APXVTEKTOHCKM paKynTeT
YHuBep3uTeTa y beorpagy
Faculty of Architecture
University of Belgrade

COOPERATION
REPUBLIC
OF SERBIA

4
Deutsche Gesellschaft
fiir Internationale
Zusammenarbeit (61Z) GmbH

FEDERALREPUBLIC
OF GERMANY

> Bnpetn eHeprujy
> Seeing Energy




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

akomoHorpaduja Mva camo 4Ba ayTopa, HeHO CTBaparbe
6u 6uno Hemoryhe 6e3 nomMohu BenMKor 6poja yYecH1Ka
1 CapafHviKa.

MocebHo ce 3axBasbyjemo Hataww hykosuh Mribatosuh,
Ha aKTMBHOM Yyuelwhy y CTBapaky OBe MOHOrpaduje.
Bes meHor mckyctBa n nomohu, UenokynaH pag 6w
npeacTas/bao MHOro Behw 13asos. AHWTa Mpaoswh 1
Carba Anopuh cy ce nokasane Kao W3y3eTHW CapagHu-
Un, HecebuuHo ynaxkyhu Benvikv Tpya y npunpemy v
peanu3aunjy n3noxoe Budemu eHepaujy, a NOTOM 3ajeIHO
ca JacHom JoaHoBuh, Metpom Tyderyvhem n ywaHom
TpudyHoBMheM y n3paan oBe MOHOrpaduje.

Mpununkom ofabupa penpeseHTaTBHYIX objekaTta y Ho-
Bom Capy v Huwy 1 cakyrnbarby noaaTka O rbrma, Aparo-
ueHy nomoh cmo nmanu y Cnobogary Camapuvhy, [pa-
raHu KoHcTaHTuHoBMN 1 Munany Tanuhy.

[MocebHO 3axBasbyjeMO fekaHy [paheBuHCKO Apxu-
TeKTOHCKOr dakynTeta y Huwy npodecopy [paraHy
ApaHhenosuhy Ha capaghu 1 pasymeBatby.

HecebuyHy nomoh n moppuiky y OCTBapuvBaby Leno-
KynHe unaeje npyxuo Ham je [ejaH Kosau, aupexTop
AreHuuje 3a eHepreTuky [paga Hosor Caga.

[leTarbHnje HGOPMaLMje O TEXHUUKMM KapaKTepucTu-
Kama objekaTa 61no 6u Hemoryhe npoHahu 6e3 nomohu
WcTopnjckor apxvBa beorpaga 1 Vctopujckor apxnea
lpaga Huwa.

3axBasbyjemo ce npodecopy dapky Mapywuhy v Mune-
HUju Mapywuh, Hophy Munetuhy, MeTpy Bacumbesnhy
Ha NoMOoNK 1 capaarbL.
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MNpenrosop

Beh Bulwe peueHWja, apXMTEKTM, Na CamMUM TUM 1 ap-
XUTEKTYpa, CyoueHn Cy ca moTpebom fa ce y mpoue-
Cy MpOjeKToBarba PasmulLba U OpUHE M O eHepruju.
HakoH wHTEpHauMOHanM3auvje CTuna, HakoH onuwTe
npvixsaheHe uvaeje ,Marbe je BULLE’, eHepreTcke Kpw-
3€ U eKOMOWKK MOKPeTN Bpatune Cy Y apXMTEKTOH-
CKe MapajuMrme MOLWTOBabbe KAMMATCKMX MapameTapa
NoKauuje, TPaHCMOHOBarbe TPaAMLMOHANHIX NPUHLNW-
Ma NpojeKkToBarba M rpaherba y MOLepHe TexHomnorunje
rpaherba y3 MprMeHy CaBpemeHux matepwjana. Tako
HaCTana apxmTeKkTypa, Merbana ce TOKOM BpemMeHa a, y
33BMCHOCTV Of AOMVHAHTHMX onpefesbera, cpehe ce
y MTepatypu Nof HaswBMMa: COMIAPHA apxumekmypd,
OUOKIUMAMCKA apxumexkmypa, 3e/1eHd apxumekmypd,
00pXuBa apxumekmypa, eHepeemcku epuKkacHa apxu-
mekmypa. 3ajeQHVYKM YMHWAL CBMX OBWX MPUCTY-
Na je apxXMTEKTOHCKX OArOBOP Ha MMMepaTns Aa ce y
objekTVMa nocTurHe WTo Beha eHepreTcka edprKkacHoOCT,
WTO NOfPasymeBa CMarberbe MOTPOLWHbe eHepruje y3
ouyBarbe Uy noborblarbe Komdopa.

KOMMKO je BenvKka oaroBOPHOCT apxuTeKaTa — apXmUTeKTy-
pe, NPou3Kasy 13 YnkbeHNLe f1a ce y n3rpaheHnm 3rpa-
[laMa TpoLwm OKo 45-50% yKyrnHO Npou3BeLeHe eHepruje.
Kako 6v ce cmarbuna NoTpoLka eHeprije y 3rpajama,
TOKOM MPOTEKAVX LeleHnja, Y PasBujeHVIM eBPOMCKMM
3em/bama, NPOMMUCK O TEPMUYKO] 3aLUTUTIL Cy CTaTHO NO-
OLUTPaBaHW, a BPEMEHOM je MPOMEHEHO U TEXNMLLTE OBMX
nponwca: ca yTBphriBatba ¥ OrpaHnyaBakba BpenHOCTH
NOjeANHAYHNX TEPMUYKMX KapaKTepuUCTVKa enemeHata
3rpaje Npewsno ce Ha LO3BOSbeHY MOTPOLWHY eHepruje
YMTaBe 3rpaje, a 3aTVM 1 Ha OrpaHnyaBarbe emrcuje ra-
COBa CTakneHe bawwTe, Oyayhn aa je eMmcKja racosa CTa-
KNneHe GaliTe y AVMPEKTHOj Kopenaumjin ca NoTPOLIHOM
docunHnx ropuvBa.  [loHowerem KjoTo npoTtokona,
EBponcka yHuWja ce obaBe3ana Ha CMakbeHe emmcuje
yribeHanokcnaa 3a 8% y ogHocy Ha H1MBO 13 1990. roau-
He y nepuoay oa 2008. o 2012. roanHe. Kako 61 ce 0Baj
UMb OCTBAPWO, Npeay3eTe Cy OpojHe Mepe 1 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 energy 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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CMarberby MOTPOLUHbe eHepruje y 3rpagama. fogmHe 2002.
roaviHe CTynuna je Ha cHary “[vpekTnea EBponckor nap-
nameHTa v CaseTa EBpone o eHepreTckm nepdopmanHca-
Ma objekTta” (EPBD)', kojom ce feduHMLy OCHOBHY Npas-
LY OBaKBOT fienoBarba y Esponn. Kpajem 2006. rogvHe,
[npekTnBa je npepacna y Gopmy HaLMOHANHWX 3aKOHa
Y 3eM/baMa YiaHvLamMa YHuje, y3 NocTojatbe Knaysysne fa
Ce tbeHa MnyHa nprmMeHa Morna OANoXMTY 3a Hajsuwe 3
roavHe y cnyyvajy HepoctaTka KBanvGUKOBaHWX W akpe-
OMTOBaHWMX eKkcrepata y nojefnHum semrbama. [lonutmka
EBponcke YHuje nmpema nutarbnmMa eHepruje 1 Knnmmat-
CKMX MPOMEHa je y HapeAHWM roArHaMa NooLITpaBaHa,
Kpo3 Behu 6poj aopataka koju ¢y jyHa 2010. 0bjeanrbeHn
M YCBOjEHM Kao [OKYyMEHT mo3HaT kao EPBD 22 Osvm
[IOKYMEHTOM [OAATHO je HarnaweHa notpeda 3a farbim
CMarbeHEM EMMCHIjE FACOBA CTaK/eHe OaLlTe N CMakbEHEeM
NOTPOWHE eHepruje y 3rpagama AeduHMCarbem T3B.
L,EHEPreTCKOr M KAMMATCKOr MakeTa’, Kojum ce, jow 6nu-
Xe 1 cTpoxe, ofpehyjy cmepHuue Gyayher aenosarbe
YHnje y 0B0oj 06nactt. [oCTaBbeHUM LnibeM, CmMOonmY-
HO O3HaueHnM Kao,20-20-20" 3emrbe EBporcke YHuje ce
obaBesyjy aa cBojuM aenoBarbem Ao 2020. rogmHe obe-
36ene: pedykuMjy emucuje racosa CTakneHe bGalTe 3a
Hajmarbe 20% y ofHocy Ha HMBO 13 1990. rognHe, 20%
eHepruje Koja ce TPOWM NOTUYe 13 OOHOB/BMBIX 13BOPA,
20% cmarberba MOTPOWHE eHepruje WTo 61 ce NocTur-
no yHanpeherbem eHepretcke edukacHocTn. OBUM 3a-
KOHOM [lasbe ce fedUHILY 1 OrpaHmyerba 3a NOTPOLUHY
eHepruje 3a rpejarbe, 3arpesarbe Tonse Bofe, xnaherse,
BEHTUNAUMjy W OCBET/bEHE Yy 3rpafjama, a ¢uHanHa
NOTPOLWHa CBOAM Ha MPUMApPHyY eHeprujy.

Y Halloj 3em/bK, NPBU NPONMCK Koju ypehyjy Tepmmnyky
3aWTUTY 3rpafa nojasuin Cy ce Kpajem Lie3fecetnx ro-
L1Ha W, Off Tafia, MerbaHW Cy HEKONMKO MyTa, anvi C Benu-
KMM 330CTaTKOM y OHOCY Ha 3eM/be YnaHnue EBponcke
yHuje. [JoHOWeHeM 3aKOHa O MiaHuparby 1 rpahetsy?
2009. rogunHe, Kpo3 unaHose 4. 21. n 201, cTtBOpEH
je MpaBHW OCHOB 3a perynmMcarbe pauuoHanHe ymno-
Tpebe eHepruje y 0bnacTi U3rpagre 3rpagda, a y npo-
Lecy je [OHoWere 1 perynatmee Kojom ce perynue
eHepreTcka ePUKACHOCT 3rpafjia M 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, BpWK ycknahrBarbe Cprcke perynatmee ca pery-
NaTMBOM EBpONCKa yHuMje.

YNPKOC YnHeHNUM fa CY, AOHOLWEHEM 3aKoHa W MoA3a-
KOHCKMX aKaTa, CTpy4rbaly y MOTMNYHOCTM YNO3HATK Ca
HauUMHMMa NOCTV3arba eHepreTcke ePUKACHOCTM 3rpa-
[la, oCTaje NpobnemM fa Cy MuTarba Be3aHa 3a ryoutke
eHepruje y CIOXKeHUM CUCTeMMMA Kao LUTO Cy 3rpaje,
KOHCTPYKLIMje 1 BE3e KOje Ce Yy tbiMa jaBsbajy, anCTpakTHe
1 HeBUASbMBE, 1 300r Tora Hajuellhe HeJOBOSbHO jacHe
33 HECTPYYHY jaBHOCT. MeToA TEPMOBU3M]CKOT CHIMMAMba
ynpaBo oMoryhaea fja ce eHepruja,Buan” 1 ronvm OKOM.

OBa MOHOrpaduja NpeAcTaB/ba, YNpPaBo MOKyLaj ayTo-
pa, fa ce, y3 NpUMeHY TePMOBM3NCKOT CHYMarba 3rpaaa,
HajLIMPO] jJaBHOCTN NPUOAMXKeE, MOKaXKy 1 0bjacHe Hauu-
HU Ha Kojv 3rpage rybe eHeprujy. OpaTne 1 HacnoB oBe
MoHorpadwje BUOET EHEPTIAJY. CHumsbeH je Behin 6poj
3rpapa y beorpagay, Hosom Cany v Huwy, 1 TO 061YHOM 1
TEPMOBM3MJCKOM KaMepOoM, Kako 61 ce oMoryRno nako
nopeherbe 1 youaBarbe MpobneMa M KapakTepucTMKa
OMOTaua 3rpafia Koju Y3pOKyjy eHepreTcke rybutke. V13-
abpaHe cy 3rpage pa3nunuute HameHe, CtTambeHe 3rpage,
jaBHW 00jeKTI, MOCNOBHE 3rpaje, 30PaBCTBEHE YCTaHO-
Be, baHke. OgabpaHe cy 3rpafe 13 pasnnyuTix nepuo-
[la M3rpafme, Wio je omoryhuno fa ce carnena ytuLaj
PA3NMUUTUX CUCTEMA FPadHe, MPUMEHEHMX MaTepujana
M yrpaheHvx enemeHata Ha eHepreTcky edukacHOCT
3rpafa.  ocebHa narba (M aHanmMsa) noceeheHa je
[eTa/bVMa Be3a, yrpafrbe, Kao CBeMy OHOME LTO Ce
OBWUHMM rNefaHbem objeKTa He BUaW, anu Kpo3 00jeKTB
TEPMOBM3MjCKe Kamepe NaKo youasa.

[NapanenHo ca MOHOrpadujom, NPUNPEMIbEHaE je 1 N3M0X-
6a BUIAETW EHEPTIJY, cnvuHor caapaja, Ca UWbem aa,
npeacTasbarbem y Behem 6pojy rpafosa U MHCTUTYLM)a
y Cpbujn, byae [OCTynHa Wnpem cnojy rpahaHa. Tvme 6u
Ce yKa3arno Ha CTanHy notpeby 3a WTeArOoM eHepruje 1
FoEHOM PaLVIOHANHWjOM MOTPOLLHOM Y 3rpafama.

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 omoryhuro je GTZ (Deutsche Gezellschaft fur
Technische Zusamenarbeit).

' EPBD npepactaemba 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
3rpaje M3 Haler CBaKOAHEBHOI OKpyXetba CHYMIbeHe
Ha ABa Pa3NuMTa HauMHa - CTaHLAPAHUM OUTUTANHVM
doToanapatom 1 TepMoBM3MCKOM kamepom. DoToana-
paT je CHYMMO apXUTEKTOHCKe 00jeKTe Ha UCTU HauMH Ha
KOj/ MX W MW BM3YENTHO Mpero3HajeMo u carnefabsamo,
JIOK HaM TEPMOBU3MjCKM CHUMUM NpKKa3yjy UcTe objekTe
carnefaHe Kpo3 (Hallem oKy HeBMAbUBIM) MHGPaLPBEHN
[le0 CneKTpa Koju OTKPYBA TEPMMUKE KapaKTepncTuke
omoTada objekata. ObjekTVB MHPpaLpBEHe Kamepe je
3abenexvo, 1 BM3yenM3oBao, TOMIOTHY eHeprujy Koja
ce emuTyje y aTMOChepy yMecTo y Hale CTambeHe, no-
C/IOBHE WM jJaBHE MPOCTOPE, 3aMnpaBo eHeprujy Koja je
,M3ry6rbeHa’, a Morna 6v 61Tt cauyBaHa 60/bMM apXUTeK-
TOHCKVM 1 TEXHUYKNM peLlerbrma.

TepmoBM3Mja je HayuHa AVCUMNAMHA HOBUJEr [aTyma, Yy
UMBWIIHOj yNoTpebn Tek of NONOBMHE [BaAECETOr BeKa:
OHa ce 0aBW MPUVKYM/batbeM U aHanM3oM TePManHuX
KapaKTepucTnka objekata MpeKo HUXOBUX TePManHuX
CNMKa OIHOCHO TepMorpama 6e3 ycrocTaBbatba AVpek-
THOT GU3MYKOT KOHTaKTa. [prMeHa TepmMoBM3nje y by
carnefaBarba eHepreTckMx NepPOPMaHCK apXUTEKTOH-
CKMx objekaTa, MocCTana je akTyenHa Kpajem ABageceTor
Beka. Taja Cy Teme Of 3Hauaja 3a eHepreTcKy edrkacHOCT
Y pa3BujeHM eBPOMCKMM 3em/baMa NMocTane MHTerpan-
HY JE0 aPXMTEKOHCKE MpaKce 1 CTpaTewkKo nuTarbe y A0~
MeHy TpeTMaHa noctojeher rpaheBrHcKor doHAa.

TeopeTcKm ocHOB
TepmoBM3Mja ce 6asnpa Ha uUMHEHMUM [a CBa Tena
TOMAVja Of ancoflyTHe Hyne emMuTyjy, Yy 3aBUCHOCTU Of

CBOje TemnepaType, oppeheHy KonnumHy 3padersa.

KonuumHa OBOr 3payetba 3a WAeasnHa ,LpHa Tena” ce
MoXe 13pasnTi nomohy LLTepaH-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=oT*,

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

T = anconyTHa Temnepatypa [°K]

o0 = ltedaH-bonumarHoBa KoHCTaHTa = 5.6696 x 10°[W/
m?’K#]

,LpHa Tena” cy TeopeTcka Tena koja ce moHauwajy kao
CaBpLWEHV emMUTepU OHOCHO ancopbepn eHepruje u
OHa He nocToje y NPUpoAn. Mu, y cTBapu, aHan13nmpamo
0bunyHa ,c1Ba Tena” uvja ce CrnocobHOCT M3padaBarba
eHepruje Marba 1 Besyje ce 3a KapakTepncTnKy emmcuB-
HOCTW. EMMCMBHOCT NpeAcTaB/ba KONVMUHWK 3paverba CU-
BOI Mpema LipHOM Tefly 1 Moxe ce 13pasuntu cnegehum
13pasom:

e=W/Wb

To MPaKTMYHO 3HauM fa Tena UCTUX Temnepatypa Yy 3a-
BMCHOCTM Off EMUCKBHOCTM MOTY UMATW PasfinyuTe UHTe-
3uTeTe 3payetba 1, CamumM TUMe, ipyrayuje ce ounTaBaTu
Ha TepMorpamy.

EHepruvja, KoOjy AeTekTyje TepMOBUM3MKO CHMMarbe, He
MOpa MOTMLATW Camo Of 3pauerba objekta. ObjekTn ce
He Hanase y M30/10BaHVM CUCTEMUMa, BEN Y OKpyxerby
Koje, Takohe, vma oppeheHe eHepreTcke KapakTepu-
CTVKe. YKYMHa eHeprvja Koja Mafa Ha HeKO Tesio MoXe
6yt ancopboBaHa (ancopnuuja &), pednekToBaHa
(pednekcwja p) nnu nponywTeHa (TpaHcMmncKja - t). Cyma
OBWX eHeprvja Mopa 61T KOHCTaHTHa, Tj. Aa je:

a+p+t=1.

Y rpaheBuHapcTBY, Hajuelhe, 06jeKT! HWCY NMPOBUAHM,
Tj. t =0 1 jegHaunHa ce MOXe cBecTn Ha A + p=1. pe-
Ma KnpxohoBOM 3aKOHYy CMOCOOHOCT Tena fla emuTtyje
eHeprujy je jenHaka CMoCcobHOCTV Aa je MpumMK, U3 Jera
M3BOAMMO Aa je €= &, 0OAHOCHO &+ p=1 nn p=1 - €. OBO,
NPaKTUYHO, 3HaUM [ia 3a ObjeKTe BUCOKOr CTeneHa yrna-
UAHOCTW € Ce MPUOAMXKABA HyW ¥ TEPMOTrPam YriaBHOM
nokasyje pednekcuje, 1 06paTHO, WTO je Beha emncyB-

Wb=0oT".

where:

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

T =the absolute temperature [°K]

o = the Stefan-Boltzmann constant = 5.6696 x 108[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 - 1). 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=
q, ie, e+ p=1or 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 peasHuje nprikasyje temnepatypy
nospuwmHe. Y rpahesBrHapcTBy yTULaj EMUCUBHOCTU Ha
oyuTaBarbe BPEAHOCTM TepMorpama je HapoumTo 13pa-
KEeH KO meTana, Tako Aa anyMuHUjyM, YKOIMKO je enoK-
CMpaH TamHe 60je UMa emmncneHOCT o 0.95, AOK BUCOKO
nonunpax 1nma emmncmsHOCT of 0.05.

CTpyKTypy 3paverba Hajoorbe  WnycTpyje mnpukas
yobuyajeHe Lieme TEPMOBM3UJCKOr CHUMKa (civka 1).
13 oBe weme jacHO BUAMMO [a je YKyMHO 3paverbe, y
CTBApW, CyMa eHepruvje: emuToBaHe W3 camor 00jeKTa,
pedneKkToBaHe eHepruje OKpy)Kerba W eHepruje emu-
TOBaHe Of CTpaHe atMocdepe. TepMOBM3MjCKa Kamepa
KOMMeH3yje yTuuaje pednekcuja v ytnuaje atmocdepe
N TO Ha OCHOBY MOAATaka Koje je HeOMXO4HO YHEeT Of
CTpaHe onepartepa, OHa NPEBOAN 3payerbe Tena y Bu3y-
€NHy penpeseHTalumjy — TepMorpamM Ha OCHOBY yHanpen
KanmbpuicaHux pe3ynTaTta yHETUX Y MEMOPUjY Kamepe.

Cnuka 1. lWematckn npurkas TUNMYHOT Meperba: 1-OKpyxerbe,
2-06jekat, 3-aTmocdhepa, 4-kamepa

TepmoBM3vja ce 6asvpa Ha Mepersy 3padetba Y
oapeheHom — MHOPaALPBEHOM - CMEKTPasHOM orice-
ry efeKTpOMarHeTHor cnekTpa (CamMka 2), OAHOCHO Y
TanacHUMm fyxkmHama mamehy 0.7 i 100pm ca kopwc-
HMM oncerom of 2-5 um odnosno 8-14 um. TonnoTtHa
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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.

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 100um 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 NPeHoOCH CaMo y OBUM TalaCHUM LyXKn-
Hama, WTasuLle, CyH4YeBa eHepruja ce HajsuLe NPeHoCu
Y BUA/BMBOM [ieNly CnekTpa. [IpeHoc Tonnote noyunrbe y
30HW YNTPa/byOMUacTor 3payersa U NpocTvpe ce Kpo3
LeNoKyNaH BUA/BMBI 1 MHOPALPBEHN CreKTap.

Cnnika 2. LLlema enektpomarHeTHor 3padetba

OpHOC KoMMYMHe 3paderba Y 3aBUCHOCTY Off TanacHe ay-
XMHe 1CKa3aH je MnaHKoB1M 3aKOHOM

2nhc

_ -6
o X5 (ehe/Mi ) x10

roe je:

W,, = 3payerbe LpHOT Tena Ha ofpeNeHoj TanacHoj AyxKm-
HW [W/m? um],

C = 6p3mHa ceetnoct (3x10° m/s),

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

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

T = anconyTHa Temnepatypa upHor tena [°K],

A\ = TanacHa fyxuHa [um]

Mpaduruka wnycTpaumja oBe 3aKOHWTOCTU Ce BMAM Ha
CNUM 3 Y MOXKEMO YOUMTK [la Ce 3a BuLe Temrepartype
MaKCMMyM MOMepPa Ka MarbVM TanacHUM LyKunHama. Ha
rpadrKoHy ce MoXe BUAETU 1 [1a je 3a TemnepaType koje

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.

Figure 2. Graphic representation of electromagnetic radiation

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

2nhc?

_ -6
w73 (ehe/Mi_ 1) x10

where:

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

¢ = the speed of light (3x108 m/s),

h = Planck’s constant (6.6x 103 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 NpeamMeT Haler MHTepecoBarba, MakCMManHa Bpea-
HOCT Y 30HM MHOPALPBEHOT 3paderba, a LpBeHOM H60joM
je npuKkasaH cnekTpanHu oncer kopuwheHe Kavepe.

OcHoBe popMuparba TepMasHUX CNIMKa

MpUNMKOM CHMMarba TEPMOBU3MCKX CIMKa BPLWIK Ce
KOHBep3Wja WHOPaLpBeHOr 3payersa Koje ce, Mpeko
courBa, POKYCHpa Ha OETEKTOP Ha C/MYAH HAYMH Kao
y 00MYHOj AMrvTanHoj doTorpadujn. [letektop Kperpa
EeNeKTPUYHM CUrHaN KOjU 3aBUCU Of, MHTE3WUTETa CHUrHana
1 OH Ce KaCHWje KOHBePTYje Y TepManHy CIIvKY.

[1Be cy ocHOBHe pe3nuke y ogHOCY Ha GoTorpadujy:

+  OB[le Ce CHMMa 3payetbe Koje noTnye of objeKkTa 1
o pednekcuja - 3a pa3nuky og dotorpaduje rae
Ce YrMaBHOM CHUMAjy pednekcuje (0CvMm 13pasmnTo
3arpejaHuix objekata)

+  BV3YesIHU CTeKTap Ce OAHOCH 1 Ha bojy 1
WHTEH3WTET - JOK MHPPaLPBEHO CHUMaHbE Ce
O[HOCK CamMO 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 MpeAcTaB/ba
CMKY AUCTpUbyUvje TemnepaType Kako ce OBUYyHO
CcMaTpa, Beh MHTEeH3UTeT 3padetba, Koju, Kao WTo je Beh
peyeHo, Moxe MMaTK pasnuunte nssope. Kog objekarta
ca Behom emncrBHOWNY CMKa peanHuje NpuKkasyje Tem-
nepatype (Manu je npoleHaT pednekcnje) - 1 obpaTHo.
Tako HNpP. NPO30p Koju je y Br3enHoj doTorpadumjv Npo-
BMAAH, Y TEPMOBU3NjU NPeAcTaBba pednecrsHy nosp-
WWHY (NaHaaH ornegany). 3ato MW, y CTBapK, CHYMaMO
TaKo3BaHy MPUBWAHY TemMnepaTypy Kojy je HeomnxogHO
KOMMeH30BaTV Npuinkom doTtorpaduricarba, jep cimka
0CTaje HEMPOMEHbEHA BU3YEHO anu Ce, HYMEPUUKM Na-
pPaMeTpV OUNTaBaH:a, PA3NKY]y.

Y uwmby pobujarba apekBaTHWX Mepetba (MowTo ce
doTorpaducare y CTBapy CBOAM Ha Meperse) MOpajy
OUTK OCTBapeHa TemnepaTypHa pasnvka o MuH. 10°C
n3mehy fenoBa Koju ce aHanM3mpajy y3 ofpaBarbe CTa-
6unHe yHyTpallkbe TemnepaType OAHOCHO MOCTOjare
HeraTmHoOr nputrcaka og 10-50Pa - ykonmko ce mepwu
nHbUNTpaumja.

3a notpebe cHUMara oObjekaTa MpKKazaHWX Yy OBOj
MoHorpaduju  KopuwheHa je kamepa ThermaAM B20,
npowussohaya Flir Systems, Koja je HaMeHCKM 13ajHMpaHa
3a NpuMeHy y rpaheBUHCPCTBY. OnepaTviBHa y paHry of
7.5-13 um n Ha Temnepatypama og -15 go +50°C oHa je
CTaHAaPAHO je onpemsbeHa counBom of 24° v omoryhasa
CHUMarbe objekata obpanom npeko OMA (focal plane
array) MUKpobonomeTpa y3 W3nasHy AWrUTanHy Ciavky
anmensuja 320/240 nukcena. To NpakTMYHO 3HauM Aa 3a
cBaky of 76800 m3nasHMX MUKCeNa MOXeMO, Yy KaCcHNjoj
aHanusn dotorpaduje npeko onroBapajyher codsepa
(ThermaCAM Reporter), 1o6uTH nHGOPMaLIMje O OUnTa-
HUM BPeOHOCTVIMa OAHOCHO KOPUCTUTY NMocebHe aHanw-
TUYKe anate (MapKMpaHe Tauke, pernmoHe, U3otTepme UTA.)
3a FKX0BO Nnopeherbe.

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 TepmoBuM3uje

[prvMeHa TepMOBKM3Wje je BeOMa Pa3HOBPCHAa ¥ OHa

yrnasHoM obyxsarta:

+  MpoLece ofpxaBarba basmpaHe Ha MeperbriMa
CTarba,

© NCTPakBayke 1 pa3BojHe NpojeKTe,

« MeAVLMHCKE 1 BeTepUHapCKe NpumMeHe,

« KOHTPOMa KBanmnTeTa,

«  npouecHa KOHTpona,

+  HEAECTPYKTUBHO TeCTMpParbe.

CHUMarbe Y pPeanHoM BpemeHy Y3 ,MHepTHOCT' npu-
Kyr/barba rogataka O CaMOM npouecy (objekty
MOCMaTpakha) WCKasaHa Kpo3 OACYCTBO  KOHTaKTa
rapaHTyje HeroBO HeOMeTaHO OABujakbe (He yTuue ce
Ha TOK) y3 MpaBoBpemMeHe VHbOPMaLUnje, obe3behyje
CUTYPHOCT Y pady W NpeactaB/ba BEMKY MPeaHoCT
TePMOBU3Mje Kao MeTOAE.

paheBrHapCTBO Ce, Kao 4eNaTHOCT Y OBOj AWjarHOCTUYKO]
005acTV NMPBEHCTBEHO CBPCTaBa y AOMEH OfpaBatba
1 BENOM KOHTPOJSie KBanuTeTa 1 Kao TakBa y nocnedre
Bpeme MnpeacTaB/ba CTaHdapAaH MeTon ceptudunkaumje
1 Nposepe GyHKUMOHWCaHa objeKkaTa.

3axTeBM 33 BUCOKMM CTEMEHOM KOMPOpa 1 eHepreTckom
eduKkacHowhy objekaTa 3HauajHO fonpuHoce noseharby
ynoTpebe oBe AnjarHOCTUKE MeTOfE.

[osba NpUMeHe Cy PasHOBPCHA W YIaBHOM Ce OfHOCe

Ha:

«  [AMjarHocTvumparbe Keanmreta Tepmounsonaumje,
HauvHa HeHOr NOCTaB/bakba, JedeKaTa, TePManHnX
MOCTOB3,

«  yTBphMBarbe 30Ha MHOUATPALW]e Ba3ayxa,

+  yTBphHMBaHe 30Ha KoHAeH3auuje,

«  yTBphMBarbe 30Ha Npoaopa Bnare (LUyperba,)

«  Lyperba cucTema rpejarba 1 Apyrnx MHCTanaunja,

+  3acTojay ueBMMa (y oapeheHnm cnydajesrnma),

«  Bapujauuje temnepartypa KOHCTPYKLUMje 1 oMoTaya.

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

BupeTv eHeprujy — ApxutekTypa 1 TepmoBU3uja

Henoctatak uM3onauuje, NOCMaTpaHo U3-
HyTpa XxNagHvj1 Aeo 31Aa, 3HaTaH rybutak
eHepruje.

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

OTKpvBarbe  KOHCTPYLIKMje  31goBa U
yTBhrBare moryhux ouwrtehersa. Objekat
Ca APBEHOM KOHCTPYKLIMjOM.

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

MpoayBaBarbe Kpo3 dacafy objekTa ycnea
nole n3BefeHe 3anTMBeHoCTH.

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

OTKpviBatbe  KOHCTPYUKMje 3ugosBa U
yTBhrBarbe moryhvx owTeherba. Objekar
ca naHenHoM dacagom.

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

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

Llypetbe paBHOr KpoBa. JacHO yourbvia
30Ha BnaxHe v3onauuje omoryhasa edu-
KacHy 1 6p3y MOMNpPaBKy.

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
rpejaroa.

Localizing and vizualizing of the floor heat-
ing pipes.

15— 25

Llypetbe cucTema rpejarba ¥ BRakerbe
31Aa jacHO BUA/bYIBE BRAKHE 30HE U Me-
CTO Uyperba.

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

[leTeKkumja NOWKMX KOHTaKaTay e1eKTpUYHOj
Mpexn Koju pe3ynTyjy noseharem Temne-
paType 1 YecTu Cy Y3pOUHULM Noxapa.
Detection of loose contacts within home
electrical network resulting in temperature
increase usually causing fire.

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

LLnperse Bare ycned folue xuapor3onauyje.
Moisture intrusion due to the lack of ad-
equate hydro - insulation.
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- Bupetn eHeprujy — beorpan Seeing Energy — Belgrade -

1 Penybnunyka ckynwTuHa, Tpr Hukone Mawwha 13
The House of the National Assembly, 13 Nikole Pasi¢a Sq

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

3 Manata,AnbaHnja’, KHe3z Miixavnosa 4-6
The Albanija Palace, 4-6 Knez Mihailova St

6 CrambeHa 3rpaga, focnogap JosaHosa 19
A residential building, 19 Gospodar Jovanova St

8 KynTypHn ueHTap “lom omnagmHe’, MakegoHcka 22-24
The Youth Culture Center — Dom Omladine, 22-24 Makedonska St

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

18 MocnosHa 3rpaaa,MHekc’, Kparbuue Mapuje 3
The Inex Office Tower, 3 Kraljice Marije St

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

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




- BupneTn eHeprujy — beorpan

Seeing Energy — Belgrade -

4 Manata,Cpbuja” - CVIB, Bynesap Muxajna lNynuHa 8
The Srbija (former SIV) Palace, 8 Mihajla Pupina Blvd
5 CrambeHa 3rpaga y bnoky 7a -,lNaBumbonu’, 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 MocnosHo — Tproeaykm Komnnekc,Ywhe'’, Bynesap Muxajna MNMynunHa 6
The Usce Office and Retail Complex, 6 Mihajla Pupina Blvd
11 CrambeHa 3rpaga y bnoky 28 -, Tenesumsopka’, MunyTrHa Munankosrha 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 LeHTap,feHekc” — 3anagHa Kanuja beorpapa, 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 3apasba,Hosn beorpag”y bnoky 44, Hexpyosa 53
The Novi Beograd Primary Health Care Center in 44 Housing Project, 53 Nehruova St
17 CrambeHa 3rpapaa y bnoky 30, bynesap Muxajna MynuHa 157
A residential building in Block 30, 157 Mihajla Pupina Blvd
19 CrambeHa 3rpaaa y bnoky 96 -,PeteH3uja’, LloHa KeHeanja 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



- Bupetn eHeprujy — beorpan Seeing Energy — Belgrade -

Penybnuyka ckynwrtmHa
Tpr Hukone Mawwuha 13, JosaH Vinkuh, 1906-1936.

3rpafa Penybnunuke CKynwTuHe, rpaheHa BuULLe felenuja,
npema NPBOOUTHOM NPOjeKTy apxmuTeKTe JoaHa Vnkurha,
CBOjOM MOHYMeHTalHOWRY y Ayxy CTuna KacHe pe-
HecaHce M 3Hayajem CBOje ApywTBeHe yHKUMje, Kao
na cumbonusyje oduUMjenHn ayx BpemeHa Yy Kojem je
rpahera. Objekar je 3aMuLLbEH Kao rpaheBurHa y cnobom-
HOM MPOCTOPY, OKPYKEHa 3eneHnIoM, pasyheHe ocHoBe,
Ca NoApymMoM , MpM3emMsbeM v Asa cnpata. LieHTpanHu feo
je HarnaweH NpunasHYm paMmnama, MOHyMeHTaH1UM CTe-
NEHWLUTEM W YNa3HVIM NOPTUKOM Ca TPOYraOHUM TUMMa-
HOHOM 1 Ca YeTVpy Make AeKkopaTviBHe Kynone v3mehy
KOjUX Ce y3amke Benuka-UeHTpanHa. Of cpeavber
Kopnyca ofiBajajy ce pasyheHa Kpvna ca no jeAHvM pu3a-
JIUTOM, HarnalleHnM KPOBHMM BEHLIEM, 31AaHOM aTMKOM
1 No jeaHoM marbom kKynonom. OBaj objekaT cnafja mMehy
Haj3HauajHMja apXUTEKTOHCKa OCTBPEra Y beorpagy.

The House of the National Assembly
13 Nikole Pasic¢a Square, Jovan llki¢, 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
tympanum and four smaller decorative domes, among
which the great central dome rises. Two wings reach out
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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BupneTn eHeprujy — beorpan

3rpaga je rpaheHa y MacMBHOM KOHCTPYKTVMBHOM CWi-
CTemy ca 3wugosuma of oneke. Qacaga je m3BeneHa
6e3 Tepmousonaumje y obpaav Of BeWTaykor Kame-
Ha. HeopeHecaHcHM 1 HEOBaPOKHW OBMMLM, U HMMA
oarosapajyhu AekopaTviBHU ENEeMEHTY, Hanase NocebHO
MeCTO Ha 6oraToj nnacTuum dacae.

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-
[0Be TOMOTHUX rybuTaka Koju Bapuvpajy y OfHOCY Ha
matepujan, AebsbrHy 31aoBa M rpaheBMHCKe AeTasbe.
Hajyneuatbreuju cy rybuum Ha Npo30prima: OHW YKasyjy
[a je NpUIMKOM 3ameHe CTonapuje NponyLwTeHa NpuIn-
Ka [a Ce 3HauYajHO yHanpeae TeEPMUUKE KapaKTepUCTrKe
3rpage ynotpebom KBanuTeTHWje cTonapuje 1 60/mbom
3anTuBeHoLWNy 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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BupneTn eHeprujy — beorpan

- [leTarbHuju CHMMaK Mokasyje pasnuyuTe Crnosballrbe
Temnepartype 3uga. Temnepatype Cy NPUMETHO Huke
Ha AieNoBMMa rAe Ce Hanase NUNacTpu 1 pyrv enemeH-
TV NNacTuke, rae je aebrbrnHa 31aa fBoCTpyKo Beha of
OCHOBHe. HacynpoT Tome, jacHO Ce oupTaBajy napane-
TV 1 Apyra nosba rae je AebsblHa 31aa (McnyHe) Marba.
lybrum oko npo3opa Cy NOCeOHO U3PaKeHN Ha Nony-
KPY>KHUM CErMAHTVMa, A€ je ounrneaHo seha pasnmka
n3mehy reomeTpuje oTBOPA M NPO30Pa.

- Amore detailed image shows different outdoor temper-
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
at the semicircular segments, where there is obviously a
greater discrepancy between the geometry of the win-
dow casings and the wall openings.

[leTars dacage ca Npo3oprimMa jacHO Mokasyje pasnu-
Ky Y TOMAOTHMM TYOMUMMA Y 3aBMCHOCTW Off PeXXKma
Kopuwherba Npoctopuja (Hamp. NPO30p rope AecHo),
Kao ¥ KOMMKO je 3HauajHO CKSbyumBakbe CBMX ypehaja
Kafia HUCY y GyHKUMjM. Ha nctom npo3opy Buaw ce u
[la HeajeKkBaTHa yrpafrba MoXe MMaTKh 3a nocneamy
IMPEKTaH rybutak TonnoTe - cnosballikba TemnepaTtypa
31Aa Ha «KPUTUYHOMY MECTY Y TemMeHy nyka je 17.3°C,
LWITO je jeIBa HEKOMIMKO CTENEHM Matbe Off TemnepaType
YHyTap came npocTopuije.

- 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
critical place in the arch vertex is 17.3°C, which is only
several degrees lower than the temperature inside the
room itself.

Seeing Energy — Belgrade -

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

3rpaga y focnopap JoBaHOBOj ynuum 6p. 27 npeactas-
HVK je cTambeHe apxuTekType beorpafa Koja ce pas-
BMNa y nepuofy namehy fga csetcka paTta. OBaj yraoHu
objekaT ce cacToju U3 NOAPYMa, NpY3emiba HaMmerbeHor
KOMepLMjanH1M Cafpajuma, YeTvipu cTambeHe v jegHe
NOTKPOBHE eTaxe. CBeeHVIM aPXUTEKTOHCKUM M3Pa3oM
anoctpodupa ce NyYHW YraoHW MOTUB, Y3 AWCKPETHE
Lesype dopmvpaHe nohama. XOPWU3OHTANHOCT je Ha-
ralleHa CeKyHAAPHOM MIaCTUKOM M MPO30PCKOM MO-
LeNIOM Yy KOHTPaCTy Ca CBEAEHMM MapaneTHUM Tpakama.
KopuwheHn enemeHTV Cy KapakTepuCTUYHYM 3a Neprnog
beorpafcke MofepHe.

A Residential building

27 Gospodar Jovanova Street, Dragomir Tomic, 1933.

The building at 27 Gospodar Jovanova St. is representa-
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
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.
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Bupetn eHeprujy — beorpan

Ob6jekaT je 3udaH Yy MACMBHOM 3MLAHOM KOHCTPYKTMB-
HOM cKnony, ca dacafH1M 31A0BMMA Of oreke aebrblHe
38cm 1 ManTepom Kao 3aBplIHOM 0bpafom, H6e3 vKakee
TepMuuke m3onaumje. Mpo3opw Cy ApPBEHW, ABOCTPY-
KM (LUMpOKa KyTuvja) Ca MOMAENOM KapaKTepPUCTUYHOM 3a
CTambeHe 3rpafie 13 TPUAECETUX roAMHa NMPOLWOTr BeKa
N HUCY MEHaHW y OAHOCY Ha MPBOOWTHO CTake. Edekar
MOBYYEHOr MpKM3em/ba NMOCTUTHYT j& ManiM KOH30SHWM
npenyLiTakbem CTaMbeHNX eTaxka 1 pacTepeherbem Mace
npur3emsba Kopuherem BENMKKX CTakeHMX MOBPLWMHA.

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 jaCcHO Ha AefloBMMa Ha Kojuma ce
3aApana opurMHanHa obaora Kao 1 Ha LenoBnmMa Koju
Cy BPEMEHOM «OrosbeHn». BeToHCKM enemeHTV - HaT-
NPO30OPHNLM 1 CMOjeBU TaBaHMLe Cca 3VAOM - U3aBajajy
ce Cnabujum TEPMUUKMM KapakTepucTMKama Of 4enoBa
3VAAHVIX ONEKOM. YTaOH! NOKan y Npu3emiby Ce Huje KO-
PUCTVO Y TPEHYTKY CHUMAMba, WTO Ce BUAM Ca «JHEBHE»
boTorpaduje, anm 1 ca TEPMOBU3NJCKOT CHUMKA e Ka-
Mepa Oenexr MHOrO Makbe OflaBatbe TOMoTe HEKO Kof
CyceHNX 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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- BupneTn eHeprujy — beorpan

- XucTorpam ca TepMorpadCckor CH1UMKa NOKasyje Aa ce Ha
dacagHoM nnatHy aeTtekTyjy Temnepatype of 2 Ao 8°C;
HajBehe BpenHOCT Cy Ha OETOHCKMM HaTNPO30PHULIN-
Ma, a HajMakbe Ha nlohama, rae 3anpaBo U HeMa AVpeKTHe
TPaHCMUCH]e 13 FPejaHor YHyTPaLLHEr NPOCTopPa.

- 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-
MOTHa flaBakba No 0bKUMY MPO30Pa, a 3uaaHV CTyouhn
Ha yraoHvM Npo3opuma Nomaxy fa ce 6ore ycknaam
reomeTpuja cTonapuje ca KpusvHOM dacagHor 3ua.
HewzonosaH dacagHu 31 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.

Seeing Energy — Belgrade

Manata,An6aHuja”

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

ManaTa,AnbaHmja“ ce Hanasmn Ha Tepa3njckom rpedeHy 1
npeAcTaBsba NOYETHY TauKy rnaBHe rpajcke oce. Vve je
Aobuna no KadaHw Koja ce NPeTxofHO Hanaswna Ha OBOM
MecTy. Brcoka 53 MeTpa, CBojeBpemMeHo je brina HajsuLla
3rpafa Ha bankaHy, ca 13 Haa3emHux 1 4 nof3emHe eTa-
xe. ObnMKoBaHa je y MHTEPHALMOHAMHOM [yXy MOAep-
HW3Ma TpUAEeCeTVX rofmMHa Haler Beka, ca pacagama ob-
NOXKEHVM MEPMEDPOM.

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.

28

29



BupneTn eHeprujy — beorpan

Y KOHCTPYKTVUBHOM 1 TEXHOMOWKOM CMUCATY, MPEACTaBba
3HauajHO AocTUrHyhe cCpncke apxutekType Tor poba.
CBOjUM  Onaro  KOHBEKCHMM — 00IMKOM,  CNOBOAHUM
np13em/bem Ca NPOAaBHMLAMa, NPBMM CNPATOM Koju je
ovBMYeH H6OpaypPOM, WTO BM3YeNHO MOTUPTaBa MOCTa-
MeHT Kyhe, Kao 1 BUCOKMM JOMUHAHTHUM BEPTUKANHMM
BOJIYMEHOM KOjU je M3PacTao M3 BOUHMX HUKMX KpWa
objekTa, OBaj ObjekaT NpefCTaB/ba NPOCTOPHU aKLieHaT
Tepaswvja n jenanH on Npeno3HaTbMBKX penepa beorpaga.

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 jasmbajy Ha npo3o-
pMMa ¥ 3aCTak/beHVIM NMOBPLUMHAMa. 3aHNMIBbIBA je pas-
nvKa n3mMehy nokana y Npusemsby, Ca jJakom pacBeToM, U1
NPOCTOPa Ha CpaTy, Koju Ce HMje KOPUCTNO Y TPEHYTKY
TepMorpadCKor CHMAakbA.

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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BupneTn eHeprujy — beorpan

- po3opwu, Koju HUCY AOOPO 3aTBOPEHM jacHO Ce
13ABajajy, Kao WTO Ce youasa W CUCTEMCKM npobnem
y TOPH0j 30HM MPO30PCKMX OTBOPa. Koj oTBOpeHor
npo30pa Kamepa je ouuTana 3anpaBo Temnepatypy
npoctopuje (25°C), NPO30pK KOA KOjWUX Cy CryLITEHM
33CTOPW NOKa3yjy NPUANYHO peanHe TemnepaTtype, 40K
je koA nojeamHMx Npo3opa 3abenexeHa pednekcuja
HONHOT Heba 1 OHM Ce Ha CHUMKY NPKKasyjy Kao xnaa-
HW (CaCBM TaMHN).

- 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
realistic temperatures; while a reflection of the night
sky was registered at certain windows so that the ther-
mogram shows them as cold (completely dark).

Kao nocneanua npviMeHe CKeneTHOr cucTema, nina-
CTpU (MBWUHKM CTYOOBK) NMOKa3syjy 60sbe TEPMUUKE Ka-
PaKTEPUCTVIKE OfI NapaneTa, WTO je OorMyHa nocneam-
Ua Behe febrbrHe v TepMUUKe Mace Ha TUM [1eN0BKMa
dacagHor nnatHa. Cnaba 3anTMBEHOCT NOjeANHIX NPOo-
30pa Y3pOoKyje NpUMeTHe TOMNOTHE ryonTKe.

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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Manata,Cp6uja“ - CB

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

MpBoOUTHO 3rpaga npeaceaHviwTea Bnage OHPJ, on
1961.rognne Case3Ho v3BplwHO Behe - CKB - n3rpaheHa
je v oTBOpeHa 3a lNpBy KoHbepeHUKjy WedoBa ApKaga v
Bflafla HECBPCTaHMX 3emarba.

Ogaj objekat, ca npocTopujama 3a penybnnuka MUHKCTap-
CTBa, aAMUHMCTPAL]Y, TOCeOHe KoMmcwje, penybnmnuke op-
raHe, NPOJeKTOBaH je kao cnobofgHocTojeha MoHyMeHTasn-
Ha KOMMOo3MUMja, 3aCHOBaHa Ha MpPoYMLReHO] MOAEPHO),
HEOKNACKLMCTUNYKO] apPXUTEKTOHCKO] MOCTaBLM.

OcHoBa nanate je CMMETPUYHA Ca CPeauLLFbUM KOpMy-
com 1 ABa 6oYHa Kpwina, NpojekToBaHa Yy 061Ky CnoBa
,H" 1 obyxsaTa nospuwmHy oa 5.500m? y ocHosw. Vicnpen
cpefrber Kpuna Hanasm ce HKK Ae0, MOKPUBEH CTake-
HOM KYMOJIOM, Yy KOME je CBeYaHa BOpaHa Koja Moxe [a
npumn 2000 3BaHKMua. ObjekaT caapKu WeCT canoHa U
oko 1000 KaHLenapmjcKknx npoctopuja.

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
wing, there is a lower glass-domed section housing a
grand conference hall that accommodates 2000 guests.
The building has six reception rooms and approximately
1000 offices.
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Seeing Energy — Belgrade

3rpana CMB-a je paheHa Kao apMMpaHObEeTOHCKa CKe-
NeTHa KOHCTpyKUMja, ca ncnyHom of oneke. Macaga je
obnoxeHa 6enum BpaukMm MepmepoM, a ynotpebom
ANYMUHWJYMCKMX MpOo30pa, ca npodunmma OojeHnm y
6eno NMoCTUrHyT je CaBpemMeH 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.

TepmoBM3MjcKM cHUMaK nanate ,Cpbuja“ oTKpMBa Ham
Heke Of acnekaTa C1abux eHepreTCKrx 0COOMHa, Kapak-
TePUCTUYHIX 3a 0bjeKTe MOoflepHM3Ma: BeNTMKK ieo daca-
[€ je, 3aNpaBo, y CTaKIy, 1 Ty Ce UCKa3yjy BENUKM rybuum,
Kag Cy y nuTarby TexHonornje kopuwheHe cpegnmHom
NPOWNOr BeKa. ATPAKTVMBHO aPXUTEKTOHCKO peLlerbe
MMa, HaXKanocT, BeOMa BeNnKy NoBplMHy dacage y of-
HOCY Ha BOMyMEH KOj1 3aTBapa, WTO AofaTtHo yeehaga
TOM/IOTHE rybuTKe Ha HVBOY YMTaBOT ObjeKTa U ymarbyje
KOMOOP Y HEroBOj YHYTPALLHOCTH.

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
CTPYKTYpa 3uaa (CTyboBM v rpeme) Koja ce, MHade, He
MOXe BULETV FONIMM OKOM 300T YHUPOPMHE KameHe 00-
nore. beToH je 60sb1 NPOBOAHVIK TOMOTE Of 3vaHe 1c-
nyHe, Na ce, Camnm TM, BETOHCKM enemeHTH 13aBajajy
HELLTO BULWKMM PEervcTpoBaHWUM TemrnepaTypama.
CHvMmaK yben/b1Bo UNYCTPYje 1 pasnvky y TONAOTHUM
rybvummMa m3mvehy nyHor nnatHa (neo) v dacagHor
nnaTtHa ca BenvKnm bpojem 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 rybuuM OKO TyCTO MOCTaB/bEHNIX
npo30opa yKasyjy Ham Ha 3Hayaj npaBuiHOr 136opa
npoduna 1 3acTakiberba, Kao U 06P0 NPOMULLIFEHMX
1 yrpaheHux aetara cTonapuje, Tj. bpaBapuje y oBak-
BMM CUTyaUMjama Kaf ce Hajsehn geo eHepruje ,ryomn”
Kp03 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.

Seeing Energy — Belgrade -

CrambeHa 3rpaga y bnoky 7a -

J,J1aBnbOHN"

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

CrambeHe 3rpage y HoBOOeOrpagkmm «MaBU/bOHUMA»
HacTane cy HenocpefHo mocne [pyror cBeTckor pata
Kao jefjHV Ofi NpBUx 0bjeKaTa carpaheHunx Ha TepuTopwjm
Hosor beorpaga. [lpojekToBaHW, MPBEHCTBEHO Ca
LUWbEM [la Ce y KpaTKOM poKy obe3bean KpoB Haj rna-
BOM 3a WTO Behn 6poj nopoamua, oBM 00jeKTn Cy pe-
3ynaT Ao KpajHOCTM [oBefeHe palvioHanvsauuvje 1
nojefHOCTaB/berba NpefpaTHUX UCKYCTaBa Yy CTaMOeHoj
rpaarbv. Ty Huje 61UNo AOBO/BHO MPOCTOPa HWUTKU MpW-
NIVIKe 33 eKCMepMMEHT, Na Cy, 3a PasnuKy Of OCTanmx
HoBOGEOrpafCcknx CTaMbeHnx 610KOBa, «MaBUSbOH»
peann3oBaHn Kopuiherbem TpaauLMOHaIHKX MeTofa
npojekToBatba v 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 NpPeapaTHO] MPaAMTEbCKO] MPaKcK
(«cTapw majcTopw» 0byYaBanu Cy Ha rpaduanLITy 6pPojHY
HekBanMdUKOBaHy padHy CHary). Y CKiony mantepuca-
HOr GacafiHor 31aa Off OrneKe HemMa TePMOM30aLMOHOr
cnoja, bynyhu ga 'y To Bpeme Huje 1o nponuca Koju ou
perynvcani nutarba TepMudke 3alWwTtute. [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 fohe dopmupaHe
npenylTakeM TaBaHNLE, jaBrbajy Ce 3HaYajHU TePMUYKN
ryouun y 3oHama rae apMmnpaHo-6eToHCKe TaBaHWYHe
nnode «npobdujajy» dacagHn 3ma, Te ce TonnoTa NpeHo-
C1 Ca YHyTpallHber, 3arpejaHor fena TaBaHuLe Ha HeH
cnosballikbK Aeo, Na ce moxe pehun aa, Kafga rpejemo
coby, jeaHUM fienom, HexoTuLe rpejemo v Tepacy. Kao
M KOA OCTalMX HEeW3ONOBaHWX 3WAaHWX 3rpafa, Ha
TEPMOBM3MJCKOM CHUMKY Ce jacHO NMpeno3Hajy 6eTOHCKM
[enoBu - TONAWjU Of 31LAHVIX.

Seeing Energy — Belgrade

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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[letars dacame npuKkasyje KOMMKO ce eHepruje «m3-
rybu» Ha npenyctma TaBaHMua (nohe), oko oTBopa U
KpO3 camy CTonapujy ca cnabum TeEPMUUYKMM KapaKkTe-
PUCTMKaMa. Y OAHOCY Ha OETOHCKE efleMeHTe, MaCKBHM
31I0BK, Mako 6e3 vKakBe TepmMou3onauuje, nokasyjy
Bosbe TeEpMUUKe KapaKTepPUCTUIKE.

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.

TaMHK leo NpefcTaB/ba cermeHT dacafe Koju je cTa-
Hap CaMOWHMLMjAaTMBHO M30/0Ba0 Ca Chosballtbe
CTpaHe. Ha OBOM TEPMOBW3M]CKOM CHUMKY ouurieaaH
je edekaT Tepmowvzonaumje Ha KoNMUMHY eHepruje Koja
OCTaje cayyBaHa 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.

Seeing Energy — Belgrade

CrambeHa 3rpaga
focnogap JoeaHosa 19

CrambeHa yeTBOpOCMpaTHULA Ha yry [ocnogap
JoeaHoBe u Llapa Ypolwa npefcraBHvK je nocnepat-
He M3rpagme y LUeHTPanHUM SeNoBMMa rpasa KojoM ce
nonyragana ypbaHa Matpuua M KOHCOMMAOBanNo pat-
HUM CyKobMMa owTeheHo rpaficko TKMBO. Mako rpaheH
CKPOMHUM CpefCTBMMa, OBaj 0bjekaT HOCK nojeduHe
efleMeHTe CaBpeMeHOr TPeTMaHa PafCcKe apXUTEeKTY-
pe, Ca MOBYYEHUM MPV3EMIBEM, «MpPeBayYerem» rnas-
HOr BOJTyMEHa MpPeKo yrna v pactepeherbeM Kopnyca
oTBaparbem fioha.

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
bacagHM ManTepom Kao 3aBpLiHoM obpagom. Mposopn
Cy APBEeHN, ABOCTPYKM, Ca APBEHNM PONETHaMa, CTaHAAP-
NIM30BaHVIX IVMEeH3Wja, TPOAENHM - Kao Ha BehuHKn 6eo-
rPaAckmMx ctaMbeHwx 3rpaga HacTanux y OBOM Nnepuomdy.
Jlohe cy dopmmpaHe nosnaverbem GacagHor nnatHa vy
PaBaH OCHOBHOT 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 napaneTta Koju Cy paheHu Kao mc-
nyHa. Kako Cy ynpago y 30HM napaneTa No3vumoH1MpaHa
rpejHa Tena, edekart 3arpeBarba GpacagHor nnaTHa je jow
n3paxeruwjn. Crapa ctonapuja 1 Hen3onoBaHe KyTuje 3a
poneTHe JOBOAE [0 BENMKNX ryOUTaKka TONNOTE Y ropH0j
30HK1 Npo3opa. Ha nohama, Temnepatypa beTOHCKe niove
je MPaKTUYHO UCTa Kao TemnepaTypa OeTOHCKMX HaAMpPo-
30PHMKa, Te Ce JaCHO BMAW KOMMKO TOM/IOTHE eHepruje
O[1331 Y OKpPY»Kerbe MPEKO OBYX enemMeHaTa.

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 jacHKMje MOKasyjy pasfvke y Tep-
MUYKMM  KapakTepucTrkama  PasinuuTix — TMnosa
maTepujanmaumje Ha UCTom $acaHOM MAATHY: TakbK
napaneTu UCrog Npo3opa 0fajy MHOro BuLLe eHepruje
Hero Wrto je TO C/lyvaj Ha AeNnoBuMMa rae je rnyHa
nebrovHa 31aa; apMMPaHO-OETOHCKM  eneMeHTn ce
13/Bajajy NOBPLUMHCKUM TemMnepaTypama, y npoceky 3a
5-6°C BULWNM Y OAHOCY Ha 31[aHe CermeHTe.

Kopn npo3opa, Hajsehu rybuum ce jaBroajy Ha fieny croja
ca GETOHCKMM 3yboM 3a PONeTHy, rae ce ounTaBajy
Temnepatype Behe of 15°C, WTo yKa3yje Ha cnabo me-
CTO: CTapa cTonapwja, y KOMOMHaUMjU ca cacyleHum
KyTujama 3a POneTHe, He Aajy roTOBO HIKAKBY 3aMTnse-
HOCT y rOpH0j 30HM MPO30PCKOr OTBOPA.

More detailed images show clearer distinctions be-
tween the thermal performances of the various ma-
terials used on the same facade: the thinner parapets
below the windows release much more energy than
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.

Seeing Energy — Belgrade -

CrambeHa 3rpaga y bnoky 21 -

Lect Kannapa”

bynesap Muxajna lNynuHa 3-13,
boraaH MrtbaTtosuh, JleoH Kabumbo, 1962-1966.

lLecT cTambeHwx Kyna, NomnynapHo HasBaHwx ,llect Kka-
nnapa’, yopajajy cey 3HauajHa Aena nocnepartHe HOBO-
6eorpaficke apxmTeKType, NPOjeKToBaHe Cy [OCeHO Y
cKnafy ca Tafa WaeonoLKy NpuxeaheHM npuHUMnMa
bYHKUMOHaNM3ma.

Mpema ypbaHMCTUUYKOM pellery bnoka 21, rpyna conu-
Tepa cnpatHocTu [+16+11K je 3apoTrpaHa nog yriom o
45°y ogHOCY Ha ynunyHy Matpuly. lNpema 3axTeBima 1H-
BeCTMTOpa, y conuteprma 2,4 1 6, NpojeKToBaHM Cy Camo
UeTBOPOCOBHN CTaHOBW. Y Mpur3emsbrma Cy NpeasuheHm
NpocTopuje 3a cepBrCe 1 Matbk CcynepmMapkeTu. CBakn
CONUTEP MMa CTaH 3a AoMapa, NPoCTopuje BellepHuLe,
Kao 1 64 4eTBOPOCOOHA CTaHa.

Residential building in Block 21 -

“The Six Corporals”

3-13 Mihajla Pupina Boulevard,
Bogdan Ignjatovi¢, 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-
tail premises. Each tower contains a janitor's apartment, a
laundry room, and 64 four-room apartments.
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3rpage cy of apMMPaHOBETOHCKOT ckeneTa, dyHAnpaHe
Ha apMUPaHOOETOHCKO] Moumn AebrblHe Tm, Ca MOHTaX-
HUM MehycnpaTHUM TaBaHKuama. GacagHn 31A0BK Cy 0
dyrosaHe oneke nnu rutep 6110KOBa, be3 Tepmovizonaluje,
00NOXKEHW KEPAMUUKMM MO3auK mioYamMa 2x2cm, [OK Cy
3110BK Noha ManTepmncaHn, TepaHoBOM”.

The building's structures of reinforced concrete frame,
founded on a 1m 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.

Mpo3opcKe Tpake, Koje ce MpOoTexy KPo3 neT pacTtepa,
ncKasyjy Hajpehe TonnoTHe rybuTtke Ha TepMOBM3UJCKOM
CHVMKY OBe CTambeHe Kyne. Y CTaHOBMMA Y LieNvHK, a
nocebHO y MpocTopujama rae ce npo3opw NPOCTMPY
MNPaKTUYHO YMTABOM LUMPWUHOM jeAHOT 3KAa, TOMNOTHM
Komdop [OOPUM AeNOM 3aBUCY Off KBanuTeTa cTonapuje
1 NpaBUIHE yrpagtbe.

Ha nyHvm 3uaHVMM  nnatHMMA jacHO  ce  v3aBajajy
APMUPAHO-OETOHCKM eNeMeHTU: TaBaHNYHeE Nfove, cep-
Knaxu, cTy6oBM UTA. [naTHa ca peknamama Hemajy yTuLaj
Ha TEPMMYKO MOHalWarbe 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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- W Ha getambimMa ca 0bjekTa y Kojem Cy Marbe CTambe-
He jeauHuLe W nojeduvHayHu Npo3opw, nokasyjy ce
BENWIKM TYOULM Ha BUAHVM OETOHCKMM enemeHTIMa 1
Temnepatype 3a oko 5°C BuLe Hero Ha AeoBMMa rae
je 3upaHa ncnyHa. Y Tarbm dacafjHvM 31A0BMMA BULLIE
Hema MecTa 3a KnacuyaH 3yb 3a yrpagmy npo3opa, na
Cy NPUMETHU IMHWJCKM TyOMLIM OKO MPO30PCKMX OTBO-
pa rae ce MOXe youuTU BeNMKa TeMnepaTypHa pasnmka
n3mehy 30He y HenocpeaHoj 6nn3nHKn oteopa (5-7°C)
Huxer fena napaneta (0.4°C Ha [oH0j 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).

Seeing Energy — Belgrade -

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 yNMuHe perynaumje, U aHekca ca ABOPaHOM,
ranepujcknm 1 YroCcTUTesbCkm npoctopuma. Mogep-
HW 13pa3 objeKkTa HarnalleH je, oM YpOaHUCTUUKM, 1
MaTepujanmsaljom — jeAHOM Of NPBUX NpuMeHa dacaa-
HOr cucTema TMna,3uf 3aBece” kog Hac. OpuriHanHa da-
Cafla 3aApXKaHa je Ha Ky/n 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 Dec¢anska 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 facade 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, M3ABaja Ce U3 HemoCPeaHOr OKPYKekba.
PekoHcTpyKurjom objekta 2007. rofviHe Ha Aeny aHekca,
yBefleH je HOBW dacafiHW CUCTEM, KOjU YMHM KOMOMHaL|Mja
anykoboHA nnova u1,3up 3aBece”.

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, MOWTO je
BENMKM YTULA] pednekcnja, WTO je HapOUMTO YOUSbUBO
Ha BULLMM eTaxama. Tako, MpO30pK HepeanHo Npukasyjy
JaneKky HWKy TemMnepatypy Of napaneTa Kao nocnenu-
Ua pednekToBarba TemnepaType OKpyKerba (aTmMoc-
depe). Ha napanetnmva cteneH pednekcunje je 3HaTHO
MarbW @, CaMMM TUM, OYMTaHe BPEAHOCTV TemnepaTtype
MHOrO peanHuje. Ha aHekca, youasajy ce marba TOMIOT-
Ha 3payerba, WTO MOKaslyje Aa Cy PEeKOHCTPYKLUMjOM
nobosbliaHe 1 Tepmrdke nepdopmaHce oBor objeKTa.

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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- BupneTn eHeprujy — beorpan

- HetarsHujnnornea Ha Gacagy kyne omoryhaaonaxarse
cnabvije N3010BaHNX NapaneTa, anu 1 NonoxKaj OTBope-
HWX 1 HeNPaBWIHO 3aTBOPEHKX MPO30pPa, Kao 1 HayH
Ha Koju Ce 3arpeBa dacaga OKO HMX.

- PekoHCTpyncaHu aHeKkC ca ynasHMM XONOM, CBOjOM
mMaTtepujanmnsalmjom UCrybasa YCIoBe aKkTyeHnX Tep-
MUYKIMX MPOMNMCa, anv ce nnak npumenyjy TONAOTHW ry-
B1LM Ha BEIMKMM CTaKNEHWM NOBPLUMHAMA. Y IpoCTopy
MaBHOT XOJla MOXe Ce MPUMETUTY Ha KOjU HauWH pac-
BETHA Tesa 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.

- The materialization of the reconstructed annex with
the entrance hall meets the current requirements of
thermal regulation; however, heat losses are still no-
ticeable on the large glazed surfaces. The thermogram
of the main hall shows how the interior lighting heats
the surrounding surfaces.
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[NMOCNOBHO - TProBaykM KOMMNIeKC
Swhe”

bynesap Muxajna lNynvHa 6,

Mwuxajno JaHkoswh, MupjaHa MapujaHosuh,
DNywar Munexkosuh, 1964,

BpaHurcnas Pelvh, YenmveH Tejnop, 2009.

MNocnoBHO — Tproeauky Komnnekc ,Ywhe” 3aysnma Ao-
MWHaHTaH nofnoxaj Ha HoBobeorpaackoj CTpaHn Y
HemocpeaHoj 6nm3nHKn bpaHkosor mocTa v ywha Case
y HyHas. Cactoju ce on Kyne, busle 3rpage LleHTpan-
Hor komuTeTa owTeheHe y 6ombapaosarby 1999. ro-
LOMHE W TPEeXHOT LieHTpa. Komnneke npefcras/ba jefaH
O/l Npeno3HaTbMBUX penepa Hosor beorpaga. TpxKHM
LeHTap je jemaH of Hajsehux y perviony. MNpoctunpe ce
Ha wwecT HMBoa 1 50 000 M? KomepLUMjanHor NPoCcTopa.
MNopea MHOroBpOojHNX NPOAABHNLLA, Y 0DjeKTY ce Hanase
6pojHN pecTopaHu, 6apoBK, UrPaoHULIE, CYNePMapKeT 1
MynTUAnekc brockon ca 11 cana.

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
space. Besides numerous shops, it contains restaurants,
bars, playhouses, a supermarket and a multiplex cinema
with 11 auditoriums.
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BuneTn eHeprunjy — beorpan

KoHCTpyKumja 06a objekTa je apMmMpaHo BETOHCKa Cke-
neTHa. 3rpaga MoCyoBHe Kyne nocefyje jeAMHCTBEHU
cnctem dyHAVparba 3axBamyjyhn Kome je 6uno moryhe
MCNpaBuTK” 3rpady nocne 6omeapgosama. Macasa je
TMNa ,3ua 3aBece” 1y NOTMYHOCTN MPOMEHeHa TOKOM
PEKOHCTPYKUMje Kafa je [o3uaaH U MynTUOYHKUMOHAHY
NPOCTOP Ha KpoBy. HacynpoT Tome, dacagy TOXHOT LieH-
TPpa UMHM UCMyHa of riTep 610Ka, Cca TepmMon3onaumjom
1 UHANHOM 00PafIoM Oft anyKOOOH/ NaHena y pasnnyu-
TM 60jama, Ha MeTanHOj MOAKOHCTRYKLMjM.

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.

TepMOBM3UCKMM CHUMarbeM objekTa 13 Behe pamuHe
3abenexeHe Cy CaMO KOHType MOC/IOBHE Kyne 1N TPXHOM
LIEHTPA, Y3 HEKOMNMKO TEPMUUKMX aKLIeHaTa Koju Ce jaBrbajy
Ha nosunumjama ceetnehnx peknama 1 AekopaTiBHe pac-
BeTe. OBakaB CHMMAK HacCTaje CyneprnoHMparbeM Heko-
NIMKO YTULRJHUX GaKTOpa: CaMa Kamepa, Koja je HaMeHCKM
[M33aJHMPAHA 33 CHMMArbe APXMTEKTOHCKMX ObjeKaTa, Ha
BehuM AMCTaHLaMa Texe KoMMeH3yje pednekcuje ca Hu-
CKOEMMCVBHMX MOBPLMHA Ko LUTO je,31-3aBeca’ MoCnoB-
He Kyfle; 3aBpLUHe 0610re Ha TOKHOM LEHTPY CY Ha BEMVKO]
YA3a/bEHOCTM Off OCHOBHOT 31fa (Ha NOjeAVHIM MeCTVMA 1
BULLe of 50cm), a, C 063VPOM Ha NpUMerbeHa caBpemeHa
TEXHMYKA PELLeHa Yy MaTeprjani3aLmin TepMMYKOr OMOTa-
ua, TONNOTHA 3payeHba Cy BUTHO peslyKoBaHa.

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.

54

55



BupneTn eHeprujy — beorpan

- TepMOBM3MjCKM CHMMAK 3aBPLUETKa Kyne,0TKPYBa” Ham
MOMOXaj TexHNUKe eTaxe (,xnagHn" NpcTeH nsHag 23.
CnpaTa), ¥ yKasyje Ha pasnnymT CucTem ,3ua-3asece”
npuMerseH Ha 24. 1 25. cnpaty, Koju, 3axsasbyjyhu Ha-
NPEAHUMM TEXHUYKIM peLlerbnma, nMa 1 bosbe nep-
bopmaHce y oaHOCY Ha TUNCKe cnpaTose. Mako je rpa-
GVUKM NPUKa3 KOHTPACTaH, AeTEKTOBaHE TeMnepaType
ce kpehy oko 0°C WTo yKa3yje Ha AobpYy TEPMUUKY 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 UeHTPa, Kao WTO je Ha NPeTXOAHO)
CTpaHu objallHeHo, He MOTY Ce aHanM3MpaTV TepMmnyKe
KapaKTepuCTMKe camor objekTa, ann ce neno 3anaxajy
Pa3HOMMKE TemnepaTtype PasMunMIX M3BOpa CBET-
NOCTW: peKnamHn HaTucK (cacsum rope), ceetnehu
6vndopa (rope neBo), BepTuKanHe HeOHKe (neBo cpe-
[1Ha)... JeanHa nosnumja Ha Kojoj ce youasa TOMIOTHO
3paverbe y GYHKUMj apXMTEKTOHCKOT pelleHa je COoK-
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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Manata,beorpaa” - ,beorpahaHka”
MacapvikoBa 5, bpaHko Mewwwnh, 1969-1974.

CmewTeHa y CTapoj rpaackoj matpuuw, Manata beorpag”
npefcTas/ba NPBY BMCOKY 3rpady Yy CTapoM feny rpaga.
CBOj1M NONOXKajem, BUCMHOM M MaTepujani3aLiMjomMmnocTaje
jenaH ofy NpocTopHMX penepa beorpaga, unju ce TamHm 0b-
puvC youaBa y cunyeTu rpaga. ObjekaT je KOMNOHOBaH of
[IBa OCHOBHa BOJyMeHa: 10, 6a3a, yKnana ce y BUCKUHCKY
perynaunjy okonHvx objekata, AOK roprby NpeAcTassba
CHaXKHW BEPTMKAHW aKLIeHaT, BUCOK 24 cnparta.
MonoswHa 0440 000 m? je npefgKrheHa 3a komepujanHe
notpebe 1 obyxeaTa: HWU3 NPOAAJHMX NPOCTOPa, POOHY
Kyhy ca npaTtehum cagpxajuma, pectopaHe, Tepace, Bu-
LMKOBaL| 0K je [pyr Ie0 HaMerbeH NOC/OBakbY.

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.
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BuneTn eHeprunjy — beorpan

KOHCTPYKTVBHYW CUCTEM je apMMPaHOBETOHCKM, CKeneT-
HW, pacrnoHa 9m, ca rpegama y oba npasua. GacagHa
OMHa, ,31A-3aBeca’, CacToju Ce 13 enemMeHaTa Koju YmHe
KOHCTPyKUMja Of TaMHOT €OKCUPAHOr anyMUHKjyma,
Oynno TepMonaH CTakno y Ooju Avma M napaneTHu
CeH[IBWY CacTaBfbeH off CTakna v cahactor nopodeHa.
ObjekaT je onpemsbeH K CrosballikbM Xay3vHama Ha
€NeKTPUYHM MOTOH.

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.

,3VA-3aBeCa” ce Ha TEPMM3MjCKOM CHUMKY BUAW Kao pUT-
MWUYHO HM3arbe MeRyCnpaTHWX TaBaHWMLA M eTaxa, ann
Ham OBakas rpaduuk/ NpuKas OTKPWBA W HWU3 APYrnx
acrnekata GuTMCarba jefHOr Of Hajnpeno3HATbUBUjUX
6eorpafckmx objekata. TOMIOTHO 3paverbe Y 30HM TaBa-
HVLe M3HAA YeTBPTOr CrpaTta je pesynTaT HeafekBaTHO
M3010BaHe KPOBHe Tepace, a npoctopuje «CTyanja b»
Ha nocnearuM eTaxama Cy Tonauje 300r NpuUpoae ak-
TMBHOCTM PaamMo CTaHuue 1 TB cTyamja Koju ce Ty Ha-
nase. [lpema MacapvKoBoj ynvum, Tepaca BUAMKOBLA Ha
nocnefrem cnpaTty, Kao 1 Tepaca Ha neTom cnparty, y
TEPMNYKOM CMUCITY Ce MOHALLIAjy Ha UCTN HaUMH.

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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[eTaroHnjm  CHMMUM  yKasyjy Ha nosvumje  ca
Hajcnabujm TepMUYKIM KapakTepucThkama. Ha geny
roe ce Kyna crnaja ca CBOjUM MOCTaMEeHTOM, Ha NeToMm
cnpaty, popmmpaHa je BefiMKa KPOBHa Tepaca M3Hajg
LiefIor NoCTaMeHTa 1, MOByYeHa Tepaca, Ha fjeny npema
MacapnkoBoj ynuun. Y Texrbin Aa ce OCTBapy MOTNYHN
KOHTVHYWTET,31a-3aBece” (orpaaa Tepace je popmmpa-
Ha Kao MHTerpanHu aeo dacagHe obnore) oCcTBapeH je
npobnemMaTyaH fieTarb Ha Crojy Ca TaBaHMLUOM, Na ce
Ha dacagm ourTaBajy BeOMa BMCOKe TemmnepaType,yak
no 19°C (none). nctpmnbyumja TonnoTe je Takea Aa
orpaja KpoBHe Tepace nokasyje 4Yak 1 sefy BpegHoCT
0f} NapaneTa Ha HUXM CNPATOBMMA.

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
where the tower joins its base; there is a recessed ter-
race in the section overlooking Masarikova St. In an
attempt to achieve absolute continuity of the curtain
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.

Seeing Energy — Belgrade -

CrambeHa 3rpaga y bnoky 28 —
Llenesmnsopka”

MwunyTHa Munankosmha 96-118,
Nnwuja ApHaytosuh, 1971.

[lBa fecetocnpaTHa NvHeapHa 00jeKTa, AyKMHe Of Mo
270 m, no3HaTunja Cy Nopa Ha3neom ,Tenesunsopke’, 360r
OETOHCKMX ,paMoBa” KOjU YOKBMPYjy Mpo3ope Ha da-
cafiama 1 noacehajy Ha TB ekpaH. 3rpafy ca npeko 500
CTaHOBa pasnuumTe CTPYKTYpE KapakTepuLle pa3nrpaHa
dacana popmmpaHa ynoTpebom cBera HEKOMMKO TMNOBa
bacaaHvx naHena.

A residential building in Block 28 —

The Televizorka

96-118 Milutina Milankovica Street,
llija Arnautovi¢, 1971.

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 M3BedeHa je kao npedabpu-
KOBAHW CKENeTHM apMMPAHOOETOHCKM CUCTEM  pac-
noHa 4,20x4,20m. QacagHu 31A0BW cacToje ce oA rnpe-
babpurkoBaHKx dacagHux naHena ,kynuje” obpage u
Npeno3HaT/bMBKX OGETOHCKMX MPO30PCKMX enemMeHata,
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 HoBOGeorpazacke cTambeHe apxuTeK-
Type Ca noyeTka ceflamaeceTnx ,BpBu Of *MBOTa" 1 Ha
TEPMOBWM3MCKOM CHUMKY. Hajpa3nuuuTuje nHtepeeHumje
CTaHapa y BWAy 3aCTak/bvBarba, AOAABatba PONETHY,
[OrPaArbM Ha PaBHOM KPOBY Y BENIMKO] MePU Cy yT1Lanm
Ha v3rnes v Tepmuuke nepdopmaHce rpage.

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 MOJby AETeKTYjy ce Temnepatype of 0
1o 8°C, JOK Cy OKO Mpo30pa M3MepeHe Temneparype
Behe op 15°C, Kao nocneavLa nower cTakba Npo3opa n
HeafekBaTHe yrpage.

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.

- CHUMaK — TMAMYHOr — dacagHor naHena mnokasyje
yjenHaueHy CTpyKTypy dacagHor 3wfa, ca rybuurma
Koju ce onakajy Ha crnojHuuama mamehy naHena, anu
Cy penatmsHO Mann 3a npedabprKoBaHy rpadry Tor
BpemMeHa. Ha 0OBOM [leTarby MOXe Ce BUAETH Kako eMu-
TOBaHa TOMJOTa 3arpeBa v KapakTepUCTUYHE «paMoBe»
OKO NMpo30pa.

- 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.

Seeing Energy — Belgrade -

CrambeHa 3rpaga y bnoky 28

Bynesap ymetHocTtv 37, Minuja ApHaytosuh, 1971.

Objekat y 6nOKy 28 Hanasm ce y HemocpenHoj 6n13n-
H1 , TeneBmn3opke” KapaKTepucTrika oBe cefaMHaecTo-
cnpaTHULe je NMKOBHA jejHOCTaBHOCT dacaze objekTa
penatnsHo pasyheHe ocHose. (Qacaja je u3BeneHa
kopuwherbem Manor 6poja TMnoBsa dacafHVx NaHena ca
KapaKTepUCTUHUM [leTarbeM CaKpUBEHWX MPO30PCKIX
OKBMpa.

A residential building in Block 28

37 Bulevar umetnosti, llija Arnautovi¢, 1971.

The building is located in Block 28, in the vicinity to the
Televizorka. This seventeen-storey building is character-
ized by minimalistic detailing on the facade, which was
formed by a combination of a few panel types, and fea-
tures the characteristic motive of hidden window cases.
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KoHCTpyKUMja objekTa 13BefeHa je Kao npedabprkoa-
HV MaHeNHW apMmnpaHobeToHCKN cuctem. DacagHu 31ao-
BI Ce cacToje of npehabprnkoBaHnx GETOHCKMX dacaf-
HVX MaHena ca 3aBpLWHOM 0OPaAoM Y HaTyp BETOHY UK
JIOMJBEHOM Kynnjey.

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 dacagH1mM NIaTHMMa Ca NPO30PKUMa ¥ BEPTU-
Kanama ca nobama, Hero Ha nyHom 6ouHom 3uay. Ha ny-
HUM MAaTHXMa NOKa3syjy ce MaHe npedabpUKOBaHOT CU-
cTemay kojem je nsrpaheH oBaj conutep: cnojesu 1mehy
dbacagHMx naHena, MocebHO XOPU3OHTaNHE CrojHULE Y
HMBOY Ca MeHYCNPaTHOM KOHCTPYKLMJOM, HUCY M30/10Ba-
HE 1 eMUTYjy Y OKPY>KEHbe BEeIVIKE 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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- [letarbHujW NpUKas 3rpage OTKpYBa CTPYKYTPY OGeTOH-
CKMxX GacagHMX NaHena Koju, Ha NojeanHNUM CErMeHTU-
Ma, UMajy Beoma cCrabe TepMMUKe KapaKTepUCKTUKe
NprbNXHe KapakTepucTMKama mnpo3opa. V3pasutu
rybuLm rotoBo fia oHemoryhaBajy pacnosHaarbe npo-
30pa y OAHOCY Ha NyHe NMoBpLUKHe 31a

- 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.

- Tunckn dacaaHu NaHenv UMajy y CBOjoj CTRYKTYpU Tep-
MOW30MaLMOHW CNOj, ann OH HWje KOHTMHYyanaH, seh
je v3onaumja NpeknHyTa Kao nocnegnua TexHonoruje
NPOV3BOAHE W MOHTaXe dacagHvx naHena. Ha cnojy
naHesa Ha yHyTpallHbeM yrily Hema roToBO H1aKBe Tep-
MUUKe 13onauunje.

- [lorby MPO30p je Mano OTBOPEH, [OK MPO30p W3HAA

rbera He MOxe 06PO fa ce 3aTBOpW, Ma Ce Ty [0CTa
TOM/IOTHE EHEPTIjE EMUTY]E Y OKPYXeHbe.

- 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

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

Seeing Energy — Belgrade

LeHTap ,leHekc" -

»3anagHa Kanvja beorpaga”

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

LleHTap,leHekc" (,3anaaHakanwujabeorpana”’) HanasvceHe-
NOCPEeAHO Nopea ayTonyTa Koju Nponasun kpo3s Hosw beo-
rpag. Komnnekc npefcrassba jefiHO Of HajoPUTMHAHM]KX
OCTBaperba CPMNCKe apXUTeKTYpe 1 Hajlo3HaTuje je feno
apxutekte Muxajna Mutposuha. LieHTap ce cactoju of
[Be DeTOHCKe Kyne: MOC/IoBHe ¥ CTambeHe, HejeAHaKmMX
BMCMHA, CMOJEHE Y TOPHO] 30HW [ABOETAKHUM MOCTOM,
Koju Aaje mocebHy HOTY KOMMO3MUMjK. 3anafHa Kyna je
NOC/I0BHa Nanata,leHeKca’, oK je MCTOUHa Kyna cTambe-
HW objekaT. Ha BpXy NOCNOBHe Kyne Hanasw ce poTaumo-
HW, KPY>KHW pecTopaH - BUAMKOBaLl.

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 Mitrovi¢. 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.
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BupneTn eHeprunjy — beorpan

JeHekC" Kyna CBOjUM OOAMKOM, Kao W CTPYKTypa-
HUM W KOHCTPYKTVMBHWMM KBanuTeTMMa NpPeAcTaB/ba
NPENO3HAT/bMB APXMTEKTOHCKM CMMOON - Kanujy Ha 3a-
nagHoMm ynasy y beorpag. Cmvena, aTpakTviBHa HeTOHCKa
KOHCKTYKUMja Ca jeAMHCTBEHUM apMUPaHOOETOHCKIM
CKeNeToM, Y 30HM KOHTaKTa Ca T/IOM pa3peLleHa je nyu-
HVIM MOTVBHOM Kojv ocnobaha npunsemsbe ceoaehn cTy-
6oBe pacaiHOr NnaTHa Ha [1Ba 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.

TepMOBM3UMJCKM CHUMAK, HauMHeH Ca PenaTvBHO Benu-
Ke yAa/beHOCTW 33 OBaj TMM Mepersa, Aaje Ham onwTy
TePMUYKY CIMKy «3anagHe Kanvje beorpapa», BepHuje
Npu1Kasyjyhn apmMrMpaHoOeToOHCKe enemeHTe, AOK Mpo-
30pCKa CTakna pednexTyjy Temnepatypy Heba. Tepmo-
rpadckn Cy peanHunje NPUKasaHW OAHOCK CTaKNeHVX U
6ETOHCKMX KOMMOHEHTI KOje Ce Hanase 13a Befinke pe-
kname. MnatHo, Hanme, LOOPUM AENOM ennmMnHKLLE ede-
KaT pednekcumje Kof HUICKOEMUCUBHUX MaTepujana, 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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- CHAMUM HaunkbeHn 13 Behe Onm3uHe, Nokasyjy Aa
1 OBaj objeKaT MCKa3yje, y nornemy TEPMUUKUX Mnep-
popmaHcy, cinuHe npobneme Kao 1 OCTane CkeneTHe
3rpage ca npedabprikoBaHUM HGETOHCKMM dacadHVmM
KOMMOHEeHTama: TomoTa ce rybu Kpo3 XOpU3OHTas-
He 1 BepTUKanHe CrojHuUe naHena, TepmonsonaLmja
nponaga no obody naHena, KyTuja 3a PoneTHy Huje
afjeKBaTHO M30/10BaHa 1 C. XOPU3OHTaHe NOBPLNHE
KOHCTPYKUWja Yy KOHTaKTy Ca CnosballHboM CPeanHOM,
cnabo Cy V3050BaHe 1 Y3POKYjy ryouTKe, KOju Cy MOX-
[la 3aHeMap/bUBY Ha HMBOY Liene 3rpage, anv 3HauyajHo
yMarbyjy TOMAOTHM KoMdop Y npunagajyhum ctamobe-
HVM 11 TOCIIOBHUM jeAVHMLAMa.

At a closer distance, this building shows equally prob-
lematic thermal behavior as other skeleton structures
with prefabricated concrete facade components: heat
is lost through horizontal and vertical panel connec-
tions, thermal insulation deteriorates along the panel
edges, the roller shutter boxes were not adequately
insulated etc. The exposed horizontal construction sur-
faces are poorly insulated and cause losses, which may
be negligible with respect to the whole building but
they significantly reduce the thermal comfort in the
residential and office units.

Seeing Energy — Belgrade -

CrambeHa 3rpaga y bnoky 45
Jypwja larapuna 191, Tpryp Monoswh, 1969-1973.

MpuKkasaHn objekaT npwvinaga nepuogy noyeTka WH-
TEeH3MBHe wu3rpagre 6nokosa y Hosom beorpagy.
CnoboaHocTojeha 3rpana cnpatHocTv M+12 go M+16 je
KapakTepucTyHa 3a 6nokose 45 1 70 rae ce NOHaB/ba
Ha feceTviHe nyTa. Y npusembuma Cy npeasuhern cTa-
HOBW 3a loMape, NpocTopuje 3a KyhHe caBeTe 1 ocTane
3ajefjHNYKe cafpaje.

A residential building in Block 45
191 Jurija Gagarina Street, Grgur Popovi¢, 1969-1973.

This building dates back to the period when intensive
housing development began in New Belgrade. Free-
standing 12- to 16-storey structures were typical of 45
and 70 Housing Projects, where they were reiterated by
dozens. The ground floor provided the janitor's apartment,
the tenants’meeting room and other communal areas.
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KoHCTpyKUMja objeKkTa je apMMPaHOOETOHCKN CKeNeTHM
CMCTEM Ca 31IaHOM MCMYHOM. [peno3HaT/biBe KapakTe-
pYCTKe 0BMKOBakba OBMX ObjekaTa Cy GacagHO MaTHO
of rMTep ONOKOBA, Ca BUASbMBUM OETOHCKMM XOPU3OH-
TanHUM CepKnakumMa y 30H1 MehycrnpatHe KOHCTPpYKUMje
1 XOPWU30HTaNHe Tpake GopMUpaHe CMeHOM MPO30PCKIX
oTBOpa M napaneta of npedabpuKoBaHUX OETOHCKMX
enemeHata 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,
OTKpPKBa roTOBO KOMMMETHY CTPYKTYpY GacagHor omoTa-
Ya, WTO yKasyje Ha cnaby TepMMUKy M30/0BAHOCT. Pas-
JINYNTL TUMOBU 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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Benvikmn 3a3opu  um3mebhy cTonapuje 1 napaneta
Y3POKYjy NWHMjCKe ryOuTKe, ann v TpajHa owTehersa
Tepmou3onaymje y napaneTnma, WTo JoAaTHO yBehasa
TOMNOTHe rybuTKe. Ha AecHoj CTpaHm CHUMKa napaneT-
He Tpake Aenyjy ,XNafgHOo", anu 13a rux Cy HerpejaHe
3aCTak/beHe Tepace, Na 1 HemMa TpaHCMKUCKje TonnoTe
Koja b1 b61na 3abenexeHa Ha CHUMKY.

Vast gaps between the window frames and the para-
pets cause linear losses; besides, permanent deteriora-
tion of the thermal insulation in the parapets adds to
thermal loss. In the thermogram, the parapet ribbons
on the right seem “cold”; however, there are unheated
glazed loggias behind them so that there is no heat
transmission to detect.

Ha 31maHom nnaTHy of rutep 610Ka jacHO ce oupTaBajy
CNOjHMLE, WTO je pesynTaT pasivunte TOrJIoTHe
NPOBOASBMBMNCTM ONOKOBA 1 ManTepa Koju X noBesyje.
XOpW30OHTanHN GETOHCKM Ceknaxi MoKasjy HajsuLy
Temnepatypy, byayhu aa je 6eToH Hajbosby MPOBOAHMK
TOMNOTe Of CBWMX MaTepwjana y CKIOMy CHUM/beHOT
neTasba, Na ce Ha Gacagv emuTyje feo TomoTe Kojy je
akymynmpana 6eToHcKa MehycnpaTHa KOHCTPYKLMja.

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.

Seeing Energy — Belgrade -

CrambeHa 3rpaga y bnoky 29

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

[MpenosHambmBe 3rpage TWNa ABOTPaKTa CMpPaTHOCTM
M+6+1K v3BeaeHe Cy Kopuwherem MOHTaHOr CKe-
netHor cuctema tmna MMC pacnoHa og 3.60 x 4.20m.
Ha cteneHuwHe BepTuKane nounpanHe msmehy Tpakto-
Ba Be3aHa Cy YeTMpW CTaHa Mo eTaxu ca NPUCTYNMMa
OCTBapeHMx MPEKo 3ajefjHUUKOr BeCcTMOWUna 3a ABa Mo
[Ba CTaHa. 3axBasbyjyhu KoHUenTy objeKkTa CBM CTaHO-
BY y BNOKY MMajy AIBOCTPaHY , @ Ha YrioBMmMa TpOCTpaHy
OpWjeHTauujy, Ynume Cy OCUrypaHu OMTUMaNHKU YCI0BM
npoBeTpaBarba 1 OCyHYarba.

Mpusemsba cy Takohe cTambeHa ca nay3ama y CpeAviHama
objekTa ocTBapyjyhr nonpeyHy nosesaHocT Lenor 6no-
Ka. Vcnop uenor objekTa ce Hanasw rapaa ca ocTaBama.

A residential building in Block 29

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

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.
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CBM GacagHv eneMeHTV Ha fy»Kum dacagama 0bnoxeH
cy dacagHUM KePaMNUKM 1 CTaKNeHUM Mo3anKom 6oje
cnoHoBave. boure crossHe dacaje cy U3BefeHe o MoH-
TaXXHMX OETOHCKMX enemMeHaTa ca pebpacTom BepTUKa-
HOM CEKYHAAPHOM MNacTUKOM. [pr3emsba, NOTPKOPBIba
1 napanetn Ha 604YHUM pacafnama 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.

JegHa of KapaKTepuCTWKa KOHCTPYKTVBHOM CuUCTeMa
NpUMer-eHor Ha OBOM OBjeKTY je y MOTNYHOCTK HoLle-
HO dacagHo nnatHo. To 3Hauv aa Hocehu enemeHTM
- CTy6OBM U rpefe - OCTajy v3a dacagHWx naHena, na
Ce Ha TepMOBM3MJCKOM CHMMKY OLpTaBajy CrnojHuUe 1
reomeTpuja dacagHe obnore, a OCHOBHa KOHCTPyKLUMja
je npakTmuHo 6e3 yTuuaja Ha TepmorpadCky CavKy
3rpage. YaBojeHe NnHuje npofopa TOnIoTe Y BUCUHK
mehycnpaTHe KOHCTPYKLUMje YKa3yjy Ha To Aa ce dacanHu
naHenn 3aBpLUaBajy XOp13oHTalHUM 3y6om, Na ce jeHa
NIYHWja NOKMana ca CrnosballhOoM CMOJHMULIOM, JOK Apyra
noKasyje NMonoxaj CrojHULE Ha YHyTpalHoj paBHU da-
CafHuX NaHena.

Seeing Energy — Belgrade

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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- MaKo, y TepMuuKoM cMmmnciy, objekaTr 1cnosbaBa Cee
HefocCTaTKe OBOr TWNa npedabpuKoBaHe rpafre, Ha
dacaan ce vnak ounTaBajy HUKe BPeAHOCTY MOBPLUMH-
CKe TemnepaType Hero Kog, CaMo HEKOSIMKO TOAMHa
CTapwjux, objekaTa paheHvx Mo CAVYHKM NPUHUMAMMA.
Hanme, 1967. n 1970. rognHe nounrse ce C NPUMeHOM
NPBUX MPOMNWCa KOjU Peryanly TepMUUKY 3awTuTy
objekarta, Ma Cy 3rpafe v3 TOr neprioaa 13oNioBaHe y
CKNafy 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 requlations covering
thermal protection started in 1967 and 1970, thereby
affecting thermal insulation in the period buildings.

- JleTa’lbHWjU  CHMMaK cermeHTa dacafje OTKpWBa
YHyTPallky CTPYKTypy dacagHor naHena, CiavuHO
Kao Ha conutepy y bnoky 28 (cTp. 63). byayhw na ce
paAV O HOWEHOM MaHeny OC/IOFEHOM Ha MPYIMAPHY
KOHCTPYKUW]Y, 3aMTUBEHOCT XOPW3OHTasHe CMojHuLe
je MMHMManHa, WTo je pe3ynTaT cneuuMdUyHOr Tex-
HOMOLLKOT pellera reomeTpuje 1 cucTeMa MOHTaxe
dacagHor naHena, Te ce AETETKTYjy W3y3eTHO BENMUKM
TIHW]CKIN TYOULN.

- 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.

Seeing Energy — Belgrade

lom 3gpasa,Hosu beorpag”
y bnoky 44

HexpyoBa 53, Hukona Ctunau, Muixajno Pabperosuh

3rpaja AoMa 3[paB/ba je M3BeAeHa Kao KOMMIeKC
CacTaB/beH Of MpW3eMHOr Aena U 4YeTBOPOCMHpPaTHOr
TpakTa, U y cebu objeaunrbyje AVCNaH3ep onwiTe meamn-
UMHe, Aeunjy 1 WKOMNCKM AUCnaH3ep, AvchnaH3ep 3a
30PaBCTBEHY 3alITUTY MEHa W HW3 CheunjaniCcTUYKmnX
cnyx6u. OpraHm3aumja Komnnaekca v NpucTynu objexTy,
MpeXa KOMCKOr K Meladkor caobpahaja cy Mak/byBo
NPOjeKTOBaHY Tako Aa ce 13berarajy YKpLTarba pasnmim-
TVX Fpyna KopUCHWKa. MNoBpLnHa objekTa n3Hock 7100m?
1y TPEHYTKY 13rparbe, NpeasnheHo je na Npyxu 3apas-
CTBEHY 3aWTunTy 3a oko 80-90 Xxwibafa CTaHOBHMKa.

The Novi Beograd Primary Health
Care Center in Block 44

53 Nehruova Street, Nikola Stipac, Mihajlo Rabrenovi¢

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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KoHCTpyKUMja objeKTa 13BeaeHa je kao npedabprkosa-
HW CKeneTHW apmupaHobeToHckn cuctem. GacagHu 3u-
[l0BY cacToje ce of NpehabprnKoBaHKX GpacagHux naHe-
a Ca XOPV30HTANIHO KIIW3HKM NPO30p1Ma 3aCTaK/beHIUM
TEPMOWM30MALMOHMM CTaKIIOM, @ Kao 3alTuTa of CyHua
KopuwheHe cy MeTanHe ,BeHeUujaHep” poneTHe ca
cnosballhbe 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-
MUMTa TEPMMUKA MOHalarba 3aCTak/beHWX efemeHara
M NyHux dacagHux naHena. lNpumeHa, 3a cBoje Bpeme,
M3Yy3ETHO CaBPEMEHVX peluerba, Pe3ynToBana je v Tep-
MUYKMM NepdopmaHcama Koje npeBasunase CctaHgapae v
yobuyajeHy npakcy ceamaeceTnx rofvHa npoLLior 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-
MOM30M1aLMOHa CBOJCTBA, Ca HUCKMM MOBPLUMHCKUM
TemMnepaTypama MpUOAVKHIM TemMnepaTypu Basmyxa.
Beha opasarba TonnoTe jaBrbajy ce Ha Aeny cyTepeHa, a
NOCe6HO Y KOHTAKTY Ca TIIOM.

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.

- lNocTaBrbarbem Tepmomsonaumje ca yHyTpallikbe CTpa-
He dacagHor 3maa, n3berHyT je jeaaH aeo TOMNOTHUX
rybutaka KapakTepucTMyHnx 3a obnarake npedabpu-
KoBaHMM dacafHUM naHenvma. PefykosaHe aebbriHe
Y 30HM BE3e Ca XOPW3OHTaNHUM 1 BEPTUKANHKM efne-
MEHTMMa KOHCTPYKLMje MMmak ce jacHO yo4yaBajy Ha
OBOM CHUMKY. Y CyTepeHy Hema naHena, Beh cy paheHe
ncnyHe namMehy cTyboBa M AMHKWJCKL ryouLm Cy npu-
METHO BeNM HEro y 30HK Npr3emsba.

- 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.

Seeing Energy — Belgrade -

CrambeHa 3rpaga y bnoky 30
Bynesap Mwixajna MynunHa 157, Ypow MaptrHosuh, 1975.

CrambeHa 3rpaga y bnoky 30 npeacTasba €0 KOMMeK-
Ca Matbux objekaTa OBOT OfOKa NOUMPAHVIX Y ,CMaKHY-
TOM" pacnopeay Ha 3ajelH1YKOM M1aToy MCNof Kora ce
Hanasw rapaxa. OBe yeTBOpOCNPATHYLE KapakTepuLle
ynoTpeba npedabdbprkoBaHux dacafHUX naHena y npo-
dunmcaHom Hatyp 6eToHy, ca npu3embem y dyroaHoj
oneuw. NoTKPOB/BE je NOBPYUEHO, UnmMe ce dopmupajy
BE/VIKe KpOBHe Tepace, Ca OrpafjoM Yy BuAy BeHUa of
npedabprKoBaHMx 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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KOHCTPYKTVBHY CKNOM je apMUPaHODETOHCKN, CKENETHY,
pacnoHa 5.80x6.00m ca je3rpomM OKO BEPTUKANHOT KOMY-
HVKaumoHor ysopa. GacagHn 31a0BK Cy Off HETOHCKMX
MOHTaXHVX eneMeHaTa, 3aBpLUHW CNoj je of npodunmca-
HOT HaTyp 6eTOHa [JOK Cy NapaneT paBHUX 6envx Nosp-
wwuHa. CTonapwja je ApBeHa ca,eCnnHrep” poneTHama.

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.

Seeing Energy — Belgrade

TepMOBW3MJCKM CHMMAK 0bjekTa y NOTNYHOCTH NpUKasyje
CTPYKTYPY ¥ reoMeTpujy dacagHux naHena, oTkpwmeajyhu
TEPMUYKE MOCTOBE Ha XOPW3OHTaNHUM W BepTuKa-
HUM, CMOSballFbM 1 YHYTPAWMHMM ChojHULamMa. Ko
NpUMeH-eHor cucTema GpacagHmnx NaHena, Kao NocebHo
cnaba no3uumja yoyasa ce AeTtarb YHyTpallker yrna, rae
[eTeKTOBaHe TemmepaType ykasyjy Ha Beoma cnaby 3a-
MTUBEHOCT.

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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- JIVHWjCKX TOMNOTHW ryOuLW, KOjW Ce jaBrbajy ycnen He-
[oCTaTaka NprMerbeHor GacagHor CUCTeMa, MOTy Ce Ca-
rnefaTi v Kpo3 V3mepeHe TemnepaType Ha PasnuumnTiim
nosunumjama: NyHo MNaTHO (cpeamnwby aeo GacagHor
naHena) -0.7°C, naHen y 30H1 Cnoja ca CTybom 1 rpeaom
+3.6°C, BOK je, Ly MBMLIe NaHena Ha yHyTpaLlHbem yriy,
[eTeKkToBaHa Temnepatypa of +10.8°C.

- bouHW naHen Ha epkepy je HeWTO 13MerbeHe CTPYKType
Y OAHOCY Ha KPYrMHWje NnaHene Koju NOKPMBeajy Lieo KOH-
CTPYKTUBHM pacTep, 1 CTOra Mokasyje HewTo crabuje
Tepmom3onaumoHe nepdopmaHce.

Linear losses deriving from the flaws in the applied
facade system also can be identified through the tem-
peratures measured at different positions: -0.7°C at
the solid wall (the central section of the facade panel);
+3.6°C at the panel in the connection zone between
the column and the beam, and +10.8°C along the pan-
el edge at the internal corner.

- The side panel of the overhang is of somewhat differ-
ent structure compared to the larger panels that cover
the entire construction grid, and thus has relatively
poorer thermal performances.

Seeing Energy — Belgrade -

NocnosHa 3rpaga ,NHekc”
Kparbue Mapuije 3, Ypow MapTuHoBuh, 1985.

3rpaga MHeKC - MHTepeKkcnopTa’, NPojeKToBaHa Kao Mo-
CNIOBHa Ky/a, MpefcTaB/ba A0 KOMMNeKca LeHTpa on-
wTuHe Manunyna koju ce cactoju of Beher 6poja objekata
Pa3IMUNTMX HaMEHa OPraHW30BaHVX Y JeAVHCTBEHY
APXMUTEKTOHCKO-YPOAHUCTUUKY LennHy. CneundumnyHocT
KOMI/IEKCa je HeroBa AMCno3nLpmja Koja ce NpocTrpe Ha
ABa 6noKa, pa3asojeHa ynvuom CraprHe Hoaka. Bricokn
NOCNOBHY ObjeKaT, aHeKC Ca NOLLTaHCKOM LUTEAVOHMLIOM U1
objekaT rpaacke ynpase, NoBe3aHwu Cy NoA3eMHVM Npona-
3uma. MapTepHo ypeherse je Max/b1BO NPOjeKToBaHO Ca
[eHnBeIMcCaHVIM MjaueTama 1 jefnHCTBEHO je y beorpaay.

The Inex Office Tower
3 Kraljice Marije Street, Uro$ Martinovic, 1985.

The Inex-Interexport building, designed as an office tow-
er, is a part of the Municipality of Palilula Center complex,
which consists of a number of multi-purpose buildings
organized in a single architectonic ensemble. The spe-
cific layout of the complex is separated into two blocks
by Starine Novaka Street. The office tower, the annex
with the Postal Savings Bank and the city administration
centre are connected by a system of underground pas-
sages. The thoughtful design of the ground area with de-
leveled piazzettas is unique in Belgrade.
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BupneTn eHeprunjy — beorpan

(acapa komnnekca je 13seaeHa o 6envx anyMmMHNjyMCKIIX
NPOPUANCaHKX MapaneTa Y KOHTUHYaHKUX MPO30PCKUX
Tpaka.Ha crnorballikboj paBHM Gacape NoCTaB/beH je pactep
0f1 BEPTUKANHVIX anyMUHWJYMCKX NPOdUia 1 XOpMU3oH-
TanHwx 6punconeja. Cuctem TEPMOTEXHUYKIUX MHCTanaLwja
je nckopuwheH Kao enemeHT IMKOBHOT pa3pelletba Gaca-
nie objekTa popmmpajyhin jake yraoHe MOTMBE.

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 nopwurHama. Cuctem napanet-
HMX obnora ocCTaB/ba AOCTa MPOCTOPA 3a TOMIOTHE
MOCTOBE, a pednekcmnja 1M NoCpefHO 3arpeBake OKO
MPO30PCKMX TPaka BU3YeNHO NPOLWWNPYjy «TOMIe» 30He
Ha TEPMOBM3MCKOM CHUMKY 1 UMHe Aa Napanetu aenyjy
Take 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.

Seeing Energy — Belgrade

90




- BupneTn eHeprunjy — beorpan

- ApXUTeKTypy NMOCNOBHMX 3rpafa cejlamMaeceTvX 1 OCam-
[eceTVX ronHa KapakTepuLe, n3mehy octanor, n roto-
BO MOTMYHO OACYCTBO pa3MaTtparba NTarba MoTPOLLHbe/
O4yBatba TOMJIOTHE eHepruje, 1 0Baj CHUMaK, Ha Kome ce
UMHM [a objeKaT «MCMjaBay, AECKPUMTUBHO MyCTpyje
eHepreTcke KOHCEKBEHLIE TakBOr NPKUCTyMa.

- 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-
tion/preservation; the thermal image in which the
building seems to radiate heat illustrates the energy
issues arising from such an approach.

- [eTarbHnjy CHUMaK yraoHOr Aena aHekca OTKpYBa BEO-
Ma nolue CTare dacagHor cknona. Boga v Heunctohe,
KOje nponase Kpo3 CrojHNLEe, BDEMEHOM Ce 3aapKaBajy
y TepMov30fiaumjn Koja Tpynv 1 nponaaa. OBo je Hapo-
YATO MPUMETHO Ha YraOHUM MHCTaNaUMOHMM LeBMMa
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.

Seeing Energy — Belgrade -

CrambeHa 3rpaga y bnoky 96 -
,PeTeH3uja”

LloHa KeHeawnja 10e-10x, Kmusopaa JIncnumh

OBaj ctambeHw objekat, rpaheH NoueTKoM ocamaeceTx
roAvHa, jeflaH je of NPBYIX NOKYLWaja NOCTMOAEPHUCTIY-
KOr MpUCTyna y 0bAmnKoBarby CMOSballHEer MKOBHOT 13-
pa3ay npedabprKoBaHOj rpadL.

Jlamene objekTa Cy MOCTaB/beHe Tako fAa CUMyMpajy
TPaAVLMOHANHN 3aTBOPEHN rpafcku B10K, ca neLladkmm
NPUCTYNOM Y YHYTPallkbe ABOpWLITE, Mpema Kome Cy
OpjeHTICaHe CBe TeXHMUKe NPOCTOpYje 1 HONHE 30He CTa-
HOBA, JOK Ce IHEBHE 30He OTBapajy NpemMa obopy bnoka.

A residential building in Block 9b -
The Retenzija

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.
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BupneTn eHeprunjy — beorpan

Objekat je cnpaTtHOCTY M+6+T1K Ca KOCKM KPOBOM U CTa-
HOBMMa Yy NMOTKPOBHOj eTaxu. MDacada je og npedabpu-
KOBaHMX MaHena ca BUA/bUBMM CMOjHMLAMA,a 33aBpPLUHA
obpana je on 6ojeHor 6eToHa. YnoTpebom pe3nnumnTimx
60ja Texn ce pasbujarby YTUCKa YHUGOPMHOCTM Kapak-
TepucTUYHor 3a npadabpurkosaHe objekTe. MNpo3opw cy
Ca HWCKMM MapaneTnmMa 1 CNosballkMM LANOHUMa WTO
Takohe MpeAcTaB/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.

Seeing Energy — Belgrade

TepMOBU3MJCKM CHMMaK ObjeKTa Mokasyje NMHWjcKe ry-
OUTKe KapaKTepuCTUUHe 3a NpedabprkoBaHe GeTOHCKe
naHene. Y 30HM CTENeHWLWTa Ce TO MaHWPECTYje Y MHOrO
MarbOj Mepu: CTEMEHULWHW MPOCTOP je XNadHmj1 Of CTaM-
6eHux jegnHMUa (He rpeje ce), a NoAecHe noye HUCY Y
PaBHM CMOjHMLA Ha dacagHMM MaHennmMa, Na Hema Hu
YNaASbUBUX IMHWUJCKIX 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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- BupneTn eHeprunjy — beorpan

- Ha dacaan je npumeTHO nolue cTarbe TepmonsonaLmje
1 cnab keanutet ctonapuje. Mpo3opu Ha nohama Aajy
peanuCTUUHe BPEAHOCTH, AOK je Ha MPO30PCKMM CTa-
KNMMa Ha camoj Gacagm 3abenexeHa pednekcumja To-
MIOTHYMX 3pavetba OKPYKeha/atMochepe.

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.

- CHMMaK  KapakTepucTMyHOr  cermenta  dacape
notephyje Aa je Tepmoumsonaumja yHyTap dacagHux
naHena mnponafa, Aa Ha fohama MpakTMYHO Hema
[OMXTOBarba Yy rOPHOj 30HW, a la Ce TaBaHWYHe Miove,
6e3 MKaKBOr TEPMUUKOT MPeKnaa, 13 YHyTPaLHOCTH
objeKkTa Npoay:kaeajy Ha nohe 1 UMajy UcTy Temnepa-
TypY Kao 314OBM rpejaHnx npoctopuja.

The image of the characteristic fagade 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.

Seeing Energy — Belgrade -

CrambeHa 3rpaga y bnoky 70
Jypwja larapuHa 27a-g, 1992.

CrambeHn objekat, m3rpaheH MoyeTKoM AeBefeceTvx
roAvHa MPOLLNOr BeKa, NpefCcTaB/ba KapakTepucThyaH
npumep cTambeHe apxmuTeKkType Koja Cce TOKOM MPBMX
rofiHa TpaH3uLyje pa3sujana no obogHMUM Hacerbuma.
lpaheBWHCKa MHAYCTPWja MOCyCTaje, Ma ce Yak 1 Be-
nvka npegy3eha nonyT EHepronpojekta’  okpehy
3vAarby Marbux objekaTta (objekaT Ha CivUM je paavo
,EHjy0"), onycTaje ce on npedabpukaumje 1 rnoMasHe
mMexaHm3aumje. To je yjeaHO 1 MOKyLWaj packmaa ca mo-
JEPHM3MOM, Kafla Ce y KOHLenTy popme v ofabvipy ap-
XUTEKTOHCKMX enemeHaTa NHCIMpaumnja Tpaxmn y Tpagn-
LMOHaNHMM Moaennma kyhe”

CHuMIbeHa je 3rpaaa y bnoky 70, 0bn1ka NoTkoBswLe ca 6
ynasa, cnpatHocTu [M+3+[1K, ca nokanvma y npusemsby.

A residential building in Block 70
27a-d Jurija Gagarina Street, 1992.

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.

96

97



BupneTn eHeprunjy — beorpan

Objekar je paheH y CKeneTHOM KOHCTPYKTVBHOM CUCTe-
My, Ca apMMPAHOBOETOHCKMM TaBaHMLama. Kpos je Koc, ca
KPOBHMM MPO30PK1Ma M TaBaHCKMM MPOCTOPOM KOju Ce KO-
pucTy. GacagHy 3M[oBM Cy TPOCOjHN ,CEHABMY 3Ka0BK"
paheHu Ha N1y MecTa. 3aBpLiHa obpaaa dacaae je cunw-
KaTHa oneka, ca nojenH1M Nosblma obpaheHvM y dacas-
HOM ManTepy. [po3opn ¢y POPMMPaHK Kao NOjearHAYHM
OTBOPU CTaHOAPAM30BaHVX [AMMEH3Mja, 3acTak/berbe je
, TEPMOMaH" CTaKNOM, a 3aCTOPU CY ,eCIMHrep” 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 TEPMOBU3UMJCKA CHYMAK
,OTKPVBA" PUTaM XOPM3OHTATHNX CEePKNaKa KOjU HUCY
A[leKBATHO M30M0BaHW. 3HaYajHWU UHWJCKKU ryouumn ce
LeTeKkTyjy 1 Ha Annataurjama (3rpafa ce cacToju of 3 na-
Mene ca no 2 ynasa). Ynag/bmsa Cy v TOMOTHa 3paderba y
rOpPH0j 30HM MPO30pPa, KOL KyTWje 3a POSIETHY.

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,cenasuy3mnoa”ontepehere ofcrnosballrber cioja
NPUXBaTajy MBMYHM LeNoBM MehyCnpaTHe KOHCTPYKUWje
Ha CBakoj eTaxn. [la 61 ce Ta Be3a ocTBapwia, A0Nasn
[0 cnabrberba MM Npekraa Tepmonsonaunje, na ce Ty
jaBrbajy ,TEpMNYKK MOCTOBK" 1 jeAaH Aeo TomnoTe ce
NPeHOCH Ha Crosballkby PaBaH dacage.

- 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.

Seeing Energy — Belgrade -

CrambeHa 3rpaga

bynesap kparba Anexkcangpa 177,
MwunaH J1ojaHunua, 1989-1999.

CrambeHn ©6nok y byneBapy Kparba AnekcaHzapa
npefcTaB/ba KOMMMEKC HOBUX 3rpafa, MpojekToBaHMX
off CTpaHe pasIMuMTUX apxuTekaTa Yy cKnagy ca
JEAVHCTBEHUM YPOaHUCTUUKM pellerbeM. 3rpaja Ha
YIy Ce 13[1Baja CBOjVIM MONOXajeM U jeAUHCTBEHM KOH-
LenToMm obnMKoBatba: KapakTepulle je CKynnTopanHa
UMAMHApWYHa dopma Koja ce nocTeneHo ocnobaha” 13
604YHUX Kybyca, Kpenpajyhv AMHAMUYHL 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
KapaKTepucTuHe Sbybunyacte 1 6opao 6oje, Kao v feTamb
OKO MPO30Pa Ca HarnakeHv OKBMPOM, LOOPO je NpoCTy-
OMPaH enemeHT Koju daje ayTeHTUUYHOCT M CIMKOBWUTOCT
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 Tepmunuke KapaktepucTuke. Mponucn 13 obnactu
TePMUYKe 3alTuTe, KOjU CY, Y3 Marbe M3MEHE, 1 Aarbe Ha
CHa3w KoA Hac, GOpMyNMCaHn Cy KpajeM OCaMaeceTnx 1
MOYETKOM AeBEeAeCeTUX FOAMHA MPOLLIOr BeKa, U MaKko
Cy AaHaC y MHOTMM acnekT1MMa 3acTapeny, y foba Kaga
je NpojekToBaH 0Baj 610K BUNN Cy eKBUBANEHT HEMAUKO)]
perynatuew. Pe3ynTat: 3rpage Cy 3HaTHO MOOOIbLUAHMX
TEPMUYKMX NePPOPMAHCU Yy OAHOCY Ha MPaKCy 13 cefam-
[eceTyx 1 ocamaeceTVX roamnHa.

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 TEPMOBM3M]CKIM CHUMLM NOKa3yjy A0CTa 4OOpY
3010BaHOCT OCHOBHOI $acafiHOr 3vaa, Ca MOBPLIWH-
cknm Temnepatypama Ao 2°C. Y 30HM XOPU3OHTASTHMX
CepKaXa 1 MBNYHVIX rpea OuMTaBajy Ce HewTo BumLe
BPEAHOCTY, anv HEMA V3PAXKEHVIX NIMHUJCKIX ryOmnTaKa,
Kao LUTO je TO BKO Cryyaj Kof MPETXOLHMX MprMepa. Yno-
XMHEe OKO OTBOPa Cy Nax/buByje obpaheHe, ocTBapeHa
je nobpa 3anTUBEHOCT 1 KOHTUHYMTET TepMOKM30naLmje
KpO3 pasnnuute nosuuuje 1 mMatepujane, na je u ryou-
TaK TOMIOTE 3HATHO PelyKOBaH.

More detailed thermal images show a fairly adequate
insulation of the main facade wall, with surface tem-
peratures of up to 2°C. In the zone of the horizontal
ring beams and the edge beams, higher values were
detected, but there were no significant linear losses as
it was the case in the previous examples. The moldings
around the openings were more carefully treated, the
sealing is good and there is continuity of thermal insu-
lation throughout the various positions and materials,
so that heat loss is significantly reduced.

Seeing Energy — Belgrade

CrambeHa 3rpaga

BpaHka KpcmaHosuha 24,
Mwunuua Josarnosuh MNMonosuh, 2008.

CTambeHo-MocnoBHN  objekaT Ha yrny Ynuua bpaHka
Kpcmarosmha 1 hakoBayke npeAcTasiba [OMPUHOC 06-
HOBW apXWTeKType CTapor fena 3Be3fape, OKO Mujale
hHepam. JacHa je HameHa ayTopa Aa, cmvperowhy dacane
W je[HOCTaBHMM MaTepwjanmnma, yCnocTaBm KOMYHVKaLn)y
Ca OKPY’KEH-EM KA0 PEMEPHOM TaUKOM Y TUMMUHO] ypbaHoj
MaTpMUW. TpagULUMOHANHW MOMYKPYXKHM MOTVB YraOHMX
objekaTa Ha OBOM NMPUMEPY BELUTO je MpeceyeH TpoeTax-
HOM KyOuuHOM GOpMOM. 3aCTyrN/beHM Cy CBU TWMOBM CTa-
HOBA, Of} jeiHOCOBHYIX IO YETBOPOCOMOHMX, Ca SIoKanmnma
y NPV3emiby PasnnunTUX KBagpaTtypa.

A residential building

24 Branka Krsmanovica Street,
Milica Jovanovi¢ Popovi¢, 2008.

The residential and office building at the corner of
Branka Krsmanovi¢a and Bakovacka 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
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.
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KOHCTpYyKLMja 0bjekTa je MelloBMUTa, Y KOMOUHALWM]W CKe-
NEeTHOT aPMMPAHOBETOHCKOT 1 MAaCKBHOT CUCTEMa, Ca 31-
noBuMa of rutep bnoka. Gacaa je o BeWTauKor KaMeHa,
60jeHa jeaHoCTaBHOM KOMOVHaLmjom bene 1 nnase 6oje.
Mpo30pu Ha CTambeHnM jeanHMLaMa Cy Yy KOMOMHALW|K
anymMMHUjyMa W [pBETa, 3aCTak/beHV Tepmomn3onaumo-
HVMM CTaK/IOM Ca HUCKO emmncroHom donmjom. Dacaaa
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-
TEKTOHCKIMX peLlerba Kojma ce nobosbLUaBajy TepMudKe
KapaKTepUCTVKe - Pa3NnKa je OUnrneaHa y OQHOCY Ha He-
WTO CTapwjn Npumep m3 bnoka 70 (cTp. 95). JetekTyjy ce
3HATHO Makba TOMOTHA 3pavetba, Ha GacagHOM NNaTHy Cy
perncTpoBaHe Temnepatype oko 0°C. MebhyTtum, y 30HM
XOPW3OHTaIHKX CepKaka oneT ce ouMTaBajy JIMHWJCKN
rybuLm, NPBEHCTBEHO Kao pe3ynTaT Henaxrbe 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
dacafie nokasyjy A0OPY M30M10BaHOCT OCHOBHOT 3143,
anu OTKPMBAjy 1 HEKONMKO NponycTa. Ha obema cnmka-
Ma MOXEMO BUAETW Aa Y YOKBUPEHNM AeN0BMMa UCTa
no3numja - XOPU3OHTaNHN CePKIIaxM 1 HaTNPO30pHe
rpefe - faje pasnvyuTe TepmanHe CiMke Ha pasnnyn-
TVM eTakama. Ha [orb0j Cnvum, M3HaA HajHWXer npo-
30pa, PernucTpyjy ce rybunun, Kao a je Tepmounsonaumja
n30CTaBrbeHa unu je kopuwheHa mMarba aebrbrHa of
NpojeKkToBaHe, 0K je C/MKa Ha crnpary 13Haf, cacBuM
apyrauuja: Ty Cy rydbuum MapK1MpaHu camo y nojeaunHyim
Taykama, rge ce W3 KOHCTPYKTVMBHWX pasnora npe-
Knga Tepmounsonauvja. Ha ropmoj cnvum je cavyHa
cUTyaLmja: HXn CepKax je n3sefeH Ha jefjaH HaunH,
a TaBaHuWUa Ha cnegehoj etaxu Ha apyrv. OBaj npumep
NNYCTPYje Kako Ce TePMOBU3UJCKMM CHIMabEeM MOTY
OTKpWBATV rpeLLlke y 13Bohery, Na U pasaBojuTH OA-
FOBOPHOCT MpOjeKTaHTa Of OArOBOPHOCTM M3BONHaua
Kafa BM3yerHOM MHCMEKLMjOM TO BULWeE HUje Moryhe.

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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- BupneTn eneprujy — Hosn Cag

CkynwTtrHa rpaga Hosor Caga, "Kapka 3perbaHnHa 2
Novi Sad Town Hall, 2 Zarka Zrenjanina St

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

MocnosHa 3rpafa EMNC - ,EnektposojsoanHa’, bynesap ocnobohersa 100
The EPS — Elektrovojvodina Building, 100 Bulevar oslobodenja

KomepuwjanHu ueHTap,ba3ap’, Bynesap Muxajna lMNynuHa 1
The Bazar Retail Center, 1 Mihajla Pupina Blvd

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

Pa3BojHa 6aHKa Bojsoante, CTpaxmnnoBcKa 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. pojektoBaHa
50-ux roAmMHa [BajjeceTor Beka, OHa AOCNeAHO cream
MOJEPHUCTUYKY JIOTVIKY, KapakTepuCTWuHy 3a Taj ne-
pviog. Ynotpeba cBefeHMX, NPW3MAaTUYHKX, BOSlyMEHaA
paspellaBa Komno3wuunjy Gpopme marepujanvsosaHe y
6enom KameHy Ca PUTMUYHUM CMeHbVBAFbEM XOPU30H-
TaNHMX NPO30PCKMX TPaKa v napaneTa. 3rpaga 1uma Tpu
ynasa,Bulle of CTOTWHY KaHUenapuja, neT cana 3a Ca-
CTaHke, b16IMOTeKY, 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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KoHCTpyKUMja objeKTa je apmMrpaHOOeTOHCKa, CKeneTHa,
ca nnaTtHMMa 3a ykpyhetrbe. Macaja je of BelwTauykor u
NPUPOAHOT KaMeHa, ca TaMHOM 0B1I0rOM Y 30HM NPO30p-
CKVX Tpaka. [1pBuY cnpat ce BM3yenHo OfABaja BENMYMHOM
NPO30PCKMX OTBOPa W HaraleHM XOPa3OHTaIHUM
6purconejem. Ha neBom fleny objekta nctmuUake pasnu-
unTOCTM dYHLIKM]a je cnpoBefeHo 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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TepMOBM3MJCKM  CHMMAK OAC/MKaBa oObjekaT maTe-
pvjann3oBaH Kopulherem TeXHUUKUX pellerba  Ka-
PaKTePUCTUUHMX 3a MOJIOBMHY [BajecTor Beka, 6e3
Kopviwhetrba Tepmowvsonaumje 1 ca cuctemmma dacaf-
He OpaBapuje Koju He 3a40BOSbaBajy AaHallrbe CTaH-
napae. lyouum Kpo3 oTBope Cy npumeTHu, a Behn 6poj
OTBOPEHMX MPO30pa YyKasyje f[a VHTEH3UBHO rpejare
objeKTa KoMneH3yje HefloCTaTKe KBanuteTa NpumerbeHe
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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- Hetars Gacage ykasyje Ha NOLW KBANUTET MPO30PCKMX Pa-
MOBa ¥ 3HaUajHe ryouTKe KOju Ce KOA HokIX jaBsbajy. 30Ha
napaneTa je Takohe Hew3onoBaHa - roToBo je Moryhe
MAEHTUDMKOBATY NMONOXKAje PaAM]ATOPa M3a HMX.

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
identify the position of the radiators behind them.

- [letarb 60YHOT 31Aa Kop Kora je nako moryhe naeHTu-
GUKOBATM MoNoXaje apMMPaHOOETOHCKKX enemeHaTa
yC/e/l HeMnoCTojarba M30MaLyje N 3PAKEHN|UX rybuTa-
Ka. [ojearHn 0TBOPY Ha GacagHOM NNaTHy Cy Yy NoLiem
CTakby, Ca V3pasuTim rybuumma Tonnore.

- Aside wall detail which easily identifies the positions of
reinforced concrete elements due to the absence of in-
sulation and imminent heat radiation. Particular open-
ings on the fagade are in poor condition with excessive
heat losses.

Seeing Energy — Novi Sad -

lNocnosHa 3rpaga,ArposojsogmHa”

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

3rpaga nocnosHe 3rpade ,ArpoBOjBOAMHA”" ce Hana-
31y wurpem LeHTpy Hosor Cafa 1 msrpaheHa je 60-vx
rogvHa AeajeceTor Beka. OBa MeTHaeCTOCMpPaTHMLA
jeaHoCTaBHe Npu3mMaTvdHe dopme, Ouna je jepaH of
HajBMLKX objekaTa y rpafy, a v jaHac, oHa AOMMUHMPa
CBOJUM OKPY>KEHEM.

The Agrovojvodina Office Tower

127 Bulevar oslobodenia,
Breda Selken, Ziva Bugarski, 1964-1968.

The Agrovojvodina Tower, located in the wider center
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.

116



Bupetn eHeprujy — Hosu Cap

3rpaja je matepujann3oBaHa y NpPeno3HaT/bMBOM LyXY,
CMEHOM XOPW3OHTa/IHMX MPO30PCKMX Tpaka U MyHWX,
npedabprikoBaHVx, MapaneTa. BepTKanHW aKueHTn
KOMMO3uLMje 13BedeHN Cy Harnawasareem nyHor niar-
Ha Y 30HM NMMGTOBCKE BEPTUKANe, OAHOCHO ,CI000AHNUM"
(3aCTak/beHMM) YoM, e je NOoUMPaHO CTeneHuwTe.
Mpo3opcke Tpake Cy, y BENNKO] MEPW, 3aMeHEHE Pa3fui-
YUTUM CUCTEMMMA 3aCTaKIbeRA, YrNaBHOM Kopuihersem
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.

TepMOBM3MJCKM  CHMMaK yKa3dyje Ha akKymynauuoHM
noTeHUKWjan HeM30N0BaHKX aPMUPAHODETOHCKIX efleme-
HaTa napaneta. CeBepHa CTpaHa 3rpafe npuKasyje pe-
alHO OYMTaBarbe TemrepaTypHUX BPeAHOCTH, Ha Kome
je yousbMBa UMkbEHMLA a Cy MPO30PW 3ameteHu, Aa Cy
napareTy HeM3onoBaHy, AOK 3amnagHa CTaHa Mnpukasyje
3HaTHO BULLIE TemnepaType napaneTa, Koje Cy oBae Mno-
cnenvua 3arpeBarba off CTpaHe CyHLa TOKOM AaHa.

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 MeNycobHMM CriojeBrma NaHe-
N1a Kao 1 MeCT1Ma Crajatba ca KOHCTPYKLUMjoM 0bjeKTa.

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
structure.

- 3amerbeHV Mpo3opu Cy A0OpOr KBanuTeTa, @ Ha na-
paneTnma je NPUMETHO 3HauajHO 3arpeBarbe Kao Mo-
cneavua CyHYeBOor 3payetba. Mako je TepMoBM3MjcKY
CHUMAK HauWHbEH LWECT CaTu MO 3anacky CyHUa, yTILaj
HErOBOT 3payetba je U asbe 3HaTaH v jacHo Ce ounTaBa
KpO3 v3MepeHe Temneparype.

- The replaced windows are of good thermal quality; the
parapets display noticeable higher temperature read-
ings as a consequence of sun radiation. Although the
thermographic image was taken six hours after the sun-
set, the impact of the external heat gains is still evident.
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MNocnosHa 3rpaga ENC -

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

3rpana ,EMNC- EnektpoBojsoavHe” NpefcTaBba jeaHo of
Haj3HAYaHMUX APXMTEKTOHCKMX OCTBapera Yy W1pem
LeHTpy Hosor Capa. MacursHa rpahesuHa je HacTana nog
yTuLajeM 6pUTaHCKOr NoKpeTa bpyTanm3mMa n cTpaxyjye
KOHCTPYKTVBHE 1 ecTeTCKe BPeAHOCTM apmupaHor be-
ToHa. OyHKUMOHaNHa cerperaymja je CnpoBeAeHa Kpo3
dopmy objekTa KOMOWHOBar-eM pPa3AndUTUX, YriaB-
HOM MPW3MATUYHKX OBNWKa, anu W matepujanusauujy,
BapMpajyhn KONOPUCTUUKE 1 TeKCTypHe MnoTeHUvjane
6eToHa v ctakna. floanHe 1989. n3BplieHa je aorpaarba
LMCNeYepCKOr LIeHTPa KOjM je CBOjUM aTPaKTUBHMIM apXi-
TEKTOHCKMM peLlierbeM YHeO HOBW KBanuTeT y nocTojehy
KOMMO3MLNjY.

The EPS - Elektrovojvodina Building
100 Bulevar Oslobodenja, Milan Matovi¢, 1971-1989.

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
concrete. Functional segregation was implemented not
only through the form by combining different, mainly
prismatic volumes, but also through the material by var-
ying the color range and textural potentials of concrete
and glass. In 1989, the extension to a dispatch centre
was added, whose attractive architectural solution intro-
duced a new quality to the existing composition.

120



Bupetn eHeprujy — Hosu Cap

ObjeKaT je n3BefeH y CKeNeTHOM KOHCTPYKTUBHOM CW-
CTeMy Ca mnaTHMMa 3a yKpyhere 1 je3rpom y Kome ce
Hanase BepTuKanHe KOMyHMKauuje. KapakTepncTnyHa 3a
OBY MOC/IOBHY 3rpagy je matepujanmsaumja. OHa ce orne-
[a y KOMOVHaLUMjaMa PasfinumTX TUNoBa TpeTMaHa da-
caje: KopviwheHa Cy nnaTtHa oA NyHOr apMmpaHor 6eTo-
Ha, «31[1-3aBECa» N XOPU3OHTASTIHE CMeHE MPO30PCKIX U
napaneTHux Tpaka. OBakBa, edpekTHa KomMOMHaLUWja CTak-
11a v HaTyp 6eToHa, KYAIMMUHMPA 1 Ha KaCHWjOj AOrPaHM
13 1989. rae je HOBW ObjeKaT NOTNYHO 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.

TepMOBM3MJCKM CHMaK OfIC/IMKaBa TUMMYHE TEPMUYKe Ka-
paKTepuCTVKe Kopuiwherba CeHABMY 310Ba Of apMmpa-
Hor 6eToHa Ca TEPMOM30MaLIMjOM Y CBOM CacTaBy, a Koje ce
orneaajy y HemoryhHoCTn r3beraBarba XNafHWX MOCTOBA
Ha MecCTVMa CrojeBa ca KOHCTPYKLMjoM objekTa. CnojeBu
nojeanHnx Gopmm objekTa Takohe MpurKasyjy 3HauajHe
NMHWjCKe ryouTKe. CUCTeMM 3acTak/berba Cy PasHOBPCHY,
a TEPMUYKM TyBULN CY HajU3pa3UTUjW Y Npr3emiby 0bjeKTa
1 Ha CTapwmjm cucTeMnMa,3ua-3aseca’.

Seeing Energy — Novi Sad

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 system:s.
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Ha petarby dacage BuaHWM Cy mpobnemu Koju npate
apmrpaHobeToHCKe dacafiHe 310Be, rae ce Hajsehu
ryouumn jarbajy KoA CrnojeBa OETOHCKMX [enoBa
HaforpaheHor fena ca KOMyHVKaLUMOHUM BepTVKana-
ma. Kog 6ouHmx 3vnoBa je, Takohe, Moryhe youmtu xo-
PU30HTaIHE KOHCTYKTVBHE eflemMeHTe, WTO WnycTpyje
HeOBOSbHY 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.

- 3acTak/berbe Mpr3emsba je Heoarosapajyher keanure-
Ta ¥ TEPMUUKIX NepGOPMAHCH.

- The ground floor glazing is of inadequate quality and
thermal performance.

Seeing Energy — Novi Sad

KomepuwnjanHu ueHTap ,bazap”
Bynesap Muxajna MNMynuHa 1, Munan Muxenvh, 1972.

3rpafa pobHe kyhe ,bazap” Hanasu ce Ha Kpajy nelay-
Ke 30He W NpeAcTas/ba jeaHy Off HajeKCNpecHBHUMX
rpahesunHa Hosor Caga. CnobofHwx, HemnperpaheHnx
OCHOBa, Ca MOTPEOHUM BEPTUKANHMM KOMYHMKaLMjama
1 TEXHWUUYKMM MPOCTOPMMA, Y MOTMYHOCTU je HamerbeHa
TprosuHW. ObnMKoBake je M3BeAeHO ,pa3nrpaBarbem’
bacagHor nnaTHa, KpenparbemM HempeKKaHe Urpe nokpe-
HYyTUX BONYMEHa ¥ HarnalleHnx naysa y BepTUKaIHOM U
XOPW3OHTANHOM MpasLyy.

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 YHyTPalltbe CTPa-
He 1 duHanHOM obpafom y Bmay HojeHor HaTyp HeTo-
Ha. 3aBpwHa obpaja je Ha NojeanHUM [1eN0BMMa 13Be-
[eHa of NpUpofHOr KameHa. CTakneHe MOBPLWMHE CYy
maTepujanmzoBaHe Kopuwherbem dacagHnx enemeHata
Ca BUAHUM CNOjeBMMa M TaYKaCTUM NPUXBATHUM efleMeH-
TMMa 6e3 NOKPUBHUX 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 ryOuTaka Koju Ou, Ha 0BaKo pasyhHeHom
1 KOMMNEKCHOM GacaiHOM cknomy, bynu n3pasnti. Mlako
Ce NosoXajem TepPMOM30MaLIMOHOT C0ja UCKIbyYyje Tep-
MUUKM KanaumTeT MacKBHMX OETOHCKMX 314O0Ba, Mpwi-
poda HameHe O6jeKTa, KOja 3a pe3ynTar MMma 3HauajHe
TOMIOTHe A0OUTKe, aHynnpa HedocTaTke W OMNpaBAaBa
NpVIMerbeHN KOHLeNT.

Seeing Energy — Novi Sad

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 M3pasuTy ryouum y
30HM 3aCTak/behba 1 Ha MeCcTMMa CriojeBa ca BETOHCKOM
dacamom. 3acTak/beHa Mosba, Ca MojeanHVIM enemeH-
TMMa NpUxBaNeHVM Taukacto, 6e3 NOKPUBHKX NAjCHY,
OCTBapYjy ryouTtke TOMnnoTe Ha MehycobHM CrojeBrMa.

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 npwvikasaHom Aeny, MOXeMO YOouuTW u3paxeHuje
rybuTKe TOMOTe Ha 3acTak/beHUM Y OfHOCY Ha MyHe
nenose ¢dacane. Beha TemnepaTtypHa ounTaBarba 3a-
KoleHWx fefoBa Gacafie pesyntar Cy reoMeTpujcKiX
KapakTepucTka kao U pednekcrja of  CTpaHe
3aCTaK/beHUX 1e0Ba.

- More heat is 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.

Seeing Energy — Novi Sad -
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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 rpaheBrHa, HOBW MPafCKX penep, Koju aHraxyje
1 oapehyje BeNVKM NPOCTOP KOjU ra oKpyxyje. Aqmu-
HUCTPaTVBHa HaMeHa CMeLTeHa je y apXWUTEKTOHCKY
KOMMO3WUM)y YeTpy napanenonvnesa BUCUMHE 8 A0
12 cnpatosa. lNpumapHe dopme cy no3nuMoHMpaHe
Tako fa dopmupajy ABa MehycobHO cmakHyTa cnosa , T’
CrnojeHa NPOCTPaHMM XOIOM 3aBpPLUEHUM MOMYKPYKHO
3acTak/beHM CBOAOM. PenpeseHTaTviBHO ypeheHu 1
OonpemsbeHn PagHn 1 3ajefHNYKM KOMYHUKaLW|CKM NPO-
CTOPU, OANMIKY]Y Ce BUCOKUM KBANUTETOM yNoTpebrbeHmx
MaTepujana, MHBeHTUBHOLWNY AeTarba v Npeno3HaT/b1BOM
nnKoBHOWHY.

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 1 HenpeknaHe
1rpe rnnaHoBa. Xor, Kao LUeHTpanHu MoTUB rpahesuHe, y
BMAY OFPOMHOT aTpujyma, MpOCTMpe Ce TpaHCNapeHTHO
KpO3 CBE eTaxke W, Ha Taj HauuH, objeantbyje yHyTpallkbm
npocTop objekTa.

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 ,JIOKaNHN Noxap” Koju
je 13610 Ha WeCToM 1 OCMOM CrpaTy. HapaBHO, Noxapa
HWje 61no, anv cy TONNOTHU ryOUUM Ha HEM30N0BaHUM
npenasrma n3mehy nsbadere v yBydeHe dacagHe paBHM
TONVKKM, Ad je HAcTao M3Y3eTHO AECKPWMTVBAH TePMO-
rpadCKum 3anmc.

Ocum 0BOr QuMrefHOr NPOoMycTa, objekat je, onwTe
y3eBlY, A0OPO M30/10BaH M MaTepujan13oBaH npema
CTaHgapanmMa 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 cHumKky aetamba Gacage MOXEMO BMAETN 13pasunTe
rybuTtke Ha MecTma rae 4onasmn 4o NpomMeHe GacagHe
PaBHW yCne nocTojakba HEM30N0BaHNX AeTOBA TaBaHW-
La. KonvunHa eHepruje Koja ce 13payaBa Ca OBYMX 30Ha
je 3HaTHa (M3mepeHa Temnepatypa og 12°C) 1 moxe ce
NpaTUTV KPO3 HEKOMMKO eTaxa, NPeKo 3arpeBarba Ga-
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 feTarby, U OBAE je MpVMETHa pas-
JIMKa KapaKTePUCTUYHNX, NOLWE M30M0BaHNX, Leno-
Ba Yy OOHOCY Ha ocCTaTak dacafie Koju je KOPeKTHO
MaTepujanm3oBaH. Ha 3acTak/beHOM X0ny BUaN e ped-
NleKC TOMMoTe Ca Nolnje 130/10BaHor Aena dacage Wwro
3a pesynTar MMa HepeanHo BMCOKa O4MTaBatba Temne-
PaTYPHWIX BPEAHOCTU.

- Asinthe 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

CTpakmnnoBcKa 2,
[Napko 1 Munerwja Mapywwh, 2005-2007.

OcHoBHa dopma baHKe, HeHa NprmMapHa BofyMeTpuja,
00OMKOBaHa je 3anyyeHuM YanyHum perynauujama ,Y*
packpcHuLe. MMaBHO GYHKUMOHANMHO je3rpo objekTa je
Pa3BWjeHO MO CPEAVHM OLWTPOr yrna yanua. Apxutek-
TOHCKM CKNOM KOHCTUTYMLLY [iBa ,Kpuna“ objekTa, cnpat-
HOCTW ueTnpun 1 neT eTaka. CBOjUM 0OAMKOM, ,Kpmna”
obyxsaTajy LeHTpanHM MOTMB 0bjekTa, MneToeTaxHM
BeCTMOWMN Ca BOAEHMM MOBPLUMHaMa y Mpu3emby U
3aCTak/bEHOM KPOBHOM MOBPLUMHOM. KOMMO3KMLWjy 3aBp-
wasa,nebaehn” KPoB Koju NoBesyje AenoBe PaznUUTIX
BMCWHa. Hajsehun feo npusemsba v Me3aHWHa 3ay3vma
WanTep cana, octanu feo objekTa je NOCIoBHOr Kapak-
Tepa ca npatehum NpocTopujama. Ha KpoBy objekTa ce
Hanasn pectopaH HamerbeH 3anocieHnMa.

The Development Bank of Vojvodina

2 Strazilovska Street,
Darko i Milenija Marusic¢, 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.

132



Bupetn eHeprujy — Hosu Cap

Y unby Kpeviparba Behe GnekcnbrunHoCT 1 OTBOPEHO-
CTW MPOCTOPa, Kao ¥ ynoTpebe Hekmx HeyobuyajeHunx
enemMeHaTa MCKa3aHux y B1ay NpPOBMAHWX TaBaHMLA, 33
KOHCTPYKTUBHM CUCTEM 13abpaH je apMMPaHOOETOHCKM
CKeneT, ca NoTpebHUM JOAaTHUM OjavakbiMa Y BUaY ap-
MMPAHOOETOHCKIMX 310Ba. 3aBPLUHOj 0O6paan NoBpPLLK-
Ha dacapa, cBe [O NojeAMHaYHKX AeTarba, nocBeheHa je
BefIMKa NaXkkba, 0 OCMULLIIbaBakba Ao 13pade. Hajgehum
nenom kopuwheHa je 06nora o KameHwx naoya MoHTU-
PaHNX Yy CUCTeMy ,BeTpeHe dacaze”, ay 30HM NPK3eMSba U1
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 KBanuTeTHO
v3BefeHy ,BeTpeHy dacagy’ ca obnorom of KameHux
nnoya, rae ce roToBO YOMLWTe He BUAe HUKAKBU ryouLu,
Kao v TpaHCnapeHTHy dacafdy Tvna ,31a-3aBeca’, Koja v
nopep kopuwherba CaBpemMeHX TEXHOMOWKNX pellerba,
nokasyje oapeheHe rybutke YyrnaBHOM Ha MeCTMMA
Cnajatba Ca Apyrim eflemeHTVIMa 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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BupneTn enepruvjy — Hosn Cag

[etarsHujn cHumUM dacage nokasyjy Aa, Mako nocToje
ounrnefHe pasnuke y TepMmnuknm nepdopmaHcama pas-
INYNTO MaTePMjan3oBaHnX Nosba pacagHor omoTaua,
TenepatypHe BPeAHOCTM Koje je kamepa 3abenexuna,
noKa3yjy Ao6py TOMAOTHY 130MaLmjy, Ca BEOMa HUCKMM
BpeAHOCTUMa Ha ,31A-3aBech”. JeanHn BMaaH ryouTak ce
jaBrba y 30HM cnoja dacage BeCTvbUIa Ca KPOBOM.
BeHTunucaHa dacana, obnoxeHa KameHoOM, Huje no-
rofiHa 3a Tepmorpadcke aHanwvse, bynyhu fa y cknony
dacage NoCTojN Ba3fyWHW C10j, MNa HEMa KOHTUHY-
aNHOr MpeHoca TOMoTe KOHAYKUMJOM 0O GuHanHor
cnoja. EKCTpemMHO HMCKe BpeHOCTM Cy pe3ynTaT edek-
Ta pednekcuje 1 He NpeACTaBbajy peneBaHTaH Noja-
TaK 3a TepMUUKy MKy objekTa. Kog oBor aena dacane
jeavHM BUAHKM rybuumM Ce jaBrbajy Ha MecThma croja
NPO30PCKNX OKBMPa 1 dacazHe obnore.

More detailed images of the facade show that even
though there are obvious differences in the thermal
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.

Huw N
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- Bupetn eHeprujy — Huw

HapoaHo no3opuiute, Cuthenvhes tpr 66
The National Theater, bb Sindeli¢ev Sq

Anenauunonu cyg, Bojsoge lNMyTHVKa 66
The Appellate Court, bb Vojvode Putnika St

Xoten,Ambacanop’, Tpr Kparba MunaHa 4
The Ambassador Hotel, 4 Kralja Milana Sq

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

Xoten,Papgor", Huwka barba, Cpnckmx jyHaka 2
The Radon Hotel, Niska Banja, 2 Srpskih junaka St

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

Crambene 3rpage, Bojgoge Mutumha 58-62
Residential buildings, 58-62 Vojvode Misic¢a St

Seeing Energy — Ni$ -
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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,  MOHYMEHTAHON,  apPXMTEKTOHCKON
13pasa, Of/IMKyje Ce PEeUHMKOM MOoLepHe KapaKTepu-
CTUYHMM 3a TPUAECeTe roAnHe BafeceTor BeKa, Kaja je
1 n3rpaheH. JacHo aeduHMcaHn KyomyHn obavum Tpe-
TMpaHW cy 6e3 feKopaTMBHYIX enemeHaTta, a vcelarbem
cerMeHata v3 UMAMHAPUUYHE 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 Sindjelicev 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.
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BuneTn eHeprujy — Huw

KOHCTPYKTMBHM C1CTEM ObjeKTa je MacMBHM, 3MAaH Of
oneke. Y nornedy 3aBpliHe obpagde, NMOCTaMeHT 3rpa-
[le je TpeTupaH BelITaykMM KameHoM, AOK je Hajsehu
neo dacagHor omoTava obpaheH mantepom. Objekat
je op v3rpagre Aga nyta obHaembaH, 1967. 1 2002. ro-
OVHEe, MPpW YeMy Cy CadyBaHW OpPUTMHaNHW v3rnen wu
mMaTepujanmnsaumja.

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 KapaKTepUCTVKe KNaCM4HO 3MAaHKX, Heu3onoBa-
HUX ObjekaTa y BuIYy NMPUMETHUX rybuTaka eHeprvje Ha
CrnojeBMMa Ca apMMPAHOBETOHCKUM eNeMEHTVIMA XOpH-
30HTANHWX 1 BEPTUKANTHMX CePKNaa, OAHOCHO CrojeBa
bacaaHe cTonapuje v 3uaosa.

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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Bupetn eHeprujy — Huw

[leTarbHuju CHMMAK MokKasyje pasnunyuTe Crnosballrbe
Temneparype 3umaa, Koje Cy BuLe Ha AefoBMMa rae ce
Hanase Cepknaxu v ApPyri apMUpPaHOOETOHCKM ene-
MeHTU. Y 30HM NPWUasHor Tpema BUAbMBE Cy U BULIE
TemnepaTtype $acagHor 3uaa Kao AMPEKTHa nocnean-
Lia Heroee Marbe febrbuHe.

Cnojesw cTtonapuje 1 dacage OACIMKaBajy HefoCTaT-
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 nole TepMUUKe KapaKTePUCTUKe
ctonapwuje. [youuy Tonnote Cy NpUMETHM Ha CTakvMa
Kao M Ha CrojeBKMa NMpo30pCKMX 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.

Seeing Energy — Ni$

AnenaunoHn cyq

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

3rpafia *aHOapMepujcke KacapHe ce Hamasun y Wwupem
LeHTPY Hula v NpojeKToBaHa je Kao jacHa, YncTa, Kyoumu-
Ha dopma. CBOjoM jeaHocTaBHOLWNY 13pasa, cBeAeHOM
OpHaMeHTNKOM, Kao 1 yrnoTpebom MaTepujana, [OMUHMPa
HemocpeaHnM OKpyxerbem. KnacuuHa rpahesuHa, Tpu-
napTuTHe nofene dacafe ca HarnalweHM Npr3embeMm,
IMaBHUM KOPMYCOM W BWCOKOM aTMKOM 6e3 yKpacHor
BeHLa, OACNMKaBa CTPOroCT U 036USbHOCT y CKnafdy ca
CBOjOM MpMMapHOM yHKUMjOM. HakoH cnpoefeHe
peKkoHCTpyKUmje 2009/2010. roanHe, 13BpLUeHa je npe-
HameHa BOjHOT 0bjeKTa 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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BuneTn eHeprujy — Huw

KoHCTpyKUMja objekTa je KnacuyHa, MacvBHa, 31aaHa
onekom. MNoctameHT objekTa je obpaheH BelITauknM Ka-
MEHOM, NNACTPK Y LEHTPANHOM fefy rnasHe GacagHe
PaBHM FPAHUTHUM MAOYaMa, @ JOMUHAHTHK feo dacad-
HOI OMOTaya je, MPUIKOM PEeKOHCTPYKLMje, 0bnoxKeH
TepPMOM30MaLMjoM 1 GacagHUM ManTeEPOM.

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.

Seeing Energy — Ni$
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TepMOBM3MJCKL CHMAK ObjeKTa OAC/MKaBa pasnnuunToCT
TEPMUYKINX KaPaKTePUCTMKA M30NOBAHWIX 1 HEV3ONOBaHMX
[ienoBa objekaTa, e ce jacHo youasajy pasznuke nsmehy
HEer30N0BaHor (UK NoLLe 13010BAHOT) NPU3eMIba, Y Of-
HOCY Ha MaBHV KOPMyC 3rpage. YOuWbnsmM Cy 1 NPUYMETHN
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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Bupetn eHeprujy — Huw

CHumak  petarba  dacage npuikasyje  pasnuuute
Cnosballtbe  TemnepaType 3ufa, WTo je nocheaun-
U3 PasfnumMToCTM HUXOBE FeoMeTpuje v KBanwTeTa
nocTaB/beHe m3onauuje. MpUMeTHNM apMUPaHOOETOH-
CKM XOPV30OHTANHW CEPKAaXM YKasyjy Ha UnbeHuLy Aa
je n3onauwvja morna 6wt Borwer KBanuTeTa. VcToBpe-
MEHO Ce yOuaBajy NPO30PCKM PaMOBM NIOLLIET KBanUTETa
Ca V3Pa3nTVIM TOMOTHUM rybrumMa.

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.

Pa3nuika of 8°C, Koja Ce MOXe youuTu Ha feTamby da-
cajie, jaBfba Ce Kao nocfiefuua nocrojarba 13onaumje
y TOprbem, OAHOCHO HeHOT OfCYCTBA y LOHem feny
00jeKTa, Ha KOMe Ce jaCHO OAC/VIKAaBa ¥ MOJOXaj apMU-
PaHOBETOHCKINX eflemMeHaTa (CepKnaKu 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.

Seeing Energy — Ni$

Xoten ,Ambacagop”
Tpr kparsa MunaHa 4, 1960-1968.

Xoten ,Ambacafop” ce Hanasu y LieHTPanHOM rpafckom
jerpy Huwa, okpyxeH je napkom y3 peky Huwasy n He-
NOCPEeAHO je ocrnorbeH Ha Tpr ocnoboherba, Kora TaHrvpa
rMaBHa 0ca Hajy»er rpafckor jesrpa. Objekat je BucuHe 15
CNPaToBa W CBOjVM BOSTYMEHOM Kao U CBELEHUM apXuUTeK-
TOHCKIM 13Pa3om, KapaKkTepUCTMUHKM 3a foba nocnepat-
He MOAEPHe, YMHM 3HauajHy penepHy Tauky rpaga. Heno-
CpefHO Nopef Hera ce Hanasu v NOC/IOBHW LieHTap Ca ABe
cane 1 KoMepLMjanH1M NPOCTOPOM Marbe CMPaTHOCTL.

The Ambasador Hotel

4 Kralja Milana Square, 1960-1968.

The hotel in Ni§ downtown, surrounded by a park that
stretches by theriver 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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Buaoetv eHepruvjy — Huw

KOHCTPYKTMBHI CUCTEM ObjeKTa je apMMPaHOOETOHCKH,
CKeneTHW, y KOMOWHaUMjKM ca nnaTHMMa 3a ykpyherbe.
Moay*Ha v BU3yeNHO HajAOMUHaHTHWja dacagHa pasaH,
npema Tpry ocnoboherba, MaTepujan3oBaHa je ynorpe-
60oMm,31a-3aBece” (NonycTpyKTypanHa dacana). bouHu da-
CafiHV 3VA0BM XOTeNCKe Kyne OONOMKEHM Cy KepamMUUKnM
MO3aVK noYama, a pacafia KomepumjanHor aena je, y not-
MyHOCTW, OONOXKeEHa KaMeHVIM novama.

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 3HauajH1X KanauuTeTta 1 noteHumjana,
y TpeHyTKy doTorpaducarba Huje 61o y dyHKumjn (6e3
rpejarba), WTo je NPUMETHO 1 Ha TePMOrpamy KoMeKca.
KomepumjanHu feo OACvKaBa TUMMUYHE KapaKTepmncTi-
Ke objekaTa m3rpaheHmx 60-1x rogmHa ABafeceTor BeKa,
n3rpahenunx 6e3 ynotpebe Tepmonzonatmje.

Seeing Energy — Ni$
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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 (MUHUMANHO TEXHUYKO

OfjpKaBarbe TemnepaTtype), je Ca jJaCHO U3PaKeHUM He-
nocTauvma dacada Tmna,3na-3aBece” Npee reHepauvje,
6e3 ajeKBaTHUX TEPMUUKINX KapakTeprcTuKka. Ha daca-
[V Ce jaCHO pasfvKyjy npema CBOjuUM TemnepaTtypHUM
npuvKasmma: Hocehr npoduny, NapaneTHX 1 NPo3op-
CKv genosn. [lecHa cTpaHa 3rpage je 06noxeHa Mo3aunk
nnoYMLama BENMKOT CTereHa pednekcuje 1 Npurkasyje
Ce Kao jow xfagHuja.

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
iteven colder.

lpejaHu fieo KoMMMeKca je ca M3paxeHum rybuima To-
n0Te Ha CBUM eN1eMeHTMIMa OMOTaua 0bjeKTa: KaMeHoj
dacagn, NPO30PCKUM MNPOPUANMA W 3aCTak/betby.
Haju3pasuntujn rybmum cy y 30Hu 13nora 1 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.

Seeing Energy — Ni$ -

OTI 6aHKa

Hwvikone Mawwha 28, bopurcnas Cnacuh, 1969.
norpafia, JbyorHka Kosaveswh, 1988.

3rpana OTI 6aHKe, Hakadalbe Hulke 6aHKe, Hanasw ce
Yy LeHTpanHoj rpaackoj 30Hu Huwa. Komnnekc baHke je
CaCTaB/beH O[] ABa AieNa, Of KOjuX NpBu notunue 13 1969.
[IOK je nofatHu Aeo carpaheH 1988. roavHe. Ceakn of
[1enoBa A0CNeHO, KaKo YPOAHWUCTUUKK, TaKo 1 apXUTEK-
TOHCKW, OAC/IMKaBa BpPeMe 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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BuneTn eHeprujy — Huw

lpBn [Oeo 3rpage je, Mako Ha YraoHOj Mo3uuuju,
npojekToBaH 6e3 nocebHOr TpeTMaHa Yrna, Kao
jegHocTaBaH Cnoj ABa npusmatiyHa BOSlyMeHa, ca yBy-
UeHUM Mnpu3emsbeM. KOHCTPYKTMBHM CUCTEM je apMu-
paHobeToHCKK, ckeneTHW. (Pacafa objekTa obnoxeHa
je MepmepHMM nnovama Gene u cuee 6oje. logatHu
[leo npeysumMa ynory ,MMaBHoOr" objekta, a CBOjy AOMU-
HAHTHOCT, YNPKOC Matbe N3NIOKEHO] NO3ULM)K, NOCTUXKE
obn1KoBarbeM Gopme y BUAY KacKafHOr MpenyliTarba
dacane maTepuwjanusoBaHe 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 ObjeKkTa MpumeTHa je pas-
nuKka m3mehy dacapa ctapujer, HeM3onoBaHor Aena ca
anyM1HNjyMCKOM 6paBapujom 1 HOBOT iena ca dacagom
TvNa ,3ua-3asece’. ApMUPaHOBETOHCKa MnaTHa HOBOT
[lena, Koja y 30HW npwv3emsba 13na3e BaH 00jeKTa, HUCY
afeKkBaTHoO M3onosaHa. Obnora of NPYPOAHOT KaMeHa je
Takohe v3BeaeHa 6e3 1Kakge 13onauvje.

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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Crapu 1eo objekTa ca Hel30/10BaHOM acaioM 1 HeaaekK-
BaTHMM KBanuTteTom pacanHe 6pasapuje, Ha TepmMorpamy
JleTarba NMpuikasyje 3HauajHe TonnoTHe ryoutke. Cnojesn
OpaBapwje 1 GacagHor nnaTHa Cy sowe M3BefeHu U,
Takohe, 40BOAE A0 3HaYaAjHUX TOMOTHUX ryOmTaKa.

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

MpUMETHN Cy TOMNOTHY ryGuULM Y 30HK NaparneTa CTa-
por Aena ycnep rerose Marbe fedsbure y nopehersy
ca octaTkom dacaaHor 3uaa. KeanutetHuja dpacana Ho-
BOT /lefla KOMIJIEKCA KapaKTepuLle ce MarbiiM TOMoT-
HVIM ryouLmnma.

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.

Seeing Energy — Ni$

Xoten,PapoH”

Huwka barsa, Cpnckmx jyHaka 2,
AnekcaHaap byhesau, bopucnas Cnacuh, 1975.

Xoten «PapgoH» npvnaga NHcTuTyTy Huwka barba” 1 Ha-
Na3u ce Ha CaMOM Kpajy neluayke 30He v napka. 3rpaga
je CBOJOM jy>KHOM CTPaHOM OpjeHTMCaHa Ka napky, AOK
Ce ceBepHOM ,0TBapa” Ka AonvHu Huwase. MNoctasbeHa
je Ha NpMpoAHOj AeHMBeNauVjy TepeHa, 1 nocenyje Aga
ynasa:y Npv3emsby, Ca NPWAa3Hor NnaToa-NapkUHra, 1 Ha
neTom CnpaTy, AMPEKTHO 13 Napka. MoTok Tonne Harbcke
BOJeE je CNpoBefeH y Bray BOAOMaAa Ca Kackajama Kpo3
CaMo CpeavwTe 3rpage, uvime ce Kpevipa nocebaH nu-
KOBHV 1 ambujeHTanHu edekar.

The Radon Hotel

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.
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3rpafa je NpojekToBaHa y CKENeTHOM KOHCTPYKTUBHOM
cnctemy, dyHOMpPaHa Ha apMUPaHOOETOHCKOj KOHTPa
Mnour, ca MOHTKHUM MehycnpaTHUM TaBaHMLaMa.
(MacagHv 31aoBW Cy M3BefeHN Y KOMOMHALMj MOHTaX-
HVX apMMPAHOBETOHCKMX MaHena U LpseHe dacaaHe
oneke. ,Tepace” cy BM3yenHo noBe3aHe 1 13BefeHe Kao
3acTaksbeHu KyOycn 3aBpLLeHN KDOBHMM Tepacama - BeH-
LieM. XOpU30HTaNHOCT dacaje je HarnalleHa npedabpu-
KOBaHMM apMMPaHOBETOHCKMM Tpakama Koje Ha HUBOY
mehycnpaTHe TaBaHWLEe 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.

TepMOBW3MjCKIM MPKiKa3 0bjeKTa OACMKaBa BUCOK KBau-
TeT NPOjeKTOBaba M M3BONEHa 3rpaje, Koju NpeBasinasm
yobuuajeHy npakcy CBOr BpemeHa. YousbMBy Cy TepMmny-
KV rybuUmM Ha CnojeBrMa apMrMPaHOBETOHCKIX enemeHa-
Ta Y 30HM KPOBHWIX Tepaca, XOPU30HTaHX NnoBe3yjynnx
Tpaka, Kao 1 Ha cnojeBnMa bpaBapuje 1 GacaaHor 3uaa.
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 omoTaua 0bjekTa, Ha TePMOBU3UJCKOM CHUM-
Ky, nocefyje u3paxeHe rybutke TonmaoTe Ha CriojeB1ma
3aCTak/beHvx ,Tepaca” 1 Gacafe, OAHOCHO Ha MecT1Ma
noByueHor cnpata. HaporpaheHo MNOTKpoBmbE, 06-
NOXEHO METaNHUM NPOPUIMCAHNM IMMOM, YChes Be-
NIMKOT CTeneHa pednekcuje, NprKasyje ounTaBarba He-
peanHoO HUCKNX TeMNepaTypPHUX BPEAHOCTU.

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.

ApMnpaHo OeTOHCKe [eKopaTuBHE XOpM3OHTane
Y3POKyjy rybuTKe TOMMoTe Ha MeCTy HbKXOBOT Croja
ca mehycnpaTHOM KOHCTpyKuMjom. Ha npodunmma
dbacanHe 6paBapvije, Takohe cy NpUMeTHW ryouum To-
nnoTe JOK pednieKkcuja CTakIa pe3ynTrpa OunTaBarbem
HepeanHo HUCKUX TeMnepaTypHYIX BPEAHOCTU.

The decorative reinforced concrete horizontals cause
heat losses at the connection with the floor slabs. Be-
sides, losses are visible at the facade metal assemblies,
while glass reflection caused unrealistically low read-
ings.

Seeing Energy — Ni$

Hom 3apasrba

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

Objekat [loMa 3apaBs/ba, Hajsehn objekaT npvimapHe
3ApaBcTBeHe 3awTute y Cpbwju, Hanasu ce y wupem
LeHTpy Hwuwa. CnobogHoctojeha 3rpaja, MacuBHOM
rabapwTa, ca MNpernosHaT/bMBOM  MaTepwjanm3aLmjom
of npedabprikoBaHux GacafHWX naHena, OOMUHU-
pa CBOJUM OKpyXKehem W npefactaB/ba jefdaH of
HajKapaKTePUCTUYHKjX MOfePHYX objekaTa Huwa.

The Primary Health Care Center

15 Vojvode Tankosica Street,
Sveta Markovi¢, Mirjana Jovanovic, 1985.

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.
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3rpapa je maTepujanm3oBaHa UCK/bYUMBO Kopuherem
npedabprikoBaHux GacagHVix enemeHata MNpPOMeHbMBE
neb/blHe Ca CBera[1Ba NojasHa 0b/vKa: Kao NyHW NaHen 1
naHen ca NPO30POM. Yasu y objekaT Cy u3BefeHu y sBuay
He3aBMCHMX Kybyca v MpeacTaBrbajy, OCUM TEXHUUKNX
BEPTUKaNa, jeanHe akleHTe KoMmnosuuunje. KoHCTpyKLmja
je npedabprkoBaHa, apMrpaHObEeTOHCKa 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.

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 CTeneHnLWTe je y NOTNyHOCTW HEeW300BaHa 1
Ha FbOj Cy MPUMETHY 3HaYajHW TONNOTHYM rybuum. Takohe,
noapYMCKM leo 0bjeKTa Koju ce MojaBrbyje Y BUaYy COKNe,
Hema HMKaKkBy 13onauujy.

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 petasby je NpurKasaH Aeo 06jeKTa, Ca HajU3paKEHNOM
TEMNEPATYPHOM Pa3fIMKOM YOUeHOM Ha dacagu, OAHO-
CHO Hajsehum ryouLmMa; MPYIMETHU Cy 1 Mpobnemy
MOHTaxe npedadprKoBaHNX NMaHena, UyCcTPOBaHW KPO3
rybutke y 30Hama CrnojeBa v MPUTUCHMX BEPTUKAHIX
npodwna. Ha nojeanHum naHenma sraHa cy owtehersa
(HegocTaTtak) M3onauuje y CTpyKTypu 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.

[etarb cnoja dacagHWx naHena Ha kome je moryhe
youuTW Bapujaumje of rotoso 8°C, kKao nocneamnua pas-
NIMYUTOT KBANNTETA YrpagHbe. JaCHO Ce youaBajy v 30He
naHena y Kojyma je gowno fo owtehera v3onayyje
WV FeHOT KBalleHa, LITO 3a pesynTaT Mma nowuje
TepmmuKe nepdopmaHce.

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.

Seeing Energy — Ni$ -

CrambeHe 3rpage

Bojsoae Muwurha 58-62,
MBaH Kutanoswh, 1976. JTbybuHka Kosayeswh, 1994,

AHanu3MpaHu KOMMMeKC ce cacToju Of [Be CTambeHe
3rpafe B1COKe CNPaTHOCTM W JIOUMPaH je Y W1pem LieH-
Tpy Hwwa. 3rpage, cnvuHe no rabaputy OCHOBe, ann y
matepujanusaumjn NOTNYHO PasnnuuTe, UnycTpyjy npo-
MeHe y rpaheBMHCKOj Mpakck TOKOM nepriofa of fisa-
necet roanHa. Ctapuju objekart je n3rpaheH 1976. Aok je
HOBWj1 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 CrCTeM 0ba 0bjeKTa je 13BefeH Kao Cke-
NeTHa apMMPaHODETOHCKa KOHCTPYKLUMja Ca MNATHMMA 33
ykpyherse. Macapa cTapujer objekTa je npedabpurkosa-
Ha apMMpaHObOEeTOHCKa, Ca TepMOM30aUmnjoM y CKNomy
naHena v BWABMBMM, HarnaweHum cnojHuuama. Kog
HoBwjer objekTa dacafHV 31A je 13BeAeH Kao 3uaaHa 1c-
nyHa 0bnoxeHa Tepmov3onaunjom v dacagHUM 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 facade wall of the more modern building is in brick
panels clad in thermal insulation and mortar with dis-
crete decorative elements.

TepMOBM3MjCKM CHUMAK KOMIMMEeKCa MpuKkasyje cse Hepo-
CTaTke Koju ce ca TePMUYKOT acrneKTa jaBsbajy KOA 3rpa-
Ja ca npedabpnKoBaHNM apMUPaHOOETOHCKMM dacag-
HUM MaHenmma. V13pasuti rybuum TonmoTe ce jaBrbajy Ha
MecTy mMehycobHMX CrojeBa MaHena v MHTEPHUX Be3a Y
OKBUPY HbMXOBE CTPYKTYpe. Kom HoBMjer objekTa mocToje
3HauajHMjW TOMNOTHM Ty6ULM Y 30HK Noha, BeHaua U ae-
JIMMUYHO  XOPW3OHTANIHKX CepKiaXa kao nocneamua
nponaAatba 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 petarsa dacane HoBuje 3rpajie, Ha TEPMOBKI3M]CKOM
CHVMKY je Moryhe jacHO youuTh HeadekBaTHO M30-
NOBaHe XOpW3OHTaNHe cepknaxe u nohe. Takohe,
npodunaumnje BeHala v fekopauuje Ha dacagy HUCY
a[leKBaTHO M30710BaHe 1 Y3POKYjy TOMNOTHE ryonTKe.

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.

[Netarb dacage crapujer objekta op npedabpuko-
BaHMX apMMPaHODETOHCKMX MaHena ykasyje pa je
TepMou3onaumja y cactaBy MnaHena 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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