Zynua 6.6: Oprokéc amokpioelg kauymg yio yoypng Edaong ydAvpa [Eurocode 3].

Kot’ avtiotoyyio pe dAleg epyacieg, ommwg tov Basoz et al. (1999), 6nmov avarvtikég
KOUTOAES Otaktvovvevong Paduovoundnkov pe avtioTowes EUMEIPIKES TOV TPOEKLYAV
amo TNV eNeEePyOsio TPOYLATIKOV GTOXEIMV CEICUIKOV PAaPOV o€ YEQUPES, TpoTeiveTaL
N voBémon mévie otabudv PAAPNS Paciopéveg and to oynua 6.7:

1) emopaveioxés prafes (Apso), yio amdkpion KpOTEPT TOV ALst,

i) nmec pAdfes (Apsi), yio amdkpion peto&d Tov Arsy Kot Acs?,

iii) évroveg PAdfec (Aps2), Yio andkpion neto&d Tov ALse Kot ALss,

IV) emixivovves aoroyies (Apss), Yo amdkpion peta&d tov Arss kot ALss,
V) odzpnon wavélov (Apss), Yo amoOKpIon LEYOADTEPT TOV ALss.
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Component

Damage Level Relationship to Response Limits

Blowout Response greater than B4.
Halzardous Response between B3 and B4
Failure

Heavy Response between B2 and B3.
Damage

Moderate

Damage Response between B1 and B2.
Superficial Response is less than B1.
Damage

Tymua 6.7: Ztébuec Prapdv avaloya pe Tig oplokig kataotdoeslg [Eurocode 3.

[T ovykekpyéva, coppova oto oyfua 6.8, avaypdeovior 6Aa ta mbavd emimeda
mpoctaciog Tov KTipiov, avdroya g andkpiong tov otowyeiov. H mepintmon| pog, apopd
navéda, dniadn un dopkd otoryeio (Non-structural elements).

ildi mponent Respon imi
Emldlmg} Descriptions of Potential Qverall Structural Componart Damage (Resp i"_ﬂs)_ ——
peve ol Damage Primary Secondary Non-Structural
rotection Components 8 Components * Components 5
Below AT ﬁ:;;:resgzll:ig:a.n?:?cgzzsdwdea ﬂ;ﬁz rea Hazardous ® Blowout Blowout *
Standards * is unusable. (B3 - B4) (> B4) (> B4)
Heavy Damage - Onset of structural
Very Low collapse. Progressive collapse is unlikely. Heavy 8 Hazardous ° Hazardous °
ry Space in and around damaged area is (B2 - B3) (B3 - B4) (B3 - B4)
unusable.
Unrepairable Damage - Progressive g 8 8
Low collapse will not occur. Space inand F»(J'I;;ie_raé;) (g;a—WBE.} (S;EWBS)
around damaged area is unusable.
Repairable Damage - Space in and around 10 9 g
Medium damaged area can be used and is fully Su?i”;'fl TBO? ‘i’aé;) qudﬁméez)
functional after cleanup and repairs.
Superficial Damage - No permanent . 10 T .10
High deformations. The facility is immediately Superticial Superficial Superficial
operable. <8 (<B1) (<BY)
[ ——

Zyfquo 6.8: Xyxéon emmédov TPooTaciag TOV KTIPiov — amdKPLIoNG TOV GTOLYEIOV.
6.3 Méyroteg peTaKIVI|GELS

Me ) ypnon TV apyeiov Tov TpokvIToLY, oKkolovbel n dnuovpyia 1oTOYpOUUATOV
OV APOPOVV TIG MEYIOTEG UETOKIVIOELS TMOV TAVEA®V Y10, KOO0 GLYKEKPLUEVO Bdpog
@optiov Yo TV gkdotote (dvn. 1o oynua 6.9 anewkovifovtor Ta T€coEPA 1GTOYPALLLLATOL
HEYIOT®OV  HETOKIVIGE®Y TOL TavéAov mov Ppioketoan oty whevpd 1, yw 12800
OLPOPETIKA GEVAPLLL OMOCTACEMY KOl YOVIOV TPOCTTIOCEMG, Y10 TO UEYIOTO EKPNKTIKE
eoptia kabe (dVNG. Me S10KEKOUUEVES, VTOINADVETOL 1] OPLOKY| KaTdoTaoN aotoyiag 4 o
kdOe mepintwon, ion pe 88.16mm copepwva pe tov mivaka 6.1. IIave de€1d oto oynua,
Otvetal T0 TOCO0TO TV TOVEAW®V TTOL aoTOYNoOV o€ KAOe mepimtwon. Xtov titho KdaOe
IGTOYPAUUOTOS, EUQOVICOVTOL 1 UECT TIUN TOV UEYIOTOV UETOKLVICE®V, TOV YOVIDV
TPOCTTAOCEMS, KL TNG OMOGTOCNS TOL TAVEAOL Oomd TNV EKPNEN, KaBDG Kot TEPUTEP®
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oTOTIOTIKAE oTotyeia Yo T1g péytoteg petokivioels (SD-tvmikn andxkion, Var-dwakdpoavon,
CV-ovvtereotg petoafantomroag, MD-péon amdkAion, range-evpog). Zvykpivoviog to
IOTOYPAUIOTO TOL oynuotog 6.9, moapatnpodpe wwg mn  UEYIOTN UETOKIVION KOl
KAT EMEKTAON, 1 LETAKIVIOT TOV TAVEL®V, eEapTdTol amo:
1) 70 expnkTid poptio (LeYOADTEPO PAPOC = UEYOAVTEPES LETOKIVIOELS),
i) v amdotaoy tov movélov ard to onueio e £kpnéng (neyoldtepn amdoToon
= WIKPOTEPESG LETAKIVIGELS)
i) m yovio éxpnéne — owowviouotos kabeto oto mavélo (Yo 0°<a<90° ko
270°<a<360° (c0sa>0) —=> peyoADTepeg UETAKWVAGELS evd Yiow 90°<a<270°
(cosa<0) =2 HKpOTEPES PETAKIVIGELG.
Evdwapépov mapovotdlel n katnyopio «Avtokivnto», n omoio TapOAo Tov apopd peydia
exkpnkTikd eoptior (200kg-TNT), mpokaAel HKPEG HETOKIVIGELS OTO TOVELO HE HEYIOTN
petakivnon 4.7mm << 88.16mm = A si. Avtd ocvpPaivel kopiog, S0t dnmg eoaivetor Kot
ot10 oynuo 6.1, to cuvnuitovo g yoviag o petaEd mavérov oty mAgvpd 1 kot Ldvng
«ovToKivnTo» gtvar apvnTiky.

Max displacements for explosive charge mass =|10.Dkq - human| Max displacements for explosive charge mass =|50‘Dkg - mﬂtﬂrqcle'
mean displacement=7.381mm, mean cosa=-0.482, mean stand-off distance=21.096m| mean displacement=42.585mm, mean cosa=0.224, mean stand-off distance=22.758m
SD=27.06, Var=732.09, CV=3.67, MD=2.06e-15, range=229.98 SD=99.31, Var=9862.84, CV=2.33, MD=3.54e-15, range=763.22
100% { 100% 4

2.3% failure 14.3% failure

10% -

H
3
2

Percentage (%)
Percentage (%)

1% 4
1% o

0 50 100 150 200 0 100 200 300 400 500 600 700
Max displacements (mm) Max displacements (mm)

SD=0.58, Var=0.34, CV=0.19, MD=0.35e-15, range=2.28 5D=849.24, Var=721202.68, CV=0.59, MD=2732.95e-15, range=4779.02

1009 failure

2x107!

no failure

H
o
3
R
|

10.0% A

Percentage (%)

Percentage (%)

6x 1072

4x10-2 1.0%

25 3.0 35 4.0 45

) 1000 2000 3000
Max displacements (mm)

Max displacements (mm)

Max displacements for explosive charge mass =|200.0kg - car Max displacements for explosive charge mass =[10000.0kg - truc
mean displacement=3.054mm, mean cosa=-0.934, mean stand-oif distance=28.994m |mean displacement=1437.889mm, mean cosa=-0.603, mean stand-off distance=37.01m

yquo 6.9: Téooepa 1GTOYPAUUATO LEYIOTMV HETAKIVIGE®DY TOV TovVEAOV, Yo 12800 drapopeTikd
CEVAPLN OTOGTACEWDY KOl YOVIDV TPOCTTOCEMG, Y10 TO HEYIGTO EKPNKTIKA QopTio Kabe {dvng
(move: aprotepd — avOpwmog & 01l — LOTOGVKAETA, KATM: aAploTEPA — OvTOKIVITO & 0€Ld —
@opY0).

Me oKomd va yivel GOYKPIOT TOV HEYIOTOV LETOKIVCE®YV, Y10, TIG 4 SL0QOPETIKES TUUES
eKPNKTIKOD @optiov kdbe (dVNG, OAAG Kol 1| GUYKPIOT TOV UEYIOTMOV UETOKIVICEWV OVE
v, cLVEPTNOEL TG OTOGTACTG TOV TAVELOL At TNV £KpnéEN, QTIdTNKE TO oyfua 6.10.
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Ot S10KEKOUUEVEG KOKKIVEG YPOUUES, OVTIGTOLYOVV OTNV OplokY Kotdotaorn 4. Amd 10
oynua ovto, emPePardvovtot To TaPUTave.

max displacement - distance from wallpanel SIde (1) max displacement - distance from wallpane
explosive weights: 2.5, 5.0, 7.5, 10.0kg-TNT, [Fategory: ‘human'| explosive weights: 12.5, 25.0, 37.5, 50.0kg-TNT |category: ‘motorcycle’]
107 4
mm 2.5kg-TNT mm 12.5kg-TNT
10?2 dus e e e  m me B SkgTNT B 25kg-TNT
mmm 7.5kg-TNT mmm 37.5kg-TNT
BN 10kg-TNT EEE 50kg-TNT
= = 1024
£ 1 £ 107 dom —— e e
X £
o o
c c
@ 7]
E £
a a 10- A
[ K]
=] o
3 3
E 10707 E
10° 4
10-2 4
10 15 20 25 30 10 15 20 25 30 35
distance from wallpanel, (m) distance from wallpanel, (m)
. max displacement - distance from wallpanel max displacement - distance from wallpanel
explosive weights: 50.0, 100.0, 150.0, 200.0kg-TNT,[category: ‘car | explosive weights: 2500.0, 5000.0, 7500.0, 10000.0kg-TNT,
mm 50kg-TNT B 2500kg-TNT
B 100kg-TNT I 5000kg-TNT
e 150kg-TNT s 7500kg-TNT
B 200kg-TNT B 1000kg TNT
— — 107 4
E £
E 1074 £
o -
g 5
E £
g g
8 8
2 5= =
=] o
5 3
E £
1071 A
10!
26 28 30 32 30 35 40 45 50
distance from wallpanel, (m) distance from wallpanel, (m)

Synua 6.10: Iotoypappoto HEYIOTOV HETAKIVAGE®Y TOV TavELOD — andotoong Ekpnéng amd o
avéAO oty TAgVpd 1, yio 12800 StopopeTikd GEVAPLO OTOCTAGEMV Kol YOVUDY TPOSTTOCEMS, Y10
T TEGOEPQ EKPNKTIKG PopTia kKabe (dvng (mavm: aplotepd — dvOpmmog & de1d — potocvkA£Ta,
Kato: aplotepd — avtokivinto & de€1d — popTNYO).

H 610 dadwocio axkolovdndnke v kabe mievpd. Ta amoteAéopata divovtar oto
oynuato 6.11-6.13.
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side(2)

max displacement - distance from wallpanel max displacement - distance from wallpa
explosive weights: 2.5, 5.0, 7.5, 10‘0kg-TNT, explosive weights: 12.5, 25.0, 37.5, 50.0kg-TNT [category: 'motorcycle’|
B 2.5kg-TNT B 12.5kg-TNT
102 4 mmm skg-TNT mmm 25kg-TNT
mmm 7.5kg-TNT mmm 37.5kg-TNT
BN 10kg-TNT BN 50kg-TNT
z E 10°
E 10 E
P P
c c
7] 7]
E E
g g
© 10" m
[=% [=%
a a
=] T -
° 2 107!
£ £
1071 A
10-2 4
10-2
0 5 10 15 20 25 30 35 20 25 30 35 40 45 50
distance from wallpanel, (m) distance from wallpanel, (m)
max displacement - distance from wallpanel max displacement - distance from wallpanel
explosive weights: 50.0, 100.0, 150.0, 200.0kg-TNT, explosive weights: 2500.0, 5000.0, 7500.0, 10000.0kg-TNT Jcategory: ‘truck’|
10° 1 mm 50kg-TNT s 2500kg-TNT
I 100kg-TNT m 5000kg-TNT
mm 150kg-TNT 10* 4 [ 7500kg-TNT
BN 200kg-TNT EEE 10000kg-TNT
5 B
E E
o o
g g
£ 10% 9 e e m = = — | E 1077
7] @
w o
] m
= a
1] 0
=] =]
b bt
o )
E £
102 4
10! 4

10 15 20 25 30 15 20 25 30 35 40 45
distance from wallpanel, (m) distance from wallpanel, (m)

Symua 6.11: Iotoypappoto HEYIOTOV HETAKIVIGE®DY TOV TavELOD — andotaotg Ekpnéng arnd To
TavEAO otV TAEVPA 2, Yio 12800 S101p0opeTIKG GEVAPLO, OTOGTAGEDMV Kol YOVIDY TPOGTTOCEMS, Y10
T TEGoEPQ EKPNKTIKG popTia kKabe {Ovng (Tavm: aplotepd — dvOpmmog & de&1d — potoovkAETa,
Kato: aplotepd — avtokivito & de€1d — popTNYO).
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side (3)

max displacement - distance from wallpane!
explosive weights: 2.5, 5.0, 7.5, IO.CH(g—TNT,

max displacement - distance from wallpanel
explosive weights: 12.5, 25.0, 37.5, 50.0kg-TNT,

|
2
10° 32 —— e = = = = = == ==
|
E g1
=
(=
g
0
g 10
]
o
]
5
% 107! 5
E
107 4

10 15 20 25 30
distance from wallpanel, (m)

max displacement - distance from wallpanel

2.5kgTNT
5kg-TNT
7.5kg-TNT
10kg-TNT
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yfua 6.12: Iotoyplppoto LEYIGTOV HETAKIVAGEMY TOL TAVELOL — amdGTaoN S £KpNENG amd To
TavEAO otV TAEVPA 3, Yio 12800 S10popeTIKG GEVAPLY ATOGTAGEMV Kol YOVIDY TPOGTTOCEMS, Y10,
T TEGoEPQ EKPNKTIKG opTia kKabe (Ovng (Tavem: aplotepd — dvOpmmog & de&1d — potoovkAéTa,
Kato: aplotepd — avtokivinto & 8e€1d — popTNYO).
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max displacement - distance from
explosive weights: 2.5, 5.0, 7.5, 10.0kg-TNT, [category: 'human'

side (4)

max displacement - distance from X
explosive weights: 12.5, 25.0, 37.5, 50.0kg-TNT, |category: ‘motorcycle’
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yfua 6.13: Iotoypdppoto LEYIGTOV HETAKIVAGEMY TOL TAVELOL — amdGTaoNC £KpNENG amd To
TavEAO otV TAEVPA 4, Yio 12800 S101p0opeTIKG GEVAPLO, OTOGTAGEMV Kol YOVIDY TPOGTTOCEMS, Y10,
T TEGoEPQ EKPNKTIKG popTia kKabe {ovng (Tavem: aplotepd — dvOpmmog & de&1d — potoovkAéTa,
Kato: aplotepd — avtokivito & de€1d — popTNYO).

6.4 Xpoévog apiéng

Onwg elye avapephel kot 610 KePAAmo 3, onuavtikd poro mailel, n andsTaoT and ToV
otoyo (Stand-off distance) n omoio kaBopilel onuavtikd 10 POPTio OV dEYETAL 1| VITOYIV
KaTooKeL. 10 Zynua 3.3, elxe gavel Tog 660 LEYOADVEL 1| aTOGTACT] GO TOV GTOYO,
LEYOADVEL O XPOVOS APIENG TOV EKPNKTIKOV KOUATOG.

To moapandve copnépooua, emPefordveton pe ™ Pondeia tov oyfuatog 6.14, 6mov
peretdTor o gpdvov APENg Tov EKPNKTIKOD KVOUOTOG 6T0 movéAo otnv mhevpd 3. ITwo
GUYKEKPIUEVO LTTOPOVV VoL 50000V TO TAPAKATM CLUTEPAGILATOL:

— Avénon g andoTaong g £kpnéng amd to TavéLo, odnyel oe adEnom Tov ¥POHvoL

APIENG TOL EKPNKTIKOV KOLOTOG,

— Tw pia ékpnén and éva cvykekpyévo onpeio, n adénon tov expnitkod Papovg,
npokaiel peiwon Tov YPOVOL APIENG TOL EKPMNKTIKOV KOUOTOS. Avtd yivetal
W0wiTEP ELPAVEG GTO TEAELTOLO OLAYPALLLO, GTNV KOTIYOPio «pOopTNYO», OTOL Yo
amdotacn 60mM kor ekpnktikd @optio 2500kg-TNT, o ypdévog aeiEng tov
EKPNKTIKOD KVOUATOG toovtal pe 83 mS. Qotdco, Yo v 1010 amdCTOCT Kot
Katnyopio, 25% avénon tov ekpnKkTiKoL @optiov, omiaodr Yo S000kg-TNT,
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npokadel mepimov 15% peiwon tov ypdvov AeEng, o omoiog wwovtor pe 70 ms.
Avty n peloon yiveror akdpo mo £viovn GLYKPIvOVTaG HEYOAVTEPES SLOPOPES
expnkTikod @optiov. Eivar PBdoun mn odykpion ota S0m yio 11§ Katnyopieg
CUOTOGUKAETO» KOl «PopTNYOd» apov Onw¢ @aiveTol 6to oyfue 6.1, oe avty v
amootoon £xovv mepimov o yovia mpdontwong. Emopévmg cvykpivovioag to
daypappoto ovtd tov oynuotog 6.14, mapatnpovpe mwg yoo 12.5kg-TNT, o
XPOVOG APIENG TOL EKPNKTIKOD KOUATOG toovTot pe 125ms, evd yia 10000kg-TNT,
wovtar pe 50ms, omAaodn mpokAndnke 60% peiwon Tov ypdvov APIENG TOL

;
EKPNKTIKOV!
Arrival time - distance from wallpanel . ~ Arrival time - distance from wallpanel
explosive weights: 2.5, 5.0, 7.5, 10.0kg-TNT,[categary: 'human'] explosive weights: 12.5, 25.0, 37.5, 50.0kg-TNT [category: 'motorcycle]
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explosive weights: 50.0, 100.0, 150.0, 200.ng—TNT,|c:ategory: ‘car‘l explosive weights: 2500.0, 5000.0, 7500.0, 10000.0kg-TNT [category: 'truck}
S0kg TNT % [ ofRgTRTT — — — o — = = = = = = —
I 100kg-TNT B 5000kg-TNT
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Distance from wallpanel, (m) Distance from wallpanel, (m)

ZyMua 6.14: Iotoypdppota xpovov AeiEng Tov EKPNKTIKOD KOUOTOG — 0TOoTOONG EKpNENG Ao TO
TavELo otV mAevpd 3, Yo 12800 StopopeTicd GEVAPLOL ATOGTACEMV KOl YOVIOV TPOCTTOCEMS, Y10
T TECOEPQ EKPNKTIKG popTia KaBe (dvng (Tave: apiotepd — avBpmmog & 6e&14 — potoovkAéta,
KAT®: aplotepd — owtokivto & 4e€1d — eoptnyo).

6.5 IIéoeig ko @Myoerg

Ievikdtepa, 1 avaklodpevn vaepmieon, ooppova ue Chipley, M. (2003), sivor mévta
UEYOAVTEPT] OO TNV TPOCTIMTOVGO VIEPTIEST, Yo TV 010 amdotacn and v £kpnén. H
OVOKADUEVT] VIEPTIEST] SLOPEPEL LE TN YOVIO TPOCTTMGNS TOL EKPNKTIKOV KOUaTog. Otav
TO EKPNKTIKO KOUO TPOGKPOVEL GE pia emipaveln mov Ppioketon kdbeta otn dievbuvon g,
tote exel Bo onuiovpynbel n péyrom avaxiopevn vrepmicon. [Mépa amd ™ yovia
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TpoonTOoNG, TOo HEYEBOg TG MEYIOTNG OVOKADUEVNG vLmepmieons, e&optdtol amd T
HEYIoTN TpooTimTovca vmepmieon, n omoia eivar cuvaptnon tov kaBapPov EKPNKTIKOD
Bapovg kat tng amdcToong and TNV Ekpnén.

[Ma ) pedétn g petafoing g mieong pe v avénon g andctacns and Tov 6TtodYo,
oyxedldotnke 10 oynua 6.15 v ta téooepa expniTikd eoptia ™G {dVNG «AvOpmOTOc).
ZVUYKEKPLUEVO, TAVE OPLOTEPA POIvETOL 1 avoKA®UEVN Tieon Kot 0e€ld N mpoominTovca
mieon, eVO KAT® aploTepd 1 avakiopevn anon kot de&d n Tpoorintovca ®Onor. And
TO GYNULO OVTO TPOKVTTOLV Ta £ENG CLUTEPAGLOTA

— Ot avaxiopeveg méoeic/wdnoels eivar peyahdtepes Omd TIC TPOCTINTOVCES
méoelg/wbnoelg avtiotorya yio kaOe amdotaon.

— Ooco peyolover n andotacn amd TOV GTOYXO0, Ol UEYIOTEG TIEGEIS LEUDVOVTOL
dpopatikd, 6nmg giyxe avoeepbel kot 6to kKePdAato 3 (Zyxnuo 3.4).

Reflected pressure|- distance from wallpanel _ |Incident pressure|- distance from wallpanel
explosive weights: 2.5, 5.0, 7.5, 10.0kg-TNT, category: 'human’ explosive weights: 2.5, 5.0, 7.5, 10.0kg-TNT, category: "human*
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ZyMua 6.15: Iotoypdppota mEcE®Y — amdoTOoNG EKPNENG OO TO TAVELD GTNV TAELPE 3, Yo TOl
Téooepa EKPNKTIKA Poptia TG {dvng «dvOpomocy (Tdve: aplotepd — avakAopevn tieon & de&1d
— MPOCTUNTOVG O, TTiEDT, KAT®: aploTEPd — avakAd eV dOnon & 6e€16 — mpoomintovsa ®ONoN).

Axoéun, oto oynua 6.16, @aivovior ot KOUTOAES OVOKADUEVNG KOl TPOGTIMTOVCOS
VIEPTIEONG GLVOPTNGEL TOV YPOVOL APIENS TOL EKPNKTIKOV KOUOTOG OTO TAVEAO NG
TAeVphg 3, yua ekpnktikd eoptio 10Kkg-TNT g katnyopiog «avOpmmocy. Eivar spepavég
OGS M AVOKADOUEVT gival pHeyaAdTEPT amd TV TPOooTinTovca Tieon Yo kébe mbavd ypovo
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APIENG. Zuykekplpéva, N HEYLOTY AVAKADUEVT e G€ VTN TV TTepinTmon, ivor 5/0.77
= 6.5 Qopég peyaAvtepn omd TV HEYLOTN TpooTintovca tieon. Emiong gaiveton mwg, Kot
01 600 MECELG LEUDVOVTOL SPAUATIKA LLE TNV ADENCT] TOV XPOVOL APLENG.

Reflected & Incident pressure - Arrival time
explosive weight: 10kg-TNT, category: ‘human’

Il Reflected
Incident
lOD i
™
o
£
v
=
A 10-1 4
o 10
o
10—2 i

T
0 20 40 60 80
Arrival time, (ms)

Zyfuo 6.16: Kapmovieg avokAGUEVNG KOl TPOCTITTOVGOC TEGTC, GUVOPTHGEL TOL YPOVOL APIENS
TOV EKPNKTIKOD KOUOTOG 6TO TAVELD TG TAELPAG 3, Yio ekpnkTikd @optio 10kg-TNT g {dvng
«avOpOTOCH

6.6 IMBavoTikn) availvon emkivovvotntog skpiéeov (PBHA)

270 VIOKEPAANIO aVTO, TopaTifEVTOL TO ATOTEAEGHOTO KOl OVOADOVTOL Ol OLUOTKOGTES
OV OKOAOLONONKAV Y10l TOV VTOAOYIGUO TOV GUYVOTHTOV ELPAVIOTG TOV GEVAPIOV:

- amootdoewv (onpeiov Ekpnéng-kévipov PApovs KTipiov) Kot

- EKPNKTIKOV QOPTIOL

6.6.1 Kopmdin emkivouvotntag Kot puOpoc yeyovotov

H tpomomomuévn kopmoAn emkwvdvovotntag tov Ktpiov V(M) (o apBudg tov
ouppdavtov ava xpdvo), copemva pe tovg Nagata et al. (2017), diveror and ™ oyéon 6.3:

v(m>x)=0.257xm™, (6.3)
o6mov M exepalet to ekpnKTikd Poptio oe KG-TNT pe Mmax<mM<Mmin.
Apyikd, NTOV AmopoitnTog 0 TPOGHIOPIoUOS VOGS KABOAIKOD, UNYOVIKAG OMLOGIOC.

puOuov yeyovotmv Vmin (Global Event Rate). Zopeova e m oyéon 6.3, avtodg o pvOuog
YEYOVOT®V, £lvar 1010¢ Yo KaBe {dvn kot divetorl amd v oyéon 6.4:

V.. =v(m>m_ )=0.257xm_ ~° (6.4)
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OOV Mmin gival To EAAYLETO SLVATO EKPNKTIKO POPTIO, TO 0010 Elvar IKAVO VO TPOKAAESEL
PAGPeg oto KTiplo mov peretdtal, onAladn omotelel 1o eAdyloTo OpLo Papovg ekpnEemg
TPOKTIKOD EVOLOPEPOVTOC, Kat opiotnke ico pe 1Kg, evd b eivar o otabepd ion pe -1.41.
Enopévmg, aviikabiotovtog ot oyéon 6.4, o puOudg yeyovotmy 1covtal pe:

v, =v(m >1kg) =0.257 x1™* = 0.257, (6.5)

6.6.2 ZuyvotnTa EKPNKTIKOV QopTiov

Zouewvo pe toug Gutenberg & Richter (1944) ot omoiot mpmtol pelétnoay to pueyéom
TOV GEIGHOV, TOPATNPEITOL TOG 0 OPIOUOS TV CEIGUAOV GE Lo TEPLOYN] UEYOADTEPOG OO
€va, cLYKEKPEVO péyebog, yevika akolovbel pio Wdwaitepn Katovoun OTmG PAiveTOL GTN
oyéon 6.6:

log 4, =a—bm, (6.6)

O6mov Am givar 0 pLOUOS TV cElCU®V pE peYEON peyolvtepa amd M, kot @ ko b givan
otabepés. Avtiotoiymc, Aettovpyei 1 oyéon 6.6 kot oTig expr&elc.

H cvvaptnon abpototikng katavouns yuo to péyebog tov celopol divetol cOUe®va pe
T oyéon 6.7:

Fu(mM=PM <m|M >m_. )
Rate of explosions with m_;, <M <m
" Rate of explosions with m_, <M
ﬂ’mm'n B ﬂ’m
. | o
:l_ooz—bmmin _1Oa—bm
= :Loa—bmmin
=1-10“°™"™m) - m>m

min

ZOUQOVA LE TNV TOPATAVE® GYXECT, OVTIGTOLYILOVTOS TIC TOPAUETPOVS TOV GEIGUOV UE
avtég v ekpnéemv, ov gival yvootd kot o péEYeto PBapog (Mmax), y b = 1.41 ko
AoyapiBuilovrag v, N cuvapTNoN ABPOICTIKNG KOTAVOUNG Y10 TO HEYEDOS TOL EKPNKTIKOD
@optiov M divetar cupE®va e T oyéon 6.8:

1— 10’1-41(|Og(m)’|09(mmin )
FM (m) =

1_ 10_14l(|09(mmax )_IOQ(mmin )) ! (6.8)

omov M eivan to Bépog g Ekpnéng, pe Mmin<M<Mmax. Tt TV KoTnyopio «avOpwmoc»,
Mmin = 1Kg, evd ta vrolowro eAdyioto Bapn sival ica pe 10 70% tov péytotov Bapmdv g
TpONyovuLEVNG Katnyopiag. Xtov mivaka 6.2, divovtor OAeg ot akpoieg TIHEG EKPNKTIKAOV
Qoptiov ekppoocuéveg oe 1oodvvapa K TNT yia kdBe xatnyopio. Ot Tipég avtég
Baciotkav oto oyfqua 6.17 kol cvykekpyuévoe oTIg Oplokég TIMEG - ooTo)io
VIOGTLAOUATOV oTAIGHEVOD okvpodépatoc (threshold, concrete columns fail) émg Tic
UEYIOTEG TIWES TTOL GLUVAVTIONKAV 6TO TAPAdELY[Lo. TOL KTipiov, onAadr andotacn 165ft
(=50m) ko Bapog expnrtikod poptiov 22050 Ibs-TNT (=10000kg-TNT)
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Tymua 6.17: Expnktikd goprtio (Ibs-TNT) avd katnyopio — enidpaon tov gvpovg expri&emg (ft)
[Chipley, M. (2003)].

IMivaxag 6.2: Méyiota (Mmax) Kot eAdyiota (Mmin) poptio ekpnEems yio kabe koatnyopio.

Zovn, i Mmingi) (Kg-TNT) Mmax(i) (Kg-TNT)
AvOpwros 1 1 10
Motoovkiéta 2 7 50
Avtokivyto 3 35 200
Doptnyo 4 140 10000

Oepodvtog oG elvar ot POVEG SLVATEG, Ol GLYVOTNTEG EUPAVIONG TMOV EKPNKTIKAOV
eoptiov yuo T1g (oves 1, 2 kot 3 vmoloyilovtor cOpemva pe T oyéon 6.9, evod yua ™ {dvn
4, vmoloyilovtal cOppwva pe ™ oyéon 6.10:
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AMm being in [m.,m ]) = i(FM (M) = Fy (M) x V(M i, > m>me, o), (6.9)
A (mbeing i [y, m, ) = 3" (Fy (M) — Fy (M) xv(m > m,,. 1), (6.10)

j=mg

6mov Mr < ML kat apopovv v wpmtn (First) kot tehevtaio (Last) tun g kidong [Mr,
mML] Kot Ot Mmax(i), Mmin() CPOPOVY TN HEYIGTN KOL TNV EAAYLOTN T EKPNKTIKOD (OPTIOV
v ke Covn (). O mTpocsdioplopds TV KAGGEDV Yo Ta VIO PEAETY] EKPNKTIKE @opTia,
dtvetar otov mivaka 6.3. Opiotnke SOQOPETIKOG pLOUOS YEYOVOT®V V Yo KABe (dvn, d10TL
dev eivon woomiBava ta cevdplo ekpnéems Tov teccdpwv Katnyoplov. Enpene va do0el
peyaAvTEPT TOOVOTNTA OTIS TPAOTES {OVES, Kot KUPIe otnv Kotnyopio «avOpmToc» apoh
avt gival 1 o mhovn Kot TapIAANAG 1 IO «EVAAWT» va. cuuPel Ekpnén. Avtiotoyn
Katovoun tev mbavotitov divetor o6to oynua 6.23 10 omoio mePLypAPEL TNV TOPAdOYN
LL0G CLUYKEKPLULEVIC OKTIVIKNG KOTAVOUNG THOVOTHTOV TOV OTOCTACE®V TOV EKpNEE®V, UE
KEVTPO T0 KEVTPO Pépovg Tov KTipiov kot Oa meptypapel KAAVTEPA TOPAKAT®.

ITivakag 6.3: [Ipocdioptopdg KAAGEDVY Yo To VIO PHEAETT) EKPNKTIKA (OPTIOL.

[14-36] 25 11 [161-239] 200

[6-9] 75 [39-61] 50 13 [4761-5239] 5000

6

[4-6] 5 7 [36-39] 375 12 [239-4761] 2500
8
9

[9-11] 10 [61-139] 100 14 [5239-9761] 7500

GBI WI N -

[11-14] 125 10 [139-161] 150 15 [9761-10000] 10000

Apywcd ywoo T oyedioon tov oynuatog 6.18 petarpdmnkav to cvveyn peyEédn g
KOTOVOUNG GE SOKPITH HE Mmin < M < Mmax pe PRpo Mmax/100. T mapdderypo oty
Kotnyopio «avBpmmoc» 1o Ppo ivor Mmax/100 = 10/100 = 0.1kg, dnradn m =1, 1.1, 1.2,
1.3,...,9.7, 9.8, 9.9, 10. 'Etol, ovpupmva pe 115 oxéoelc 6.9 kot 6.10, o1 omoieg amotelobv
“probabilities of equalling”, ympic v Ta&vounon tov Bapdv oe KAGoELS, dnovpyndnke
10 oynuo 6.18, to omoio agopd ™ cuvvaptnon udlog mBavoétrag “P.M.F.” (Probability
Mass function) oe 6povg cuyvottog Kabe (OVNG Yo KABE EKPNKTIKO QOPTIO TG EKAGTOTE
katnyopiog (Kg-TNT). Ztov koatokopvpo aGEova &gival 1 cvyvOTNTo EUEAVIOTS TMV
Tapondve peyedmv, evd otov optlovTio £ival TO OVTIGTOLO EKPNKTIKO POPTIO EKQPACIEVO
o€ 1oo0ovvapa Kihd TNT, og LoyaptOpikn kiipoxko
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PMF equivalent in terms of frequency PMF equivalent in terms of frequency
[category = human Jimincutoff = 1kg - maxcutoff = 10kg) [category = motorcycle,Jimincutoff = 7.0kg - maxcutoff = 50kg)
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1074 4

Frequency per year
Frequency per year

107° A

1076 4

10! 2x10! 3x10! 4x10!
tnt equivalent mass, (kg) tnt equivalent mass, (kg)
PMF equivalent in terms of frequency PMF equivalent in terms of frequency
[category = car Jimincutoff = 35.0kg - maxcutoff = 200kg) [category = truck,|imincutoff = 140.0kg - maxcutoff = 10000kg)
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1010 4
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4x 10! 6x 10! 102 2 %102 102 103 10*
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Zyfquoe 6.18: TepBopieg katovopés kabe {dvng yia kdBe ekpnTikd poptio Tng eEKAoTOTE
katnyopiag (Kg-TNT), (mdve: apiotepd — avOpmnog & de£10 — LOTOGVKAET, KOT®: APIOTEPH —
avtokivnto & de&1d — optnyod).

2TV KOTOVOUY TOL EKPNKTIKOL QOPTIOL, LINPYXAV ETKOAOWYELS PBApovg KoTd TN
petafoon omd ™ po {ovn oty akpPog emoOUeV, OTmg eaivetotl Kot otov Tivaka 6.2 (7-
10kg, 35-50kg xa1 140-200Kkg), emopévmg ol GYETIKEG UTAPEC TV 1OTOYPUUUATMV TOV
EMKOAVTTOVTAY VITOOUTANGIACTNKAY.

To oyqua 6.19, apopd t0 10TOYpOpUE TTOL divel T cuvaptnon udloag mbavoTTag
(Probability Mass Function) kd0e expnktikod @optiov yia 0Aes tig {dveg (dnh. Mmin = 1kg
£€0¢ Mmax = 10000kg) ocvugpwvo pe tig oyéoelg 6.9 ko 6.10. Etov katakopvpo GEova
dtvetar 1 cuVOTNTA EUPAVIONG TOV EKPNKTIKAOV QOPTi®V, VA 6ToV 0ptlovTio divetal To
avVTIOTOY0 EKPNKTIKO (opTio eKPpacuévo oe 1sodvvape Kihd TNT, oe AoyoaplOuikn
KAMpoka. Ovoikd, 0 ABpoIGHA OA®V TOV UTAP®V TOL GLYKEKPIUEVOL 1GTOYPALLATOG,
1600TaL e TOV KOAOOMKO, UNYOVIKNAG onuacioc. puBud yeyovotwv Vi, g oxéong 6.4 mov
weovton pe 0.257.
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PMF equivalent in terms of frequency - Hazard curve,
(mincutoff = 1kg - maxcutoff = 10000kqg)

107% ~

1078 ~

Frequency per year

ln—ll] i

10—12 i

100 101 102 103 104
TNT equivalent mass, (kg)

Zyfua 6.19: Icodvuvapo PMF 6g dpoug cuyvotntag — KOUmOAT ETIKIVOLVOTNTOS Y10, EKPNKTIKO
@opTio ekPpacuévo o 160d0vaua KA TNT and 1kg wg 10000kg.

Y10 oyfquo 6.20, @aivetor 1 ocvvaptnon abBpototikng katavourg (Cumulative
Distribution Function) tov ekpnkTik®v QopTtimv Tov Tpoékvye and TV cuvapTnon Halog
TOOVOTNTOC, KOOMG Kol 1| KAUTOAN EMKIVOLVOTNTAG GOUQ®VA pe TN oxéon 6.3, yia v
Oleg T1g {dveg. Xtov KoTakOpLPOo AEova ivar M GLYVOTNTO EUPAVIONS TOV TOPUTAVED
peyebmv, evd otov oplloviio €ivol To avtioToryo EKPNKTIKO (OPTIO EKPPUCUEVO GE
wwodvvapo kA TNT, oe AoyapiBukn kAipoxo. H cvvéptnon abpoiotikng katovoung
TEUVETOL PE TNV KOUTOAN ETIKIVOLVOTNTOC, 6T onueia mov aAAdlel 0 puOUdC yeyovoTOV
KkéOe Cdvng, onAadn oTo oNUEiD TOV OVTICTOLYOVV OTO EAAYIOTO EKPNKTIKE QopTio KéOe
Lovng. Avtd yivetar kodvTtepa avTIAnTTd 610 oyfua 6.21.
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CDF equivalent in terms of frequency - Hazard curve,
m: 1 - 10000 (kg-TNT)

1 —— Hazard curve
\ﬂ CDF of explosive weight
1072 + \\

100

1071 1\

1_0—1 0

Frequency per year

10—12 .

T T T T T
10° 10! 102 107 104
Explosive charge mass, m(kg-TNT)

Zyfua 6.20: Icodvuvapo CDF Ge 6povg cuyvotnNTog - KOUTOAT EXKIVOLVOTNTAG Y10 EKPTKTIKO
@opTio ekPpacuévo o 160d0vaua KA TNT and 1kg wg 10000kg.

CDF equivalent in terms of frequency - Hazard curve,
m: 1-10000 (kg-TNT)

10°
event rate(l): 0,247 [

—— Hazard curve
event rate(2): 0,015 \ CDF of explosive weight
102 A
event rate(3): 0.0015 \\
event rate(4): 0.0002 \\

104

106 1

1071 ]\

lo—lD .

Frequency per year

10—12 i

Mmin(1) Mmin(2 Mmin(3)  Mmin(4) '
100 it 100 103 104

Explosive charge mass, m{kg-TNT)

ZyMua 6.21: Emonpoavon tov onpeiov Topung oto ddypappe «icodvvapo CDF cg 6povug
GLYVOTNTOG - KOUTOAN EXKIVOLVOTNTOC Y10 EKPNKTIKO POPTIO EKPPUGUEVO GE 1600VVaLO KIAY
TNT and 1kg og 10000kg».

Axoun, oto oynuo 6.22 divetor M ovyvotmra epedviong kdbe mbavhg kAdong

ekpnkTikod @optiov. Onwg @aivetor kot omd T0 OYNUO OLTO, HEYAAN ocvyvotTTa
TOPOTNPELTAL OTIS KAAGES TOL aPOPOVV TIG eAdyloTeg TIES Papovg kdbe (mdvng, o10TL
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oLUTEPIAAUPAVOLY KOl ETKOAOWEL, kaBMG Kol 0TI KAAGES Tov €yovv opadomoindel
ToALG expnkTikd @optia. [Idveo amd kabe pmbpo ovaypdeovior ot TYES EKPNKTIKOV
@optiov Tov TephapPdvel | ekdoToTE KAAON.

PMF in terms of rate for weights

102
39-61
363020000
[
© -4 [239-4761]
g 10 [61-139] pe1a3e
= 130-161]
Q
)
= 10—6 =)
3]
S
o
£
1078 + 8
[5239-9761]
761-5230
-10 4 [9761-
20 10000]

001 2 3 4 5 6 7 & 9

Number of bin (#)

10233 32 13 1415

ZyMua 6.22: Zoyvotra epedviong kabe mbovig KAGoNs eKpnKTIKod GopTiov
6.6.3 XuyvoTnra amocTdcs®v amé Tov 6160

‘Eywve M mopadoyn H0G GLUYKEKPUEVNG OKTIVIKNG KOTOVOUNG THOVOTHTOV TV
AOCTACEMV TV eKPNEE®V, HE KEVIPO TO KEVTIPO PApovg Tov KTipiov dnwe QaiveTal 6To
oynua 6.23, avéd 1m. Méca og kdBe daKTOAL0, 1| KOTAVOUN TNG TOAVOTNTAG, TPOEPYETAL
a6 ket ko popaletar e€icov. Emopévmg 6da ta onueia evtdg tov daktvriov Bewpovvtal
oonifava. Oco peyaAmvel 1 S1AUETPOG, TOCO HEYUADVEL KOt TO EUPadOV, ETOUEVEDS diveTal
peyolvtepo PApog oToV Mo KOVIIVO KVUKAO.
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Zyfua 6.23: Oudkevtpot KOKAOL e KEVTPO TO KEVTPO PAPOVE TOL KTIpiov, Yio TV Tapadoyn
OKTWVIKNG KATOVOUNG TIOAVOTHTOV TOV 0TOGTACEMY TOV EKPNEEDV.

H ouvvdpmon abpoiotikng xotavoung yio v amdcTtact Tov KEVIPOL BApovs Tov
KTpiov pe 1o onpeio g ékpnéng, divetar omd ™ oyéon 6.11:

1— e—C(R—Rn‘in)
FR(R) = 1— e—c(Rmax—Rnin) ! (611)

omov R elvar ) amdctaom Tov ké€vipov Pépovg Tov kTipiov amd to onueio g Ekpnéng,
Rmin ko1 Rmax €lvor m eldyiotn kot m PEYIOTN ODTH] OmOCTOCN OVTICTOW O OA®V TOV
cevapiov yo v exdotote katnyopio pe Rmin<R<Rmax, kot € eivar por otabepd ion pe
0.0003.

210 oynua 6.24, eaivetar n KOUTOAN TG GLVAPTNONG TG AOPOIGTIKNIG KOTOVOUNG
ovyvotHTOV TG omdotaong (r) tov kévipov Pdpovg Tov KTpiov omd 1O oNueio TG
éxpnéng mov mpokvmtel and ™ oyéon 6.11, yia kabe Covn. 10 oYNUe aVTO, Paivovtol
EMIONG Ol PEYIOTES KOl Ol EAGYIOTEG AMOCTAGELG TOL TTapotnpnOnKav oe ke (ovn, Kotd
TNV EKTEAECT] TOV TOPATAVED GEVAPIMV.

Akoun, oto oynuo 6.25, eaivetor M KOUmTOAN TG SLVAPTNONG TNG AOPOIGTIKNG
KOTOVOUNG GLYVOTNTOV NG omdotacng (I) Tov kKEvipov Papovg Tov ktipiov omd To onueio
™mg éxkpnéng mov mpokvmtel omd TN oyéon 6.11, yio v eAdylotn Ko péylotn dvvarty
AmOCTOGCT) TOL TOPASELYLLOTOG.
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Cumulative Distribution Function (CDF) Cumulative Distribution Function (CDF)

distance (r): Building's C.0.G - point of explosion, distance (r): Building's C.0.G - point of explosion,
[Eategory: Wi (om < r < 35m) [EsTegoryr motoreycted (1am < r < 36m)
1.0 A 1.0
0.8 4§ 0.8
0.6 0.6
& E
0.4 0.4 1
0.27 0.2 |
0.0 0.0 -
T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Distance, (m) Distance, (m)
Cumulative Distribution Function (CDF) Cumulative Distribution Function (CDF)
distance (r): Building's C.0.G - point of explosion, distance (r): Building's C.0.G - point of explosion,
(15m <r<27m) category: truck,J(20m < r < 50m)
1.0 104
0.8 0.8
0.6 A 0.6 4
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i i
0.4 0.4 1
0.2 0.2 1
0.0 0.0
T T T T T T T T T T T T
o] 5 10 15 20 25 ] 10 20 30 40 50
Distance, (m) Distance, (m)

Tymua 6.24: KapmdAn g cuvaptnong thg abpotoTikng KoTavoung cuyvotitev g amdoetacng (I)
oV KEVTPOL PBapovg Tov KTipiov and To onueio ¢ Ekpnéng, Yo kabe {dvn, (Thvo: aplotepd —
avBpwmog & 6e€10 — LOTOGLKAETA, KAT®: aploTepd — avtokivinTo & de&1d — poptnyod).

Cumulative Distribution Function (CDF)

distance (r): Building's C.0.G - point of explosion,
ém <r < 50m

0.6

FR

0.4

0.2

0.0

T
0 10 20 30 40 50
Distance, (m)

Eymua 6.25: Kapmddn g cuvaptnong g abpoioTikng KaTavoung cuyvotitey g andetacng (r)
TOV KEVTIPOL PAPOVE TOL KTIPioL 0md T0 oNueio TG EKpNENG, Yo TV EAAYIOTN KOl LEYIOTN SLUVOTY
ATOGTOCT) TOV TOPUSELYLLOTOG.
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H ocvyvomta epgpdviong evog oevapiov Exkpnéng, o€ onoladnmote omdoTaon UEGH OTN
C{dvn woovTon pe:

Fr(Riy) —Fe(R)
N.

AMm being in [m;, m Jand point i) =

x AA(mbeing in [m-, m_]), (6.12)

6mov 1 andéotoon R (M) tov onueiov i and to kKéEvipo Pdpovg Tov KTipiov givar peta&d Tov
Ri+1 ka1 tov Rj kau Nj givat o apiBudc tov onueiov (axd ta 3200 tov JISON-blast source
apyeiov) mov wéeTovy oty KAdon [Ri, R i+1]. Akdun to ekpnitikd goptio m (kg — TNT)
aviKeL oV KAAoM [MF, ML] pe Mmin< M < ML < Mmax. XTO TOPAKATO GYNLOL, QOIVETOL O
OLVOMKOG aplOudg Tov onueiov Tov TEeTovy oty kAdon [Ri, R i+1], cuvaptiost g
amooToong and 10 KEVTIPO PBapog tov ktipiov. Eival mpogovég mmg 6Tig 0mosTdcElS Tov
Nrav Kowég yia OAeg Tic {oveg (20-35m), mapatnpnOnkay ot peyaidtepeg ovéNcelg.

Number of grid points in [Ri+1, Ri]

160 A
140 A
120 A
100

80 4

60 -
AR

40

20

10 20 30 40 0

Number (Ni) of grid points in [Ri+1, Ri]

'human'

‘'motorcyele’

"car’
N 'truck'

Distance (R) from the building's Center of Gravity (m), Ri<R<Ri+1

Iyfua 6.26: Zvvolkog apfpog tmv onpeimv mov téetovy oty kKAdon [Ri+, Ri], cuvaptioet g
0mOCTOONG amd TO KEVTPO PGpOg TOL KTIpiov

10 oynua 6.27 divetar  cuyvotTa epuedviong kdbe mbavod onueiov Ekpnéng. Onmg
QoiveTatl, 1 cLYVOTNTO LEIDOVETOL KoTd TN peTdfacn amd T o {dvn otnv TOUEVN, Kol
KOT' EMEKTOOM, TO HEYOAO EKPNKTIKA Papn £€xovv 0pKeETE MO YauUnAn ocvyxvotnta
EUPAVIONG a0 TO, LUKPE EKPNKTIKA Bdpn.
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PMF in terms of rate for each grid point (i)

1 "Human': 1 i <825
1073 3
] "Motorcycle': 826 i < 1804
1 "Car': 1805 i< 19790
1074 3
3 “truck’: 1980 £ i 5 3200

107" 5

Frequency per year

1075

1077 5

0 500 1000 1500 2000 2500 3000
Grid points (i), 1 <1 = 3200

Yyquo 6.27: Zoyvomra eupdviong kdbe mhovon onueiov Ekpnéng

6.7 Kapmdieg O10KIVOUVELONG

2uvovalovTog To AmOTEAEGLOTO TOV PEYIGTMOV UETOKIVIGE®YV, TO, 0Toio e&dyovtal omd
ta apyelo tXt mov mpoxvmTOLVY OmMO TOV KMOOKA, HE TNV MOAVOTIKY OVAALGN
emKvVOLVOTNTOG  eKpNEE®V 7OV OvOAVONKE  TOPOTAV®D, TPOEKLYE 1) KOLTOAN
dakvdvvevong tov mavédov mov Ppiketon oty mAevpd 1 (Eynua 6.28). To amotédecua
avtd mpoékvye and tov VIOAOYIOUO 3200sevipia onusiovX dosvapa papove ava tovn = 12800
cevapiov Tov  GLYKEKPWEVOL TavéAOV. XT0o oynuo 6.29 emonuaivovtol ot oplokég
KOTOOTAGELG Kot 01 6TdOueg PAafdv ot omoieg vToloyioTNKAY 6TO VITO-KEPAALO 6.2.

Mo tov oyedlacud TV KAUTLA®Y S10KIVOVVEVOTG, Ol TIUES TOV OplOV HETAKIVIIONG
(displacement thresholds), Afednkav and v Topokdtom oyion:

L
Xthresholds = E X tan( 9) ' (613)

omov 0° <6 < 85° pe Prpa 0.05.

Ao t0 oYU oVTO, YIVETOL AVTIANTTO TG 1 OPLOK KOTAGTOCT AoTOYI0G, AvVIIoTOl EL
o€ GUYVOTNTO VTEPPACTIC TNG OPLIKAG KATAGTOONG EValopEpovToC ion pe 5x107 avd étog,
N 0.05 yeyovota ava £€tog, N1 20 €t mepiodo emavapopdc. ITo avaivtikd, Tpoékvyayv ot
e€Ng mepiodot emavapopds Yo TIG OPLOKES KATOGTAGELS:

1. LSi: 100 €t mepiodog emavapopdg,

2. LSz 125 étn mepiodog emavapopdg,

3. LSs: 1100 £t mepiodog emavapopds Kot

4. LS4: 1250 €t mepiodog emavapopdg,
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Avtictoya ylo TNV ELeavion Tov oTabpmv PAafodv, TPOKOTTOLV:

Rate of exceeding

1. emoeaveloxéc PAaPec oe Mydtepa amd 100 £,
2. nMmeg PAdPec peta&y 100-215 €,
3. évtoveg PAGPec petald 215-1000 £,
4. emxivovveg aotoyieg peta&h 1000-1250 £t ko
5. dudtpnon mavélov oe meprocdtepa amd 1250 &t
. Panel displacement risk curve
10
lo—l‘ 4
107% 1
1075 1
1079 1
10~10 S
1012 S

LA | T T LA | T T LR LB | T T LN LELE |
10" 101 102 107
Limit-State EDP (displacement) thresholds (mm)

Yyquo 6.28: KapmdAn dokivobvevong TaveLov Tolyov, g TAevpdc 1.
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Panel side (1) displacement risk curve
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lﬂ_ll} m

lﬂ-l?_‘ m
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Limit-State EDP (displacement) thresholds {mm)

ZymMua 6.29: Kapmoin Stakivdbvenons TaveLov Toiyov, tng Thevpdg 1, e Tig oplakés KOTAGTAGELS
Kot Tig otadpeg PAaPav.

AxOuUN, oxed1doTnKOV 01 KOUTOAES S1OKIVOVUVELGNG Y10l OAOL TO TAVEAD TOLYOL LE GKOTLO
va dteEayBovv kKahvtepa cvumepdopata (Zyqua 6.30). Amo o oo aVTO TPOKVTTEL TWOGC:
1. m mepiodoc emovapopdc Yo To movéAo TG mAsvpdc 1 1oovton pe 8x1077,
oniadn 1250 &,
2. 1 mepiodog emavapopdc yio To movélo TG mhevpdc 2 oovtar pe 1.5x107°,
onradn 650 €,
3. m 7mepiodog emovaPopdc Yo To movELO TS TAELPAC 3 1oovTar pe 4x1077,
onradn mepimov 2500 €,
4. m mepiodoc emOvVAPOPEC yio TO TovELO TG TAsVpPag 4 1covTon pe 1.4x107°,
onAaon mepimov 715 .

Eivar Aoywd mov 1 pkpotepn mepiodog emavapopds avtiotoryel otic TAevpég 2 ko 4
aQov oe OVTEC, €lvor duvatég ot ekpnéelc mov odivovv Oetikd cvvnuitova g yoviag
TPOCTTMOGNG TOV EKPNKTIKOD KOUOTOS omd OAEG TIG KOTNYOPiES, KAOMDS Kol Ol AmOCTAGELG
amd ovtég sivor pukpés. Emiong, M peyolvtepn mepiodog emavagopdc (2500 £tn)
avtiotolyel oty mAevpd 3, xKobmdg ot pdveg expngelg pe Betikd cvvnuitova yoviog
npdonToNG, €lval eQktég omd TV Katnyopio "dvOpwmoc", omov eivar  oyeddv
aKoTOPOOTO VO TPOKAAESEL SIATPTON GTO TAVELO Kot amtd TV Kotnyopia "eoptnyd" omov
0l GLYVOTNTEG EUPAVIONG EKPNKTIKOV POPTiov Tov peyéBovg mov mupodotel To PoptNyd
elva TOAD KPEG GLYKPITIKG [LE TIG GUYVOTNTEG EUPAVIONS TOV GAAOV KaTyopldV, (6T
QoiveTol Kot 610 oyfua 6.22) emopévmg Kot 1 GuYVOTNTO VO, AGTOYNGEL TO TAVEAD AOY®
TOL POPTNYOL £fvart HIKpT).
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0.

Rate of exceeding

= Rate of exceeding

Panel side (1) displacement risk curve

Panel side (2) displacement risk curve
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Symua 6.30: Kapmddn dokvdovevong yio évo movéLo kKaOe Thevpdc.
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[ Xopmepdopoto

AVOTTOGGETAL AOYIGUIKO, TTOL dVVATOL VO TOPAYEL ATOTEAEGILATO YPOVIKMDV AVOADGEDV
Kol SUVOUIKAV avTIOpAce®mV Yo KaBe mavéAo (0po@NG Kol Toiyov), unkido kot teyida,
UETOAMKNG KOTOGKELNG, Yo OmolodNmote oeviplo eEmtepikng ekpnénce. H éxpnén,
mopodoteitar  amd Téooepelg mBbavég  Katnyopie  («AvOp®TOCH, «UOTOGLKAETON,
«OWTOKIVITO» Kol «QopTNYO»), Ue ekpnktikd eoptio amd 1 émg 10000kg-TNT, axd 3200
dtapopeTikd onueio. AkoAovOel N TOAVOTIKY avAALGT EMKIVOLVOTNTAG TOV EKPNEE®V Ko
TPOKVTTOLV 01 KAUTVAES TPOTOTNTOG Y10 KAOE TAELPE TOV KTIPioV.

Katd ™ ovyypaer] 100 TEPACTIOL GE £KTOOT KOO 7TOL JdNpovpyndnke, nrov
amopaitnTn N ToAvwPN Kadnuepvy evacyoAnon kabmg Kot N TANPNG GLYKEVTPMOGT], 0POD
éva TOAD LiKpO AaBog Mtav vITép apKeETO MGTE Vo TPOKLYOLVY TeAeimg AABOC Ta Tapomdve
amoteAéopata Kot Ao cvumepacpata Kot’ enéktoot. Agv Ntav AMyeg ol popég OTov Mo
avaykaio 1 SypaPr] GLVAPTHGEMV KOl OUOTKAGLDV, | GLYYPAPT] TOV OTOIMV, ATULTOVGE
ePdopddeg amacyOdAnong otov voAoylot. Idwitepn mpocoyn Eénpene va dobel wote va
Yivel 6OGTA TO LOVTELD TOPAUETPIKO KOl GTNV TPOGONKN GuvVapTHGE®Y OV PPovTilovv, ot
UETAPANTEG TTOV déxeTOL O KMIIKOG, Vo eivar amodektéc. 'Exel onuacic, 0 KOOKAG OV
othvetatl oty Python, va umv apopd pio cuykekpuévn tepintwon, aAld vo givol yevikog.
Axoun, eivar dVoKOAN M ovyypaer] ™G TOAVOTIKNG OVAALONG, OAAG 0@oL Yivel, ot
VIOAOYIGHOL €mELTO TPOKVTTTOVY £VKOA Kot Ypryopa. Idwaitepn pveia mpémetl va dobel ot
oMOTH SoVLVOESN TNG TOAVOTIKNG OVAAVGNG LE TO ATOTEAEGILOTO TOV UETOKIVI|GEDV Y10,
KkdOe onpeio, KAOMOG Kot 6T COGTH AMTOTONWOOT, TEPITAOK®V EEICADGEMV KOl JLUOTKAGLDY
(m.x. Kingery and Bulmash, Newton Raphson «Am). Xta apywd pog midvo, ftav m
OleEaymYN TEPAUATOV Y10, TN LEAETN TG OMOKPLONG T®V TOVEL®V AOY® TV ekpriéewv, o€
avoyto Ypo vtd TV eMiPreyn vIEVBVVEOV KOl EUTEIP®V CTPATIOTIK®OV, OALL AOY®D TOV
avtiEomv cuVONKOV T0 TEAEVTOO £T0C, QLTI 1] 1WBEA SVGTVYDGS, OEV KATESTT OLVATY.

Me ovtd og Pdorn, n epyacio pumopel vo amoTEAEGEL (O OPYN YO TN GLVEXIOT TNG
€peuvag og AALO EVOLAPEPOVTA TTESIN GTOV TOUEN TOV EKPNEEDV. ALTA dVVaVTOL Vo gfvor 1)
€EETOON TOL OQVTIKEWWEVOD TOV €KPNEEMV OTOV TOUEN TOV CLVOECEMV KAOMG Kot M
TPOGEYYION TNG OLPOPETIKNG LOPPOAOYING TOL UTOPEL VO ATTOKTHGEL [0 KOTOUGKELT OTOV
eléyyeton évavtt g €kpnéng oe avtifeon pe otav eAdyyetar ocvpPatikd. Axoun,
EVOLIPEPOV TAPOLGLALEL O VITOAOYIGUOC TNG AMOKPIONG LIOG LETOAMKNG 1] UM KOTOGKELTG
o€ TaVTOYPOVEG TOAAATAEG ekpnEelg amd ddpopa onpeio. Enuovtiky eniong eivor Kot M
HEAETN, NG oQUIPKNG €kpnéng, ehevBepng N un, ™G emidpacng TV SOVIICEMY TOV
€00(QOVE, TOV OPLUUATICUOV Kol TOV OELTEPEVOVTIMV GUVIPIUUAOV TOV TPOKAAOVVTOL.
AVTéC Ol MPOTAGES UMOPOVUV VO, OMOTEAEGOLV LOYAO €pELVOG KOl VO 0dNYNCOVV GE
TEPOUTEP® EMOTNUOVIKES VAL THOELS.
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