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M3Boga n3 peueHsnja

Moworpaduja ,Bugetr eHeprujy” npenctaB/ba npasw
HauMH Ja Ce YKake Ha npobnem eHepruje Kojy TpO-
W1MO y 3rpafiaMa. KoHUENT ynopeaHor npvikasviBakba
doTorpaduje objekTa v HEroBor TEPMOBM3NJCKOT CHUM-
Ka MOKa3ao Ce Kao MAeaNHO 1 OunrnefHo CPeacTBoO Aa
Ce OBOM je[JHOCTaBHOM METOAOM YKaKE Ha UMHbeHMLY
[a Halww O0bjeKTV npefcTaB/bajy 3HadajHe noTpollave
eHepruje, v Aa ce NCTOBPEMEHO yBWae MHore 3abnyae 1
rPELLKe Koje CTPYYHbaLM, YECTO HECBECHO, YUMHE HAUMHOM
Ha KOju MpojeKTyjy 1 rpage. Kpos ynopeaHe npuikase Ka-
PAKTEPUCTUYHIIX ObjeKaTa y BENMMKMM YpOaHUM LeHTpUMa
Cpbuje kao wrocy beorpag, Hoer Cag v Huw, MoHorpaduja
Ha jeHOCTaBaH HauMH KOMYHMLIMPA Ca CBOJUM YMTaoLMM3,
Koj he, HaKOH Cyo4aBarba Ca OBVIM WTUBOM, HEMUHOBHO
APYIVM OYMMa rnedaTv Ha urpaheHmn ceeT oko cebe.

Mpod. ap AHa Pagvsojesuh,
ApPXUTEKTOHCKM GakynTeT YHVBep3uTeTa y beorpaay

YcnocTae/bakbe MeTOAoNOorMje y NpouUecma niaHnparsa,
NpOjeKTOBaHa, M3rPagre 3rpafla Kao Wy npouecy
Kopuwherba 1 ynpaBbakba eHePrinjom, Moxe ce cMaTpa-
TV OCHOBHVM YCJIOBOM HbeHe pauroHanHe notpowmse. Ca
acneKTa NoTpoLHe eHepruje, MpojekTOBarE 1 U3rpafHha
Hacerba ¥ 3rpafia Kao W PeKOHCTPYKUMja nocTojehrx Ha
NPUHUMNMa eHepreTcke edUKacHOCTW, NpeacTaBsba
MPBM KOPaK Ka NOCTU3aky OLPKMBOCTY YPOAHWX U py-
panHMUX noapydja. Y CBOM WCTPaKMBarby, ayTopu Cy ce
6aBUIM METOAOM KOjW yTWYe Ha MofmM3atbe CBECTU O He-
edrKacHOM TpoLeHy eHepruje, CToBPeMeHO Hanasehu
OfroBOpe Ha N1Tarba NPUCTYMa NPOjeKTOBakbY 1 rpahetby.
Vcnpen Bac je, caga, MoHorpaduja. Maga aytopu HUCy
LOLLUMY O CMeKTaKyNapHUX Uiv MPOBOKATUBHMX OTKPKN3,
NPUKYM/beH je, 0bpaheH 1 npeseHToBaH 3HavajaH 6poj No-
[laTaka O 3rpafama, Mo NPBKM MyT Ha HAYMH KOjW JaCHO, He-
[IBOCMMCIIEHO 1 Mpe CBera CBMMa PasyMrbBo, oMoryhaea
[la CXBaTe CJIOKEHOCT NpobnemMa 1 yTulaje CTakba 3rpaja
Ha eprKaCHOCT MOTPOLUHe eHepruje.

Bondranr Wyt
PykoBoawvoL npojekTa, EHepreTcka eprkacHOCT"
GTZ / INTEGRATION

Excerpt from Reviews

Monograph “Seeing Energy”is the right way to point out
the issue of energy that is consumed in the buildings in
which we live and work. Concept of a comparative pres-
entation of a photograph of a building and its thermal im-
age has shown to be an ideal and obvious tool in pointing
out the fact that our buildings are significant consumers
of energy, and at the same time, it has revealed many
fallacies and mistakes that experts often, unconsciously,
make in building design and construction. Through com-
parative presentations of characteristic buildings in large
Serbian urban centers, like Belgrade, Novi Sad and Ni3, it
communicates in a straightforward manner to its readers,
who after reading it, will certainly have a very different
view of the world constructed around them.

Ph.D. Prof. Ana Radivojevi¢
Faculty of Architecture, University of Belgrade

Establishment of a methodology is crucial for planning,
design, production, consumption and management of
energy and can be seen as a prerequisite for its ration-
alisation. Seen from the standpoint of consumption, de-
sign and construction of buildings and settlements, and
a reconstruction for existing one is a first step towards
the sustainable development of urban and rural areas. In
their research, the authors developed the method how
to improve the awareness for inefficient consumption of
energy, answering questions regarding the adjustment of
approaches and concepts in design. Now you hold the
Monograph in your hand. Although, there are neither
spectacular findings nor provocative proclamations, to-
gether with competent and substantial contents, we face
the chance to make understandable the complexity and
effect of the conditions of our buildings regarding the ef-
ficient use of energy.

Wolfgang Schiitt
Project Manager, "Energy Efficiency”
GTZ /INTEGRATION
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3axBanHuLa

ako MoHorpaduja va camo ABa ayTopa, HheHOo CTBapaHe
6u 6uno Hemoryhe 6e3 nomMohu BeNMKor 6poja yYecH1Ka
1 capafHuiKa.

MocebHo ce 3axBasbyjeMo Hataww hykoswh Mrrsatosuh,
Ha aKTMBHOM Yyuelwhy y CTBapaky OBe MOHOrpaduje.
bes reHor mckyctBa n nomohu, UenokynaH pag 6w
npeacTas/bao MHOro Behu 13asos. AHWTa Mpaosuh 1
Catba Anopwh cy ce nokasane Kao M3y3eTHWU capagHu-
UKW, HecebUuHO ynaxyhu BeMKK Tpya y Npunpemy K
peanu3aunjy n3noxoe Budemu eHepaujy, a NOTOM 3ajeIHO
ca JacHom JosaHosuh, MeTpom Tyderumhem v [ylwaHom
TpndyHoBMhemM y 13paan oBe MOHOrpaduje.

Mpunukom ofabupa penpeseHTaTVBHYIX objekaTta y Ho-
Bom Capy v Huwy 1 cakyrnbarby noaaTka O HbrMa, Aparo-
ueHy nomoh cmo nmanun y Cnobogary Camapuuhy, Opa-
raHv KoHcTanTtnHosuh 1 Munany TaHwuhy.

[MocebHO 3axBarsbyjeMo fekaHy [paheBMHCKO Apxu-
TeKTOHCKOr dakynTeta y Huwy npodecopy [HparaHy
ApaHhenosuhy Ha capaghK 1 pasymeBatby.

HecebryHy nomMoh u MOApLIKY y OCTBapuWBatkby Leno-
KynHe uvaeje npyxuno Ham je [lejaH Kosau, ampextop
AreHunje 3a enepreTuky paga Hosor Capa.

[eTarbHnje HGOPMaLMje O TEXHUUKMM KapaKTepucTu-
Kama objekata 6vno 6u Hemoryhe npoHahu 6e3 nomohu
McTopunjckor apxvBa beorpaga 1 VMctopujckor apxmea
papa Huwa.

3axBaswyjemo ce npodecopy Aapky Mapywuhy v Mune-
Hujn Mapywwh, Hophy Munetvhy, MeTpy Bacumesnhy
Ha nomohu 1 capafHm.
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MNpenrosop

Beh Bulwe peueHWja, apXMTEKTM, Na CamMUM TUM 1 ap-
XWUTEKTYpa, CyoueHn Cy ca moTpebom fa ce y mpoue-
Cy MpOjeKToBarba PasMuba U OpUHE 1 O eHepruju.
HakoH wHTEepHauMOHanM3auvje CTuna, HakoH onuwTe
npuxeaheHe naeje ,Marbe je BULLE", eHepreTcke Kpu-
3€ M eKOMOWKK MOKPeTN Bpatune Cy y apXMTEKTOH-
CKe MapajuMrme MoWTOBabbe KAMMATCKMX MapameTapa
NoKauuje, TPaHCMOHOBarbe TPaAMLMOHANMHNX APUHLW-
Ma NpojeKkToBarba M rpaherba y MOLEPHE TexHomnorunje
rpaherba y3 MprMEHy CaBpemeHux matepwjana. Tako
HaCTana apxmTeKkTypa, Merbana ce TOKOM BpemMeHa a, y
33aBMCHOCTV Of AOMVHAHTHMX onpefesbera, cpehe ce
y nuTepaTypu MOA Ha3nBWMMa: COMApHA dpxumexkmypd,
6UOKIUMAMCKA apxumekmypd, 3e/1eHd apxumexkmypd,
00pXuBa apxumexkmypa, eHepeemcku epuKkacHa apxu-
mekmypa. 3ajeQHVYKM YMHMIAL, CBMX OBUX MPUCTY-
Ma je apxXWUTeKTOHCKX OArOBOP Ha VMMepaTns Aa ce y
objekTMa NMocTUrHe WTo Beha eHepreTcka edrKacHOCT,
WTO MOfpasymeBa CMarberbe MOTPOLWHbe eHepruje y3
OuyBaHe UK NobosbllaHe KOMPopa.

KonvKo je Benvka oaroBOPHOCT apxuTeKaTa — apXmUTeKTy-
pe, NPoM3MNasn 13 YnkbeHMLE Aa ce Yy 13rpaheHnM 3rpa-
flama TpoLwur OKo 45-50% yKyrnHO NPoun3BeAeHe eHepruje.
Kako 61 ce cMmarbuna moTpoOWHa eHepruje y 3rpagama,
TOKOM MPOTEKNUX [eLeHrja, Yy Pa3BujeH M eBPONCKNM
3em/bama, NMPOMUCK O TEPMUYKO] 3alTUTL Cy CTaTHO Mo-
OLUTPaBaHM, @ BPEMEHOM je MPOMEHEHO U TEXIMLLTE OBUX
nponunca: ca yTBphI/IBaH:a N OrpaHn4yaBarba BPEOAHOCTN
NojeAVHAYHNX TEPMUYKMUX KapakTepuCTMKa efleMeHaTa
3rpaje npewwsno ce Ha [O3BOSbeHY MOTPOLWHY eHepruje
YnTaBe 3rpage, a 3aTMM 1 Ha OrpaHnYyaBarbe eMI/ICI/Ije ra-
COBa CTakneHe bawTe, byayhu Aa je emMmcuja racosa CTa-
KNneHe OaliTe y AVMPEKTHOj Kopefaumjn ca NOTPOLHOM
docunHmx ropuea.  [oHowerem KjoTo npoTokona,
EBponcka yHuja ce obaBe3ana Ha CMakbere emmncuje
yribeHanokcmaa 3a 8% y ogHocy Ha HMBO 13 1990. rogn-
He y nepuoay oa 2008. o 2012. roanHe. Kako 6u ce 0Baj
UWSb OCTBAPWO, Npedy3eTe Cy OpojHe Mepe M akuvje Ha

Seeing Energy — Foreword

Foreword

For the past several decades, architects and, consequent-
ly, architecture itself, have been faced with the need to
include energy considerations into the design process.
After the internationalization of styles and the widely ac-
cepted notion that “"less is more’, energy crises and en-
vironmental movements have brought back the recog-
nition of climatic parameters of location to architecture,
transposing traditional principles of design and building
into modern building technologies with the application
of contemporary materials. The resulting architecture has
changed over time and has been differently named, de-
pending on its primary considerations: solar architecture,
bioclimatic architecture, green architecture, sustainable ar-
chitecture, or enerqy efficient architecture. Nevertheless, all
these approaches share the architectural response to the
imperative of attaining the greatest possible energy ef-
ficiency, which assumes reducing energy consumption
while preserving or improving comfortable conditions in
buildings.

The great extent of responsibility bestowed upon
architects and architecture is manifested in the fact that
buildings account for the consumption of roughly 45-
50% of the total energy generated. In order to reduce
energy consumption in buildings, the developed
European countries have tightened the regulations on
thermal insulation in the past decades; besides, the focus
of these regulations has shifted in time, from determining
and limiting the individual thermal characteristics of
particular elements in a building to restricting energy
consumption allowed for the entire building so as to
further limit greenhouse gas emission due to its direct
correlation to fossil fuel consumption. By ratifying the
Kyoto Protocol, the European Union committed itself to
reducing carbon emissions by 8% as compared to 1990
levels in the period between 2008 and 2012. In order
to achieve this, numerous measures and activities have
been taken to reduce energy consumption in buildings.
The Energy Performance of Buildings Directive came
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CMatberby MOTPOLLUMbe eHepruje y 3rpagama. foanHe 2002.
roAviHe CTynuna je Ha cHary “[vpekTnea EBponckor nap-
nameHTa v CaseTa EBpone o eHepreTckM nepdopmanHca-
ma objekTta” (EPBD)', kojom ce feduHMLy OCHOBHM NpaB-
LY OBaKBOT fenoBarba y Esponn. Kpajem 2006. rogvHe,
[npekTnBa je npepacna y Gopmy HaLMOHANHWX 3aKOHa
Yy 3em/bamMa YnaHuuamMa YHuje, y3 nocrojarbe Knaysysne fa
Ce rbeHa MyHa NpvIMeHa MOra OJIOXKMTL 3a HajsuLle 3
roavHe y ciyyvajy HepoctaTka KBanMGUKOBaHWX W akpe-
OMTOBaHWMX eKkcrepata y nojefnHim semmbama. [lonutrnka
EBponcke YHuje nmpema nutarbnmMa eHepruje v Knmmat-
CKMX MPOMEHa je y HapeAHWM roArHaMa NooLTpaBaHa,
Kpo3 Behu 6poj aopataka koju ¢y jyHa 2010. 0bjeanrbeHn
M YCBOjEHV Kao AOKYMEHT nosHaT kao EPBD 22 Osum
JIOKYMEHTOM [OAATHO je HarnaweHa notpeda 3a farbim
CMatbeHEM EMMCHIjE FACOBA CTaK/eHe OaLlTe N CMakbEHEM
NOTPOWHE eHepruje y 3rpagama AeduHMCarbem T3B.
L,EHEePreTCKor 1 KIMMATCKOr MakeTa’, Kojum ce, jow 6nu-
e 1 cTpoxe, oapehyjy cmepHuue Gyayher aenosarbe
YHnje y 0B0oj 0bnact. [oCTaBbeHUM LnbeM, CUMOONY-
HO O3HaveHuM Kao,20-20-20" 3emrbe EBponcke YHuje ce
obaBse3yjy Aa CBOjUM Aenosarbem Ao 2020. rognHe obe-
3bene: peaykumjy emmcuje racoea CTakneHe 6GalTe 3a
Hajmarbe 20% y ofHocy Ha HMBO 13 1990. rognHe, 20%
eHepruje Koja ce TpoWW NOTUYE 13 OBHOB/BUBKIX M3BOPA,
20% CMatberba NOTPOLLUFbe eHepruje WTo bu ce nocTur-
no yHanpeherbem eHepretcke edukacHocT. OBUM 3a-
KOHOM [lasbe ce fedUHNULY 1 OrpaHmyerba 3a NOTPOLLHY
eHepruje 3a rpejarbe, 3arpesarbe Tonse Bofe, xnaherse,
BEHTUMAUMjy W OCBET/bEHE Y 3rpafjama, a ¢uHanHa
NOTPOLWHa CBOAM Ha MPUMAapPHyY eHeprujy.

Y Halloj 3em/bK, NPBK NPONMCK Koju ypehyjy Tepmmnuky
3alWTWTY 3rpafa NojaBuv Cy Ce Kpajem LuesfneceTux ro-
AMHA 1, 01 Taa, MerbaHN Cy HEKOMIMKO NYTa, anw C Ben-
KVM 330CTaTKOM Y OHOCY Ha 3eMsbe unaHnue Esponcke
yHUuje. JloHOLereM 3akoHa O MnaHuparby 1 rpahemy?
2009. rogmnHe, Kpo3 unaHose 4. 21. n 201, cTtBOpEH
je MpaBHM OCHOB 33 peryancarbe pauWoHanHe ymo-
Tpebe eHepruje y 0bnacTn M3rpagre 3rpagda, a y npo-
Lecy je [OHoWere 1 perynatmee Kojom ce perynue
eHepreTcka ePMKACHOCT 3rpafla U HMXOBa eHepreTcka

into force in 2002 (EPBD)' by which the guidelines for
such activity were defined in Europe. By the end of 2006,
the Directive had developed into a set of national laws
in the EU member states with a stipulation tolerating a
postponement of its full implementation for no longer
than 3 years in case there was a lack of qualified and
accredited experts in a particular country. Further, the
European Union policy on energy and climate change
issues intensified through a number of amendments
which were unified and adopted as a document known
as EPBD 22 This document additionally highlights the
need for further reduction in greenhouse gas emissions
and energy consumption in buildings by defining the
so-called “energy and climate package” that determines
stricter and more precise guidelines for the future EU
activity in this field. By this plan, symbolically called
the "20-20-20 targets’, the EU countries committed
themselves to the following: by 2020, to reduce
greenhouse gas emissions by at least 20% compared to
1990 levels, to reach 20% of renewable energy in the total
energy consumption, and to increase energy efficiency
to save 20% of energy consumption. This package
further defines the limitations in energy consumption for
heating, domestic hot water supply, cooling, ventilation
and lighting in buildings, whereby final consumption is
add up to primary energy.

In our country, the first regulations related to thermal
insulation of buildings appeared at the end of 1960s and
since then have undergone several changes; however,
there has been a substantial delay with respect to the
countries of the European Union. In 2009, the Law on
Planning and Building® was adopted, whose articles 4. 21.
and 201. established the legal grounds for regulating
rational energy consumption in buildings. Furthermore,
there is an ongoing process of regulating energy
efficiency of buildings and their energy certification
(the issuance of energy passports) which will greatly
assist in harmonizing Serbian legislation with that of the
European Union.

ceptndwmKaumja (M3nasarbe nacowa). Tume ce, y BENMKO)
MepW, BpLUK yCKknahueare Cprncke perynaTtviee ca pery-
NaTMBOM EBpONCKa yHuMje.

YAPKOC UnkbeHMLM fa Cy, AOHOWEHEM 3aKOHa W MoA3a-
KOHCKMX aKaTa, CTpyyrbali y MOTAYHOCTW YMO3HaTW Ca
HauYMHMMa NOCTV3arba eHepreTcke ePUKACcHOCTM 3rpa-
[la, OCTaje Npobnem fa Cy MuTarba Be3aHa 3a ryoutke
eHeprvje y C/IoXeHUM CUCTeMMMa Kao LITO Cy 3rpaje,
KOHCTPYKLIMje 1 BE3e KOje Ce Y tbiMa jaBsbajy, anCTpakTHe
N HeBUASbMBE, 1 300r Tora Hajuellhe HeOBOSbHO jacHe
3a HECTPYYHY jaBHOCT. MeToA TepMOBU3M]CKOT CHIMAMba
ynpaso omoryhasa Aa ce eHepruja,B1an" 1 ronmm OKOM.

OBa MoHorpaduja NpeacTassba, yNpaBo MOKyLWaj ayTo-
pa, fa ce, y3 NpUMeHy TePMOBM3NCKOT CHYMaHa 3rpaaa,
HajLLIMPO] JaBHOCTN NPUOAMXKeE, MOKaxKy 1 objacHe Hauu-
HW Ha Koju 3rpage rybe eHeprujy. Opatne 1 HacnoB oBe
moHorpadwje BUAET EHEPTAJY. CHumsbeH je Behin 6poj
3rpapay beorpagay, Hosom Cany v Huwy, 1 TO 0614YHOM 1
TEPMOBM3MJCKOM KaMepom, Kako bu ce omoryhmnno nako
nopeherse 1 youaBare NpobneMa U KapakTepuCTHKa
OMOTaya 3rpafa Koju y3poKyjy eHepreTcke rybutke. V13-
abpaHe cy 3rpage pasfnnunTe HameHe, CTambeHe 3rpaje,
jaBHM 00jeKTI, MOCNIOBHE 3rpafe, 30PaBCTBEHE YCTaHO-
Be, baHke. OgabpaHe Cy 3rpafie 13 Pas3nnyuTHX nepuo-
[a M3rpagme, Wio je omoryhuno fa ce carnefa ytuuaj
PA3MUUTUX CUCTEMA FPadHE, MPUMEHEHMX MaTepujana
n yrpabeHvx enemeHata Ha eHepretcky eduKacHOCT
3rpaga.  [ocebHa naxrba (M aHanusa) noceeheHa je
[eTa/bVMa Be3a, yrpafrbe, Kao CBEMY OHOMe LWTO Ce
0bVYHNM rNefarbem 0bjeKTa He BUAW, anvi Kpo3 0bjekTrB
TEPMOBM3MJCKE Kamepe Nako youasa.

[MapanenHo ca MoHorpadujoM, NPUNPEMIbEHA je U U3MOX-
6a BUOETW EHEPTIAJY, cnuuHor cagpikaja, ca unmbem aa,
npeacTasbarbem y Behem 6pojy rpafosa U MHCTUTYUM)a
y Cpbwiju, byge focTynHa wupem cnojy rpahaqa. Tumve 6um
Ce yKasano Ha CTanHy noTpedy 3a WrefHom eHepruje 1
FbeHOM PaLMOHANHNOM MOTPOLLFOM Y 3rpagama.

Seeing Energy — Foreword -

In spite of the fact, that the laws and by-laws have
rendered experts fully familiar with the methods for
achieving energy efficiency in buildings, there still remain
issues that concern energy loss in complex systems such
as buildings, structures and interrelated connections;
these are invisible and abstract and therefore mostly
difficult to comprehend, especially to the non-expert.
The method of thermal imaging allows for energy to be
“seen”by the naked eye.

This monograph applies thermal imaging in the authors’
attempt to demonstrate and explain to the general
public how building energy loss occurs. Therefore its
title is Seeing Energy. A number of buildings in Belgrade,
Novi Sad and Ni$§ were captured by both an ordinary and
a thermographic camera to enable easy comparison
and detection of the problems and characteristics of
building envelopes which cause energy waste. The
selection included buildings with different purposes,
such as residential and public buildings, office buildings,
health institutions, and banks. Their construction dates
to different periods, which enabled an insight into the
impact on energy efficiency arising from the choice
of building systems, materials and fittings. Special
attention, in the analysis, has been paid to those details
of connection and installation that are not visible by
ordinary observation of the structure but are clearly
detected by the lens of a thermographic camera.

The monograph is accompanied by the exhibition of
the similar content and title, Seeing Energy, with the
aim of providing easy access to the general public by
presentations in a number of towns and institutions in
Serbia. This would highlight the constant need for saving
energy and its more rational use in buildings.
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Mpvnpemy v v3pagy oBe MOHorpadwje kao v npatehe
n3noxoe omoryhuo je GTZ (Deutsche Gezellschaft fur
Technische Zusamenarbeit).

' EPBD npepncTaBmba ckpaheHuuy of Energy Performance of
Buildings Directive. Directive 2002/91/EC of the European
Parliament and of the Council of 16 December 2002. on the energy
performance of buildings, Official Journal of the European Union,
June, 2010.

2 Directive 2010/31/EU of the European Parliament and of the
Councilof 19 May 2010 on the energy performance of buildings,
Official Journal of the European Union, June, 2010.

® 3aKkoH O nnaHuMparby U rpagjetby , CnyxbeHn rnacHuk Peny-
6nvike Cpbuije, 6p 72/2009.

The preparation and writing of this monograph, as
well as the attendant exhibitions, were enabled by GTZ
(Deutsche Gezellschaft fur Technische Zusamenarbeit).

"EPBD is an abbreviation of Energy Performance of Buildings Di-
rective. Directive 2002/91/EC of the European Parliament and of
the Council of 16 December 2002 on the energy performance
of buildings, Official Journal of the European Union, June, 2010.

? Directive 2010/31/EU of the European Parliament and of the
Council of 19 May 2010 on the energy performance of build-
ings, Official Journal of the European Union, June, 2010.

* Law on Planning and Construction, the Official Gazette of the
Republic of Serbia, No. 72/2009.

ApxuteKkTypa 1 TepMmoBU3mnja

MoHorpaduja v nnoxba ,Braetv eHeprujy” npukasyjy
3rpage W3 Haler CBAaKOAHEBHOI OKPYXeHa CHUMIbEHE
Ha [Ba Pa3NMUMTa HauMHa - CTAHAAPAHUM OUMUTANHAM
doToanapatom U TepMoBM3njcKoM Kamepom. QoTtoana-
paT je CHYMWO apXUTEKTOHCKe 0bjeKTe Ha MCTU HauVH Ha
KOjW MX W MW BM3YENTHO Mpero3HajeMo v carnefabamo,
JIOK HaM TEPMOBU3MjCKM CHUMUW NpKKa3yjy UcTe objekTe
carnefaHe Kpo3 (Hallem oKy HeBMAbUBM) MHGPaLPBEHN
[e0 CrneKkTpa KOju OTKPUBA TEPMUUKE KAapaKTEPUCTUKE
omoTavya objekata. ObjekTvB MHOpPaLpBEHe Kamepe je
3abenexvo, 1 BM3yenM3oBao, TOMIOTHY eHeprujy Koja
ce emnTyje y aTMochepy yMeCTo Y Halle cTambeHe, no-
CNOBHE WM jJaBHE MPOCTOPe, 3aMnpaBo eHeprujy Koja je
M3rybmweHa’, a morna 6m 61T cauyBaHa 00/bVIM aPXUTEK-
TOHCKMM 1 TEXHUYKIM peLlersrma.

TepmoBM3Mja je HayyHa AVCUMMAMHA HOBUjEr [aTyma, Y
LUMBWUHO] yNOTpebu Tek O NOMOBUHE AB3AAECETOr BEKa:
OHa Cce 0aBW MPUVKYM/barbeM U aHanM3oM TepManHux
KapakTepucTvKa objekaTa MpPeKo HUXOBUX TePMaHNX
C/IVIKa OJHOCHO TepMorpama 6e3 ycnocTas/barba AMPeK-
THOT GU3MYKOT KOHTaKTa. [prMeHa TepmMoBM3nje y Lnsby
carnefaBarba eHepreTckux nepdopmMaHc apXUTEKTOH-
CKux objekaTa, MOCTana je akTyenHa Kpajem ABageceTor
Beka. Taga Cy TeMe Off 3Hauaja 3a eHepreTcky ePUKacHOCT
Y Pa3BMjEeHNM €BPOMCKMM 3eMibama NoCTane nHTerpan-
HW [0 apXUTEKOHCKE Npakce 1 CTpaTewwKko nutarbe y 4o-
MeHy TpeTMaHa noctojeher rpaheBrHcKor doHAa.

TeopeTckn 0OCHOB
TepmoBuM3Mja ce 6asMpa Ha UMkbeHMUM Ja CBa Tena
Tornnja of ancoslyTHe Hyne emuTyjy, Y 3aBUCHOCTU Of

CBOje Temnepatype, opgpeheHy KonnurHy 3padersa.

KonuumHa oBoOr 3pavera 3a vaeanHa ,UpHa Tena” ce
Moxke n3pasntin nomohy LLtepan-bonumaHoBor 3akoHa:

Seeing Energy — Architecture and Thermo-vision -

Architecture and Thermo-vision

The monograph and the exhibition “Seeing Energy”
show images of buildings from our everyday surround-
ings taken in two different ways — by a standard digital
photographic camera and a thermographic camera. The
photographs present the architectural structures as we
recognize and perceive them visually, while the thermo-
grams show the same buildings through the infrared
range of the spectrum (invisible to the eye), thus reveal-
ing the thermal characteristics of their outer envelope.
The lens of the infrared camera recorded and visualized
the thermal energy released into the atmosphere rather
than into our residential, office or public spaces; in fact, it
is the energy that is “lost”but could be saved by superior
architectural and technological solutions.

A relatively recent scientific discipline, thermal imaging
has only been in civilian use since the mid-twentieth
century: it collects and analyzes thermal characteristics
of objects through their thermal images, i.e. thermo-
grams, without establishing a direct physical contact.
The use of thermal imaging to assess energy efficiency of
architectural structures became topical at the end of the
twentieth century. It was then that in developed Euro-
pean countries the issues concerning energy efficiency
were integrated into the architectural practice and the
strategy in treating the existing buildings.

Theoretical background
Thermal imaging is based on the fact that all bodies
warmer than absolute zero emit a certain amount of ra-

diation depending on their temperature.

The amount of such radiation for ideal black bodies can
be expressed by the Stefan-Boltzmann law:
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Wb=0oT".

Wb = konnuvHa 3payvetba LpHor Tena [W/m?]

T = anconyTHa Temnepatypa [°K]

o = lWredaH-bonumaHoBa KOHCTaHTa = 5.6696 x 108[W/
m2K]

,LpHa Tena” cy TeopeTcka Tena koja ce MoHauwajy kao
CaBpLWEHV eMUTepU OHOCHO ancopbepn eHepruje u
OHa He nocToje y NPUpPoAn. Mu, y CTBapu, aHanm3nmpamo
0bunyHa ,c1Ba Tena” uvja ce CrnocobHOCT M3padaBarba
eHepruje Marba 1 Besyje ce 3a KapakTepncTnKy emmcuB-
HOCTW. EMUCMBHOCT MpeACTaB/ba KONMMYHWK 3padetba Cui-
BOI Mpema LipHOM Tefly 1 Moxe ce 13pasuntu cnegehmm
N3Pa3oM:

e=W/Wb

To MPaKTMYHO 3HauM [a Tena UCTUX Temnepatypa Yy 3a-
BMCHOCTU Off EMUCHBHOCTU MOTY UMaTK PasfinyuTe UHTe-
3uTeTe 3paverba U, CaMmnM TYME, Apyradnje ce ounTaBaTh
Ha TepMorpamy.

EHepruvja, KoOjy AeTekTyje TePMOBUM3MKO CHMMarbe, He
Mopa MoTMLATU CaMo Off 3paderba objekTta. ObjekTn ce
He Hanase y M30M10BaHMM CUCTEMMMA, BEN Y OKpyxerby
Koje, Takohe, vma oppeheHe eHepreTcke KapakTepu-
CTVKe. YKYMHa eHeprvja Koja mafa Ha HeKO Tenio MOoXe
6yt ancopbosaHa (ancopnumja d), pednekToBaHa
(pednekcyja p) an nponywTeHa (TpaHcMmcKja - t). Cyma
OBUX eHepruja Mopa OuUTV KOHCTaHTHa, Tj. Aa je:

a+p+t=1.

Y rpaheBrHapCTBY, Hajuelwhe, 0bjeKT! HWUCY NPOBUAHM,
7). t =0 1 jegHaumHa ce Moxe cBeCTn Ha & + p=1. pe-
Ma KnpxodpoBOM 3aKOHY CMOCOOHOCT Tena fa emuTyje
eHeprujy je jedHaka CNoCcobHOCTV Aa je NpumMK, 13 Yera
M3BOAMMO Aa je €= &, 0OAHOCHO &+ p=1 nnu p=1 - €. OBO,
MPaKTMYHO, 3HauM Aa 3a 0bjeKTe BUCOKON CTerneHa yrna-
UAHOCTU € Ce NPUBAMXaBA HyIW ¥ TEPMOrpam YraBHOM
nokasyje pednekcnje, 1 0bpatHo, WTO je Beha emmcye-

Wb=0T".

where:

Wb = radiant heat energy of a black body [W/m?]

T =the absolute temperature [°K]

o = the Stefan-Boltzmann constant = 5.6696 x 10°[W/
m?2K1]

Black bodies are theoretical objects that behave as per-
fect emitters, i.e. absorbers of energy. As they do not exist
in the natural world, we practically analyze the common
grey bodies with a lower ability to radiate energy which
is linked to emissivity. This property represents the ratio
of radiation emitted by a grey body to that emitted by a
black body and can be expressed as follows:

e=W/Wb

This practically means that relative to their emissivity,
bodies having the same temperatures can have differ-
ent intensities of radiation and thus will project different
thermal images.

The energy detected by thermal imaging does not nec-
essarily originate from the radiation emitted by buildings
only. Buildings do not exist in isolated systems but in the
environment with certain energy properties. The overall
energy which a body receives can be absorbed (absorp-
tion &), reflected (reflection p) or transmitted (transmis-
sion - t). The sum of these energies must be constant so
that:

4+ p+t=1.

In building construction, buildings are mostly not trans-
parent, i.e, t =0 so the equation can be reduced to & +
p=1. According to Kirchhoff’s law, the body’s ability to
emit energy is equal to its ability to absorb it; hence e=
4, ie, e+ p=1 or p=1 - €. Practically, this means that for
buildings with high gloss levels € approaches zero and
their thermogram mainly shows reflections; reversely,
the greater the emissivity, the more realistically the ther-

HOCT, TO Tepmorpam peasnHuje nprikasyje temnepatypy
nospLwmHe. Y rpahesBrHapcTBy yTMUaj EMUCUBHOCTU Ha
OyMTaBarbe BPeAHOCTM TEPMOrpamMa je HapouuTO 13pa-
MKEeH KO meTana, Tako Aa anyMuHUjyM, YKOMKO je enoK-
CYpaH TamHe 60je MMa eMUCMBHOCT of 0.95, oK BUCOKO
nosivpaH Mma emmcnHoOCT o 0.05.

CTpyKTypy —3paderba Hajoo/be  WycTpyje  MpuKas
yobunuajeHe Wweme TePMOBUM3MJCKOT CHUMKA (cimka 1).
13 oBe weme jacHO BMAMMO [a je YKyMHO 3paverbe, y
CTBapW, CymMa eHepruvje: eM1ToBaHe 13 camor 0bjeKTa,
pednekToBaHe eHepruje OKpyxKeha W eHepruje emu-
TOBaHe Of CTpaHe atMocdepe. TepMOBM3MjCKa Kamepa
KOMMeH3yje yTuuaje pednekcuja v ytnuaje atmocdepe
1 TO Ha OCHOBY MOAaTaka Koje je HeOMXOAHO YHETW Of
CTpaHe onepatepa, OHa MPEBOAM 3payerbe Tena y B13y-
e/Hy penpeseHTauymjy — TepMOorpam Ha OCHOBY YHanpes
KanmbpurcaHnx pesynTata yHeTUX y MeEMOpPUjy Kamepe.
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mogram shows the surface temperature. In building
construction, the impact of emissivity on thermogram
values is especially distinctive in metals; thus, dark ano-
dized aluminium has the emissivity of 0.95 while when
highly polished, its emissivity is 0.05.

The structure of radiation is best illustrated by the com-
mon diagram of a thermovisual recording (Figure 1). It
can be clearly seen that the overall radiation is in fact the
sum of energy: radiated by the building itself, reflected
by the surroundings and radiated by the atmosphere. A
thermographic camera compensates for the effects of
reflection and the atmosphere: it translates body radia-
tion into a visual representation — a thermogram, using
previously calibrated data entered into the memory of
the camera by the operator.

:
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Cnvka 1. WemaTckn npurikas TUNMYHOT Meperba: 1-OKpyxerbe,
2-objekart, 3-atmochepa, 4-kamepa

TepmoBM3vja ce Gasvpa Ha Mepery 3padersa Y
oapeheHomM — MHbPaALPBEHOM - CMEKTPasHOM orice-
ry enekTpOMarHeTHOr crnektpa (civka 2), OOHOCHO Y
TanacHUM AyxunHama mamehy 0.7 i 100um ca Kopuc-
HVYM oncerom of 2-5 um odnosno 8-14 um. TonnoTHa

Figure 1. Graphic representation of a typical measurement: 1-the
environment, 2-the building, 3-the atmosphere, 4-the camera

Thermal imaging is based on measuring radiation in a
specific — infrared — spectral range of the electromagnet-
ic spectrum (Figure 2), that is, in wavelengths between
0.7 and 100pm with the useful range of 2-5 um, and 8-14
pm. Thermal energy is not transmitted only within these
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eHepruja ce He NPeHOCK CaMo Y OBMM TanaCHUM OyKW-
Hama, WTasuLle, CyH4YeBa eHepruja ce HajsuLle NPeHoCu
Y BUA/BMBOM [ieNly CnekTpa. [peHoc Tonnote noyunrbe y
30HM yNTpasbybMuacTor 3paderba ¥ NPOCTMPE Ce KPOo3
LeNOKyNaH BUA/bMBI U MHOPALPBEHN CreKTap.

wavelengths; moreover, solar energy is mostly transmit-
ted in the visible range of the spectrum. Heat transmis-
sion starts in the zone of ultraviolet radiation and extends
through the entire visible and infrared spectrum.

Cnnika 2. LLlema enektpomarHeTHor 3padetba

OAHOC KonnuyHe 3padetba y 3aBUCHOCTY Off TanacHe oy-
XMHE 1CKa3aH je NNaHKOBUM 3aKOHOM

2rhc’

_ -6
W7 ) (ehe/M_]) x10

roe je:

W,, = 3paverbe LpHOT Tena Ha ofpeheHoj TanacHoj Ayxu-
HW [W/m? um],

C = 6p3uHa ceeTnoctn (3x108 m/s),

h = MnaHkoBa KoHCTaHTa (6.6x 103* Js),

k = bonumaHoBsa koHcTaHTa (1.38x107 J/K),

T = anconyTHa Temnepatypa upHor Tena [°K],

A\ = TanacHa gyxuHa [um]

lpaduruka wnycTpaumja oBe 3aKOHWTOCTM Ce BMAM Ha
CIILM 3 1 MOXKEMO YOUMTM [1a Ce 3a BuULe TeMnepaTtype
MakKCMMyM MOMepa Ka MatbUM TanaCHUM fyXnHama. Ha
rpadurkKoHy ce MoXe BUAETU 1 [1a je 3a TemnepaType koje

Figure 2. Graphic representation of electromagnetic radiation

The ratio of the amount of radiation to wavelength is ex-
pressed by Planck’s law

2rhc

_ -6
o N5 (ehe/m_ ) x10

where:

W,, = radiation emitted from a black body at a specific
wavelength [W/m? um],

¢ = the speed of light (3x10% m/s),

h = Planck’s constant (6.6x 10°* Js),

k = Boltzmann's constant (1.38x10% J/K),

T = absolute temperature of the black body [°K],

A\ = wavelength [um]

A graphic representation of this law is shown in Figure
3, where it can be noticed that at higher temperatures
the maximum value moves towards the lower wave-
lengths. The graph shows that for the temperatures of

Cy NpeaMeT Haller MHTePecoBarba, MakCMManHa Bped-
HOCT Yy 30HM MHbPALPBEHOT 3paudersa, a LipBEHOM 60joM
je NpukazaH cnekTpanHu oncer kopuiiheHe kamepe.

W Wim2 pm

1
o1 2 3 4 5 6 7 B 9 1011 12 13 14

OcHoBe popmumparba TEPMANHUX CNKA

[MPUANKOM CHUMarba TEPMOBWM3MJCKMX CMKA BPLUKM Ce
KOHBep3Wja WHOPaLpBeHOr 3payerba Koje ce, Mpeko
courBa, POKYCHpa Ha OETeKTOP Ha C/MYaH HAYMH Kao
y 06WYHOj aurutanHoj dpotorpadujn. LeTekTop Kpenpa
€NEeKTPUYHM CUTHAN KOjM 3aBUCU Off HTe3WTeTa CMrHana
1 OH Ce KaCHMje KOHBepTYje Y TepManHy CIIvKY.

[1Be cy ocHOBHe pe3nuke y ogHOCY Ha GoTorpadujy:

«  OB[le Ce CHKMa 3payetbe Koje noTnye of objeKkTa 1
of pebnekcuja - 3a pasnuky og dotorpaduie rae
ce yrnaBHOM CHUMajy pednekcuije (0CUM 13pasmnTo
3arpejaHux objekata)

+  BW3YesHU CTeKTap Ce OAHOCHK U Ha bojy 1
WHTEH3UTET - 0K MHOPALPBEHO CHMMatbe Ce
O[HOCY CaMO Ha MHTEH3UTET.
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our interest, the maximum value is in the range of infra-
red radiation. The spectral range of the camera used is
highlighted in red.

Cnuka 3. [naHkoBe Kpurise
Figure 3. Planck’s curves

The basics of thermal imaging

Similarly to ordinary digital photography, thermal imag-
ing is done by converting infrared radiation, which is fo-
cused on a detector through the lens and then turned
into an electric intensity-dependent signal whereby a
thermal image is formed.

Compared to photography, there are two basic differ-

ences:

«hereimaging is done of the radiation which
originates from both the building and the
reflections, unlike photography, where reflections
are mainly recorded (with the exception of
extremely heated objects)

« the visual spectrum refers to both the color and the
intensity, while infrared imaging refers to intensity
only.
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WTa npencrasba TepmanHa cnvika? OHa He NpeAcTaB/ba
CIMKY AUCTpUbyUvje TemnepaType Kako ce OBUYyHO
CcMaTpa, Beh MHTeH3UTET 3payetba, Koju, Kao WTo je Beh
peyeHo, Moxe MMaTh pasnuunte nssope. Kog objekarta
ca Behom emmncrBHOWNY CMKa peanHuje NpuKkasyje Tem-
nepatype (Manu je npoueHaT pednekcnje) - 1 obpaTHo.
Tako HNpP. NPO30p Koju je y Br3enHoj doTorpadujv Npo-
BMAAH, Y TEPMOBU3Nj NPeAcTaBba pednecrsHy nosp-
WWHY (NaHaaH ornegany). 3ato MW, y CTBapW, CHYMaMO
TaKo3BaHy MPVBWAHY TeMNepaTypy KOjy je HeomnxohHo
KOMMeH30BaTh NpuavkoM ¢otorpaducarea, jep Camka
0CTaje HEMPOMEHEHA BI3YENHO anw Ce, HYMEPUYKM Na-
paMeTpV OUNTaBaH:a, PA3NKY]y.

Y uwmby pobujarba afekBaTHWX Mepetba (MowTo ce
doTorpaducarbe y CTBapy CBOAM Ha Meperse) Mopajy
OVTK OCTBapeHa TemnepaTypHa pasnvka o MunH. 10°C
n3mehy fenosa Koju ce aHanM3mpajy y3 ofapaBarbe CTa-
OVNHe yHyTpalWrbe TemnepaTtype OOHOCHO MOCTOjake
HeraTvsHOr nputncaka of 10-50Pa - ykonmko ce mepn
nMHOUNTPaUMja.

3a notpebe cHMMarba oObjekaTa MpuKasaHWux Yy OBOj
MoHorpadujn  kopuwheHa je kamepa ThermaAM B20,
npowussohaya Flir Systems, Koja je HaMeHCKM AM3ajHMPaHa
33 npumMery y rpahesnHcpcTBy. OnepaTneHa y PaHry of
7.5-13 um n Ha Temnepatypama of -15 go +50°C oHa je
CTaHAAPAHO je onpem/beHa COUMBOM 0f 24° 1 oMmoryhaea
CHUMarbe objekata obpagom npeko OTA (focal plane
array) MMKpobonomeTpa y3 W3fasHy AWTUTanHy Cavky
onvensuja 320/240 nukcena. To NpakTUYHO 3Hauy Aa 3a
cBaky of 76800 M3nasHMX NUKCea MOXeMO, Yy KaCHNjO)
aHanusn dotorpaduje npeko ogrosapajyher copsepa
(ThermaCAM Reporter), nobuTn nHdopmaumje o ounta-
HUM BPeAHOCTUMa OHOCHO KOPUCTUTU nocebHe aHanu-
TUYKe anate (MapKMpaHe Tauke, pernmoHe, U3oTepme UTA,.)
3a tKxoBo nopehetbe.

What does a thermal image represent? Contrary to com-
mon belief, it does not show temperature distribution
but the intensity of radiation, which can have different
sources as mentioned above. In buildings with higher
emissivity, the image shows temperatures more realisti-
cally (there is a small percentage of reflection) and vice
versa. For example, a window that is transparent in a vis-
ual photograph represents a reflexive surface in a ther-
mogram (like that of a mirror). That is why the so-called
apparent temperature is recorded in fact, which must be
compensated in the process since the image remains
visually unchanged although the registered numeric pa-
rameters will differ.

To achieve adequate measurements (since thermal im-
aging is in fact measuring), a minimum 10°C difference
in temperature must be achieved between the surfaces
(internal - external) under analysis, while at the same
time a stable internal temperature, i.e., negative pres-
sure of 10-50Pa must be maintained in case infiltration
is measured.

The thermal images of buildings presented in this mono-
graph were made by ThermaCAM B20 camera, manufac-
tured by Flir Systems. It was purposely designed for the
use in building construction. With an operational range
of 7.5-13 um at temperatures between -15 and +50°C, it
is standardly equipped with a 24° lens and enables cap-
turing structures by FPA (focal plane array) microbolom-
eter with a digital image output of 320/240 pixels. Thus
subsequent software analysis (by ThermaCAM Reporter)
yields information on each of the 76800 output pixels re-
garding the obtained values and enables the use of spe-
cial analytical tools (marked points, regions, isotherms
etc.) for their comparison.

MNpumeHa TepmoBu3uje

[prvMeHa TepMOBKM3Wje je BeOMa Pa3HOBPCHa M OHa

yrnaBHOM ObyxBarta:

< npouece ofpaBarba basvipaHe Ha MeperbrMa
CTatba,

+ NCTPakBayke 1 pa3BojHe NpojeKTe,

« MeaVLMHCKE 1 BeTepUHapCKe NpumMeHe,

+  KOHTpOJa KBanmrera,

+  MpOoLeCHa KOHTPOna,

+ HefecTpyKTUBHO TeCTUpatrbe.

CHUMarbe y peanHoMm BpemMeHy Y3 ,MHEepTHOCT' mpu-
Kyn/bakba MojaTaka O caMom npouecy (objeKkTy
MOCMaTpakha) WCKasaHa Kpo3 OACYCTBO  KOHTaKTa
rapaHTyje HeroBO HeOMeTaHO OABWjakbe (He yTuue ce
Ha TOK) y3 MpaBoBpemeHe WHOopmauvje, obesbehyje
CUTYPHOCT Y pady W NpeacTaB/ba BENMKY MpeaHoCT
TePMOBU3Mje Kao MeToAE.

paheBrHapCTBO Ce, Kao 4eNaTHOCT Y OBOj AWjarHOCTUYKO]
061aCcT NPBEHCTBEHO CBPCTaBa Y [OMEH OfpMaBarba
N 0e510M KOHTPONE KBalmTeTa 1 Kao TakBa y nocnenme
BpemMe NpeAcTaB/ba CTaHAapAaH metod cepTudurKaumje
1 npoBepe GyHKUMOHMCarba objekaTa.

3aXTeBV 33 BUCOKMM CTeMeHOM KOoMbOopa 1 eHepreTckom
edukacHowhy objekaTta 3HauajHO fJonpuHoce noseharsy
ynotpebe oBe AnjarHOCTUYKe MeToae.

[Mosba NpUMeHe Cy Pa3HOBPCHA U YINaBHOM Ce OfHOCe

Ha:

+  AWjarHOCTUUMpaH-e KBanmnTeTa TepMomn3sonaLmje,
HaYMHa HEeHOT NMOCTaB/bakba, AedeKaTa, TePMaNHUX
MOCTOBa,

-+ yTBphVBarbe 30Ha MHGUATPALW]e Ba3ayxa,

- yTBphVBarbe 30Ha KOHAEH3aLwje,

-+ yTBphMBarLe 30Ha Npogopa Bare (Uypersa,)

+ Uyperba cucTema rpejarba U 4pyrmx nHctanaunja,

+  3acTojay ueBMMa (y ogpeheHnm cnydajesnma),

+  Bapujauuje TemMnepaTypa KOHCTPYKLMje 1 OMOoTava.

Seeing Energy — Architecture and Thermo-vision

The applications of thermal imaging

Thermal imaging can be used in a wide variety of appli-
cations, mainly including:

+maintenance processes based on condition assays,

- research and development projects,

«human and veterinary medicine,

+quality control,

«  process control,

« non-destructive testing.

Real time imaging combined with “passivity” (absence of
contact) in collecting data on a process under observa-
tion guarantees its uninterrupted progress (its course is
not influenced), provides timely information, secures the
working process and represents a great advantage of the
thermal imaging method.

In building construction, this diagnostic field is primarily
placed in the domain of maintenance and partly in qual-
ity control, and as such it has recently become a standard
method of certification and building function control.

The demands for a high level of comfort and energy ef-
ficiency of buildings have significantly contributed to an
increased use of this diagnostic method.

The fields of application are diverse and mainly include:

- diagnostics in thermal insulation quality, its
installation, defects, thermal bridges,

- determining the air infiltration zones,

- determining the condensation zones,

- determining the humidity penetration (leakage)
zones,

- leakages in the heating system and other
installations,

«  pipe blockages (in certain cases),

- temperature variations in the structure and the
envelope.




HepnocTaTak 13onaumje NocMaTpaHo Cnosba
3HauaHo TOMMjW e 31 Aa, 3HaTaH rybutak
eHepruje.
Missing insulation seen from inside, ignifi-
cantly warmer part of the wall severe en-
ergy loss.

BupeTv eHeprujy — ApxutekTypa 1 TepmoBU3uja

Hepnoctatak uM3onauwje, NOCMaTpaHO U3-
HYTPa XNagHWjW Aeo 31Aa, 3HaTaH rybutak
eHepruje.

Missing insulation seen from inside, signifi-
cantly colder part of the wall severe energy
loss.

OTKprBarbe  KOHCTPYyLIKMje — 31goBa U
yTBhrBare moryhux ouwrteherba. Objekat
Ca APBEHOM KOHCTPYKLIMjOM.

Definition of structural elements of facade
walls and inspection for damages. building
with wooden construction.

MpoayBaBarbe Kpo3 dacamy objekTa ycnea
nole n3BefeHe 3anTMBeHoCTH.

Air leakage through facade due to the low
quality of wall construction.

OTKpviBatbe  KOHCTPYUKMje 3ugosBa U
yTehrBarbe moryhvx owTeherba. Objekat
Ca naHenHoM Gpacaom.

Definition of structural elements of facade
walls and inspection for damages. Building
with panel fagade.

[MpopyBaBarbe OaNKOHCKMX BpaTa, rybuun
1 o 50% rybuTke eHepruje 3a rpejarse.
Air leakage through balcony door, losses for
almost 50% of energy needed for heating.

Llyperbe paBHOr KpoBa. JacHO yousbrBa
30Ha BnaxHe v3onauuje omoryhasa edu-
KacHy 1 6p3y MOMNpaBky.

Leakage of flat roof construction. Clearly
visible zone of wet insulation enables ef-
ficient and fast repair.

Seeing Energy — Architecture and Thermo-vision

YtphrBarbe nonoxaja LUeBM  MogHor
rpejamsa.

Localizing and vizualizing of the floor heat-
ing pipes.

15— 25

Llyperbe cuctema rpejarba ¥ Bnaxerbe
31fa jaCHO BUI/bKBE BaxHe 30He U Me-
CTO Lyperba.

Leaking from the heating system and wa-
ter entering the wall, clearly visible wet
zones and position of leakage.

[leTeKkumja NOLWMX KOHTaKaTa y e1eKTPUYHOj
Mpexn Koju pe3ynTyjy noseharem Temne-
paType 1 YeCT Cy Y3POUHMLM noxapa.
Detection of loose contacts within home
electrical network resulting in temperature
increase usually causing fire.

OTkpuBatbe 3auensberba  Kao ¥ Lyperba
LIeBV CaKPUBEHUX Y OKBUPY KOHCTPYKLMja.
Detection of blockages as well as leakages
of pipes hidden within the construction.

LLnperse Bnare ycneq folue xuapor3onauyje.
Moisture intrusion due to the lack of ad-
equate hydro - insulation.
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BupneTn eHeprujy — beorpan

Penybnnyka ckynwTuiHa, Tpr Hukone Mawwha 13
The House of the National Assembly, 13 Nikole Pasi¢a Sq

CrambeHa 3rpapa, locnoaap JosaHosa 27
A residential building, 27 Gospodar Jovanova St

Manata,Anbanuja’, KHe3 Muxannosa 4-6
The Albanija Palace, 4-6 Knez Mihailova St

CrambeHa 3rpapa, locnoaap JosaHosa 19
A residential building, 19 Gospodar Jovanova St

KynTypHu ueHTap “[lom omnagnHe’, MakefoHcka 22-24
The Youth Culture Center — Dom Omladine, 22-24 Makedonska St

Manata,beorpan” - ,beorpahanka’, Macapvkosa 5
The Beograd Palace — Beogradanka, 5 Masarikova St

lNocnosHa 3rpaga,MHekc’, Kparbnue Mapuje 3
The Inex Office Tower, 3 Kraljice Marije St

CrambeHa 3rpafa, bynesap Kparba AnekcaHapa 177
A residential building, 177 Blvd kralja Aleksandra

CrambeHa 3rpapa, bparka KpcmaHosuha 24
A residential building, 24 Branka Krsmanovica St

Seeing Energy — Belgrade
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4 Manata,Cpbuja” - CVIB, Bynesap Muxajna lNynuHa 8
The Srbija (former SIV) Palace, 8 Mihajla Pupina Blvd
5 CrambeHa 3rpaga y bnoky 7a -,lNaBumbonn’, LloHa KeHepawja 55-57
A residential building in Block 7a — The Pavillions, 55-57 DZona Kenedija St
7 CrambeHa 3rpaga y bnoky 21 -, lLlect kannapa’, bynesap Muxajna MynuHa 3-13
A residential building in Block 21 — The Six Corporals, 3-13 Mihajla Pupina Blvd
9 ocnoBHO — TproBaykn Kommnekc,Ywhe’, bynesap Muxajna MynuHa 6
The Usce Office and Retail Complex, 6 Mihajla Pupina Blvd
M CrambeHa 3rpaga y bnoky 28 -, Tenesumsopka’, MunyTrHa Munankosuha 96-118
A residential building in Block 28 — The Televizorka, 96-118 Milutina Milankovica St
12 CrambeHa 3rpaga y bnoky 28, bynesap ymeTHocT/ 37
A residential building in Block 28, 37 Blvd umetnosti
13 LlenTap leHekc” — 3anagHa kanuja beorpaga, HapoaHux xepoja 41-43
The Genex Tower — The Western City Gate, 41-43 Narodnih Heroja St
14 CrambeHa 3rpaga y bnoky 45, Jypuja larapuHa 191
A residential building in Block 45, 191 Jurija Gagarina St
15 CrambeHa 3rpaga y bnoky 29, bynesap ABHOJ-a 115
A residential building in Block 29, 115 Blvd AVNOJ-a
16 [lom 3npasba,Hosn beorpan”y bnoky 44, Hexpyosa 53
The Novi Beograd Primary Health Care Center in 44 Housing Project, 53 Nehruova St
17 CrambeHa 3rpaga y bnoky 30, bynesap Muxajna lNynuHa 157
A residential building in Block 30, 157 Mihajla Pupina Blvd
19 CrambeHa 3rpaga y bnoky 96 -,PeteH3uja’, LloHa Kerenmja 10e-10x
A residential building in Block 9b — The Retenzija, 10e-10x DZona Kenedija St
20 CrambeHa 3rpaga y bnoky 70, Jypwja larapuHa 27a-a
A residential building in Block 70, 27a-d Jurija Gagarina St
18 19
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Penybnuyka ckynwrtmHa
Tpr Hukone Mawwuha 13, JosaH Vinkuh, 1906-1936.

3rpafa Penybnunuke CKynwTUHe, rpaheHa BULLe feLleHu)a,
npema NPBOBUTHOM NPOjeKTy apxuTekTe JoBaHa Vnkvha,
CBOjOM MOHYMeHTalHOWRY y Ayxy CTuna KacHe pe-
HecaHce M 3Hayajem CBOje ApywTBeHe yHKUMje, Kao
Ja cumbonusyje oduUMjenHn ayx BpemeHa Yy Kojem je
rpahera. Objekar je 3aMuLLbEH Kao rpaheBurHa y cnobon-
HOM MPOCTOPY, OKPY>KEHa 3eneHInIoMm, pasyheHe ocHoBe,
Ca NoApyMOM , MpM3emMsbeM v Asa cnpata. LieHTpanHu feo
je HarnaweH NpunasHYM paMmnama, MOHyMeHTanH1UM CTe-
NEHWLUTEM W YNa3HVM NOPTUKOM Ca TPOYraOHWUM TUMMa-
HOHOM 1 Ca YeTVpY Make AeKopaTviBHe Kynone r3mehy

ﬁ % - KOjUX Ce y3awmke Benuka-UueHTpanHa. Of cpeavmber
| — AT e T g o ] e KopMyca ofBajajy ce pasyheHa Kpwvna ca No jefHUM pu13a-
TRV e s i R JIUTOM, HarnalleHNM KPOBHMM BEHLIEM, 31AAHOM aTMKOM
AR O R Y . P e, S
R = e 0 10 Ol ¥ Mo jefHOM MakoM Kynonom. OBaj objekaT cnaga mehy
; ~ : * P2 14 i Haj3HauajHWja apXUTEKTOHCKa OCTBPera Y beorpagy.

The House of the National Assembly
13 Nikole Pasi¢a Square, Jovan Ilki¢, 1906-1936.

The building of the National Assembly, which was un-
der construction for several decades, was originally de-
signed by the architect Jovan Ilki¢. Its Late Renaissance
monumentality and the importance of its social func-
tion, seems to symbolize the prevailing spirit of the age
in which it was built. The building was envisioned as a
free-standing structure immersed in greenery, featuring
complex plan with a basement, ground level and two
floors. Its central part is emphasized by approach ramps,
a dominant staircase and a portico with a triangular
i tympanum and four smaller decorative domes, among
1 % which the great central dome rises. Two wings reach out
K : Y from the central corpus, each with an overhang, an em-
‘ phasized roof cornice, and an attic under a smaller dome.

This building stands out as one of the most important

0 1020 architectural monuments in Belgrade.
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3rpaga je rpaheHa y MacMBHOM KOHCTPYKTVMBHOM CWi-
cTeMy ca 3upgosuma of oneke. Qacafa je v3BeneHa
6e3 Tepmousonaumje y obpaav Of BeWTauykor Kame-
Ha. HeopeHecaHcHM 1 HEOBAPOKHW OBAMUM, U HMMA
oarosapajyhu AekopaTviBHU ENEMEHTY, Hanase NocebHO
MeCTO Ha 6oraToj nnacTuum dacage.

The building was constructed with load bearing ma-
sonry walls. The facade has no thermal insulation and is
finished with cast stone layer. The Neo Renaissance and
Neo Baroque forms with their corresponding decorative
elements have a special place in the elaborately embel-
lished frontispiece.

Seeing Energy — Belgrade

TepMOBM3MJCKM CHMMaK 0bjekTa OTKpMBa pasnuiTe BU-
J0Be TOMOTHUX rybuTaka Koju Bapupajy y OfHOCY Ha
matepujan, AebsbrHy 31goBa M rpaheBMHCKe AeTasbe.
Hajyneuatbureuju Cy rybuum Ha Npo30priMma: OHW YKasyjy
[a je NpUIMKOM 3ameHe CTonapuje NponyLwTeHa NpuIn-
Ka [a Ce 3HauyajHO yHanpeae TeEPMUUKE KapaKTepUCTVKe
3rpage ynotpebom KBanuTeTHWje cTonapuje 1 60/bom
3anTvBeHoLWNy cnojesa ca 31aom.

The thermographic image of the building reveals differ-
ent types of thermal loses that vary depending on the
material, wall thickness and construction detailing. The
most noticeable are the losses at the windows, showing
that, at the time when the old casings were replaced, the
opportunity was missed to improve the thermal charac-
teristics of the building significantly by using high-quali-
ty tightly fitting window systems.

22
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- [leTarbHuju CHMMaK Mokasyje pasnuyuTe Crnosballrbe
Temnepatype 3uaa. Temnepatype Cy NPUMETHO HKe
Ha 4enoB1Ma rae ce Hanase NUNacTpu v Apyrv enemeH-
TV NNacTuke, rae je aebrbrnHa 31aa BoCTpyKo Beha of
OCHOBHe. HacynpoT Tome, jaCHO Ce oupTaBajy napane-
TV 1 Apyra nosba rae je AebsblHa 31aa (MCnyHe) Marba.
[ybuLm oKo Npo30pa Cy MOCEOHO M3PaxKeHW Ha Nony-
KPY>KHUM CErMAHTUMa, A€ je oumnrneaHo seha pasnumka
n3mehy reomeTpuje 0TBOPA M NPO30Pa.

CrambeHa 3rpaga
focnopap JoaHoBa 27, iparomup Tommh, 1933.

3rpaga y focnopap JoBaHoBOj ynuuw 6p. 27 npeactas-
HVK je cTambeHe apxuTekType beorpafa Koja ce pas-
BMNa y nepuofy namehy fga ceeTcka paTta. OBaj yraoHu
objekaT ce cacToju U3 NOAPYMa, NpY3em/iba HaMmerbeHor
KOMepLMjanH1M Cafpajuma, YeTvipu cTambeHe v jegHe
NOTKPOBHe eTaxe. CBeeHVIM aPXUTEKTOHCKNM V3Pa3oM
- ; anoctpodupa ce NyYHW YraoHW MOTUB, Y3 AWCKPETHe

‘ Lesype dopmrpaHe nohama. XOPWU3OHTANHOCT je Ha-
rnalleHa CeKyHAaPHOM MNaCTUKOM ¥ MPO30PCKOM MO-
LeNIOM Yy KOHTPACTy Ca CBeAEeHMM NapaneTHUM Tpakama.
KopuwheHn enemeHTV Cy KapakTepuUCTUYHYM 3a Neprnog
beorpafcke MofepHe.

- Amore detailed image shows different outdoor temper- , T
atures of the walls; they are notably lower in the parts
where there are pilasters and other decorative elements
and the walls are twice as thick as the main wall. By con-
trast, the parapets and the other areas where the wall is
not as thick are clearly defined in thermographic image.

- The losses around the windows are especially evident S
atthe semicircular segments, where thereis obviouslya ) e o:“k 2'°“h4'° M:"O :; R
greater discrepancy between the geometry of the win- Bt 140 14 1867 24
dow casings and the wall openings.

A Residential building

27 Gospodar Jovanova Street, Dragomir Tomic, 1933.

AV aVal

[eTarb Gacage ca Npo3oprimMa jacHO MokKasyje pa3nu-
Ky Y TOMAOTHUM rybuuMmMa y 3aBUCHOCTU Off pexima
Kopwwherba NpocTopyja (Hanp. Npo3op rope AecHo),
Kao 1 KOMMKO je 3HauajHO MCKIbyumnBarbe CBMX ypehaja
Kaja Hucy y dyHKUwMjW. Ha nctom npo3sopy Buan ce u
[la HeaflekBaTHa yrpaArba Moxe Mmatu 3a nocneamuy
AMpeKTaH rybutak TonnoTe - cnosballtba Temnepatypa
312 Ha «<KPUTUUHOM» MECTY Yy TemeHy nyka je 17.3°C,
LTO je jeABa HEKOMMKO CTeMeHN Marbe Of Temnepatype
YHyTap came npocTtopuje.

o The building at 27 Gospodar Jovanova St. is representa-
10 tive of typical residential architecture in Belgrade from
the period before the Second World War. This corner-
positioned structure consists of a basement, a dominant
6 ground level intended for commercial purposes, four
residential floors and a loft. The minimalist architectural
expression emphasizes the curved corner motive, dis-
cretely interrupted by loggias. The unembellished para-
pets and the window frames with shallow decorative
elements form alternating horizontal stripes, which are
elements characteristic of Belgrade Modernism.

- The detail of the fagade with windows clearly shows
the difference in thermal performances, depending
on how the space is used (e.g., the top right window),
as well as how important it is that all electric devices
are disconnected when not used. The same example
indicates that inadequate installation can cause direct
heat loss — the outdoor temperature of the wall in the 20 0.0 2.0 40 6o so 100
critical place in the arch vertex is 17.3°C, which is only e e —

several degrees lower than the temperature inside the 0 5 10

room itself.
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Bupetn eHeprujy — beorpan

ObjeKaT je 31aaH y MacMBHOM 3MIaHOM KOHCTPYKTMB-
HOM CKJOMy, Ca dacafHVIM 3VL0BMMa Of oneke febrbuHe
38cm 1 ManTepom Kao 3aBplIHOM 0bpafoMm, H6e3 vKakee
TepMUUKe 13onaunje. po3opw Cy OpBeHM, ABOCTPY-
KM (WIMpOKa KyTWja) Ca MopdesioMm KapaKTepUCTUYHOM 3a
CTambeHe 3rpafie 13 TPUAECETUX roAMHa MPOLWIOr BeKa
1 HUCY MeHbaHW y OHOCY Ha MPBOOUTHO CTarbe. Edekat
MOBYUYEHOT MpU3emM/ba MOCTUMHYT je Manum KOH3OHVIM
npenyLuTakbem CTaMbeHVX eTaxa 1 pactepeherbem mace
npusemrba Koprwhersem BENMKMX CTaKNEHVIX MOBPLUMHA.

The building was constructed with load bearing ma-
sonry walls, with the facade walls made of 38 cm thick
brick and mortar cladding, with no thermal insulation.
The double windows are wooden (in wide casing) with
the division characteristic of the 1930s residential build-
ings; they have not been replaced since their original
installation. The effect of the recessing ground floor was
achieved by a slight cantilevered overhanging of the
residential floors and by minimizing the massive appear-
ance of the ground level with large glass surfaces.

TepMOBM3UJCKM CHMMAK OTKpWBa CTPYKTYypy (acagHor
nnaTtHa, NogjeHako jaCHO Ha JefloBMMa Ha Kojuma ce
3aApXana opurMHanHa obaora Kao 1 Ha LenoBnmMa Koju
Cy BPEMEHOM «OrosbeHn». BeToHCKM enemeHTn - HaT-
NPO30OPHMLM 1 CMOjEBU TaBaHMLE Ca 3VAOM - U3aBajajy
ce Cnabujum TEPMUUKMM KapakTepucTMKama Of 4enoBa
3VAAHVIX ONEKOM. YTaOHM NOKan y Npu3emiby Ce Huje KO-
PUCTVO Y TPEHYTKY CHIMAMba, WTO Ce BUAM Ca «JHEBHE»
boTorpaduje, anu 1 ca TEPMOBM3MNJCKOT CHUMKA MAe Ka-
Mepa 6enexy MHOro Marbe 0faBake TOMIO0TE HEKO KOA
CyceaHNX ToKana.

The thermographic image reveals the structure of the
facade, equally visible in parts where the original render-
ing was preserved, as well as in parts that have “bared”
in time. The concrete elements — lintels and spandrel
beams — have poorer thermal performance compared
to the brick segments. The corner shop on the ground
level was not used during the audit, which is evident in
both the daytime image and in the thermogram, where
the camera detected a significantly less heat loses than
at the neighboring shops.

Seeing Energy — Belgrade
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- XucTorpam ca TepMorpadCckor CH1UMKa NoKasyje aa ce Ha
dacagHoMm nnatHy aeTtekTyjy Temnepatype of 2 Ao 8°C;
HajBehe BpenHOCT Cy Ha OETOHCKMM HaTMPO30PHULIN-
Ma, @ HajMakbe Ha nohama, rae 3anpaBo 1 Hema AMPEKTHe
TPaHCMUCH]E 13 TPejaHor YHyTPaLLHEer NPOoCTopa.

- A histogram from the thermal image shows that tem-
peratures between 2 and 8°C were detected on the
facade; the highest values were at the concrete lintels
and the lowest at the loggias, where there was actually
no direct transmission from the heated interior.

- Yrpaarba npo3opa y OTBOpe Ca «3ybom» pefyKyje To-
MMOTHa flaBakba No 06KUMY MPO30Pa, a 3uaaHV CTyouhn
Ha yraoHvM Npo3opuma Nomaxy fa ce 6ore ycknaam
reomeTpuja cTonapuje ca KpusvHOM dacagHor 3ua.
HewsonosaH dacagHu 3va UMa 3a nocneamUy 3HauajHe
TOMNOTHE ryouTKe.

- The installation of windows into the openings, fitted
with window reveals, reduces heat waste per window
perimeter, while the brick columns on the corner win-
dows help better adjustment between the geometry of
the casing with the curve of the facade wall. Significant
heat loss results from the non-insulated facade wall.
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Manata,An6aHuja”

Khe3 MuxannoBa 4-6,
BpaHko boH, MunaawH Mpmwesurh, 1938-1939.

Manata,AnbaHmja“ ce Hanasm Ha Tepa3njckom rpedeHy 1
npeAcTas/ba NOYETHY TauKy rnaBHe rpajcke oce. Vve je
Aobuna no KadaHw Koja ce NpeTxofHO Hafaswna Ha OBOM
MecTy. Bucoka 53 MeTpa, CBojeBpemMeHo je brina Hajsula
3rpaga Ha bankaHy, ca 13 Haag3emHux 1 4 nofsemHe eTa-
xe. ObnMKoBaHa je y MHTEPHALMOHAMHOM [yXy MOAep-
HW3Ma TpUAeCeTUX rofmMHa Haler Beka, ca pacagama ob-
NOXKEHVM MEPMEDOM.

The Albanija Palace

4-6 Knez Mihailova Street,
Branko Bon, Miladin Prljevi¢, 1938-1939.

Located on the crest of Terazije, it represents the starting
point of the main city axis. The building was named after
a tavern (kafana) that used to be in its place. With the
height of 53 m and its 13 above-ground and 4 below-
ground levels, it was once the tallest building in the Bal-
kans. It was designed in the international style of Mod-
ernism of the 1930s, with facades in marble cladding.
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Y KOHCTPYKTVUBHOM U TEXHOSIOLIKOM CMUCITY, MPeACTaB/ba
3HauajHO AOCTUrHyRe Cprcke apxuTekType Tor paoba.
CBOjUM  Onaro  KOHBEKCHMM — 00MMKOM,  CNoBOAHUM
npuv3em/bemM Ca NpPoAaBHMLIaMa, NPBUM CMPATOM Koju je
oviBMUeH 6OpAypPOM, WTO BK3yesHO MOTUpPTaBa MocTa-
MEHT Kyhe, Kao 1 BUCOKMM AOMUHAHTHUM BEPTUKANHUM
BOJTYMEHOM KOjW je 13pacTao M3 BOUHMX HUXKUX Kpuna
00jeKTa, OBaj objekaT NMpeacTaB/ba NPOCTOPHN akLEeHaT
Tepasuja 1 jefaH o Npeno3HaTbuBMX penepa beorpasa.

With respect to construction and technology, it repre-
sents a significant achievement of contemporary Ser-
bian architecture. With its gentle convex shape, a free
ground level with shops and the first floor with a border
which visually underlines the base of the building, com-
bined with its prominent tall vertical volume rising from
the lower side wings, this building accentuates Terazije
spatially and is one of Belgrade’s signature landmarks.

MocmaTpajyhn objekat y LeinHu, MoOXemo a NpUMeTU-
MO [ia ce Hajsehwu TonnoTHK rybuum jaBmbajy Ha npo3o-
pMMa ¥ 3aCTak/beHVIM NMOBPLUMHAMa. 3aHNMIBbIBA je pas-
nvKa 13mehy nokana y Npusemsby, Ca jakom pacBeToM, 1
NPOCTOPa Ha CNpaTy, Koju Ce HMje KOPUCTNO Y TPEHYTKY
TepMorpadCKor CHUMarba.

As a whole, the building displays greatest heat losses at the
windows and glazed surfaces. There was a noticeable dif-
ference between the ground floor shops with strong light-
ing and the spaces on the floors above, which were not
used at the time when the thermal images were taken.

Seeing Energy — Belgrade
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Manata,Cp6uja“ - CB

Bynesap Muxajna lNynuHa 8, AHTOH Ypnux, Bnagumup
MoTourbak, 3naTko HajmaH, Aparuvua lNepak, 1947-1953.

- po3opwu, Koju HUCY AOOPO 3aTBOPEHM jacHO Ce
130Bajajy, Kao LITO Ce youyaBa M CUCTEMCKM npobnem
Y TOPHOj 30HM MPO30PCKMX 0TBOPA. Kof OTBOpEHor
npo30pa Kamepa je ouuTana 3anpaBo Temnepatypy
npoctopuje (25°C), NPO30pK KoA KOjUxX Cy CryLITEHM
3aCTOPW NOKa3yjy NPUMUHO peasnHe TemnepaType, 40K
je ko nojeanHvx Npo3opa 3abenexeHa pednekcuja
HORHOr Heba 1 OHM Ce Ha CHUMKY MPUKa3yjy Kao xnaj-
HY (CaCBWM TaMHW).

MpBOOUTHO 3rpaga npeaceaHviwTea Bnage OHPJ, on
1961.rognne Case3Ho m3BplHO Behe - CKB - n3rpaheHa
je v oTBOpeHa 3a lNpBy KoHbepeHUKjy WedoBa ApKaga v
Bflafla HECBPCTaHMX 3emarba.

Ogaj objekat, ca npocTopujama 3a penyonuuka MUHKCTap-
CTBa, aAMUHMCTPAL]Y, ToCebHe Kommcwje, penydnmnuke op-
raHe, NPOJeKTOBaH je kao cnobofgHocTojeha MoHyMeHTan-
Ha KOMMo3MUMja, 3aCHOBaHa Ha MpPoYMLReHoj MOAEPHO),
HEOKNACKLMCTUNYKO] apXUTEKTOHCKO] MOCTaBLM.

OcHoBa nanate je CMMETPUYHA Ca CPeauLLFbUM KOpMy-

- The windows, that were not closed properly, are em-
phasized, and there is an obvious, systemic, problem
in the upper zone of the window openings. In fact, the
camera registered room temperature (25°C) at an open

window; the windows with lowered blinds show fairly | 4, + %:“ .

realistic temperatures; while a reflection of the night %ES' L B COEA v Aga GouHa Kpuna, ﬂpOJeKTOBaTa y 0bamky cnosa

sky was registered at certain windows so that the ther- i ‘! T H" v oyxaTa nospuimky o 5.500m*y ocrosu. Vicnpen

mogram shows them as cold (completely dark). s+ ——ec - | — I CPEAbEr KUNa Hanasu e HIKY AeO, NOKPUBEH CTakne-
Label HOM KYMOJIOM, y KOME je CBeYaHa BOpaHa Koja Moxe [a
[*11

npumn 2000 3BaHKMua. ObjekaT caapu WeCT canoHa U
oko 1000 KaHLenapmjckinx npoctopuja.

Kao nocneamua npviMeHe CKeneTHOr cucTema, nina-
CTpU (MBWUHKM CTYOOBM) NMOKa3syjy 60Sbe TEPMUUKE Ka-
PaKTEPUCTVIKE Ofl MapaneTa, WTO je NorMyHa nocneam-
Ua Behe febrbrHe v TepMUUKe Mace Ha TUM [1eNoBrMa
dacagHor nnatHa. Cnaba 3anTMBEHOCT NOjeANHIX NPOo-
30pa Y3pOoKyje NprMeTHe TOMoTHe rybuTke.

The Srbija (former SIV) Palace

8 Mihajla Pupina Boulevard, Anton Urlih, Vladimir
Potoc¢njak, Zlatko Najman, Dragica Perak, 1947-1953.

Originally housing the Presidency of the FPR Yugoslavia
and from 1961 the Federal Executive Council (Savezno
izvrsno vece — SIV), the building was opened to host the
First Non-Aligned Movement Summitin 1961.
This building, spaciously accommodating numerous feder-
al administration departments and agencies, was designed
as a monumental, free-standing composition, based on a
clean modern neoclassical architectural arrangement.
The H-shaped ground flor plan of the palace is symmetri-
cal with the central corpus and two side wings, and takes
up an area of 5500 square meters. In front of the central
20 0.0 20 a0 6.0 80 100 wing, there is a lower glass-domed section housing a
st grand conference hall that accommodates 2000 guests.
0 3 50 The building has six reception rooms and approximately
1000 offices.

Due to the skeleton design, the pilasters (border col-
umns) show better thermal properties than the para-
pets, which logically ensues from greater thickness and
thermal mass in those parts of the facade. Poor sealing
in some windows causes notable heat loses.
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Seeing Energy — Belgrade

3rpana CMB-a je paheHa Kao apMMpaHObEeTOHCKa CKe-
NeTHa KOHCTpyKUMja, ca ncnyHom of oneke. Macaga je
obnoxeHa 6ennm BpaukMm MepmepoM, a ynotpebom
ANYMUHWJYMCKMX MpO30pa, ca npodunmma OojeHnm y
6en10 NOCTUIHYT je CaBpemeH apXUTEKTOHCKM 13pa3 da-
CafjHor nnaTtHa.

The SIV Palace is a skeleton construction built in rein-
forced concrete with brick walls. Bra¢ white marble clad-
ding and the white alluminium windows lend them-
selves to creating a modern architectonic expression of
the facade.

TepmoBM3UMjcKM CHUMaK nanate ,Cpbuja“ oTKpMBa Ham
Heke ol acrnekata Clabux eHepreTcKkMx 0COOMHa, Kapak-
TePUCTUYHIX 3a 0bjeKTe MoflepH3Ma: BeNTMKK ieo daca-
[€ je, 3aNpaBo, y CTaKIy, U Ty Ce UCKa3yjy BENUKM rybuuy,
Kag Cy y nuTarby TexHonornje kopuwheHe cpegnmHom
NPOWNOr BeKa. ATPAKTVMBHO APXUTEKTOHCKO peLlerbe
MMa, HaXKanocT, BeOMa BeNMKY MOBpLWMHY dacage y of-
HOCY Ha BOSlyMEH KOj1 3aTBapa, WTO AofaTHO yeehaga
TOM/IOTHE rybuTKe Ha HVBOY YMTAaBOT ObjeKTa U ymMarbyje
KOMBOP Y HEroBOj yHYTPaALLHOCTH.

The thermal image of the Serbia Palace reveals some of
the aspects of poor energy performances typical of Mod-
ernist architecture: a large section of the facade is glazed,
and this is where great thermal losses are detected re-
garding the technologies used in the middle of the last
century. However attractive, the architectural solution
has a much larger facade surface relative to the volume
it covers, which additionally increases heat loss of the
entire building and thereby compromises the thermal
comfortin its interior.
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- Ha TepMOBM3MjCKOM CHMMKY KallkaHa jacHO ce yoyasa
CTPYKTYypa 31aa (CTyboBM 1 rpefe) Koja ce, MHave, He
MO>e BUAETI rONVM OKOM 300T YyHIOPMHE KameHe 06-
nore. beToH je 60/bW NPOBOAHVIK TOMOTE Of 3MAaHE UC-
nyHe, Na ce, Camnm TM, OETOHCKM enemeHTH 13aBajajy
HELUTO BULWMM PerncTpoBaHUM TemrnepaTypama.
CHvmaK ybenb1Bo UNYCTPYje 1 pasnmvky y TONAOTHUM
ryéuuymma m3mehy nyHor nnatHa (neeo) v dacagHor
nnaTtHa ca BenvKnm 6pojem oTBopa (AecHo).

- The thermal image of the facade openly exposes the
structure of the wall (the columns and beams) which is
otherwise hidden to the naked eye due to the uniform
stone cladding. Since concrete is a better heat conduc-
tor than the brick wall, the registered temperatures
were somewhat higher at the concrete elements.

- The thermogram renders a convincing illustration of
the differences in heat loses between the sections
where the facade is solid (left) and where there are a
great number of openings (right).

- Benuku NMHWJCKM TybuuUM OKO TYCTO MOCTaB/bEHNIX
npo3opa yKasyjy HaM Ha 3Hauyaj npaBunHor mnsbopa
npodwna 1 3acTakmberba, Kao 1 oBPO MPOMULLHEHNIX
1 yrpaheHux feTasba cTonapvje, Tj. bpaBapuje y oBak-
BMM CUTyaUWjama Kaj ce Hajgehn neo eHepruje ,ryou”
KpO3 Npo30pcKke OTBOPE.

- Substantial linear heat loss around the densely placed
windows highlights the importance of thoughtful
consideration of the adequate choice of window de-
tails and panes, wood- and metalwork in cases when
the greatest amount of energy is wasted through the
windows.
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Seeing Energy — Belgrade

CrambeHa 3rpaga y bnoky 7a -

J1aBnboHn”

LloHa KeHeawja 55-57,
Jby6o Vinuh, Bnaa BpbaHwh, 1950-1955.

CrambeHe 3rpafe y HOBOGEOTPaAKMM «MaBUSbOHUMA»
HacTane cy HenocpeaHo nocne [lpyror cBeTckor paTta
Kao jeaHn o NpBux objekaTta carpaheHux Ha Teputopmjm
Hosor beorpaga. [lpojekToBaHW, MPBEHCTBEHO Ca
LUMSbeM Ala ce y KpaTKkoM poKy obe3befn KpoB Hafl rna-
BOM 3a WTO Behn 6poj nopoamua, oBM 00jeKTn Cy pe-
3ynaT A0 KPajHOCTM [lOoBefleHe palMoHanu3auuje n
NojeAHOCTaB/beHa NPeapPaTHUX UCKYCTaBa Yy CTaMbeHoj
rpanru. Ty Huje O61MNo AOBOSBHO MPOCTOPa HWUTW Mpu-
NIMKe 33 eKCMepyIMEHT, Ma Cy, 3a Pa3nuKy O OCTannX
HOBOOEOrpaCcKMx CTaMbeHux 6I0KOBa, «MaBWUBLOHW»
peanu3oBaHu Kopuwherem TpaauUVOHaNHUX MeToaa
NpojekToBatka 1 rpaherba.

Residential building in Block 7a -

The Pavillions

55-57 Dzona Kenedija Street,
Ljubo lli¢, Vida Vrbani¢, 1950-1955.

The Pavillions, residential buildings among the first to
rise on the territory of New Belgrade, were built immedi-
ately after the Second World War. Designed with the pri-
mary objective to provide housing for as many families
as possible in a very short time, these buildings were a
result of ultimate rationalization and simplification of the
pre-war experiences in residential building construction.
There was neither enough room nor opportunity for
experimentation; thus the Pavillions, unlike other New
Belgrade housing projects, were constructed using tradi-
tional methods of design and construction.
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ObjekarT je paheH y MacMBHOM KOHCTPYKTUBHOM CKIIOMY,
Ca 31O0BMMa Of oneke 25 1 38cm, TEXHOMOLWKN Y NOT-
MyHOCTM 6a3vpaH Ha NpeapaTHO] MPaAMTEbCKO] MPaKCK
(«cTapw majcTopw» 0byYaBanu Cy Ha rpaduanLLITy BpojHY
HekBanMdUKOBaHy pagHy cHary). Y CKiony mantepuca-
HOr GacafiHor 31aa Off OfneKe Hema TepMOM30MaLMOHOr
cnoja, byayhu aa y To Bpeme Huje 1o nponuca Koju om
perynvcani nutarba TepMudke 3alwtute. [lposopu cy
[BOCTPYKM, APBEHN, PaheHn Kao NojeArHauYHn OTBOPK Y
CTaHARPAV30BaHUM AMMEH3Mjama.

The building was constructed as a masonary structure
with 25 and 38cm brick walls; technologically, it was
based on pre-war building practice (master builders
provided on-site training to a multitude of unqualified
workers). There is no thermal insulation in the structure
of the plastered brick facade since in those days there
were no regulations regarding such issues. The double
wooden windows were built as individual openings in
standardized sizes.

Kon objekata monyT oBor, rae cy nohe dopmupaHe
npenyLITarbeM TaBaHWLIE, jaBrbajy Ce 3HayajHU TEPMNYKM
ryouum y 3oHama rae apMmnpaHo-6eToHCKe TaBaHWYHe
nnoyve «npobujajy» GacagHu 31, Te ce TonnoTa NpeHo-
CV Ca YHYTpalUbEer, 3arpejaHor Aefa TaBaHule Ha rbeH
cnosballtbyt feo, na ce mMoxe pehn fa, kaja rpejemo
Coby, jeaHUM fienom, HexoTuLe rpejemo v Tepacy. Kao
M KOA OCTalMX HEeW3ONOBaHMX 3WAAHMX 3rpafa, Ha
TEPMOBM3MJCKOM CHUMKY Ce jacHO NMpeno3Hajy 6eTOHCKM
LENOoBW - TOMNjN Of 3UAAHVIX.

In such structures, where loggias were formed by pro-
jecting the slabs, there is significant thermal loss in the
zones where reinforced concrete slab penetrate the
facade wall, so that the heat is transmitted from the in-
terior part to the exterior. In a sense, the open loggia is
partially heated together with the room, however inad-
vertently. Like in all other non-insulated buildings, the
concrete sections are easily recognizable in the thermo-
gram - they are warmer than the brick.
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[etars dacame npukasyje KOMMKO ce eHepruje «m3-
rybu» Ha npenyctma TaBaHuua (nohe), oko oTBopa U
KpO3 camy cTonapujy ca cnabum TeEPMUUYKMM KapaKkTe-
PUCTMKaMa. Y OAHOCY Ha OETOHCKE efleMeHTe, MaCKBHM
310BW, MaKo 6e3 MKakBe Tepmou3onalmje, Mokasyjy
60/be TePMUUKE KapaKTepUCTUIKE.

The facade detail shows how much energy is wasted
in the slab projections (loggias), around the openings
and through the corresponding woodwork with poor
thermal efficiency. Compared to concrete elements,
the masonary walls display better thermal properties
even with no thermal insulation.

TamHM feo npeAcTaB/ba cermeHT dacafe Koju je cTa-
Hap CaMOMHWLUMJaTMBHO W30/10Ba0 Ca Crnosballibe
CTpaHe. Ha OBOM TEPMOBW3M]CKOM CHUMKY ouurieaaH
je edekaT TepMov3onaLmje Ha KOMYMHY eHepruje Koja
OCTaje cauyBaHa y CTaHy.

The dark area represents a segment of the facade which
has been additionally insulated from the outside by a
tenant on his or her own accord. The thermal image
reveals the obvious effect of the thermal insulation on
the amount of energy thus preserved.
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CrambeHa 3rpaga

focnogap JoeaHosa 19

CrambeHa yeTBOpOCMpaTHULUA Ha yry [ocnogap
JoBaHoBe u Llapa Ypolwa npefcraBHvK je nocnepar-
He n3rpagme y LUeHTpanHUM SeoBMMa rpasa KojoM ce
nonykagana ypbaHa Matpuua M KOHCOMMAOBano pat-
HUM CyKobuMa owTeheHo rpaficko TK1BO. Mako rpaheH
CKPOMHUM CpefCTBMMa, OBaj 0bjekaT HOCK nojeAuHe
efleMeHTe CaBpeMeHOr TpeTMaHa PafCcKe apXUTeKTY-
pe, Ca MOBYYEHUM MPV3EMIBEM, «MpPeBaYer-em» rnas-
HOr BOJTyMeHa MpPeKo yrna v pactepeherseM Kopnyca
oTBapat-em noha.

A Residential building

19 Gospodar Jovanova Street

A residential four-storey building on the corner of the
streets of Gospodar Jovanova and Cara Urosa is repre-
sentative of post-war downtown construction, whose
purpose was to fill out the urban matrix and to consoli-
date the urban tissue damaged in the war. Even though it
was built with modest means, this building carries some
elements of modern city architecture, with its recessed
ground floor, the central volume projecting over the cor-
ner, and the corpus destressed by opening loggias.
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ObjekaT je 3uaaH Kao MACWBHW CKIIOM, Ca KOH30JHUM
npenyctom npema focnogap JOBaHOBO] 1 [iBa pactepa
OC/IOHEHa Ha cnobofHe CTyboBe y npu3emsby npema
Ynvum uapa Ypouwa. GacagHn 31A0BK Cy Of orneke, ca
dacagHVM ManTepoMm Kao 3aBpLUHOM obpagom. [Nposopwu
Cy APBEeHK, ABOCTPYKM, Ca APBEHNM PONETHAMA, CTaHAAP-
AM30BaHVIX OAMMEH3Wja, TDOAENHM - Kao Ha BehnHn 6eo-
rPaAckmMx cTaMbeHwx 3rpaga HacTanux y OBOM nepuomdy.
Jlohe cy dopmmpaHe nosnaverbem GacagHor nnatHa vy
PaBaH OCHOBHOI pacTepa.

The building was constructed as a masonary structure,
with a cantileveled overhanging towards Gospodar Jo-
vanova St and two bays leaning on the free columns at
the ground level towards Cara Urosa St. The facade walls
were made of plastered brick. The wooden standard-
sized triple-pane casement windows have wooden roller
shutters — like in most Belgrade residential buildings
from this period. The loggias were formed by the facade
recessing into the plane of the basic volume.

TepMOBM3MJCKM CHUMAK OTKPMBa BeOMa C/1abe Tepmmy-
Ke KapakTepuCTuke napaneta Koju Cy paheHu Kao mc-
nyHa. Kako Cy ynpaBo y 30HM napaneta no3unuroHrpaHa
rpejHa Tena, edekart 3arpeBarba GpacafHoOr nnaTHa je jow
n3paxeHuwjn. Crapa ctonapuja 1 Hen3onoBaHe KyTuje 3a
poneTHe JOBOAE [0 BEMKINX ryOUTaKa TONNOTE Y ropH0j
30HM Npo3opa. Ha nohama, TemnepaTypa beTOHCKe nnoye
je NPaKTUYHO 1CTa Kao TemnepaTypa OETOHCKMX HaaNpo-
30PHMKa, Te Ce jaCHO BUAM KOJIMKO TOMIOTHE eHepruje
OfNa3N y OKpYXerbe MPeKo OBKMX eNneMeHarta.

The thermogram reveals very poor thermal performance
of the thin masonary parapets. Asitis in the parapet zone
that the radiators are placed, the effect of heating the
facade is even more significant. The weathered original
woodwork and non insulated rolling shutter boxes result
in excessive heat loss in the upper window zones. At the
loggias, the temperature of the concrete slabs is practi-
cally the same as at the concrete lintels, so it is obvious
how much energy is lost to the surroundings through
these elements.

Seeing Energy — Belgrade
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- [leTarbHuju CHUMUW jacHMje MOKasyjy pasfvke y Tep- 12.9°C CTaM6eHa 3rpaga y BJ'IOKy 21 -
MUYKUM  KapaKTepucTMKama  PasnvyuTix  TMNOBa 12 "
maTepujanmaumje Ha CTom $acaHOM MAATHY: TakbK nl-ueCT Kannapa
napaneTn UCrof Npo3opa 0fajy MHOro BuLLe eHepruje 10 s bynesap Mnxajna lNynnHa 3-13,

Hero WToO je TO CJlyyaj Ha AefoBMMa rge je nyHa borpaH MrrbatoBumh, JleoH Kabubo, 1962-1966.
neb/blHa 31a; APMUPAHO-OETOHCKM eneMeHTn ce
13/Bajajy NOBPLUMHCKUM TemnepaTypama, y npoceky 3a
5-6°C BULLIMM Y OAHOCY Ha 31[aHe CermeHTe.

Kopn npo3opa, Hajgehu rybuum ce jaBrbajy Ha fieny cnoja
ca GETOHCKMM 3ybOoM 3a PONETHy, rae ce ounTaBajy
Temnepatype Behe of 15°C, WTo yKa3yje Ha cn1abo me-
CTO: CTapa CToflapwja, ¥ KOMOMHaLMjM Ca cacylleHnM
KyTujama 3a poneTHe, He [1ajy rOTOBO HKAKBY 3aMTyBe-
HOCT y rOpH0j 30HM MPO30PCKOr OTBOPA.

WecT cTambeHunx Kyna, monynapHoO Ha3saHwx ,lecT ka-
nnapa’, yopajajy cey 3HauajHa fena nocnepartHe HOBO-
beorpafcke apxuTeKType, NPojeKToBaHe Cy AOCNefHO Y
CKNady ca Taja MAEONOLWKM NprxBaheHUM NpUHLMIMMA
dyHKUMOHaNM3Ma.

Mpema ypbaHMCTUUYKOM pellery bnoka 21, rpyna conu-
Tepa cnpatHocTu [+16+11K je 3apoTrpaHa nog yriiom of
45° y OfHOCY Ha ynnyHy matpuLy. Mpema 3axTeBrUmMa 1H-
BECTUTOPa, Y CONMTEpMMa 2, 4 11 6, TPOJEKTOBAHN Cy Camo
UETBOPOCODOHM CTAaHOBW. Y NpMU3eM/biMa Cy NpeaBuheHy
NpocTopuje 3a CepBurce U MarbK CynepmapkeTn. CBakm
CONUTEP MMa CTaH 3a [OMapa, MPOCTOpUje BeLepHULe,
Kao 1 64 yeTBOpPOCOOHa CTaHa.
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More detailed images show clearer distinctions be-
tween the thermal performances of the various ma-

terials used on the same facade: the thinner parapets 30 40 50 60 70 80 90 100 110 120
below the windows release much more energy than &5 B

thick solid walls; the reinforced concrete elements are
distinct for surface temperatures, which are on average
5-6°C higher than the brickwork.

- At the windows, the greatest losses appear at the con-
tact between the window reveal and the shutter, where
temperatures higher than 15°C were registered, which
is an indication of a week spot; weathered woodwork
combined with dry roller shutter boxes provide no
sealing in the upper zone of the window opening.

*c

Residential building in Block 21 -

“The Six Corporals”

3-13 Mihajla Pupina Boulevard,
Bogdan Ignjatovic, Leon Kabiljo, 1962-1966.

The six residential towers, popularly known as the “Six
Corporals’ have been listed as important works of the
post-war architecture in New Belgrade, their design con-
gruous with, at the time, ideologically prominent princi-
ples of functionalism.

According to the planning solution for Block 21, a group of
towers (GF+16Fs+L) was rotated at a 45° angle to the street
matrix. Following the investors'demands, the towers num-
bered 2,4 and 6 were designed to accommodate only four-
room apartments. The ground levels provided dedicated
space for maintenance and repair services, and smaller re-

5 | EEEEEEE . ) . o,
- 3 3 AR I s R T tail premises. Each tower contains a janitor’s apartment, a
Label Peak Min  Max  Avg laundry room, and 64 four-room apartments.
1 6.1 2.7 15.2 6.2 —_————— ]
0 5 10
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3rpage cy o apMrpaHOBETOHCKOT ckeneTa, GyHanpaHe
Ha apMMPaHOBETOHCKO] NMoun fedsbrHe 1M, Ca MOHTaX-
HVUM MehycnpaTHUM TaBaHMUama. GacagHn 31A0BK Cy Of
dyrosaHe oneke nnu rutep 6110KOBa, be3 Tepmovizonalyje,
00JOXKEHW KEPaMMUKIMM MO3aMK MiiodamMa 2x2cm, oK Cy
31A0BK Noha ManTepucaHn, TepaHoBOM”.

The building's structures of reinforced concrete frame,
founded on a Tm reinforced-concrete mat, with prefabri-
cated load-bearing ceilings. The facade walls were made
of grouted brick or clay blocks with no thermal insulation,
and were claded in 2x2cm ceramic mosaic tiles, while the
loggia walls were rendered in Terranova plaster.

po3opcKe Tpake, Koje ce MpOoTexy KPo3 neT pacTtepa,
ncKasyjy Hajpehe TonnoTHE ryouTtke Ha TePMOBM3UJCKOM
CHVMKY OBe CTambeHe Kyne. Y CTaHOBMMA Yy LieNvHK, a
nocebHO y MpocTopujama rae ce Npo3opw NPOCTMpY
MNPaKTUYHO YMTABOM LUMPWUHOM jeAHOT 3KAa, TOMNOTHM
Kombop 4OOpUM enom 3aB1UCK 0 KBanuUTeTa ctonapuje
1 NpaBUIHE yrpagbe.

Ha nyHvm 3uaHVMM  [naTHMMA jacHO  ce  v3aBajajy
APMUPAHO-OETOHCKM eNeMeHTU: TaBaHMYHeE Nfove, cep-
Knaxu, cTy6oBM UTA. [naTHa ca peknamama Hemajy yTuLaj
Ha TEPMMYKO MOHAaWarbe 31aa 1 TepMOBHM3KjCKa Kamepa
UX He AeTeKTyje, AOK je Ha CHUMKY OCTana 3abenexeHa
TOMJIOTa Ca HEOHCKMX peKama Ha KpOoBy.

Window ribbons, which stretch through five bays, show
the greatest heat loss in the thermal image of this resi-
dential tower. In the apartments, especially in the rooms
where the windows stretch along the entire wall, heat ef-
ficiency mostly depends on the quality of the woodwork
and its proper installation.

The solid wall surfaces unmistakably display the rein-
forced concrete elements: the ceiling slabs, the ring
beams, the columns etc. The advertising canvases have
no effect on the thermal performance of the walls and
were not detected by the thermographic camera while it
did register the heat from the neon signs on the roof.

Seeing Energy — Belgrade
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- M Ha peTarbMma ca objeKTa y Kojem Cy Marbe CTambe-
He jeauHuLe W nojeduvHayHu Npo3opw, Mnokasyjy ce
BENVIKM TYOULM Ha BUOHVM OETOHCKMM enemeHTMa 1
Temnepatype 3a oko 5°C BuLEe HEro Ha AeIoBMMa rae
je 3upaHa ncnyHa. Y Tarbrm GacagHm 3140BUMA BULLE
Hema MecCTa 3a KnacuyaH 3yb 3a yrpagmy npo3opa, na
Cy NPUIMETHU IMHWJCKM TyOMLM OKO MPO30PCKMX OTBO-
pa rae ce MOXe YyOUuTU BeNMKa TeMnepaTypHa pasnmnka
n3mehy 30He y HenocpeaHoj 6n13nHn oteopa (5-7°C)
Huxer fena napaneta (0.4°C Ha foH0j Cnuw).

The details from a building with smaller apartments
and individual windows also reveal extensive thermal
loss at the visible concrete elements, and the tem-
peratures are by approximately 5°C higher than at solid
walls. The thinner facade walls could no longer accom-
modate window reveals so that linear losses are no-
ticeable around the window openings; there are con-
siderable temperature differences between the zones
next to the openings (5-7°C) and the lower parts of the
parapet (0.4°C in the bottom image).
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KyntypHu yeHtap ,Jlom OmnagnHe”

MakeaoHcka 22-24,
3opaH Tacuh, Aparan Guavnosuh, 1964.

3rpaga [loma omnagmHe Hanasw ce Ha yrny Ynuua [leuan-
cke 1 MakeaoHcKe, y HenocpeaHoj 6n13nHn Tpra Peny-
6nuike. Objekat ce cacToju off MOCNOBHE KyJle, NOByYeHe
y OHOCY Ha ynnuHe perynauuje, U aHekca ca ABOPaHOM,
ranepujcknm 1 yroCcTUTesbCkm npoctopuma. Mogep-
HW 13pa3 objeKkTa HarnalleH je, oM YpOaHUCTUUKM, 1
MaTepujanmsalivjom — jeAHOM of NPBUX NpuMeHa dacaa-
HOr cucTema TMna,3unf 3aBece” kog Hac. OpuriHanHa da-
Cafja 3a4pXKaHa je Ha Ky [JOK je aHeKC PeKOHCTPYMCaH.

The Youth Culture Center —

Dom Omladine

22-24 Makedonska Street,
Zoran Tasi¢, Dragan Filipovi¢, 1964.

The building of the Youth Culture Center is located at the
corner of Decanska and Makedonska Streets, in the vicin-
ity of Republic Square. It houses an office tower, which
is withdrawn further from the street zone, and an an-
nex accommodating an auditorium, galleries and cafe.
Its modern expression is highlighted by both its urban
and material solutions — one of our country’s first appli-
cations of the curtain wall facade system was used here.
The original fagade has been retained in the tower while
the annex has been reconstructed.
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CBOjVM jeAHOCTaBHMM KOHCTPYKTVIBHUM PeLLeHem, ap-
MMPAHO OETOHCKUM CKENeTHUM CUCTEMOM, W CTakne-
Hom dacafom, 13ABaja Ce U3 HemoCpeaHOr OKPYKekba.
PekoHcTpyKUMjom 0bjekTa 2007. roanHe Ha Aeny aHekca,
yBefeH je HOBM GacafiHV CUCTEM, KOjU YMHM KOMOWHaLM]a
anykoboHA nnova 1 ,3up 3asece”.

With its simple solution of a reinforced concrete skeleton
system and a glass facade, the building stands out in its
immediate surroundings. The reconstruction of 2007 in-
troduced a new facade system to a part of the annex,
featuring a combination of alucobond panels and the
curtain wall.

Ha objektvma, nonyT [loma omnaavHe, Huje jeAHOCTaBHO
[OOWTN peannCTUYaH TEPMOBM3MJCKM CHUMAK, MOLWTO je
BENMKM YTULA] pednekcnja, WTO je HapOUMTO YOUSbUBO
Ha BMLMM eTaxxama. Tako, MPO30pK HEPEANTHO NPU1Ka3syjy
[aneky HVKy TemnepaTypy of napaneTa Kao nocneam-
Ua pebdnextoBarba TemnepaType OKpyKerba (aTmMoc-
depe). Ha napanetnmva cteneH pednekcunje je 3HaTHO
MarbW 3, CamMM TUM, OUMTaHe BPeAHOCTU TemnepaTtype
MHOrO peanHuje. Ha aHekca, youasajy ce Makba TonnoT-
Ha 3pauyerba, WTO MOKasyje da Cy PEKOHCTPYKLMjOM
nobosbliaHe 1 Tepmrdke nepdopmaHce oBor objeKkTa.

For the buildings such as the Youth Culture Center, it is not
easy to obtain a realistic thermogram due to a high impact
of reflections, which is particularly evident on the higher
floors. Thus, as a consequence of the temperature reflec-
tion from the environment (the atmosphere), the windows
show a much lower temperature than the parapets, which
is unrealistic. However, the degree of reflection is much
lower at the parapets and thereby the detected values are
much more feasible. The annex had lower heat emissions,
which shows that the reconstruction has improved the
thermal performance of the structure.

Seeing Energy — Belgrade
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- JetamHujnnornen Hadacany Kyne omoryhasa onaxarbe
cnabwje 13010BaHVX NapaneTa, anu 1 NooXaj OTBOpe-
HVIX I HEMPaBWIHO 3aTBOPEHVIX MPO30Pa, Kao M HauyuH
Ha Koju ce 3arpeBa Gacafja OKoO HMX.

- PekoHCTpyncaHu aHeKkC ca ynasHMM XOJIOM, CBOjOM
matepujanmnsaLmjom 1UCnyrbasa yCloBe akTyeHnX Tep-
MUYKMX NPOMNKCa, an ce Unak npumehyjy TomnoTHM ry-
OULM Ha BENMKMM CTaKNEHUM NOBPLUMHaMa. Y TpOCTopy
MAaBHOT XOJ1a MOXe Ce MPUMETUTY Ha KOjU HauWH pac-
BETHA Te/a y eHTepujepy 3arpesajy OKOSIHe NoBpLUVHE.

Adetailed inspection of the tower facade gives away not
only the parapets with poorer insulation, but also the
position of the opened or improperly closed windows
and the heat loss at the facade surrounding them.

12.3°C
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10

Seeing Energy — Belgrade -

[NOCNOBHO - TProBaykmM KOMrsieKc
Swhe”

bynesap Muxajna lNynvHa 6,

Mwuixajno JaHkoswh, MupjaHa MapujaHosuh,
Nywan Munexkosuh, 1964.

BpaHucnas Pelvh, YenmveH Tejnop, 2009.

MNocnoBHO — Tproeauku komnnekc ,Ywhe” 3aysnma Ao-
MWHaHTaH nofnoxaj Ha HoBobeorpaackoj CTpaHn Y
HemocpeaHoj 6nm3nHn bpaHkoBor mocTa v ywha Case
y HyHas. Cactoju ce on Kyne, buslie 3rpage LleHTpan-
Hor komuTeTa owTeheHe y 6ombapaoBarby 1999. ro-
LMHE W TPeXHOr LieHTpa. Komnnekc npefcras/ba jefaH
Of Mpeno3HaTbMBKx penepa Hosor beorpaga. TpxHM
LeHTap je jemaH of Hajsehux y pervioHy. MNpoctupe ce

w1

SN MW
ohohoio

Ha LWecT HMBoa 1 50 000 M? KomepLUMjanHor NPoCcTopa.
MNopeA MHOrOBpOojHNX NPOAABHNLIA, Y 0DjeKTY ce Hanase

- The materialization of the reconstructed annex with
the entrance hall meets the current requirements of

thermal regulation; however, heat losses are still no- @& s OPOjHM pecTopaHi, 6apoBH, NrPacHMLIE, CyNepMapKeT 1
ticeable on the large glazed surfaces. The thermogram MynTUnnekc buockon ca 11 cana.
of the main hall shows how the interior lighting heats B =

| o

the surrounding surfaces.

3 °C B| (‘ .

= BN The Usce Office and Retail Complex
6 Mihajla Pupina Boulevard,

Mihajlo Jankovi¢, Mirjana Marijanovic,

Dusan Milenkovi¢, 1964.

Branislav Redzi¢, Cepmen Tejlor, 2009.

The Usce (Estuary) Office and Retail Complex dominates
its surroundings at the New Belgrade end of the Brankov
Bridge in the vicinity of the Danube and the Sava estu-
ary. It consists of an office tower, formerly the seat of the
Central Committee of the Communist Party, which was
heavily damaged in the airstrikes of 1999, and a shopping
mall. The complex is one of the signature landmarks of
New Belgrade. The mall is one of the largest in the whole
region, spreading over six levels of 50,000m? of retail

SN Wk G

- ) ) space. Besides numerous shops, it contains restaurants,
0.0 2.0 4.0 6.0 8.0 10.0 12.0 . .
b Mok WE W A bars, playhouses, a supermarket and a multiplex cinema
(OR] 80 18 75 22 e — with 11 auditoriums.
0 25 50
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KoHCTpyKumja 06a 0bjekTa je apMmMpaHo BETOHCKa Cke-
neTHa. 3rpafia MOCIOBHE Kyne noceayje jeAMHCTBEHU
cnctem dyHaMpPara 3axsBasbyjyhu kome je 6uno moryhe
MCNpaBuTK” 3rpady nocne 6omeapgosaka. Macasa je
TVNa ,3v4 3aBece” vy MOTNYHOCTU MPOMEHEHA TOKOM
PEKOHCTPYKLMje Kaaa je 4031aaH 1 MyNnTUOYHKLMOHANHM
NPOCTOP Ha KpoBY. HacynpoT Tome, pacasy TOKHOT LeH-
Tpa YMHW UCNyHa of r1Tep 610Ka, Ca TePMOM30aLMjoM
1 drHaNHOM 0bpafom of anyKobOoHA NaHena y pasnunyu-
M 60jama, Ha MeTaNHOj MOAKOHCTPRYKLUMU.

Both buildings have a reinforced concrete skeleton struc-
ture. The unique foundation system of the office tower
made it possible to straighten the building after it had
been repeatedly struck in the air raids. The curtain wall
facade had to be completely replaced during the recon-
struction, when also a multifunctional area was added
on the roof. By contrast, the facade of the shopping mall
was made of clay block, with thermal insulation and a
finishing in multicolored alucobond panels on a metal
substructure.

- P

TepMOBM3UjCKUM CHUMarbem ObjekTa 13 Behe pambuiHe
3abenexeHe Cy CaMO KOHType MOC/IOBHE Kyne 1N TPXHOM
LIeHTPA, Y3 HEKOJMKO TEPMUYKMX aKLieHaTa Koju e jaBrbajy
Ha nosunumjama ceetnehnx peknama 1 gekopaTiBHe pac-
BeTe. OBakaB CHMMAK HacTaje CyneprioHMparbem Heko-
JIVKO YTULRJHMX BaKTopa: Cama Kamepa, Koja je HaMeHCKM
[M33aJHMPAHA 33 CHMMArbe APXMTEKTOHCKMX ObjeKaTa, Ha
Beh1M AMCTaHLama Texe KOMMeH3yje pednekcmje ca Hu-
CKOEMVCKBHYIX MOBPLUMHA Kao LUTO je,31a-3aBeca” MocoB-
He Kyfle; 3aBpLUHe 0610re Ha TOXHOM LEHTPY CY Ha BEMVKO]
YAA/bEHOCTM Off OCHOBHOT 31a (Ha NOjeAVHIM MeCTVIMA 1
BuLwe o 50cm), a, ¢ 063MPOM Ha NpUMeHbeHa CaBPeMeHa
TEXHMYKA peLlerba Y MaTepujani3aumnjn TepMUYKOr OMOTa-
ua, TONNOTHA 3payeHba Cy BUTHO pelyKoBaHa.

Seeing Energy — Belgrade

Thermal imaging at a greater distance recorded only the
contours of the office tower and the shopping mall, with
a few thermal accents revealing the positions of neon
advertisements and decorative lighting. Such an image
was obtained by the superimposition of several signifi-
cant factors: at greater distances the camera, purposely
designed for capturing architectural structures, has dif-
ficulty compensating for the reflections from low-emis-
sion surfaces such as the curtain wall of the office tower;
moreover, the shopping mall cladding is offset from the
main wall (in some places more than 50cm) and heat ra-
diation has been significantly reduced considering the
fact that contemporary technical solutions were applied
in the materialization of the thermal envelope.
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- TepMOBM3MjCKM CHMAK 3aBpLUETKa Kyne,0TKpYBa” Ham
MOJMOXaj TeXHNUKe eTaxe (,xnafHn" NpcTeH nsHag 23.
CnpaTa), ¥ yKasyje Ha pasnnyuT CucTem ,3ma-3asece”
npumMerbeH Ha 24. 1 25. cnpaty, Koju, 3axsasbyjyhu Ha-
NPEAHNMM TEXHUYKIM peLlerbnma, nMa 1 bosbe nep-
bopmaHce y oaHOCY Ha TWMNCKe cnpaTose. Mako je rpa-
GUUKM NPUKa3 KOHTPACTaH, AeTEKTOBaHE TeMnepaType
ce kpehy oko 0°C WTo yKa3yje Ha Aobpy TEPMUYKY 130-
JTOBAHOCT.

- The thermogram of the tower top end reveals the po-
sition of the uninhabited service space (the “cold” ring
above the 23rd floor), and shows a different system of
the curtain wall applied to the 24th and 25th floors,
which has better performances compared to the
standard floors owing to advanced technical solutions.
Although the graphic representation is contrasting, the
detected temperatures range from around 0°C, which
points to efficient thermal insulation.

- Ha dacaam TpXHOr LUeHTPa, Kao WTO je Ha NPeTXOAHO)
CTPaHW 06jalleHO, He MOTY Ce aHanV3npPaTy TepMmYKe
KapakTepucTuke camor objeKTa, anu ce neno 3anakajy
pasHoNMKe TemnepaType pasfMuMTMX M3BOpa CBET-
NOCTW: PeKnamHn HaTucK (cacsum rope), ceetnehu
6vndopa (rope neBo), BepTuKanHe HeOHKe (neBo cpe-
AMHA)... JeanHa nosmumja Ha Kojoj ce yodaBa TOMNOTHO
3paverbe y GYHKUMjW apXMTEKTOHCKOT pelleHa je COK-
na Npema HerpejaHoj NoA3eMHOj rapaxin (fone).

- As explained above, the shopping mall facade cannot
render a successful analysis of its thermal properties;
however, a range of temperatures from different sourc-
es of lighting can be distinctly observed: the neon
signs (topmost), a lit billboard (top left), vertical neon
lights (middle left), etc. The only position related to the
architectural solution in which heat radiation can be
observed is the skirting towards the unheated under-
ground garage (bottom).
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MNanaTta,beorpan” - ,beorpahaHka”
MacapukoBa 5, bpaHko lMewwh, 1969-1974.

CmelwTeHa y CTapoj rpaackoj matpuuw, Manata beorpag”
npeAcTaB/ba MPBY BMCOKY 3rpady Y CTapom Aeny rpaja.
CBOj1M NONOXKajem, BUCMHOM M MaTepujanim3aLinjomMmnocTaje
jenaH of NPOCTOPHYX penepa beorpasa, Unjy ce TamHK 06-
puvC youasa y cuiyetu rpada. ObjekaT je KOMNOHOBaH Of
[1Ba OCHOBHa BOMyMeHa: IokbM, 6333, yKana ce 'y BUCUMHCKY
perynauujy OKOfHWX objeKkaTa, AOK roprM NPeAcTaB/ba
CHaXHV BEPTUKANHW aKLieHaT, BUCOK 24 cnpaTa.
MonoswHa 0140 000 m? je npeagKrheHa 3a komepuwjanHe
notpebe 1 obyxeaTa: HWU3 NPOAAJHMX NPOCTOPa, POOHY
Kyhy ca npatehnm caapajuma, pectopaHe, Tepace, BU-
QMKOBaL| 0K je ApYr Ae0 HaMereH MNOC/OBaHbY.

The Beograd Palace - Beogradanka
5 Masarikova Street, Branko Pesi¢, 1969-1974.

Located in the old city matrix, the Beograd Palace was
the first high-rise building erected in the historic down-
town. Its position, height and materialization render it a
unique Belgrade’s landmark, whose dark silhouette dom-
inates the cityscape. The structure is composed of two
basic volumes: the lower base and the upper tower. The
former blends in the surrounding elevations, while the
latter creates a strong vertical accent with its 24 floors.
Half of the total area of 40,000 m? is dedicated to com-
mercial purposes and holds a number of retail premises,
a department store with accompanying facilities, res-
taurants, open terraces and the observation deck; the
remaining half is occupied by offices.

56

57



BuneTn eHeprunjy — beorpan

KOHCTPYKTVBHW CUCTEM je apMUPAHOOETOHCKY, CKeneT-
HW, pacnoHa 9m, ca rpefgama y oba npasua. QacagHa
OMHa, ,31-3aBeca’, CacToju Ce U3 enemeHata Koju UmHe
KOHCTPYKUWja Ofl TaMHOT eNOKCUPAHOT  anyMUHUjyMa,
Jyrio TepMmonaH CTakno y Ooju Auma M napaneTHu
CeHABMY CacTaB/beH Of CTakfa M cahacTor nmopodeHa.
Ob6jekaT je onpem/beH ¥ CNOSballbbM Karly3nHama Ha
eneKTPUYHM MOrOH.

The structure system is 9m span skeleton reinforced
concrete with beams in both directions. The curtain wall
facade features dark anodized aluminium construction el-
ements, double smoky grey thermopane glass panels and
a glass and honeycomb Porophene parapet sandwich.
The external Venetian shutters are electrically operated.

,31A-3aBeca” ce Ha TePMM3MCKOM CHUMKY BUAY Kao pUT-
MUYHO HUM3arbe MeDycnpaTHUX TaBaHMUA W eTaxa, anu
HaMm OBaKaB rpaduuKM MpuKas OTKPMBA U HU3 APYrUX
acnekarta 6uTWCarba jedHOr Of Hajnpeno3HaT/bUBUjMX
beorpafckmx objekata. ToMnOTHO 3payetbe y 30HK TaBa-
HULE V3Haf YeTBPTOr CrpaTa je pe3ynTaT HealeKBaTHO
30/10BaHe KpPOBHe Tepace, a npoctopuje «Cryanja b»
Ha nocrnedrUM eTaxama Cy Tomnwvje 36or npupoae ak-
TUBHOCTW Paavo CTaHuue 1 TB CTyanja Koju ce Ty Ha-
nase. Npema MacapvKoBoOj ynvuy, Tepaca BUAMKOBLA Ha
NOCNeareM CnpaTy, Kao ¥ Tepaca Ha neTom crpary, y
TEPMUYKOM CMUCITY Ce MOHallajy Ha UCTY HauuH.

The curtain wall is displayed as a rhythmic series of
floors in the thermogram, which also gives insight into a
number of other aspects of existence of one of the most
recognizable Belgrade’s buildings. The heat radiation in
the ceiling zone above the fourth floor results from an in-
adequately insulated roof terrace, while the premises of
the radio and TV broadcaster “Studio B” that occupy the
top floors are warmer due to the nature of their activities.
Similar thermal behavior was observed at the top floor
observation deck at the section overlooking Masarikova
St.and at the fifth floor terrace.

Seeing Energy — Belgrade
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- [letarbHujy CHMMUM  yKasyjy  Ha  nosvumje  ca
Hajcnabujm TepMUUKM KapakTepucTnkama. Ha geny
roe ce Kyna craja ca CBOjUM MOCTaMEeHTOM, Ha NeToMm
cnpaty, GopMMpaHa je Bennka KPOBHA Tepaca M3Haj
LieSIor MoCTaMeHTa 1, MOByYeHa Tepaca, Ha feny npema
MacapnkoBoj ynuuu. Y Texrbn Aa ce OCTBapy MOTNYHN
KOHTWHYWTET,31/-3aBece” (orpafa Tepace je dopmupa-
Ha Kao VHTerpanHu fgeo GacagHe obnore) ocTBapeH je
npobnemaTtiyaH AeTasb Ha CNojy Ca TaBaHMLOM, Na ce
Ha dacagm ourTaBajy BeOMa BMCOKe TemnepaType,yak

CrambeHa 3rpaga y bnoky 28 —
Llenesmnsopka”

MwunyTHa Munankosmha 96-118,
Nnwuja ApHayTosuh, 1971.

[lBa fecetocnpaTHa nvHeapHa 00jeKTa, AyKMHe Of Mo
270 m, no3HaTunja Cy Noja Ha3neom ,Tenesnsopke’, 360r
6ETOHCKMX ,paMoBa" KOjU YOKBMPYjy Mpo3ope Ha da-
cafiama 1 noacehajy Ha TB ekpaH. 3rpafy ca npeko 500
no 19°C (pone). uctpnbyuuja TOMm/oTe je Takea [fa CTaHOBa PasnnumnTe CTPYKTYpe KapakTepuile pasnrpaHa
orpaja KpoBHe Tepace rnokasyje 4Yak 1 sehy BpegHoCT dacana popmmpaHa ynoTpedbom cBera HEKOMMKO TMNOBa
o[l Napareta Ha HUXIM CrpaToBMMa. ki bacanHux naHena.

More detailed images indicate the positions with the
poorest thermal performance. A spacious roof ter-
race over the entire base was formed on the fifth floor

SEech L futn

cooboe

A residential building in Block 28 —

where the tower joins its base; there is a recessed ter-  |uasei - 's":m-:'u .:i: u:a, m A\;'u B The Televizorka

race in the section overlooking Masarikova St. In an &1 et T 96-118 Milutina Milankovica Street,
attempt to achieve absolute continuity of the curtain = = =2 ﬁ e i llija Arnautovic, 1971.

wall (the design incorporated the terrace fence into ‘

the facade cladding), a problematic detail appeared at
the contact with the ceiling. Thus very high tempera-
tures — as high as 19°C — were registered at the facade
(bottom). Heat distribution is such that the roof terrace
fence emits an even higher value than the parapets on
the lower floors.

. The two linear 10-storey structures 270m in length are
popularly known as the Televizorke (TV Buildings) named
after the characteristic window trims reminiscent of the
TV screen. The structure housing over 500 apartments
of diverse structures, is characterized by a playful facade
formed by a combination of only a few panel types.
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KoHCTpyKuMja objekTa uM3BedeHa je kao npedabpu-
KOBAHW CKEeNeTHM apMMPAHOOETOHCKM CUCTEM  pac-
noHa 4,20x4,20m. QacagHu 31A0BK cacToje ce of rnpe-
babpurkoBaHKx dacagHux naHena ,kynuje” obpage u
NpPeno3HaT/bMBMX OETOHCKMX MPO30PCKMX eneMeHaTta,
pamoBa.

The construction was built as a prefabricated skeleton
reinforced concrete 4.20x4.20m span system. The facade
walls consist of prefabricated facade panels with a
washed pebble washing and the recognizable concrete
window trimming.

IKoHMYHM 0bjekaT HoBoGeorpaacke cTambeHe apxuTeK-
Type Ca noyeTka ceflamaeceTnx ,BpBu Of *MBOTa" 1 Ha
TEPMOBWM3MCKOM CHUMKY. Hajpa3nuuuTuje nHtepeeHumje
CTaHapa y BWAy 3aCTak/bvBarba, AOAABarba PONETHY,
[OrPajrbM Ha PaBHOM KPOBY Y BENIMKO] MEPK Cy yT1Lanm
Ha v3rneq v Tepmuuke nepdopmaHce 3rpage.

The iconic structure of New Belgrade residential architec-
ture from the beginning of the 1970s scintillates with life
ininfrared light as well. A motley of the tenants’ingenious
interventions in the form of glazed loggias, self-mounted
roller shutters, extensions on the flat roof, etc. has had
a considerable impact on both the exterior appearance
and the thermal performances of the building.
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- Y YOKBMPEHOM MOJbYy AETeKTYjy ce Temnepatype of 0
0o 8°C, JOK Cy OKO Mpo30pa M3MepeHe Temneparype
Behe op 15°C, Kao nocneavLa nower cTakba Npo3opa n
HeajekBaTHe yrpadme.

CrambeHa 3rpaga y bnoky 28

Bynesap ymetHocTtv 37, Minuja ApHaytosuh, 1971.

Objekat y 6noKy 28 Hanasm ce y HemocpenHoj 6n13n-
HU ,TeneBmn3opke” KapaKTepucTrka oBe cefaMHaecTo-
CnpaTHULe je NMKOBHA jejHOCTaBHOCT dacaze objekTa
penatnsHo pasyheHe ocHose. (Qacaja je u3BefeHa

In the framed section, temperatures between 0 and 8°C
were detected, whereas they were above 15°C around
the windows as a result of their poor condition and

mounting. ;! T _/J_I T Kopuwhetrbem manor 6poja Tvnosa dacagHVx NaHena ca
[ KapaKTEPUCTUHUM [ieTarbem CakpVBEHUX MPO30PCKMX
aulce OKBMpA.
'/_: m op
f_ : oo
-~ L A residential building in Block 28
§ | 1" 37 Bulevar umetnosti, llija Arnautovi¢, 1971.
% | 11 ap
E o - 20 o oo o - | 17 The building is located in Block 28, in the vicinity to the
Label Peak  Min  Max  Avg A Televizorka. This seventeen-storey building is character-
e e e n | I ized by minimalistic detailing on the facade, which was
L |7 ; g formed by a combination of a few panel types, and fea-
_/_: : bE tures the characteristic motive of hidden window cases.
- CHUMaK  TMAMYHOr — dacagHor naHena mnokasyje ;7 IR el
yjeaHaueHy CTpyKTypy dacagHor 3wga, ca rybuumma [~ FF
KOju ce onakajy Ha crnojHuuama mamehy naHena, anu | 1 HP
Cy penatmsHO Mann 3a npedabprKoBaHy rpadry Tor |
BpeMeHa. Ha 0BOM feTarby MOXe Ce BUAETH Kako eMu-

TOBaHa TOM/0Ta 3arpeBa 1 KapakTepuUCTUUHE «pamoBe»
OKO Mpo30opa.

- The thermogram of a typical facade panel shows an
evenly structured facade wall with evident losses at the
panel connections, which are still relatively small for the
70's prefabricated construction. This detail shows how
the thermal leaks heat the characteristic window trims.

SopEhNEiha

ac L_']
-1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
Label Peak  Min  Max  Avg
=1 4.7 -0.2 9.2 3.6 e
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- BuneTn eHeprunjy — beorpan

KoHCTpyKuMja objeKTa M3BeaeHa je kao npedabprkosa-
HV MaHeNHW apMnpaHobeToHCKN cuctem. DacagHu 31ao-
BI Ce cacToje of npehabpunkoBaHnx HETOHCKKX dacaf-
HVX MaHena ca 3aBpLWHOM 0OPaAoM Y HaTyp BETOHY UK
JIOMJBEHOM KyTnjey.

The building construction was carried out as a prefabri-
cated panel reinforced concrete system. The facade pan-
els were done in exposed concrete or crushed pebble
finishing.

TepMOBW3MJCKM CHMMAK NOKa3yje 3HaTHO Behe TonnoTHe
rybutke Ha dacagH1M NIaTHMMa Ca NPO30PKUMa ¥ BEPTU-
Kanama ca nohama, Hero Ha nyHom 60o4HOM 31ay. Ha ny-
HUM MaTHUMa MOKa3yjy ce MaHe npedabpuKoBaHOr CU-
cTemay kojem je narpaheH oBaj conutep: cnojesu 1mehy
dacagHvx naHena, NocebHO XOPW3OHTaNHEe CNojHUALE Y
HMBOY Ca MeNYCNPaTHOM KOHCTPYKLMJOM, HUCY M30/10Ba-
HE N eMUTYjy Y OKPY>KEHbe BENVIKE KOMMYMHE TOMIOTHE
eHepruje.

The thermal image detects considerably higher heat
losses at the facades with windows and loggias than at
the solid side walls. On the other hand, these display the
drawbacks of the prefabricated system used in this tower
block: the connections between the facade panels, es-
pecially those that are in level with the floor, were not
insulated and therefore release vast amounts of thermal
energy into the environment.

Seeing Energy — Belgrade -
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- [leTa’bHujU NprKa3 3rpafe OTKpYBa CTPYKYTPY OeTOH-
CKMX GacaiH1X NMaHena Koju, Ha NnojevHUM CermeHTu-
M3, VMajy BeoMa crabe TepMUUKe KapaKTEPUCKTVKe
NpUbNMKHEe KapakTepucTikama npo3opa. VI3pasutu
ryéuum rotoso Aa oHemoryhasajy pacnosHaeaHe npo-
30pay OAHOCY Ha MNyHe NMoBpLUNHE 3KAa

LeHTap ,leHekc" -

»3anagHa Kanvja beorpaga”

HapopnHux xepoja 41-43,
Mwuxanno Mutposuh, 1970-1980.

LleHTap,leHekc" (,3anaaHakanwujabeorpana’) HanasmceHe-

- A more detailed presentation of the building reveals
the structure of the concrete facade panels whose
thermal performance is in places almost as poor as that
of the windows. Excessive radiation renders almost im-
possible identification of the windows as distinct from
the solid wall surfaces.

NOCPeAHO Nopea ayTonyTa Koju Nponasun kpos Hosw beo-
rpag. Komnnekc npefcrasrba jefHO Of HajoPUrMHANMHU]KX
OCTBaperba CPMNCKe apXUTeKType 1 Hajro3HaTuje je feno
apxutekte Muxajna Mutposuha. LieHTap ce cactoju of
[Be DETOHCKe Kyne: MOC/IoBHe ¥ CTambeHe, HejeHaKmMX
BMCMHA, CMOJEHE Y TOPHO] 30HW [BOETAKHUM MOCTOM,
Koju Aaje mocebHy HOTY KOMMO3MUMjK. 3anafHa Kyna je
NOC/I0BHa Nanata,leHeKca’, oK je MCTOYHa Kyna cTambe-
HW objekaT. Ha BpXy NOCNOBHe Kyne Hanasw ce poTaLmo-

SOESNNL GRS

-

HU, KPYXKHW pecTopaH - BUAMKOBaAL,

-4.0 -2.0 0.0 2.0 4.0 6.0 8.0

Label Peak  Min  Max  Avg
oK 47 -4.2 72 0.9

- Tunckm dacagHy NaHeny UMajy y CBOjoj CTPYKTypu Tep-
MOM30M1aLUMOHN CNOj, anu OH HUWje KOHTWHyanaH, seh
je vM3onaumja npekviHyTa Kao nocneavua TexHomnorvje
NPON3BOAHE U MOHTaKe dacafHVx naHena. Ha cnojy
naHena Ha yHyTpallHem yriy Hema roToBO HuaKBe Tep-
MU1YKe 13onauuje.

- [lorbyt Npo30p je Mano OTBOPEH, [OK NPO30p W3HaA
Fbera He Moxe A00pO fa Ce 3aTBOPU, Ma ce Ty AoCTa
TOMJIOTHE EHEPrIje eMUTYje Y OKpYXerbe.

- Although the standard facade panels contain a ther-
mo-insulating layer, it is not continuous due to the
manufacturing and mounting technology. There is al-
most no thermal insulation at the interior corner con-
nection between the panels.

- The lower window is ajar, while the window above it

The Genex Tower -
The Western City Gate

41-43 Narodnih Heroja Street,
Mihailo Mitrovi¢, 1970-1980.

The GenexTower (The Western City Gate) rises next to the
highway which cuts through New Belgrade. The building
complex is one of the most original pieces of Serbian ar-
chitecture and it is the best known design by the archi-
tect Mihajlo Mitrovic¢. The Gate comprises two concrete
towers, an apartment and an office block; they are of
uneven height and connected by a two-storey bridge,
which lends a striking note to the whole composition.
The taller tower is residential, while the other is owned by
the Genex Group. There is a round revolving restaurant/
observation deck at the top of the business tower.

SOREMNU R

cannot close properly so considerable thermal energy
is lost to the environment.

°c
-2.0 0.0 2.0 a0 6.0 8.0 10.0
Peak  Min  Max Avg
48 -6.9 10.2 1.8
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Bupetn eHeprujy — beorpan

JeHekC" Kyna CBOjUM OOAMKOM, Kao W CTPYKTypa-
HUM W KOHCTPYKTMBHWMM KBanuTeTMMa MNpPeAcTaB/ba
NPEnO3HAT/bMB APXMTEKTOHCKM CMMOON - Kanujy Ha 3a-
nagHoMm ynasy y beorpag. Cmena, aTpakTviBHa HeTOHCKa
KOHCKTYKUMja Ca JeAMHCTBEHUM apMUPaHOOETOHCKIM
CKeNeToM, Y 30HM KOHTaKTa Ca T/IOM pa3peLleHa je nyu-
HVM MOTVBHOM KojW ocnobaha npusemsbe ceogehn cTy-
6oBe dacagHor nnaTHa Ha ABa OCNOHLA.

With its form as well as the qualities of its structure and
construction, the Genex Tower is a recognizable archi-
tectonic symbol — a gate at the Western entrance to
Belgrade. The bold and attractive construction with a
unique reinforced concrete skeleton is resolved by an
arched motive in the ground contact zone; it is a solu-
tion that clears the ground floor by reducing the facade
columns to two massive supporting pillars.
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TepmMOBUM3MjCKN CHMAK, HauMbeH Ca PenaTMBHO BEn-
Ke yOa/beHOCTM 3a OBaj TWM Meperba, Aaje Ham OnwTy
TePMUYKY CIMKy «3anagHe Kanvje beorpapa», BepHuje
NpUWKasyjyhn apMrMpaHoOeTOHCKe enemeHTe, AOK Mpo-
30pCKa CTakna pednekTyjy Temnepatypy Heba. Tepmo-
rpadckn Cy peanHunje NPUKasaHW OAHOCK CTaKNEeHVX U
6ETOHCKMX KOMMOHEHTI KOje Ce Hanase 13a Befinke pe-
Kname. [1natHo, Haume, AOOPUM AenoM ennmMmnHnLe ede-
KaT pednekcuje Kof HUCKOEMUCUBHIUX MaTepwjana, Kao
LWITO je CTako.

Taken at a relatively large distance for this type of meas-
urement, the thermal image vyields a general view of the
Western City Gate; the rendition of the reinforced con-
crete elements is more correct, while the window panes
reflect the temperature of the sky. The thermogram gives
a more realistic image of the relations between the glass
and concrete components positioned behind the large
advertisement since canvas is fairly successful at elimi-
nating the reflection effect in low-emission materials
such as glass.

Seeing Energy — Belgrade
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- CHI/IMI_.I,I/I 6HaHMFbeHM 3 Behe 6nM3vHe, NoKasyjy Aa CtambeHa 3rpagay BHOKy 45
1 oBaj objeKaT MCKasyje, y norneny TePMUYKUX Mep- .
) 05 ey Ay Tep P Jypwja larapuna 191, Tpryp MNMonoswh, 1969-1973.
dopmaHcy, cnnuHe npobneme Kao 1 ocTane ckeneTHe
3rpafie ca npedabprkoBaHNM GETOHCKM dacagHM Movkasaiy o6iekaT novnaga Mepvoay noueTka Wk
KOMMOHeHTama: ToryoTa ce rybu Kpo3 XOpPW3OHTan- im — P : bunea ProRy
: : TEeH3VBHe wu3rpagre 6nokosa y Hosom beorpagy.

He ¥ BepTVIKanHe CrojHViUe naHena, TepMounsonaLyja ‘ .
Nponaza No obofy NaHena, KyTuja 3a pONeTHy Hitje | ] CnoboaHocTojeha 3rpana cnpatHocTv M+12 go M+16 je
afeKeaTHoO MaonoszHa Mn ;(O[:>;I/I3JOHTaJ'IHe nosgmMHJe H - : KapaKTEpUCTIHa 33 GnoKoBe 45 1 70 rae ce norasba

_ ) = Ha feceTviHe nyTa. Y npusemmbuma Cy npefsriheHn cTa-
KOHCTPYKUWja Y KOHTaKTy Ca CNOJballkOM CPeaVHOM, [ —— - .
a0 _ ) ! = HOBW 3a loMape, NpocTopuje 3a KyhHe caBeTe 1 ocTane

y U30/10BaHe 1 Y3POKyjy rybuTKe, KOju Cy MOX E = ] sajenHmUKe Canpxaje
[la 3aHeMap/bUBY Ha HMBOY Liene 3rpaje, anv 3HayajHo [ = ] )
yMarbyjy TONnoTHW Komdop y npunagajyhrm ctambe- ;T H ;
HUM V1 TOCTIOBHUM jeAVHMLIaMa. ! = ' . . I .
o i = ] A residential building in Block 45
- At a closer distance, this building shows equally prob- E;gE I = ] 191 Jurija Gagarina Street, Grgur Popovi¢, 1969-1973.

lematic thermal behavior as other skeleton structures EE i = .
with prefabricated concrete fagade components: heat éEo PR o HI = ! This building dates back to the period when intensive
is lost through horizontal and vertical panel connec- Labot o W Mg ! e ' housing development began in New Belgrade. Free-
tions, thermal insulation deteriorates along the panel [ 78 71 181 25 [ — ] standing 12- to 16-storey structures were typical of 45
edges, the roller shutter boxes were not adequately [ = ] and 70 Housing Projects, where they were reiterated by
insulated etc. The exposed horizontal construction sur- . = : dozens. The ground floor provided the janitor's apartment,
faces are poorly insulated and cause losses, which may 10,0 °c } | ' the tenants' meeting room and other communal areas.
be negligible with respect to the whole building but — T i
they significantly reduce the thermal comfort in the . =

residential and office units.
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- Bupetn eHeprujy — beorpan

KoHCTpyKUMja objeKkTa je apMMPaHOOETOHCKN CKeNeTHM
CWCTEM Ca 31aaHOM UCMYHOM. [peno3HaT/biBe KapakTe-
pYCTKe 0BMKOBakba OBMX ObjekaTa Cy GpacagHO MaTHO
of rMTep ONOKOBA, Ca BUASbMBUM OETOHCKMM XOPU3OH-
TanHUM CepKnakuma y 30H1 MehycrnpaTHe KOHCTPpYKUMje
1 XOPU30HTamNHe Tpake GopM1paHe CMeHOM MPO30PCKIX
oTBOpa W napaneta of npedabpuKOBaHUX OETOHCKMX
enemeHaTta 0bnoxeHnx 6enrm Mo3anK NNoUMLamMa.

The construction of the building is a reinforced con-
crete skeletal system with brick paneling. The buildings
are characterized by clay block facades with horizontal
concrete ring beams visible at the floor zones, and by
horizontal ribbons formed by alternating window as-
semblies and prefabricated concrete parapets clad in
white mosaic tiles.

TepMOBM3MjCKI CHMaK 00jeKTa, Yak 1 ca Behe ancTaHue,
OTKPKBa rOTOBO KOMMETHY CTPYKTYpPY GacagHor omoTa-
Ya, WTO yKasyje Ha cnaby TepMMUKy M30/0BaHOCT. Pas-
JINYNTL TUMOBW MaTepujanmnsaunje ocTeapyjy pasnnumte
TemnepaTypHe BpeaHOCTH Koje dopmMmpajy cneunduyHy
CIIMKY OBOI HOBOOEOTPaZICKOr CoNmTepa.

Even at a greater distance, the thermal image of the
building reveals almost the entire structure of the facade
envelope, which indicates poor thermal insulation. Dif-
ferent types of materialization lead to different tempera-
ture values, thus forming a specific image of this New
Belgrade high rise.

Seeing Energy — Belgrade -
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- Benukn 3azopw m3mehy cTonapuje v napaneTta
Y3POKYjy NWHM]CKe ryOuTKe, ann v TpajHa owTehersa
Tepmom3sonauuje y napanetuma, Wto gofgatHo ysehasa
TOMMOTHe rybuTtke. Ha AeCHOj CTPaHM CHUMKa napaneT-
He Tpake Aenyjy ,XNagHO", anu 13a rbux Cy HerpejaHe
3acTak/beHe Tepace, Na 1 Hema TpaHCMmUcKje TonaoTe
Koja b1 61na 3abenexeHa Ha CHUMKY.

CrambeHa 3rpaga y bnoky 29

Bynesap ABHOJ-a 115,
Mwunocas MuTuh, Mmnxanno Yanak, 1969-1971.

MNpeno3HaT/bMBe 3rpafe TMna ABOTPaKTa CMpaTHOCTM
M+6+M1K v3BeaeHe cy Kopuwherem MOHTaXHOr Cke-
5 i L netHor cuctema tmna MMC pacnoHa og 3.60 x 4.20m.
[ } Ha cteneHuwHe BepTuKane noynpanHe mmehy Tpakto-
o : — N Ba Be3aHa Cy YeTVpy CTaHa Mo eTau ca MpUCTynmma
tion of the thermal insulation in the parapets adds to 2 ' I I [ | i I i | OCTBAPEHNX MPEKO ,3aJeﬂHMqKor Becm6ma 33 AiBa no
thermal loss. In the thermogram, the parapet ribbons - HH CH H AiBa cTana. 3ax§amyjyhm KOHUerTy 0bjeKTa cBu CTaro-
on the right seem “cold”; however, there are unheated - ! e ' e ] B y. Gnoky I.AMaJy ABOCTPAHY, d Ha yImoBnma Tpoctparty
glazed loggias behind them so that there is no heat = r _ : opunjeHTauujy, Yime Cy OCUrypaHu OnTManHu yCroBu
transmission to detect. — H H M H MPOBETPaBArbA 1 OCyHHarba.

[ . - Mpu3emsba cy Takohe cTambeHa ca nay3ama y CpefviHama
. 5 - objekTa 0CTBapyjyRr nonpeyHy nose3aHoCT Lenor 6510~

80 [ W A - ' SR S S R Ka. lcnop uenor objekTa ce Hanasw rapaxa ca ocTaBama.
Peak Min Max Avg I I I I

Vast gaps between the window frames and the para-
pets cause linear losses; besides, permanent deteriora-

o
o
[
N
.
4

CPEN RO

coboo

=R
=g

7.2 -4.1 9.1 0.5
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H A residential building in Block 29

115 Bulevar AVNOJ-a,
Milosav Miti¢, Mihailo Canak, 1969-1971.

- Ha 3uaHom nnatHy of rvTep 60oKa jacHo ce oupTaBajy
CNOjHMLE, WTO je pesyntaT pasinunte TOrJIoTHe
NPOBOASBMBMNCTM BOKOBA 1 ManTepa Koju X noBesyje.
XOpW30HTanHM GETOHCKM Ceknaxi MoKasjy HajsuLy
Temnepatypy, byayhu aa je 6eToH HajbosbK MPOBOAHMK
TOMNOTE Of CBMX MaTepujana y CKoMy CHUMIbEHO!
neTasba, Na ce Ha Gacagv emuTyje f1eo TomoTe Kojy je
aKkymynvpana 6eToHcKa MehycnpaTHa KOHCTPYKLUMja.

The recognizable two wing buildings of the GF+6+L
floor structure were built in the IMS 3.60 x 4.20m span
prefabricated skeleton system. Joining the two wings,
the staircase is connected to four apartments at each
floor, with access via a common vestibule serving two
by two apartments. Owing to the design, all apartments
feature two-sided orientation, or three-sided at the cor-
ners, which provides optimal conditions for ventilation
and insolation.

The ground floor is also residential, with central inter-
missions that enable transverse connectivity within the
entire project. The basement area of the whole building
holds garages and storage rooms.

- The clay block mortar joints are clearly outlined on the
wall face, which results from the differences in heat
conductivity of the blocks and the joining mortar. The
horizontal concrete ring beams show the highest tem-
perature since concrete is the best heat conductor of
all the materials in the recorded detail. Therefore, some
heat accumulated in the concrete floor construction is
radiated onto the facade.

-2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0

|Label Peak Min Max Avg
1 10.4 -1.4 4.3 0.3 s i
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Bupetn eHeprujy — beorpan

Seeing Energy — Belgrade

CBM GacagHv eneMeHTV Ha fy»Kum dacagama 0bnoxeH
cy dbacagHUM KepaMnUKMM 1 CTaKNeHUM Mo3anKom 6oje
cnoHoBave. boure crossHe dacage cy U3BefeHe o MoH-
TaXXHMX OETOHCKMX enemMeHaTa ca pebpacTom BepTUKa-
HOM CEKYHAAPHOM MNacTUKOM. [1pr3emrba, NOTPKOPBIba
1 napanetn Ha 604YHUM pacanama cy ypaheHu of dyro-
BaHe oreke.

All elements on the longer facades are clad in ceramic
and glass mosaic in ivory color. External side facades are
built of prefabricated concrete elements with ribbed ver-
tical outer surface. The ground floors, the lofts and the
parapets on the side facades were done in facing brick.

JenHa o KapakTepUCTMKa KOHCTPYKTMBHOr CUCTeMa
NpUMereHor Ha OBOM OBjeKTY je y MOTMYHOCTM HoLle-
HO dacagHo nnatHo. To 3Hauv aa Hocehu enemeHTM
- CTy60BM U rpefe - OCTajy v3a dacagHWx naHena, na
Ce Ha TePMOBM3MJCKOM CHUMKY OLpTaBajy CriojHuue 1
reomeTpuja dacagHe obnore, a OCHOBHa KOHCTPyKLMja
je npakTMyHo 6e3 yTuUaja Ha TepmorpadCky CavKy
3rpage. YaBojeHe NnHuje npofgopa TOnoTe Y BUCUHN
mehycnpaTHe KOHCTPYKLMje YKa3yjy Ha To Aa ce hacanHu
naHenu 3aBpLaBajy XOPV3OHTaNHUM 3y6oMm, Na ce jeaHa
JIHWja NOKJana ca CnosballHbOM CMOJHULIOM, AOK Apyra
nokKasyje nonoaj CnojHWLEe Ha YHYTPaLWHbOj PaBHN da-
cafiH1X naHena.

One of the characteristics of the constructive system ap-
plied here is that the bearing elements — columns and
beams — remain hidden behind the facade panels so
that the thermogram reveals the connections and the
geometry of the fagcade cladding, while the main con-
struction practically has no influence on the thermal im-
age of the building. The double lines of heat permeation
at the floors indicate that the facade panels end with a
horizontal slot so that one line accounts for the external
connection and the other indicates where the panels are
connected on the inside.
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- BupneTn eHeprunjy — beorpan

- Mako, y TepMmuKOM CMKCTy, objekaT MCrosbasa CBe
HefoCTaTKe OBOr Tumna npedabprikoBaHe rparbe, Ha
dacaan ce vnak ounTaBajy HUKEe BPeAHOCTY MOBPLUMH-
CKe TemnepaType Hero Kog, CaMo HEKOSIMKO TOAMHa
CTapwjux, objekaTa paheHvx Mo CAVYHKM NPUHLUAMMA.
Hanme, 1967. n 1970. rogvHe nounmse ce C NPUMEHOM
NPBUX MPOMMCa KOjU PEryanwy TepMUUKY 3awTuTy
objekaTa, Na Cy 3rpage 13 TOr Nepmroga v3onoBaHe y
CKMafy Ca TaAa Baxxehom perynaTvBom.

- Although the building shows all thermal problems of
its prefabrication type, the surface temperature values
registered on the facade are still lower than at the struc-
tures of the similar type only several years older. Name-
ly, the implementation of the first regulations covering
thermal protection started in 1967 and 1970, thereby
affecting thermal insulation in the period buildings.

- [leTa’lbHWjM  CHWMMaK  cermeHTa dacafle  OTKpuBa
YHYTPallky CTPYKTypy dacagHor naHena, CiavuHoO
Kao Ha conutepy y bnoky 28 (cTp. 63). byayhw na ce
pafn O HOWEHOM MaHesny OC/IIOFEHOM Ha MPYIMapHY
KOHCTPYKUW]Y, 3anTUBEHOCT XOPW3OHTaIHe CMOojHuLe
je MMHMManHa, WTo je pe3synTaT cneuuMdUyHOr Tex-
HOMOLLKOT pellera reomMeTpuje 1 crucTeMa MOHTaxe
dacagHor naHena, Te ce AETETKTYjy W3y3eTHO BENMKM
TIMHNJCKL TYOnuN.

- A more detailed image of the facade segment shows
the internal structure of the facade panel, similarly to
the tower block in Block 28 (p. 63). Since the panel is
borne by the primary construction, the sealing of the
horizontal connection is minimal due to the specific
technological solution therefore, excessive linear losses
are detected.
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Seeing Energy — Belgrade -

lom 3gpasa,Hosu beorpag”
y bnoky 44

HexpyoBa 53, Hukona Ctunau, Muixajno Pabperosuh

3rpaja [OMa 34paB/ba je M3BedeHa Kao KOMMIEeKC
CacTaB/beH Off MPW3EMHOr Aena M YeTBOPOCMPaTHON
TpaKTa, vy cebu objeantbyje AvcnaH3ep onwTe Meau-
UMHE, [eunjn 1 WKONCKM AMChaH3ep, AMCnaHsep 3a
3APaBCTBEHY 3alUTUTY XeHa M HM3 CneunjanmcTUYKkmx
cnyxou. OpraHvsaumja KoMnnekca U NpucTynmn objexTy,
Mpexa KOMICKOr M melaykor caobpahaja Cy Maxsbyso
NpojeKToBaHM Tako Aa ce 13berasajy yKpLUTarba pasnmum-
TVX Fpyna KOpUCHWKa. MNoBpLnHa objekTa n3Hock 7100m?
1y TPeHyTKy n3rpagrbe, npeasuheHo je aa Npy»xu 3apas-
CTBEHY 3aWTunTy 3a oko 80-90 xmibafia CTaHOBHMKa.

The Novi Beograd Primary Health

Care Center in Block 44
53 Nehruova Street, Nikola Stipac, Mihajlo Rabrenovic¢

The building of the health care center was designed as a
complex consisting of the ground floor base and a four-
storey wing; it accommodates units for general medical
care, infant and schoolchildren care, women medical care,
and a series of specialist medical services. The organiza-
tion of the complex and the access to the building as well
as the motor and pedestrian traffic network were all care-
fully designed so as to avoid various user groups inter-
secting. With the surface area of 7,100m? the center was
planned to provide primary health care to approximately
80-90 thousand citizens at the time of construction.
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BuneTn eHeprunjy — beorpan

KoHCTpyKUMja objeKTa 13BeaeHa je kao npedabprikosa-
HW CKeneTHW apmupaHobeToHckn cuctem. GacagHu 3u-
[0BY cacToje ce of NpehabprnKoBaHMX GpacagHux naHe-
Na Ca XOPW30HTANHO KIW3HKUM NPO30p1Ma 3aCTaK/beHNUM
TEPMOM30MaLVIOHMM CTaK/IOM, @ Kao 3aliTuTa off CyHua
kopuwheHe cy MeTanHe ,BeHeUujaHep” poneTHe ca
cnosballbe CTpate.

The construction of this building was carried out as a
prefabricated skeleton reinforced concrete system. The
facade walls consist of prefabricated facade panels with
the horizontal sliding windows with thermally insulated
panes and external Venetian blinds as shading devices.

Seeing Energy — Belgrade

MNocmaTpajyhn objekaT y LennHu, jacHo ce yoyasajy pas-
NMUMTa TEPMMUKA MOHalarba 3aCTak/beHWX enemeHara
M NyHux dacagHux naHena. NpumeHa, 3a cBoje Bpeme,
M3Yy3ETHO CaBPEMEHVX Peluerba, Pe3ynToBana je v Tep-
MUYKMM NepdopmaHcama Koje npeBasunase ctaHgapae v
yobuyajeHy npakcy cefamaeceTnx rofvHa npoLLor BeKa.

Seen as a whole, the building displays clearly different
thermal behavior at the glazed surfaces and the solid
facade panels. The application of the advanced techno-
logical solutions has resulted in thermal performances
that surpass the standards and the common practice of
the 1970s.
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- QacagHv naHenu rnokasyjy penatmeHoO fobpa Tep-
MOM30MaLMOHa CBOJCTBA, Ca HUCKMM MOBPLUIMHCKIM
Temrepatypama NpUOAKHIUM TemMnepaTypu Basayxa.
Beha ofjaBarba TONNOTE jaBsbajy Cce Ha Aeny CyTepeHa, a
NOCEOHO Y KOHTaKTY Ca T/IOM.

The facade panels show relatively good thermo-insu-
lating properties, with low surface temperatures similar
to that of the air. Higher heat radiation can be noticed
at a basement segment, especially in contact with the
ground.

- lNocTaBrbarem TepMmomr3sonalyje ca yHyTpallhe CTpa-
He dacafHor 3uAa, M3berHyT je jefaH Aeo TOMMOTHYMX
rybutaka KapakTepucTMyHmx 3a obnarake npedabpu-
KoBaHMM dacafHUM naHenvmMa. PefykosaHe aebbriHe
Y 30HM BE3e Ca XOPW3OHTaNHUM 1 BEPTUKANHKM efne-
MEHTMMa KOHCTPYKLMje MMmak ce jaCHO yo4yaBajy Ha
OBOM CHUMKY. Y CyTepeHy Hema naHena, seh cy paheHe
ncnyHe namMehy cTyboBa M AMHKMJCKL ryouLm Cy npu-
METHO BeNM HEro y 30HM NprU3emsba.

- Placing thermal insulation on the interior of the facade
wall reduced an amount of heat loss characteristic
of prefabricated facade panel cladding. However, re-
duced thickness in the zones of connection between
horizontal and vertical construction elements are
evident in this image. In the basement, there are no
panels; instead, there are fillings between the columns
and the linear losses are noticeably higher than at the
ground floor zone.
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CrambeHa 3rpaga y bnoky 30
Bynesap Mwixajna MynunHa 157, Ypow MaptrHosuh, 1975.

CrambeHa 3rpaga y bnoky 30 npeacTasba €0 KOMMeK-
Ca Matbux objekaTa OBOT 6f0Ka NOUMPAHVIX Y ,CMAKHY-
TOM" pacnopeay Ha 3ajelHV1YKOM M1aToy MCNof Kora ce
Hanasw rapaxa. Oe yeTBOpOCNPATHYLE KapakTepuLle
ynoTpeba npedabdbprkoBaHvx dacafHUX naHena y npo-
dunmcaHom HaTtyp 6eToHy, ca npu3embem y dyroaHoj
oneuw. NoTKPOB/BE je NOBPYUEHO, UnmMe ce dopmupajy
BE/VIKe KpOBHe Tepace, Ca OrpajoM Yy BuAy BeHUa of
NpedabprikoBaHKx NaHena.

A residential building in Block 30
157 Mihajla Pupina Boulevard, Uro$ Martinovi¢, 1975.

The four storey residential buildings in Block 30 are placed
in a staggered formation on a common plateau above
the garage. The building features prefabricated facade
panels in exposed concrete molding, with ground floor
clad in facing brick. The loft is recessed, forming vast roof
terraces, with a prefabricated panel fence-cornice.
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KOHCTPYKTVBHM CKNOM je apMUPaHOOETOHCKNM, CKENeTHY,
pacnoHa 5.80x6.00m ca je3rpomM OKO BEPTUKANHOT KOMY-
HVKaumoHor ysopa. GacafHn 31Ma0BK Cy Off BETOHCKMX
MOHTaXHVX eneMeHaTa, 3aBPpLUHW CNoj je of npodunmca-
HOT HaTyp 6eTOHa [JOK Cy NapaneT paBHUX 6enrx NoBp-
wwrHa. Ctonapwvja je ApBeHa ca,ecvHrep” ponetHama.

o

R
-

R 1 1 1 =

The construction is a 5.80x6.00m span reinforced concrete
skeleton system with the core around the vertical commu-
nication node. The facade walls are made of prefabricated
concrete elements in exposed concrete molding while
the parapets have smooth white surfaces. The window as-
semblies are wooden with Esslinger roller shutters.

e

TepMOBW3MJCKM CHMMAK 0bjekTa y NOTNYyHOCTH NpuKasyje
CTPYKTYPY ¥ reoMeTpujy dacagHux naHena, oTkpmeajyhu
TEPMUYKE MOCTOBE Ha XOPW3OHTaNHUM U BepTuKa-
HUM, CMOSballFbM 1 YHYTPAWMHKM ChojHULamMa. Ko
NpUMeH-eHor cnucTema GpacagHmnx naHena, Kao NocebHo
cnaba no3suumja youasa ce AeTtarb YHyTPaLlkber yrna, rae

JETEKTOBaHE TemMnepaType yKasyjy Ha Beoma cnaby 3a-
NTVBEHOCT.

Seeing Energy — Belgrade -

The thermal image of the building shows the entire
facade panel structure and geometry, revealing ther-
mal bridges at the horizontal and vertical, external and
internal connections. The applied facade panel system
reveals a particularly weak point at the internal corner,
where the registered temperatures indicate excessively
poor joints deatiling.
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- JIHWjCKM TONNOTHW ryOuLW, KOjW Ce jaBrbajy ycnen He-
[oCTaTaka NprMerseHor GacaHor CUCTeMa, MOTy Ce Ca-
rnefaTv v Kpo3 n3MepeHe TeMnepaType Ha PasnnymTm
nosmnumjama: NyHo MNaTHoO (Cpeanwrby aeo GacagHor
naHena) -0.7°C, naHen y 30H1 Cnoja ca CTybom 1 rpeaom
+3.6°C, 0OK je, Ay MBHMLE MaHeNa Ha YHYTpalUHbeM Yy,
[eTeKkToBaHa Temnepatypa of +10.8°C.

038 NocnosHa 3rpaga ,NHekc”

10

Kparbue Mapuije 3, Ypow MapTuHoBuh, 1985.

3rpaga ,MIHeKC - MHTepeKcnopTa’, MPojeKToBaHa Kao Mo-
CNIOBHa Ky/a, MpefcTaB/ba A0 KOMMeKca LeHTpa on-
2 WwTuHe Manunyna koju ce cactoju of Beher 6poja objekata
Pa3IMUNTMX HaMEHa OPraHW30BaHVX Y JeAVHCTBEHY

- bouHW naHen Ha epkepy je HeWTO 3MerbeHe CTPYKType ? [T
. : : P .= ! : ' ==, APXUTEKTOHCKO-YPOAHUCTUUKY LenvHy. CrneundumyHocT
Y OAHOCY Ha KpyMHWje NaHene Koju NOKPUBaAjy LIeO KOH- 2 T . T ) ke
. ! il . KOMIM/IEKCa je Herosa AMCNo3unLmja Koja ce NPOCTVpe Ha
CTPYKTVBHW pacTep, 1 CTOra rokasyje HewTo cnabuje -4 =T )| n ,
T — ABa bnoka, pasasojeHa ynuuom CrapuHe Hosaka. Bucoku
TepMou3onaumoHe neppopmaHce. e =T . —— :
1T 1 NOCNOBHW O0jeKaT, aHeKC Ca MOLTAHCKOM LUTEAVOHLIOM U
- Linear losses deriving from the flaws in the applied i ]l—] [ lF" T il O6JeKa|_T| rbacke yrlp%se, HQBe3aHM o ﬂomeMHMM fipona-
facade system also can be identified through the tem- Tl ifl T . 2VING. TIAPTEPHO YPEDEILE J& Marbiso on)JEKgOBaHO <
peratures measured at different positions: -0.7°C at i | m T ACHMBETNCARVIM MJALIETAMA M JERMRCTBEHO J& y beorpany.
the solid wall (the central section of the facade panel); | 1T ] 1o 0
+3.6°C at the panel in the connection zone between IR [0 {1 Il
the column and the beam, and +10.8°C along the pan- 40 2 : : : : : : i : ' r ] |T||_| lHﬂ ng The Inex Office Tower
. = = |
el edge at the internal corner. KB 1 il o 3 Kraljice Marije Street, Uro Martinovic, 1985.
- The side panel of the overhang is of somewhat differ- T i ] = !
entstructure compar.ed to Fhe larger panels that cover [ i . |—F [ [ The Inex-Interexport building, designed as an office tow-
the entire construction grid, and thus has relatively e A [l : | er, is a part of the Municipality of Palilula Center complex,
poorer thermal performances. 1o . 4[] i ) I|l which consists of a number of multi-purpose buildings
4 ; i _Ir il |I|[| 7 » organized in a single architectonic ensemble. The spe-
i i O I 1 cific layout of the complex is separated into two blocks
» | il il milli N by Starine Novaka Street. The office tower, the annex
4 | 1 with the Postal Savings Bank and the city administration
) ] [ I Il centre are connected by a system of underground pas-
| E I I sages. The thoughtful design of the ground area with de-
: leveled piazzettas is unique in Belgrade.
-2

-6.1

ac

-4.0 -2.0 0.0 2.0 4.0 6.0 8.0 10.0
Label Peak  Min  Max  Avg
&1 6.1 82 81 1.0
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(acapa komnnekca je n3seaeHa o 6envx anyM1MHNjyMCKIIX
NpodMNCaHMX NapaneTa U KOHTUHYaIHUX MPO30PCKMX
Tpaka. Ha cnorballikboj paBHM dacaae NoCTaB/beH je pactep
0f1 BEPTUKANHMIX anyMUHWJYMCKX NPOdUia 1 XOpU3oH-
TanHwx 6punconeja. Cnctem TePMOTEXHUYKIUX MHCTaNaLwja
je nckopuwheH Kao eneMeHT IMKOBHOT pa3pelletba Gaca-
ne objekta Gopmmpajyhn jake yraoHe mMoTuse.

The facade of the complex was clad in white profiled alu-
minium parapets and continuous window assemblies.
The external facade features a grid of vertical aluminium
profiles and horizontal brise-soleils. The thermo-technical
installation system was used as an element of resolving
the appearance of the facade by forming strong angular
motives.

ObjekaT nokasyje Benuke TOMNOTHE ryOUTKe, MpPBeH-
CTBEHO Ha CTakneHum noBplivHaMa. CrucTem napanet-
HUX 0bnora OCTaB/ba AOCTa MPOCTOPa 3a TOMIOTHE
MOCTOBe, a pedriekcuja v MOCPefHO 3arpeBarbe OKO
MPO30PCKMX TPaKa BM3YENHO MPOLUMPYjY «TOMne» 30He
Ha TEPMOBM3UNJCKOM CHUMKY 1 UMHe Aa napaneTu aenyjy
Tarbe Hero y peanHoCTy.

The building displays excessive heat losses, primarily
through the glazed surfaces. The system of parapet clad-
ding leaves ample space for thermal bridges, and reflec-
tion and indirect heating around the window assemblies
visually expand the“warm”zones in the thermogram, and
make the parapets seem thinner than they really are.

\
e

Seeing Energy — Belgrade -
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- ApXUTeKTypy NMOCIOBHMX 3rpafja cejlamMaeceTvix 1 OCam-
[leceTVX ro1Ha Kapaktepuie, n3mehy octanor, n roto-
BO MOTMYHO OACYCTBO pa3MaTtparba NTarba MoTPOLLHbe/
O4yBatba TOMJIOTHE eHepruje, 1 0Baj CHUMaK, Ha Kome ce
UMHM [a objeKaT «MCMjaBay, OECKPUMTUBHO UyCTpyje
eHepreTcke KOHCEKBEHLIE TakBOr NMPUCTyMa.

CrambeHa 3rpaga y bnoky 96 -
,PeTeH3uja”

LloHa KeHeawnja 10e-10x, Kmusopaa JIncnumh

OBaj ctambeHw objekat, rpaheH NoueTKoM ocamaeceTx
roAvHa, jeflaH je of NPBYIX NOKYLWaja MOCTMOAEPHUCTUY-
KOr MpUCTyna y obAmnKoBarby CMOSballHEer MKOBHOT 13-
pa3ay npedabprKoBaHOj rpadbL.

Jlamene objekTa Cy MOCTaB/beHe Tako fAa CUMynMpajy
tion/preservation; the thermal image in which the TPaAVLMOHANHN 3aTBOPEHN rpafcKku 610K, ca neLlaukmum
building seems to radiate heat illustrates the energy : MPUCTYNOM Y YHyTPalWHe ABOPWULITE, MpemMa Kome Cy
issues arising from such an approach. = OpjeHTMCaHe CBe TeXHMUKe NPOCTOpVje 1 HONHE 30He CTa-
HOBA, JOK Ce IHEBHE 30He OTBapajy NpemMa obopy bnoka.

- Among other features, the architecture of the 1970s
and 1980s office blocks is characterized by an utter ab-
sence of considerations about heat energy consump-

SOk bEin

N A residential building in Block 9b -
Labe S The Retenzija

IOl 5.1 36 9.7 13

10e-10x Dzona Kenedija Street, Zivorad Lisi¢i¢

This residential building, built at the beginning of the
1980s, is one of the first attempts of Postmodern ap-
proaches to the exterior visual expression in prefabri-
cated building.

The building segments are positioned so as to emulate a
traditional city block, an enclosure with a pedestrian ac-
cess to the inner yard, towards which all bedroom, serv-
ice and maintenance rooms are orientated, while the liv-
ing and dining rooms open toward the outer perimeter.

- [eTarbHnjy CHUMaK yraoHoOr Aena aHekca OTKpYBa BEO-
Ma nolue CTare dacapHor cknona. Boga v Heunctohe,
KOje nponase Kpo3 CrojHNLe, BDEMEHOM Ce 3aapKaBajy
y TepMov30fiaumjn koja Tpynm 1 nponaaa. OBo je Hapo-
YATO MPUMETHO Ha YraOHMM MHCTaNaUMOHMM LieBnMa
rAe ce ounTaBajy Temnepatype 1 og 16°C.

- Amore detailed image of the angular section of the an-
nex reveals a very poor condition of the fagade struc-
ture. Over time, water and impurities passing through
the connections build up in the thermal insulation,
causing decay and deterioration. This is particularly
evident at the angle installation pipes with recorded
temperatures as high as 16°C.

ac
6.0 8.0

Label Peak Min Max Avg
1 5.9 4.4 164 -0.9
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Seeing Energy — Belgrade -

Objekar je cnpaTHOCTL MN+6+1K ca KOCKUM KPOBOM 1 CTa-
HOBMMa Yy NMOTKPOBHOj eTaxu. Dacada je on npedabpu-
KOBaHMX MaHena ca BUA/bUBMM CMOjHMLAMA,a 33aBpPLUHA
obpana je on 6ojeHor 6eToHa. YnoTpebom pe3nnumnTmx
60ja Texn ce pasbujarby YTUCKa YHUGOPMHOCTM Kapak-
TepucTMYHOr 3a npadabpukosaHe objekTe. MNpo3opw cy
Ca HVCKMM napaneTnmMa 1 CNosballkMM LANOHUMA WTO
Takohe npeAcTaB/ba UCKOPaK Of yCTasbeHe npakce Tor
nepvoga.

The floor structure of the building is GF+6+L with a slant-
ed roof and apartments in the loft. The facade is in pre-
fabricated panels with visible connections and colored
concrete finishing. Multi-coloring is applied in attempt
to diminish uniformity that characterizes prefabrication.
The windows feature low parapets and external blinds,
uncommon to the standard practice of the period.

TepMOBU3UMJCKM CHMMaK ObjeKTa Mokasyje NMHWjcKe ry-
OUTKe KapaKTepuCTUUHe 3a NpedabprkoBaHe GeToOHCKe
naHene. Y 30HM CTENeHWLWTa Ce TO MaHPEeCTyje Y MHOrO
MakbOj MepW: CTEMEHNLWHM NPOCTOP je XaAHnjV Of CTaM-
6eHux jeonHMUa (He rpeje ce), a NogecHe noye HUCY Y
PaBHM CMOjHMLA Ha dacagHMM MaHennMa, Na Hema Hu
YNaASbUBUX IMHKUJCKINX ryOMTaKa.

The thermal image of the building illustrates linear losses,
characteristic of prefabricated concrete panels. In the
staircase zone, the losses are less pronounced: the stair-
case is colder than the residential units (it is not heated),
and the landings are not in level with the connections on
the facade panels so that there is no distinct linear waste.
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- Ha dacagn je npumeTHO nolle CTake Tepmoursonaunje
1 cnab keanutet ctonapuje. Mpo3opu Ha nohama Aajy
peanucTUyHe BPeAHOCTH, OK je Ha NMpOo30pCKMM CTa-
KnvMa Ha camoj dacaanm 3abenexeHa pednekcuja To-
MOTHYMX 3paverba OKPYKeha/aTMochepe.

7% CrambeHa 3rpaga y bnoky 70

12

“ Jypwja larapuHa 27a-g, 1992.
g CrambeHn objekaT, m3rpaheH MoyeTKoM [AeBefeceTvx
s roAviHa MPOLLNOr BeKa, NpefCcTaB/ba KapakTepucTnyaH
npumep cTambeHe apxuTeKkType Koja Ce TOKOM MPBMX
rofirHa TpaH3uLyje passujana no obogHUM Hacerbuma.
2 lpaheBWHCKa MHAYCTPWja MOCYyCTaje, Ma Cce Yak 1 Be-
0 nvka npegy3eha nonyT EHepronpojekta’  okpehy
3vAakby Marbux objekaTta (objekaT Ha CnvUM je paavo
,EHjy0"), onycTaje ce on npedabpukalymje 1 rnomasHe
mMexaHm3aumje. To je yjeaHo 1 MOKyLWaj packmaa ca mo-
JEPHM3MOM, Kafla Ce y KOHLenTy popme v ofabvpy ap-
XUTEKTOHCKMX enemeHaTa MHCIMpaumnja Tpaxmn y Tpagn-
LUMOHaNHMM Moaennma kyhe”

CH1MIbeHa je 3rpaaa y brioky 70, 0bn1ka NoTKkoBwLe Ca 6
ynasa, cnpatHocTu 143411k, ca nokannma y npusemsby.

The facade thermal insulation is in poor condition,
just as is the quality of the wood- and metalwork. The
loggia windows gave realistic values, while the facade
window panes showed reflection of the heat radiation
from the environment/atmosphere.
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A residential building in Block 70

27a-d Jurija Gagarina Street, 1992.
- CHMMaK  KapakTepucTMyHOr  cermeHta  dacape

notephyje Aa je Tepmoumzonaumja yHyTap dacagHux
naHena mnponafa, Aa Ha fohama MpakTMYHO Hema
[OMXTOBarba Yy rOPHO0j 30HW, @ a Ce TaBaHWYHe Miove,
6e3 VKaKBOr TePMUYKOT MpeKMaa, V3 YHyTPallHOCTU
objekTa npoay:xagajy Ha nohe 1 uMajy ncTy Temnepa-
TYpY Kao 31A0BK rpejaHnx MpocTopyja.

The residential building, constructed at the beginning
of the 1990s, represents a characteristic example of resi-
dential architecture that developed at the suburban pe-
rimeter in the early years of transition. The construction
industry was slumping so that large construction com-
panies, such as “Energoproject’, were turning towards
smaller scale developments (the building in the photo
was built by “Enjub”) and moving away from industrial-
ized tehnologies. At the same time, this was an attempt
to break away from Modernism and search for the forms
and architectural elements inspired by the traditional
models of a“house”.

The audited building in Block 70 has a horseshoe shape,
6 entrances, GF+3+L floor structure, and commercial
premises on the ground floor.

The image of the characteristic facade segment con-
firms that the thermal insulation inside the facade pan-
els has deteriorated; there is practically no sealing in
the upper zone of the loggias; the loft floors that ex-
tend from the interior of the building into the loggias
without any thermal interruption have the same tem- %
perature as the walls of the heated rooms.

S e b
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Objekar je paheH y CKeneTHOM KOHCTPYKTVBHOM CUCTe-
My, Ca apMMPaHOOETOHCKMM TaBaHMLama. Kpos je Koc, ca
KPOBHMM MPO30PK1Ma M TaBaHCKMM MPOCTOPOM KOju Ce KO-
pucTy. GacagHy 3M[oBM Cy TPOCOjHN ,CEHABMY 31A0BK"
paheHw Ha N1y MecTa. 3aBpLiHa obpaaa dacaae je cunw-
KaTHa oneka, ca nojerH1M Nosblma obpaheHvM y dacas-
HOM ManTepy. [po3opn ¢y GOPMMPaHK Kao NojearHAYHM
OTBOPU CTaHOAPAM30BaHVX AMMEH3Mja, 3acTak/berbe je
,TEPMOMaH" CTaKNOM, a 3aCTOPU Cy ,eC/InHrep” poneTHe.

The building was built in a skeleton construction system
with reinforced concrete floor slabs. The slanted roof has
roof windows and a functional loft. The three-layered sand-
wich facade walls were built on site. The finishing was done
in sand-lime brick with some fields in facade mortar. The
windows are assembled as single standard-sized openings,
with Thermopane glass and Esslinger roller shutters.

Seeing Energy — Belgrade

3aBpliHa obpasa dacane jenHoobpasHo TpeTupa pena-
TUBHO BENMKE MOBPLUMHE, ann TEPMOBU3MJCKA CHYMAK
,OTKPVIBA" PUTaM XOPM3OHTATHNX CEePKNaKa KOjU HUCY
A[eKBATHO M30M0BaHW. 3HaYajHWU UHWJCKKU ryouumn ce
[eTeKkTyjy 1 Ha Annataurjama (3rpafa ce cacToju of 3 na-
Mene ca no 2 ynasa). Ynag/bmsa cy v TOMOTHa 3padetba y
rOPHOj 30HM MPO30Pa, KOL KyTWje 3a PONETHY.

Although the facade finishing treated relatively large sur-
faces uniformly, the thermal image reveals the rhythm of
horizontal ring beams which were not properly insulated.
Significant linear losses are detected on the dilatations
(the building comprises 3 segments with 2 entrances
each). The heat radiation is also noticeable in the upper
window zone near the roller shutter box.
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- Kop,cenasuy3mnosa”ontepehere ofcrnosballrber cioja
NPUXBaTajy MBMYHM LeNoBM MehyCnpaTHe KOHCTPYKUWje
Ha cBakoj eTaxu. [la 61 ce Ta Be3a OCTBapwWna, 10M1a3n
[0 cnabsbersa UM Npeknaa Tepmorsonauuje, na ce Ty
jaBrbajy ,TEpMNYKK MOCTOBK" 1 jeAaH Aeo TomnoTe ce
NpPeHOCK Ha Cnosballikby paBaH dacaje.

- The external layer of sandwich walls is borne by the
edges of the floor construction at each level. In order
for this connection to work, thermal insulation is poor-
er or interrupted, so thermal bridges occur and some
amount of heat is transmitted to the facade.

-2.0 0.0 2.0 4.0 6.0 8.0 10.0
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Peak Min Max Avg
6.2 -6.2 20.6 -0.4
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Peak Min Max Avg
106 -3.8 16.1 0.5

Seeing Energy — Belgrade

CrambeHa 3rpaga

bynesap kparba Anexkcangpa 177,
MwunaH J1ojaHuua, 1989-1999.

CrambeHn ©6nok y byneBapy Kparba AnekcaHzapa
npefcTaB/ba KOMMNEKC HOBWX 3rpaja, MpojeKTOBaHMX
off CTpaHe pasIMuUTUX apxuTekaTa Yy cKnagy ca
JEAVHCTBEHUM YPOAHUCTUUKIM pellierbeM. 3rpaja Ha
Yry Ce 131Baja CBOjVIM MONOXajeM U jeAUHCTBEH M KOH-
LenToMm obnMKoBatba: KapakTepulle je CKynnTopasnHa
UMnMHApUWYHa dopma Koja ce nocteneHo ocnobaha” 13
604HUX Kybyca, Kpenpajyhv AnHAMUYHL 1 CaBpemeHn
yraoHn MOTUB.

A residential building

177 Bulevar kralja Aleksandra,
Milan Lojanica, 1989-1999.

Traditional city block has been reinterpreted through
complex of residential buildings designed by various,
prominent Belgrade architects. The corner building
stands out by its location and unique identity: it is char-
acterized by sculptural cylindrical form which gradually
‘disengages” itself from the side volumes, creating a dy-
namic and modern corner motive.
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(Macaga je 3BeaeHa y cncTemy,CeHaBMY 31aa" 3a 06n0rom
0f} KEPaMMUKIX NioYa. MypaH putam yjeaHaueHrx 0TBopa
KapaKTepumcTiyHe Sbybmnyacte 1 6opao 6oje, Kao v feTamn
OKO MPO30Pa Ca HarnateHv OKBMPOM, LOOPO je NpoCTy-
OMPaH enemeHT Koju daje ayTeHTUUYHOCT M CIIMKOBWUTOCT
OBOj YraOHOj 3rpaan.

The facade constructed in sandwich walls system is clad
in ceramic tiles. The steady rhythm of the balanced open-
ings in characteristic purple and burgundy color and the
detailing of the windows with an emphasized frame are
the well studied elements that lend authenticity and pic-
turesqueness to this building.

MocMaTpaHo y LenvHu, objexkaT nokasyje penaTmeHO L0-
bpe Tepmmnuke KapaktepucTuke. Mponucn 13 obnactu
TEPMUYKE 33LUTUTE, KOjU CY, Y3 Marbe U3MEHe, 1 flasbe Ha
CHa3w Kof Hac, OpMyMCaHn Cy KpajeM OCaMaeceTnx 1
NOYeTKOM AeBefeceTux rofMHa NPOLWNOr BeKa, U UaKo
Cy AaHaC y MHOTMM acnekT1MMa 3acTapeny, y foba Kaga
je NpojekToBaH 0Baj 610K OUAN Cy eKBMBANIEHT HEMAYKO]
perynartueu. Pe3ynTaT: 3rpage Cy 3HaTHO MOOOIbLUAHMX
TEPMUYKMX NePPOPMAHCU Yy OLHOCY Ha MPaKCy 13 Cefam-
[eceTVX 1 OCaMAECETVX roAnHa.

On the whole, this building shows relatively sound ther-
mal properties. The regulations covering thermal protec-
tion, which, although obsolete in many respects, have
been in force almost unchanged since they were formu-
lated in the late 1980s and early 1990s, were equivalent
to the German regulations at the time this block was
designed. The results are the buildings with significantly
better thermal performances compared to the practices
of the 1970s and 1980s.

Seeing Energy — Belgrade
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- [leTarbHY TepPMOBW3UJCKI CHMLM MOKa3yjy 10CTa 106py e CrambeHa 3rpaga
130J10BAHOCT OCHOBHOT dacagHOr 31aa, ca MoBPLUVH-
ckum Temnepatypama Ao 2°C. Y 30HM XOPU3OHTANTHMX bparika Kpcmarosuha 24,
) ) 6 Mwunuua Josarnosuh MNMonosuh, 2008.
CepKnaxa 1 MBUYHUX rpefa OunTaBajy Ce HewTo BuLle -
BPEAHOCTY, anu Hema M3PaXkeHVX IMHICKMX ryOrTaKa, )
4 CrambeHo-nocnosHW objekaTt Ha yry Ynuua bpaHka

Kao LUTO je TO 61O Cryyaj Kof MPETXOLHMX MpUMepa. Yno-
XMHe OKO OTBOPa Cy Nax/buByje obpaheHe, ocTBapeHa
je nobpa 3anTUBEHOCT 1 KOHTUHYWTET TepMOoKM30aLmje
KpO3 pasnunuute nosuuuje v matepwjane, na je v ryou-
TaK TOM0Te 3HATHO PeAYKOBaH.

KpcmaHosmha 1 hakoBayke npeAcTasiba [OMPUHOC 00-
HOBW apXxWTeKType CTapor fena 3Be3fape, OKO Mujale
hHepam. JacHa je HameHa ayTopa Aa, cmvperolwhy dacane
W je[HOCTaBHVM MaTepwjanmnma, yCnoCTaBm KOMYHUKaLn]y
Ca OKPY’KEH-EM KA0 PEMEPHOM TaUKOM Y TUMMYHO] ypbaHoj

: : ) I [ MaTpuun. TpaarUMOHANHN NOMYKPYXHN MOTUB YraoHWX
- More detailed thermal images show a fairly adequate —'T ‘p M. Tpaivl y p,y Y
. . : . ) 20 =i objekaTa Ha OBOM NMPUMEPY BELUTO je MpeceyeH TpoeTak-
insulation of the main facade wall, with surface tem L HOM KyBIUHOM GODMOM, 33CTyTbeHI Cy CBI TUMOBH CTa
peratures of up to 2°C. In the zone of the horizontal | Y ) PMOM. Y y
ring beams and the edge beams, higher values were 1 HOBA, Of} jeiHOCOBHYIX IO YETBOPOCOMOHMX, Ca SIoKanm1ma
o . I | f npv3emsby PasnnMuuTX KBagpaTypa.
detected, but there were no significant linear losses as ynp Yy P Apatyp
it was the case in the previous examples. The moldings | ! ! . . o
around the openings were more carefully treated, the | P M M Avg A residential bU|Id|ng
sealing is good and there is continuity of thermal insu- B! TR 1 ‘ 24 Branka Krsmanovica Street,
lation throughout the various positions and materials, = Milica Jovanovi¢ Popovic, 2008.
so that heat loss is significantly reduced.
s.0°c The residential and office building at the corner of
Branka Krsmanovica and Dakovacka St is a contribu-

tion to the restoration of the old Zvezdara architecture
around the Beram green market. It is obvious that, by
a serene facade and simple materials, the author aimed
to establish communication with the context as a point
of reference in a typically urban matrix. The traditional
2 semi-circular motive of corner buildings is skillfully inter-
rupted by a three-storey cubic shape. The structure of
the apartments varies from studios to four-room apart-
ments; there are various commercial premises on the
ground floor.

orNwEMaNG
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BuneTn eHeprunjy — beorpan

KOHCTpYyKLMja 0bjekTa je MelloBuTa, Y KOMOUHALMW CKe-
NeTHOT aPMMPAHOBETOHCKOT 1 MAaCKBHOT CUCTEMa, Ca 3U-
noBMMa of rutep bnoka. Gacaa je o BeWTaukor KaMeHa,
60jeHa jeaHoCTaBHOM KOMOVHaLmjom bene 1 nnase 6oje.
Mpo30pu Ha CTambeHnM jednHMLaMa Cy Yy KOMOMHALW|V
anymMMHUjyMa W [pBETa, 3aCTaK/beHV Tepmomn3onaumo-
HVMM CTaK/IOM Ca HUCKO emmcroHom donmjom. Dacasa
npu3emsba 13BefeHa je of anykoboH[ naHena.

The construction of the building is a combination of skel-
eton reinforced concrete and a masonary system, with
clay block walls. The facade is in cast stone, coloured in
a simple combination of white and blue. The aluminium
and wood windows of the residential units have panes
with thermalinsulation and low-emissive foil. The ground
level facade is clad in Alucobond panels.

Cramberun objekat mn3 2008. nnyctpyje beHednTe apxu-
TEKTOHCKMX peLlerba Kojma ce nobosbLiaBajy TepMudKe
KapaKTepUCTVMKE - Pa3NnKa je OunrneaHa y OQHoOCY Ha He-
WTO CTapwjn Npumep m3 bnoka 70 (cTp. 95). HeTekTyjy ce
3HATHO MaHba TOMOTHA 3padetba, Ha GacagHOM NNaTHy Cy
perncTpoBaHe Temnepatype oko 0°C. MebhyTtum, y 30HM
XOPW3OHTANHNX CepPK/axa OneT Ce OUMTaBajy NMHUJCKM
rybuLm, NPBEHCTBEHO Kao pe3ynTaT Hemaxrbe 13sohaya.

The residential building from 2008 illustrates the
benefits of architectural solutions that improve thermal
performance — when compared to a somewhat older
example from Block 70 (p. 95), the difference is obvious.
Lower heat radiation is detected, with the registered
facade temperatures of approximately 0°C. However,
there are still linear losses in the zone of the horizontal
ring beams primarily due to the contractors’ negligence.

Seeing Energy — Belgrade
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TepmMOBM3MJCKM CHUMLM KapaKTePUCTUYHNX CermeHaTa
dacage nokasyjy [OOpy M3010BAaHOCT OCHOBHOT 3143,
anv OTKPMBAJjY 1 HEKONMKO NponycTa. Ha obema cnvka-
Ma MOXKEMO BMAETV [a Y YOKBMPEHVM [AeoBMMa 1CTa
no3numja - XOPU3OHTaNHN CePKIIaxKM 1 HaTIPO30pHe
rpefe - faje pasnvyuTe TepmanHe CiMKe Ha pasnnyn-
TVM eTaxkama. Ha [orb0j Cnvum, M3HaA HajHWXer npo-
30Pa, PernucTpyjy ce rybunum, Kao aa je Tepmousonaumja
M30CTaB/beHa 1K je kopuwheHa Marba AebsbrHa of
NPOjeKkToBaHe, 0K je CMKa Ha crnparty 13Had, CacBuM
apyrauuja: Ty cy ryouum MapK1MpaHm camo y nojeanHum
Taukama, rae ce W3 KOHCTPYKTMBHMX pasfiora npe-
Knpa Tepmomsonauuvja. Ha ropmoj cavum je cnvuHa
CUTyaLmnja: HXKM CepKax je n3BefeH Ha jefjaH HaunH,
a TaBaHuWUa Ha cnegehoj etaxu Ha apyrv. OBaj npumep
NNYCTPYje Kako Ce TePMOBU3MJCKMM CHIMabEeM MOTY
OTKpMBATV rpeLlke y 1n3Bohery, Na U pas3aBojuTH Oa-
FOBOPHOCT MPOjeKTaHTa Of OArOBOPHOCTM M3BODaYa .. T ——
Kafda BU3yenHOM MHCAEKLMjOM TO BULLe Huje moryhe. Ol ER 8 A9 O3

SHAUB GG
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Although thermal images of characteristic facade seg-
ments show adequate insulation of the main wall, they
also detect some flaws. In both images, the framed
segments show how the same position — the horizon-
tal ring beams and the lintel beams - yields different
thermal characteristics on different floors. In the bot-
tom image, heat losses are registered above the lowest
window, as if there was no thermal insulation or it was
thinner than specified by the design; by contrast, the
losses at the floor above were marked only in particular
spots where thermal insulation had to be interrupted
for construction reasons. In the top image, the situa-
tion is similar: the lower ring beam was built differently
than in the ceiling above. This example illustrates how
thermal imaging can reveal construction flaws, and if
necessary, distinguish between the responsibilities of
the designer and the contractor when this is no longer
possible by visual inspection only.

Hosw Cag Novi Sad
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- Bupetn eHeprujy — Hosu Cap

CkynwTnHa rpaga Hosor Caga, Kapka 3perbaHriHa 2
Novi Sad Town Hall, 2 Zarka Zrenjanina St

lNocnosHa 3rpaga,ArpoBojsoanHa’, bynesap ocnobohera 127
The Agrovojvodina Office Tower, 127 Bulevar oslobodenja

MocnosHa 3rpaaa EMC -, EnektposojsoamnHa’, Bynesap ocnobohersa 100
The EPS — Elektrovojvodina Building, 100 Bulevar oslobodenja

KomepuujanHu ueHTtap,basap’, Bynesap Mwuxajna MynuHa 1
The Bazar Retail Center, 1 Mihajla Pupina Blvd

MocnosHa 3rpapa,HNC — Hadrarac’, HapogHor ¢ppoHTa 12
The NIS — Naftagas Head Office Building, 12 Narodnog fronta St

Pa3BojHa 6aHka BojsoamHe, CTpaxumnoBcka 2
The Development Bank of Vojvodina, 2 StraZilovska St

Seeing Energy — Novi Sad -
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CkynwTurHa rpaga Hosor Caga
*Kapka 3perbarnHa 2, CnbrH hopheswh, 1958-1960.

3rpana CkynwtuHe rpafa Hosor Cafja ce Hanasw npeko
nyTa ,baHoBMHE", y camom UeHTpy rpaga. NpojekToBaHa
50-ux roAmMHa [BafjeceTor Beka, OHa AOCNeAHO cream
MOZJEPHUCTUYKY JIOTVIKY, KapakTepuCTWuHy 3a Taj ne-
pviof. Ynotpeba cBefjeHMX, NPW3MaTUYHKX, BOSyMEHa
paspellaBa Komrnoswuuwjy Gpopme martepujanvsoBaHe y
6enoM KamMeHy Ca PUTMUYHUM CMeHVBAFbEM XOPU30H-
TaNHMX NPO30PCKMX TPaKa v napaneTa. 3rpaga 1Uma Tpu
ynasa,Bulle of CTOTWHY KaHLenapuja, neT cana 3a Ca-
CTaHke, B1bIMOTeKyY, WTamnapwjy 1 pectopaH.

Novi Sad Town Hall

2 Zarka Zrenjanina Street, Sibin Dordevi¢, 1958-1960.

The building of the Town Hall is located opposite the Ba-
novina Building in downtown Novi Sad. Constructed in
the 1950s, its design is consistent to the logic of Modern-
ism of that period. The minimalist prismatic volumes re-
solve the composition of the form materialized in white
stone with rhythmic alternations of horizontal window
ribbons and parapets. The building has three entrances,
more than a hundred offices, five conference halls, a li-
brary, a printing office and a restaurant.
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- Bupetn eHeprujy — Hosu Cap

KoHCTpyKUMja objeKTa je apMrpaHOOeTOHCKa, CKeneTHa,
ca nnaTtHMMa 3a ykpyherbe. Macaja je of BewTauykor u
NPUPOAHOT KamMeHa, ca TaMHOM OBI0TOM Y 30HM NPO30pP-
CKVX Tpaka. [1pBuY cnpat ce BM3yenHo OfBaja BEMYMHOM
NPO30PCKMX OTBOPa W HaMaleHM XOPa3OHTaIHUM
6purconejem. Ha neBom fleny objekta ncTMUake pasnu-
unToCTM GYHLIKMja je cnpoBefieHo Ha dacaay, ysoherem
[OAATHOT MOTMBA Y BUAY YOKBMPEHOT NOSba UCMYHEHOT
HW30M BEPTUKaNHWX bpurconeja.

The construction of the building is reinforced concrete
skeleton with bracing plates. The fagade is in cast and
natural stone, with dark cladding at the window ribbons.
Visually, the first floor stands out by the size of its window
openings and the emphasized horizontal brise-soleil. On
the left side of the building, the different functions were
consistently stressed on the facade by the introduction
of an additional motive of a framed rectangle filled with
a row of vertical brise-soleils.
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TepMOBM3MJCKA  CHMMAK OfCNMKaBa objekaT MaTe-
pvjann3oBaH Kopulherem TeXHUUKUX pellerba  Ka-
PaKTePUCTUUHMX 3a MOSOBMHY [BajecTor Beka, 6e3
Kopuviwhetrba Tepmowvsonaumje 1 ca cuctemmma dacaf-
He OpaBapuje Koju He 3a40BOSbaBajy AaHallrbe CTaH-
napge. lyouum Kpo3 oTBope Cy npumMeTHY, a Behn 6poj
OTBOPEHNMX MPO30pa YKasyje fha MHTEH3MBHO rpejarbe
objeKTa KomneH3syje HegocCTaTke KBanmnTeTa NprMereHe
matepujanusauuje.

Seeing Energy — Novi Sad

The thermal image reflects the building constructed upon
the technical solutions typical of the mid-20th century,
with no thermal insulation and with facade metal assem-
blies which do not meet current standards. The losses
through the fagade openings are evident, while a number
of open windows indicate that intensive heating of the
building compensates for the inadequate materialization.
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20w lNocnosHa 3rpafa,ArposojBoanHa”

10 Bynesap ocnobohersa 127,
bpena WenkeH, MrBa byrapcku, 1964-1968.

- Hetars Gacage yKasyje Ha NOLW KBANUTET MPO30PCKHMX Pa-
MOBa ¥ 3HaUajHe ryouTKe KOju Ce KOA HbkiX jaBsbajy. 30Ha
napaneTa je Takohe Hew3ofoBaHa - roToBo je Moryhe
NAEHTUGUKOBATM NONOXaje paavjaTopa 13a Hux.

) [ ___ > |1 8 3rpaga nocnosHe 3rpafe ,ArpoBOjBOAMHA" ce Hana-
' 'r‘kr !‘Ir'r‘ r _' - 4 31y Wwrpem LeHTpy Hosor Cafia 1 n3rpaheHa je 60-1x

rogvHa ABajeceTor Beka. OBa MeTHaeCTOCMpPaTHMLA
jeaHoCTaBHe NpuM3MaTudHe dopme, Ouna je jepaH of
0 HajBMLKX objekaTa y rpafy, a v jaHac, oHa AOMUHMPa
CBOJUM OKPYKEHEM.

Afacade detail shows the poor quality of window frames
and ensuing significant losses around them. The para-
pet zone also has no insulation — it is almost possible to J—— . 5
identify the position of the radiators behind them.

3 The Agrovojvodina Office Tower

127 Bulevar oslobodenia,

e g ; Breda Selken, Ziva Bugarski, 1964-1968.
I 71
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L P e i — —5— The Agrovowodma .To‘vver, located m' th'e W|der-cent¢r
43 28 184 3d of Novi Sad, was built in the 1960s. This simple prismatic
fifteen-storey building used to be one of the tallest build-
ings in the town, and it still dominates its surroundings.
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- [letasb 60YHOT 31aa Kop kora je nako moryhe naeHtn- 120°C
GUMKOBATM MONoXaje apMMPaHOOETOHCKKX enemeHaTa
yC/e/l HeMnoCTojarba M30MaLvje N 3PaKEHN|UX rybuTta-
Ka. [ojearHW OTBOPY Ha GacagHOM NNaTHy Cy Yy NoLiem
CTakby, Ca V3pasuTim rybuumnma Tonnore.

- Aside wall detail which easily identifies the positions of
. . a
reinforced concrete elements due to the absence of in- e
) R . : Ea
sulation and imminent heat radiation. Particular open-
ings on the fagade are in poor condition with excessive i\ p
heat losses.
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3rpafa je mMatepujann3oBaHa y Npeno3HaT/bUBOM [yXy,
CMEHOM XOPM3OHTATHWX MPO30PCKMUX TPaKa M MyHWX,
npedabprkoBaHvx, MapaneTa. BepTuKanHW aKueHTn
KOMMO3uLMje 13BedeHN Cy Harnawasareem nyHor niat-
Ha Y 30HM NMUPTOBCKE BEPTUKANE, OAHOCHO ,CI000AHUM"
(3aCTak/beHnM) YoM, e je NOoUMPaHo CTenenumwTe.
Mpo3opcKe Tpake Cy, y BENMKO] MEPU, 3aMeH-eHe pasfu-
UNTVIM CUCTEMMMA 3aCTaKSberba, YI1aBHOM Kopuwherbem
lBL| ctonapuije.

The building was rendered in the recognizable style of
alternating the horizontal window ribbons and solid pre-
fabricated parapets. The composition is accented by em-
phasizing of the elevator vertical and the “free” (glazed)
corner which holds the staircase. Most window assem-
blies have been replaced by different glazing systems,
mainly PVC.

TepmMoBM3MCKM  CHVMMAK  yKasdyje Ha aKymynaumoHu
NOTeHLMjan HEM30OBaHNX APMUPAHOOETOHCKNX eneme-
HaTa napaneta. CeBepHa CTpaHa 3rpage npukasyje pe-
anHO OuYMTaBarbe TemnepaTypPHUX BPEAHOCTY, Ha KOMe
je yourbMBa UnMrbeHrLa fa Cy Npo30pu 3amerbeHy, ia Cy
napaneT Her30n0BaHW, AOK 3anafHa CTaHa npukasyje
3HATHO BMLWE TemnepaType naparneta, Koje Cy OBAe Mo-
cnefuua 3arpesarba of CTpaHe CyHLia TOKOM [1aHa.

The thermographic image shows the accumulating po-
tential of non-insulated reinforced concrete parapet el-
ements. The north side of the building showed realistic
temperature readings, which confirm that the windows
have been replaced and that the parapets are without
insulation, while the west side displayed considerably
higher temperatures that were caused by the heat from
the sun during the day.

Seeing Energy — Novi Sad
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- Ha ceBepHoj dacaam ce oumTasajy npobnemu Be3aHu
3a Kopuwhetbe NpedabprKoBaHUX enemeHara y BuaIy
NPVYMETHUX rybrTaka Ha MehycobHKM CriojeBrma NaHe-
Na Kao 1 MecCTrMa Crajarba Ca KOHCTPYKLMjoM objeKTa.

e e e MNocnosHa 3rpaga ENC -

. +EnektposojsognHa”
6 Bynesap ocnobohersa 100, MunaH Matosuh, 1971-1989.

On the north facade, there are problems due to the
use of prefabricated elements, which cause significant
losses at the connections between the panels and the

3rpaga ,EMNC- EnektpoBojsoavHe” NpefcTaBba jeaHo of
Haj3HauajHMUX apPXUTEKTOHCKUX OCTBaperba Yy LMpem
LeHTpy Hosor Capa. MacvsHa rpaheBuHa je HacTana nog

structure. =2 yTWLajem 6pUTaHCKOr NOKpeTa bpyTanmama U CTpaxyjye
-4 KOHCTPYKTVBHE 1 ecTeTcke BpeAHOCTU apmupaHor be-
I ToHa. OYHKUMOHaNHa cerperauuja je cnpoBefeHa Kpo3

bopmy objekTa KOMOWHOBaH-eM pPa3anuUTUX, YriaB-
HOM MPW3MATMYHKX OBNWKa, anu W maTepujanusauujy,
BapMpajyhn KONOPUCTUUKE 1 TeKCTypHe MnoTeHUvjane
6eToHa 1 ctakna. floanHe 1989. n3BplIeHa je aorpaarba
AVICNeyepcKor UEHTPa KOjW je CBOjVM aTpakTVIBHUM apxu-

TEKTOHCKMM peLlerbeM YHeO HOBW KBanuTeT y nocTojehy
-c
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The EPS - Elektrovojvodina Building

- 3amerbeHn Npo3opu Cy A0OPOr KBanuTeTa, a Ha Ma- 100 Bulevar Oslobodenja, Milan Matovi¢, 1971-1989.

paneTviMa je MPUMETHO 3HayajHO 3arpeBarbe Kao no-
cnefmua CyHYeBOr 3padetsa. Vako je TepMoBH3MjCKM
CHUMaK HauubeH WeCT caTv Mo 3anacky CyHUa, yTILaj
FbErOBOT 3payerha je 1 Aarbe 3HaTaH ¥ jacHO Ce ounTaBa
Kpo3 13MepeHe TemnepaType.

The EPS — Elektrovojvodina Building is one of the most
significant architectural achievements in the wider cent-
er of Novi Sad. The massive building was designed under
the influence of the British Brutalist movement and pur-

— — . sues the constructive and aesthetic values of reinforced
- The replaced windows are of good thermal quality; the L LL] ;. ) concrete. Functional segregation was implemented not
parapets display noticeable higher temperature read- - l only through the form by combining different, mainly
ings as a consequence of sun radiation. Although the B é prismatic volumes, but also through the material by var-
thermographic image was taken six hours after the sun- L i — ying the color range and textural potentials of concrete
set, the impact of the external heat gains is still evident. ¥ L l l and glass. In 1989, the extension to a dispatch centre
2 was added, whose attractive architectural solution intro-

— o O o SISy M. S S S S S duced a new quality to the existing composition.
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Seeing Energy — Novi Sad

ObjeKaT je n3BefeH y CKeNeTHOM KOHCTPYKTUBHOM CW-
CTeMy Ca mnaTHMMa 3a yKpyherse 1 je3rpom y Kome ce
Hanase BepTuKanHe KOMyHM1Kauuje. KapakTep1cTnyHa 3a
OBY MOC/IOBHY 3rpagy je matepujanmsauuja. OHa ce orne-
[a y KoMOVHaUMjaMa Pa3finumTX TUNoBa TpeTMaHa da-
caje: KopviheHa cy nnaTtHa oA NyHor apMupaHor 6eTo-
Ha, «31[1-3aBECa» 1 XOPU3OHTASIHE CMeHE MPO30PCKIX U
napaneTHux Tpaka. OBakBa, edpekTHa KombMHaLUWja CTak-
n1a v HaTyp 6eToHa, KySIMMUHMPA 1 Ha KaCHWjOj AT PajHM
13 1989. rae je HOBW ObjeKaT NOTMNYHO 3aCTaK/beH.

The building was built in the skeleton construction sys-
tem with bracing plates and the core with vertical com-
munication facilities. What is characteristic of this office
block is its materialization reflected in the combination
of different facade types: from solid reinforced concrete
to the curtain wall to horizontal alternations of window
ribbons and parapets. Such an effective combination
of glass and exposed concrete culminates again in the
subsequent extension in 1989, when the added part was
completely clad in glass.

"t ﬂ " _‘#Nl-hﬂ VTR

TepMOBM3MJCKM CHMaK OfIC/IMKaBa TUMMYHE TEPMUYKe Ka-
paKTepuCTVKe kopuiherba CeHaBMY 310Ba Of apMmpa-
Hor 6eTOHa Ca TepMOV301aLMjOM Y CBOM CacTasy, a Koje ce
orneaajy y HemoryhHoCT1 13beraBarba XNafHWX MOCTOBA
Ha MecCTVMa CrojeBa ca KOHCTPYKLUMjoM objekTa. Cnojesm
nojeanHnx Gopmm objekTa Takohe MpurKasyjy 3HauajHe
NMHWjCKe ryouTKe. CUCTeMM 3acTak/berba Cy PasHOBPCHY,
a TePMUUKM ryOMUK Cy HajU3PpasnTUjL Y NpU3emsby ObjeKkTa
1 Ha CTapujm cucTeMnmMa,3ua-3aseca’.

The thermal image illustrates typical thermal perform-
ance achieved by using reinforced concrete sandwich
walls with incorporated thermal insulation, which are
reflected in the impossibility to avoid thermal bridges
at the connections with the construction. Moreover,
the connections between particular volumes show sig-
nificant linear losses. The glazing systems are diverse, but
the thermal loss is most evident at the ground floor and
at the older curtain wall systems.
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Ha petarby dacage BuaHWM Cy mpobnemu Koju npate
apmrpaHobeToHCKe dacafjHe 310Be, rae ce Hajsehu
rybuun jarbajy Kop CrnojeBa OETOHCKMX [AenoBa
HagorpaheHor gena ca KOMyHWKaUMOHWM BEPTMKana-
ma. Kog 6ouHmx 3vnoBa je, Takohe, Moryhe youmtu xo-
PVI30HTasNHE KOHCTYKTVIBHE €NemMeHTe, WTO UyCTpyje
HEeOBOSbHY TEPMOM30aLM]y Ha OBOM MECTY.

The facade detail displays the problems that accom-
pany reinforced concrete face walls, where the greatest
losses occur at the connections between the concrete
segments of the extension and the vertical communi-
cation facilities. Besides, the lateral walls reveal the po-
sitions of horizontal construction elements, which is an
indication of inadequate thermal insulation.

- 3acTaksberbe npursemsba je Heogrosapajyher keanve-
Ta ¥ TEPMUUKIX NepdOpMaHcu.

- The ground floor glazing is of inadequate quality and
thermal performance.
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KomepuwnjanHu ueHTap ,bazap”
Bynesap Muxajna MNMynuHa 1, Munan Muxenvh, 1972.

3rpafa pobHe kyhe ,baszap” Hanasu ce Ha Kpajy netay-
Ke 30He W NpeAcTas/ba jeAHy Off HajeKCNpPecHBHUNX
rpahesunHa Hosor Capa. CnobofHwx, HenperpaheHnx
OCHOBa, Ca MOTPEOHUM BEPTUKANHMM KOMYHMKaLMjama
1 TEXHWUUYKUM MPOCTOPUMA, Y MOTMYHOCTU je HamerbeHa
TprosuHu. ObnMKoBake je M3BeAeHO ,pa3nrpaBarbem’
bacagHor nnaTHa, KpenparbeM HempeKKaHe Urpe nokpe-
HYyTUX BONYMEHa ¥ HarnalleHnx naysa y BepTUKanHOM U
XOPW3OHTANHOM NpasLly.

The Bazar Retail Center
1 Mihajla Pupina Boulevard, Milan Miheli¢, 1972.

The Bazar Building is located at the end of the pedestrian
zone and represents one of the most expressive buildings
in Novi Sad. Featuring free, open-plan with the necessary
vertical communications and technical facilities, it is per-
fectly convenient for commerce. Its shape was formed by
“animating” the building envelope, by creating continu-
ous play between the volumes in motion and the accen-
tuated caesuras both vertically and horizontally.
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ObjekaT je ckeneTHe KOHCTPyKuuje. @acagHn 3u-
[OBV Cy W3BEAeHV Kao CeHABMY KOHCTpyKUMja ca
TEPMOM30MaLMjOM MOCTaB/bEHOM Ca YHyTPallFbe CTPa-
He 1 duHanHoOM obpafom y Bmay HojeHor HaTyp GeTo-
Ha. 3aBpwHa obpaja je Ha NojeAnHUM [1eN0BMMa 13Be-
[eHa of NpupofHor kKameHa. CTakneHe MOBPLWMHE Cy
maTepujanmzoBaHe Kopuwhersem dacagHnx enemeHata
Ca BUAHUM CMOjeBmnMa M TaYKaCTUM NPUXBATHUM enemMeH-
TMMa 6e3 MOKPUBHUX Npodumna.

The building has a skeleton construction. The facade
walls were built as a sandwich construction with interior
thermal insulation and colored exposed concrete or, in
some segments, stone finishing. The transparent sur-
faces were materialized by the use of glass panes with
visible connections and “patched” support fittings.

TepMOBM3MjCKIM CHMMaK NMpuKasyje 3rpafy ca adekBaTHO
13BeeHOM TOMIOTHOM 3alTUTOM, LUTO pe3ynTyje OAcCy-
CTBOM JIMHWM]CKMX ryOmTaka Koju Ou, Ha 0BaKo pasyhHeHom
1 KOMMIEKCHOM GacaiHOM cknomy, bynu n3pasmntu. Mlako
ce NosoXajem TepMOM30aLIMOHOT C0ja UCKIbyYyje Tep-
MUUKM KanaumTeT MacKBHMX OETOHCKMX 314O0Ba, Mpw-
pofAa HameHe O6jeKTa, KOja 3a pe3ynTaTr MMa 3HauajHe
TOMNOTHe A0OUTKe, aHynnpa HedocCTaTke W OMNpaBAaBa
NpVIMerbeHN KOHLenNT.

The thermogram shows the building with adequate ther-
mal insulation, resulting in the absence of linear losses,
which would be quite distinct in such a complex facade
structure. Even though the thermal insulation position-
ing excludes the thermal capacity of massive concrete
walls, the program of the building results in significant
thermal gains and consequently obliterates the weak-
nesses and justifies the concept applied.
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- Ha petarby dacape npuMeTHW Cy M3pasuTu ryouum y
30HM 3aCTak/berba U Ha MeCTVMa CrojeBa ca OETOHCKOM
acafom. 3acTak/beHa Mosba, Ca MOjeAUHVM enemeH-
TMMa NpUxBaNeHVM Taukacto, 6e3 NOKPUBHKX NAjCHY,
0CTBapyYjy ryburke Tonnote Ha MehHycobHVM CriojeBuMma.

A facade detail indicates significant loss at the glazing
and at the connections with the concrete face walls.
The glazed areas, with panes punctually fixed lose heat
at the joints.

- Ha npvikasaHom feny, MOXEMO YOUUTU M3ParKeHWje
rybuTKe TOM/OTe Ha 3acTak/beHUM Y OfHOCY Ha MyHe
nenose ¢dacane. Beha TemnepaTtypHa ounTaBarba 3a-
KolWeHWx fenosa dacafe pesyntar Cy reoMeTpujCKmx
KapakTepncTMka Kao W pednekcuja of  CTpaHe
3aCTak/beHnx aenoBa.

- More heatis lost at the glazing than at the solid facade.
Higher temperature readings at the slanted segments
result from geometric characteristics and the reflection
from the glazing.
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MNocnosHa 3rpapa,HNC — HadTarac

HapoaHor dpoHTa 12,
AnekcaHaap Kekoswh, 3opaH MKynarball,
MBaH MaHTrh, 1989.

MocnosHn 3rpaga HMC-a KoHUMNMpaHa je Kao Aomu-
HaHTHa rpaheByrHa, HOBM MPafCcKM penep, Koju aHraxyje
1 oapehyje BeNVKM NPOCTOP KOjU ra OKpyxyje. Aqmu-
HUCTPaTVBHA HaMeHa CMeLTeHa je y apXWUTEKTOHCKY
KOMMO3WUM)y YeTMpy napanenonvnesa BUCUMHE 8 A0
12 cnpatosa. lNpumMapHe dopme cy Mno3uLMOHMpaHe
Tako fa dopmMupajy ABa MehycobHO cmakHyTa cnosa, T’
CrnojeHa NPOCTPaHMM XONOM 3aBpPLUEHUM MOMYKPYKHO
3acTak/beHM CBOAOM. PenpeseHTaTViBHO ypeheHu 1
OonpemsbeHn PagHn 1 3ajefHNYKM KOMYHUKaLW|CKM NPO-
CTOPU, OANMIKY]Y CE BUCOKMM KBANUTETOM yNoTpebibeHux
MaTepujana, MHBeHTUBHOLWNY AeTarba v npeno3HaT/b1BOM
nnkosHowWAY.

The NIS — Naftagas Head Office Building

12 Narodnog fronta Street,
Aleksandar Kekovi¢, Zoran Zupanjac, lvan Panti¢, 1989.

The NIS Head Office Building was conceived as a domi-
nant structure, the town’s new landmark, which engages
and coordinates the vast space that surrounds it. The ad-
ministrative program is situated in an architectural com-
position of four 8- to 12-storey parallelepipeds. The prima-
ry forms are positioned so that they form two reciprocally
staggered letters T, connected by a vast hallway ending in
a semi-circular glazed vault. The opulently arranged and
equipped offices and common areas are distinguished by
the high quality of the materials used, the inventiveness
of detailing and the recognizable appearance.
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(Macaga objekta je dopmmpaHa Ha KOHTPACTy MyHOr
(3nAa) v Npa3sHor (CTakna), Tako Aa Ce, y YKYMHOM YTUCKY,
ocTBapyje edpekar nepdoprpaHor 3naa U HenpeknaHe
1rpe rnnaHoBa. Xor, Kao LUeHTpanHu MoTUB rpahesuHe, y
BWAY OrPOMHOT aTpujyma, MpoCTMpe Ce TpaHCNapeHTHO
KpO3 CBE eTaxke W, Ha Taj HauuH, objeantbyje yHyTpallkbm
npocTop objekTa.

it
T R
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The facade is formed upon the contrast between the solid
(wall) and the void (glass), so that the general impression
takes in the perforated wall and the continuous play of
planes. The hall, the central motive of the building, stretch-
es transparently in the form of a vast atrium throughout all
levels, thus uniting the interior of the building.

TepmoBu3MjckI CHMMaK ynpaeHe 3rpage HWC-a Ha npsn
norneg aenyje kao Aa je CHUMIbEH ,JIOKaHN NoXap” Kojn
je 13610 Ha WeCToM 1 OCMOM CrpaTy. HapaBHO, Noxapa
Huje 61no, anu Ccy TONNOTHU ryOUUM Ha HEU30N0BaHWUM
npenasrma n3mehy nsbadere v yBydeHe dacagHe paBHM
TONVKKM, Ad je HAacTao M3Y3eTHO AECKPWMTMBAH TepMO-
rpadCKum 3anmc.

Ocum 0BOr ouMrnefHOr NpPonycTa, objekat je, onuwTe
y3eBlUY, AOOPO M30/M0BaH M MaTepujanv3oBaH npema
CTaHAapavmMa Koju 0besbehyjy 3anososmaBajyhe Tepmimy-
Ke nepdopmaHce.

Seeing Energy — Novi Sad

At first sight, the thermogram of the building seems as if it
had captured a“local fire"that started on the sixth and the
eighth floors. Naturally, there was no fire, but the thermal
loss at the non-insulated passages between the protrud-
ing and the recessing facade planes is so excessive that it
created a very descriptive thermographic image.

Apart from this obvious negligence, the building is gen-
erally well-insulated and constructed according to the
standards that provide satisfactory thermal performances.
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Ha cHumKy feTarba dacage Moxemo BUAETU M3pasnTe
rybuTtke Ha MecTma rae 4onasmn 4o NpomMeHe GacagHe
PaBHW yCNef NoCTojaHba HEeN3010BaHMX [1e10Ba TaBaHW-
ua. KonnunHa eHepruje Koja ce n3pavasa ca OBMX 30Ha
je 3HaTHa (M3mepeHa Temnepatypa og 12°C) 1 moxe ce
NpaTUTV KPO3 HEKOMMKO eTaxa, NPeKo 3arpeBarba ha-
cafiHe obnore of KepamMUKKX naoya.

In the image of a facade detail there are distinct
losses, due to the discontinuity in the insulation, in
places where the facade planes change. The amount
of energy that is radiated off these zones is significant
(registered temperature of 12°C) and can be followed
through several levels due to the heating of the ce-
ramic tile cladding.

Kao n Ha npBOM [eTarby, U OBAE je MpYMETHa pas-
JIMKA KapaKTePUCTUYHNX, NOLWE M30M0BaHNX, Leno-
Ba Yy OAHOCY Ha OCTaTak dacafe Koju je KOpeKTHO
MaTepujanm3oBaH. Ha 3actak/beHom xony Buan ce ped-
NeKC TomoTe Ca NIoLnje M3010BaHor Aena dacafe WTo
3a pesynTar MMa HepeasnHo BMCOKa O4MTaBatba Temne-
PaTyPHWIX BPEAHOCTU.

Asin the first detail, there is also a very noticeable differ-
ence between the characteristic, poorly insulated seg-
ments and the rest of the facade which is adequate. In
the glazed hall, there is heat reflection from the poorly
insulated segment of the facade resulting in unrealisti-
cally high temperature readings.
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Pa3BojHa 6aHka BojsoguHe

CTpaxmnoBcKa 2,
[Napko 1 Munenwja Mapywwh, 2005-2007.

OcHoBHa dopma baHKe, HeHa nprmMapHa BoMymMeTpuja,
00MKOBaHa je 3anyyeHuM YanyHuM perynauujama ,Y*
packpcHuLe. MMaBHO GYHKLUMOHANMHO je3rpo objekTa je
Pa3BWjeHO MO CPEAVHM OLWTPOr yria yanua. Apxutek-
TOHCKM CKNOM KOHCTUTYMLLY [iBa ,Kpuna“ objekTa, cnpat-
HOCTU ueTnpu 1 neT eTaka. CBOjUM OOAMKOM, ,Kprna”
obyxBaTajy LeHTpanHuM MOTMB 0bjeKTa, MneToeTaxHu
BeCTMOWMN Ca BOAEHVMM MOBPLUMHaMa Yy Mpu3emby U
3aCTak/bEHOM KPOBHOM MOBPLUMHOM. KOMNO3KMLWjy 3aBp-
waga,ebaehn” KpoB Koju NoBesyje AenoBe PasanumUTIX
BMCWHa. Hajsehun fieo npusemsba v Me3aHWHa 3ay3vma
WanTep cana, octanu feo objekTa je NOCNOBHOr Kapak-
Tepa ca npatehum NpocTopujama. Ha KpoBy objekTa ce
Hanasn pectopaH HamerbeH 3anocieHnMa.

The Development Bank of Vojvodina

2 Strazilovska Street,
Darko i Milenija Marusi¢, 2005-2007.

The primary volume of the bank was shaped by the
curved street regulations of a Y-crossroads. The functional
nucleus of the building was developed in the middle of
the sharp angle formed by the streets. The architectural
structure consists of two “wings” of four and five floors,
respectively. By their shape, the “wings” encompass the
central motive of the building, a five-storey vestibule with
water surfaces on the ground level and a glazed roof sur-
face. The composition ends in a “floating” roof that con-
nects the segments of different heights. The lounge with
the counters takes up the largest area of the ground floor
and the mezzanine, while the rest of the building con-
tains offices and the accompanying facilities. The roof of
the building features a restaurant for the employees.
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Y unby Kpeviparba Behe GnekcnbrnHoCT 1 OTBOPEHO-
CTW MPOCTOPa, Kao ¥ ynoTpebe Hekmx HeyobuyajeHunx
enemMeHaTa MCKa3aHux y B1ay NpPOBMAHWX TaBaHMLA, 33
KOHCTPYKTUBHM CUCTEM 133abpaH je apMMPaHOOETOHCKM
CKeneT, ca NoTpebHUM JOAaTHUM OjayakbiMa Y BUaY ap-
MMPAHOOETOHCKIMX 310Ba. 3aBPLUHOj 0O6paan NOBpPLLK-
Ha dacada, cBe [0 NojeAMHAYHKX AeTarba, nocBeheHa je
BefIMKa Naxkkba, 0 OCMULLIbaBakba Ao 13pade. Hajgehum
nenom kopuwheHa je 06nora o KameHwx naoya MoHTU-
PaHNX Yy CUCTeMy ,BeTpeHe dacaze”, ay 30H NpY3eMSba 1
BeCTMOMNa NPUMEHEHa je TpaHCMapeHTHa ,31/- 3aBeca’.

The requirement for greater flexibility and openness of
space, and the application of certain uncommon ele-
ments, such as transparent ceilings, prompted the choice
of the reinforced concrete skeleton structure, with the
necessary support of reinforced concrete walls. Careful
and detailed consideration, from design to fabrication,
was given to the facade finishing. The stone slab clad-
ding was mainly used, mounted on the principle of the
“ventilated facade’, while a transparent curtain wall was
used in the ground level zone and the vestibule.

TeMpOBM3MJCKLA CHUMaK 0bjeKTa WnycTpyje KBanmTeTHO
v3BefeHy ,BeTpeHy dacagy’ ca obnorom of KameHux
nnoya, rae ce roToBO YOMLWTe He BUAe HUKAKBU ryouLu,
Kao v TpaHCMapeHTHy dacafdy Tvna ,31A-3aBeca’, Koja v
nopep kopuwherba CaBpemMeHrX TEXHOMOWKNX Pellerba,
nokasyje oapeheHe rybutke YyrnaBHOM Ha MeCTMMA
Cnajatba Ca Apyrim enlemeHTVIMa obrore.

Seeing Energy — Novi Sad

The thermal image illustrates an adequately built “venti-
lated facade” with the stone slab cladding, where almost
no losses are found, as well as the transparent curtain wall
facade, which shows certain losses despite the modern
technological solutions, mainly in places of the connec-
tions with other cladding elements.
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[etarsHujn cHumum dacage nokasyjy Aa, Mako nocToje 12.0°C
ounrnefHe pasnuke y TepMmnykinum nepdopmaHcama pas-
IMYNTO MaTepMjan3oBaHnX Nosba GacagHor omoTaua,
TenepatypHe BPeAHOCTN Koje je kamepa 3abenexuna,
noKasyjy Aobpy TOMAOTHY 130MauKjy, Ca BEOMa HUCKMUM
BPEAHOCTMMA Ha,3Ma-3aBeck”. JeAnHW BraaH rybutak ce
jaBrba y 30HM cnoja dacage BeCTvbUIa Ca KPOBOM.

- BeHTnnucaHa dacapa, obnoxeHa KameHoM, Huje no-

rofHa 3a Tepmorpadcke aHanwvse, bynyhu ga y cknony

dacage NOCTOjN Ba3fyWHW C1Oj, Ma HEMa KOHTUHY-
aNHOr MpeHoca TOMIoTe KOHAYKUMJOM OO GuHanHor
cnoja. EKCTpemMHO HMCKe BpeHOCTM Cy pe3ynTaT edek-

Ta pednekcuje 1 He NpeACTaBbajy peneBaHTaH Noga-

Tak 3a TepMuuKy Cnky objekTa. Kog oBor aena dacage

jeamHN BUAHM ryouumM Ce jaBrbajy Ha MecTMma cnoja

NPO30PCKNX OKBMPa 1 GpacaaHe obnore.
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- More detailed images of the facade show that even 80 60 40 20 00 20 40 60 80 100 120
H B H Label Peak Min Max Avg
though there are obvious differences in the thermal 7% S —

performances of the various materials used for the
facade envelope, the temperature readings show good
thermal insulation, with remarkably low values on the
curtain wall. The only evident loss occurs at the con-
nections between the vestibule facade and the roof.
The ventilated stone-clad facade is not suitable for
thermographic analysis because there is a ventilated
cavity in the structure of the facade so that there is
no continuous heat conduction to the final layer. Ex-
tremely low values result from the effect of reflection
and do not represent relevant data for a thermal image
of the building. In this segment of the facade, the only
visible losses occur in places of the joints between the
window frames and the facade cladding.
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1 HapoaHo no3opuiute, Cuthenvhes tpr 66
The National Theater, bb Sindeli¢ev Sq .
2 Anenauuonu cyn, Bojsoge lNMyTHYKa 66
The Appellate Court, bb Vojvode Putnika St

3 Xoten,Ambacafop’, Tpr kparba Munana 4
The Ambassador Hotel, 4 Kralja Milana Sq

4 3rpapa OTI1 6aHke, Hukone Matwwnha 28
The OTP Bank, 28 Nikole Pasica St

5 Xoten,PapgoH’, Huwka barba, Cpnckix jyHaka 2
The Radon Hotel, Niska Banja, 2 Srpskih junaka St

6 [lom 3apaBba, Bojgone TaHkocuha 15
The Primary Health Care Center, 15 Vojvode Tankosica St

7 CrambeHe 3rpafie, Bojgoge Muwunha 58-62
Residential buildings, 58-62 Vojvode Misic¢a St
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HapopaHo nosopuwrte
CuHbenuhes Tpr 66, Bcesonon TatapnHos, 1938.

HapoaHo nosopwuiwTe ce Hanasn Ha CuHhenvhesom
TPry, y Hajykem rpagckom jesrpy Hwwa. O6jekat
NPeno3HaT/bMBOr,  MOHYMEHTANHON,  apPXMTEKTOHCKON
13pasa, Of/IMKyje Ce PEeUHMKOM MoLepHe KapaKTepu-
CTUYHMM 3a TPMAECeTe roAnHe BafeceTor BeKa, kaja je
1 n3rpaheH. JacHo aeduHMcaHn KyomyHn obavum Tpe-
TpaHW Ccy 0e3 feKopaTMBHYIX enemeHaTta, a vcelarbem
cermMeHata v3 UMAMHAPUUHE dopme MnpunasHor fena
KpeupaH je jak 1 yneuatsous IMKOBHM 13pas3.

The National Theater

bb Sindeli¢cev Square, Vsevolod Tatarinov, 1938.

The National Theatre is located in Sindjeli¢cev Square, in
downtown Nis. Its recognizable monumental architec-
tural expression is characterized by the Modernist fea-
tures of the 1930s, when it was built. The clearly defined
cubic forms are treated without any decorative elements
and the cutting out of the segments of the cylindrical
form of the access to the building creates a strong visual
impression.

140 141



BupneTn eHeprujy — Huw

KOHCTPYKTVBHM C1CTEM ObjeKTa je MacMBHW, 31AaH Of
oneke. Y nornedy 3aBpliHe obpagde, MOCTaMeHT 3rpa-
[le je TpeTupaH BelITaykMM KameHoM, AOK je Hajgehu
neo dacagHor omoTava obpaheH mantepom. Objekat
je op v3rpagre Aga nyta obHaembaH, 1967. 1 2002. ro-
OVHEe, MpW YeMy Cy CadyBaHW OPUTMHaNHW m3rneg wu
mMaTepujannsaumja.

Massive brick walls are forming the basic structure of the
building. As for the final finishing, the base of the build-
ing is rendered in cast stone, whilst the greatest part of
the facade envelope has a plaster finishing. The building
was reconstructed twice, in 1967 and 2002, and the origi-
nal appearance and materialization were preserved.

Seeing Energy — Ni$

TepMOBM3MJCKMA CHMMaK OOjeKTa OfC/MKaBa TepMuy-
Ke KapaKTepuUCTVKe KNacM4HO 3MAaHKX, Heu3onoBa-
HUX ObjeKkaTa y BuIYy NMPUMETHUX rybuTaka eHeprvje Ha
CrnojeBMMa Ca apMMPAHOBETOHCKIM eNeMEHTVIMA XOPH-
30HTANHWX 1 BEPTUKANHMX CePKNaxKa, OAHOCHO CrojeBa
bacagHe cTonapwje v 31goBa.

The thermographic image illustrates the thermal charac-
teristics of the structures built with no thermal insulation,
showing noticeable energy losses through the connec-
tions between the reinforced concrete elements of hori-
zontal and vertical ring beams, and between the facade
woodwork assemblies and the walls.
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[leTarpHuju CHMMAK MokKasyje pasnunyuTe Crnosballrbe
Temneparype 31aa, Koje Cy BUWe Ha AeNTOBUMA rae ce
Hanase Cepknaxn 1 ApyrM apMMpPaHOOETOHCKN ene-
MEeHTU. Y 30HM NPWUIasHor Tpema BUAbMBE Cy U BULWE
TemnepaTtype $acagHor 3u4a Kao AMPEKTHa nocnean-
L3 tberose Matbe JebrbhHe.

Cnojesw cTtonapuje 1 dacage OACIMKaBajy HeLoCTaT-
Ke CTapuwjux TunoBa CTONapuje 1 HauvHa HUXOBOT
yrpahueama.

A more detailed image indicates the different external
wall temperatures, which are higher at the ring beams
and other reinforced concrete elements. In the zone of
the access portico, the facade wall is thinner therefore
higher temperatures occur.

The connections between the assemblies and the
facade reflect the flaws of the obsolete types of wood-
work and the mounting techniques.

Ha npo3opckum BepTvKanama Ha CTEMEHWULHUM Ky-
bycuma BMae ce fole TepMUUKe KapaKTePUCTUKe
ctonapwvije. [youum Tonnote Cy NPUMETHY Ha CTaKIvMMa
Kao M Ha CrojeBMMa NMpo30pCKIMX OKBKPa Ca 3MA0BKMA.

The vertical window assemblies on the staircase cubes
demonstrate inadequate thermal performances. Heat
losses are visible at the window panes and molding.
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AnenaunoHn cyq

Bojsope lMyTHMKa 66,
CeeTa Mapkosuh, MupjaHa JosaHosuh, 1985.

3rpafa *aHOapMepujcke KacapHe ce Hamasun y Wwupem
LieHTPY Hula v NpojeKToBaHa je Kao jacHa, YncTa, Kyouu-
Ha dopma. CBOjoM jeaHocTaBHOLWNY 13pasza, CBeAeHOM
OpHaMeHTNKOM, Kao 1 yrnoTpebom MaTepujana, [OMUHMPa
HemocpeaHnM OKpyxerbem. KnacuuHa rpahesuHa, Tpu-
napTuUTHe nofene dacafe ca HarnaleHM Npr3embeMm,
TMaBHUM KOPMYCOM W BWCOKOM aTMKOM 6e3 yKpacHor
BeHLa, OACNMKaBa CTPOrocT U 036USbHOCT y CKnafy ca
CBOjOM MpUMapHOM yHKUMjOM. HakoH cnpoefeHe
peKkoHCTpyKUmje 2009/2010. roanHe, 13BpLUeHa je npe-
HameHa BOjHOT objeKTa y 3rpafly AnefnaumoHor cyaa.

The Appellate Court

bb Vojvode Putnika Street,
Sveta Markovi¢, Mirjana Jovanovic, 1985.

Originally the building of the gendarmerie quarters, it
is located in the wider center of Nis, and was designed
as a distinct, pure cubic form. With its simplicity of ex-
pression, the subdued ornamentation and the materials
used, it dominates its immediate surroundings. A classic
structure features a three-partite division of the facade,
an accentuated ground level, the main corpus, and a
high attic without a decorative cornice; it all reflects the
austerity of its original purpose. After the reconstruction
of 2009/2010, the purpose of the building changed into
the Appellate Court.
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KoHCTpyKUMja objeKkTa je KnacuyHa, MacvBHa, 31aaHa
onekom. MNoctameHT objekTa je obpaheH BelITauknM Ka-
MEHOM, NNACTPK Y LEHTPANHOM feny rnasHe GacagHe
PaBHM FPAHUTHUM MAOYaMa, @ JOMUHAHTHK feo dacad-
HOI OMOTaya je, MPWIMKOM PEeKOHCTPYKLMje, 0bnoxKeH
TEPMOM30MaLMjoM 1 GacagHUM MNTTEPOM.

The building structure is traditional with load-bearing
brick walls. The cladding is cast stone for the base and
granite slabs for the pilasters in the central part of the
main facade; during the reconstruction, the dominant
part of the facade envelope was clad in thermal insula-
tion and facade mortar.
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Seeing Energy — Ni$
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TepMOBM3MJCKL CHMaK ObjeKTa OAC/MKaBa pPasnnuunToCT
TEPMUYKIX KAPAKTEPUCTVIKA M30NOBAHVIX 1 HEN30I0BaHMX
[lenoBa objekara, rje ce jacHO youaBajy pasnuke nsmvehy
HEer30N0oBaHor (UK NoLLe 130/10BAHOT) NPU3eMba, Y Of-
HOCY Ha MaBHM KOPMYC 3rpage. YOUbMBM Cy U NPUMETHM
rybuum eHepruije Ha Npo30pCKMM NpodunvMa.

The infrared image of the building reflects the thermal
performance discrepancies between the insulated main
corpus and the poorly or non-insulated ground floor. The
heat losses at the window assemblies are also noticeable.
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- CHumak  petarba  dacage  npuikasyje  pasnuuute

Cnosballtbe  TemnepaType 3uia, WTo je nocneaun-
Ua pa3nnuuMToCTV HMXOBE reomeTpuje U KeanuTeTa
nocTaB/beHe m3onauuje. NprYmMeTHU apM1MpaHobeToH-
CKM XOPV30OHTANHW CEPKAaXM YKasyjy Ha UnbeHumLy Aa
je n3onauuja morna 6uty Gorber keanuteTa. Victospe-
MEHO Ce yOuaBajy NPO30PCKM PaMOBM NIOLLIET KBaNUTETa
Ca V3Pa3nTVM TOMIOTHUM rybrumMMa.

A more detailed image displays the different outdoor
wall temperatures resulting from different geometry
and insulation quality. The visible horizontal reinforced
concrete ring beams suggest that insulation could
have been better. Besides, the window frames are of
poor quality with noticeable heat losses.

Pasnunka op 8°C, koja ce MOXe youuTu Ha feTarby da-
cajie, jaBfba Ce Kao nocsiefua nocrojakba 13onaumje
y TOprbem, OAHOCHO HeHOT OfCYCTBA y LOHem feny
00jeKTa, Ha KOMe Ce jaCHO OAC/VIKABa ¥ MOJOXKaj apMU-
PaHOBETOHCKIX eflemMeHaTa (CepKnaxu 1 HaTnPO30pHe
rpefe) y o4HOCY Ha 3vaaHe fenose.

The discrepancy of 8°C noticeable at the facade detail
occurred due to the presence of insulation in the up-
per segment and its absence in the lower segment;
also the position of the reinforced concrete elements
(the ring beams and the lintels) is clearly distinct from
the brickwork.
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Xoten ,Ambacagop”
Tpr kparsa MunaHa 4, 1960-1968.

Xoten ,Ambacafop” ce Hanasu y LieHTPanHOM rpafgckom
jerpy Huwa, okpyxeH je napkom y3 peky Huwasy u He-
NOCPEeAHO je ocnorbeH Ha Tpr ocnoboherba, Kora TaHrvpa
rMaBHa 0ca Hajy»er rpafckor jesrpa. Objekat je BucuHe 15
CNPaToBa ¥ CBOjVM BOSTYMEHOM Kao U CBELEHUM apXuTeK-
TOHCKIM 13Pa3om, KapaKTepUCTMUHMM 3a joba nocnepat-
He MOAEpPHe, YMHM 3HauajHy penepHy Tauky rpaga. Heno-
CpefHO Nopef Hera ce Hanasu v NOC/IOBHW LIeHTap Ca Ase
cane 1 KoMepLMjanH1M NPOCTOPOM Makbe CMPaTHOCTL.

The Ambasador Hotel

4 Kralja Milana Square, 1960-1968.

The hotel in Ni§ downtown, surrounded by a park that
stretches by the river of Nisava, leans against Oslobodenja
Square, which is tangential to the main axis of the town
core.The 15-storey building with its volume and minimal-
ist architectural expression characteristic of the post-war
Modern Movement is the town’s recognizable landmark.
In its immediate vicinity, there is a low-rise office block
with two conference halls and commercial premises.
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KOHCTPYKTMBHI CUCTEM ObjeKTa je apMMPaHOOETOHCKH,
CKeneTHW, y KOMOWHaUMjKM ca nnaTHMMa 3a ykpyherbe.
Moay*Ha v BU3YeNHO HajAOMUHaHTHWja dacagHa pasaH,
npema Tpry ocnoboherba, MaTepujanv3oBaHa je ynorpe-
60Mm,31a-3aBece” (NonycTpyKTypanHa dacana). bouHu da-
CafiHV 3UA0BM XOTeNCKe Kyne OONOKEHV Cy KepamMUUKnM
MO3aVK noYama, a acafa KomepumjanHor aena je, y not-
MyHOCTW, OONOXKeHa KameHVIM niodama.

The construction system of the building is reinforced
concrete skeleton with concrete bracing plates. Visually
most dominant longitudinal facade plane, overlooking
the Square, was done in a curtain wall (semi-structural
facade). The lateral face walls are clad in mosaic ceramic
tiles. The facade of the low-rise is fully clad in stone slabs.

TepMOBM31jCKM CHYMAaK KOMIIeKCa yKa3yje Ha MoCTOjarbe
n3pasznte pasnvke naMehy KoMepuUmjanHor 1 XoTencKkor
fena. XoTen, Mako 3HauajH1xX KanauuTeTta v noteHumjana,
y TpeHyTKy doTorpaducarba Huje 61o y dyHKumjn (6e3
rpejatba), WTo je NPUMETHO 1 Ha TEPMOrpamy KoMrieKca.
KomepumjanHu feo OACvKaBa TUMMUYHE KapaKTepmncTi-
Ke objekaTa m3rpaheHux 60-1x roamHa ABafeceTor Beka,
n3rpahenunx 6e3 ynotpebe Tepmonzonatimje.

Seeing Energy — Ni$

The thermogram of the complex showed a clear distinc-
tion between the low-rise office block and the hotel. At
the time of the survey, the hotel, despite its consider-
able occupant capacity and business potential, was not
operational (it was not heated) and this is visible in the
thermal image. On the other hand, the low-rise structure
displayed the typical performances of the 1960s build-
ings with no thermal insulation.
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Kyna HerpejaHor xotena (MMHWUMANHO —TEXHWYKO
OfjprKaBarbe TemnepaTtype), je Ca jJaCHO U3PaKeHUM He-
AocTaumma dacafa Tvna,3ua-3asece” npee reHepaunje,
6e3 afieKBaTHVX TEPMUYKIX KapaKTepmncTrka. Ha daca-
AN Ce jaCHO PasnnKkyjy npema CBOjUM TeMnepaTypHUM
npvikasmma: Hocehr npoduny, napaneTHy 1 Npo3op-
CKv genosn. [lecHa cTpaHa 3rpage je 06noxeHa Mo3aunk
nioYMLama BENMKOT CTeneHa pednekcuje v npunkasyje
Ce Kao jow xf1afHuja.

The unheated hotel tower (there was minimal techni-
cal temperature maintenance) showed the obvious
flaws of the first-generation curtain wall facades with-
out adequate thermal characteristics. Temperature
fluctuations depend on the positions they show on
the facade: the load-bearing walls, the parapets and
the window assemblies. The right side of the build-
ing is clad in highly reflective mosaic tiles, rendering
it even colder.

lpejaHn aeo KoMMneKca je ca U3paxeHm rybuuyma To-
nioTe Ha CBUM eNleMeHTMIMa OMOTaua 0bjeKTa: KaMeHoj
bacaay, npo3opckuMm nNpoduMMa U 3acTakberby.
Hajn3pazntuju rybuum cy y 30H1 13nora v ynasa.

The heated part of the complex had significant heat
losses in all elements of the building envelope: the
stone facade, the window frames and panes. The most
distinct were losses in the display window zone and at
the entrances.
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OTI 6aHKa

Hukone Mawwnha 28, bopucnas Cnacuh, 1969.
norpafra, JbyorHka Kosaveswh, 1988.

3rpana OTI1 baHke, Hakafallkbe Hulike baHke, Hanasm ce
Yy LeHTpanHoj rpaackoj 3o0Hu Huwa. Komnnekc baHke je
CaCTaB/beH Off ABa AieNa, Of KOjuX NpBu notuue 13 1969.
[IOK je nofatHu feo carpaheH 1988. roavHe. Ceakn of
[1enoBa 10CNeiHO, KaKo YPOAHWUCTUYKK, TaKo 1 apXUTEK-
TOHCKW, OAC/IMKaBa BPeME Y KOMe je HacTao.

The OTP Bank

28 Nikole Pasica Street, Borislav Spasi¢, 1969.
extension, Ljubinka Kovacevi¢, 1988.

The OTP Bank building, formerly Niska Banka, is located
in downtown Nis. The complex consists of two buildings,
one of which dates back to 1969 and the other to 1988.
Each of them reflects their respective time of construc-
tion in both layout and design.
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lpBn [Oeo 3rpage je, Mako Ha YraoHOj Mo3uuuju,
npojekToBaH 6e3 nocebHOr TpeTMaHa Yrna, Kao
jegHocTaBaH Cnoj ABa npu3matiyHa BOSlyMeHa, ca yBy-
UeHUM npu3emsbeM. KOHCTPYKTUBHM CUCTEM je apMu-
paHobeToHCKK, ckeneTHW. (Qacafia objekTa obnoxeHa
je MepmepHMM nnovama bGene u cuee 6oje. logaTtHu
[leo npeysumMa ynory ,MaBHor" objekta, a CBOjy AOMU-
HAHTHOCT, YNPKOC Makbe M3NIOKEHO] NO3ULM)K, NOCTUXKE
obn1KoBarbem Gopme y BUAY KacKafHOr npenyliTarba
dacane matepujanusoBaHe y cucTemy ,3wva-3aBece’, u
3aBPLLUETKOM Y BMY HarnalleHor KPOBHOT BeHLIa.

Despite its corner position, the original building was de-
signed without particular corner treatment; it is rather
a synthesis of two prismatic volumes with a recessed
ground floor. The construction system is reinforced con-
crete skeleton. The facade is clad in a combination of
white and grey marble slabs. The extension has taken
over the role of the ‘main”building and, in spite of its less
pronounced location, it owes its dominant presence to
the cascading curtain wall facade topped with an em-
phasized cornice.

Ha TepMOBWM3MjCKOM CHVMKY ObjeKTa NpumeTHa je pas-
nuKka mamehy dacapa ctapujer, HeM3onoBaHor Aena ca
anyM1HMjyMCKOM 6paBapujom 1 HOBOT iena ca dacagom
TvNa ,3ua-3asece’. ApMUPaHOBETOHCKa MnaTHa HOBOT
[lena, Koja y 30HW Npr3emsba 13naze BaH 00jeKTa, HUCY
afeKkBaTHoO M3onosaHa. Obnora of NPYPOAHOT KaMeHa je
Takohe v3BeaeHa 6e3 1Kakge v13onauyje.

Seeing Energy — Ni$

The thermal image of the building shows a noticeable
difference between the original non-insulated segment
with aluminum metalwork, and the extension with the
curtain wall facade. The latter's concrete walls, which
stretch beyond the building volume, on the ground
floor, are not adequately insulated. The stone cladding
was also done with no insulation.
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- i - 8.0 °C "
Crapw peo objekTa czinemono;aHom @acanom ¥ Heafek XoTten ,,Pa,El,OH
BaTHMM KBanuTeTom pacagHe Opasapuje, Ha TepmMorpam .
) ‘ pasapy| P p Y 6 Huwka barsa, Cpnckmx jyHaka 2,
[eTarba NpuKasyje 3HauajHe TonnoTHe ryowTke. Criojesn

OpaBapvje 1 GacagHor nnaTHa Cy sowe M3BefeHu U, Anexcariaap byhesau, bopucnas Cnacuh, 1975.

Takohe, A0BOAE A0 3HAYaAjHUX TOMIOTHUX ryOuTaKa. ,
2 Xoten «PagoH» npunaga NHCTUTYTY Huwka barba” 1 Ha-

Na3wu ce Ha CaMOM Kpajy neluauke 30He v napka. 3rpaga
je CBOJOM jy>KHOM CTPaHOM OpjeHTUCaHa Ka napky, AOK
Ce ceBepHOM ,0TBapa” Ka AonnHu Huwase. MoctasbeHa
4 R je Ha NpupoaHOj AeHMBeNnauvjy TepeHa, 1 nocenyje Asa
ynasa:y Npv3emsby, Ca NPUAa3Hor NnaToa-NapkuHra, 1 Ha
- neTom CnpaTy, AMPEKTHO 13 Napka. MoTok Tonne barbcke
7.5 BOJeE je CNpoBefeH Yy Bray BOAOMaAa Ca KacKajama Kpo3
CaMo CpeavwTe 3rpafe, Yvme ce Kpevipa nocebaH nu-
KOBHW 1 ambujeHTanHu edekar.

The older building of the complex with the non-insu-
lated facade and the inadequate metalwork shows sig-
nificant heat losses.

6.0

The Radon Hotel

ok 57 -198 120  -04 Niska Banja, 2 Srpskih junaka Street,
Aleksandar Budevac, Borislav Spasic¢, 1975.

The Radon Hotel belongs to the Institute of Niska Banja,
and it is located at the very end of the pedestrian zone
and the park. Its south side faces the park, while on the
north it opens to the Nisava valley. Set on a natural cas-
cade, it has two entrances: on the ground level, accessed
from the parking lot, and on the fifth floor, directly from
the park. A natural stream of warm spa water was de-
regulated to the centre of the building as a cascading
waterfall, creating an extraordinary ambient effect.

- TpUMeTHM Cy TOMNOTHM ryOuLM Y 30HM NaparneTa CTa-
por fena ycneq terose marbe febrouHe y nopehersy
ca ocTaTkom dacafHor 3uaa. KeanuteTHuja dpacaga Ho-
BOT [lefla KOMIMJeKca KapaKTepuie ce MarbiiM TOmIoT-
HVIM ryouLmMma.

- In the older building, significant losses were, also, re-
corded in the parapet zone due to the thinner wall in
comparison with the rest of the facade. In the exten-
sion, whose facade is of better quality, losses are com-
paratively lower.
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3rpafa je NpojekToBaHa y CKENeTHOM KOHCTPYKTUBHOM
cnctemy, dyHOMpaHa Ha apMUPaHOOETOHCKOj KOHTPa
Mnour, ca MOHTXHUM MehycnpaTHUM TaBaHMLaMa.
(MacagHv 31MaoBK Cy M3BefeHN Y KOMOMHALMM MOHTaX-
HVX apMMPAHOBETOHCKMX MaHena U LpseHe dacagHe
oneke. ,Tepace” cy BM3yenHo noBe3aHe 1 13BefeHe Kao
3acCTak/beHW KyOycu 3aBpLIEHM KPOBHMM Tepacama - BeH-
LieM. XOpU30HTaNHOCT dacaje je HarnalleHa npedabpu-
KOBaHMM apMMPaHOBETOHCKMM Tpakama Koje Ha HUBOY
mehycnpaTHe TaBaHuLEe YOKBUPYjY Lieo objekaT.

The building was designed in the skeleton system, found-
ed on a reinforced concrete mat with precast floor slabs.
The facade walls are a combination of prefabricated rein-

forced concrete panels and red face brick. The “terraces”

are visually connected, built as glazed cubes ending in a
cornice of roof terraces. The horizontal aspect is empha-
sized by prefabricated concrete ribbons which frame the
entire building at the floor level.

TepMOBWI3MjCKIM MPKiKa3 0bjeKTa OAC/MKaBa BUCOK KBau-
TeT NPOjeKTOBaa M M3BONEH-a 3rpaje, Koju NpeBasinasm
yobuuajeHy npakcy CBOr BpemeHa. YousbMBy Cy TepMmny-
KV rybuUmM Ha CnojeBrMa apMMpPaHOBETOHCKIX enemeHa-
Ta Y 30HM KPOBHWIX Tepaca, XOPU30HTaHX NnoBe3yjyninx
Tpaka, Kao 1 Ha crojeBrnMa bpasapwje 1 dacagHor 3maa.
Ha CHUMKY je jaCHO M3paxeH OMMHbaK KOTIapHMLe Koju
«Mpobuja» HagorpaheHo NOTKPOBIbE.

Seeing Energy — Ni$ -

The thermographic presentation of the building shows
high levels of quality design and construction, which sur-
pass the standard practice of the time. Thermal losses are
quite evident at the connections between the reinforced
concrete elements of the roof terraces, the horizontal rib-
bon frames, and between the metal assemblies and the
facade wall. The boiler room chimney, which penetrates
the roof extension, is clearly outlined in the thermogram.
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- CermeHT omMoTaua 0bjeKTa, Ha TePMOBM3MJCKOM CHUM-
Ky, noceflyje n3pakeHe rybuTke TonnoTe Ha Crnojesnma
3aCTak/beHvx ,Tepaca” 1 Gacafe, OAHOCHO Ha MeCT1Ma
noBy4yeHor cnpata. HagorpaheHo noTKkpos/be, 06-
NOXEHO METaNHUM NPOPUIMCAHNM MMOM, YChes Be-
NIMKOT CTeneHa pednekcuje, NprKasyje ounTaBarba He-
peanHoO HUCKKX TeMNepaTypPHNX BOEAHOCTH.

Seeing Energy — Ni$ -

Hom 3apasrba

Bojsope TaHkocwha 15,
CeeTa Mapkosumh, MupjaHa JosaHosuh, 1985.

Objekat [loMa 31paBs/ba, Hajsehu objekaT npvimapHe
3apaBcTBeHe 3awTute y Cpbuju, Hanasm ce y LWKMPEM

LeHTpy Hwuwa. CnobogHoctojeha 3rpaja, MacMBHOM
rabapwTa, ca MNpernosHaT/bMBOM  MaTepwjann3aLmjom
of npedabprikoBaHux dacafHWX naHena, AOMUHU-
pa CBOJUM OKpyXerem W npefacTas/ba jeflaH of
HajKkapaKTePUCTUYHKjX MOfePHYX objekaTa Huwa.

The segment of the envelope displays significant heat
losses at the connection between the glazed “terraces”
and the facade, and at the recessed floor. The roof ex-
tension in profiled metal cladding with a high degree
of reflection shows unrealistically low heat values.
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The Primary Health Care Center

15 Vojvode Tankosica Street,
. Sveta Markovi¢, Mirjana Jovanovic, 1985.
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Label Peak  Min Max Avg . .
& Art 51 91 70 35 The Centre, the largest primary health care center in

Serbia, is located in the wider center of Nis. The massive
free-standing building recognizably materialized in pre-
fabricated facade panels dominates its surroundings and
represents a modern architectonic landmark of Nis.

ApMnpaHo OeTOHCKe [eKopaTMBHE XOPM3OHTane
Y3POKyjy rybuTKe TOMMoTe Ha MeCTy HbVXOBOT Croja
ca MehycnpaTtHOM KOHCTPyKumjom. Ha npodunmma
dbacanHe 6paBapvije, Takohe cy NpUMeTHW ryouum To-
nnoTe Aok pedekcuja CTaka pesyntmpa oumTaBakem
HepeanHoO HUCKKX TeMNepaTypPHYIX BPELHOCTL.
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The decorative reinforced concrete horizontals cause
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heat losses at the connection with the floor slabs. Be- ;..L.J S By -Iu:lgﬂ

sides, losses are visible at the facade metal assemblies, ] mmm i m T
while glass reflection caused unrealistically low read- i
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3rpapa je maTepujanm3oBaHa UCK/bYUMBO Kopuherem
npedabprikoBaHux GacagHVix enemeHata MNpPOMeHbMBE
neb/blHe Ca CBera/Ba NojasHa 06/vKa: Kao MyHW NaHen 1
naHen ca NPO30POM. Yasu y objekaT Cy n3BefeHu y Buay
He3aBMCHMX Kybyca W MpeacTasrbajy, OCUM TEXHUUKMNX
BEPTUKANa, jeAnHe akLeHTe KoMnosuuunje. KoHCTpyKLMja
je npedabprikoBaHa, apMrpPaHOOETOHCKa CKeneTHa.

The building was built of prefabricated fagade elements
with variable thickness in two forms only: as solid panels
and window panels. The entrances to the building are in
the form of independent cubes, which, besides the verti-
cal technical facility segments, are the singular accents to
the composition. The construction was done in a prefab-
ricated reinforced concrete skeleton system.

e

Seeing Energy — Ni$

TepMOBM3MJCKM CHUMaK 3rpaje MpuKasyje ocobeHoCTu
n3BedeHor Tnna npedabprikoBaHe dacage, Kao U Npo-
bneme Koju HacTajy ycnea HefoCneAHOr M130M0Bakba
objekTa. LlenokynHa TexHWuka BepTMKana: XOAHWLM,
OCTaBe 1 CTeneHnwTe je y NOTNyHOCTW HEW3010BaHa 1
Ha FbOj Cy MPUMETHY 3HaYajHW TONNOTHYM rybuum. Takohe,
NoAPYMCKM 1eo 0bjeKTa Koju ce Mojasrbyje Y BUaYy COKNe,
HeMa HUKaKBY M30naLnjy.

The thermal image of the building indicates the particu-
larities of the chosen type of prefabricated facade and
the problems arising from inconsistent insulation. The
entire vertical facilities: hallways, storages and staircases,
are with no thermal insulation and thus show significant
losses. In addition, the basement of the building, visible
as a skirting, in the thermogram, also has no insulation.
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- Ha petarpy je npurkasaH feo objeKTa, Ca Haju3pakeHWjoM
TemnepaTypHOM Pa3fnkom youeHoM Ha dacaaw, OaHO-
CHO HajehvM ryouumma; NPUMETHM Cy W npobnemn
MOHTaxe NpedabprKOBaHVIX NaHeNa, NiyCTPOBaHW KpPO3
rybuTke y 30Hama CrnojeBa W NPUTUCHUX BEPTUKANHYIX
npodwna. Ha nojeanHum naHenma sraHa cy owtehersa
(HeLoCTaTaK) MU3onaumje y CTRYKTYPM CaMor NaHena.

The detail shows a segment on the facade with the
most distinct temperature variation, i.e. the greatest
heat loss. There are also problems due to the prefab-
ricated facade panel mounting, seen through losses at
connections and vertical covering profiles. Some pan-
els reveal visible damage (absence) of the insulation in
the panel structure.

[etars cnoja dacagHvix naHena Ha kome je moryhe
youuTW Bapujaumje of rotoso 8°C, kao nocneamua pas-
NIMYUTOT KBANMTETa YrpagHbe. JaCHO Ce youaBajy 1 30He
naHena y kojuma je gowno Ao owteherba n3onauuje
WV FEHOT KBalleHa, LITO 3a pesynTaT Mma nowvje
TepMmnuKe nephopmaHce.

- A detail of the connection between the facade pan-
els with variations as high as 8°C, depending on the
mounting quality. Furthermore, the panel zones where
damage or soaking occurred display poorer thermal
performance.

&

Ll d Ll
oohoioio

=g
-8,
'm‘

-6.0

Peak
4.3

-4.0

Min
-8.6

-2.0

Max
14.4

0.0

Avg
-3.9

2.0

4.0

6.0

“c
8.0

-10.0

-8.0

Peak
8.0

-6.0

Min
10.3

Max
3.9

ac

P
=
LD

Seeing Energy — Ni$ -

CrambeHe 3rpage

Bojsoae Muwurha 58-62,
MBaH Kntanosuh, 1976. JTbybutka Kosaueswh, 1994.

AHanu3MpaHu KOMMMeKC ce cacToju oOf [Be CTambeHe
3rpafe B1COKe CNPaTHOCTM W JIOUMPaH je Y W1pem LieH-
Tpy Huwa. 3rpaje, civuHe no rabaputy OCHOBe, ann y
matepujanusaunjn NOTNYHO PasnnunTe, UnycTpyjy npo-
MeHe y rpaheBMHCKOj Mpakck TOKOM nepriofa of fiBa-
necet roanHa. Ctapuju objekat je n3rpaheH 1976. Aok je
HOBWjI 13 1994. roanHe.

Residential buildings

58-62 Vojvode Misica,
lvan Kitanovic¢, 1976. Ljubinka Kovacevic, 1994,

The surveyed complex of residential high-rise buildings
is located in uptown Nis. Similar according to the plan
geometry but completely different according to mate-
rialization, the buildings illustrate the changes in build-
ing construction during the period of twenty years. The
older building was built in 1976, and the more recent
one is from 1994,
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KOHCTPYKTMBHM c1ucTeM 06a 0bjeKTa je n3BefeH Kao cKe-
neTHa apMMpPaHOOETOHCKa KOHCTPYKLMja Ca MiaaTHKYMA 3a
ykpyhere. Macaga crapvjer objekTa je npedabprkoBa-
Ha apMMpPaHODETOHCKa, Ca TepMOM30aLMjoM Y CKIoMY
naHena M BUABMBKM, HarnaweHWm cnojHuuama. Kopg
HoBujer objekTa dacafHu 311 je M3BeAeH Kao 3u1aaHa nc-
MyHa obnoxeHa Tepmomsonaumjom 1 GacagHm mante-
POM, Ca CBEAAEHWM IeKOPATUBHKM eNleMeHTMMA.

Both buildings were built as reinforced concrete skeleton
constructions with bracing plates. The older building has
the prefabricated concrete facade with thermal insula-
tion in the paneling and with accentuated connections.
The fagcade wall of the more modern building is in brick
panels clad in thermal insulation and mortar with dis-
crete decorative elements.

TepMOBM3WjCKM CHUMAK KOMMIeKCa NpuKasyje cBe Hefo-
CTaTke Koju ce ca TePMUYKOT acnekTa jaBsbajy KOA 3rpa-
Ja ca npedabprKOBaHUM apMMPaHOOETOHCKUM dacaf-
HUM NaHenmma. VI3pasuti rybuum Tonnote ce jaerbajy Ha
MecTy MehyCoBHMX CrojeBa MaHena W MHTEPHMX BE3a Yy
OKBUPY HoMXOBE CTPYKTYpe. Kof HoBujer objekTa nocToje
3HaYajHWjX TOMMOTHW ryomum y 30HM Noha, BeHala v ae-
JIMMUYHO  XOPW3OHTANIHKX CepKaXa kao nocneamua
nponagakba v NoLWMjer KBanuTeTa yrpaheHe nsonauuje.

The thermographic image of the complex illustrates all
problems related to prefabricated reinforced concrete
facade panels with respect to thermal performance; ex-
cessive heat loss occurs at interconnections between
and within panels. The more recent building displayed
significant heat loss at the loggias and cornices, and
partly at the horizontal ring beams, due to decay or poor
quality of the insulation.

Seeing Energy — Ni$
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- Kop netarba Gpacafe Hoswje 3rpage, Ha TEPMOBM3UJCKOM
CHVMKY je Moryhe jacHO youuTn HeadekBaTHO M30-
NOBaHe XOpPW3OHTaNHe cepknaxe u nohe. Takohe,
npodunaumje BeHaua v gekopauuje Ha dacagy HUCY
a[lIEKBATHO M30/10BaHe 1 Y3POKYjy TONNOTHE rybuTKe.

The thermogram showing facade details of the more
recent building reveals inadequate insulation in the
horizontal ring beams and the loggias. Moreover, the
molding of cornices and facade decorations were not
adequately insulated, thereby causing heat waste.

[Netars dacage crapujer objekta of npedabpuko-
BaHMX apMMPaHODETOHCKMX MaHena ykasyje pa je
TepMou3onaumja y cactaBy naHena HeaaekBaTHNX Ka-
paKTepUCTVIKa. Takohe, NPUMETHM Cy 1 NOLWK CMojeBun
KOj1 3a mocneanLly MMajy 3HauajHe TomnoTHe ryonTKe.
3acTak/beHe Tepace, ycnen pednexcuje CTakna, Ha Tep-
Morpamy MMajy HecpasmMepHO HWCKe TemnepatypHe
BPEAHOCTN.

A facade detail of the older building shows inadequate
insulation performance of the prefabricated concrete
panels. Again, the connections are poor and result in
heat losses. The glazed loggias cause reflections so that
the temperature values in the thermogram are dispro-
portionately low.
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