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Tithog: Avamtoén kor a&lol0yNo1) TEPOUATIKOV KOl VTOAOYIOCTIKAOV EPYUAEI®MV
YO TO YOPOKTNPIGRO QAOYDV £EEPYONEVOV OO GVOLYHO KOl EKTIPNNGY TOV
EMTTAOGEMV TOVG GE TPOGOYELS KTIPIOVH

O oyxedlocpdg Evovilt TUPAcPAAELNS OmOTEAEL Evav OYETIKA VEO gpguvnTikd medio,
€Kk otnv EALGSa, katd Tov omoio amarteitor fabid katovonon TV sUTAEKOUEVOV
QLOIKAOV QPOVOUEVAOV TPOKEYEVOD VO YIVEL €QIKTN] UE OMOTEAEGUOTIKO TPOTO M
eyyOmong g acQAAELNG PEWOVOVTAG TIG ATOAEIES AGY® TLUPKAYLIC, BEATIOVOVTAS TO
vopoBetikd mhaiclo, BeAtudvovtag TV avdAvon HETE TO TEPOS LG TUPKAYLAS Kot
avéavovtag TNV TEPPOAAOVTOAOYIKT) TpocTacic. Xto mAaiclo NG TopovcOg
dTpiPng dtevepynOnke N BewpnTikn, TEWPALOTIKY KO VTOAOYIGTIKY Olepehvnomn Tng
duadoong mupkayldlG o€ KTIpl Kol CLOTAHOTE  TTPOGOYewv Ady®m DAoydv
E&epyouevov and Avorypa (PEA).

Kotd v dubpketa pog mopkaydg o€ £va Ktiplo, ot eAOYeS evogyetor vo eEEABoVV
amd avotypota ko £xel wapatnpndel 6Tt avTog givar 0 KOPLOg UNYAVICHOG EEATAMONG
QOTIOG G€ TPOGOYELG OV gvBVveETAL Yoo TNV LA™ TNG TLPKAYIG GE GAAOLG
0pOPOVG M Kol TopaKeipeva KTipto. XNUEPE, AOY® TOV OAOEVE KOl OVGTNPOTEPWOV
amoutoe®v Yoo TV Pertioon g evepyelokng amddoong KTpimv, VTAPYEL Lo
avéavouevn Tadon yuu TNV €YKOTACTOOT €VQAEKT®OV VLAIKOV Beppopdvmong oTig
TPOCOYELS TOVC. AVTN 1 TPOKTIKY ££0KOVOUNGNG evEPYENG Umopel va emnpedost
SVOUEV(DSG TO YOPUKTNPIGTIKA TUPACPAAENG TOV KTipiov mov oyetiCovtal pe OEA.
Qo61660, N TAEWOYNEIL TOV KOOKOV TUPACPAAENG OEV TAPEYOVY GUYKEKPIUEVEG
pefodoroyieg yio v agloAdynon v kivdvvev mov cuvoéoviarl pe PEA, dedopévou
OTL 01 VEEG AMOITNOELS GYESOCUOD TPOGOYT KOl TO VAIKE KATOGKELNG OUOIGPNTOLV
TIG Kobepopéves Aoelg mupacedrelnc. Mia TANOdpo TPOCPATOV TLPKAYIDY Kot
egdmlmong toug Aoy DOEA oe ynAd «riplo, pe amotéleocua éva peydio apBud
Bopdrov, sopikég PAAPec kol ammAgla meplovsiog, Yeyovog mov kabiotd Ty avdykn
Yo BEATIOON TOV KAVOVIGU®OV TUPOTPOCTAGIOG [0 EXELYOVGO TPOTEPALOTNTO.

Me oautév tOV yvdpOove, OMpovpyeitor Kot oE0A0YEITOL 0 EUTEPIGTUTMOUEVN
pebodoroyia evd cLAAEYOVTOL Kot TapovcstdlovTal Yoo TPAOT POPE Ol AmaPOATTES
TANPOQOPIES Yo €vav UNYOVIKO TUPACPAAENG TPOKEWEVOL VO UTOPECEL VO
a&oroynoetl o TAnbopa Eunepikov Xyxéoeov (E.X.) kot pebodoroyidv katd v
duapkela oxedlacpov évavtt @EA. TTo avaivtikd, mopovctaletol o EKTETOUEVN
aVOOKOTNON TNG POLVOUEVOAOYIOG KO T®V  GTOXEIMV TUPAGPAAELNG TOL OPOPOVV
v 01ddoon eoTiag Aoyw DEA, divovtag EReact otnv ENiOPOUCT] TOV YEOUETPIKMOV
Kol Oeppukdv yapakmploTikav mtAovpiov DEA aldd kol g pong Bepudttog oe
GLGTNLLOTO TPOGOYEWMV. ZVYKEVIPMOVETOL Y10 TPAOTN POPE VO OLOKANP®UEVO GUVOAO
OeOUEVOV TV TO TPOCPUTOV TEPAUATOV POTIAG PECAING KOl HEYOANG KAILOKOG,
nov dtvovv Eppacn o OEA, mapéyoviag £I61 TV SLVOTOTNTO VO AVOYVEOPLGTOVV Ol
o onuoavtikoi mwopdpetpor mov emmpedlovy v eEEMEN PEA. Aevepyeiton emiong
Kot poe avdivon evawsnciog tov Pacwkov mopapétpov EZ. ko gvpémg
YPNOUOTOOVUEV®Y LEBOGOAOYIDY 01 OTOIEG YPNOUYLOTOOVVTIOL KOTE TOV GYEOIACUO
TUPAGPOAEING Kot evtomilovTal HE ovTOV TOV TPOTO T Oplol EQAPLOYNG Kol Ot



TEPLOPICUOTL YPNONG TOVG. XYeSACTNKAY Kol JlEVEPYNONKAV o oelpd TepapdTov
QOTIAG pecaiog KMULOKOG TPOKEWEVOL Vo d1EVEPYNBOVV 01 PUGIKOL UNYaVIoHOT Kot Ot
napapetpor mwov emmpedlovv v e&éMEn OEA. Xvuykekpyuévo  devepysiton
TOPUUETPIKT] UEAETN TPOKEWEVOL vo. aSloloynBel m emidpacn g mOGOTNTOG
TLPOOEPUIKOL POPTION Kot TG YEWUETPIRG TOV avoiypotoc. [dwitepn upaon divetot
OTNV EKTIUNON TOV SVVOUIKOV YOPOKTNPLOTIKOV Tov TAovpiov PEA. EmmAfov,
oxedldotnke Kot Olevepyndnke €va  KovotoOpo peYAANng  KAlpaxkog meipopo
TpokeEVOL va. peaetnet n emidpaon PEA ce Zvotuata Aegpilopevng [pocoyng.
AVOTTOGGETOL U0, CVTOVOUT VTOAOYIOTIKY peBodoroyia yia v axpifn meptypoen
TV yopoktpotikdv PEA ce pecaiog Ko peyding kAiipoxkog otaéels dwpatiov
npocoync to omoio pmopel va ypnowomomBel oto TAMIGIL TOV KOVOVICU®OV
oXEO0OTIKNG amddOoonc. Xe avtiv v pebodoroyio evompatdOnke kot pebodoroyia
v Vv akpip] mpoAeln g avtidpaong yvyooavidag o vyniég Bepuoxpacieg
nepPdrioviog TS Ot TPoAEEel aEOAOYOVVTOL YPNCLUOTOIOVTOS OEOOUEV
pecaiog kAMpokog aAAd ko peyding kiipokag. EmumAéov, a&oloyodvtor E.X. kot
peBodoroYiEg Yio TNV EKTIUNGT TOV YEMUETPIKAOV YAPOKTNPOTIKOV TAovpiov DEA,
Oepuoxpacio tov kevipwkol dova miovpiov PEA kou extipnong pong Bepuotnrog
omv ekTBéuev] TAELPE GLOTNUATOV TPOGOYNS YPNCYOTOIDOVTAS ObEsio
TEWPAPATIKA dedopéva pecaiog Kot peydang kKAipakag amd v Piploypapio aAld Kot
oo TO TEPALOTO TOV SLEVEPYNONKOY GTO TANIGLO TG TOPOVGAS OAULTPPNC.

H wouwvotopio g mapodoos datpiPng €ykettor 6to OTL M ekTETAUEVN BempnTiky,
TEPAPOATIKT KOL VTOAOYIOTIKY O1epedivior NG O1dd0oong TuPKAylaS G€ KTiplo Kot
cvotipata tpocoyenv A0yw PEA evoopatmbnke yia mpdt @opd ce po eviaia
pebodoroyia perétng mopoacedieiag mpocdyewv. EmumAéov, ompovpynnke Pdaon
OEQOUEVMV TIEWPOUATIKAOV LETPNCEDV SOKILAOV POTIAG LEYAANG KAMUOKAG LE E0TIOGT
oe ®DEA. Avt n Bdon dedopévov Kabdg Kol T TEPANOTO HEGOING Kol UEYAANG
KAlpokag mov devepyndnkov emmAéov oto mAaiclo TG mopovcag  daTpPng
ypnooromOnkav yu v aflohdynon ¢ avamtvybeicac pebodoroyiog. TéAog,
avantHiyOnkay vroloyiotikd epyoieio eneEepyaciog eikovag yio evromopnd OEA kot
dopbBmong Tiung Beppokpaciog Adym aktivofolriog 610 0OTEPIKO OOUATIOV POTIHG.
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The current thesis targets the computational, experimental and theoretical
investigation of fire spreading in buildings and fagade systems due to Externally
Venting Flames (EVF). When a building fire is fully developed, flames may spill out
of external openings and it is well established that they significantly increase the risk
of fire spreading to higher floors or adjacent buildings. Nowadays, due to the ever-
stricter requirements for building energy performance, there is a growing trend of
installing combustible thermal insulation materials on building fagades. In this aspect,
such energy saving practice may adversely affect the building’s fire safety
characteristics related to EVF. However, the majority of fire safety codes lack specific
methodologies to evaluate the risks associated with EVF, since new fagade design
requirements and construction materials challenge the established fire safety
solutions. There is an alarming occurrence of recent EVF events in high rise
buildings, resulting in a large number of casualties, structural damage and property
loss a fact that renders the need to improve design guidelines for EVF an urgent
priority.

This necessity motivated the development of a holistic fire safety design methodology
in the frame of performance based design, as presented in the current thesis,
challenging traditional concepts of fire safety that can be applied in real life structures
and fire safety engineering problems. In the present thesis, focus is given on the
fundamental physical phenomena governing EVF in medium- and large-scale
configurations, aiming to advance the frontiers of scientific knowledge and improve
the relevant design guidelines. This multi-disciplinary research applies in the diverse
fields of fire science, fire safety, materials performance and building codes and
standards. Fire engineers, product manufacturers, building owners, fire and public
services, construction sector, stand to benefit from the understanding of the physical
phenomena governing the fundamental flow and thermal characteristics of EVF. The
main phenomenology and fire safety aspects of fagade fires due to EVF are reviewed
emphasizing on the impact of heat fluxes and EVVF plume geometric characteristics on
the fire resistance and spread on facade assemblies. A complete dataset on the current
state-of-the art medium- and large-scale fire experiments and numerical studies
related to EVF fire events, formed for the first time, provides the opportunity to
identify the important parameters influencing EVF development. A key parameters
sensitivity analysis is performed towards identifying the origins, applicability and
limitations of widely applied fire engineering design correlations and methodologies.
Correlations and methodologies for the estimation of EVF geometric characteristics
have been evaluated in terms of applicability, accuracy and ease of implementation. A
range of methodologies for the estimation of the heat flux on the exposed facade
surface has been presented, and the best methodology for the accurate estimation of
the heat flux on exposed fagade surface has been identified. A dedicated series of
medium-scale compartment-fagade experiments has been designed and performed in



order to investigate the fundamental physical phenomena and factors influencing the
dynamic development of EVF. A parametric study has been further performed to
investigate the effect of fire load and opening factor to the EVF geometric and
thermal characteristics; EVF plume effect on the fagade wall was also thoroughly
investigated in terms of heat flux and temperature temporal measurements. In
addition, a large-scale compartment fagade experiment has been designed and
performed for the first time in order to investigate the EVF related phenomena
associated with an innovative energy efficient Ventilated Facade (VF) system. The
relevant phenomena influencing EVF development and its impact on VF systems
have been analyzed and assessed. A dedicated numerical methodology for the
accurate description of the EVF characteristics in medium- and large-scale
compartment facade configurations has been developed in the context of
performance-based design guidelines currently implemented in many countries. A
methodology has been developed accounting for the fire behavior of gypsum
plasterboards. Numerical predictions were thoroughly compared to the obtained
experimental measurements from medium-scale configurations and available data for
large-scale configurations from the dataset in order to evaluate the accuracy of the
numerical methodology. Correlations and methodologies for EVF description have
been extensively validated against available and in house performed medium- and
large-scale compartment fagade experiments. It is widely accepted that the suitability
of a holistic fire safety engineering design methodology, as the one developed in the
current thesis, is determined by its intended application and by verification through
detailed experimental measurements; only a method that is both versatile and
practical, yielding sufficiently accurate results, may prove suitable for practical
applications. Taking into account that simplified methodologies, should produce
conservative design values, there is an urgent need for design guidelines that provide
explicit recommendations on how to use them. Even when more sophisticated models
are available a compromise is often necessary between accuracy, cost and time during
fire safety design. Knowledge of the errors and limitations of fire engineering
correlations is necessary if an analytical approach is intended to be used as an
alternative to the more advanced performance-based methodologies. Implementation
of the current thesis research results can be proven very beneficial for society, as it
will contribute to the reduction of fire losses and improve fire protection by providing
tangible fire safety engineering techniques relating advantages in innovative design
and construction techniques to everyday life safety.

The innovation of the current thesis is that the extensive theoretical, experimental and
computational investigation of the fire spreading in buildings and facades systems due
to EVF are incorporated for the first time into a holistic fire safety engineering
methodology for the design of facades systems. In addition, a large-scale
compartment-facade fire test database focusing on EVF has been created. This
extended database and the results from medium and large scale fire tests conducted in
the frame of the current thesis have been used for the assessment of the developed
methodology. Supplementary, an EVF detection image processing tool and a post
process correction methodology for radiation correction of the thermocouples at the
interior of fire compartments have been developed.



