Teyv. Xpov. Emot. 'Exd. TEE, 11, tevy. 1-2

1998  Tech. Chron. Sci. J. TCG, II, No 1-2 7

Xvppoin otn Agpeovnon Tov Puoikov AgPLopov.
Hewpopatikég Metpioeig og Ilévre Kripwo

N. TAITAMANQAHX
Ap Apyrtéktomv Mryovikdg

Hepitnyn

Topovoialovior UETPHOELS aEPLOLLOD KTIPIWV, DO TPOYUATIKES TOV-
Onxeg, oty EAdado. Ilpokeitou yia opdda oéka (10) uetprocwv oe
TEVTE (5) O10.QOPETIKG. KTIP10. KOTOIKIOG KA1 EPYOTIOS, OO TO. OTOLA T
wio. (3) Ppiokovior oty Attiki ko ta 000 (2) oty Osooaloviky. Ot
HETPHOEIS TPayuoTOTOONKay Katd 1o 0evtepo eéounvo tov 1992, ue
™ uébodo g plivovoag ovyKEVIPWONG aéplov OeikTy, VIO KAVOVI-
KEG y10. TNV avtiotoryn mepiodo mepifalioviikés ovovOikes. Amo avtég
rpockvyay Tyés petaltv 0,49 kar 1,66 ac/h. Hopovoialovrau, emiong,
EKTIUNOEIS V10 TIC GUVONKES PVOIKOD GEPIGUOD TV KTIPIWY TTH YWOPa.
Hog mov focioviar oty avaivon Twv TopayovImwy Tov TIG OLOUOp-
QOVOVY, ONAadT TWV KAUATIKDV, OPYITEKTOVIKOV KOl KOTOOKEDAOTL-
K@V 0EOOUEVMIV.

1. EIZATQI'H

O1 TopAyoVTES, TOL SLOUOPPDVOLY TIG GUVONKES PVGIKOD
OEPICUOVL TOV KTIPi®V, UTopodv vo Kataveunbodv o Tpelg
OpadES:

® >V TpdT OoUade TEPLAUPAVOVTOL Ol EMIKPUTOVGES
HETEMPOAOYIKEG CLUVONKES. ATTO QWTEG, E1O1KOTEPA, O AVE-
pog kot 1 Bepuokpacio tov aépa tpocdtopilovy TV oy
TOV UNYOVICUAOV TOV TPOKAAOVY T QOLVOLEVA O.EPLGLLOV,
dNAod1, OVGLUGTIKG, TIG SL0POPEG TTEONC EKATEPOOEY TMV
AVOLYHLAT®OV GTO KEADPOG TOV KTIpiov.

® X1 JdedTEPN Opdda TEPAUUPAVOVTOL TO OPYITEKTOVIKA
XOPOKTNPLOTIKA TOV KTipiov. Ot SooTdcELS, TO GYLLOL Kot
1 KOTAVOLT T®V AVOLYHLATOV GTO KEADPOG UTOTEAOVV KPi-
oo otolyeio. owthig g opadoc. Emiong, Eeywpiot
onpacio £oVV 0 TPOGUVATOMGUAG KOL TO YEDUETPIK Y0i-
POKTNPLOTIKG TOV KTIPIov, EPOCOV QUTA KLPIMG TPOGOL0-
pilovv TV KoTOvoUN TOV OVELOTEGEMY GTO KEAVPOG,.

® H tpitn opdda TopayovVI®V aVOQEPETOL GTIV KOTOCKEL.
Ewdwotepa, apopd oo dopikd otoryeio Tov keAdeovg,
OV O VAIKA, TPOTOG KOTACKEVNG, HETAED TOLG Guvap-
poyn, nikio KAT. Tpocdiopilovy v aepomepatdTTa
tov (airtightness), amd v omoia e&apTdvTal Gpesa Ot
Stopuyéc tov aépa (infiltration).
Edv ot mapondve mapdyovieg stvar yvootot, tdte | 10G0-

TNTO 0EPICHOV €VOG KTIPiov gival Bempntikd vToloyicyun pe
YropriOnke: 28.5.1997 Eywe dextij: 19.6.1998

avaAvTikés pefddovg [ 1, 2]. Aedopévng, dpmc, tng Svokoiiog
EQAPLOYNG TOPOUOI®V HeBOd®V otV TPALN, Ol LETPNOELS
TPOGPEPOLY  OUECOTEPES KOl OKPIPECTEPEG EKTIUNCELG.
Metpnoelg aepiopod KTiplov vad TPoyUATIKEG cVVONKEG
yivovtar pe pefddovg aépimv deiktdv [3], eV TPOKEEVOD
v ghéyyovg, ovykpioelg, ta&vounoelg epappodloviol ot
pébodot mieong [4].

Xmv EALGda, ot mpdTeg LETPNOELS AEPIGHOD £YVOV TO
YentéuPplo tov 1989, og Kkripto Tov NAokod Ymplov, oTn
Avkofpoon, pe otoxo v aSlOAOYNCN TG EVEPYELOKNG
ouumeplpopds toug [5, 6]. Xe npoceatn epyacia [7], 6mov
e€etalovtal ot cVVONKEG TOLOTNTAG E0MTEPIKOD OEPA TMOV
kTipiov oty EALGSH, Tapovcidlovtal GUVOTTIKG To amoTe-
AECUOTO LLETPTICEDV OEPIGHOD TOV EYOVV YIVEL OTI YDOPO LOG
péxpL TG apyéc Tov 1996.

2y epyacio mapovctdlovTat ot HETPGELS AEPIGLLOV VIO
TPOYUATIKEG CLVONKEG, TOL &yvaV GTO TAOIGLO GYETLKOV
mpoypbppatog Tov Kévipov Avavedoipov Inyov Evépyetog
(K.A.ILE.). Ipokertor v déka (10) cvvolkd HETPNCELS,
OV TTparypatomoOnKay e ™ nébodo g eBivovcag cuyké-
vipmong aéplov Ogiktn, og mévie (5) S0POPETIKA KTiploL.
216y10¢ TOVG VINPEE N CVYKEVTPMON eVOEIEE@V Yol TIC TIHES
0EPICLOD TOV KTIPI®V GTI YOP LG, KAVOV va a&lomoin-
Bov oe mpoypaupoto egokovounong evépyelag. Eottiog
TOV EAAYIOTOV LETPNCEMV OEPIGHOD TOL EKTEAEGTNKAV
éxtote (20 g&qunvo 1992) [7], 1 cvykekpiévn opddao Topo-
HEVEL 1] TOAVTANOECTEPT KOl OVTITPOCOTEVTIKOTEPT|. XTNV
epyacio emyyepeitat, eniong, 1 dgpghvnon ToV cuvONKOV
QLGIKOV OEPIGHOD TOV KTPIOV 6T YOpa Hog He Pdon ta
1oYOOVTO, GE QVTN KAMUOTIKG, OPYLITEKTOVIKG KOl KOTOUCKELO-
OTIKG OESOUEVAL.

2. METPHXEIX AEPIXMOY KTIPIQN
2.1. To kripwo

To xtipra, ota onoia Eyvav ot LeETpoELS aepioLoD, ivar:

® Mia aifovca Tov Epyacstnpiov Katackevdv tov ['ewpyt-
oV [Tavemotpiov Abnvav (ILILA.).
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® To wdyeo tov ypapeiwv Tov Kévipov Avavedoiwmv
IInyov Evépyelog (K.AILE.) oto [Tiképpu ATtikng kot

® Tpeig katowies, and Tig omoieg o1 dvo Ppickovtarl ot
®eccorovikn kat 1 pia otn Bovla Attikng.

H aiBovoa tov Epyactnpiov Katackevov tov IIT.A.
elvan daotdoenv 5,8 x 4,9 m kot emkowvovel, pécm dipui-
ANG peTaAMKNG TOPTOG, [E Topakeipevn aibovca dtuctdoe-
@v 6,6 x 49 m (oyquo 1). Ov dbo avtég aifovoeg ov-
VOPELOLV KOl amd TIG dVO TAELLPES LE YDPOVG GAA®V EpPYOL-
ompiov tov [ILA., mwov PBpickovion mopatetaypévol oe
oelpd, 0€ HOKPOOTEVO 1GOYELD KTiPlo, TPOCOVOTOAGUEVO
katd ™ d1evbvvon A-A (oynua 2). O pépmv 0pyaviGHOg TOV
KTpiov glvol omd UTETOV KOl 1) TOLOTOUO Ao dWIEKAOTO
ToVPA0 Yopic TpdcOeT LOVOOT. ZEPE HETOAMK®Y Topadv-
POV EKTEIVETOL 0E OO TO UNKOG TMOV TPLOV TAELPAOV TNG
aiBovoag, evd ot Popelo TAELPA VIAPYEL EVOL GUVEXEG
avorypa otov Toiyo (Thve amd TV TOPTA) TOL KAADTTETAL LLE
povetikd @OAAa omd EuAopairo. H mpoyepdtnta g kato-
OKELNG OALG Kot Ol TOAAEG KAKOTEYVES EMEUPACELS, TTOV 0KO-
Aovbnoav, emPdpovoy oNUAVTIKA TNV 0EPOTEPUTOTITO TOV
KEADQPOVG TOD VIO PETPNON YDPOL. Tvykekpuéva, TAnfog
MKPOV KOt LEYGA®Y 0VOLYUATOV Kol pOYUMV EVIOTIGTNKOY
oto e&ng onueio:

® YTig TAEVPES TPOSOPUOYNG TOV TAUGIOV TOV KOLOMUA-
TOV GTOVG TOYOLG Kol LETOED TOV KIVIITOV HEPDV TOVG.

® X11C EMAPEC TOV HOVAOTIKOV QOAA®DY EVAOHOALOL pETOED
TOVG KOl UE TOV TOTYO.

® ¢ onpeia déAevong ay@ydv HEGH OO TOLG TOLYOVG Kot
Ta KOLE®OPoTo. Ot aywyol avtol TeptAapuPfévouy coAVeS
KOAOPLPEP, NAEKTPIKA KOADOLN, KOADILO Yio T ohHVIEST
eEMTEPIKMOV 0PYAVAV, OGEPOCOANVES TOV KALATIOTIKOD
HNYOVAROTOG.

®  Axoun, vapyovv dvo mapdfupa aeplcpol 6TO KATMOTEPO
HEPOG TG LETOAMKNG TOPTAG,

To ktipto tov K.A.TLE., éva tpidpo@o, GuVoMKNG éKTa-
ong mepimov 2200 m?, katackevdotke to £tog 1980. To
1992, 6tav emAéymmke mg £0pa Tov Kévipov oty Abnva,
€YoV o€ 0UTO EKTETAUEVES EPYACIES OVOKOTOOKELNG. XTO
TANIC10 AVTMOV TOV EPYUCLOV 0 XDPOG TOV 160YEIOV (TEpimon
800 m?2), mov apyIkd ATV eVioiog, SpopedONKe, pe xpHon
YOWoGavidwV, G8 YPapELD Kot KOvoypnoToug Ydpovs (oynia 3).
Emniong, dtavoiytnke mepyietpikd pio cvveyng {ovn mopado-
POV e TOPTEC, KATA SLOGTALLOTO, Y10 EXKOVMVIOL [LE TO TTPO-
adMo. O pEpmv 0pyovIGHOG TOV KTIPIoL gival amd UmeTdV Kot
n eEotepikn Toryomotia amoteleitan and duthr ogpd e&do-
TOV TOOPAOV e ECOTEPIKN LOVOOT] SOYKOUEVIG TOAVGTE-
pivng. Ta kovedpata etvor amd adovpivio pe amid tlapo.
To xtipro eivor KTiopévo oTNV KOPLPN EVOG VYDOLATOS CE
aporodounuévn teployr. Ot dpogot Bpickovtar extedeipiévor
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2ynua 1: Karoyn tov Epyaotypiov Katooxevwv tov ['ILA. (Me
“X” onueicdpverar n Oéon uétpnong).

Figure 1: Plan of Lab. of Construction at the Agricultural Univ. of
Athens. (“X” symbolizes the measurement position).

Zynua 2: H votia oyn tov Epyactnpiov Kataorevwv tov I11.A.
Figure 2: The south face of Lab. of Construction at the Agricultural
Univ. of Athens.
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2ynuo 3: Karoyn ooyeiov tov ktipiov tov K. A.ILE. oty AGnva.
Figure 3: Plan of C.R.E.S. building s ground floor in Athens.
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GTOV GVENO, OAAG GTO 1GOYELD, AOY® TMV TEPYETPIKADV OVO-
YOUATOV, Ol AVELOTIESELG Elvat pdAlov acBeveic.

Ot Tpelg KOTOIKIEG, TOL OMOTEAECAV TO OElyUd Yo TIG
LETPNOELS, EMAEYTIKAV LLE SLAPOPETIKA KPITNPLOL OV TITPOC®-
TELTIKOTNTOC. ANAadn):

® Eivau ¢ idto¢ mepimov kabaphg emoavetag (50-60 m?),
OV OVTIGTOLYEl O€ OTOTIOTIKA TOAVTANON KAGGM Ko-
oKtV oty EAAdda.

® Amotelovvtal omd Tovg id1ovg xdpovug (2 dopdtie, caAd-
v, kovliva, Aovtpd-WC), LoAOVOTL S10pEPOVY G TPOG TN
StoppHOuo.

® Apépouv mg TPog TIG ouvbnkeg €kBeong oTov Avepo
(petipé o apatodopunpévn {ovn, TPMOTOG OPOPOS OE APaL-
odounpévn Lmdvn, HOVOKATOIKIM ©€ TLKVOSOUNUEVT|
Covn).

® Koidmrovv guph paopo MUKV Kataskeung (vedduntn,
15 e1dv Ko 65 €10V, KOTA TO YPOVO TNG UETPNONG).

® Bpickovtol 6g dV0 Sl0QOPETIKES TEPLoYES (ABMva Kot
®eGGOAOVIKT) TOV GLYKEVIPMOVOLV TNV TAELOYNOI0 TV
KTIpl®mV 6T Ydpo Lag.

Yuykekpipévo

H mpot katowkio (A) Ppioketor otov MEUTTO OPOPO
(petipé) molvkatoikiog, nakiag mepimov 15 etdv (Kotd To0
xPOVOo TG HéTpnong), ot Bodia Attikig (oynpa 4). Eivor
HOVOSIKT] KaTOlKiot 6TOV OpoQo LE ovoiypata o OLeEG TIg
mAevpéc. O Pépav opyavicpog glvon amd Pmetdv, | EOTEPL-
K1 Totyomotia pumotikn omd e&domo TovPA Yopic povmon, Ta
KovQOpoTa aAovpviov pe pova téauo. H evpitepn mepioyn
€lval 0pOtOSOUNIEVT e LLOVOKOTOIKIEG KOl Alyeg TOAVMPO-
(PEC OKOOOUEG, OV OUMG Ppickovtal o amoctacn (>30 m)
Ko givan younAdtepeg og vyoc. 'Etot, 1 kotowcia etvor exte-
Oeévn oe OAeg Tig d1evBHvoelg Tov avEROL TOV, AOY® LIKPO-
KMpoTiK@V cuvOnkdv, avéovv toyvpoi oty meployn. H
AEPOTTEPATOTNTA TOL KEADPOVG ivar avénuévn eéotiog g
AANG KOTOOKEVNG KOt TG POOPAG TOV ¥pOVOV. ZVYKEKPLUEVQ,
EVTIOTIOTNKOV AvVOiyHaTa S10pUYDV 6T eEMTEPLKE KOLPDOLO-
ta (kvplog oto TapdBupo Tov AoVTPOV), TOV ATOPPOPNTH P
™G kovlivag kat to Tkt To yeyovog avtd, 6€ cLVILAGUO e
TO EMKPOTOVY HOVTELD SLOUTEPOVG OEPIGHOD, SIKOLOAOYOVY
YEVIKG AVENUEVES TYEG 0EPIOLOV TNG KATOKIOG, OTTmG eEAN-
Aov emPefardveTot Kot omd TNV EUTEPIN TOV EVOIKOV.

H dgbtepn xatowio (B) Ppioketar otov mpmdto 6popo
veoduntng (katd to ypdvo g LETPNONG) TETPUDPOPNG Ol
kodoung otnv Kodapopid @eoocarovikng (oyqpa 5). IIpoker-
TOL Y10 KTIPLO TPOGEYUEVNG KATOUGKEVNG, LE PEPOVTO OPYOVL-
oUd omd UMETOV, eEMTEPIKN SUTAN TOLYOTOL [LE ECMTEPIKT
LOVOGOT SLOYKOUEVIG TOAVGTEPIVIG KOl KOVQMUOTO OAOVLL-
viov pe duthd tlapa. Opiopéves KOTAOKEVAOTIKEG OTEAELES,
oV oyetilovtal e TNV OEPOTEPATATNTO TOV KEADPOVGS, EVTO-

ToTNKAY KLPIOG OTNY TPOGUPIOYT TOV TAUIGIOV TOV KOL-
OOUATOV 0ToVG Tolyovs. TTap’ Ao mov 1 evplTEPN TTEPLOYN
glvat apatodopnpévn, TPEIS OKOSOUES “TPOSTATEDOVY” OO
TOV GVEWO OVTIGTOLYEG TAEVPEG TOV KTipiov kot Udvo 1 avo-
ToMKY| glvan eEAevBepn o€ peydAn amodctacn (oynpa 6). E&at-
tiog avto aAAd Kot TOL YOUNAOD LYOLETPOL, Ol AVELOTLE-
GELG GTO KEAPOG TOV dtopepiopatog givor yevikd acbevels.
To dwpépiopa €xet avoiypata o 600 avrtifeteg mAevpéc.
Ao v gunepio TV EVOIK®V TPOKVTTEL OTL O AEPIGUOC TOV
vmd ouvinkeg acbevods avépov givar Guyvd ovemapking,
yeyovoc Tov avrtipetoniletot pe Ty enéufoct| Tovg (avotypo
mapafopwv).

To tpito kripro (I') eivan w60dyeo kotowion pe LVrOYEO
otV meployn Apetoov Oescalovikng (oynua 7). Ipodxetton
v ToAd KTiplo (dve Tev 65 eTdv) pe eEmTeptkn pEpovca
UmoTik toyomotia amd e&domo TovPAa, yopic poveoon. Ta
Kovpopata givar EOAva. Evlvn gival, eniong, 1 TeTpaKAvn
o€y, KOG Kat T0 dAmEdO TAV® amd To ABOKTIoTO VIOYELD.
Ta televtaio Tplo xpovia, TPy amd T HETPNOT, TOPEUEVE
akoatoiknto. [apd tavta, dev damictd®OnKav Eviova deiypo-
T KOTOOTPOQ®V 6TO KEAPAS Tov. Evdetktikd, OAa to tlapa
0T0 TOPABVPO NTAV OKEPOLO KOL 1] KEPALLOCKETNG GTEYT] OL0-
mpovvtay og koA katdotacn. H mokvny PAdotnon otov
KNmo, oL TEPPAAAEL TO KTIPLO, GALGL KOl Ol TOAVDPOPES
O1KOOOEC, LIE TIG OTTOIEG GUVOPEVEL TEPLUETPIKA, TO “TPOPL-
Adocovy” and OAeg Tig dlevBuvaelg Tov avépov. Avoiypato
VITAPYOVY GE OAEG TIC TAELPES TOV KEADQPOLS (oyfua 7).

2.2. E€omhopdg

e Oleg TG petpnoelg og Pacikog eE0MAMoUOS XPNOCLLO-
momOnke évog popntoc avaivtig aepiov (akpifeta: £15 %)
Kot po petoAMkn ofida 20 1 yio tn petapopd tov aéplov dei-
ktn (N20 11 SF6) vmo mieon.

Y10 ktipto tov K.AILE. dgv ypnoomomnkoy GAla
opyava. Ed®, ot perpnioeig agptopod £ytvav tautdypova Le
LETPNOELG GUYKEVTIPDCEMV POPUAAIETONG GTO ECOTEPIKO TOL
KTipiov, yuo va depevvn el o Pabpog cvoyétiong tovg [8].

Zmv mepintowon tov Epyaostnpiov Kataokevdv tov
[ILA. ypnowomomOnkav, amnd To HOVILE EYKOTEGTNUEVO
07O dMA TOV KTIPIOL PETEMPOAOYIKA Opyava, Evo BeppopLe-
PO avtioToong ywo T pétpnomn g Oeppokpaciog meptPai-
AOVTOG Kol €vol aveROUETPO pe KOmeAla (okpifela: + max
[1%, 0.1 m/s]). To 6pyava avtd, KaOMOG Kot O GAVOAVTNG
aeplov, NTav GEPLIKAE GUVOESENEVA LLE DTTOAOYLOTY], OOV Ol
evoei&elg Tovg Kataypaovtay cuveydc. o ™ pétpnon g
£0MTEPIKNG BepLokpaciog ypnoLomomdnKe Eva LeTE®POAO-
Y16 BeppopETPO VIPAPYHPOL, TOV OTTOIOV 01 EVOEIEELG ONUEL-
avovtav kéOe 5 Aemtd.

Xta KTiplo TOV KATOIKIOV YpNCILoTomOnKe 0 A I0TOG
Kot amAoVoTEPOG E0MAMONOC OV omouTel 1 EPAPULOYN TNG
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Zynua 4: Karoyn e karoikioc A oty Bovla.
Figure 4: Plan of house A at Voula, Attica.

2ynua 5: Katoyn e katoikiog B oty Kodouopid Osooalovikng.
Figure 5: Plan of house B at Kalamaria, Thessaloniki.

Zynua 6: H avarodixy oyn ¢ karoikiog B otnv Kodopopid Oco-
o0LoVIKHG.
Figure 6. The east face of house B at Kalamaria, Thessaloniki.
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Zynua 7: Karoyn e koroixiog I otnv Apetood Osooaiovikng.
Figure 7: Plan of house I' at Aretsou, Thessaloniki.

pedodov. Xvykekpiéva, pnoomotnie Evo PeTemPoloyIKd
OepudpeTpo VEPOAPYHPOL VLo TN LETPTOT) TG ECMTEPIKNG KO
eEmtepikng Beppokpaciog kot £vo OVELOUETPO YEPOG LE
KOmeAAQ Yio T péTpnon TG TayvTNTOG TOV avépov. Ot evdei-
Ee1c OL®V TOV 0pYAVOV, GUUTEPIAAUPBAVOLEVOD TOV BVOALTY
aepiov, onueiwvovtav kéle 5 Aemtd. Ot emhoyég avtéc,
HOAOVOTL EYOVV APVNTIKEG GUVETELEG GTNV OKPiPelo, Kol TeEK-
unpioon tov amoteiecpdtov, egacodllov TV €OKOAN
HETOPOPA Kot Agttovpyio Tov e£0mMAIGHOD, cupBaiiovTag,
TapdAIAa, otV eaymyn GLUTEPUCUATOV Yio. TIG dSUVATO-
TNTEG EKTEAEONC EKTETAUEVOV TPOYPOUUUATOV LETPTCEDV.

2.3. Awodwkocio

IIpwv amd kabe pétpnon eréyyovtav Kot EKAEVaY OLEG OL
wopTeg Kot o mapdfupa oto KEALQEOG TOO TPOG HETPNON
YDOPOL (01 ECMTEPIKEG TTOPTEG OLATPOVVIAY OVOIKTEC). €
OAEG TIG MEPITTMGELS, 1) Ol0dIKAGI0 TEPIEAGUPove EAEVOEP®-
on piKpng mocottog aéplov deiktn (SF6 1 N20) o610 ydpo
Kot avoTapaén tov aépa, MoTe va eMEADEL KOTA TO dUVOTOV
opoldpopen avauén tov. Mg v omoKoTAGTOoT TG NPE-
piog Tov aépa apyie N Kupimg HETPNOT TOVL CLVICTATO GTNV
mapaKoAovONoN Kot Kataypapn e eOivovoag e£EMENG TV
GUYKEVIPOOEMV TOL aEPLOV deiktn o€ otabepd onueio Tov
YHPOL. ZT0 SICTNUA QVTO, TOV SLOPKOVCE TEPITOL HETAED
HIONG KoL PG ®POG, Yo TNV TANPESTEPT], COUPOVA LIE
TIG GYETIKEG TPOSYpaPES, Tekunpioon [w.y. 9, 10], kota-
YPApovTav, e ToV KoTd TEPITTmoTn d10bécipo eE0mAMopo, ot
TIUEG E0MTEPIKNG Kal EEOTEPIKNG BepOKPOTInG Kot AVELOV
(d1e08vvon Kot TaydTNTA).

Ta amoteléopata, OTMG AVTH TPOKVITOVV OO TNV KAIoT
g evbeiag glayiotov teTpaydvOY TV Aoyapifuwoy tov
GLYKEVIPADCEMV TOV aéPov deikn [3], aviurpocmmredovy o
pLOUO EVOALAYNG OTO GLYKEKPIUEVO ONILEID dELYLOTOANWi0G
TOV aéPa, KOTG TNV AVTIGTOLYT YPOVIKN TEPI0SO KoL VIO TIG
dedopéveg cuvinkeg Tov Tepapatog. Emopévad, yo peyaio-
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Zynua 8: Aoypduparo uetoforng a) e eowtepiknc kai eEwTePIknG Ospuokpaciog, ) THS ToyOTHTOS TOV AVELOD, V) TV GOYKEVIPOOEDY TOV
€10V OeiKT KOt 0) TV A0YapiBuwy TV GUYKEVIPOTEMY TOD 0EPIOV JgiKth Katd. T uétpnon s 2/8/92 ato Epyaotipio Karaokxevodv tov I11.A.
Figure 8: Time variation of o) indoor and outdoor temperature, f3) wind speed, y) tracer gas concentration and o) natural logarithm of con-
centration during the 2/8/92 measurements at the Lab. of Construction at the Agriculture Univ. of Athens.

tepn aio TV amotelecpaT®MV 300N KE TPpOCOYN, DoTe 1 Béon
derypatoAnyiog vo eivol OVTITPOCHOTELTIKY Kal, EMITAEOV, Ol
emkpaTovoeg mepiforloviikéc cuvOnkes (Beppokpacia, dve-
pog) vo mpoceyyilovv katd to dvvatdv Tig Kavovikég (nor-
mal) ot 6éom TOV VIO pETPNON KTIPiov.

2.4. Anoteréopata

Y10 Epyaotpro Kataockevdv tov I'ITL.A. mpaypatonon-
Onkav dvo peTproeic:

® H npot £yve 10 Tpwi g 206 Avyovotov 1992. Me v
£&khoon tov aéprov deiktn (SF6) dakomnke n Asttovpyia
MG KMUPOTIOTIKNG Hovadog, omote 1 Beprokpacio Tov
a€pPO GTO ECMTEPIKO TOV YDPOL GPYLCE VO OVEAVEL GTOL-
dtokd. O GLVOMKAG ¥POVOG UETPNGEDV NTAV TEPITOV WG
o @pa kot mepleAdppave TopokoAovOnon kot Kato-

YPOO| TG HETAPOANG NG E0MTEPIKNG KOl £EMTEPIKNG

Oeppokpaciag, TNG TOYOTNTAG TOL OVELOD KoL TNG CVYKE-

vipmong tov deiktn (oynuata Sa, B, y).

Y10 dtdypapo HETOBOANG TV AoyapiBumv g cvyké-
vipwong tov deiktn, Inc, mpog To Ypovo, drakpivovpe TPeLg
TEPLOYEG OV OVTITPOSMTEVOVY SLOPOPETIKES CLUVONKES aept-
opov Tov Ydpov (oyfua 8y). Xvykexpiuéva, o TpaTo 20
Aemtd mopatnpovpe pio Pabpioic mTTtdon TG TOCOTNTOG
0EPIoOD MG ATOTEAESLA TNG TayElng ovyKAMong TV Bepplo-
KPOolDV (E0OTEPIKNG KAl EEMTEPIKNG) Kat ovaAoyng eE0cOEé-
ynong tov mapdyovto Bepposipmvicpov (stack effect).
cuvéyela, mepimov Yoo plo dpa, €xovpe gEopdivvon TV
TILOV TOL AVTAVOKAQ TN OYETIKN otafepomoinom tng dtapo-
pac Beppoxpaciag (=1 °C). Téhog, ta tedevtaio 15 Aemtd g
pétpnong yapaktmpiler évrovn avlopeimwon g TocoTNTOG
aeplopoV. H petafoin avth etvor teyvnt) kot mponAbe amd
Vv adENGCN TOL GTPOPIAMGHOD TOL AP GTO ECOTEPIKO TOV



12 Teyv. Xpov. Emot. ‘Exd. TEE, II, tevy. 1-2 1998  Tech. Chron. Sci. J. TCG, II, No 1-2
35 = 5
0834 E— J I £ A A /
— — AN P ) 4
I 33 S \\ / \
3 &
§32 ~- Tout |~ g3 / /\/ N \/
o ~Tin | o
& 30 e || % vV ./
29 =1
-01 01 03 05 07 09 11 13 -01 01 03 05 07 09 11 13
Xpévog [h] Xp6vog [h]
9a) 9B)
— 3 |
S
& 2.5 - y = -1.66x + 2.41
o 2 R*=0.99
c o
5 i
2 . c 1.5
g 1
@
2 05 -
=]
W 0 : : : : 1 1 | 0 ‘ ‘ : : ‘ ‘ |
o 02 04 06 08 1 12 14 0 02 04 06 08 1 12 14
Xpévog [h] Xpoévog [h]
9y) 9%)

2o 9: droypdppota puetafolng a) e eowTEPIKNG Kot eEWTEPIKNGS Bepuorpoaiog, B) TS ToydTNTOS TOV AVELOD, Y) TV CVYKEVIPWDTEWDY TOD
0EpI0V J€liT KOl §) TV A0Yapifumy TV GOYKEVIPOGEW®Y TO 0EPIOD Oty KaTd T uétpnon e 3/8/92 ato Epyootipio Karaoxevwv tov I11.A.
Figure 9: Time variation of o) indoor and outdoor temperature, ) wind speed, y) tracer gas concentration and ) natural logarithm of con-
centration during the 3/8/92 measurements at the Lab. of Construction at the Agriculture Univ. of Athens.

YDOPOL, OTAV KATE TO OVTIGTOLYO SLAGTN LA TAPELELVE OVOLKTN

n mépta. H mocdtrta aepiopov g aifovcog 6to evolapueso

YPOVIKO ddotna vroloyiotnke ion pe 1,59 + 0,03 ac/h.

® H Jdevtepn pétpnon £ywve otov 1010 Y®PO TNV €mMOUEVN
pépa, yopic va Slakomel 1 Agttovpyio Tov KAMUATIGTIKOD.
Tn eopd avty og aéplog deiktng ypnoiponodnke to
N20. Ampkece Aydtepo and PGUGT Opa Kot TEPLEAGLL-
Bove maparkorodnon kot Kataypaen e HeTAPOANS ®G
Pog T0 XPOvVo TV Winv mapapétpov (oxiua 9). Ity
TMEPINTOON AVTY, 1] TOGOTNTA OEPLCUOD VITOAOYIOTNKE {oM|
pe 1,66 = 0,01 ac/h.

O petpnoeig oto ktipto tov KL AILE. éywvav tig mpowég
opeg Tov 12 Oxtofpiov kot 17 Nogpuppiov 1992, pe xprion
SF6 ¢ aéptov deiktn. Adym g LeydANG KTAONG TOL YHOPOL
€ywav dvo petpnoets, otig Bécelg A kot B, mov emdéytnray
OG OVTITPOCOTEVTIKES TV E0MTEPIKOV KOl TEPLPEPELOKDY
dopoatiov avtiotoyya (oynua 3). Xta dedtepa, Aoy® TG Gpe-

OMG YELTVIOONG TTPOG TO KEAVPOG, O TYEG aEPIoLOV Ppédniay
kotd 10 - 15 % peyaidtepec. Zvykekpiéva, otig 12 Okto-
Bpiov n Ty aepiopod ot Béon B vroroyictnke 0,57 + 0,05,
évavtt 0,50 £ 0,10 ac/h ot Béon A, evd otig 17 Noguppiov
N Ty ot 8éon B vroroyioctnke 0,60 + 0,03, évovtt 0,54 +
0,04 ac/h otn Béon A (oynua 10).

211G HETPNOELS AEPICUOD TOV KATOKIDV MG 0EPLOG OEl-
kg gpnoormomdnke to N20 (oynqua 11). Ta anoteréopa-
T TOVG TaPOVGLALOVTOL GUVOTTIKA 6TOV Tivoke 1. Ztov 1610
mivaka, ot Péceg TiéS Beppokpaciog (ecmTEPIKNG Kot e&mTe-
PIKNG) KOl TOYVTNTOG TOL OVELOL VTOAOYICTNKOV MG HEGOL
OPOL TOV AVTIGTOLY®OV 0VE TEVIOAENTO TULMY TOVG,.

Ot TéG aePIoHOD TOV KTIPIOV KATOWKING, GUYKPIVOLEVES
LETaEL TOVG, (OIVETAL VO OVTOVAKAODY €DA0YO THV 1YV TMV
UNYOVICH®V TOV TPOKAAOVY TO GYETIKA Qovopeva (koplog
TNV €VTaon TOL aVELOD) KATd TO XpOVo TG LETPNONG, KOBMG
KOl TNV TOWOTNTA, ©OG EVOEIKTIKT TNG OEPOTEPATOTNTUC, TOV
KEADPOVG TOV KTIPieV.
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Iivaxog 1: Amoteléopoto. LETPROEWY AEPIGUOD KTIPIWV KOTOIKIOV.
Table 1: Results of ventilation measurements in residence buildings.

Méon tiun
Kztipro| Hpep/ eot. E0MT. Tayxvt. | Agpilopdg
via Oepp. Oepp. | avépov [ac/h]
[°C] [°C] [m/s]
A 13/9/92| 31,5 32,7 4,2 0,97+0,15
A 19/9/92| 25,6 27,1 3,7 0,86+0,05
B [15/10/92] 18,3 18,0 2,6 0,49+0,08
I [23/10/92] 17,3 16,6 1,8 0,82+0,03

3. ZXOAIAXMOX

To amoteléopoto TOV PETPNCE®V, TOL TEPLYPAPNKAY,
AOY® TOV HIKPOL delylaTog, Omd TO 0TOl0 TPOEPYOVTAL, OA-
AG Kol TV eEMAelye®V 0TV TEKUNPIOCT TOVE, 08V UITOPOVV
va 0e@pnBovV OVTITPOGMOTEVTIKG TOV KTIPI®V KOTOIKIG Kot
gpyaciog mov YPNCLOTOOHV GLGTHLATA PLGIKOD AEPIGLLOV,
dradn g peyding mietoyneiog TV KTpimv 6T YOpa. PLoC.
‘Etot, n xpnopdmtd toug meplopiletol oTov EUTAOLTIGUO
o0V oyeTikov apyeiov Tndv aepopod ktpiov. To apyeio
a1, Yo AOYOVGg mov oyeTilovTat Ie TO KOGTOG KoL TNV TOAD-
TAOKOTITO TOV PETPNCEMV, TUPOUUEVEL OTN) YDPO. LAG PTOYO
Kot 0mpOGPOPO Yo ToPay®mYN a&lOTIGTMOV GTATIGTIKMOV OT0-
teheopdToV.

Opwmg, etvar evda@épov va gpguvioovpe v advvapio
EKTIUMONG TOV GLVONKAV aePIGIOD TV KTipinv ot EALGSa
pe xpHon oplOunTIKOY SEO0UEVMDY OV LITOPOVY VO OUBAD-
VOUV EVOAOKTIKES, TOLOTIKEG KaTtd Pdon, mpooeyyioels. Xye-
TIKA, OvOAOOVTOG TO. KAMUATIKG, OPYLTEKTOVIKG Kol KOTO-
oKeEVOOTIKG dedopéva oty EALGSa mov, ommg eEnynonke,
OVTITPOCOTELOVY TIG KATNYOPIEG TAPAYOVI®V TOL SLOUOp-
POVOLV TIG GLVONKEG OEPICHOV TOV KTIPI®V, UTOPOVUE VO
TOPOTIPTICOVLLE:

To pecoyetaov tomov KAipa [11], mov emkparel Kot oTig
tpetg kKhpatikés Loveg (A, B ko IN), otig omoieg eivar oop-
Botikd dwapepévn M yopa, yopaktnpiletor amd cuvOnkeg
IOV €V YEVEL GUVTEAOVV GE WECEG EVEPYELNKEG OTMAELEG,
AMOY® aepiopod, pikpdtepeg amd TIg avtictouyeg GAA®V
XOP®OV PopeldTep®V YEOYPUPIK®OVY TAaT®dV [12, 13]. Ot id1eg
ouvONKeg ocvvemdyovtol oyetikd acBevéotepeg TYEG TV
PLOIKAV OITIOV OV TPOKOAODY TO (QUIVOLEVO OEPICLOV
(avepomieon, Beppocipmviondg) [14]. Efotiag avtod ot
HECEG TILES OEPIGHOD TOV KTIPI®V 0T YOPO Hog ivor pit-
KpOTEPEG amd TIC OVTIOTOUXEC G KTiplo 1000VVOUNG OlEPO-
TEPATOTNTAG KEADPOLE, TOL OU®G Ppickoviol o KALOTIKA
dvopevéotepeg meploxég (m.y. PopeldTepa YEOYPOAPIKA
mhdrn). Emiong, m éviovn aotikomoinon tov televtaimv
deKOETIOV €xel O G GUVETELD OTL PeYGAO LEPOG TV KTI-
piov Bpiokovtor vwd Vv emppor] KAPOTOS aoTiKoy THTOL

1.8 — ‘ ‘ .
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Zynuo 10: Aioypauuaro petoforns twv loyopiQuwv twv ovyke-
VIPWOOEDV TOD GEPLOD OEIKTH LE TO XPOVO, KOTC, TIG UETPHOEIS OEPI-
opod oo xrtipio ov K. AILE. (210 diaypouuo. onueiovovro ot eéi-
0a0EIS TV eVOEIOV EAOYIOTWV TETPAYWVWV).

Figure 10: Natural logarithms of tracer gas concentrations versus
time during ventilation measurements at C.R.E.S.s building, in
Athens.

[11]. To KApo avtd cuvdéetor pe povopeva (m.y. vnoideg
Beppomrag, peydin tpoydmmra €ddpovg, aéplo pvmovon),
mov 0@’ &vOC ocuvvemdyovtol mepatépw eEocBEvnon TV
QLOIKOV TV OV TPOKOAOVV OaEPIGUO, O’ ETEPOL OE
meplopilovv TIg evepyeTikéS 1W10TNTEG TOoL [14]. ZTig emdpd-
o€1g Tov KAipatog Bo mpémel, emiong, vo cuvektiunbobv ot
avénpéveg avaykes oe SPOCIoHD, TOL GUEIMVOVTOL GE TOA-
AEG TEPLOYEG TNG YDPOGS, Yo LEYGAN ypovikn dudpketa [15].

H mopadociokr apyitektoviky ot yopo pag (0nwg ot
KaOe ydpa) otoyevel ot Pédtiom aflomoinon tov KALo-
TIKOV ETOPACEDV Y10 TNV EENCOAMGOT) GLVONKOV AVESTG KOl
VYLEWVNG GTO E0MTEPIKO TMOV KTIPI®V. XT0 TAaic10 00T EVO®-
HOTAOVEL GTOXElD TTOL EYYLAOVTAL IKOVOTOMTIKEG GLVONKEG
PLGIKOL aepiopov Tovg [16]. H amopdkpuvon and tig apyes
™G TOPAOOCLOKNG OPYITEKTOVIKNG, MOV G€ peydAo Pabud
oupPadilel pe TV 0OTIKOTOINGT), OVOTOPEVKTA OVTOVOKAL
KOl GTO OPOKTNPIOTIKA EKEIVOL TOV KTIPI®V TOL TTopeppai-
VOUV OTIG SlEPYACIES PUOLKOV OEPIGOV TOVG. ZVYKEKPILEVAL,
oplopéva amd to otolyeie, mov ennpedlovv TG GuVONKEg
OEPIOHOD OTNV OOTIKOD TOTTOV TOAVKOTOIKIO, TOV EMIKPATEL
®¢ KTPKdS TOMOG OTIG TEPLOGOTEPEG EAMVIKEG TOAELS,
glvar ta €€N¢;

npopatikn (opboydvia) otepeopetpia,

OYETIKA pKpdg dyKog,

otafepd VYN EMGAAA®V 0pOPOV,

KMUOKOGTAGLO GTOV TUP VAL,

TEPIMOV TETPOUYOVIKEG KATOYELG,

GYETIKA LUKPES OL0GTACELS OOUATIOV,

TOAAG OVOTYLLOTOL, OLOLOLOPPO KOTOVEUUEVO OTIG OYELS,
avoiypata cuvRfog e dVo avtibeteg OYELS,

enorlniotl TpdPolrot oTig OYELC.
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Zynua 11: Araypouuoro HeTaforng TV GOYKEVIPMDOEDY TOV 0EPIOD JEIKTH WS TPOS TO XPOVO (O1OKEKOUUEV YPOUUT]) KOl TV 0OELOV eAayi-
OTWV TETPAYDOVOV TV OVTIOTOLYWV L0YapiOumv (GOVEXNS Ypouun) TS UETPHOEIS OEPIOUOD GTO. KTIPIO. KOTOIKIWY. (2T0 O10YPOLYLOTO. CHIUELD-

vovtor o1 C1000€Is TV e00e1DV EAOYIoTOV TETPAYWVOV).

Figure 11: Time variation of tracer gas concentrations (dottedline) and least square lines of corresponding natural logarithms (solid line)

during ventilation measurements in residence buildings.

IN'o ToAAG amd To Tapamdve ototyeio, LOAOVOTL lvat emt-
CQOAEG v aEloA0ynBovV avedpTnTa Ao TIG EMKPATOVOES
cuvOnkeg, Bo pmopovse va vrootnpyybel 6t cupPdiiovv
BeTikd (0O TOLOTIKY KOl TOGOTIKT] AITOWT) GTOV G.EPIGLO TOV
ECMTEPIKDY YOpoV [16]. AnAad1|, oto KTipla OTOV CLUVOVTD-
vtat, eEacparilovv, vrtd dedopéveg TepPaAAOVTIKEG GUVON-
KEG KOl 0EPOTEPATHTNTO TOV KEADPOVG, CGYETIKA avENUEVES
TIWEG OEPIGLOD KOl IKOVOTOMTIKY ovAEn Tov evoAloccd-
pevev aéplav palov.

210V TOUEN TNG KOTAGKELNG, 1 XPNOT TOV YLTOV GKLPO-
dépatog Kot tov ToVPA@V, Tov TIg TELELTAiEG deKaeTiES EML-
kpatel otnv EAALGSa, cuvendyetat yevikd agpooteyn KeAOON
[12]. Amd oyetikéc peléteg oe KTipla S10POP®Y TOTWOV TOV
eEOTEPIKOD TPOEKLYE OTL TOL LEYAADTEPO TTOGEH SLOPLYDV TOV
aépa ovTioTorobv ot €€Ng Katyopieg avolypdT®mv oTo
kéhvoeog [17, 18]:

® o710 oNUElN ETAPNG TPOKAUTOCKEVOCULEVOV GTOLXEI®V,

® 570 KOVPOUATO (LETOED TOV KIVNTOV HEPDV KOl LETAED
TOV KOVQPAOUATOG Kol TAUIGIOV),

® pOYUEG KOl TOPOLG TOV OTOLKEI®Y TOL KEADPOLS Omd
EOAO KoL EAOPPE TPOKATACKEVAGHUEVO TTOVA [LE ETOAANAQL
povetkd otpopata (light multi-layer walls),

® 011 oTéYN Ko TN Govita,

® ot0 onueio d1EAeVoNG cOANVOCE®Y (MAEKTPOSOTNGNG,
Vdpevong, Béppavons K.AT.), TPOKEUEVOL KVPIMG Yol -
Kpd Ktipto (LOVOKOTOKIES),

® o710 tlxt

Xe TPAOTN EUTEIPIKN TPOGEYYIOT], O TIG TOPOTAV®D KO-
myopieg avorypudtov HOVO T TV KOLPOUATOV QaiveTal
®G EMOPKDOG TEIGTIKN Yo TO. KTipto. otnv EAAGSa (o1 vwoAoL-
TEG €1TE AVTIOTOLYOUV GE GTOLYEID TOV CLVAVTIAOVTIOL GTAVLL,
elte dev ducaroroyovviat amd T1g QapLolOLEVES KOTOOKELO-
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oTikég pebddovg). Mdhota, av vroloyicovpe OTL TGO TO.
KOLQOUOTO GAOVIIVIOL OGO Kot T0. GuVOETIKE, TOL d1adid0-
vtol To TeAsvTaio ypdvia, VoL YEVIKA AYOTEPO ALEPOTEPUTA
amd to EOMva, TOTE Kot 6€ ot TNV Katnyopia eaivetat va
VILAPYEL “TAEOVEKTNLA AEPOCTEYAVMOONG Yol T KTIpLoL GTNV
EMGda. H agpooteyavaon evioyletat, emiong, amd ) Pei-
tiwon Kot dievpvvon tov mediov ePapLoyNG TOV KAbE Kotn-
yopiag LOVATIKOY DAMK®OV kabdg Kot T diddoon TV Aeyd-
HEV®V LOVIEPV®V SOUUK®DY VMKAOV (T.). TAAGTIK) TTOL TopoL-
mpettan Tig tedevtaieg dexaetieg [19]. Ta vAwd avtd, KTog
TOV OTL GUUPBAALOVY GE LUKPOTEPESG TIUES ALEPIGLOD TOV KTL-
plov, ovyvd, HE TOLG AEPLOVG POTOVE OV EKADOLV, EML-
BapOvouy v motdTHTA TOV 0EPA GTO EGMTEPIKO TOVG [20].
Moiovortt givar Alya To Stabéoipa otoyeia [m.y. 21], eivar -
Bovd Tapdpol TPOPALOTO VO OTOVIOVTOL KOl OT) YDPO
Hog.

H cuvelopopd Tev Topomdve YEVIKGOV SImICTOCEDY 0T
depebivnon TV cuvINKAY 0EPIoUOD TOV KTipiny oty EALA-
S0, ovadEIKVOETAL KUPIMG OTTtO TNV 0TOVGio EYKVPOTEP®OVY TTPO-
oeyyicewv. Oa mpénet de va aloloyndei o€ GuVOVAGHO pE TO
YEYOVOG OTL 0 0iEPIGLOG TMV KTIpimv eivan péyebog mov, extog
TOV OKPOI®V TIHAV TOV, 0V TTpoceyyileTol EUTEIPIKA (OTMG
.y M Oepuokpaocia).

4. CZYMIIEPAXMATA

Ao TIG PETPNOELG AEPICUOD GE TEVTE KTIPLoL KOTOKI0g
KOl €PYAGIOG OV TPOypatormomdnkay viod Nmieg meptBol-
AovtiKég GUVONKEG, GOUPMVO PE TO oYETIKE d1ebvi TpdTLTA,
npoékuyay TS petaéy 0,49 ko 1,66 ac/h. Ta anoteléopata
avtd vepPaivovy, éot® Kot opakd, tig 0,5 ac/h, Tiun mov
emkpamnoe va Bempeitar KATOTEPO OpLo aePIGLOD KTipimv
omov Stapévouv AvBpomol, Yo eE0GOAAOT) TKOVOTOUTIKNG
TOLOTNTOG ECMTEPKOV aépa [m.y. 22]. AKOuN, EKTOG OO TIG
dvo avotepeg Tipég, 1,59 kan 1,66 ac/h, mov mpoépyovrar omd
KTiplo pe TPpOdNAES KaKoTEYVIEG Kl POOPES 6TO KEALPOS TOV,
ot vmoroweg dev vrepPaivovv ) 1 ac/h, Ty oty omoia
Kot TPocEyyion avdayovral (Vo Nreg TEPPOALOVTIKES EML-
dpdoelg) T avadTEPH OPLOL OEPOTEPATOTTAG TOV KEADPOUG,
mov £€yovv BeomioTel o€ YOPEG e EvIova TPoPALOTO EVEP-
YELOKOV OTOAEL®V 6T0 KTipla (Tave arnd 2.000 Babponuépeg
0éppavong kot yoéng emoing) [12, 13]. [pokintel, cuve-
TOG, 0O T AMOTELESHOTA OTL O AEPICUOS TV KTIPIV, OTO
omoia &ywvav ot pHeTPNoelg, eE0oPAAilEl IKOVOTOMTIKY TTOL0-
TNTO ECMTEPIKOV épa Kot - [E eEQipEDT] TO EPYAGTNHPLO TOV
[ILA. - petopéveg ommAeLeg, Katd TV Tepiodo OTOL oL TEPL-
BoAlovtikég ocvvOnkeg eivar dvopeveic. Ot dlOMOTOGELG
OTEC, LOAOVOTL TAEOVEKTOVV amtd TO Yeyovog 0Tt Bacilovton
o aplunTiKd otoryeia, eivar SVOTLYDG AVETAPKELS Yol Vo
XOPOKTNPICOVV TO GUVOLO TV KTIPI®V GTN YDOPO LLOS.

Amd ™V avaAvon TOV KMUOTIK®OV, OPYLITEKTOVIKOV Kol
KOTOOKEVAOTIKAV dEGOUEVOV TOV 1oYVOVV GTI YDOPO. [LOG, TO
TA0ic10, LEGO GTO 0010 SLOHOPPOVOVTOL Ol GUVONKES aept-
GLOV TOV KTIpimV, TpoPdiiel cuykeyvuévo. ‘Etot, evd ot khi-
HOTIKEG EMOPACELG KOl Ol KOTOOKELOOTIKEG HEBOOOL Kot TaL
dopkd VMK cuvryopoldv Tpog oxeTikd YoaUnAEg TIHEG aept-
opov, avtifeta, apketd amd To apyLTEKTOVIKE GToyeio Kot
YOPOUKTNPIOTIKA TOV KTIPIOV EVVOOVV TIG VYNAOTEPES TILEC.
"Eto1, | amocaenvion tov kafesTdToC, IOV GLUVOETOVY, TEAL-
KG, 01 OLOPOPETIKEG EMIPACELS TV TAPAYOVIOV, TPoHTODETEL
™V VIapEN GTUTIOTIKA ASOTIETOV apBUNTIKOV dEG0UEVMV.

2t yopo Hog dgv VIApYEL OpYEID LETPIOEDV OEPICLOV
KaTdAANA0 Yio e&aymyn £YKVPOV GUUTEPAGUAT®OV. ATd TV
GAAN pePLd, 0 OYOMAGLOG TOV GLVONKOV 0EPICUOD TV KTl
plov pe Paon oxetikég PeAETeG, TOL AEOPOVYV G AAAES
YDOPES, OTOV KUTA TEKUNPLO EMKPATOVV SLOPOPETIKES GUVON-
KeG, eival AoToY0C. ACTOYES, EMIONG, KOl AVOTOTELEGLLOTIKEG
glvau 1 voBETNON TPOTAGEDV KoL 1) AKPLTH EPAPUOYT HETPMV
mov otnpifovton o€ TOPOLOEG LEAETEC. AOMIGTAOVETAL, KT
OUVETELD, OTO GUYKEKPLUEVO Tedlo KaBvoTtépnon Evovit
AoV yopov (kuping g Evpanng kot g B. Apepikng),
7OV £YOLV 0T0 TOAAG XPOVI0. OTOKTHGEL TAOVO1ES PAGELS T)E-
TIKOV OESOUEVOV KOL aVTAODV ammd OUTEG TANPOPOPIES LE
peydAn mpaktikn a&lo (1., EVEPYELOKN TOALTIKT)).
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Extended summary

Contribution to Natural Ventilation Research.
Air Change Rate Measurements in Five Buildings
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Abstract

This paper presents ventilation measurements under real environ-
mental conditions for buildings in Greece. It concerns a group of ten
(10) measurements in five (5) different work and residence buildings
that were conducted during the second part of 1992, under normal
environmental conditions for the corresponding period, using the
tracer gas decay method. The results from these measurements were
Sfound to be between 0.49 and 1.66 ac/h. The paper also attempts an
estimation of the natural ventilation conditions in buildings in
Greece based on the analysis of the factors influencing their natural
process, namely, the climatic, architectural and constructional con-
ditions.

Natural ventilation conditions in buildings are influenced
by the existing environmental conditions and their architec-
tural and constructional characteristics.

Provided that the above factors are known, the air change
rate in a building is theoretically determinable by analytical
methods. However, considering that the utilization of such
methods is difficult in practice, measurements are advanta-
geous since they are immediate and accurate.

In this study, building ventilation measurements under
real conditions are presented. It concerns a group of ten (10)
measurements that were conducted by tracer gas decay me-
thods in five (5) different buildings in Greece.

The paper also discusses the climatic, architectural and
constructional conditions in Greece in order to draw conclu-
sions which are able to characterize the ventilation conditions
in the large majority of houses that use natural ventilation
systems.

The buildings where the measurements were conducted
were:

® A room in the Laboratory of Construction at the Agri-
cultural University of Greece (Figures 1 and 2).

® The ground floor in the office building of the Center of
Renewable Energy Sources (C.R.E.S.) at Pikermi, Attica
(Figure 3).

Submitted: May 28, 1997 Accepted: June 19, 1998

® Three residence buildings (two in Thessaloniki and one in
Athens) (Figures 4, 5, 6 and 7).

Of the above buildings, the Laboratory of Construction
has the least airtight shell due to malconstructions and dete-
rioration. Of the residence buildings, one is a penthouse in a
multi-storey building approximately 15 years old (when the
measurement was conducted), another is a flat on the first
floor of a newly-constructed block, and the third is an old
detached house (approx. 65 years old).

The equipment used in the measurements included a
portable gas analyzer, a metal capsule, 20 1, to transfer the
tracer gas (N20 or SF6) and also thermometers for recording
the internal and external air temperatures, and anemometers
for measuring the wind characteristics.

Prior to each measurement, all the external doors and
windows in the building shell were checked and closed (the
internal doors were left open). In all the cases the procedure
involved the release of a small quantity of tracer gas (N2O or
SF6) into the area and the agitation of this gas so as to ensure
the best possible mixing. When air stillness was achieved, the
main stage of measurement began, which involved the
observation and recording of the reducing concentration of
the tracer gas at a constant point in the room.

The results, as they are calculated from the slope of the
least square line of the natural logarithms of the tracer gas
concentration, reflect the air change rate at the fixed point
where the experiment took place, within the set time and
under the particular conditions of the experiment. Conse-
quently, in order to obtain the best results, extra care was
taken so as to choose a representative sampling point and,
moreover, to ensure that the existing environmental condi-
tions (temperature and wind) were close to the normal at the
place where the measurements were taken.

In the Laboratory of Construction, at the Agricultural
University of Athens, two measurements were taken, from
which values of 1.59 £ 0.03 and 1.66 + 0.01 ac/h respective-
ly were recorded (Figures 8 and 9).



18 Teyv. Xpov. Emot. ‘Exd. TEE, II, tevy. 1-2

1998  Tech. Chron. Sci. J. TCG, II, No 1-2

In the C.R.E.S. building, because of its large area,
measurements were taken at two different points, A and B
(Figure 3), which were chosen as being representative of the
internal and peripheral rooms, respectively. In the latter, due
to the direct proximity to the air permeable shell, the venti-
lation values were found to be about 10 - 15 % higher. More
specifically, on the 12th of October the ventilation value in
position B was calculated at 0.57+ 0.05 as against 0.50 £ 0.10
ac/h in position A, while on the 17th of November the value
in position B was found to be 0.60 + 0.03, as compared with
0.54 £ 0.04 ac/h in position A (Figure 10).

For the ventilation measurements taken in residential
buildings, N20 was used as tracer gas. The results (Figure 11)
are presented synoptically in Table 1. By comparing these
values, they rationally appear to reflect the intensity of the
driving mechanism of ventilation (mostly wind speed),
throughout the duration of the measurements, and the quality
of the building shell.

The results of the measurements taken and presented in
this study exceed the value 0.5 ac/h, a value which, despite
the different viewpoints, tends to be considered as the mini-
mum limit of ventilation, in both residential and office buil-
dings, which is required to ensure a satisfactory indoor air
quality. Ventilation values over 0.5 ac/h generally ensure
better preconditions for the quality of the internal environ-
ment but result in higher energy losses under adverse
environmental conditions. In countries where the problems of
energy losses from buildings are greater (over 2000 Degree
Days of heating and/or cooling per annum), higher limits for
the airtightness of the shell have been set. The conversion of
corresponding limits is usually approximately 1 ac/h, under
calm environmental conditions. Therefore, excluding the two
maximum values, 1.59 and 1.66 ac/h, which correspond to a
building with obvious malconstruction and deterioration of
its shell, we can establish that the results of the measurements
ensure, for the buildings they represent, a rather satisfactory
quality of indoor air and reduced ventilation losses during the
period when the environmental conditions are unfavorable.
These evaluations are based on numerical data and that is
why they have an advantage over the approximation of a
property which, with the exception of extreme cases, cannot
be estimated empirically. Unfortunately, these findings, due
to the limited data from which they resulted and the deficien-
cies in their documentation, cannot be considered as repre-
sentative of the majority of the naturally ventilated buildings
in Greece.

Alternatively, it is interesting to investigate the ability to
approximate the natural ventilation conditions in buildings in
Greece by employing qualitative approaches. Towards this
aim, by analyzing the climatic, architectural and construc-

tional conditions in Greece, which reflect the categories of
factors which together formulate the ventilation conditions of
the buildings, it can be observed that:

The Mediterranean-type climate found in Greece is cha-
racterized by conditions which naturally lead to medium-sized
ventilation energy losses and which are smaller than those of
other countries at higher geographical latitudes. The same
conditions generally involve lower values of the driving
mechanism of natural ventilation (wind effect, stack effect).
For that reason, the average ventilation values of buildings in
Greece are lower than those in buildings with equally airtight
shells, which are in areas with a more adverse climate (e.g.
higher geographical latitudes). Furthermore, the great urba-
nization of recent decades has already meant that a large pro-
portion of the buildings are under the influence of an urban-
type climate. This climate is connected with various phe-
nomena (e.g. heat island, increased ground roughness, air
pollution) which, on one hand, involve further weakening of
the driving mechanism of ventilation and, on the other hand,
restrict its beneficial characteristics. Concerning the climatic
influence, we should also bear in mind that in many areas in
Greece there is an increasing need for cooling throughout a
large period of the year.

The effects of urbanization are connected with the
architectural characteristics of the buildings which intervene
in the process of natural ventilation. More specifically, it
could be argued that certain features of the urban-type resi-
dential multi-storey building, which is the most common
building type in most Greek cities, contribute positively (both
in terms of quality and quantity) to the ventilation of the
internal space. Therefore, in buildings with these architec-
tural characteristics, relatively high ventilation values and the
satisfactory mixing of the alternating air masses are ensured,
under fixed environmental conditions, and assuming the air-
tightness of the shell. The same is also true for the buildings
of traditional architecture in our country, where their environ-
mentally based design ensures perfect conditions of natural
ventilation.

Regarding the construction of buildings, it can be argued
that cast concrete and bricks, which have been common in
Greece in recent decades, generally produce airproof shells.
Of the categories of infiltration openings in the shell, which
according to related studies are found more often in buildings
abroad, only those relating to window and door frames seem
to be particularly applicable to Greece (the others either relate
to building elements that are rarely used or that cannot be
justified by the constructional methods employed). Of
course, if we consider that aluminum and synthetic frames,
which have been popular in recent years, are generally less
air permeable than wooden ones, then there seems to be an
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additional advantage of airtightness for buildings in Greece
in this category as well. Moreover, the improvement and the
widening of the range of application of each category of
insulating material over the last decade, as well as the intro-
duction of so-called modern building materials (e.g. plastic)
have resulted in buildings with more airtight shells and con-
sequently lower average ventilation values. These facts, of
course, in combination with the air pollutants emitted from
these materials, make the air quality in the building interior
even worse. And despite the little available data, it is highly
likely that similar problems can be found in Greece as well.

Considering the above, the framework within which the
ventilation conditions in buildings in Greece are formulated
is vague. Some factors seem to favor relatively low venti-
lation values in the buildings, whereas the influence of other
factors is counterbalancing. Nevertheless, the contribution of
the general conclusions which resulted from the analysis, to
the research of the natural ventilation conditions in buildings
in Greece should be judged in relation to the lack of more
reliable information (e.g. statistical outputs from a robust
data base).

From the above it became clear that, in order to determine
the situation resulting from the various effects of the factors
which determine the ventilation conditions in buildings in
Greece, it is necessary to employ appropriate numerical data.
In relation to this, any comments made on the ventilation
characteristics of buildings which are based on related studies
concerning other countries in which, by inference, there are
different climatic, architectural and constructional condi-
tions, are unsuccessful. The same is also true for the thought-
less implementation of measures which concern other coun-
tries. Unfortunately, in Greece there is no record of similar
measurements which could be used to compare data and draw
valid conclusions. For that reason, progress in this particular
field has been slow as compared with in other countries
(mainly European and North American countries) which
have acquired soundly-based relevant data over the years,
and from which information of practical value can be drawn

(e.g. energy policy).
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