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OBAVESTENJE AUTORIMA | SARADNICIMA

Casopis “lzgradnja” objavijuje naugne i struéne radove i ostale priloge iz oblasti gradevi-
narstva, arhitekture, urbanizma i industrije gradevinskog materijala. Radovi se kategorizuju prema
slede¢im medunarodno priznatim pravilima:

A.NAUCNI | STRUCNI RADOVI

1. Originalni naucni rad sadrzi neobjavljene rezultate izvornih istrazivanja; u njemu su na-
ucne informacije tako izloZene da se eksperiment moZe ponoviti i tom prilikom posti¢i opisani rezultati
unutar dozvoljenih granica eksperimentalne greske, odnosno sa tacno$¢u koju navodi autor. Za takav
rad mora postojati mogucnost da se ponove autorova opazanja, teoretski izvodi, analize i proraCuni i
da se zauzmu stavovi i donesu miljenja o autorovim zaklju¢cima i rezulatima.

2. Prethodno saopstenje je nauéni rad koji sadrZi jedan ili vise nauénih podataka koji za-
htevaju hitno objavljivanje; to saopstenje ne mora imati dovoljno pojedinosti koje omogucavaju po-
navljanje ili potpunu proveru rezultata. U ovu kategoriju radova razvrstavaju se, ako sadrze naucne
doprinose, ili krace kritike, komentari i bele$ke o nekom publikovanom radu ili nau¢nom problemu.

3. Pregledni rad je naucni rad koji sadrzi celovit izveStaj o nekom posebnom pitanju ili po-
drucju a sastavlien je na osnovu publikovanih informacija. koje su za tu priliku sakupljene, analizirane
i obja$njene. Autor je duZan da pruZi $to potpunije podatke o publikovanim radovima koji su bitnije
doprineli razvoju odredenog pitanja ili podrucja, odnosno koji bi tom razvoju doprineli da nisu prevideni
ili zanemareni.

4. Struéni rad predstavlja korisne priloge iz podrucja struke a iznesena zapazanja ne mo-
raju predstavjati struénu novost u Sirem smislu: to su korisna i vredna iskustva u primeni poznatih
naucnih dostignuca koja doprinose Sirenju struénih znanja i njihovom ispravnom kori§¢enju u praksi
graditeljstva.

B. OSTALI PRILOZI

Ostali prilozi obuhvataju prikaze projektnih resenja, gradilista, pogona i fabrika, struéne pri-
kaze i osvrte na pojedine aktuelne teme i pitanja iz oblasti gradevinarstva, arhitekture, urbanizma i
industrije gradevinskog materijala, poglede i miSljenja, napise iz istorije struke i graditeljstva, prikaze
knjiga, bibliografske, drustveno strucne i komercijalne informacije, naucne i struéne zanimljivosti i dr.

Naugni i struéni rad mora biti originalan, jo$ neobjavijen, i ne sme biti istoviemeno ponuden
drugom Casopisu. Autor je odgovoran za izneseni sadrZaj i mora sam obezbediti eventualno potrebne
saglasnosti za objavijivanje nekih podataka, slika ili fotosa koje koristi u radu. Rukopisi radova se
recenziraju. Recenzent predlaZe kategorizaciju rada a odluku donosi Uredivacki odbor ¢asopisa.

Radovi i ostali prilozi mogu imati obim do jednog autorskog tabaka (30.000 slovnih znakova);
oni mogu biti duzi samo uz saglasnost Urednistva Casopisa. Uredniétvo zadrzava pravo da, saglasno
uredivackoj politici Casopisa ifili miljenju recenzenta, donese odluku o prihvatanju ili neprihvatanju za
objavljivanje svakog pojedinog predlozenog rada ili priloga.

Za detaljna tehnicka uputstva o pripremi rukopisa autori treba da se obrate Redakciji Casopi-
sa. Rukopisi se predaju u dva primerka, sa rezimeom obima do 100 re¢i. Na kraju rezimea autor treba
da navede do Sest Kljuénih re¢i. Prevod rezimea na engleski jezik obezbeduje Redakcija Casopisa. Za
objavljiene radove i priloge rukopisi se ne vracaju.

Uz naslov rada ili priloga treba napisati puno prezime i ime autora, njegovo struéno i nau¢no
2zvanje, naziv ustanove ili preduzec¢a u kome radi i adresu stana. Autori radovi i priloga dobijaju besplat-
no jedan primerak Casopisa u kome je rad objavijen.




KRATAK OSVRT NA STUDIJE GRADEVINARSTVA |
ARHITEKTURE PREMA BOLONJSKOM PROCESU

SHORT REVIEW ON STUDIES OF CIVIL ENGINEERING AND
ARCHITECTURE ACCORDIG TO BOLOGNA PROCESS

U uvodniku , Izgradnje* br. 9—10 za 2010. godinu napisao sam osvrt na bolonjsku
deklaraciju visokoSkolskog obrazovanja i prikazao osnovne principe i ciljeve ovog vaz-
nog medunarodnog dokumenta koji je potpisalo i prihvatilo vise od 40 evropskih zema-
lja, medu kojima i Republika Srbija. U uvodniku ovog broja ukazuje se na neke aspek-
te primene ove deklaracije u naSoj zemlji i sprovedenu reformu prema Zakonu o viso-
kom obrazovanju.

Reforma visokoSkolskog obrazovanja je u poslednjih desetak godina izvrSena u
svim zemljama potpisnicama deklaracije. U naSoj zemlji reforma je intenzivirana po-
sle donoSenja Zakona o visokom obrazovanju u Skupstini Srbije septembra 2005. god.
(Sluzbeni glasnik RS 78/05) i izmena zakona u julu 2010. godine. Ovaj zakon je oba-
vezao univerzitete, visoke i viSe Skole da izvrSe temeljnu reformu obrazovanja po no-
vom sitemu, uveo Nacionalni savet za visoko obrazovanje i obavezu da se svi univerzi-
teti, fakulteti i visoke Skole akredituju.

Prema Zakonu o visokom obrazovanju ovu delatnost obavljaju: univerzitet, fakul-
tet, odnosno umetnicka akademija u sastavu univerziteta, akademija strukovnih studi-
ja, visoka Skola i visoka Skola strukovnih studija. Delatnost visokog obrazovanja ostva-
ruje se kroz akademske i strukovne studije na osnovu odobrenih, odnosno akreditova-
nih studijskih programa. Na akademskim studijama izvodi se akademski studijski pro-
gram, koji osposobljava studente za razvoj i primenu naucnih, struénih i umetnickih
dostignuca. Na strukovnim studijama se izvodi strukovni studijski program koji ospo-
sobljava studente za primenu znanja i vestina potrebnih za ukljucivanje u radni pro-
ces.

Studije visokog obrazovanja se ostvaruju u tri stepena.

Studije prvog stepena su osnovne akademske studije i osnovne strukovne studije.

Studije drugog stepena su: diplomske akademske studije — master, specijalisticke
strukovne studije i specijalisticke akademske studije.

Studije tredeg stepena su doktorske akademske studije.

Svaki predmet iz studijskog programa iskazuje se brojem ESPB (Evropski Sistem
Prenosa Bodova) bodova, koji za prosecno angaZovanje studenta u obimu od 40-to éa-
sovne nedelje iznosi za jednu godinu 60. Osnovne akademske studije u trogodiSnjem
trajanju imaju 180, a u Cetvorogodisnjem trajanju 240 ESPB. Specijalisticke strukov-
ne studije i akademske specijalistiCke imaju najmanje po 60 ESPB. Diplomske aka-
demske studije imaju najmanje 60 ESPB ako je prethodno ostvaren program na osnov-
nim akademskim studijama od 240 ESPB ili 120 ESPB, ako je prethodno ostvaren pro-
gram na osnovnim akademskim studijama od 180 ESPB. Doktorske studije imaju naj-
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manje 180 ESPB (u koje spadaju doktorski ispiti i izrada doktorske disertacije) ako je
prethodno ostvaren program od 300 ESPB na akademskim studijama. Za upis na ove
studije je propisan i uslov da kandidat iz prethodnih akademskih studija u trajanju od
4 godine ima najmanju prose¢nu ocenu 8 (osam).

Prema Zakonu o izmenama Zakona o visokom obrazovanju iz jula 2010. god. usta-
novljena su sledeéa strucna i akademska zvanja.

Lice koje zavrsi akademske studije od najmanje 180 ESPB u trajanju od tri godine
stic¢e strucni naziv sa naznakom zvanja prvog stepena akademskih studija (u gradevi-
narstvu je to gradevinski inZenjer). Lice koje zavrsi osnovne akademske studije od naj-
manje 240 ESPB i trajanju od najmanje Cetiri godine stice strucni naziv diplomirani
sa naznakom zvanja prvog stepena akademskih studija (u gradevinarstvu je to diplo-
mirani gradevinski inZenjer). Lice koje zavrsi diplomske akademske studije stice aka-
demski naziv master sa naznakom zvanja drugog stepena akademskih studija (u gra-
devinarstvu je to diplomirani gradevinski inZenjer — master). Lice koje zavrsi specija-
listicke akademske studije sti¢e struc¢ni naziv specijalista sa naznakom zvanja drugog
stepena akademskih studija (u gradevinarstvu je to diplomirani gradevinski inZenjer-
specijalista).

Lice koje zavrsi doktorske studije treceg stepena sti¢e naucni naziv doktor nauka
sa naznakom odgovarajuce oblasti (u gradevinarstvu je to doktor tehnickih nauka —
oblast gradevinarstvo).

Lice koje zavrsi osnovne strukovne studije sti¢e strucni naziv sa naznakom zvanja
prvog stepena strukovnih studija (u gradevinarstvu je to gradevinski inZenjer). Lice
koje zavrsi specijalistiCke strukovne studije stic¢e strucni naziv specijalista sa nazna-
kom zvanja drugog stepena strukovnih studija (u gradevinarstvu je to — gradevinski
inZenjer specijalista).

Skraéenica strucnog naziva (na primer, diplomirani gradevinski inZenjer) i aka-
demskog naziva master navodi se iza imena i prezimena, a skracenica akademskog na-
ziva magistar nauka (Mr) i naucnog naziva doktor nauka (Dr) ispred imena i prezi-
mena.

U medunarodnom prometu i u diplomi na engleskom jeziku lice koje je zavrsilo
trogodisnje akademske studije sti¢e naziv bachelor, lice koje je zavrsilo Cetvorogodis-
nje akademske studije sti¢e naziv bachelor with honours, a lice koje je zavrSilo doktor-
ske studije i odbranilo doktorsku disertaciju sti¢e naucni naziv PhD(Doctor of Philo-
sophy), odnosno odgovarajudi naziv na jeziku na koji se diploma prevodi. Lice koje je
zavrSilo strukovne studije u trajanju od tri godine stice struéni naziv bachelor (apl.)

Strucni nazivi steCeni zavrSavanjem studija pre donoSenja ovog zakona su:

* Za studije na viSoj Skoli u trajanju do tri godine ostaje isti naziv kao i za stru-
kovne studije u trajanju od tri godine (gradevinski inZenjer).

*  Zadeo studijskog programa na fakultetu ili osnovne studije od tri godine Cijim
se zavr§avanjem stice naziv za prvi stepen visokog obrazovanja ostaje isti naziv (grade-
vinski inZenjer).

*  Za diplomske studije na fakultetu u trajanju od Cetiri do Sest godina (raniji na-
ziv diplomirani gradevinski inZenjer) izjednacava se sa novim nazivom diplomirani
gradevinski inZenjer — master.

Na Gradevinskom fakultetu Univerziteta u Beogradu, prema novim studijskim pro-
gramima, koji su usvojeni pre tri godine, na odsecima za gradevinarstvo, koji se sada
nazivaju studijski programi (Studijski program za konstrukcije, Studijski program za
hidrotehniku i vodno-ekoloSko inZenjerstvo, Studijski program za puteve i Zeleznice i
Studijski program za menadiment, tehnologiju i informatiku u gradevinarstvu) osnov-
ne akademske studije traju Cetiri godine sa 240 ESPB i posle njih se stice stucni na-
ziv diplomirani gradevinski inZenjer. U toku prva tri semestra je zajednic¢ka nastava
(Studijski program zajednicke osnove), tako da se studenti opredeljuju za odsek, odno-
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sno studijski program, na kome cée nastaviti studije na pocetku Cetvrtog semestra. Uve-
den je veliki broj izhornih predmeta, narocito na treéoj i Cetvrtoj godini studija sa uku-
pnim godiSnjim brojem od 60 bodova. U osmom semestru se radi sintezni projekat ko-
jem je dodeljeno 12 ESPB bodova. Diplomske akademske studije, koje se upisuju posle
osnovnih studija, traju dva semestra i organizovane su po istim studijskim programi-
ma (odsecima) kao i osnovne akademske studije. Studije su osmi§ljene za produbljiva-
nje akademskih kompetencija studenata, kako se navodi u obrazloZenju studijskih pro-
grama. Na svim modulima zastupljene su specificne oblasti koje ne predstavljaju sva-
kodnevnu inZenjersku praksu ve¢ kompleksne oblasti koje zahtevaju dodatna znanja
za njihovo sagledavanje i reSavanje. U prvom semestru izucavaju se predvideni pred-
meti (uglavnom izborni), a u drugom je predvidena struéna praksa (5 ESPB), studijski
istraZivacki rad na pripremi diplomskog rada (10 ESPB) i diplomski rad (20 ESPB).
Doktorske studije su organizovane u Sest semestara. U prva tri semestra kandidat bira
sedam predmeta iz Sirokog spiska predmeta koji su svrstani u blokove. Druga tri seme-
stra su predvidena za izradu i odbranu doktorske disertacije.

U oblasti geodezije osnovne akademske studije traju tri godine, a diplomske studi-
je dve godine.

Na Arhitektonskom fakultetu Univerziteta u Beogradu osnovne akademske studije
(prvi stepen) traju tri godine, tj. Sest semestara, sa 180 ESPB i njihovim zavrSetkom se
stice strucni naziv inZenjer arhitekture odnosno bachelor of architecture u diplomi na
engleskom jeziku, tj. u medunarodnom prometu. Na ovim studijama je jedinstven pro-
fil. Nastavni predmeti su svrstani u viSe modula, od kojih su predmeti u jednom mo-
dulu u Vi VI semestru izhorni. Studijski programi se ostvaruju kroz tri obrazovno-na-
ucéna, odnosno obrazovno-umetnicka polja: drustveno-humanisticke nauke, tehnicko-
tehnoloSke nauke i umetnost. Diplomske akademske studije traju dve godine, tj. Cetiri
semestra, sa 120 ESPB i upisuje ih student koji je zavrSio osnovne akademske studi-
Jje. Student se opredeljuje za jedno od tri usmerenja, odnosno studijska programa: Ar-
hitektura (A), Urbanizam (U) i Arhitektonske tehnologije (AT), Integralni urbanizam
(IU). Zavrietkom ovih studija stice se akademski naziv diplomirani inZenjer arhitektu-
re — master sa nagnakom usmerenja, odnosno studijskog programa. U diplomi na en-
gleskom jeziku dobija se naziv Master of Architecture with mayor in A, U or TA. Dok-
torske studije traju tri godine.

Specijalisticke akademske studije se organizuju za studijski program ,,Urbana ob-
nova — gradovi u novom milenijumu*.

Uslov da student upise narednu godinu studija na svim visokoSkolskim ustanova-
ma je da je poloZio sve ispite iz prethodne godine studija i ostvario 60 ESPB. Ovaj uslov
jos uvek se ne primenjuje u potpunosti, tako da studenti narednu godinu studija upi-
suju i sa 48 ESPB.

I na ostalim gradevinskim i arhitektonskim fakultetima u Srbiji su izvr§ene prome-
ne u planovima i programima nastave i organizovana nastava u skladu sa zakonskim
propisima i principima Bolonjske deklaracije.

Ovde se radi uporedenja ukratko daje osvrt na studijske programe na Departmentu
za gradevinarstvo i inZenjerstvo zastite okoline (Department of Civil and Environmen-
tal Engineering) Imperijal koledZa za nauku, tehnologiju i medicinu (Imperial Colle-
ge of Science, Technology and Medicine) u Londonu. Ovaj department je rangiran kao
prvi u Velikoj Britaniji medu gradevinskim deparmentima i jedan od vodeéih u svetu, s
obzirom da se Imperial koled? nalazi u prvih 10 svetskih univerziteta. Ovaj department
se bavi nastavom i naucnim istraZivanjima iz svih oblasti gradevinarstva, tako da po-
stoji dosta sli¢nosti sa Gradevinskim fakultetom u Beogradu sa kojim ima dugogodis-
nju saradnju. Dodiplomske studije (Undergraduate studies) traju Cetiri godine, posle
Cega se stice stepen MEng in Civil Engineering (Master inZenjerstva) ili MEng in Ci-
vil Engineering with a Year Abroad (Master inZenjerstva sa godinu dana studija u ino-
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stranstvu). Studije u prve dve godine su zajednicke. U trecoj i Cetvrtoj godini studenti
u skladu sa svojim personalnim i profesionalnim interesima biraju module predmeta
iz mehanike konstrukcija, mehanike fluida, mehanike tla i inZenjerske geologije, tran-
sporta, inZenjerstva zastite okoline, projektnog menadimenta, numericke analize, kon-
strukcija, betona i zemljotresnog inZenjerstva. Na kraju posle poloZenih ispita, u za-
vrSnom semestru rade glavni istraZivacki projekat, koji pruZa mogucnost da se testi-
ra sposobnost studenta da koristi inZenjersko znanje na kreativan nacin kroz reSava-
nje individualnog istraZivackog programa. Studenti koji su izabrali studije sa jednom
(zavr§nom) godinom u inostranstvu u Francuskoj, Nemackoj, Holandiji i Italiji u in-
stituciji koja ima sli¢ne studijke programe, moraju se prijaviti prethodno i uzeti jezicki
modul zemlje u koju Zele da nastave studije. Jedan mali broj mesta je predviden za stu-
dije u Americi, Hong Kongu i Australiji. Postdiplomske studije (Postgraduate studies)
za naucni stepen Master of Science (MSc) organizuju se u sledeéim oblastima: Una-
predeno konstruktersko inZenjerstvo (Advanced Structural Engineering), InZenjerstvo
zastite okruZenja (Environmental Engineering), Geotehika (Geotechnics) i Transport
(Transport). U svim ovim oblastima mogu biti prema interesovanju studenata uklju-
Ceni predmeti iz grupa Poslovni menadZment (Business Management) i OdrZivi razvoj
(Sustainable Development). Pored ovih kurseva, department nudi i postdiplomske stu-
dije iz Sistemskog inZenjerstva i inovacija (MSc in System Engineering and Innovati-
on). Doktorske studije i izrada doktorske disertacije za nauéni stepen doktor filozofi-
je (PhD) obuhvataju najmanje tri godine intenzivnog naucno-istraZivackog rada u ko-
ledZu.

Iz ovog kratkog prikaza moZe se zakljuciti da su u skladu sa nasim zakonskim pro-
pisima i preporukama i principima Bolonjske deklaracije izvrSene u naSim visokoskol-
skim institucijama (univerzitetima i visokim Skolama) velike i temeljne promene u:

* Planovima, programima i sadrZajima nastave,

* Stepenima i studijskim programima,

e Strucnim i akademskim nazivima,

* Organizaciji izvodenja nastave, metodama provera i vrednovanja znanja stude-

e Uslovima za upis na stepene studija i u naredne godine studija,

*  Sadriaju i nacinu izdavanja diplome o zavrSenim stepenima studija,

*  Mogucnosti nastavka studija na drugim domacim i stranim univerzitetima i vi-
sokim Skolama,

*  Priznavanju poloZenih ispita i nostrifikacija diploma steCenih na stranim viso-
koSkolskim ustanovama,

*  Mogucénosti zaposljavanja i obavljanje profesionalnog rada za koji su se kan-
didati Skolovali,

* Polaganju strucnih ispita i dobijanje licenci od strane InZenjerske komore Sr-
bije.

U vezi sa primenom zakonskih propisa baziranih na principima i preporukama
Bolonjske deklaracije u na$oj zemlji i drugim evropskim zemljama postoje mnogi pro-
blemi i oprec¢na misljenja o efikasnosti, kvalitetu i osposobljenosti svrSenih studenata
za njihovo uspeSno ukljulivanje u praksu i profesiju za koju su se Skolovali. Kriticki
osvrt na ove probleme biti ée dat u jednom od narednih brojeva ovog Casopisa.

Prof. dr Zivojin Prascevié, dipl. grad. in.
redovni ¢lan Akademije inZenjerskih nauka Srbije
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NMPU3HAHA Y JYBUITAPHOJ rO4UHA
RECOGNITIONS IN THE JUBILEE YEAR

Hanasumo ce y roguHu y Kojoj Hall Yaconuc craeun 65 roguMHa KOHTUHYarnHor usnaxewa.
W oBaj jybunej kao u gpyrv npunuka je 3a cabvpame pesynrara 1 pasMmyilibare O NpoLLIoc-
TW, anu 1 NpoMuLLIbake U opraHu3oBake ByayhHOCTH, Konuko je moryhe.

MpownocT Hawer Yaconuca je 65 rognHa Tpajakba, LWTO je yKynHo 780 meceumn 1 HewWwTo
Mare OpojeBa yaconuca, HEKONMKO AeceTuHa Krwura — yLbeHnka, moHorpaduja o hmpma-
Ma 1 reyamma u ap. Kpos Hall yaconuc npoLunv Cy Haj3aHavajHuju rbyau Cprickor v jyrocno-
BeHckor rpaheBrHapcTBa. Y jyHy MeceLy O.F. ogpxanu cMmo jybunapHo V caBeToBame O ce-
N3MNYKOM MHXEHEPCTBY — CaBeTOBawe ca MehyHapoaHum yyewhem ogpxaHo je y Kparse-
BY, anu u 1o je Beh npownocT. MpownocT Haler Yyaconuca YMHU U MHOTO APYTrMX pasnuyu-
TUX CTBapw.

Ceopgehu padyHe npoLnmx BpemeHa 1 odekyjyhu Bpeme koje Haunasu npumehyjemo ga
M3rpaghia u HeHW KaapOBU 3a CBOj OYroroavilkbn pag Ha yHanpehewy CcTpyke Hucy balu
4YecTo HarpafuBaHu, HU NPUBAMXXHO OHOME KOMMKO Cy 3acny>KuBarnu.

Ha cBoj Ha4uH TO je n HopmanHo — M3rpagha 1 heHn KagpoBu HACY Gunmn NoBUM Ha Ha-
rpage v npusHaka, oHM HUCYy nobupanu 3a HarpahuBawbe U CONCcTBEHY npomouujy, Beh cy
Ce MUPHO anu akTUBHO MOCBETUNN pady Ha oapxaky 1 yHanpehewy Yaconuca. To je 6uno
[obpo 3a CTpyKy M Yaconuc, anu je Buno TeLKo 3a Ibyae Koju Cy ra Boaunun 1 Koju cy, cea-
KO Yy CBOM BpeMeHY, Npeys3nmMarnm 4ecTo HecpasMepHO BENUKE 3adaTke 1 04roBOPHOCTU U yC-
neLwHo Ux caenagasany Kpo3 CBO BPEME Tpajarwa yaconuca.

OuyekuBanu cmMo ga v oBa jybunapHa rognHa npohe pagHo 1 MUMpHO 1y 6opbu ga ce
0PN Yacomnuc 1 HEroB HUBO, OYEKMBANN CMO Aa nocnyjemo 6e3 MopanHux u matepujan-
HWUX QyroBa, O4eKkMBanu cMO Aa JOCTUrHEMO O6jaBrbMBakbe MHTEPHO JOroBOpeHux oko 700
WTamMnaHux ctpaHa y o.r. WTo je oko 2.400 cTpaHa npMmapHor TekcTta. Y TMM ovYeKkMBaHu-
Ma JEeCUII0 Ham Ce HEeLITo, U cacBMM OOMYHO, anu U CacBUM HEOYEKMBAHO U BEOMa 3HaYaj-
HO, KaKko npoLenyjemMo.

Hawnwme, 11. anpuna o.r. CTUIINO Ham je NMcMo og pupme ,JlaBepHa“ umnjm je BnacHUK roc-
noha JeneHa bojuh, capagHuk KoHrpecHe 6ubnuoteke y BawuHrroHy. O6aBectuna Hac je
na je KoHrpecHa 6nbnuorteka, nHaye jegHa of Hajpehux y cBeTy, 3aMHTepecoBaHa 3a Hall
yaconuc, Tj. Aa je 3aMHTepecoBaHa fa Jobuje ctape 1 HoBe GpojeBe Haller Yaconuca. bunm
CMO BeOMa M3HeHaheHn oBMM NMCMOM, anu u nonackaHu. Ogassanu cMo ce y rpaHulama
Hawmx MoryhHOCTM — nocnanv cmMo cBa roguiiTa Haller yaconuca nodves og 1975. 3akrbyu-
Ho ca 2010. rogMHom 1 obaBe3anu ce ga HoBe OpojeBe JOCTaBIbaMo Kako usnase. Cee cMo
TO Janu OHaKOo KaKo je TPaeHo — y aHanorHoM o6nuky.

lzgradnja

From: "Laverna" <laverna@eunet.rs>
To: <izgradnja@sezampro.rs>
Sent: 11. april 2011 12:53

Subject: casopis
Postovana gospodjo Urosevic,

Dbracam Vam se u vezi Vaseg casopisa [IZGRADNIJA ( ISSN 0350-5421).
Kdo saradnik Kongresne biblioteke u Washingtonu saljem veliki broj
asopisa iz nase zemlje.

Do Vaseg csopisa dosla sam preko gospodje Dragane Vasilski, poslala sam
jedan broj

[ dobila odgovor od biblioteke da zele da Vas casopis uvrste u svoju
kolekeiju.

Mislim da je dobro da se casopis nadje u tako velikoj biblioteci.

Vrlo je vazno da casopis stize u kontinuitetu, za buduce brojeve, a

takodje vazni su i stari brojevi.

Za sva pitanja mozete mi se obratiti preko telefona ili elektronskom postom.
Srdacan pozdrav,
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Y majy meceuy o.r. LOBUnNM cMo NMCMO 3axBasiHOCTK o rocnoguHa Munuwe NMeTpoHuje-
Buha, 6ubnmoTtekapa HanucaHo y nme KoHrpecHe 6ubnuoteke y BalMHITOHY 3a Komnnet
Yyaconuca Koju je go 16. maja o.r. 6uo gonpemrbeH y BalumHrToH Tj. 3a roguwTta og 1975. go
1991. roanHe.

Egrad nja

From: "Petronijevic, Milisa" <mipe@Iloc.gov>

To: <izgradnja@sezampro.rs>

Cc: "Laverna International™ <laverna@eunet.rs>
Sent: Monday, May 16, 2011 21:09

Subject:  Zahvinost
Postovani Gospodine Bojovicu,

Dozvolite da Vam se zahvalim u ime Kongresne biblioteke u Vasingtonu za poklonjenu komplet
kolekciju casopisa lzgradnja od 1975 do 1991 godine. Vas casopic obogatio je kolkciju Kongresne
biblioteke. Svim nasim posetiocima | Kongresmenima Vas casopis bice na rasoplaganju. Casopis
lzgradnja - ISSN 350-5421 zavedn je u kataloski katalog pod bibliografskim brojem 10579054.
Putem Interneta mozete naci naci Vas casopis u kolekciji Kongresne biblioteke.

U nadi da Vas casopis redovno dolaziti u Kongresnu biblioteku, ja Vam se jos jednom najjiskrenije
zahvaljujem,

S postovanjem | srdacnim pozdravom,

Milisa Petronijevic

Librarian

Germanic and Slavic Division
Southeast Europe Section

101 Independence Ave., S.E.
Washington, D.C. 20504-4245
E-mail: mipe@loc.gov

Tel. 202 707-9491

Fax 202 252-3379

3axTeB u 3axBanHocT KoHrpecHe 6mbnuoteke n3 BawmHrroHa BUAMMO Kao BEMNWKO U 3a-
CMy>XEHO Mpu3Hake, CBUM ayTopuMma, yHKUMOHEpPMMA, akTUBMCTUMA, U NpujaTerbuma Us-
rpagHe 1 Kao HeKy BPCTY 1 Boxuje 1 rbyacke npaBae Koja je, Kako cprncka HapogHa nocno-
BMLIa KaXke, cropa anu JocTuxHa. M He camo To — TO je Moxaa Hajehe npu3Hake Koje je ya-
conuc Jobuo TOKOM Lenor cBor Tpajaka of 65 roanHa. Jep — npusHake je mehyHapoaHo u
MW 3a Hera HUCMO fobupanu.

Papehn y3 Benvka dmHaHCHjcka 1 opraHusaunoHa orpaHuyera Manum konektms Us-
rpaghe, y3 nomoh npujatersa Yaconuca, Bprio yCneLHo je opraHn3oBao jyounapHo B case-
TOBaHE€ O CEU3MUYKOM MHXEHEPCTBY Ha TeMy ,/ICKkycTBa 1 noyke cTe4eHe HakoH 3eMIbOT-
peca y KpamseBy og 3.11.2010,. OpraHmnsatopu ckyna ounu cy Yaconuc ,Marpagwa“ n Npag
KparbeBo, rae je caBeToBahe U ogpaHo. [1o onwToj OLEeHN y4eCHUKa caBeToBam€ je burno
BPIo YCMELLHO, a jedHa o NoTBpAa TakBMX OLIEHA je U NMCMeHa 3axBanHocT Ap npod. eme-
putyca lNpeapara NaBspunosuha, 3 IHCTUTYTa 3a 3eMIbOTPECHO UHXEHEPCTBO U NHXKEH-EeP-
cky censmonorujy n3 Ckonra (M3NC).
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KoHauHo, noyeTkoM jyna meceua o.r. Yapyxewe CTtapa Cypaynuua un HayydHO OpyLUTBO
+Akagemuk hophe Jlazapesnh® n3 Cypaynvue gogenunu cy Halem 4Yaconucy 3nartHy nna-
KETY 1 Mefarby 3a Hay4YHO M CTPY4YHO cTBapanawTeo kBanudukyjyhu Msrpaghy Kao Haj3Ha-
YajHWjK CTPYYHM Yaconmc M3 obrnacTn KOHCTPYKTepCTBa.

I

"Crapa Cypaymaua” 1
HaYHe "Bragennk Bophe Nlasapesil’”
Cypmymane

Hament rafsiasajimjen cTRyon Yacomicy ks ofRacTi
rowcTpyrTepcTsa “Harpagra” us beorpaga

dodemnyjy

3namHy nnakemy u Medasy 3a HaGy4HO
U CMpy4YHO CMEeapanauwmeo

Cypoyauya,
05, jynu 2011,

Cwmatpanu cMo ga umamo obaBesy Aa Hallum YuTaoumma, capagHuumMmMa, npujaTersu-
Ma 1 aKTMBUCTMMA CaoMNLITMMO Aa CMO CTMLajeM OKOSTHOCTU, Y OBOj jyGunapHoj roguHu oc-
TBapUIN 1 N0 HEKO 3Ha4ajHO Npu3Hame. 3a Haw Yaconuc To HUCY camo NpusHama, TO je 4o-
ka3 ga cMo Ha Jobpom nyTy 1 aa ce kpehemo y nobpom cmepy, NpusHake je y cTBapu 1 3a-
JaTtak Hawem Yaconucy ga uctpaje y nocrny Koju pagu u ga NpexvBn HenpujatHa v Telka
BpPEMEHa Y KOjuMa >XUBMMO.

B. 0. enasHoe u 002080pHO2 ypedHUKa
Yaconuca ,M3epadr-a“
BbpaHko bojosuh, Ounii. UHX. apx.

U broju 7-8 naSeg Casopisa za ovu godinu, tehnickom greskom izostalo je navodenje
imena i logoa nasih DONATORA i SPONZORA. Koristimo ovu priliku da na§im DONA-
TORIMA i SPONZORIMA uputimo izvinjenje zbog ove greske i Zelju da nastavimo uspes-
nu saradnju i u narednim godinama.

Redakcija

IZGRADNIJA 65 (2011) 11-12, 635-637 637



Ceum ywuinaouuma,
capagHuuuma u
uoCno8HuUM uapiunepuma,
cpehny u yciiewny

Hoesy 2012. ioguny

sncenu Pegaxuuja ,,Mzipagrwe



CABPEMEHW KOHLUENT NPOJEKTOBAHA
KOHCTPYKUWJA O ANYMUHUJYMCKUX
JNIETYPA NPEMA EBPOKOLY 9 5ly

THE CONTEMPORARY DESIGN CONCEPT
OF ALUMINUM ALLOYS STRUCTURES
ACCORDING TO EUROCODE 9

UDK: 624.014.7(083.133)
Pregledni rad

Mpod. ap 3natko MAPKOBW, gunn. rpaf). nHx.
Jenena [PATALL, gunn. rpaf. nHx.

PE3UME

YV 06om pady cy uznoowcenu ocnosHu npunyunu NPOjeKMo8ara KOHCMPYKYuja 00 amymu-
HUJYMCKUX Jle2ypa npema HajHosujem eeponckom cmanoapoy EN1999-1-1/2007: IIpopauyn
anymunujymckux koncmpykyuja. Iloped ananuze npopauyna HOCUBOCMU U CMAOUTHOCIU ATTY-
MUHUJYMCKUX KOHCIMPYKYuja y pady je oam u npukaz Kapaxmepucmura aiyMuHujyma Kao KOHc-
MPYKMUBHO2 MAMEPUJANLA, Foe208UX NPEOHOCHU U MAHA, Kao u mocyha npumena y epalesunapc-
mey. [punyunu npopayyHa HOCUBOCHU ULYCMPOSAHU CY U KAPAKMEPUCMUYHUM HYMEPUUKUM
npuMepuMa.

Kuwyune peuu: anymunujym, koncmpyxyuje, npopauym, 30na ymuyaja moniome, Eepokoo 9

SUMMARY

This paper provides an overview on basic principles of design Al-alloy structures based
on the latest European standard EN1999-1-1/2007: Design of aluminium structures. Along with
the design of resistance and stability of aluminium structures, presented is an overview of the
characteristics of aluminium as a structural material, its advantages and disadvantages, and its
possible application in civil engineering. The principles of design of cross sections resistance are

illustrated in characteristic numeric examples.
Key words: aluminium, structures, design, heat affected zone, Eurocode 9

1. YBOJ

AnymuamjyM je Tpehu HajpacmpocTpameHUU elie-
MEHT y 3¢MJBMHO] KOPH MOCIIe KHCEOHUKA M CHIIHLHjyMa
ca 3actymbeHomhy of gak 8,07%. Uucr anmyMuHUjyM je
MeKaH M OorpaHHYeHe YBpcTohe, aly y KOMOMHAIU]H ca
nerupajyhuMm eneMeHTHMa Kao MmTo cy 0akap, MaHTaH,
CHITHIIM]YM, MarHe3ujyM U I[MHK, 100Hjajy ce Kapakre-
PHCTHKE KOj€ allyMUHH]YMCKE JIETYpe YHHE [TOTOHUM 32
NpUMEHY Y MHOTHM TpaHama nHayctpuje. CBojy npume-
Hy Hajla3u M y rpaljeBHHapCcTBY Kao marepujai KojH je,
3axBasbyjyhu UMy okcuia, BpJIo OTIIOpaH Ha JI€jCTBO
Kopo3uje. Y YHCTOM CTamby TyMUHHjyM C€ JIaKO 00JIH-
Kyje, a IOMeIlIaH ca MAJTUM KOJIMYMHAMA APYTHX MeTana
y BHAY JIeTypa, MOXe J]a TOCTUTHE YBPCTONY YelnKa ca
caMo TpehnHOM meroee Texune. [lopen jerupama, Ka-
PaKTepUCTHKE aTyMHUHHjyMa MOTY C€ 3HaTHO MOOOJbIIIa-
TH ¥ TEPMHYKOM 00pazioM (’KapemeM, KaJbemheM, T03pe-
BamkeM M 00paoM y XJIaJTHOM CTamy).

Anpeca ayrtopa: I'paljeBurcku Qakynrer YuuBep3utera y beorpany,
WucrutyT 3a marepujane u koHcrpykuuje, 11000 beorpan, Bynesap
Kpasba Anekcanjpa 73

E-mail: zlatko@grf.bg.ac.rs

E-mail: jelena.dragas@gmail.com
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[Tpu pasmarpamy QU3NYKHX U MEXaHWYKHX Kapak-
TEpUCTHKA aTyMUHH]YMCKHX JIETYpa, HajIPUKIIaTHH]E je
BPIIUTH opeleme ca KOHCTPYKIIMOHUM WK Hephajyhum
YenuIMa, Kao MaTepHjalnMa KOju TpeAcTaBibajy Haj-
Behy ,,KOHKYpEHIHjy ** alyMHHUjyMy. AJYMUHH]YMCKE
JIeType TMpeAcTaBibajy BPIIO IMUPOKY (paMUIIHjy TIPHITHY-
HO Pa3HOBPCHHUX MaTepHjaja, Ia je TeIIKO TOBOPHTU O
TEHEPAIIHUM CIMYHOCTHMA alyMHHHjyMa U IPyTHX Me-
tana. CTora cy aTyMUHHjyMCKe JIeType, y 3aBUCHOCTH O
nerupajyhnx eneMeHaTa U cTama IIPOU3BOJA, OJCIbCHE
y cepuje. YCBOjeH je HyMEPHYKH CHCTEM O3HAYaBamha
nomohy 4eTBOpolH(pEeHNX apanckux OpojeBa oJ KOjux
NpBHU JeUHUILIE cepHjy, npema npeonnalyjyhum nern-
pajyhum enementuma:

Cepuja 1XXX Y 0BOj IpyIH cy JIeType Koje umajy

HajMame 99% uucTor alyMUHH]Y-
Ma.
Cepuja 2XXX Jlerype ayMuHHjyMa ca 0akpom,
MarHe3WjyMOM W CHIIUIH]YMOM
(Al-Cu, Al-Cu-Mg, Al-Cu-Si).
Cepuja 3XXX Jlerype amymMuHHjyMa ca MaHTa-
HOM (Al-Mn).
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Cepuja 4XXX Jlerype amymuHHjyMa ca
mujymom (Al-Si).
Jlerype amymMmHHMjyMa ca MarHe-
3ujymoM (Al-Mg).
Jlerype amymuHHjymMa ca CHIIHU-
LUjYMOM U MarHe3ujymom (Al-Si-
Mg).
Jlerype anymuHHjyMa ca LUHKOM
n MarHesujymom (Al-Zn-Mg).
Jlerype amymMuHHjyMa ca OCTajIuM
Jerupajyhum eneMeHTuma.
Ocrtanu 6pojeBn y OCHOBHO] o3Hanu (XXX) mox-
poOHHje oNHUCyjy MOjeIuHa CBOjCTBA KOHKPETHE AJI-Je-
rype. [lopen ocHOBHE 03HaKe AJ-JIerype MOTy Jla IMajy
U J0oJaTHE O3HAKe KOje OIHCYjy CTambe, OAHOCHO HaYWH
TepMuuke oopase. Hanme, mpousBoa of ucte Jerype ao-
OMjeH MCTUM OCHOBHHMM MPOM3BOJHHMM IPOIECOM, UMa
OWUTHO pa3IMYHuTe YHOTpeOHE 0COOMHE Y 3aBUCHOCTH OJf
HayMHa TepMHUYKE 00paje IPOU3BOAa, OXHOCHO CTama. Y
Tabenu | mpukas3aHa je Be3a u3Mel)y TOoaTHUX O3HaKa u
Ha4yMHA TEPMUUKe 00paje, OMHOCHO CTama AJ-Jierype.

CHUTH-
Cepuja 5XXX

Cepuja 6 XXX

Cepuja 7XXX

Cepuja 8XXX

Tabena 1. Cmarse npouzeo0a 00 aryMuHUjyMCKux ie2ypa - 000amHe 03HaKe

VYV Ttabenu 2 je maT ymopeoHHW NIPUKA3 OCHOBHUX
CBOjcTaBa aTyMHUHHjyMCKe Jerype cepuje 6061-T6,
KOHCTPYKIIMOHUX YeJINKa 1 jeqHor Hephajyher uennka.

Bbpojue mpenHoctn anymunujyma Hamehy ra kao
OJUIMYHO pelIeke 32 MHOI'e KOHCTPYKLHjEe Kao WITO
CY: CHUCTEMH KPOBOBa CPEIhET U BEJIMKOI PaclioHa KOJ
KOJUX CMambCHE TEKHHE HIPa BEJIUKY YJIOTY, KOHCTPYK-
[{je jaBHUX, cTaMOCHUX W APYTHX o0jexaTa ca H3JOo-
KEHOM KOHCTPYKIIMjOM KOjU CE Hajla3e Yy MPUMOPCKUM
KpajeBuMa, KOHCTPYKIIHje KOje ce Hajla3e y arpeCHBHUM
cpearHaMa (KpoBOBH 0a3eHa, MOCTOBH, offshore KOHC-
TPYyKIHj€...), KOHCTPYKIHje ca MOKPETHUM JIeIOBUMA
KOjUMa aTyMHHHjyM Kao Jlak MaTepHjan omoryhasa
3HAaTHO Belly eKOHOMHIYHOCT, 00jeKTH 3a CKIIAJUIITEHE
U TPAHCIIOPT MaTepHja Koje arpecHBHO JeNyjy Ha de-
UK (pe3epBoapH, IEBOBOJHM...), KOHCTPYKIIUje BUCOKOT
CTeleHa paJuoOHUYKe 00pajie, Koje objenumyjy Hocehy
¢GbyHKIM])y ¥ (QYHKIMjy 00JOre, KOHCTPYKLHje Koje je
jaKo TEIKO OJpkaBaTH (CBETHOHHKE, JaJCKOBOJE, HO-
cade caoOpahajHuX 3HaKOBa...), KOHCTPYKIIHjE Y TIpere-
JIMMa KOjH Cy JA0CTa yIaJbeHU O MeCTa MPOU3BOIME 1A
TPOILIKOBH TPAHCIIOPTa MPENCTaBIbA]y
OUTHY CTaBKy (aJICKOBOAM), MOHTAX-
HO JIEMOHTa@)KHE KOHCTpPYKIIHje pa3iu-

YhTEe HAMCHE, KOHCTPYKIHje Koje ce

rpajie y TEIIKO MPUCTYIaYHUM Ipese-
aMa (OHTOHCKH MOCTOBH, OMONHH
MocToBH, ckene). Takole ce xopuctu

peHBEM U XJIAJIHOM | 00paJioM Yy XJIaJHOM CTamy
obpagom

O3naka Hasus crama Onuc crama
ITOCTUrHYTO PEKPUCTAIN3ALMOHUM JKAPEHEM IpO-
0 Mexko U3BOJIa I0OMjEHHX IUTACTUYHOM 00PaIoM Yy XJIaTHOM
CTamy
Tepmuuku 0uBpCIIO
T3 ca mpupoaHuM cra- | [TocTurHyTO 103peBameM Ha COOHOj TEMIIEpaTypu 1

3a mocrojehe KOHCTPYKIHje KO KOjUX
je 30or mmanmpaHor moBehama orte-
pehema npensuheHa 3ameHa cTapux

Tepmuuku ouBpCIIO

pemeM

T4 ca mpupomHuM cra- | [locTUrHyTO NO3peBameM Ha COOHOj TeMIepaTypu

eJeMeHarTa eJIeMeHTHMA Mambe TeKIHE,
Kao ¥ 32 KOHCTPYKIIUje Y IpeenMa ca
BEOMa HUCKHM TeMIeparypama y Koju-

TS CrabuiHo
peKpHUCTaIH3aIHje

ITocTUrHYTO KapemeM NPOM3BOAA IPUMapHE Ipo-
M3BOIIbE HA TEMIepaTypama HCIOJ JOHe IPAHULE

Ma je ynotpeba uenuka Hemoryha. Ha
cmuny 1 cy mpHKa3aHW HEKH MPUMEPH
o0jekaTa 0J1 ATyMHHHU]jyMa.

Tepmuuku 0OuBpCIIO
T6 ca BEIUTaYKUM CTa-
pemeM

IMocTurHyTO PacTBOPHUM XKAPEHEM U TEPMHUUINM
ouspmhaBambeM INpH MOBHIIEHUM TeMIlepaTypama
(BemTavyko cTapeme) MPOU3BOIA OJf JIErypa IOroj-
HUX 33 TEPMHUKO ouBpirhaBame

2. CIEIU®OUYHOCTHN AJITYMMU-
HUJYMCKHUX JIET'YPA

Tepmuuku 0OuBpCIIO
ca BEIUTaYKUM CTa-
peHEM U XJIAJHOM

aJIOM Y XJIaJHOM CTam
obpagom panoMy A y

IToCTUrHYTO BEIITAYKUM CTapeHEM IPOU3BOAA Of
T8 Jerypa IoroJjHuX 3a TePMUUKO ouBpInhaBame 1 00-

Cneyughuuna mexcuna

AJyMUHHJYMCKE JIEType HMajy
TEXUHY MPUOIIKHO TPU MyTa Mamby
O]l uenuKa, MmTO omoryhaBa wuspany

Tabena 2. Ynopeonu npuxas ceojcmasa anymunujyma, yenuxa u vephajyhee venuxa

JIAKIINX KOHCTPYKIH]ja, Kao U JIAKIIA U
jedTHHUU TPAaHCTIOPT U MOHTAXY.

Kapakrepucruxe AJlyMUHHjyM Yeaux Hnoxe Omnopnocm na dejcmeo Koposuje

MarepHjajia 6061-T6 S235-S355 1.4301 ) )
O6pa1/bUBOCT BpJIO 100pa HEJIOBOJbHA OrpaHHYeHa Hpuponsn CJI0)  ATyMHHH]yM-
SapapmuBocT cnaba, pexykuuja | mobpa, Hema 06pa okcuna o6e36ehyje BHCOKO e(’pm(a.c-
uyBpcrohe penykimje Hy TIpenpeky 3yOy BpeMeHa, yrauayy
OTIOpHOCT Ha KOpo3Hjy | moOpa cnaba BpJIO 100pa HHCKE TEMIIEPATYPE, BIIAre 1 XCMH]CKH
I'panuna pasBiadema - f, | 240 MPa 235-355 MPa 210 MPa arpeCUBHHM CYNCTaHI[AMA. 3a pa3nuky
CriennuvHa TeXRKUHA 26,5 kN/m? 78,5 kN/m? 77 kN/m? on 'izedea KOJH I'OMHIIELE T y6u oxo 88

Monyn enactuunoctu-E | 70 GPa 210 GPa 200GPa g/m”, ATYMHHA]YM ry§1z1 camo 2-4 g/m

Manyetbe mpH oMy 8%-10% 20% 5% yclen JejcTBa Kopo3uje. I/IaKQ ce, 300r
Onnoc uspcroha/rexuna | 9,0 3,0-4,5 2,7 J00pe OTIOPHOCTH Ha KOPO3U]jy aTyMu-
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Cnuxka 1. [Ipumepu KoHCmMpyKyuja 00 arymunujyma

HUjyM MOX€ IPUMEHHUTH 0e3 3alITUTHOT Ipemasa, moc-
TOjU OMACHOCT OJI KOHTaKTHE KOpo3Hje. Yclien pasiinke
€JIEKTPOXEMH]jCKOT ITIOTEHIIM]jalIa ATyMUHHUjyMa U APYTUX
MaTtepHjaia y IpUCyCTBY €IEKTPOJINTA HACTajy TalBaHC-
K€ CTpyje, Koje JOBOJIE IO pasTpalmke eNeKTPOXEMHU)CKU
HeraTuBHHjer Matepujana. Koposuja Hajuemhie Hacraje
n3mel)y anymuHHjyMa U denuka, rna je norpedHo noceo-
Hy XY MMOCBETUTH OBAaKBUM CIIOjeBUMa Kako HE O
JIOIIJIO 10 aHOJIHOT pacTBapama arymMuHujyma. Ilocroje
TOTOBU CHCTEMH 3a Be3€ OBa [jBa MeTajla y KOHCTPYK-
Iyjama, Kao ¥ pasHHU MOJMETauH, [IPEeMa3d U JIeIJbUBE
Tpake 3a eJTMMHHHALN]Y KOHTAKTA.

Dnexcubdbunnocm

Oco0uHEe alyMHHHjyMa M EETOBHX JIErypa OMO-
ryhaBajy J1ako WHAYCTPH]CKO OOJHMKOBamke — Basbarbe,
KOBambe, HCTHCKUBAME 1 JIMBeHe. DIeKCHOMITHOCT aiy-
MHUHHjyMa YTHYE M Ha MambH YTPOLIAK MaTepHjaiia, 3aTo
mro oMoryhasa Mpou3BO/bY MONPEYHHUX MPECeKa Yuju
o0MIM MMajy HajMamby TEKUHY U HajIIOBOJFHUja KOHC-
TPYKIHjCKa CBOjCTBA.

Ilonawarve na Huckum memenpamypama

AyMUHH]YM je TOToaH 3a KOpHUIIhewme y cpeau-
HaMa ca HUCKUM TeMIIepaTypama 3aTo IITO je OTIIOPHUjU
Ha KPTH JIOM o] 4enuka. Koj anyMuHHjyMa CHHKCHEM
TeMIiepaType Joyia3u 10 noBehama JTyKTUIHOCTH H IO
mo0oJpIIama IPYTHX KapaKTepHCTHKa MaTepujana, Kao
ITO je Ha MpUMep 3aTe3Ha YBpcToha Koja ce Takohe mo-
BehaBa ca cMambemheM TeMIeparype.

Mooyn enacmuunocmu

butHa pasnmka m3mel)y amyMUHHjyMa U YeNHKa je
U TPH IyTa MambH MOJAYJ €TaCTUYHOCTH alyMHHHjyMa.
Kao mocnenuna tora, mpo0siem u3bouaBama u jaedop-
Malja je 3HaTHO M3PaXCHHjU HEro Koj Jenuka. 300r
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MaJIor MOAyJa eTacTUYHOCTH alyMH-
HHUjYMCKE KOHCTPYKIHj€ CY OCETJbH-
BHjC U Ha BHOpaLMje U y CTawmy Cy Ja
ancopOyjy Behm nedopmanmonn pax
0J1 YEeIMYHUX KOHCTpyKuuja. Kao tak-
BE MOTY Jia MPUTYIIY]y OCHWIAIH]E, H
nMajy MambH KOeQHIINjeHT yaapa.

Ilonawarse npu nopacmy memnepa-
mype

IIpn nopacty Temmnaparype Me-
XaHWYKa CBOjCTBA allyMUHHUjyMa Opike
orajajy Hero Koj uenuka. Mzmyxema
yclien TemMnaparype cy jiBa myra Beha
Hero kox wenmnka (a,=2,3x107 1/C°),
anu 300r Mamer MOAyJla eIacTHYHOC-
TH HAIlOHH KOJU CE jaBJhajy y Mare-
pHjally yciex TemIiepatrype Cy camo
JBe TpehrHe OHUX Yy YeNnKy.

H30yscerwe npu nomy

ANyMUHUjYMCKE JIETYpe HMajy Mame H3IYXKeHmhe
IIPY JIOMY OJ1 YeNiKa. Y 3aBHCHOCTH O]l HAuWHa IPOU3-
BOJIGE M THUIIA JIETYPE pa3iH4uTa Cy U H3ayxema. Kox
KaJbeHUX M BELITAYKH OCTAPEIUX alyMHHH]jyMCKHX
JIeTypa TPaHUYHO U3JyKewe h3Hocu 5-15%, a xox Jne-
rypa o4BpCcIuX XJagHoM obOpagom ucnox 10%, mro je
JIBa TIyTa Marbe HETro KOJ YeJIHMKa, lli UITaK JOBOJEHO N
KOHCTpPYKIIMje O]l alyMHHHUjyMa He OyIy CKIIOHE KPTOM
oMmy.

6-& oujazpam

3a pa3nuKy Of YenuKa KOju MMa W3pa)XeH JIMHeap-
HO eJlaCTHYaH JIe0 6-¢ Aujarpama, 3aBUCHOCT HAloOHa U
IUIaTanyje KO aTyMHHHjyMa WMa HeJIHMHEapHO-IUIac-
TUYHU KapakTep. Yciel BeJIMKe PasHOBPCHOCTH JIErypa
U BUXOBUX CBOjCTaBa OOJHK 6-¢ mUjarpaMa je 3HaTHO
CIIO’KEHUjH Hero Kof uennka. [loctoju Behu Opoj paszmu-
YUTHUX HyMEPHYKUX MOJIeNIa 6-€ qujarpama. Y EBpokomy
9 je 3acTymsben Pambepr-O3ry1oB MOET KOjH CE MOXKE
mpukazaru y cieaehem o0mmKy:

i +0002( i ),.
£=— , —_—
E Jo

IJie Cy 1 U f, napaMeTpy KOjU 3aBHCE O]l BPCTE U CTamba
AJ-nerype 1 Koju cy aatu TabenapHo y EBpokoay 9.

3ona ymuuaja monaome — 3YT

[TpunukoM eneKTPoIydHOT 3aBapUBama A0Ia3U 10
TOIUbEH-a OCHOBHOT MaTepHjajia U 10 MPEHOLIeHha TOII-
JIOTE€ y OCHOBHH MaTepHjall y 30HH LIaBa, I1a Ce jaBJbajy
BEJIMKE MPOMEHE Y MUKPOCTPYKTYpH alyMUHHUjyMa. Tep-
MUYKH YTHIIQjH ce Op30 MHUpe HA 30HY y OKOJIMHH IIaBa
- 30Ha ytunaja tomore - 3Y T (heat affected zone-HAZ),
JIOK Ce YTHIIaju cMambera uBpcrohe Marepujasia ryoe us-
BaH Te 30He (cnuKa 2a). ' paHnYHa HOCHBOCT MaTepHjaia
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y 3YT-y je Mama HEro KOA OCHOBHOT MaTepHjajia, 6-&
KpuBa je O6maxa, a marepujan 'y 3YT-y je HemTo JyKTHII-
HUjU O OCHOBHOT MaTepujana (cimka 20). Kox merypa
cepuje OXXX TOIUIOTAa 3aBapHBama MOXKE JIOKAIHO Ia
CMambH YBPCTONy OCHOBHOT MaTepujajia Ha IOJOBHHY.
Kon nerypa cepuje 7xxXX yTuIiaj TOIUIOTE j€ HEIITO MambH,
aJIu ce IpocTHpe y obnacTu oko masa. [Tocne moctynka
XKapema KoJl JIerypa cepHja SXxx 1 3Xxx (ojauaHe mpoiie-
COM KaJbeHha) JI0JIa3H JI0 Naaa Ha HuBo O (MEKO CTame).
3VYT je Haju3pakeHUjH KO TepMHUUIKH oOpaljeHnx mery-
pa cepuja 2xxX, 6XXX M 7XXX.

N/mm2
300

OCHOBHH MaTepHjal

a) 3ona ymuyaja monnome

6) Vnopeonu o-¢ oujacpamu

Cnuxa 2. Ymuyaju 3asapusarsa y 30Hu ymuyaja monjome

Henocpenno HakoH 3aBapuBama JoJa3d 10 Ia-
Jla HOCUBOCTH y 3aBapeHoM cIrojy, MehyTum mocue on-
peheHor Bpemena gomasu 10 moboJsbinama Hocehinx ka-
pakrepuctuka y 3YT-y. OBaj deHOMEH je mo3HaT Kao
cmaperve wasa. Kon rpyte nerypa cepuje 7xxx oBaj e-
HOMEH je MoceOHO M3pakeH, Ia MOclie 3aBapuBarba J0-
na3u 10 nana uspcrohe Ha 50% o7 moueTHe BPEIHOCTH.
ITocnie mpuOIMKHO TpU Mecela 0J1a3u 10 MoOoJbIIamba
MEXaHWIKHUX KapaKTepUCTHKA Ha BPEAHOCTH NPUOIIIKHE
n3BOpHOj Jerypu. OBaj ()eHOMEH 3aBHUCH O]l KBAIUTETA
maBa, e0JbHe OCHOBHOT MaTepHjasia, KOJWYUHE TOII-
JI0TEe KOja ce 0ciI000ar TPHIINKOM 3aBapHBama M BPCTE
nomatHor marepujana. IlIto je Beha xonmmumHa TOILIO-
Te TPHUJINKOM 3aBapHBama, BehH je W maj MEeXaHWIKHX
KapakTepucThka Mmarepujana. Kako Ou ce moOosbmiane
MeXaHWYKe KapaKTepHCTHKE MaTepujaia Mocie 3aBapH-
Bamba, KOPUCTE CE M IMOCTYIIIH JI0JaTHOT 3arpeBama 1oc-
Jie 3aBapuBama, Ha TeMieparypama oz oko 200°C. OBum
moctynkoM Moryhe je marepujany y 3YT-y moBpatutu
pBoOUTHY uBpcTOhy. CMameme uBpcTohie Ha 3aTe3ame
u Tpanune passiadema y 3YT-y ce Mopa y3etn y 003up
pu popauyHy. [lobosbmame KapakTeprucTHKa TepMHUY-
K1 0Opal)eHux yierypa nporecom crapema 1masa Hyje J0-
BOJHHO HUCTPaXXEHO M Tpeba ra y3eTu ca pe3epBOM.

Yspcroha

Oca waga

125 75 25025 75 125
Oﬂ(’[‘l)]ilibe 0] oce laBa

Cnuka 3. Cmarere ugpcmohe mamepujana y oKOIUHU wia8a
- wupuna 3YT-a
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BennunHa, 0THOCHO MIMPHHA 30HE YTHIIaja TOIUIOTE
3aBHCH 0J] BUILE pa3nuuuTix (akropa. Ha ciumu 3 npu-
KasaH je yTHIaj ciadibema uBpcrohe Marepurjaia y 30HH
OKO IaBa y GyHKUUjH YAaJbEHOCTH Off OCE IIaBa. 30Ha
YTHIIaja TOILIOTE C€ IMPOCTUPE 0 MPHOIIKHO 75 mm of
oce maBa, a Hajsehm yTumaj Ha uBpcTohy ce oceha Ha
pacrojamy mo 25 mm (25 mm = /inch). 36or Tora ce,
1o nojaBe EBpokosia 9, KOPUCTIIIO PABUIIO jSTHOT MHYA
(one-inch rule).

3. OCHOBE ITIPOPAYYHA ITIPEMA EBPOKOAY 9

EBporckuM nponucanMa 3a KOHCTPYKIHje, HO3Ha-
THjuM Kao EBpokomoBu 3a KoHCTpyKnuje oOyxBalieHe
CY U KOHCTPYKLIMj€ O/ aIlyMHHH]YMCKHX JIeTypa KOjuma
npumnaaa nocedan neo, EBpokox 9: Ipopauyn amymu-
HUjyMckux koHCTpyKuuja (EN 1999 Eurocode 9: Design
of aluminimu structues). 36or cBor oouma EBpokon 9 je
0JIeJbEH Ha IeT JeJI0Ba:

EN 1999-1-1: Ommra KOHCTPYKIMjCKa IpaBHIia
(General structural rules);

EN 1999-1-2: [IpopauyH KOHCTpYKIIHja Ha JI€jCTBO
noxapa (Structural fire design);

EN 1999-1-3: KoHCTpyKIIHje OCET/bUBE HA 3aMOpP
(Structures susceptible to fatigue);

EN 1999-1-4: X1anH000IMKOBaHN KOHCTPYKIMOHU
mumoBH (Cold-formed structural sheeting);

EN 1999-1-5: Jbycke (Shell structures);

VY okBUpy Hpolieca ycariamiaBamwa JoMalinx craH-
JIapna u mpomnwuca ca nmponucuma EY mpensubeHo je ma
ce 1o kpaja 2012. ronuHE CBH €BPOKOIOBU yCBOjE Kao
nomahwu crargapau - CPTIC-EH, ma je To cynouna u EB-
pokoja 9. Nmajyhu y Buay Ja 10 caga y HaIlioj 3eMJbU
HHCY [T0CTOjaJIU MPOIUCH 3a TPOPAYyH allyMUHH]YMCKUX
KOHCTPYKIIMja OBa YHILEHHUIIA INPEICTaBJba OXpadpeme
HHKEHEepHMa J1a OYHY Ca MAacOBHH]OM MPUMEHOM alry-
MHUHHjyMCKHUX KOHCTpykuuja. OBaj paj, u3mely ocranor,
uMa 3a b J]a HHXKCHEPCKO] MOMYJIAIUjH JOHEKIIE IPH-
OJIMKU OBY TIPOOJIEMAaTHKY .

CBakako Haj3Ha4YajHHUjU Of CBUX jaenoBa EBpokoma
9 je 6aznunm neo EN 1999-1-1 koju caxpyxu ommra npa-
BWJIA 32 IIPOpayyH KOHCTPYKIHja o1 AJ-Jierypa, na cy
y HapeJHOM JIelly pajia YKPaTKO MCTaKHYTH Haj3Hayaj-
HHUjU CeTMeHTH U3 oBor nena EBpokonma 9. YV oBom ne-
Ny Cy JaTa MpaBuia 3a MPOjeKTOBake KOHCTPYKIHja OJ
QTyMUHHjyMa: OCHOBE ITpOpauyHa, KapaKTepUCTHKE Ma-
TepHjaja, TpaHuYHA CTarkba HOCUBOCTH, TPAaHUYHA CTamba
yInoTpeOBbUBOCTH, IPOPAUYH BE3a, ...

3.1. Knacupukanmja nonpevyHnx npecexka

CHYHO Ka0 ¥ KOJ YEeITMYHUX KOHCTPYKLH]ja, IIPOBe-
pa rpaHUYHUX CTamba HOCUBOCTH U M300p riiodaiHe aHa-
IM3€e KOHCTPYKI]je, 3aBUCE O Kiace MOIPEYHOr Ipece-
ka. HeonxomHo je ogpenuTty xiiace NOIPEYHUX MpeceKa
CBHX HPHUTHCHYTHX WIH JCIUMUYHO NMPUTHCHYTHX elle-
MEHaTa KOHCTpYKIHje. Y 3aBUCHOCTH O Kilace Iomnped-
HOT IIpeceKa ofpehyje ce KamauuTeT HOCUBOCTH IpeceKa
U TUI T00aTHe U JOKaJIHe aHauu3e. Pa3nuuuty enoBu
npeceka (pedbpo WM HOXKUIIE) MOTY, TEHEpaIHO J1a Oyay
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B.<B<B,
6) Knaca 3

Cnuxa 4. [egunuyuje xnaca nonpeunux npecexa

pasnmuuTe Kiace, 1 Tpeda uX nmoceOHo KiacH(UKOBATH.
3a KJacy MONpeyHor mpeceKka ce ycBaja Kiaca HajHemno-
BOJBHH]ET JeJia IIpeceka, OJHOCHO HajBHUIIA Kiaca. Kao u
EBpoxon 3 u EBpokox 9 pasnukyje deTupu Kiace MoIl-
PEYHHUX Ipeceka:

Knaca 1 — Ilpecenn Koju uMMajy IOBOJbAH Kara-
UTET poTarje Aa HOPMHUPAjy IUIACTHYHH 31100 KOjH
omMoryhasa ynorpe0y rio0anHe IiacTU4He aHanuse 0e3
penykuuje HocuBocTH (cinka 4a). Ko komnakTHuX mpe-
ceka kox kojux Hehe nohm no m3bodaBama ycnen npu-
THCKa JIOJa3H1 JI0 IUTACTUYHOT NOHAIIakha IPEKOpaYeheM
TPaHHUIE EIACTUYHOCTH.

Knaca 2 — Tlonpeunu mpeceny KOju MOTY Aa JI0-
CTUTHY IUIACTHYHH MOMEHT HOCHBOCTH, ajld UMajy Or-

Tabena 3. Koeuyujenm sumrxocmu f 3a neykpyhene oenose
npecexa

3a yHyTpanIme 1 KOH30JIHE JeI0Be IpeceKa ca
KOHCTAQHTHUM HOPMAJTHAM HAITOHOM M KOH30JI-
HE JIeIoBe Tpeceka ca MaKCHMaITHUM HallOHOM
NPHUTHUCKA Ha KPajy KOH30JIHOT MPEeMycTa.

B =bit

3a yHyTpanime JeoBe Ipeceka ca MPOMEHIbH-
BHM JIjarpaMoM HAIlOHa, TIIe je HeyTpaHa oca
y CPEAMHH eJIEMEHTA.

B =04bkt

3a YHYTpalmkEe ICJI0BE MIPECEKA Ca MPOMEHIbU-
BUM HOpMaJIHUM HAallOHOM M KOH3O0JIHE JICJIOBE
TIpeCceKa ca MaKCUMAJIHUM HAIIOHOM IIPUTHUCKA
Ha IMOYCTKY KOH30JIHOT A€J1a.

B=nbi

7=0,70+030y 3a 1>2y=>-1

7=080/(1-y) 3a w<-1

W OIHOC HAIlOHA Ha UBHIIaMa Mpeceka (BUACTH CIUKY 5);
_%2

Oy

b HIMpUHA pa3MaTpaHor [ej1a NONPEIHOT ITPECCKa,

t ne6JbHHA eJIeMEHTa MOIPEYHOT MpeceKa.
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paHMYCHH KalalHTeT POTaluje ycien
JoKaHOT M3004YaBama, KOjU HHjE J0-
BOJbaH 32 ITI00AJIHY IJIACTHYHY aHAIU-
3y (ciuka 40).

Knaca 3 — Tlonpeunu npeceun
KOJI KOjUX je TOCTHIHYTa IpaHuIa pas-
BJaYea CaMoO y KpajibUM BIIAaKHHMA,
anu je pasea IacTuuKanyja OHeMO-

2) f<p<p ryhieHa ycren JOKaTHOT W3004aBama

B<p<p (cmuka 4B). Moxe ce pa3BHTH camo
1 2

€TaCTUYHH MOMEHT HOCHBOCTH. J[lo

6) Knaca 2 A

n30oyaBama JOJNa3d ycied HaloHa
Behnx, WM jeAHaKUX TEXHHYKO] Tpa-
HUIIK pa3Biavdekha - fo,z.

Knaca 4 — Tlonpeunu mupecenu
KOJI KOJUX C€ yCJIe/l JIOKAJHOT n30o4a-
Bamba He MOXKe JoCTHhM TpaHMIa pas-
BIIaverha f , HIy HajyIaJbCHUjeM BIIAK-

Aom

Hy npeceka (cnuka 4r). /lo usbovasama
JIOJIa3¥ TIpe HEero IITO Ce IIaCTU(HKY]e
HajonTepelieHHje BIaKHO Y TIONPEYHOM
npeceky. HeonxonHo je nma ce y3my y
003up yrumaju m3bodyaBama moMohy
e(QeKTUBHOT TIOMPEYHOT IIpeceka.

Kao o ce u3 nperxomHor BUAM JeHHHIM]a Kia-
ca mpeceka je TOTOBO MCTa Kao M KOJ YeNMYHUX KOHC-
TPYKIMja, aiu je oapehuBame Kiace CacBHUM Apyradwje.
Kracudukanuja monpeyHux Ipeceka amyMHHHjyMCKHX
KOHCTpPYKIIHja CE BPIIU IOMONy KOe(hHIIHjeHTa BUTKOCTH
f xojuM ce nedUHUIIE OCETIPUBOCT AENOBA IOMPEYHOT
mpeceka Ha M30odaBame, KOju ce MoceOHo oxpehyje 3a
HeykpyheHe u ykpyheHe jesioBe monpeyHor npeceka. 3a
HeykpyheHe /iesioBe MonpeyHor npeceka koeuuujeHT f
Tpeba 1a ce oxpean npema tadenu 3.

4 4 V H

1
0.9

08
0.7
0.6 .
0.5 -
04 =
0.3 —

02 I | A I =

vo

0,1
0

-2 -1 0 w 1

Cnuka 5. Odpehusarve xoeuyujenma §. A —mackumanau Ha-
NOH NPUMUCKA HA NOYEmKY KOH30HO2 npenycma, B — macku-
Manan HanoH NPUMUCKA HA KPAjy KOH30IHO2 NPenycmda

Kon nenoBa npeceka ca ykpyhemrnmMa pasinkyjy ce
TPHU MOJeIAa n3004YaBama:

Mooen 1 — Yxpyhenn neo mpeceka ce m3bodaBa
3ajeHo ca YKpyhemeM - TUCTOP3UOHO U3BHjambe (CITHKa
6a);

Mooen 2 — MN3bouaBame ykpyheHor mosba W yk-
pyhema je He3aBHCHO, a Be3a ykpyhema ca mpecekoMm je
mpaBa (ciuka 60).
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Mooen 3 — IlpencraBiba KOMOMHAIM]Y TIpBa J1Ba
Mozena. CynepnoHupajy ce yTHIAju JIOKIHOT n30o4a-
Bama paBHOT (HeykpyheHor) fmema M 49uTaBe yKpyheHe
30He (ciuka 6B).

— 1 — —

- —
— = \
\ | /
\ \ /
\
L - .

a) Mooen 1- [Jucmopsuono uzsujarve

-.._..-/I

8) Mooen 3 - Kombunosano uzbouasare eremerHama ca yK-
pyherwem

Cnuxa 6. Pasnuyumu modenu uzbouasaroa ykpyhenux eneme-
Hama

1 1
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B I 1 |
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g; i\x 7 —40
. N, 30—
05 ) b L T
04— ~—
03— __ w 20—
02 E 18 _f.F':t 210
g O kI

o
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L+
w
= |
o
L=
-
(-]

Cnuxa 7. Oopelusarse napamempa n 3a ykpyhete oenose npecexa
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Tabena 4. Odpehusarve k1ace oena npecexa

I'pene IIpuTHCHYTH IITANIOBU
Knaca 1 B<B, B<P,
Knaca 2 B<B<B, |B<H,
Knaca 3 B<PB<P, |B,<B<P,
Knaca 4 B, <B B,<B

Tabena 5. I panuune 8pednocmu KoeguyujeHma 6umxocmu

Kaacuduxanuja YuyTpammu Kon3ouinu nesioBn
MaTepujajia 1eJI0BH
B./e | B,le | Bse | B,le | B,le | B

Kraca A, 11|16 22| 3 |45] 6
0e3 maBoBa
Kiaca A, 9 |13 |18 [ 25| 4 |5
ca IaBOBUMa
Kuaca B, 13 [165| 18 | 35| 45| 5
0e3 maBoBa
Kxaca B, 10 [135) 15| 3 | 35| 4
ca IaBOBUMA

250 )
£= |/ rae je £y N/mm?

/;] 0

3a yoOuuajeHa ctanmapaHa ykpyhema (koja cy ucre
nebJpiHE Kao W eNeMeHT Koju yKpyhyjy) u KOHCTaHTaH
HAIIOH MIPUTHCKA, KOC(HIINjEeHT BUTKOCTH  MOXKE J1a ce
olpeM Ha OCHOBY H3pa3a 3a HeykpyheHe nenoBe mpe-
ceka ff =nb/t rie ce koedunmjeHt 5 oapelyje Ha OCHOBY
JjarpaMa MpuKa3zaHux Ha CIHIH 7, y 3aBUCHOCTH OJI TH-
na u opoja ykpyhema.

Ha ocnoBy oxpelhenor napamerpa ff Mo-
e Ja ce M3BPIIN Kiacu(uKaija momnped-
HOT Ipeceka Kako je IpHKa3aHo y Tabenu 4,
JIOK Cy TPaHW4HE BPEAHOCTH Koe(HLrjeHaTa
BUTKOCTH f8, , f, U B, 32 rpelie u IpUTHCHYTE
eneMeHTe nare y Tabemnn 5.

Knaca wu3Bmjama marepujanma A wiau
b 3aBucu on obnmka 6—¢ nujarpama. Y EN
1999-1-1 je 3a cBe An-nerype nehuHHCAHO
KO0jOj KJIaCH PUTIAIajy.

3.2. Konuent edeKTHBHOI MpeceKka KOJI
MONpeYHHX MpeceKka KJace 4

HocuBoct momnpeunux npeceka kinace 4
ce oapelhyje Ha OCHOBY e(DeKTHBHIX T€OMET-
PHjCKHX KapakTepHCTHKa npeceka. Pemyx-
IIMja HOCUBOCTH yCJIe ] N30049aBama ce BPIIH
nomohy KoeuIHjeHTa penyKiuje p, KOjuM
ce yMamYyje 1e0JbuHa CBUX IPUTHCHYTHX JIe-
JI0Ba mpeceka kiace 4. 3a cBe mpeceKke KOH-
CTaHTHE 1e0JbHHE, KOCDULIMJEHT P MOKE J1a
ce oapenn Ha cienehn HauMH:

p.=10 3a B <p,

P~ B B 2 FF

> 0,33
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rae cy koepunmjentn C, u C, natu y Tabenu 6.

Tabena 6. Bpeonocmu xoepuyujenama C,u C,

Kaacuduxanmja YHyTpammu Kon3zonuu
Marepujajia JA€JIOBH A€JT0BH

C] CZ CI CZ

Kiaca A, 6e3 maBsoBa 32 220 10 24

Kiaca A, ca maBoBuma 29 198 9 20

Knaca b, 6e3 masoBa 29 198 9 20

Kunaca b, ca maBoBuma 25 150 8 16

Kox monpeunnx mpeceka kmace 4 moTpedHO je na
ce oapenu edexTHBHA AeOJbMHA NMPUTUCHYTHX IeEJI0Ba
npeceka. Ha cauiu 8 cy nmpukazaHu KapakTepUCTHUHH
o0yiM e(heKTHUBHUX MOMPEYHUX MPeceKa 3a pasiniuTe
CllydajeBe Halpesama.

a) [Ipumucax

Cnuxa 8. Egpexmusnu nonpeunu npeceyu 3a pasiuyume ciyyajege Hanpesarod

Kon amymunmjyma ce n30o4aBame MPUTHCHYTOT
JieTia TIpeceKa, Kao M yTUIlaj 3aBapuBama y 3Y T-y yBoze
y popadyH MpeKo eeKTUBHE 1e0/bHHE peceka £, 10K
ce KOJ 4YenrKka eeKTHBHHU Tpecek oapehyje Ha OCHOBY
e(eKTHBHE IMUPUHE beff (cmuka 9). OBoO UMILTHIIEPA U
pasimuunTe O0NHKE MPOPAadyHCKUX IHjarpamMa HOpMal-
HUX HamoHa (ciuka 10).

b f.eff
- -

—

S !
N G| L —
it !
=
w—.
_QB
1
o I w,eff |
ol
s
!
Qg
| !
= == (1]
a) Anymunujym 6) Yenux

Cnuka 9. Ilopeferve eghekmuerux npeceka 00 ATyMUHUjyMa u
uenuxka
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6) Casujare oxo y-y oce 6) Cagujare oxo z-z oce

ollo

g —— [ s T
b beff bef'f rEei“l‘
2 2
a) Cmeapna pacno-  6) Epexmusna 8) Epexmusna
dena HanoHa wupuHa Oebbuna

Cnuka 10. CmeapHu u npopayyHcKu oujazpamu HOpMAaiHoe Ha-
NOHA NPUMUCKA

OnpehuBame ePEKTHBHOr IMOMPEYHOT
npeceka nomohy edexTuBHE neOJEUHE OMO-
ryhaBa jeqHOCTaBHMjU IPOPAYyH, jep OTIaaa
motpeba 3a ofpehuBameM IMOYETKA W Kpaja
e(eKTHBHE IUPHHE U JIaKIIe KOMOMHOBabE
yrunaja n3dovaBama u 3YT-a.

3.3. Peaykumja mpeceka y 30HM yTHLaja
TOMJIOTe

AnyMUHHjYM je 3HAaTHO OCCTJbHBHjU
Ha JIejCTBO TOILIOTE OJI YeNHKa. Y OKOJIUHH
masa (3YT) monasu 10 peayKiyje cBojcTaBa
Marepujasa ycie] TOIUIOTe Koja ce pa3BHja
NPUIMKOM IMpoLieca 3aBapHBama. Paau jemHOCTaBHHUjer
MpopayyHa YCBOJEHO je nIa peayKoBaHa CBOjCTBa ajy-
MUHHjyMa y 30HM YTHI3ja TOIUIOTE MMajy KOHCTAHTHY
BPEAHOCT. YMameHe BPEAHOCTH TPaHHLE pa3Blayckmha
J, 1 ¥ UBPCTONE Ha 3aTe3ambe f, |, 33 PasnuUUTe JIErype
aryMuHHjyMa cy nate y ctangapay EN 1999-1-1. Pe-
JyKIMja CBOjcTaBa MaTepHjaa y 30HU YTHIAja TOIJIOTE
ce y3uma y 003up nomohy akropa peaykiigje Koju ce
onpelyyjy Ha cnenehn HaumH:

— _ohaz — “_whaz
p o,ha f p uhaz f

0 u

30Ha y K0j0j je moTpeOHO peayKOBaTH CBOjCTBA Ma-
TepHjajia ce IPOCTHPE Y CBUM IPAaBLUMAa OJ Il1aBa Ha Jy-
SKUHU O bhaz, Kao IITO je mpuka3ano Ha ciaunu 11. Pagn
JEAHOCTaBHUjET MpopadyHa, yMECTO PEAYKIH]je KapaKTe-
pucTika Matepujana y EBpokony 9 ce BpIIM cMambeme
nebspuHe nenoBa npeceka y okBupy 3Y T-a. Kon Takmx
JIMIMOBA 3a IpaHMIE 30HE YTHIaja TOIIOTE MOTY Ja ce
yCBOje MpaBe JUHH]E, 0K ce y cinydajy Behinx mebspuHa
ycBajajy kao kpuBe tuHHje (cauka 12). AKo je pacTojame
O/l MBHIIC 1aBa 10 MBULIE [IperycTa Mate o1 3, Moxe
Ce YCBOJUTH Ja Ce 30Ha YTHILaja TOIJIOTE [IPOCTUPE YH-
TaBOM Jy>KHHOM MpeIrycTa.

luprHa 30He yTHIAja TOIUIOTE 3aBUCH OJ IPH-
MEHEHOI' IIOCTYIIKa 3aBapHBama U JIeOJbHHE eleMeHaTa
Koju ce 3aBapyjy. Bpennocru b, ce 3a MUI" nocrymak
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"l b.’:az I a 3
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"i bh(.v‘ N bh:ez - " b.‘:az [+ 2 bhan
Cnuka 11. Ilpocmuparse 30He ymuyaja moniome
:
p &
b,
az b -

Cnuxa 12. 3ona ymuyaja moniome y enemenmuma gehe oebmune

kpehy on 20 mm 3a Tanke numoBe 10 40 mm 3a JTUMOBE
ne0JprHE M3HAM 25 mm.

3.4. KapakTepucTuke NonpevYHMuX mpecexa

3a morpebe mpopadyHa HOCHBOCTH Ipeceka KOHC-
TpyKiMja o1 AJ-Jierypa, y 3aBUCHOCTH OJ1 BPCTE Hampe-
3arba, KOPHCTE CE Pa3IMYMUTE TIOBPIIMHE TIONPEYHOT Ipe-
ceka.

bpymo nospuwiuna nonpeunoz npecexa A je yxyn-
Ha TIOBpIIMHA IIpeceka 0e3 yThiaja n3boyaBama M TOI-
JIOTe 3aBapHBama, Kao M 0e3 onOuTKa ycien pymna 3a
CIIOjHA CPEJICTBA.

Hemo nospuwiuna nonpeunoz npecexa A, je nos-
pIrHa Koja ce 1o0uja Kaia ce o OpyTo Impeceka 0Iy3My
MOBPIIMHE pyIia 3a CHOjHA CPEICTBA U €BEHTYaJHU OT-
BOpH. Y CiIy4ajy CMakHYTOr pacropesa pyma 3a CrojHa
CpeICcTBa, HETO MOBPIIHHA Tpeceka ce oapehyje Ha oc-
HOBY creaehux u3pasa (BunmeTu ciuky 13a):

t(b - 2d)

2s?
t|b-4d+—
A,,= min 4p

2s% .
t| by+2:0,65s,- 4d+$ JuHMja 3

Junuja 1

JHHHja 2

Ilospuiuna epekmuenoz nonpeunoz npecexa Aeff
je TOBpIIMHA KOja ce J00uja PeayKIHMjoM ycien u30o-
YaBama W/WJIM yCliell TePMHUUKUX YTHIaja Y MaTepHjairy
3VT-a. Penykmmja HocuBocTH Matepujana y 3YT-y ce
y3UMa y 003Hp Ha pa3inuuTe HauWHE, Y 3aBUCHOCTH OJ1
KJ1ace MOMpPEYHOT MpeceKa:

a) Konx memoma mpeceka kiaca 1, 2 u 3 kxoju cy
W3JI0KEHH TEPMUUYKHM YTUIAjUMa yCJIe 3aBapuBama y
30HaMa yTHL@ja TOIUIOTe Ha WHMpUHU b, , cmamyje ce
ne0JbUHA IMMOBA Ha BPEAHOCT: p 1,

o,haz
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6) Kom npuTHCHYTHX JeI0Ba Ipeceka Kiace 4 Koju
HUCY U3JIOKEH YTHLAjy TOIUIOTE, PEAyKOBaHA BPEIHOCT
neOJpuHE je: ty=pP.5

B) Kox mpurtucHyTHX nenoBa mpeceka kiace 4
KOjU Cy U3JIOKCHH YTHIIAjy TOIUIOTE e()eKTHUBHA N1eOIbU-
Ha je jelHaKa MHHMMAIHO] BPEXHOCTH OA p .t U p . ¢
y nmery 3YT-a, OMTHOCHO p, ¢ Ha OCTaJOM TIPUTHCHYTOM
ney mpeceka (ciuka 136).

1 2
f | ]
— T .
i R B C A ok I
H o 1.2 K
! | " .’p"d‘ !
<« | a GO b—
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Cnuxa 13a. [lomenyujanne nunuje noma

2z + :‘w—q—.:r;—’f)—r
haz
NI
. o rcf.‘ ;pcr"
\ min(pﬂ.t'az{f; focff)

Cnuka 136. E¢hexmugne 0ebmune ko0 3as8apenoe npeceka Kid-
ced
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3.5. I'paHn4Ha cTakha HOCHBOCTH

[Tpn mpopadyHy alyMHHHjyMCKHUX KOHCTpPYKIHja
HEOITXOIHO IIPOBEPHUTH CBA peJIeBaHTHA IPaHUYHA CTamba
HOCHBOCTH U yIOTPEOJEUBOCTU. Y OBOM paiay cy, 300r
OTpaHUYEHOr 00WMMa, W3BOjEHA W MPE3eHTOBaHA CaMo
HeKa Haj3Ha4YajHUja TpaHuYHa CTarka HOCUBOCTH.

3.5.1. Akcujanno 3ame3arpe

Kon enemenara onrtepeheHnX akCHjaTHOM CHIIOM
3aTe3arba MOTPeOHO je MPOBEPUTH CaMO HOCHUBOCT TIOTI-
peunor mpeceka. Cruenchu ycinoB tpeba nma Oynme wuc-
MYEbCH:

Nga

rae je:
N,, TIpopadyHCKa BPEIHOCT aKCHjaHE CHJIE 3aTe3ama,
N, g, IPOpavyHCKa HOCHBOCT TONPEYHOT NPECeKa Ha 3a-
Te3ame.
[MpopauyHCcka BpeIHOCT HOCHBOCTH HONPEYHOT
npeceka Ha 3atesame IV, , ce ofpehyje kao HajMarmba 01

cienehe Tpu BpETHOCTHU:

Nowi=4 A HOCHBOCT IIPH MOTIIYHOj IITac-
o,Rd g .
M1 TH(UKAI] A TIpeceka
/, IPaHMYHA HOCHBOCT HETO

Nypa =094  —*
whd "t yua  IPEceka Ha MecTy pyra (aKo

HX Ma)
Nyra = Aoy rpaHNYHa HOCHBOCT Y 30HH
’ M2 3aBapuBama (aKo MOCTOjH)
rme je:

A, mnoBpHA OPYTO MONPEYHOT NPECeKa,

A HETO MOBPILIMHA MONPEYHOr MpeceKa Koja je peay-

net
KOBaHa 3a BEIMYMHY pyma 3a CIIOjHA CPEICTBAa U
cmamere 1eobune y 3T Hap, , f,

A, ebexTrBHA NOBPIIMHA IIONPEYHOT PECEeKa Koja ce

3acHMBA Ha 1COJbUHU p ¢
. uhaz ",
Yyu TapUHjalHA KOE(QHIH]EHT CUTYPHOCTH 3a HOCUBOCT
npeceka u enemenara (y,, = 1,1),
Yy, T@PUHjaTHA KOE(HIH]EHT CUTYPHOCTH 3a HOCUBOCT

Ha JIOM 3are3ameM (y,,, = 1,25),
300r cMamema CBOjCTaBa Ipeceka HHje T03BOJHEHO
Jla ce pyIie 3a CIojHa CPeACTBa Hayta3e y okBupy 3V T-a.

3.5.2. AKkcHujaTHU NPUTHCAK

Kon nputHcHyTHX eleMeHara moTpeoHo je H3BpILH-
TH KOHTPOJTY HOCHBOCTH IOTPEYHOT MPECEeKa U KOHTPOJIa
elleMeHara Ha u3BHjambe. HOCHBOCT MompevyHor mpeceka
Tpeba j1a ce mpoBepu Ha cienehyu HauuH:

Ngg

—=x<1,0

¢,Rd

rzie je IV, ,, popadyHCcKa HOCHBOCT MONPEYHOT MpeceKa
Ha TPUTHCAK Koja Tpeba aa ce oapeau Ha ciexehu Ha-
YUH:

fu rpaHrnYHa HOCUBOCT ITPECKaA ca OT-

?y2  BOPOM MM HEHCIYHEHHM pylama

Nu,Rd = Anet
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A HOCHBOCT ITOIIPEYHOT IIpeCKa Ha
Yy MIpPUTHCAK

Nc,Rd = Aeﬁ”

rie je:

HETO MOBPILKHA MOMPEYHOr MPeceKa ca peryK-

{jOM Ha MecTy pyma u penykuujom y 3YT-y

aKo je To MoTpedHoO,

A MOBPIIMHA e()EeKTHBHOT MOMPEYHOT IIpeceKa 3a-
CHOBaHa Ha peAyKILHju AeOJpHHE TpeceKa yciea
n30ouaBama u yrunaja 3Y T-a kaia oHH TOCTOje
(To jecT KoJ1 3aBapeHUX MpeceKa).

3.5.3. Casujame

Kox enemenara onrepehieHnx Ha caBHjame, OTHOC-
HO HOCA4a, HEOIMXO/IHO j€ J1a y CBAKOM IMOMPEYHOM IIpe-
CeKy Oyae 3a10BosbeH cienehu ycos:

Mg,
—=<1,0
Rd
rae je:
M, MIpOpavyyHCKa BPEIHOCT MOMEHTA CaBUjamba,
M,, IIpOpadyHCKa BPEJHOCT MOMEHTa HOCHBOCTH.

HocuBocT monpeunux mpeceka KoJa HOcaua 3aBUCH
oJ1 Kiace rmpeceka. [IpopadyHcka BpeIHOCT MOMEHTA HO-
cuBOCTH M, MOXe Jla ce OZIpe/IH Kao Mama oJf cnesiche
JIBE BPEHOCTH:

Moo= W fu MOMEHT HOCHBOCTH HETO
‘u,Rd — net
Yu2 Mpecka Ha MecTy cllabiberba
pymnama 3a CrojHa CpecTBa
_ /£, MOMEHT HOCHBOCTH IIOIPEY-
Mc,RlI =a Wel p
Vi HOT TIpeceka, 0e3 crnabibema
rae je:

o  KoehuIHjeHT oOnuKa npeceka (Tadena 7),

Tabena 7. Koeguyujenmu obiuka npecexa o

Kiaaca a a (ca mogy>KHUM
npecexa (0e3 mapoBa) IIABOBHMA)
1 PV[;[ / I/Vel ’/Vpl,haz / PVel
2 W;;t / I/l/el I/V;Jl,huz / W;t
3 1 Wel,haz / VVeI
4 I/Vejj‘/ I,I/el I/I/;j],'huz/ [/V;l

W,  TiacTHYaH OTIIOPHH MOMEHT GPYTO MOMPEYHOT Mpece-
Ka,

W, enacTH4aH OTNOPHM MOMEHT C(CKTHBHOI MpECeKa,
nobujer KopumhemeM pefykoBaHe neOJbUHE £, g 38
npeceke knace 4,

W 11, ©DEKTUBHH €MaCTHYAH OTIOPHH MOMEHT GpYTO Ipece-
Ka, 1o0HjeH KopuinhemeM penyKoBaHe NeOJbUHE MOII-
PpeuHor mpecekap, 1 3a marepujan y 3YT-y,

W b e(eKTHBHH IUIACTUYHU OTHOPHH MOMEHT OpyTO HOIN-
pedHor mpeceka, N0OUjeH KopuIIhemheM peayKoBaHe
AebJbHHE NOIPEYHOr IIpeceKa p . ¢ 3a MaTepujal y
3YT-y,

Wi e(EeKTHBHU elacTUYaH OTIHOPHU MOMEHT, T00HjeH Ko-
puiihemeM penykoBaHe 1eO/bUHE ONPEYHOr peceKa
Pt 32 IOTIPEYHE TIpeceKe Kiace 4, Wik peayKoBaHe Jie-
OubuHe p,, - ¢ 33 MaTepHjal y 30HH yTUUaja TOILIOTE
(y3uma ce Mamba Off OBE JABE BPEAHOCTH).
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W, enacTM4HM OTHOPHM MOMEHT OpyTO MOMpPEYHOr
npeceka,

W, €nacTHYHM OTIIOPHH MOMEHT HETO MOMPEYHOT Mpe-
ceka.

VYcien nejcTBa MOMEHTA CaBHjamba KOJ Hocaya Koju
HUCY OOYHO TPUAPKAHU MOXe 1a 1ohe 10 O0UHO-TOP3H-
OHOT H3BHjama, 11a je MOTPEOHO je IPOBEPUTH M OBO T'pa-
HUYHO crame. Y EBpokony 9 cy nara nerasbHa nmpaBuiia 3a
IIPOpavdyH HOCHBOCTH eJeMeHaTa Ha OOYHO-TOP3HOHO U3-
Bujame. Y Anekcy I EN1999-1-1 je nat mocrynak 3a npo-
padyH KPUTHIHOT MOMEHTa OOYHO-TOP3HOHOT H3BHjarba.

3.5.4. Cmuuyarve

Kon enemenara onrepeheHnx Ha cMULalkE MOTPEO-
HO je 3aJJ0BOJBUTH cienehn ycioB:

Yid < 19
Rd

rie je:
V. TpopadyHCKa BPEIHOCT CHIIC CMHUIIAmha,

Ed
VRd MNpopavyHCKa HOCUBOCT NPECCKa Ha CMUILIAILE.
HpopaquCKa IJ1aCTU4Ha HOCHUBOCT IOIIPEYHOT
IpeCCKa Ha CMULIALC VRd MOXKE Aa c€ 0Apcau Ha OCHOBY

cieneher uspasa:
o _
V3

i

VRa’ :Av

rae je A TOBpIIMHA CMUIAbA KOja 3aBHCH 0] 00IHKa
MOIPEYHOT MpeceKa.

3.5.5. Hocuséocm npumucnHymux eiemeHama Ha Uu3-
sujarve

ITope HOCHBOCTH HOIPEYHOT MPeceKa KO IPUTHC-
HYTHX eJleMeHATa je HEOMXOAHA U KOHTPOJIa HOCUBOCTH
€JIEMEHTA Ha U3BH]jabe:

Ngg
—=< 1,0
Np,ra
rae je N npopauyHCKa HOCHUBOCT €JIeMEHATa Ha W3-

b,Rd
BHjame Koja Tpeba Ja ce oApenu Ha OCHOBY cieaeher

u3pasa:

/,
Nyra =K X Ay y—a

M1
rae je:
X Koe(hHWIMjeHT penyKIuje 3a pa3MaTpaHd BHI W3-
BHjamba,

K (hakTOp KOjUM ce y3uMa y 003up ciabberhe ycien 3a-
BapHBama, KOJU je jelHaK jeAWHUIIH 3a IPECeKe KOju
HHUCY (GOPMHpPaHH 3aBapUBABEM,

Aeﬁ. MOBPIIIMHA ¢()SKTHUBHOT Mpeceka (Ko mpeceka

knace 1,2u3 A4, = A).

KoedunumjeHt penykuuje 3a pazmarpaHd BHJ H3-

BHUjama y ce oapelhyje Ha cnenehu HaywH:

1

x: ————
¢+,/¢2-12

<10
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¢=05 (l+a ,1-1_0)+IZ)

_ A f
effJo
17
N,

cr

rae je:

KoepHUIHjeHT UMIEePPEKITHje KOjH 3aBUCH Of KPHBE
n3BHjama (cimka 14),

L penaTHBHA BUTKOCT HA H3BHjambe,

A, TpaHHIIAa XOPH3OHTAITHOT MJIATOA KPHBE M3BH]jarba,

]

N emacTtuyHa KpUTH4YHa CUJa 3a PCJICBAHTHU BUJ H3-

BHUjamba ((IeKCHOHO, TOP3UOHO HITH TOP3UOHO-(IIeK-

CHOHO).

Kao nocnenuia anmeHNne 1a aTyMHHHI]YMCKE Jie-
Type TpeAcTaBibajy TPyIy MaTepHjaja 4mje cy Mexa-
HUYKE KapaKTEPUCTUKE BPJIO PA3HOBPCHE, a MOI'yhHOCT
00JIMKOBama MOMPEYHUX MPEeceKa eKCTPYAAIljoM BPIIo
BeJMKa, yBol)ere KpHUBHUX U3BHjamba HA HAYHMH KOjH je yc-
BOjEH KOJ| YEeIIMYHKUX eJieMeHaTa Ou /a0 BeoMa BEIMKH
0poj KpUBKX K3BHjama. Ko uelMuHiX KOHCTPYKIIHja Cy
3a0CTa/Id HAIlOHU KOjU C€ jaBJbajy ycieq mpoleca mpo-
H3BOJIEbC eJIeMEHaTa 3HaYajHu, 0K Cy KO/ allyMUHU]yM-
CKUX EKCTPYAMpaHUX Npoduia MHOTO MamH, 11a yTUIA]
00JIKa MONPEYHOT NpeceKa Ha U3BHjambe MOXKE Ja ce 3a-
Hemapu. 36or Tora EBpoxon 9 npeasulja camo aBe kpuse
M3BHjama: 3a Kiacy A u kiacy b (Bumetu cmuky 14 u
Tabemny 8).

Koepurmjent umnepdekuuje o U rpaHuna A o C€
pa3nuKyjy 3a (IIEKCHOHO, OXHOCHO TOP3UOHO M TOP3UO-
HO-(JIEKCHOHO U3BHjame. BpenHocTn oBUX nmapamerapa
3a ciy4aj (IICKCHOHOT M3BHjamba Jate ¢y y Tabeinu §.

Tabena 8. Koepuyujenm umnepgexyuje o u epanuya y) ) 34
@rexcuono ussujare

Kiaca nzbovaBama Marepujana a A
npema tadenu 3.2 u3 EN 1999-1-1 0
Knaca marepujana A 0,20 0,10
Knaca marepujana b 0,32 0,00

P 0.9 % | I S |
08 - \ 1

05
0.4

0.1

0 05 1,0 1.5

1- Knaca A, 2 -Kaaca b,

20

o~

Cnuxa 14. Kpuee ussujara 3a enemenme anyMUuHUjyMcKux
KoHCcmpyKyuja

4. IPUMEP

Y 0BOM npuMepy MPHUKa3aH je IpopadyH HOCHBOCTH
3aBapeHor [-npeceka Ha 3are3ame, IPUTHCAK, CaBHjAbE
u cMuIame. JlMMeH31je MONPEeYHOTr Ipeceka Cy MpHKa-
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3aHe Ha CIIUIM 15, rae cy gaTta U CBOjCTBa MaTepHjaiia 3a
yCBOjeHy Jerypy amymuaujyma 6082-T6/T651.

CsojcTBa MaTepujana
f, =260 N/mm?
£, =310 N/mm?
o br=475 P = 0,48
I b i Pupa: = 0-0
Kpusa nzsmjama (BC): 4
Koedummjenr ¢ = 0,98
3 Kapakrepucruke npecexa
Bucuna pedpa: £ =330 mm
[HluprHa HOXUIIE: b/ =110 mm
Hebmbuna pedpa: £, = 5 mm
Jle0sbrHA HOXKHMIIES: 1= 10 mm
o IMoepimna: A = 3850 mm?
bi=110 EnacTHYHU OTIIOPHH MOMEHT:
W, = 448983 mm?
IMospummna cvunama: 4 = 1544,92
mm?

=330

bw'=320

h=350

b
h

Cnuka 15. Kapaxmepcumuxke nonpeunoz npeceka u c60jcmea
Mamepujana

KoedunujeHTr BUTKOCTH 33 YUCT NPUTHCAK:

3a HOXHULLY:
47,5 f
'B/‘;WZ 4,75 < B3' — Kunaca3
3a pebpo:
320

ﬁsz: 64 > B3 — Kmaca4

Kana je onrepeheH Ha WuCT mpUTHCAK TIpecek je
KJ1ace 4.
KoedummjenTr BUTKOCTH 32 YUCTO CaBUjarbe:

3a HOXHILY:
47,5 f
ﬁf=W=4’75 < B3 —Kiaca3
3a pebpo:

320
p,=04 = =256> Bs" — Kuaca4

Kana je omrepehen Ha WnCTO caBHjame TpeceK je
KJace 4.

Koepuuujentu penykuuje 3a xnacy 4 cy p =
0,42 3a 4uct nputucak, ogHocHo p ¥ = 0,82 3a unc-
To caBHjame. Kako cy Hoxuie Hocada 3aBapene MUI
MIOCTYIIKOM 3aBapuBama MOTPEOHO je y3eTH y 003up |
YTHIAj TOIUIOTE KOJH CE MPOCTHPE Ha ofAcTojamy ox 30
mm oJf maBa y HOXuIM, 1 20 mm of masa y pedpy.
Koeduuujenr penykumje y 3YT-y je p,, = 0,48. Peny-
KaBaHe Je0JpiHe pebpa U HOXKHIIE Ipeceka ce oapelhyjy
Kao Mame BPEAHOCTH O] Koe(hHIHjeHTa peAyKIHje yc-
nen n3bouaBama u peayknuje y 3YT-y. Ha commm 16 cy
npuKa3aHy e()eKTHUBHU MOMPEYHHU MPECELH 3a 3aTe3ahe
(a), nputHcak (0), 1 caBujame (B).

EdekruBHe ne0/pMHE AET0BA TIPECEKa CY:

pedpo - 9HCT IPUTHCAK: lore = 0,42x5 =2,1 mm

pebpo - grcTo caBHjame: tw,eff:b =0,82x5=4,1 mm
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pebpo y 3YT-y: L = 0,48x5 = 2,4 mm
(b, 1, = 20 mm)
Hoxkuma 'y 3YT-y: t, = 0,48x10 = 4,8 mm

(é‘:fhaz =30 mm)

225 65 225 225 65 225 225 65 225
o a || 2] ;_;l : [ (D I = .:Cg: J| 2.4
[ 2.1 {41 2
(=] (=
4 a B
5
| 2.1 o
- 3 o 5 o 2| 24
= e |
225 65 225 225 65 925 225 65 225
A, = 3082 A, =2228 W= 314982
mm? mm? mm?
a)Yeneo 6) 3a uucm 8) 3a uucmo
3a6apuearba npumucax cagujarve
Cnuka 16. Epexmusnu nonpeunu npeceyu
HocuBoct npeceka Ha 3are3ame
£ 260
Nora = Ag =3850 x — =910 kN
Yy 1,1
z, 310
Nora = A —— = 3082 x =764,4 kN
' e 1,25
N, pa=764,4 kKN

HOCI/IBOCT MMPEeCCKa Ha NPUTUCAK
/, 260
Nopa = Agp= = 2228 x — = 526,60 kN
Vmi L1
Nc,Rd = 526,60 kN

HocuBocTt nmpecexka Ha casnjan;e

4 314982
— O efthaz _ _
“T T dagoss 72
/1, 260
Mg =0 Wy —%==0,702 x 448983 x —
' M1 131
=74,45 kNm

ML',Rd = 74,45 kNm

HocuBocTt nmpecexka Ha CMMIaAbLEe

/, 260
Via = A, —==1544,92 x —— =210,83kN
K L1V3

VRd = 210,83 kN

5.3AKJbYYAK

[TojaBa KOMIUIETHHX W KOXEPEHTHHX IIpoluca 3a
MpopadyH KOHCTPYKIMja O aIlyMHHHjyMCKHX JIeTypa
kakaB je EBpokox 9, maje mMHOrO BHIIe MoryhHOCTH U
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cnobosie TIPOjeKTaHTIMa METATHUX KOHCTPYKIIH]ja, IIITO
WHIUPEKTHO MOXKE JOBECTH 110 Belie MpHUMeHe alyMH-
HUJYMCKHX KOHCTpykKuuja Wmak, riiaBHe mpernpeke 3a
Behy ymorpeOy anymuHHjyMa Ka0 KOHCTPYKTHBHOT Ma-
TepHjaia y rpal)eBUHapCTBY OCTajy HEroBa BUCOKA IIeHa
W HEJOBOJFHO HMCKYCTBO y NpPOjEKTOBamy M H3BOhemy
KOHCTpyKIHMja oBor Tuna. Mehytum, 6e3 o63upa Ha He-
CYMIbHBO BEIIMKE IOYETHE TPOIIKOBE AJTyMHHHjYMCKE
KOHCTpYyKIHje, 300T He3HATHUX TPOIIKOBa OJ[PXKaBarba
U Mambe TSKHHE Y OJJHOCY Ha YeIIMYHY KOHCTPYKLHjE, Y
oapeheHHM OKOJHOCTHMA M300p ATyMUHHjyMa Kao OcC-
HOBHOT' MaTepHjajia 3a KOHCTPYKIHjy MOXe OUTH paiu-
onaiaH. Ckopa mpumeHna EBpokona 9 u y Hamoj 3eMibH
nonehe MHore OeHE(UTE Yy HHKEHEPCKO] Ipakcy, jep he
KOHAYHO OWTH MOIYyHeHa Mpa3HuHA y MPOMUCHMa KOjH
ce OaBe OBOM MpOOJIEMATUKOM, ainu fie OUTH U OTBOpeHa
BpaTa 3a 3HaTHO Behy npuMeHy AJi-Jierypa Kako y 3eMJbH
TaKo ¥ Ha MHOCTpaHoM Tpxxumty. IllTo ce camor npopa-
YyHa THYE OH CE Y BEJIMKO] MEPH OCllatba Ha NMPUHIIUIIE
NpopavyyHa YeNTMYHUX KOHCTPYKLHja, anu y3umajyhu y
003Up CcBe CHEHU(PHUIHOCTH ATYMHHHjyMCKHX JIETYypa
KOje Cy IPE3CHTOBAHE Y OBOM Paiy.
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HOUSING STRATEGIES IN KENYAN TOWNS
AND DWELLER-INITIATED TRANSFORMATIONS - e = X\
CASE ESTATES FROM NAIROBI Ceat

STAMBENE STRATEGIJE U KENIJSKIM GRADOVIMA |
TRANSFORMACIJE PODSTAKNUTE OD 11 *‘
SAMIH STANOVNIKA — PRIMERI NASELJA U NAJROBIJU

UDK: 351.778.5(676.2)

Originaly scientific paper

Peter A. MAKACHIA

SUMMARY

Housing demand in Nairobi city has exceeded her rapid population growth culminating in
shortage, contributory to informal settlements, and now increasingly attributed to dweller-initi-
ated transformation in formal housing. Although additive transformations, manifest as extensi-
ons, are responsible for needed additional housing stock, the paper appends the supporting view
that qualitative value-addition fulfilling socio-economic needs are also central to the dwellers’
objectives. In first part, the paper traces the historical evolution and the structure of the city s
housing strategies. Favoured by her British colonial heritage, these strategies were concurrent
with the modernist paradigm and operationalised as ‘provider’ housing template. The inde-
pendent state policies hardly deviated from the same premise. This however contradicted par-
ticipative strategies of the ‘supporter’ paradigm. The paper posits that the absence of dweller-
participation lends these projects to unilateral transformations prevailing in formal housing in
Nairobi. Using two case study projects at Buru-Buru and Kaloleni, the magnitude and nature
of the transformations are related. The findings draw a link to the housing consumption model of
ownership or rental, as well as the physical design strategy of the estate, clusters grouping entity
and dwelling unit. Further, the common negative view of transformations is dispelled in reco-
gnition of the conscious enhancement of spatial quality in the transformed estates that promotes
the conviviality of the neighbourhoods. The only noted negative quality of transformations is
use of transient technology and materials which however is directly related to the lack of tenure
and other rights to the locations. These lead to the conclusions that the ingredients of strategy
guiding positive outcomes from transformations include an increased sense of security of tenure
and appropriate physical strategies for inevitable transformations by designers.

Key words: dweller-initiated transformations, housing estates, urban housing strategies,
Kenya, Nairobi, participation.

REZIME

Stambene potrebe u gradu Najrobiju prerasle su ubrzani porast njegovog stanovnistva,
koji kulminira u nestasicama, cemu doprinose i divlja naselja, u kojima je sve vise zastupljena
transformacija stambenih jedinica koju preduzimaju sami stanovnici. Mada se te dodatne tran-
sformacije manifestuju kao dogradnje, one su ustvari odgovor na narasle stambene potrebe,
cemu ovaj rad daje svoj doprinos nudeci glediste prema kojem kvalitet i vrednost tih dogradnji
ispunjavaju socio-ekonomske potrebe, koje su glavni cilj onih koji u njima prebivaju. U prvom
delu, rad ukazuje na istorijsku evoluciju i strukturu gradskih strategija u stanovanju. Cenjene
od strane britanskog kolonijalnog nasleda, ove strategije bile su konkurentne modernistickoj
paradigmi i sprovodene su kao svojevrstan ,,obezbedivac** stambenog obrasca. Drzavna politika
nezavisne Kenije tesko da se udaljila od iste postavke. To je medutim protivrecilo participativnim
strategijama ,,vliadajuce * paradigme. Ovaj rad stoji na stanovistu da odsustvo participacije sta-
novnistva ustvari prepusta te projekte unilateralnim transformacijama, koje previaduju u legal-

Adresa autora: Lecturer, Department of Architecture & Building Scien-
ce, University of Nairobi, P.O. Box 30197 — 00100, Nairobi, Kenya

Website: www.uonbi.ac.ke,

E-mail: pamakachia@gmail.com. makachia@uonbi.ac.ke
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noj gradnji u Najrobiju. Koris¢enjem dveju studija kao primera, naselja Buru-Buru i Kololeni,
ovde su uporedeni magnituda i priroda transformacija o kojima je rec. Zakljucci iscrtavaju vezu
ka modelu stambene potrosnje kao vilasnickom ili kao iznajmljivackom, kao i ka otelovijenoj pro-
Jjektantskoj strategiji odredenog naselja, grupacija unutar istog ili stambene jedinice. Nadalje,
uobicajeno negativno sagledavanje ovih transformacija stavijeno je u stranu, u znak prihvatanja
svesnog unapredenja prostornog kvaliteta u transformisanim naseljima, koji promovise suzivot
u susedstvima. Jedini uoceni negativan kvalitet transformacija je upotreba kratkotrajnih tehno-
logija i materijala, koja je medutim direktno u vezi sa nepostojanjem posednistva i drugih prava
na lokaciju. Ovo je dovelo do zakljucka da sastavni delovi strategije koji dovode do pozitivnih
ishoda iz transformacija ukljucuju poveéan osecaj za sigurnost posednistva i odgovarajuce fizic-
ke strategije za neminovne transformacije od strane projektanata.

Kljuéne reci: zransformacije inicirane od stanovnika, stambena naselja, urbane stambene
strategije, Kenija, Najrobi, participacija.

Acronyms and Abbreviations

CCN: City Council of Nairobi

CGI: Corrugated Iron Sheets

CHB: Central Housing Board

COS: Central Open Space

DIT(s): Dweller-Initiated Transformation(s)

DU (s): Dwelling Unit(s)

LAC(s): Local Authority Council(s)

MOW: Ministry of Works

MP: 1948 Nairobi Master Plan of Nairobi
NHC: National Housing Corporation

NU(O): Neghbourhood Unit (Concept)
NUSG: Nairobi Urban Study Group

RA(s): Residents’ Association(s)
SoK: Survey of Kenya

SU(C): Starter Unit (Concept)
TP: Tenant-Purchase

TW: Thornton-White
UDE(s): Urban design Element(s)

INTRODUCTION

The paper focuses on the informal production of
space within formal housing and using Nairobi case study
estates. It posits that housing strategies used in the for-
mal production guided the outcomes in the substance of
transformations by dwellers that affect the environmen-
tal quality in the neighbourhoods. Consequentially, the
embodiment of housing strategy should be appropriately
premised in the certainty of transformations for convivial
built environments. The first part of the paper, discusses
the background and housing strategies in colonial and
sovereign Kenya, while the second half, compares Buru-
Buru and Kaloleni case estates.

BACKGROUND TO THE CITY OF NAIROBI

Nairobi is its capital city of Kenya; an African state
on the east of the continent (Fig. 1) of well over 38 mil-
lion people (RoK, 2010). Nairobi’s origin as a modern
human settlement dates back to ‘1896 when a Sergeant
Ellis established a small transport depot for oxen and
mules’ (Obudho & Aduwo, 1992). Later in 1899, the
Kenya Uganda Railway (KUR) constructors selected it
for locomotive depot and workshops. The railway linked
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the Indian Ocean to the source of the River Nile in Lake
Victoria.

Originally known to the indigenous inhabitants as
‘enkare nyrobi’ (a place of cold waters), it was not in-
habited and was only used as grazing land and livestock
watering point for the Masai) people. It was found a suit-
able pausing location by the railway engineers because
of the flattish terrain that preceded the more challeng-
ing Rift Valley that lay ahead. Initially it served as KUR
headquarters (Nairobi Urban Study Group? (NUSG),
1973) but later it became the capital city of the British
colony in 1905 that became Kenya. By then it had a pop-
ulation of about 10,000 and by 1919 became a municipal-
ity. It received a city Royal Charter in 1950 (NAIROBI
-A Jubilee History 1900-1950, ¢.1950).

The early town plan (‘A’ in Fig. 2) concretised the
racial segregationist policies that placed the indigenous
Africans at the bottom of the pyramid in the quality and
quantity of the allocation of human settlements’ land
(Emig & Ismail, 1980, p. 9). Another plan in 1920 (‘B’
in Fig. 2) furthered the theme and was meant to create a
‘Settler Capital’ (Emig & Ismail, 1980, p. 19). A 1948
Master Plan (MP) (Thornton-White, etal., 1948) by a
South African consortium used the boundaries in map ‘C’
in (Fig. 2) expanded boundaries further and was the geo-
graphical basis for the Nairobi’s city status in 1950. The
current city structure was largely based on the MP. At
independence in 1963 the boundary was extended to the
current 684 KM? from the ‘Old City’ of 90KM? (NUSG,
1973).

The new city included peri-urban settlements, a
Game Park, the Airport and ranching land to the east
(Hake, 1977, p. 82) (NUSG, 1973). The Nairobi urban
Study Group (NUSG)? that prepared the ‘Metropolitan
Growth Strategy’ in 1973 noted that though the bound-
ary expansion aimed at giving the city adequate reserve

D Masai is an Indigenous East African nomadic ethnic group
famed for her prowess in pastoralism that still retains cultural values
lolng after the end of colonization in Africa.

2 Map c. 1901 (‘A’) shows the layout of the Railway Town, whi-
le another map ¢.1905 (Emig & Ismail, 1980, p. 15) shows a 1.5 mile
radius circle as the boundary giving an area of 18KM?.

3 The NUSG was composed of Kenyan ‘staff backed by Co-
lin Buchanan and Partners as consultants’ (Hake, 1977, p. 86) — a UK
firm.
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Figure 1. Map of Kenya (shows administrative Unites) and location in Africa (based on: RoK, 2010)

land for growth, ‘The demarcation of the boundaries was,
however, greatly influenced by pre-independence politi-
cal considerations, with the result that the entire city area
does not constitute a cohesive planning unit’. This post-
colonial intervention deviated from the racial spatial seg-
regation and consisted of a series of policies that were to
guide the city until the year 2000. It was highly informed
by international capitalist orthodoxies and the ideolo-
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gies of the UN and the Bretton Woods’ institutions of the
World Bank and IMF.

The city’s current population of above 3.2 Million
(Republic of Kenya, 2010) is about 21% of country’s ur-
ban population. Although this is close to 10% of the na-
tion’s people, the city contributes about 50% of Kenya’s
GDP.
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Figure 2. Nairobi City boundary expansions (based on: Obudho & Aduwo, 1992, p. 53)

THE PROBLEM OF URBAN HOUSING patterns that are emerging reflect values generated and
preferred by these urbanites. Housing in urban areas is
therefore no longer just about physical shelter and hous-
ing stock deficits nominally represented in statistics; it is a
matter of formation of livable environments and homes.

In Kenya, urban demographic trends indicate that
towns are increasingly inhabited by people who are en-
dogenous to the urban settlement; through birth, breed-

ing ?ﬂd li‘_’elihOOdS (RoK, 2010; Riley & Wakely, 2005). This is reiterated by the fact that the majority of
Unlike prior trends whereby rural-urban migration (An- housing spatiality covering the past 30 or so years has
dreasen, 1987) was the norm, a larger proportion is truly been dweller— generated. This has been the only option
urban through this turn. Further, the spatial consumption in place of formal statutory or private institutions. Thus,
.  A— : : S—
e = B o
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Figure 3. Documented native ‘vilages ‘ based on a director survey 1909 map (GSGs no. 2527, printed in 1910) superimposed on a pre-
1963 map (author, 2011)
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for instance, of the 150,000 annual housing deficits, only
35, 000 were formally produced, leaving the balance to
informal / non-formal processes. This not only included
the proverbial informal settlements for the lowest income
earners; but also transformations by dwellers in housing
estates for other income profiles.

Dweller-initiated transformations (DITs) have
emerged as the predominant paradigm which traverses
all income strata (Anyamba, 2006; Makachia, 2010) and
that aims to bridge the gap between provided formal
housing strategies and actual user spatial consumption
models. Transformation is the process of; (i) modifying
and (ii) extending a space in a dwelling unit. The former
qualitative aspect invokes personalization by individual
dwellers, identity formation and reflects the true or de-
sired use-values manifest spatially in the homes formed.

The latter quantitative additions, contributes to addi-
tional housing stock, and in Kenya the preferred lexicon
is ‘extensions’ (Gitau, 1999). Whereas, ‘modifications’
are inconspicuous and attracts perfunctory glances, ‘ex-
tensions’ however are feigned upon and are subjects of
condemnation by policy-makers and professionals’ alike.
Combined, these variants of DITs create not only the new
image but also the substance of contemporary housing
consumption in Kenyan urban areas. In the next section I
narrate the historical evolution of housing strategies from
colonialism to the contemporary.

URBAN HOUSING STRATEGIES IN KENYA

Urban housing in Nairobi, reflected the status of the
entire country, and gravitated around racially guided land
zoning.

Colonial Housing

Land for housing in early pre-independence Nairobi
ignored the native Africans, allocated marginally better
sites for Asians but preferred prime locations for the Eu-
ropeans colonizers. However, urban labour needed in the
town coupled with need for cash by the Africans to pay
taxes led to daily movement to the city. This proved un-
sustainable in the long run, and bred early informal set-
tlements, ‘villages’ (Hake, 1977) on the fringes (Fig. 3).

Grudging acceptance of the need for African accom-
modation was mainstreamed, by initially, only isolating a
‘location’ at Pumwani, which was later succeeded by hous-
ing estates. Notable strategies included the Neighbourhood
Unit Concept (NUC) advocated in the MP (Thornton-
White, etal., 1948). This fronted self-contained housing
neighbourhoods, with social, recreational and commercial
amenities, then popular in the West (Perry, 1929). This
NU template guided most African housing schemes in the
post-WW2 ‘economic boom’ era (Anderson, 2002).

One critical aspect of these housing was the non-
consultative, ‘provider’ stratagem, and this was reflected
in the paucity of spatial provision. Indeed, most houses
were only basic ‘bed-spaces’ only suitable as bachelor
accommodation, and ignored women and families resid-
ing in the towns. However, a key institution that promot-
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ed better quality housing to the Africans was the Cen-
tral Housing Board (CHB) by the Housing Ordinance of
1953 ostensibly ‘to help local authorities in their housing
problems’ and ‘to foster provision of adequate African
housing throughout the country’ (CHB, c. 1960, p. 2).

CHB Strategies

Three components of the CHB were instrumental in
shaping the future strategies for low-income housing in
Kenya®, an included: form as manifest in the DU typol-
ogy, the process of implementation and the financing of
individuals.

In the DU #ypology, it deviated from the ‘bed-spac-
es’, and vouched for ‘well-planned accommodation for
the family unit’ (Figs. 4-9). It also accepted the reality of
the urbanised African and aimed to: ‘...encourage per-
manent urbanizing of the African working classes which
provide the force in all the main centres of the colony,
and to this end it is particularly sponsored the construc-
tion of the family accommodation consisting of no less
than two rooms with, where possible, indoor water-borne
sanitation and ablutions’ (CHB, c. 1960, p. 1 &11)

In addition, the process, it recognised ‘growth’ by
providing extendable houses (Fig. 4), thus; ‘...certain
house design are built to be, ultimately family housing,
but are retained, temporarily, on a single room basis until
the need for family accommodation arises, when a sim-
ple structural alteration, such as unbrickng a door pro-
vides it’. The Board thus aimed to provide innovative
designs that would not become obsolete in a ‘few years’
but catered for expansion. Laudably, this was recogni-
tion of the transformation/consolidation in contemporary
‘starter’/‘core’ housing (Makachia, 1995; Napier, 2002).
Though implicit, the self-help and participatory role of
the dweller was the import, and hence the ‘backward
linkages’ (Skotte, 2004, p. 44) of urban housing.

The Board also advocated housing purchase by ten-
ants, a financial strategy of empowerment to ‘...encourage
actual home ownership’, and consonant with the emerging
more affluent African. An additional economic incentive
was the provision for accommodation of a ‘lodger’ whose
rent would aid in offsetting the cost of housing purchase.
Thus, this allowed: ‘...a family man the opportunity of
sub-letting one of the rooms in the house to bachelors on a
“bed-space” principle, while temporarily suffering the in-
convenience of overcrowding his family into the remain-
der of the house’ (CHB, c. 1960, p. 13). This economic
persuasion foresaw the present-day subletting (Andreasen,
1987) and the contribution of housing to the economy;
‘forward linkages’ (Skotte, 2004, p. 46). In the same vein,
it vouched for the use of local materials.

4 CHB was (probably) part of the British preparations for African
self-government, and the housing minister was Hon. Amalemba, (CHB,
c. 1960, p. 28 & 32) who was one of native leaders to occupy Legisla-
tive Council seats. Indeed, the strategic positions on: house typology,
process, financing, and ownership, informed the emancipatory stances
in urban housing adopted by the Local authority councils (LACs) and
the National Housing Corporation (NHC), which succeeded CHB in
urban housing provision in postcolonial Kenya.
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Figure 4. Type 65 - extendable house (CHB, c. 1960)

Figure 5. Detached bungalow (CHB, c. 1960)
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Figure 6. Type 53 (CHB, c. 1960)

The Board, in their manual (CHB, c. 1960, pp. 48-
56), offered a wide selection of DU Type Plans adapt-
able for housing projects by Local Authority Councils
(LACs). The DU variety included:

I) Extendable type (Type 65, Fig. 4); suitable for
low income groups and was capable of development for
lodger accommodation. It was also suited for dense de-
velopments.

II) Family and lodger accommodation (Type 53,
Fig. 5); suitable for building in four stages and amenable
to moderately dense developments.
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Figure 7. Type 5-58-1 (CHB, c. 1960)

Figure 8. CCN Type ,,C* Ofafa (CHB, c. 1960)

Figure 9. MOW Mayfair flats (CHB, c. 1960)

IIT) 2-storey family flats (Nairobi City Council,
Type “C” Ofafa & Ministry of Works “Mayfair Flats”,
Figs. 8 and 9); suited for density town and up-country
(climate) urban housing, and economised on services.

IV) Family and single accommodation combined
(TPA Type 5-58-1, Fig. 7); for high density housing in
urban areas for warmer climates

V) Family bungalows (Type 2, Fig. 5); were de-
tached and semi-detached family units suited for temper-
ate climates.

In her operations, the CHB was the principal agency
for the government for housing provision and stimulated
home-building through loans to LACs. These loans were
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provided on concessional terms: with interest rates 0.25%
above market rate and durations that varied depending
on the strategy. Thus: Rental Housing — 40 years, Site
and Service (S&S) — 30 years, and Tenant-Purchase (TP)
— 20years, were loan repayment periods. A report by UN
consultants (Abrams & Bloomberg, 1964) institutional-
ised postcolonial housing strategies.

Abrams-Bloomberg Report on Housing

The UN Report prepared by Dr. Bloomberg and Pro-
fessor Abrams, ‘aimed to conduct a study of short-and
long-term housing needs and to make recommendations
to the Government of Kenya on housing policies within
the framework of social and economic development plan-
ning’ (Abrams & Bloomberg, 1964, p. 1). Other policy
primers of the time were cursory and mentioned themes
tangential to housing®. Later housing strategies reflected
global capitalist orthodoxies of neo-colonial linkages and
liberalization fronted by multilateral agencies including
the IMF, World Bank, Commonwealth Development
Corporation and USAID.

The Report was a comprehensive review of coun-
try-wide housing, and in the background section, it
recognised: (i) the poor physical quality of the African
dwellings (one-third were from mud and wattle), (ii) the
paucity of space (95% were 3-roomed or less), (iii) poor
sanitation (49% accessed water closets, often shared and
extremme overcrowding), and (iv) poor kitchens (indoor
cooking was rare, and where available this was in living
spaces). The report also noted rarity (3% in Nairobi) of
African home-ownership.

One recommendation proposed the replacement of
the CHB with a National Housing Authority with extend-
ed powers. Consequently, the NHC established, inherit-
ing the basic tenets of the CHB, through the Housing Act
(Cap 117) in 1966/67. This Act bestowed the Corporation
more powers including provision of loans and grants for
housing construction, and the establishment of ‘a hous-
ing fund and housing board for these and connected pur-
poses’. Other actors resulting from the report were Hous-
ing Finance Company of Kenya for finance and Housing
Research & Development Unit at the univesity for re-
search. Amendments to the Act in 1967/68 extended the
scope, more in line with the Report’s recommendations:
to provision of complete houses, Site & Service (S&S)
schemes, slum upgrading , Self-help/Core housing, and
Tenant Purchase (TP) financial strategy.

A key recommodndation that, in my view seems to
have been missed, was on the ‘City and Community’,
whereby ‘housing must be viewed as more than houses’,
and thus attempts were to be made to create neighbour-
hoods with a sense of ‘belonging’ and ‘group participa-
tion’ (Abrams & Bloomberg, 1964, p. 58). This echoed
John Turner’s sendiments of latter years (Turner, 1977,

) ...like the key policy manifesto of African Socialism and its
Application to Planning in Kenya, that only vouched for state control
of economic sectors like ‘construction’ and ‘housing rents’ (RoK, 1965,
p. 55)
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1969; 1972 & Hamdi, 1991), that reiterate the builing
of a housing community . It should however been more
than ‘providing communal facilities and more social su-
pervision’, which the authors laud the then government
for. The Report should have promoted more participatory
strategies (Perrotti, 1996).

Post-colonial Housing

It is futile to argue against the fact that the most overt
import of colonialism in Kenyan human settlements was
manifest in modern housing in urban settlements. Indeed,
urbanity itself was a new paradigm implanted by the co-
lonial state®, which was rooted in western modernism.
Although some would argue for the import of Kenya as a
neo-colonial state” (Soja, 1968; Slaughter, 2004), mod-
ernism was the overt manifestation of urban space after
independence. The obvious neo-colonial import was
the Bretton Woods Institutions® and other multi-lateral
agencies, which leveraged donor funding with condition-
alities that often directed housing strategies.

Underlying most postcolonial housing strategies,
employed by mainly NHC and LACs, was low-income
affordability, the underlying current in the Abrams-
Bloomberg Report (1964). The translated into housing (i)
form, (ii) financial system and (ii) delivery process. This
is discussed here and that is in tandem with other authors
like Erkelens (1991, pp. 31-34).

Form-based Strategies

A conceptual hypothesis of form-based strategies is
by De Troyer (2004a; 2004b) where the design typology,
is related to the design process, its cost and hence its af-
fordability. Examples of this conceptual approach were
also illustrated in East African states of Uganda (Bush-
arizi, 2004), Ethiopia (Alemayehu & Degaga, 2004; De
Troyer & Allacker, 2004c¢), Tanzania (Makoba, 2004) and
Kenya (Makachia, 2004). The selection of a house-type
and form, is thus fundamental to the process of afford-
ability by a target group. Through morphological manip-
ulations, financial specifics of a target income group can
thus be realised.

In Kenya, the form-based strategies include singu-
lar types; the bungalow (one floor level) and maisonette
(multiple-floor levels), and multiple-occupancy in the
apartments and condominiums (Ast, 1979) (Erkelens,
1991, pp. 31-34).

© Burton states that although urban history of Eastern Africa can
trace vestigial evidence of urbanization in the last 200-300 years, it was
the European colonial rule in the late 19" Century when the present
urban settlements were founded (Burton, 2002, p. 3). He also correctly
asserts that it was only in the middle part of the 20t Century when the
rate of growth accelerated; largely due to rural-urban migration. After
independence due to freedom of movement rural-urban migrants ac-
celerated leading to populations whose housing needs outstripped the
state’s capacity (Abrams & Bloomberg, 1964, p. 3)

7 ...apolitical as opposed to cultural connotation,

%) hese include the International Monetary Fund (IMF), World
Bank and General Agreement on Tariffs and Trade (GATT).
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Figure 10. Kibera high-rise flats (author, 2010)

The bungalow-type could be detached/semi-de-
tached, terraced or grouped around a courtyard. With
regard to transformations, the byword of the bungalow
is probably not only the one level, but the territorial con-
trol over a compound as space for domestic use, informal
trade and urban agriculture. Additionally, higher use-
value accorded to bungalows can also be related to their
colonial legacy as a preserve of the richer Europeans (the
“Victorian’ house: (Elleh, 1997, p. 58)). The maisonette
refers multi-storeyed unit but with singular occupancy,
that is often semi-detached or terraced. This typology has
become a norm and typifies most middle-income owner-
occupied dwellings countrywide. Like the bungalow,
DITs in maisonettes is catalyzed by the individual plot
formation. In Kenya, the apartment blocks take the form
of the walk-up type of between 2 to 6 floors (Fig. 10). In-
dividual flat ownership deeds are recently made possible
through the Sectional Properties Act (RoK, 1987). In the
apartment type, transformation potential is by guided by
cost, legal and technological challenges, often difficult to
surmount by individual dwellers.

Although, at a basic level the form of house deter-
mines its cost, this translation into the price and hence
its affordability in 3" World housing, remains suspect.
Form as a determinant of cost is mostly neutralised by
the cost of land (and services) for horizontal attachments
versus that of the technology for vertical combinations in
flat-types. A thorough feasibility analysis is, thus, man-
datory for cost-effective design choices. This stance has
been empirically supported by the need for unsustainable
subsidies in the apartment-type low-cost estates like the
early phases of Kibera (Fig. 10) and Pumwani High-Rise
(Shihembetsa, 1995), leading to the subsequent abandon-
ment of the strategy for low-income housing in Kenya.
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At its best house-form serves to exclude some
potential dwellers/owners at the first point of sale, but
ultimately, the location, social and financial considera-
tions, all combine to determine its affordability. The form
model also ignores the potential and dynamics of trans-
formations as determinants of affordability. As reported
by studies in government housing in many 3™ World con-
texts (Tipple, 2000), the provided DU is only a ‘starter’,
as most dwellers invariably perceive the transformations
option as an ultimate aim, and rooting affordability in
only the provided form ignores this dynamic.

Financial Strategies

These strategies enable affordability of housing
through financially engineered mechanisms; manipulat-
ing interest rates, periodic payments and repayment peri-
ods to fit within incomes of a target population (De Troyer
& Allacker, 2004d). It is also about consumption models;
i.e. individual/group ownership or private/public rental.
This also infers security of tenure that bestows collateral
and other rights to the dwelling (Jorgensen, 1982).

Formal housing, being a permanent tangible asset,
requires long-time finance and involves large sums, of-
ten inaccessible to individual dwellers and is thus, more
amenable to institutions. The root of the housing finance
problem has been the focus on ‘compete’ housing in
modern housing and in the process ignoring participative
processes, which also influence financial affordability.

The housing finance pretext in formal housing of-
ten ignores the reality of income-generation through the
housing asset, which is often captured in the motivation
for transformations. An example is when income accrues
from the housing asset due to owner-occupied house
through enhanced housing allowances, sub-letting rents
or commercial activities in extensions; hardly considered
when determining access to housing finance.

With regard to public sector housing, the invidious
choice is often between socially desirable versus eco-
nomically viable projects. This has led to notions and
practices of social housing schemes that charge below
market charges through subsidies. Over time and in line
with market-driven policies, subsidies have proved un-
sustainable and are no longer popular. Debt financing in
socially desirable schemes has moved towards elongat-
ing maturity periods for loans to bring annuities to the
same level as subsidized ones. As can be expected pri-
vate sector housing hardly consider the social dimension
and concentrate on exploiting the vacuous situation for
maximal economic gain. For architects, different modes
of financing and tenure imply spatial appropriations that
lead to different spatial concepts that promote creation
of homes.

In Kenya, public housing is rental, provided by
LACs and government ministries. Rental housing has
mainly been implemented by NHC (or CHB). Public
service housing is through government ministries of
Works or Housing. LACs administer long-term loans of
up to 40 years in rental housing. This housing is laden
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with a historical social reality of subsidies; a situation
that attracts two invidious scenarios; subletting but al-
so rent defaulting (Mwangi, 1997, pp. 135-6). Thus in
public rental estates a ‘virtual’ rental market, charged to
sub-tenants by council tenants, always exists. The basic
characteristic of public housing has been the ownership
by the government authority, rented to civil servants or
general public, a scenario that often disregards the state’s
financial losses (Jorgensen, 1982, p. 80).

A consequence has been the image of public hous-
ing has been of typical undifferentiated monotony of
minimum standards that are ill-maintained, and over-
crowded, now prone to informal transformations. They
are now prone to informal transformations. Formerly
located in least attractive districts of the towns, these
dwellings seem ill-fitted in areas overwhelmed by rap-
id urbanization. The charges remain heavily subsidized
through ‘economic’, non-market rents and that are dif-
ficult to adjust for political reasons and attracting long
waiting lists. This last characteristic attracts a ‘price’ for
the privilege of being a recipient of a public rental house
and a charge for tenancy transfers. Another manifestation
is in the transfers to kin through generational transfers;
‘inheritance’. This inexorably contributes to transforma-
tions as demographic dynamics of maturation of chil-
dren, reproduction, privacy of gender and marital status
demand physical expansions.

The other option of public housing for civil serv-
ants is also increasingly unpopular, and since the 1990s
most such houses have been sold to top-level civil serv-
ants and others. The motivation for this trend concerns
the government’s incapacity to physically maintain them
and levy higher rents.

Other sources of social tenant housing are the em-
ployer-provided housing that traverse low-to-high income
zones. However, most employers prefer to concentrate on
their core business than delve into housing provision, and
only offer housing allowances that hardly reflect market
rents. Policies also seem unable or unwilling to enforce
employer-provision of workers’ housing.

Private rental estates may also be developed by cor-
porate or individual investors for the housing market,
and traverse the high and low-income brackets. Hous-
ing meant for the low income often emerged as exten-
sions (Mwangi, 1997, p. 144) and in tenement apartment
blocks (Huchzermeyer, 2006). This however has not
been initiated through direct investment by the low-in-
come original owners, but through transfers of ownership
to speculators aiming to capture the market of created by
the massive housing deficits.

The home-ownership option is a highly valued mode
of house occupancy in formal housing in Kenya at pol-
icy and individual levels. Privately produced houses are
largely outside affordability brackets of the low-income
groups in urban areas, and instead only DUs financed by
the state have been available. It is however noteworthy
that even if eligible, low-income loans are often denied
by conventional financial institutions because they are
costly to administer and difficult to make profitable. In-
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stead, micro-finance institutions (SMEs) feature in low-
income home-ownership.

Other private-sector home-ownership schemes are
housing co-operatives and are based on employment sav-
ings. Ordinarily, housing developed through co-opera-
tives should belong to the membership collectively and
transfers referred back to the society. The reality in most
Kenyan co-operatives’ is their use as housing access ve-
hicles only, after which individual transfers are possible.
The advantage in the former, restrictive role, of the coop-
erative bond is in the control of the physical image which
can regulate transformations.

In public housing, two forms of home-ownership
that exist in Kenya are mortgage and tenant-purchase
(TP) ownership. Mortgage ‘ownership’ should ordinarily
cater for low— and high-income groups alike as well as
individual and institutional investors. Mortgage owner-
ship entails the use of the DU ownership deed as collat-
eral by the financing institution, which retains it until full
payment of the mortgage. Since the terms are market-de-
termined, mortgage housing hardly benefits low-income
groups. Further, since at the time of the loan the DU
should be clearly physically determined to correspond
with to the loan risk, and these mostly ‘complete’ houses
adhere to high standards, unaffordable to the poor.

NHC sources short-term construction finance from
donors and government-owned banks, while long-term
individual mortgage (15-20 years) finance is from mort-
gage firms, e.g. Housing Finance (HF). Other than NHC
other mortgage housing developers have included the
CCN, National Social Security Fund and Kenya Build-
ing Society.

Tenant Purchase (TP) ‘ownership’ is a form of ten-
ant empowerment whereby rental repayments ultimately
constitute annuity towards the purchase of the unit. The
TP terms are social-market driven and constitute a sub-
sidy. For instance down payments are often low (10%,
while mortgage rates can be as high as 40%), interest have
been as low (12% in Kibera High-rise, against 26% in
the market which are also inflation-adjusted) and repay-
ment periods as long as 25 years. TP agreements however
do not immediately bestow the dweller with ownership
rights until full loan recovery. Ordinarily, transforma-
tions not stipulated in the TP agreement are forbidden as
the unit remains the property of the developer until full
loan recovery.

Housing Process Strategies

The delivery strategies distinguish housing produced
through formal processes that disengage the dwellers di-
rect involvement in construction activities and those that
involve participation. The later stem from the critique of
‘modernism’ popularized in ‘populism’ (Tzonis, 1976;
Turner, 1972; 1982; & 1977; Hamdi, 1991; Frampton,
1992).

‘Complete’ houses are defined under the form-based
strategies and are bungalow, maisonette or flat discussed
and are non-participative. Its financing can be rental,
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Figure 12. Measured Transformed Plan for Kayole S&S Gro-
und Floor (Author, 2010)

mortgage or TP, and implemented through a contractor
and institutional actors. It is the ultimate of the modern-
ism where spatial, economic and functional needs for the
dweller are computed, captured in the ‘provider’ strategy
(Hamdi, 1991).

‘Participatory ’strategies entail participation and has
been used variously; including, the ‘starter’/ ‘core’ unit
concept’, the ‘site and service’ (S&S), and in ‘upgrading’
strategies. These were part of the ‘basic needs’ global
development orthodoxy that entailed integrating the ur-
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Figure 13. Working drawing of a Type Plan of a ‘starter’ unit
- with consolidation proposals (based on NCH, 1995)

Figure 14. As-built ‘starter‘ unit at Mbale town (Author, 1995)

ban poor through project components that improved their
access to services and shelter. One of the project objec-
tives was to stimulate employment, income generation
and demonstrate a low-cost house delivery system (Sy-
agga, 2003, p. 13). The theoretical basis was John Turner
when he concluded that: ‘It is essential to develop a serv-
ice delivery system which allows and encourages local
groups to assemble their own programmes and projects’
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and such ‘cannot be based on pre-determined and closed
project’(1969, p.9).

The ‘Starter’ (SUC) and ‘Core’ Unit Concepts were
partially developed. The two, ‘starter’ and ‘core’, are
distinguished by the magnitude; but both had a services
“wet” core’ (toilet, bathroom, kitchen). The ‘starter’, in
addition, had one or two living rooms (Figs. 11-12). In
both cases, a Type Plan (Fig. 11) was provided and its
consolidation would rely on the dweller. Sold through TP
Agreements, it was common in the 1980s in mainly a US-
AID-funded secondary town programme, and was built
from modern materials and thus adhered to the Building
Code (RoK, 1997).

The Site & Service (S&S) strategy, involved a lower
level of provision and only a surveyed plot with basic
infrastructural services like a water point, roads and sew-
erage were provided in addition to a Type Plan (Fig.14).
The S&S formed a significant part of the NHC’s strate-
gies in the 1970s and the relatively high standard services
may have contributed to the limited numbers delivered.
S&S fell in line with the World Bank ‘basic needs’ and
‘self help’. This strategy entailed that the dwellers would
be accorded shelter but also stimulated income genera-
tion by the urban poor to ‘...demonstrate an effective
low-cost delivery’ system and °...strengthen institutional
capabilities of government and local authorities for im-
plementing and managing urban development’ (Syagga,
2003, p. 13). The S&S strategy was also a translation

of the recommendations in the Nairobi-Metropolitan
Growth Strategy (NUSG, 1973) and was first implement-
ed at Dandora in 1975.

Most consolidated S&S plots have exceeded any
stipulations leading to tenement apartment blocks (Fig.
11). Further, ownership deeds were often sold to specula-
tors (Syagga & Kiamba, 1992, p. 79)

Another ‘participatory’ strategy, slum upgrading,
went further to target informal settlements and capital-
ized on their prevailing socio-economic capital to cre-
ate more socially sustainable housing environments. The
strategy was skeletal as only services and tenure security
were the objective in ordering existing settlements. By
their very nature, ‘participatory’ strategies leave a wide
berth in which the dwellers can operate when it came to
DITs and the outcomes demonstrate such scope and va-
riety.

THE CASE ESTATES
Methodological background

The investigation used the case study strategy (Yin,
2003; Johansson, 2003a and 2003b), for a comparison of
the two estates of Kaloleni and Buru-Buru. For ease of
comparison, the units of analyses are hierarchical design
layers (Table 5) of the estate, Urban Design grouping El-
ement (UDEs) and the houses (DUs); chosen since they
reflect actual space-uses by individual households. The

Table 1. The hierarchical units and sub-units of analysis, sampled units in the case estates (Makachia, 2010)

Level 1: DU Survey Level 2: UDE Survey Level 3: Estate level Survey
KALOLENI | BURU-BURU | KALOLENI | BURU-BURU | KALOLENI | BURU- BURU
Description | Use of case study DUs; interviews for bio- Use of case study UDEs- Use of reconnaissance surveys,
data and mobility of the dweller Randomly physical observational data problem formulation, pilot
identified the initial sample advanced through a |only of units within a cluster, study, media reports
‘snowballing effect’, used for unit level analysis | both quantitative and qualitative
approaches, were used.
Number 12 103 52 310 884 4715
Percentage 1.42% 2.06% 6.15% 6.20% 100% 100%
Table 2. DIT categories operationalized (Makachia, 2010)
ELEMENTS BRIEF DESCRIPTION
Type A | The boundary This did not include work on the actual unit but included
Surface water drainage modifications.
Landscaping
Paving ...
Type B | Finishes — external and internal This was largely ‘skin’-based work on the provided unit.
Openings — modification / replacement
Openings - burglar-proofing
Fittings —joinery
Type ¢ | fusion These included internal spatial modifications or within the area of
Conjunction - reduction the provided unit, in line with the ‘combination’ and ‘subdivision’
Intercalary space architectural strategies fronted by Oxman’s (1985) staged categories
Subdivision of transformation.
Add-in
Type D |Clip-on This refers to ‘extensions’
Vertical addition
Bridging
Add beside
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Figure 15. Aerial photograph of Eastland s district of Nairobi - showing location of cases (author 2010)

Table 3. Parameters of the Case Estate (Makachia, 2010)

Estate Kaloleni Buru-Buru
Development Year 1945 1973-83
No. of Units 884 4,715
Target population 3,000 35,000
Funding Colonial Development Corporation, UK | Commonwealth Development

Corporation, UK

Tenure & Housing Access System Rental Owned / Mortgage

Typology Bungaloid / walk-up flats Bungaloid / maisonettes

Target Income Group Low-income Middle-income

Architects A.J.S. Hutton, FR.I.B.A. Mutiso Menezes International, Paviz
Agepour, Colin Buchanan & Partners.

Implementation Nairobi Municipal Council City Council of Nairobi

Financial guarantor

Kenya Colony Government

Government of Kenya
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Figure 16. Original Kaloleni layout (Ogilvic, 1946, p. 25)
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premise in the choice of these units was that they formed
a basis for physical, social nd economic organisation.
The estate investigation gathered data on DIT: frequen-
cies, forms, material technologies and the functions.

The UDEs were spatial elements at urban design
stage of the estates and relate to: circulation, infrastruc-
ture and open spaces, social facilities, commercial facili-
ties and topography. The house, the physical entity defin-
ing the extent of the individual dweller’s control and use
of space, and DITs reflected the individual nuances and
efforts to personalize space.

Within this, the space types distinguished as: public,
private and ancillary also guided the outcome. Table 5
shows the numbers studied under the categories, while
Table 6 shows the 4 main transformations categories
used, named ‘A’, ‘B’, ‘C’ & ‘D’. The categories vary
from the superficial modifications to the quantitative
extensions, adapted from others in the transformations’
debate (Brand, 1994; Oxman, etal., 1985).

Case Estates’ Background

The two case estates shared the Eastlands loca-
tion (Fig. 15), and evolved from formal public sector
intervention (Table 3). The housing provision paradigm
adopted in either case was the ‘providers’ approach
(Hamdi, 1991), and they were based on the orthodoxy
that the state could ‘produce houses’.

Kaloleni is a CCN rental estate, developed during
the colonialism, while in Buru-Buru the units are owned,
through mortgage loans but developed using public funds.
The later developed in the 1970s not only when ownership
model was popular, but also with a morphological dispo-
sition towards singular units based on plots. Commencing
in 1973, Buru-Buru’s five phases took ten years to imple-
ment. Commonwealth Development Corporation (CDC)
funded it in collaboration with the Government and CCN.
Whereas Buru-Buru was for the middle-income (Menez-
es, 1978), Kaloleni was a social housing scheme.

Kaloleni was constructed at between 1945 and 1948
through colonial grants. It was largely based on the TW
‘neighbourhood’ model in the MP (Thornton-White,
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Figure 17. Kaloleni conceptual layout (author, 2010)

IZGRADNIJA 65 (2011) 11-12, 651-670

etal., 1948) and (Thornton-White, Anderson, & Silver-
man, 1948) developed as an outcome of the Mortimer
Committee (1946) on African housing.

Jogoo Road, a 30-metre highway, is the estate’s
main access where public transport lay-byes and nodes
for informal trade are sited. Indeed, Jogoo was peripheral
road, in line with the TW model that linked neighbour-
hoods of the city. The vehicular entrance is a 20-metre
dual-carriage road, which directly accesses to the Central
Open Space (COS), fronted by public-use buildings. The
circulation paths are combined radial streets focussed on
the COS, which also is the origin of the alternative con-
centric ring streets connecting clusters (Figs. 16 and 17).

Figure 16 is the layout from the municipal engineer’s
manual (Ogilvie, 1946, p. 25). In line with the NUC, the
abundance of green space and organic layout of the DUs
are the estate’s best descriptors. The estate was on 37
hectares, and was composed of 26 courtyard clusters of
bungalow/semi-detached DUs and 2-storey flats.

Buru-Buru’s originated from the city’s eastward
expansion (Nevanlinna, 1996). The estate marked a de-
parture from social-market strategies of rental/TP hous-
ing to the free market-based mortgage financial delivery
models. In this dispensation, the government only of-
fered guarantees for offshore funding (Anyamba, 2006,
p- 168), and left housing delivery to the private sector.
Here, the actors were: CCN (implementers), Government
(guarantors), CDC (financiers) and local/UK design/
planning consultants.

Buru-Buru borrowed from UK ‘garden cities’ and
the half-acre plot, cul-de-sacs and cluster courtyards
used mirrored Howard’s (1898) proposals (Panerai, etal.,
2004). Unlike the peripheral road and the COS in Kalo-
leni, a spine road traverses the estate where most public
spaces are situated. Estate streets branch off the spine to
clusters of the 5 development phases in a brabched-tree
formation (Fig. 18).

Estate Level Transformations

At estate level, transformations in Buru-Buru cre-
ated a ‘walling’ effect that differentiated it from the
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Figure 18. Conceptual layout of Buru-Buru estate (author, 2010)
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lower-income estates in the vicinity. The Kaloleni edges
remained porous and easily merged with the similar ad-
jacent low-income neighbourhoods. Transformation atti-
tudes towards circulation in the two schemes contrasted
sharply reflecting respective spatial strategies. Whereas
in Buru-Buru the streets were the locus for DITs, in Ka-
loleni the edges were the attractors.

In Kaloleni, this diminished transformation activity
on the circulation arteries was attributed to the porous
layout of the clusters. This spatial strategy promoted pe-
destrian movement between cluster groupings that was
not restricted to the streets that minimised the impetus
to transform. Indeed, this did not create any hierarchical
gradients respecting private and public space. Although
Kaloleni had clear network radial circulation from the
COS, the transformations acted indifferently to this
seeming rigidity and non-hierarchic geometry. Further,
these extensions were always from ‘temporary’ materials
of CGI on a timber frame for both walling and the roofs.
This was more of a pointer to the rental strategy used
rather any design choices. The temporary technology in
Kenyan human settlements invariably refers to informal
and rural housing, and emerges from the illegality for
towns, while in rural areas the reasons are economic. In
Kaloleni, these reasons merged.

For Buru-Buru estate, the more hierarchic circulation
network (Fig. 18) was more conducive for extensions.
The Buru-Buru propensity was further reinforced in the
nature of extensions through their function, magnitude,
technology and form. Here, the schism of public/ pri-
vate, commercial/residential, ‘temporary’/‘permanent’,
inward/outward orientation, informed the DITs’ articula-
tion (Figs. 19 and 20) as discussed below.

The choice of technology along the major streets
was informative in various ways. Thus, for instance ‘per-
manent’ technology was restricted to the plot edge, and
owners’ domain, while the ‘temporary’ extensions were
in ‘un-owned’ road reserves. Like in Kaloleni, this re-
flected on the tenure security that defined the extension
siting. Thus, permanence within the ‘owned’ plot, and the
‘temporary’ was in encroached, illegally occupied land.
The illegality notion was also evident with regard to the
functions the extensions were subjected to. Thus within
these street-based extensions, the encroachments housed
in these ‘temporary’ extensions, were exclusively com-
mercial-use kiosks. Plot-based extensions were perma-
nent and used for residential-use (Figs. 19 and 20).

The response towards the street was also reflected
in the DIT s typology. Most multi-storeyed developments
were along the major roads reflecting higher locational
values. Functionally, in these storeyed types, privacy also
increased vertically with the location of residential tene-
ment DUs in the upper floors, while leaving the lower
levels for commercial and public uses(Fig. 20). This pri-
vacy hierarchy and functional layering traversed into the
interior of the street-fronting plot. The, the core was the
original unit that was mostly owner-occupied, with the
highest level of social and functional privacy. Extensions
away from the street had a lower vertical scale and aimed
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to retain the ‘owner’ domestic scale as opposed the com-
mercial and rental extensions.

The lesson is that with a clear street circulation and
non-hierarchic network like Kaloleni coupled with loose
cluster morphologies, the DITs’ propensity migrated
away from the streets to focus on the UDEs and DUs. On
the other hand with the more hierarchic street geometry
and clearly-defined clusters in Buru-Buru, the locus for
extensions was the streets.

Urban Design Elements

The UDE, the dwellings’ grouping entity used was
equally critical to the DITs formation, realised in diver-
gent ways that reflected the choice between bungalow
clusters and the vertical grouping in the apartment UDEs
used in the cases.

The estate had 26 cluster based courtyards surround-
ed by bungalow DUs which were however not demar-
cated within plots. The extensions aimed to redefine the
‘plotless’ strategy negating the shared courts. A ‘shadow’
plot formation thus emerged and was a deliberate indi-
vidual appropriation of immediate territory through the
extensions. A consequence was a new ‘mini-court’ so de-
fined by the extensions.

An appropriated cluster court, with ‘shadow’ plots
and a generic schematic 3-D layout of the outcome are
shown in Figures 22-23. It tallied with Newman (1972)
hierarchies of the ‘defensible’ spaces, lacking in the
cluster court. If the provided courtyard was public, an
intermediate-scale semi-public space was needed to me-
diate between the privacy in the DUs, now captured in
the ‘mini-court’. This was also negative verdict on the
‘plotless’ strategy.

The new spatial formation was both a cluster when
more than one household dwelt there, but also as a court-
yard DU-type. The former was driven by economic ful-
filment through sub-letting, while later was socially jus-
tified by the enlarged family. That both these scenarios
existed in Kaloleni, pointed to a merger between the so-
cial and economic values.

Buru-Buru cluster-courts (Fig. 24) mimicked the
‘close’ used in ‘garden city’ suburbs based on Unwin’s
(1902) ideas; i.e. ‘group of houses around a blind alley
or small cul-de-sac square’ (Panerai, etal., 2004, p. 41).
Each phase was composed on average 20 clusters com-
posed of 20-70 plots.

Given the ‘plot’-formation used, observed transfor-
mations reaffirmed each individual-dweller/owner’s ter-
ritory. However, the initial experience of transformations
was at the cluster level, through the ‘gating’, that aimed
to create an exclusive cluster-owner zone. This was fur-
ther amplified in the nature of functions accommodated
in the extension, scale, technology-use and their physi-
cal articulation. Thus, larger extensions oriented away
from the private ‘close’ and towards inter-cluster roads.
The minor-scaled extensions fronted the courtyard, and
seemed to promote a controlled scale within the cluster.
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Figure 19. Kaloleni cluster

(SoK, 2003) (author, 2010)

Figure 22. Aerial phot OF a cluster in Buru-Buru (SoK, 2003)

Functionally, the inner courts avoided non-residen-
tial functions in the extensions, while those located on
the external edges accommodated commercial— or rental-
use. Seemingly, the economic propensity by some was
inevitable but not wholly accepted as part of the image
of the Buru-Buru cluster; and this was realised through

LOW-BCALED
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Figure 23. schematic cluster ‘gating‘ concept (author, 2010)
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Figure 20. Kaloleni ‘shadow * plots

Figure 21. Kaloleni generic ‘minicluster’
formation (author, 2010)

the articulation of the extension by socially excluding
them from the activities of the ‘close’. Further, unlike the
court-ward extensions, the outward-facing extensions
(exclusively of ‘permanent’ technology) were accessed
from the street and outside the court. The ambivalence
imposed by the accommodation of the ‘outsider’ tenant
and the privacy of the ‘insider’ middle-class owner-occu-
pier, was thus realised, through this mutual accommoda-
tion of the social- and economic-use functionality.

The same holds true of the extensions that fronted
the spine road and other major circulation arteries, which
left the cluster interior less prone to haphazard DITs to
maintain the socially defensible space. Figures 22 & 23
illustrate this trend using Mchwa Court. These physical
actions were not directly managed through the court Res-
idents’ Association (RA) (that managed other common
activities like garbage and security).

In summary it was the physical parameters of: scal-
ing (single/multiple storeyed), the access orientation (ex-
troverted/ introverted), functional exclusion/inclusion
(commercial/residential), (tenant/owner-occupier), and the
technological (‘temporary’/‘permanent’), all which guided
the extension propensities in these Buru-Buru clusters.

The apartment blocks were located in the ‘Gorofani
zone of Kaloleni estate, and used only one simple unit ty-
pology, a single room arranged linearly along a gangway.

B

Figure 24. CAD projection of provided apartment block (aut-
hor, 2010)
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Figure 25. A Kaloleni apartment block (author, 2010)

Vertical access was through a centrally aligned staircase.
There was no attempt in boundary definition to define
UDE territory in the apartment clusters and indeed this
open space remained un-appropriated, and the evidence
of transformation was attributed to squatting, not directly
related to the flat dwellership.

These transformations were however minimal and
from the evidence of the Kaloleni flats one can conclude
that, as a UDE, it was singularly unsuited for extensions.
This can be related to the technological challenges and
prohibitive costs; as such constructions require more so-
phisticated process” rather than the self-managed proc-
esses dominating Kaloleni DITs.

Although, not presently fully explored, if the evi-
dence of DITs was the measure, then the apartment UDE
can be termed as a ‘negation of the city’ in the 3" World,
as also articulated by Panerai’s (etal) (2004, p. 121) study
of urban blocks. Indeed, they perceive it as the ‘last meta-
morphosis of the block’ since ‘[t]he absence of articula-
tion is cruelly perceived with the consequence that mak-
ing modifications, other than the addition of new units
or limited individual appropriation within the dwelling
cell is impossible.” Figures 24 and 25 show the Kaloleni
Apartment UDE in based on the drawings and the virtu-
ally unadulterated but occupied Kaloleni block.

Despite divergent results from the UDEs from Ka-
loleni and Buru-Buru a common strand emerges where
transformations were geared to creating a defensible
space. From Buru-Buru clusters, one learns that the clus-
ters defined socio-physical territory; while in Kaloleni,
the dwellers responded to the court typology and scale by
recreating the preferred ‘defensible’ space. The same can
be said of the apartment block, yielding contrary results
that reflected its containment and hence the futility of ex-
tensions with a socio-economic aim.

Dwelling Units

The cases represented dissimilar physical strategies
regarding the DU-type. In Buru-Buru, the DU typology

9 Although Tipple (etal.) (1987; 2000; 1999; 1986), however
illustrate transformations in multi-storey blocks from the Middle East,
their construction processes were un-clarified.
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was central to the strategy for housing middle-income
households, used also to define the ‘ownership’ model.
Indeed, unlike Kaloleni, the number of ‘bedrooms’ (2-4)
rather mere ‘rooms’ defined the DU-types. This was com-
plete with private, public, ancillary and utility spaces that
were less articulated in Kaloleni. In Kaloleni, although 6
Type-plans were the basis for the DU designs, the survey
showed simple linear DU-types that only varied margin-
ally in magnitude and number of living rooms.

The discussion of DITs relied on the 4-defined cat-
egories of (‘A’, ‘B’, ‘C’ and ‘D’), and their frequencies
are shown in Charts 1 and 2. As shown, in Buru-Buru, ‘A’
& ‘B’DITs were almost inevitable, with a 50% chance
for ‘C’ and ‘D’ categories. For Kaloleni, two-thirds of the
dwellers were likely to have categories ‘B’, ‘C’ & ‘D’,
with only 10% engaging in category ‘A’.

As asserted by Brand (1994), buildings will always
subject to transformations instanced by temporal and
natural factors, as well as use and abuse by the dweller.
Transformation thus responds to issues of sustenance of a
use-value through maintenance, aptly recorded category
‘B’ DITs, and frequently reported the cases particularly in
Buru-Buru (100%; motivated by the ‘owned’ DU status

E 9

Figure 27. 3-D CAD projection of the extended DU at Kaloleni
(author, 2010)

Figure 28. View into ‘mini-court” at Kaloleni (author, 2010)
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Figure 29. Floor Plan of Buru-Buru DU and extension (author,
2010)

Figure 30. Buru-Buru DU CAD projections (author, 2010)

and the middle-income status quo desired). These, large-
ly decorative (‘B’) transformations aimed at personalis-
ing the unit, were less in Kaloleni because of the rental
tenure that meant the DUs were not individual property
but the council’s.

Indeed, the same motivation informed the high fre-
quency (98%) of category ‘A’, in Buru-Buru, as opposed
to the meagre 10% in Kaloleni. These, boundary-defin-
ing modifications, aimed to further personalise the DU, a
higher priority for the owner-occupier Buru-Buru dwell-
ers, as shown in Figures 29 and 30. That the Kaloleni
dwellers prioritised internal but decorative transforma-
tions (‘B’) than boundary-defining ones (‘A’) only fur-
ther confirmed the insecurity in the rented CCN house.
For them the internal acts were about fortifying the unit
for security reasons, covertly expressed, lest they attract
the wrath of estate owners. ‘Defensible’ space was thus
manifest differently for the tenant and owner dwellers;
in Buru-Buru it was through boundary definition while
in Kaloleni, it was through fortifying the defined space.
Similarly, the paucity of the provided space in Kalo-
leni meant internal subdivisions (‘C’) aimed to convert
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meagre space for better utilisation was also high priority
(65%), while for Buru-Buru this was not as high (58%),
a third priority change.

It should also be noted that although in Kaloleni, the
edge-definition DIT was low; this was because it often
merged, with extension (‘D’), and the added space went
towards defining the dwellers’ perceived territory in this
ill-defined rental scheme illustrated in Figures 26-28.
This latter phase however constituted structural changes
as they added an independent entity in the ‘temporary’
extensions. In Buru-Buru, the least DIT was also space-
adding (D). These additive DITs were costly and in both
cases the frequency remained modest. The motivation for
Kaloleni was physical aimed at addressing deficiencies
in economic— and social-use space. Thus the dwellers
added space to earn more income from subtenants, and
also the ill-provided household.

Though Buru-Buru’s extensions (‘D’) were for ten-
ement income, they also addressed other socio-economic
factors middle-income class differentiation. The lower
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Figure 31. Transformation motivations in Buru-Buru and Kalo-
leni estates (Author, 2010)

frequencies (43%) of extensions in Buru-Buru also point
the ambivalence of social status and economic motiva-
tion experienced by these middle-income transformers.

In conclusion the prioritisation of the transforma-
tion was guided by territorial concerns, utilitarian needs
and before extensions and it was never an unguarded
drive for money. It was about ensuring that the provided
space fulfilled the dwellers’ functional needs that were
about utilitarian, image and socialisation before exten-
sion meant to serve economic requirements as illustrated
in Figure 31.

CONCLUSIONS

Though historically, housing strategies ignored spa-
tial consumption values of the dwellers of Nairobi, one
can hardly fault the authorities, since they lacked prec-
edents of African urban habitation. The research into
contemporary usage of housing estates in Nairobi helped
identify common usage of endogenously transformed
space. The current derogative notion of transformations
emanates from faulty premises of seeking to offer solu-
tions to urban dwellers in formal housing estates. The
paper advocates understanding these user-models and
utilising the knowledge to realise convivial urbanity. The
lessons illustrate some desirable tangents to pursue for
desired space-use models.

It is accepted and was supported that the qualita-
tive transformations (‘A’, ‘B’ and ‘C’), enhanced the
dwellings, while on the other hand, extensions (‘D’) are
seen as speculator-driven and denigrating to the housing
aesthetics, social and use-value. The all-inclusive inves-
tigation in the paper confirmed that, contrary to the last
assertion, sensitivity in transformations in the dwellers’
choices only enhanced the dwellings’ functionality. For
instance, in Buru-Buru estate extensions were often in-
dependently articulated to realise and accord privacy
and security of the majority dwellership. In Kaloleni, the
extensions defined the territory, ill-provided, and further
introduced the more manageable ‘mini-court’.
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partially evident in the owned Buru-
Buru, the only common thread was
legal land tenure, absent on land ex-
hibiting the unbecoming ‘temporary’
extensions. This lesson added to the
debate with the legality of land access
pitted against the legitimacy of the
dwellers space needs. To the dwellers,
this pointed to the legitimacy of the
act of transformations despite the lack of legal tenure; a
logical aim in housing.

For the design strategy, it was apparent that the
grouped forms, as in the apartment block, restricted the
transform propensity, a factor that was eliminated within
the ‘plotted’ types. This is a lesson than can be carried
forward to architects, planners and policy-makers alike.
For instance, positions on the on the suitability of the
apartment typology for transformations has both ‘pros’
and ‘cons’. The later condones transformations and con-
demns the lack of such avenues in the apartment as bad.
Such positive views condoning to transformations are
prone to use DITs as an alternative housing production
mode, and thus relegating the government and formal in-
stitutions to a mere dormant observers. However, this ig-
nores the likely negative effects, of crowding and strains
on infrastructure, of the unguided transformations. The
other view prefers controlled environments that retain the
architects’ objectives and condemns DITs, as well-articu-
lated in the apartment block; suitable for condominium
housing with a pre-conceive aesthetic. These are but les-
sons such empirical can lead to and which can guide our
cities’ development and evolution.

income Earning
additions...
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PE3UME

Osaj pao npedcmasma NpojeKMAHmMcKe KOHYenme u cmpameauje NpuMerbene y
npojexmosarsy 0oepaorwe Ocnosne wikone ,,[pazojno [Jyouh” y beoepady u noxasyje oobumu
Koje 6u ce moene nocmuhu ,,nacuenum” u ,,axmueHum’’ Kopuwhierbem cynyege enepeuje.
Ilpojexam uma 3a yus 0a OEMOHCMPUPA BUCOKO2 NEPPHOPMAHCA, EHEePIeMmCKU eQUKACHY U
o0poicugy apxumexmypy. Hoeonpojexmosana 3epada wixone je 6onymempujcku npojekmosana y
CKIa0y ca OUOKTUMAMCKUM RPUHYUNUMA, U OPUIC/HUBO Je Yerbe30eHa Y KOHMEKCH OKPYlcerbd
maxko 0a MAKCUMATIHO KOPUCIU 15e206¢ NPEOHOCMU Ca jeOHe CMpane, U NPesazulasu e206d
ocpanuyersa ca opyze cmpate, Kpeupajyhiu unmen3ugHy, NO3UMusHy Melycoony unmepaxmueHy
6e3y ca mwum. Kackaono nozuyuonupanu u jy2o-3anaono opujenmucanu 610K08uU 32pade,
A0EK8AMHO YKIONBEHU Y 8eoMa HAZHYmM mepeH ca oko 20 m eucuncke pasziuke, omo2yhasajy
@yHrkyuonanno 006py opeanuzayujy U GUCOKO KEATUMEMHU KOMPOp NpojekmosaHux
npocmopa (10 yuuonuya, 2 euuieHamencke yuuoHuye, omeopene mepace, 300pHuyd, KyXurbCcko
nocmpojerve, nomolnu npocmopu). 30pasme u Komgop yueHuxa u Opyeux KOpUCHUKA WKOe
Cy cmampaumu 3a 6UCOKe Npuopumeme MOKOM UHMESPUCAHOZ NpoYecd NpojeKmosarsd.
Tonympancnapenmuu MOHOKPUCTNATHU (POMOHANOHCKU MOOYIU CY UHIMESPUCAHU KAO NOKPEMHU
CONAPHU 3aCmOopu, Ha jy20-3anaonoj gacadu, nobosuiasajyhiv mepmuixu u 6uzyeaHu Komgop u
dajyhu unmepecanmue ecmemcke egpekme Cnosba U 'y YHYMpPauikocmu 3epade, u cmeapajyhu
UOeHmumem wiKoile OPUjeHMUCAH Ka 00PACUBOM PA3B0Jy, KAo u nooudicyhiu ceecm o yuimeoama
enepeuje u kopuwhery 06Ho8mUSUX U360pa eHepeuje. Osaj npojexam wikoie medicu 0a ce bpure
UCMOBPEMEHO 0 KOPUCHUYUMA RPOCMOPA U OKPYICERY, U 0d MOMUBUIUE U UHCRUpUULE /bYOe Od
ce bpuHy o cgemy oko cebe.

Kawyune peuu: 30pasmwe u komgop, unmezpucanu npoyec npojekmosarsa, UHMeSpUcanu
Gomonanoncku cucmemu, KOHMEKCMYaIU3am, CYH4€8d eHepeujd, WKod.

SUMMARY

This paper presents design concepts and strategies applied in designing of Primary school
,,Dragojlo Dudi¢* upgrade in Belgrade and shows the benefits that could be achieved by both
,passive” and ,,active solar energy utilization. The project aims to demonstrate high perfor-
mance, energy efficient and sustainable architecture. The new designed building of the school
is volumetrically designed according to bioclimatic approaches, and it is carefully nested in
the context to maximally use its advantages on one side, and to overcome its limitations on
other side, creating intensive, positive mutual interaction with it. The cascade positioned and
south-west oriented building s blocks, adequately fitted in the steeply inclined terrain with ca.
20 m height difference, are enabling functionally good organization and high-quality comfort
of designed spaces (10 classrooms, 2 multi-purpose classrooms, open terraces, office, kitchen
facility, auxiliary spaces). The health and comfort of pupils and other occupants of the school
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were considered as high priorities during the design process. Semi-transparent monocrystalline
Photovoltaic (PV) modules are integrated as movable solar blinds, on south-western facade im-
proving the thermal and visual comfort and giving interesting aesthetic effects from both outside
and inside of the building, and creating sustainability oriented identity of the school and rising
awareness for energy savings and renewable energy sources (RESs) utilization. The design of the
school efforts to present care for both the occupants and the context, and to motivate and inspire
people to take care for the world around.

Key words: health & comfort, integrated design process (IDP), building integrated photo-
voltaics (BIPV), environmental contextualism, solar energy, school.

1. YBOJ

OcHoBHa 1mkona ,,Jlparojno Jdyauh* ce Hamasu y
ByneBapy kpasba Anekcannupa, y aeny beorpanga koju
npunaga Hacesby Mamu Moxkpu Jlyr. Iocrojeha mixo-
J1a, paJioM y JIB€ CMEHe, 3a/10B0JbaBa TPEHYTHE IOTpede
caMor Hacesba Kao M MoTpede OKOJIHMX Hacesba — IITO
3HA4W Ja peaiHe NoTpeOe mpeBa3miase MpPOCTOPHE Ka-
manurere rnocrojehe mkone u Hariamarajy moTpedy 3a
JOTpagboM Koja Om 3amoBoJbmiia moBehane morpebe u
YCIIOBE j€THOCMEHCKOT paja.

[ITxoncKO ABOPHIITE j€ MPOCTPAHO M JIEHO Opra-
HHM30BaHO, ca ACHMBENaljoM Ipema byneBapy kpasba
AJekcanzpa, 00e30el)eHO MOTMOPHUM 3HIOM M CHUTYyp-
HOCHOM OTPaJIOM. Y Hy Tpalllhe IBOPHIITE, CMELITEHO H3a
3rpajie MKOoJe, JeAHUM JEIOM CE KOPHCTH Kao ,,IIKOJICKO
urpanumTe’ 3a Komapky, oa0ojky U pykomer, a Behu
JIeo TBOPHUINTA C€ HaJIa3W Ha HarHyTOM TEepeHy, IOKpH-
BEH HUCKUM PAaCTH-EM M HHKHUM JIUCTONAa HUM ApBehem
u He Kopuctu ce. Harnb Tepena acomupa Ha KackaaHO
IIpy’kame 00jeKTa U ,,cadIijeBCcKu‘ MoIeTMpane CTPyK-
Type.

HosompojekToBanu objekar je mpensuljeH 3a ey
on I mo IV paspena. KackagHo mpojekToBaHH OIOKOBH
3rpajge cy pasylheHo IOCTaBJ/bEHHU, TAKO J]a OCTaBIbajy 3e-
neHn npoctop u3Mely, koju 6 Morao a ce KOPHCTH 3a
yueme U OopaBak Ha OTBOPEHOM, Kao U 3a urpy. Pop-
Ma 00jeKTa U MOBE3aHOCT Ca HEMOCPEHUM OKPYKEHEM
OJIC/IMKaBajy IMpPUHIMIE KOHTEKCTyanusma. Y pany cy
OITMCaHW OCHOBHM KOHLIENTH M CTpaTervje KopuinheHu
y OKBUPY MHTETPUCAHOT TIpolieca MPOjeKTOBaba KOjH je
MIPUMER-EH IIPU IPOjEeKTOBabY J0Tpalihe IIKoJIe. 3rpaga
j€ TIpojeKToBaHa y CKJIaJy ca OMOKIMMATCKUM ITPUHIIN-
IMMa, ca NoceOHNM Bol)emeM pauyHa 0 KoM(opy yueHH-
Ka ¥ IpyTruX KOPHCHUKA. Y pajy je JeTajbHHje IpHuKa3a-
HO IUTaHWPaHO Kopuiheme CyHYeBe eHeprHyje.

2. O.IIL ,JIPATOJJIO VAWK — MOCTOJERE
CTAILE

2.1. O0jexar nocrojehe mxosie

Ilkona uMa TpeHyTHO 36 oOnebeHmA, oA Tora 19
oneJbewa HIKUX paspena, og I mo IV, u 17 onesmemwa
pummx paspena, on V mo VIIL. IMocrojeha 3rpaga O.11
»Aparojimo Jymuh* mocemyje 19 yunoHumna xoje moaMu-
pyjy notpebe 36 onesbema, anu ca pagoM y ABE CMCHE,
Kao0 jeIMHOM MOTYHOM OpraHW3aIljoM, T€e CY 3a CIIOpT-
CKe aKTHBHOCTH U MHOTOOpOjHE CeKIIHje, jeTnHI Moryhn
TEPMHHHU TTOCTIe 3aBpIIeHe HacTase Tj. mocie 20h. To Ha-
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1. INTRODUCTION

The primary school “Dragojlo Dudi¢” is situated in
Boulevard of king Aleksandar, in the part of Belgrade
which belongs to the settlement Mali Mokri Lug. The
existing primary school, working in two shifts, meet the
present requirements of the settlement and the require-
ments of the surrounding settlements as well — which
means that the real demand are exceeding spatial capaci-
ties of the existing school and are emphasizing the de-
mand for the school upgrade which will meet expanded
demands and the conditions of the work in only one
shift.

The schoolyard is wide and well organized, with
the denivelation toward Boulevard of king Aleksandar,
provided with retaining wall and safety fence. The inter-
nal courtyard, situated below the school, is on one side
used as ,,school playground” for basketball, volley-ball
and handball, but the biggest part is located on sloping
terrain, covered with the low vegetation and lower de-
ciduous trees and it is not used currently. The slope of the
terrain associates on cascade insertion of the building and
on ,,safdie-stic” shaped structures.

The designed building is planned for the children
from 1%t to 4" grade. The cascade designed building
blocks are distributed situated, so that they leave green
area between, which could be used for studying and
spending time outdoor, and for the playing as well. The
building form and the connection with the close environ-
ment present the principles of the environmental contex-
tualism. The main concepts and strategies used inside
IDP which are applied in the school upgrade design are
presented in this paper. The building is designed accord-
ing to the bioclimatic principles, with special taking care
of the comfort of the pupils and other users. The planned
solar energy utilization is more in dept presented in the

paper.

2. PRIMARY SCHOOL ,,DRAGOJLO DUDIC*
— THE EXISTING STATE

2.1. The building of the existing school

The school currently has 36 classes: 19 lower grades,
from 1% to 4™ grade, and 17 higher classes, from 5" to
8th grade. The building of the existing primary school
»Dragojlo Dudi¢” have 19 classrooms which are meeting
the need of 36 classes, but with working in two shifts, as
the only one possible organization, where the only pos-
sible terms for the sport activities and numerous facul-
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BOJIM HA 3aKJbyYakK Jla Cy mmoctojehn kamanuTeTn OCHOB-
HE [IKOJIE HEJIOBOJHHH M Ka0 TaKBHM HE MOTY J1a TIOJIMHPE
notpede Hacesba.

Maxkcumanau kanarurer O.11 , Jlparojmo Hyzauh®,
¢ 003upoM Ha moTpede Hacesba, je 40 omeperma 3a OKO
1000 yuenuxka. [Ipema Bakehnm nHopmatuBuma (IIpa-
BUJIHMK O HOPMAaTHUBHMMaA ILIKOJICKOT IIPOCTOPA, OIIPEME U
HACTAaBHHUX CpPEJCTaBa 3a OCHOBHY 1Koy, 1990), yueHu-
Ke OM Tpedaso cMecTUTH y jeIHy CMEHY, Y3 KaOMHETCKY
HACTaBy 3a CBe mpeamere. 3a GUCKYITYpHY caiy Tpeba
MIPEeIBUACTH jeAHy Belly caiy Wid Be Mame cajie, Tako
Jla Ha CBaKOM 4acy MOTY J1a UX KOPHCTE /IBa O/IeJbeHba,
yuMe Ou ce omoryhiia akTHBHOCT Y CaJId U 33 YUCHHUKE
on I mo IV pa3pena — mo pacmopeny 3a cBako oaesbeme 3
Yaca (pU3NYKOT BacIUTamka HelEJbHO.

TakBa opraHu3zaigja mpocTopa ca pajoM y jeIHOj
cMeHH, omoryhuiia Ou pa3He ApyIITBEHE aKTHBHOCTH y
MIOTIOJHEBHIM TEPMHHNMA, Ka0 M 1OocebaH MpocTop 3a
LIeJIOJTHEBHY HACTaBY Koja Ou ce o/iBHjaJia y YeTHPH Ipy-
e 1o 25 yueHuka.

2.2. Onuc Jokauuje

JBopumre mocrojehe OCHOBHE MIKOJE je TOBOJHHO
IIPOCTPAHO, TAKO J]a OMOryhaBa pojeKTOBambe JOTPaikhe
HoBe mKousie (cnuka 1). OCHOBHA MIKOJNA je y OJM3WHU
3eJICHUX MOBPLIMHA 3Be3aapcke mryMe U 06e3 063upa mro
je y npometrHoM byseBapy kpasba Anekcanapa, 300r jae-
HHBeJIallKje y OAHOCY Ha YIIUIy U IIPOIHCaHe yIaJbeHOC-
TH, 3amTrheHa je O M3AYBHIX ayTOMOOMIICKUX racoBa U
Oyke. 3eMJBUIITE MIKOJICKOT ABOPUINTA j€ jyro-3aramaHo
OPHjEHTHCAHO; JIETIO j€ OCYHYaHO, U jeIHUM JIEJIOM je Ha-
THYTO W oueanTo. /IBopHITe Henpe mKoie je ypeherno
U CIIyXH 32 OKYIUbahe U UIPy Jele Mpe MovYeTKa HacTa-
BE, Ka0 U 3a BpEMe 0JIMOpa, a IIOPeA Orpaje je TpaBHaTa
MOBpIIMHA ca 3acal)eHuM JIMCTONAaJHUM U YeTHHAPCKUM
apsehem. I1Ikocko ABOPHINTE H3a IIKOJE j& OPraHUu30-

Hosa mko.a

Cnuka 1. Cumyayuja: nocmojeha u Hosa wikona

Image 1. The situation: the existing and new school
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tative activities are after finished ordinary teaching, i.e.
after 20h. This invites for the conclusion that the existing
capacities of the primary school are deficient and as such
they can not meet the need of the settlement.

The maximal capacity of the primary school ,,Drag-
ojlo Dudi¢”, in respect of the settlement need, is 40 class-
es for ca. 1000 pupils. According to the valid relevant
standards (Pravilnik o normativima $kolskog prostora,
opreme i nastavnih sredstava za osnovnu S$kolu, 1990),
the teaching of pupils should be organized in one shift,
with the cabinet teaching for all modules. One bigger and
two smaller rooms should be provided for the gymnastic
room, so that during the teaching they can be used simul-
taneously by two classes, which will enable the activity
in the gymnastic room for the pupils from 1 to 4™ grade
as well — according to the schedule for each class 3 hours
of sports weekly.

Such organization of the space with working in one
shift would enable different social activities in afternoon
terms, and special space for the whole day studying which
will be organized in four groups with 25 pupils.

2.2. The site description

The courtyard of the existing primary school is
enough wide, so that it enables the design of the school
upgrade (image 1). The primary school is nearby the
green areas of the Zvezdara forest and irrespective to
this, it is situated in frequent street Boulevard of king
Aleksandar, because of the denivelation toward the street
and specified distance, it is protected from exhaust cars’
gases and noise. The terrain of the schoolyard is south-
west oriented; it is well insolated, and in one part it is
sloped and drained. The courtyard in front of the school
is well organized and it serves for grouping and playing
of the children before the start of the courses, and dur-
ing the pause as well, and beside the fence there is the
grass area with planted deciduous and evergreen trees.
The schoolyard behind the school is organized as sport
courtyard and its main part is unused due to the slope.
Precisely on the sloped terrain, the new school is planned
with cascade positioned blocks and grass terrains be-
tween the blocks dedicated to playing and recreation of
the youngest pupils.

3. THE SCHOOL UPGRADE - PLANNED BUIL-
DING

3.1. The targets and program defining

The meeting the need of the settlement for 40 classes
with ca. 1000 pupils and organizing the work in one shift
are the main design targets and as such they are the main
conditions for the project program development. Accord-
ing to the purpose and function, the following space cat-
egories are proposed:

— Teaching spaces,

— Spaces for general needs and social life of the
school,

— Spaces for the administration and school staff,
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BaHO Kao0 CIIOPTCKO WTPANIMINTE M HeroB Behu 1eo je He-
uckopwuiiheH 300r Haru6a. YnpaBo Ha HATHYTOM TEPEHY
je mpensuleHa HOBa MIKOJIA €A KACKA/JIHO IIOCTAaB/LEHUM
0ITOKOBHMMA M TpaBHATHM TepeHnMa n3mel)y O10koBa Ha-
MEHEHHM 32 UTPY M PeKpearyjy HajMiaahux yueHuka.

3. JOT'PAIIbA IIKOJIE — HOBOITPOJEKTOBA-
HU OBJEKAT

3.1. lepuHncame nu/beBa U Nporpama

[Totpebe Hacespa 3a 40 oxesbema ca oko 1000 yue-
HUKa U pajl y jeZIHO0j CMEHH je OCHOBHH ILIWJb IPOjEKTO-
Barba U Kao TaKaB jellaH je 01 OCHOBHHX YCJIOBA 32 pa3Boj
mporpama mpojexTa. Ilpema HameHH U QYHKIHjU TIpe-
JokeHe cy cienehe kareropuje npocropuja:

— HacraBze mpoctopuje,

— IIpocropuje 3a ommre morpebe M IPYIITBEHH
JKHUBOT IIKOJIE,

— IIpocropuje 3a ynpaBy u 0co0Jbe,

— ITomohre mpocrtopwje.

Jenan on mubeBa je oMmoryhaBambe KOPEKTUBHOT ITe-
JarolIKOr paja ca AeLoM ca nocebHuM norpedama. Ilo-
pen CTEeneHHIITa Cy IpojeKTOM IpeaBul)eHe pamiie Koje
oMoryhaBajy JaKImM MPUCTYI IIKOJCKOj 3rpajiy, y4u-
OHHIIY, CAHUTAPHOM YBOpPY, Y LMJbY JaKLIEr KpeTarba
XOIHHIMA.

IIpensuljena 1mkoma je mMpojeKTOBaHA [a Mpe-
CTaBJba 3rpajly BUCOKOT mephopMaHca y CMUCITY apXu-
TEKTOHCKHX BPEIHOCTH, CHEPreTCKU epuKacHy, y CKiIamy
ca TPHUHIMIIMMA OIPXUBOT pasBoja. Kao Taksa, 3rpasia
Tpeba 1a 06e30ean KkoMdop 1 npujataH OOpaBak KOpHC-
HHUKA Y B0j, ¥ J1a C€ MaKCHMAJIHO yKJala Y OKpYXKeme,
KopucTelil ONTHMAITHO HETOBE TIPESTHOCTH.

3.2. EneMeHTH NPOjeKTOBamba

MopynapHu IPOCTOPHU €IEMEHT IPOjeKTOBamba je
YYUOHHIIA, OCHOBHH OOJIHK je KBaaap U Mpe/ICTaBlba CTa-
6uwiHy dopMy Koja ce IoHaBJba ,,n“ myTa ynHehn Oo-
KOBE U KackajHe cTpykrype. KoHauHa cTpykTypa je yc-
JIOBJbEHA (DYHKIMOHAIHUM U CUMOOJIMYKUM 3HAUCHEM:
(dyHKIM]ja je yCcIOBJbeHA HAMEHOM M BaxkehinM HOpMaTH-
BUMa IIKOJICKOT IIPOCTOpa, & CBE TO KPO3 CHMOOJINYKO
3HAYCHHC U MPUMEHY OMOKIIMMATCKHUX MPUHIIMIIA.

Kackamno mpyxkame oOjekra omoryhaBa u3znas
CKOpPO CBaKe YYHMOHHMIIC HA TEPEH HJIM OTBOPEH IPOCTOP
— Tepacy; XOPH30HTAJIHE TelIayKe 30HE — XOAHUIIN Ce
IOBE3yjy ca 3aTBOPEHMM BEPTHUKAIHUM Macapenama
— pamrama — CTEIICHHIITHMA IPEKO KOJUX & KOPUCHULIN
noyiako kpehy u uay mpema BHIIUM CIpaTOBHMa 00jeK-
Ta y3 MoryhHocT na Ha oxpelheHum mectima uzahy Ha
TEpEH.

,,PauBame’ BEPTUKATHUX KOMYHHKAIHja y OOIHKY
cioBa ,,V“ omoryhasa (hopMupame YHYTpalIkber IBO-
pHLITa — aTPUjyMa, Kao 3eJieHe 0a3e yHyTap caMor 00jek-
Ta. YunoHune y OJIOKy Cy IIOBE3aHE XOPH30HTAIHUM
XOJHUIIMA KOjH MMajy HajcBeTJa yhMe je omoryheHo
NPUPOIHO OCBET/HCHEC U NMPHPOJIHA BEHTHIIALMjA YHYT-
paLImer mpocTopa.
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— Auxiliary spaces.

One of the targets is enabling of editable pedagogic
work with the children with special needs. In the project,
the ramps are predicted beside the stairs, enabling easier
access to the school building, classrooms, lavatories, and
providing easier moving in the corridors.

The planned school is designed to present the build-
ing of the high performances in terms of architectural
values; energy efficient, according to the principles of
sustainable development. And such, the building should
provide the comfort and pleasant spending time of users
inside it, and also it should maximally be well nested in
the surrounding, optimally using its advantageous.

3.2. The design elements

The modular spatial design element is the class-
room, the basic shape is the cube and it presents stable
form which is repeating ,,n” times creating the blocks and
cascade structures. The final structure is induced with the
functional and symbolic meaning: the function is induced
with the purpose and valid relevant standards for school
spaces, and all this through symbolic meaning and ap-
plication of bioclimatic principles.

The cascade setting of the building enables the exit
of almost all classrooms to the terrain or the open space
— the terrace; the horizontal pedestrian zones — the cor-
ridors are connecting with the closed vertical passages
— ramps — stairs on which the users move slowly and go
toward higher building floors with the possibility on cer-
tain places to enter to the terrain.

,,The divergence” of vertical communications in the
shape of ,,V” enables the creating of internal courtyard
— the atrium, as the green oasis inside the building itself.
The classrooms in the block are connected with horizon-
tal corridors which have fanlights enabling daylighting
and natural ventilation of the indoor environment.

3.2.1. The building and the environment

The proposed solution gives special relation to the
terrain. It is the sloped terrain with the height difference
of ca. 20 m which has directed and enabled cascade po-
sitioning of the building. The wide schoolyard provides
wide space around the school which would be utilized for
education, recreation and playing of the children.

The space around the atrium is specially interesting,
which presents ,,multipurpose space outdoor”. The cas-
cade positioned building enables individuality and con-
nection with the surrounding, which are rarely present in
schools. The cascade volume of the building and fitting
in the context, first of all terrain, have enabled that almost
every classroom has the entrance to the roof terrace or
the terrain, so that the connection with the external envi-
ronment and organization of teaching on the open space
are enabled. The terraces can be used as ,,playgrounds”
or as nice green gardens. Such project enables the build-
ing which would not disturb the existing natural environ-
ment, namely it would only bring new qualities.
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3.2.1. Objexam u cpeouna

[IpemnoxxeHo pememe maje mocebaH OTHOC TIpe-
Ma TepeHy. Y NUTamby je HATHYT TEPeH ca BHCHHCKOM
paznukoM on oko 20 m 1To je ycMepuio u omoryhusio
KacKa/IHO TIoCTaBibame oOjekra. IIpocTpaHo mMIKOJICKO
JIBOPUINTE OMOryhaBa Jia ce OKO IIKoJIe JoOuje mocrta
IpocTopa Koju OM ce KOPUCTHO 3a elyKalujy, 0aAMOp U
Urpy nete.

HapouuTo je 3aHMMIBMB IPOCTOP aTpujyma, Koju
Hpe/ICTaBIba ,,BUIICHAMEHCKU MPOCTOP Ha OTBOPEHOM®.
Kackagno mocraBibeH oOjexar omoryhaBa moceGHOCT
1 TIPICHOCT ca OKPYXEHmeM, KOju ce peTko cpehy kox
KIacHgHUX mKoja. KackamHa BomymeTpuja o0jekta U
VKJIaName Y OKpYKere, Ipe CBera TepeH, OMOTYNuitH cy
Jla CKOpO CBaKka y4HOHHIIA Ma H3J1a3 Ha KPOBHY Tepacy
WM TEPEH, TakKo Jia je oMoryheHa Be3a ca croJpHOM cpe-
JIMHOM M OpraHW30Bam-€ HACTaBe Ha OTBOpPEHOM. Tepace
MOTy Jia Cc€ KOpHCTEe Kao ,MIPAaOHHUIE” WM PACKOIIHE
3eseHe Oamre. OBakaB mpojexar omoryhaBa u3rpaamy
o0jexTa Koju He O HapymKo nocrojehe NpuUpoaHO OKpPY-
Kemwe, Beh Ou caMo ToHeo HOBE KBaJIUTETE.

KackagHo mocTtaB/beHH OOjeKTH W jyro-3amajHa
OpHjeHTalja TepeHa aajy AoOpy MoryhHocT 3a Ko-
pumheme CcyHUYeBE €HEprHje: ,,[IaCHBHO, IHPEKTHO
TIPEKOo Mpo30pa Koju 00e30el)ermeM THEBHOT OCBETIbCHA
oMmoryhaBajy BUCOK HHBO BH3YEITHOT KoMdopa H ,,aKTHB-
HO“ MpeKo (OTOHATIOHCKUX CHCTeMa Koju 00e30ehyjy
IIPOM3BO/IY eNIeKTpUUHe eHepruje. Mneja je na nmpumep
OJIP’KMBOT Pa3B0ja MMa M eyKaTHBHY yJIOTY U Jia ce Jiela
0]l ,,MaJINX HOTY" YIIO3Ha]y ca OJAPKUBHM pa3BojeM, Aa
yue Jia ITeJe SHEPrujy U KOpucTe OOHOBJBHBE U3BOPE
eHepruje.

3.2.2. ®opma u cadporcaju

HarHyT TepeH MHCIIMpHIIE IPOjeKTOBabE KacKaj-
HOT 00jexTa, Tako Ja Om m3rpaljeHH MIKOJICKH o0jexaT
OWO0 TOTIYHO YKJIOTUBEH Yy TaJ TepeHa Tj. TaJ TepeHa ce
KOPHCTH 32 KaCKaJHO IMOCTaBJbambe YYHOHHUIIA Ca jyro-
3aI1aJIHOM OPHjEHTALHjOM. Y YHOHHIIE CY Ca TEPESHOM I10-
Be3aHe MPEKO 3aTBOPEHMX I1acapelia — XOJAHUKa ca cTeTle-
HUIITEM U pamriama Koje omoryhasajy na ce nmpatu Haru6
TepeHa ¥ MOJIAKO Ce MekbY MpeMa BpXy JABOPHILTA.

YuuoHHIE ce KackaJHO IOCTaBjbajy TaKko Ja CBa-
Ka HapeJHa YYMOHUIIA KOPUCTH PaBaH KPOB MPETXOJHE
YYHOHHMIIE Ka0 Tepacy W MOXe Jia MOCIyKH 3a OopaBak
yYeHHKa Ha OTBOpPEHOM mpocTopy (cnuka 2). 13 mpece-
Ka ce BHJU Ja C€ Y XOJHUKY KOjU IOBE3yje YUHOHHIIE,
ITOCTaBJbajy TPAaKaCTH MPO30PH Kao HAICBETIIO Aa OU Taj
MPOCTOP 332 KOMYHHKanuje OHO OCBETJHCH MPUPOJHUM
CBETJIOM W MPHUPOJHO BEHTWIINPAH.

MopynapHa IIMpHHA YYHOHHUIA je 4 m X 2 IITO u3-
HOCH 8 m; IOJIOXKAj YYMOHHUIIE je MOBOJBAH jep je y4Ho-
HUIIA IPeMa JHEBHOM OCBETJhCEY OPHjCHTHUCAHA CBOjOM
Iy>)KUHOM (ciuka 3). MoaynapHO OCTaBJbeHE YUHOHH-
e omoryhapajy (uekcuOnIHa periema, rae Ou ce 1o
MoTpeOr MOTJIE IIPENPOjeKTOBATH yuroHHMIe y Behe win
Mame MPOCTOpHje 3a M3Bolemhe HacTaBe.
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Cnuxka 2. Ilpecex nHogonpojekmoganoe oojexma

Image 2. Intersection of planned building

Cauka 3. OcHoga npuzem/ba HOBONPOjeKMo8anoe 0bjekma

Image 3. Ground floor of the planned building

The cascade positioned building and south-west
orientation of the terrain give good opportunity for solar
energy utilization: ,,passive”, direct through the windows
which by providing daylighting enable high level of vis-
ual comfort and ,,active” through BIPVs which provide
electrical energy production. The idea is that the example
of sustainable development has also educative role and
that children from the earliest period meet sustainable
development, learn to save the energy and use renewable
energy sources.

3.2.2. The form and functions

The sloped terrain inspires the design of the cascade
building, so that the built school will be totally fitted into
the the terrain slope, i.e. the slope of the terrain is used
for cascade positioning of the classrooms with south-
west orientation. The classrooms are connected to the
terrain with closed passages — the corridors with stairs
and ramps which enable following the terrain slope and
they rise slowly toward the top of the courtyard.
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HosompojexToBanu 06jekar ce cacToju of ABa KpH-
na:

1. JlecHor Kpuja ca y4MOHHUIIaMa 32 pall U YueHme
YUYeHHKa,

2. JleBor kpuiia Koje ce cacToju OJf TPU HE3aBHCHE
LeNMHE Koje Cy BHIIE pa3yleHe o AecHOT Kpuia U mpa-
Te TpaHully rpaljeBuHCKe napuese u npeasulene cy 3a:
300pHHIy ca npaTehnuM KaHIenaprjaMa, BUIICHAMECHCKH
npocTop — Moryhe je opraHu30BaTH LEJOAHEBHY HACTa-
By 3a 4 rpyne no 25 ydeHuka ca nparehum caapxajem,
TpIE3apHjy ca KyXHEBOM H OCTaBaMa.

3. V3mehy kpuia ce Hayla3u aTpujyM WM MO TOT-
pelbu [Ba aTpujymMa y 3aBUCHOCTH O]l HUBEIUCAmba 1 Kac-
KaJIHOT I0CTaBJbamba.

HoBompojekToBaHu 00jekaT LIKOJNE CaapXH Cclie-
nehe mpocropwuje:

— 10 yunoHu1a 3a o/iBujame HaCTaBe,

— YuroHHUIa 3a NPOAY>KeHH OOpaBaK ca yIHOHUIIOM
3a y4erme U 3aBpluiaBame JoMalinxX 3ajaTtaka U MpocTo-
POM 32 OJIMOp W UIPY Ca BE30M Ca CIIOJbHUM TEPEHOM
3a Urpy,

— 300pHHIIa — IPOCTOPHja 32 HACTABHO OCOOJbE H
MIPOCTOpPHjE 32 HEHACTaBHO 0CO0JbE,

— YuynoHHIa ca BUIIEHAMEHCKHUM HPOCTOPOM ca
CrpaBaMa 3a MIpy y 3aTBOPEHOM IIPOCTOPY, 1O MOTPEeOH
IPOCTOp 3a IpelaBama U IPOCTOP 3a MPOCIaBe H IPH-
penode yveHuka,

Cnuka 4. Yknonmenocm Hosonpojekmosanoz 06jekma y meper
(3D mooen)

Image 4. Fitting of planned building into the terrain (3D mo-
del)

Cnuka 5 . Jyeo-3anaona ¢acada u cnopmcku mepeHu ucnpeo
HOB0NpOjekmosanoe objexma

Image 5. South-west facade and sport courts in front of the pla-
nned building
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The classrooms are cascade positioned so that each
next classroom uses the flat roof of the previous class-
room as the terrace and can serve for pupils to spend time
outside (image 2). From the intersection, it can be seen
that stripe windows as fanlights are positioned in the cor-
ridor which connects the classrooms, in order to provide
to this communication space daylight and natural ventila-
tion.

The modular width of the classrooms is 4 m x 2
which gives in total 8 m; the position of the classrooms
is advantageous as the classrooms are with their length
oriented towards daylight (image 3). The modularly posi-
tioned classrooms are enabling flexible solutions, where
if there is the need, the classrooms could be re-designed
into bigger or smaller rooms for teaching purposes.

The planned building consists of two annexes:

1. The right annex with the classrooms for teaching
purposes,

2. The left annex consisting of three independent
parts which are rather disjointed comparing to the right
annex and follow the border of the parcel and they are
planned for the secretariat with accompanying offices,
the multipurpose space — it is possible to organize the
whole day teaching for 4 groups with 25 pupils with ac-
companying functions, the mess with the kitchen and
stores.

3. Between the annexes, there is the atrium or if it
is needed two atriums depending on the nivelation and
cascade positioning.

The planned building of the school comprises the
following rooms:

— 10 classrooms for teaching purposes,

— The classroom for prolonged time with the class-
room for teaching and doing home works and the space
for recreation and playing with the connection with out-
door court for playing,

— The secretariat — the room for the teaching staff
and the room for the non teaching staff,

— The classroom with the multipurpose space with
the equipment for playing in the closed space, the space
for teaching and the space for celebrations and pupils’
spectacles,

— The kitchen for the baits, with the mess and aux-
iliary rooms,

— The auxiliary rooms planned for: communications,
the entrance with the canopy and windshield, wardrobes,
toilets, stores, workrooms, furnace, etc.

The school blocks follows the terrain slope, and
around the building there is wide free space which is used
for sport activities and the spending time outdoor (image
4). The planned building is raising from the level of the
existing building, so that these two buildings: the exist-
ing school building and the planned building connected
with sport courts (image 5).

3.2.3. The construction and materials

Although the school is planned as tridimensional
modular structure — the classroom as tridimensional
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— Kyxuma 3a npunpemMame yxKuHe, ca Tpre3apujom
U IOMONHKUM TIPOCTOpHjaMa,

— ITomohne ipocTopuje Koje cy npeasuleHe 3a: Ko-
MyHHKaIl{je, ylla3 ca HAJACTPEIIHAIIOM U BETPOOpaHOM,
rapepo0e, caHUTapHe MPOCTOPH]je, MaraluHe, paIuoHuU-
e, KOTJIapHUILY U CIIL.

[koncku OnOKOBH TpaTe HAarmbd TepeHa, a OKO
oOjekTa ce mobuja J0cTa CI0OOMAHOT MPOCTOPa KOjH Ce
KOPHCTH 32 CIIOPTCKE aKTUBHOCTH M GOpaBak Jelie Ha OT-
BOopeHOM mpocTopy (cmuka 4). HoBompojekroBanu 00je-
KaT ce MoAMXKe ca KoTe mocrojehe 3rpaje, Tako 1a cy Ta
nBa objekra: nmocrojeha 3rpaja mKojae ¥ HOBOIPOjEKTO-
BaHa 3rpajia MoBe3aHe CIOPTCKUM TepeHUMa (CIIHKa 5).

3.2.3. Koncmpykyuja u mamepujanu

HNako je ob6jekar mkosne npeasul)eH Kao TpoIUMEH-
3MOHAJIHA MOJYyJIapHa CTPYKTypa — YYHOHHLA Kao TPO-
JMMEH3MOHAIHN MOJYJ C€ MOXKE JI0JIa/laBaTH U OJly3H-
MaTH y 3aBHCHOCTH 071 00iHKa rpal)eBUHCKE mapuerne,
IpeUIaxKe Ce CKeJICTHH KOHCTPYKTHBHH CHCTEM Ca UCITY-
HOM ,,C€H/IBUY 3U0BA‘* 0] KOHCTPYKTUBHUX OIEKapCKUX
670K0Ba M OJOKOBA 3a NperpagHe 3HMI0BE, MUHEpaITHE
ByHE u 00moroM ox (acamHe oreke y mpUpOAHO] O0ju
HIeYCeHE 3eMJbe.

[TonoBu y cBUM pagHHM IpOCTOpHjaMa IIKOJE Cy
TOIUTH WUTH TOJYTOIUIM, ca HexXabajyhoMm MHOBPIIHHOM,
paBHH aiy HEKJIN3aBH, Ja OM ce n30erie eBeHTyalHe
MOBpe/ie YYEeHHKa U Jia OM ce JaKo YUCTWIM W OJpKa-
BaJTH.

AXIeHaT je Ha IPUPOJHAM MaTepHjajanMa, ca npu-
poIHUM 00jama Koje IPEICTaBIbajy 3allITUTY MaTepujaia
U UCTOBPEMEHO HCTHUYY HETOBY CTPYKTYPY U MPUPOIHY
60jy — cBerle, mar u MupHe 00je. TakBu MaTepujanu u
00je 00e30ehyjy munumante edekre pedekcuje.

3.3. Kopunrthemwe cyHueBe eHepruje
3.3.1. Humezpucamwe gpomonanonckux cucmema

ITpojekToBame WHTETpHCama COJMAPHHX CHCTEMa
j€ KOMIUIEKCaH MpoIeC KOjH 3axTeBa CBEOOyXBaTaH U
MYJITHANCIMIUIMHAPHU TIPUCTYI y [IJBbY MPOHANAXKEHha
ONITUMAJIHUX PELICHa Yy IMOIJIEAy €CTETCKOT, CHEepreTc-
KOT, EKOHOMCKOT acrekTa. [Ipu npojekToBarmy coapHOr
cHrcTeMa Ha 3rpajiy IIKoJie, pa3MaTpaHu cy cienehu gax-
TOPH:

1. Knumatcku u mapameTpu ypOaHOT MIaHUpama:
JIOKallyja, OpujeHTaluja 3rpajie, 3aceHuehe 3rpaje,

2. PeneBaHTHE KapaKTEpPHUCTHKE 3Trpaje,

2.1. Ctun, hopma, apXUTEKTOHCKH M3pa3 3rpaje y
LISJTUHHY,

2.2. Kamarmurer 3rpaje, MOTpOIIkHa SHEPTHje,

2.3. KapakrepucTtrike oMoTada 00jeKxTa: KpoBa  ¢a-
CaJTHOT 31/1a, Kao MOTECHIMjaTHUX MECTa 32 HHTEIPHCAHE
COJIApHUX CHCTEMA,

3. Ecrercke KapaKTepHCTHKE, HAYMHH MOHTaXeE,
JMMEH3H]j€ COJIApHUX CUCTEMA.

Nmajyhu y Buay momenyte ¢akTope, 3a COJIApHU
CHCTEM Ha 3rpanu je ogabpaH (pOTOHATIOHCKU CHCTEM Yy
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module can be added and subtracted depending on the
parcel shape, the skeletal constructive system is proposed
with the filling of ,,sandwich walls” of constructive brick
blocks and blocks for partition walls, mineral wall and
cladding of facade brick in the natural color of baked
clay.

The floors in all rooms in the school are warm or
semi warm, with surface detrition persistent, flat but non
slippery, in order to avoid eventual injuries of the pupils
and to be easily cleaned and maintained.

The accent is on the natural materials, with the natu-
ral colours which present the protection of the material
and at the same time they emphasize its structure and the
natural color — light, mat and quiet colours. Such materi-
als and colours provide minimal reflection effects.

3.3. The solar energy utilization
3.3.1. BIPV design

The designing of solar system integration is the com-
plex process which requires comprehensive and multi-
disciplinary approach in order to find optimal solutions
regarding aesthetic, energy, economic aspect. During the
design of solar system for the school, the following fac-
tors are considered:

1. The climatic and urban planning parameters: the
site, the building orientation, the shading,

2. The relevant building characteristics,

2.1. The style, the form, the architectural expression
of the building,

2.2. The building capacity, the energy consump-
tion,

2.3. The characteristic of the building envelope:
roof and facade, as potential places for solar systems in-
tegration,

3. The aesthetic characteristics, mounting options,
dimensions of solar systems.

Having in mind mentioned factors, for the solar sys-
tem on the building, it is selected PV system in the form
of solar blinds which are integrated on south-west facade
on the level of parapets and the windows upper level on
each floor (images 2, 3 and 5). The system which was
considering is made of three stripes of semi-transpar-
ent monocrystalline panels positioned on both building
annexes: on left building annex, 15° oriented from the
south toward the west, and on right building annex, 35°
oriented from the south to the west (image 6).

In order to find appropriate design solution especial-
ly regarding energy aspect, the calculations were done
for numerous variants in the program PVSYST V 5.4.
The potentials of planned system with different distances
between stripes (40, 60 and 80 cm) and different panel
tilts (45° and 90°) were analyzed at the yearly basis (table
1).

According to the results shown in table 1, the sys-
tem consisting of stripes tilted with 45° which are on dis-
tance of 80 cm has the best energy performances. For
both building annexes, such system is 20% more effi-
cient comparing to the system with three stripes on the

677



BHJY 3acTOpa KOji Ce MHTETPHIIY Ha jyro-3amagHoj da-
calyl y HUBOY HaJ3UJIKa M TOPH-ET Jiella Ipo30pa CBaKe
etaxe (ciauke 2, 3 u 5). CucteM Koju je pa3marpaH je
(bopMHpaH oIl TpU Tpake IMOITYyTPaHCHAPEHTHHX MOHO-
KPHCTAJTHHX ITaHesa MOCTaBJbeHNX YK 00a KpHJia 3rpa-
Jie: IyK JICBOT KpHiia 3rpaje, 15° oprjeHTHCAaHOT O jyra
Ka 3amajy, ¥ Iy IeCHOT KpHJa 3rpane, 35° opujeHTuca-
HOT O jyra Ka 3amnany (ciuka 6).

Y uuiby TpoHaNaXkema oAroBapajyher pemema
1moceOHO y TOTJIely SHEPreTCKOr acleKTa, y IMporpamy
PVSYST V 5.4 pahenu cy npopauyHH 3a BHIIIC BapHjaH-
TH. McIUTHBaHHM CY MOTEHIMj AN y TIOTIIEY TPOU3BOIE
SJICKTPUYHE EHEPTrHje Ha TOANIIHEM HUBOY IJIaHUPAHOT
cUCTEMa ca pa3InIuTUM Mel)ycoOHUM pacTojamuma Tpa-
ka (40, 60 u 80 cm), U pa3TMYUTHM HATHOMMa TMaHena
(45° 1 90°) (Tabemna 1).

Ha ocHOBy pesyirata mpukasaHux y Tabenu 1,
Haj0oJBe €HepreTcke mepppoMaHCe MMa CHCTEM KOjU
Ce CacToju O] Tpaka HaArHyTHX MOJ YoM o 45° Koje
ce Haja3e Ha MehycoOHOM pactojary 80 cm. 3a 0b6a
kpuna ¢acane, oBakaB cucreM je 3a 20% eduxacHUju
0]l cCMCTEeMa KOJI Kora Cy CBE TpU TpaKe IMaHelia Ha pac-
Tojay on 40 cm, u oko 5% edukacHuju 01 cucTeMa
KOJT Kora cy Tpake Ha pacrojamy oa 60 cm. Cuctem
ca MmaHejauMa 1oj yriom ox 45°, va meljycoOHOM pac-
tojamby on 80 cm je oko 30% edukacHHju Of cHCTe-
Ma ca BEPTHKAJIIHUM IaHeJinMa Ha Jelly JIEBOT Kpuia
3rpane, u oko 10% edukacHUju o BEPTUKAIHOT CHC-
TeMa Ha JIeJly JeCHOT Kpuia 3rpaje. TakaB cucrem Ha
rOJIMILIE-EM HUBOY MpousBene 124.5 kWh/m? na nesom
kpuiy 3rpazie u 120 kWh/m? Ha JecHOM Kpuily 3rpaje
(Tabena 1). OBakaB cUCTEM NPUMEHCH AYX ILEJe jy-
ro-zanasHe ¢acaze objexrta, 6uo 61 moppuuHe 213 m?
(neBo kpuno 83 m? u gecHo kpuno 131 m?) u xana-
nurera 26.1 kWh u rogunime Ou Morao n1a nmpousBeze
26.7 MWh (zmujarpam 1).

ITopen codapHUX 3acTopa, IUIAHUPAHO je TIOC-
TaBJbAHE COJIAPHUX EIEMEHATa Y BUAY CKYJIITYpPE Y ABO-
pumry. Cxynnrypa ,,Ilo3npas CyHily, 3HaEBYy ¥ HOBHM
nzaejama’, mpojeKToBaHa UCTIpe] 3rpajie U (GopMHUpaHa Of
(hOTOHAMOHCKHUX MOJTyJIa U cojapHuX henuja, mopes Tora
LITO OM MPE/ICTaBIbala YHUKATHA YMETHHYKU CIIOMEHHK,
TUTAaHUPAHO j€ Jla Ce KOPUCTH Yy eyKaTHBHE CBPXE.
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Cnuxa 6 . DomonanoHcku cucmem — npecex

Image 6. PV system — intersection

En.eHepruja (kWh/
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1j335° B0O0 | 939 1379 1547 1689 16131738 1873 1622 1269 712 | 636
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315° 457

Hujacpam 1. Meceuna npouszsoomwa erekmpuune eHepeuje
ycB80jeHoe (homonanouckoe cucmema Ha oba Kpuna gacaoe:
35°u 15° opujenmucanux 00 jyea xa 3anaoy (npopayyn pahen
y npoepamy PVSYST V 5.4, ca monoxkpucmanuum mooynuma
SOLARWATT M140-36 GEG LK ca 18% eguxacnocmu, 19%
MPAHCRAPEHMHOCMUL)

Diagram 1. Monthly electrical energy production of the pla-
nned PV system on the both building annexes: 35° and 15° ori-
ented from the south toward the west (the simulation is done
in PVSYST V 5.4, with monocrystalline modules SOLARWATT
M140-36 GEG LK with 18% efficiency, 19% transparency)

distance of 40 cm, and is 5% more efficient comparing to
the system with the stripes on the distance of 60 cm. The
system with panels tilted with 45°, on the distance of 80
cm is around 30% more efficient comparing to the sys-
tem with vertical panels on the left building annex, and

Tabena 1. Epuxacnocm paziuuumux acadnux pewierba Ha 200uuirbem Hueoy (npopayyi pahen y npoepamy PVSYST V 5.4, 3a cucmem
00 270 Wp, ca monoxpucmanuum mooynuma SOLARWATT M140-36 GEG LK ca 18% eguxacnocmu, 19% mpancnapenmuocmu)

Table 1. The efficiency of different facade designs at the yearly basis (the simulations were done in PVSYST V 5.4, for the system of 270
Wp, with monocrystalline modules SOLARWATT M140-36 GEG LK with 18% efficiency, 19% transparency)

Jeo dacane 15° opujeHTHCaH 01 jyra Ka

Jeo dacane 35° opujeHTHCAH 01 jyTra Ka 3ammay

!?: 3amajy — JIeBO KPUIIO — JIECHO KPHUIIO
!=ﬂ The facade part 15° oriented from the south to | The facade part 35° oriented from the south to the
] the west — left annex west — right annex
by ° 0=p=90, 0=p=90,
SOLARWATT | B.y()|  apoyds | apy=90 | 0 c a=p=y=45 apr=90 | S
M140-36 GEG LK 7 0™ T 40 | 60 | 80 80 80 40 | 60 | 80 80 80
kWh/m? 103.2 | 117.7 | 124.5 85 101.2 99.5 | 113.2 120 111.8 117.4
% 82.9 | 945 | 100 63.3 81.3 829 | 943 100 93.2 97.8
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3.3.2. Benegpumu

[Topen mpoW3BOAKE EIEKTPHYHE CHEpruje, OcHe-
¢uTH Koju OM Ce IOCTUINIM HMHTErPHCAEM COJIApHOT
CHCTeMa Cy BHIIECTPYKH M TO/Ipa3yMeBajy OeHedute y
TOTJIE/Ty apXUTEKTOHCKO-O0OJMKOBHOT, €KOJIOIIKOT, €KO-
HOMCKOT aCIIeKTa.

DOTOHAMOHCKA MOCTPOjeHha 3a IPOU3BONLY CIICK-
TpUYHE €Hepruje 10o0ujajy rapaHToBaHy OTKYIHY LEHY
enektpuuHe eHepruje ox 23 Eypouenta/kWh (Vpeoba
Bnaoe Penybnuxe Cpbuje o noocmuyarby npousgoorse
enekmpuyHe eHepeuje uz o0OHosmusux ussopa, 2009),
IITO je IIeHa JIOBOJbHA 32 EKOHOMCKY HCIUIaTHBOCT (ho-
TOHANOHCKUX cucrema. [Iponajyhm enekrpuuny eHep-
rujy npousseseHy u3 213 m? (OTOHAMOHCKUX MOy Y
n3HOCy ox 26700 kWh romummse, mkora Ou ocTBapmia
npuxox ox 6141 Eypa.

Pememe je moceOHO ePEKTUBHO Y JIETHEM NEPHO-
Iy, KaJia je CyHUYeBO 3pavck¢ HajuHTeH3UBUHHje. Tama
3aCTOPH YTHYY Ha OOO0JbIIAEkE TPMUYKOT M BH3YETHOT
KoM(opa y yHYTPaLIEBOCTH 3rpajie, a HCTOBPEMEHO Mpo-
W3BOJIC BEJIMKE KOJMYHMHE SIICKTPUYHE CHEPIHje.

[Tnanupanu (OTOHAIOHCKU CHCTEM, XapMOHUYHO
IMMOCTAaBJbCH Y BUAY JIMHCAPHUX MTOBPIINHA Hajyro-3ar[az[-
HOj (pacaam, HarmanraBajyhu KkackaaHu KapakTep o0jeKra,
JIMPEKTHO yTHYEe Ha GopMy M MaTepHujainu3auujy 3rpane
LIKOJIE, U JUPEKTHO JIONPUHOCH OCTBAapemy KBaJINUTET-
HOI M MHTEPECAaHTHOT apXUTEKTOHCKOr peuiemwa. Ilo-
JIyTpaHCIIapeHTHH (OTOHAIIOHCKH TaHenu ca hemujama
0]l MOHOKPHCTATHOT CHJIMIIMjyMa, TAMHO TIJIaBe HHjaHCe,
y 01aroM cy KOHTpAcTy y 0JJHOCY Ha (acamHy 00JIory Ox
(acajHe oreke y npupoIHOj 00ju eyeHe 3eMJbe U OCBe-
JKaBajy KOHIICNIT BU3yesn3aiyje 1enor oojexkra. OBakBU
COJIApHM 3aCTOPH IOpe] AaBama Ie4aTa CIIOJballibeM
W3IJIeAy 3rpaje, MHTEPECAaHTHOM HIPOM CBETIIOCTH H
CEHKHU Yy YHYTPAIIbOCTH 3TPajie, yTUIy Ha CHTEPHjepCKH
JIOXKHUBJbA] YHYTAp 3rpaje.

Wurerpucame OTOHAIOHCKUX CUCTEMa Ha 3rpaju
IIKoJIe OM MOTJIO J1a TMTOCTYXKHM Kao oaindHa MoryhHocT
o0yKe M YHO3HaBama yYCHHKA Ca COJAPHHM TEXHOJIO-
rujama. OBakBo pemerme OM aBajo IMOPYKY M MOTHBa-
LUjy JpYLITBY O MOCcBeheHOCTH OYyBamy KMBOTHE Cpe-
JIMHE U JTOTpUHE0 6 hopMUpamy jaCHOT APYIITBEHOT
eKOJIOLIKOT CTaBa.

4. 3AKJbYYAK

OcHoBHa mkouna ,,/Iparojno dyanh” ca npoctpanum
LIKOJICKUM JBOPHUILITEM MM yCJIOBE 32 IOTPa/Iiby IIKOJIE
3a yuenuke o I no IV pazpena. [IpocTopHu kananureTu
JorpaljeHe mKoie 3a KamanuTeTnMa mocrojehe mkore,
3a[I0BOJbaBajy peanHe moTpede Hacesba W oMoryhaajy
JEeAHOCMEHCKH paJl. TakBOoM OpraHM3aIijoM HacTaBe ce
n00Hja HOBU KBaJIMTET jep ce oMoryhaBa y MOMOJIHEBHU
YacoBHMMa: Pajl CEKIMja, CIIOPTCKE aKTUBHOCTH, APYIIT-
BEHE aKTUBHOCTH U NMPOAYKECHN OOpaBak 3a yICHUKE O
I no IV paszpena.

3aJ10BOJbEH je U jeiaH 0J] OCHOBHUX LIMJbEBA Ja Ce
JIely ca oceOHMUM norpedama oMoryhu mpucTyI MmKoJI-
CKOj 3rpajiv ¥ CaBJIaJaBambe BEPTHUKATHIX KOMYHHUKAIHja

IZGRADNIJA 65 (2011) 11-12, 671-680

around 10% more efficient comparing to the vertical sys-
tem on the right building annex. Such system could pro-
duce at the yearly basis 124.5 kWh/m? on the left build-
ing annex and 120 kWh/m? on the right building annex
(table 1). If applied on the whole south-west facade, such
system would be 213 m? in area (left annex 83 m? and
right annex 131 m?) and capacity 26.1 kWh and at the
yearly basis it could produce 26.7 MWh (diagram 1).

Beside solar blinds, the solar elements in the form
of the sculpture are planned to be installed in the court-
yard. The sculpture ,,Greeting the Sun, knowledge and
new ideas”, designed in front of the building and created
of PV modules and solar cells, beside presenting unique
art monument, it is planned to be used in educative pur-
poses.

3.3.2. Benefits

Beside electrical energy production, the benefits
that could be achieved with BIPV are numerous and they
comprise benefits regarding architectural-formal, eco-
logical, economic aspects.

PV systems for electrical energy production obtain
guaranted redemption price of 23 Eurocents/kWh (Ure-
dba Vlade Republike Srbije o podsticanju proizvodnje
elektricne energije iz obnovljivih izvora, 2009), which
is the price sufficient for economic profitability of PVs.
With selling the electrical energy produced from 213 m?
PV modules in amount of 26700 kWh yearly, the school
could achieve income of 6141 Euro.

The design is specially effective during the summer
period, when the solar radiation is the most intensive.
Then the blinds influence improvement of thermal and
visual comfort inside the building, and at the same time
they produce big amounts of electrical energy.

The planned PV system, harmonic installed in the
form of linear surfaces on the south-west facade, empha-
sizing the cascade character of the building, direct influ-
ences the form and materialization of the building, and
direct contribute to the achievement of high quality and
interesting architectural solution. Semi-transparent PV
panels with solar cells of monocrystalline Si, dark blue
colours, are in the mild contrast with respect to the facade
cladding of facade brick in the natural colour of baked
clay and they refresh the visualization concept of the
whole building. Besides giving the accent to the external
building appearance, such solar blinds, with interesting
light and shadows play in the building interior, influence
interior experience inside the building.

BIPV design on the building could serve as the ex-
cellent opportunity for training of pupils and introduction
of solar technologies. Such design solution would send
the massage and motivation to the society about devotion
to the taking care of the environment and would contrib-
ute to creating of clear social ecological attitude.

4. THE CONCLUSION

The primary school ,,Dragojlo Dudi¢” with the wide
schoolyard has the conditions for the school upgrade for
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y GHTepHujepy IPEeKO IOCTaBJLEHUX PaMITH, Ka0 U HOp-
MAJIHO KPeTamke XOJHUIINMA IIIKOJIE.

Harayti TepeH omoryhaBa NpoOjeKTOBambe KacKaji-
HOT 00jeKTa ca CKEeJIeTHUM KOHCTPYKTHBHHUM CHCTEMOM,
IZle ce M3rpajlbOM HOBOT 00jeKTa He HapylaBa IocC-
tojeha KoH(pUrypalyja TepeHa U OKOJHOT JTBOPHUINTA U
IpH YeMy OCTaje J0CTa CIO0OIHOT MPOCTOPa 38 OPraHu-
3allMjy HACTaBe Ha OTBOPEHOM, OOpaBak W WIpy IEIe y
HNPUPOTHOM OKpYXKewy. VIHTerpucanu mpoiec mpojex-
TOBama OCTBAPYj€ IMOCTABJbEHH IIFJb M PE3YINTAT je Kac-
KagHU 00jeKaT ca MO3UTHBHOM jyro-3allaJIHOM OpjeHTa-
[I1jOM U KOopHuIIThemeM CyHUeBe CHeprHje.

Jyro-3amanna opujeHTamyja TepeHa U 100pa OCyH-
YaHOCT JIOKAllMje TPYXkajy MOryHHOCT 3a IUIaHHpame
(hOTOHAMIOHCKHX CUCTEMa Ha HOBOIIPOjEKTOBAHOM 00jCK-
Ty yuMe OW IIKOJia MmocTana mpumep ,koie CyHia”.
Pazmorpenu OeHeduTH NoKa3yjy OnpaBJaHOCT OBaKBOT
pelemka, a MoCeOHOCT je y jeJMHCTBEHOM IIPUMEPY ap-
XUTEKTOHCKOI' p€HICHka Yy CKJIaay ca IMpUHIHUIIUMaA ouno-
KIIMMAaTCKe apXUTEKType W OJPKUBOT Pa3Boja, y OKBH-
puMa jemHe BacIIUTHO 0Opa3oBHE YCTaHOBE, IITO MOPEN
yoOmuajeHnx MOOWTH, UMa HM3pakeHH MOTHBALMOHU U
eIyKaTUBHH KapakTep.
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the pupils from 1% to 4" grade. The spacial capacities
of planned school together with the existing school meet
real needs of the settlement and enable work in one shift.
With such organization of the teaching, it should be cre-
ated new quality as the work during afternoon hours is
enabled: work of the facultative courses, sport activities,
social activities and prolonged spending time for pupils
from 1% to 4" grade.

It is satisfied also one of the aims to enable to the
children with special needs to access the school and to
overcome vertical communication in interior with using
the ramps, and normal movement through the corridors
as well.

The sloped terrain enables the designing of the
cascade building with the skeletal constructive system,
where with the new planned building, the existing con-
figuration of the terrain and surrounded courtyard would
not be disturbed and which enabling wide free areas for
the organization of teaching at the open spaces, spending
time and playing of the children at the natural environ-
ment. IDP achieves the established target and the final
result is the cascade building, with south-west orientation
and the solar energy utilization.

The south-west orientation and good insolation of
the site give opportunity for PV system planning on the
new building, with which the school would become the
example of “school of the Sun”. The considered benefits
show justifiability of such design solution, and speciality
is in unique example of architectural solution according
to the bioclimatic architecture principles and sustainable
development, within the education building, which be-
side expected benefits, has significant motivational and
educational character.
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MOST NA RECI GARVANICI -
PRITOCI JUZNE MORAVE

THE BRIDGE OVER GARVANICA RIVER —
SOUTH MORAVA RIVER TRIBUTARY

UDK: 624.21(282.243.744)
Originalni nau¢ni rad rad

Prof. dr Vladimir RADOJICIC, dipl. grad. inZ.

REZIME

Most na Garvanici, kod Mackatice nalazi se u juznoj Srbiji i povezuje Mackaticu sa Zito-

radom i Belim Poljem.

Kljuéne reci: most, graditelj, konstrukcija, betonski svod — luk.

SUMMARY

The bridge over Garvanica at Mackatica is located on South Serbia and is the only link

between the Mackatica and Belo Polje.

Key words: bridge, builder, structure, concrete arche.

Povod za objavljivanje ovog ¢lanka nastao je iz Ze-
lje da javnosti bude predstavljen jos jedan dragulj naSeg
graditeljstva o ¢ijim se neimarima nije sacuvao nikakav
zapis.

Tek $to se izide iz Grdelicke klisure kod Vladici-
nog Hana i krene levo od medunarodnog puta, Korido-
ra 10, prema Surdulici, stize se u Belo Polje, periferija
Surdulice. Neveliko naselje okupirano Bugarima u vre-
me Drugog svetskog rata, u kome su Nemci, kao njihovi
saveznici izgradili celokupnu infrastrukturu za eksploa-
taciju rude molibdena iz mackatickog rudokopa od Ce-
liéne ziCare za transport i postrojenja za mlevenje rude
do elektrane, za koju je dopreman ugalj uskokoloseénom
prugom sa zeleznicke stanice Vladi¢in Han, i na koji je
istom otpremana separisana ruda molibdena iz Belog Po-
lja za dalji transport u Nemacku.

Aktivnost mackatickog rudokopa nastavljena je i
posle oslobodenja, tacnije sve do 1954. godine kada je
odlukom ondasnjih srpskih vlastodrzaca zatvoren.

Danas, posle pola veka nekoliko objekata, stambe-
nih i kancelarijskih, koje su izgradili Nemci i brdo jalo-
vine podsecaju samo na davnasnju eksploataciju macka-
tickog molibdena.

Retka u svetu nalaziSta ove rude veoma vazne za
vojnu industriju, a bogomdana ovom kraju, davala je i
daje poseban znacaj ne samo Belom Polju kao strates-
kom mestu, ve¢ i celom jugu Srbije. Pretpostavlja se da
se na ovom prostoru kilometrima protezu preko Vlasine
do Bugarske, dugi slojevi molibdena plitko razmestani
pod zemljom o ¢ijoj se kolicini, nista ne zna pouzdano.

Iako su, u leto 2009. godine u organizaciji kanadske
firme ,,Dandi”, vrSena istrazivanja, dobijeni rezultati, su
nazalost, ostali dostupni samo njenoj administraciji.

Adresa autora: Fakultet tehni¢kih nauka, 28000 Kosovska Mitrovica,
Kneza Milosa 4
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Lokalna nagadanja i pric¢e o nekoj koli¢ini molibde-
na isplativoj za eksploataciju, probudili su, samo, nadu
lokalnog stanovnistva da se njegovom eksploatacijom
moze opstati pod istovremenim udarima tranzicije i svet-
ske krize od kojih je skoro, 30% Zitelja ovog kraja rase-
ljeno u toku prve decenije 21. v.

Na dvadesetom kilometru od Belog Polja, uskim
asfaltnim putem koji vijuga po mestimi¢no erodiranim
padinama Cemernika, stize se do planinske, Zustre reke
Garvanice (nazvana po mutnim vodama od rudokopa
uglja eksploatisanog u vreme Turaka) koja se koritom
skrivenim izmedu pedesetogodisnjih bukovih stabala i
guste vrzine, sliva niz Cemernik, i kod sela DZep uliva
se u Juznu Moravu.

Slika 1. Izgled mosta
Na njoj most. Jedini. [zazovno vitak preskace nje-

ne divlje, vrbom obrasle obale. Izveden minucioznim
umecem srpskih nepoznatih neimara zadivljuje zanat-
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sko-umetnickom izradom svakog dela svog gracioznog
korpusa, retkog primera sistema ,,lvalet”.

Prema kazivanju i seanju mestana, most je graden
veoma skromnim, skoro primitivnim sredstvima: aSovi-
ma, pijucima, lopatama, sa jednom mesSalicom od 250
litara i jednim volujskim kolima kao transportnim sred-
stvom.

Most predstavlja armiranobetonski luk sistema ,,lva-
let I koji, kao takav, oponasa luk na tri zgloba.

Raspon luka iznosi 36 m; dok je debljina luka u
oporcima 60 cm, u Cetvrtinama raspona 150 cm, a u te-
melju luka 80 cm.

Slika 2. Desni obalni stub

Poprecni presek je resen sa dva poduzna nosaca
— dimenzija: 40/60 cm.

Sirina kolovoza: 450 + 2 x 75 = 600 cm

Kolovozna konstrukcija je, na neuobicajen nacin,
povezana sa obalnim stubovima. Ne oslanjaju¢i se na
obalne stubove ona se armiranobetonskim platnima: (450
x 30 1 h=500 cm) izradenim uz njih sa osloncem na opor-
ce, povezuje sa njima.

Most je izveden drvenom oplatom i skelom, a be-
toniran ruéno, koje potpisuje gradevinsko preduzece
,,Trudbenik” iz Leskovca.
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Slika 4. Izgled mosta sa nizvodne strane

Kako projekat ovog retkog graditeljskog dragulja
nije sacuvan ni u jednoj arhivi, (izvodackog preduzeca ili
investitora) i projektant ostao nepoznat, i posle mnogih
uzaludnih pokusaja, to sam odlucio da ga ovom kratkom
crticom predstavim i saCuvam, od zaborava.

IZGRADNIJA 65 (2011) 11-12, 681-682



STRUCTURAL SYSTEM IDENTIFICATION OF BUILDINGS USING
LAYERED BUILDING MODELS AND IMPULSE RESPONSES

IDENTIFIKACIJA KONSTRUKTIVNOG SISTEMA ZGRADA POMOCU
SLOJEVITIH MODELA ZGRADA | FUNKCIJE IMPULSA SISTEMA

UDK: 699.841
Originaly scientific paper

Maria |. TODOROVSKA",
Mohammad T. RAHMANI2)

SUMMARY

A previously explored method for structural system identification and earthquake damage detec-
tion in buildings, based on detecting changes in wave travel time measured using impulse response
functions, is established in this paper and its accuracy is analyzed. The main advantages of this method
over the modal methods are that it is not affected by soil-structure interaction, and is local in nature.
Analytical impulse response functions (IRF) are presented for a layered shear beam building model, that
are fitted in observed IRFs, i.e. computed from earthquake records. These provide theoretical basis for
algorithms that identify profiles of the building shear wave velocity versus height, and the quality factor
QO which describes the attenuation due to material damping. One such (direct) algorithm, based on ray
theory interpretation of pulses in the IRF's, and measuring their time shifts and amplitudes, is critically
examined. It is shown that there is a trade-off between the accuracy of the identified shear wave velocity
profile and the (spatial) resolution of the model fitted, which is a consequence of the Heisenberg-Gabor
uncertainty principle for signals. The uncertainty in the localization of the pulses in the IRF's is derived
from this principle as functions of the IRF bandwidth. These concepts and the system identification al-
gorithm are illustrated on identification of the NS response of Millikan library — a densely instrumented
9-story RC building in Pasadena, California, during the Yorba Linda earthquake of 2002.

Key words: earthquake damage detection, impulse response function, layered shear beam building
model, shear wave velocity profile.

REZIME

U ovom radu prikazana je nedavno ispitana metoda za identifikaciju konstruktivnog sistema i
detekciju oStecenja na zgradama nastalih usled zemljotresa na osnovu detekcije promena u vremenu
kretanja talasa kroz objekat merenih koriscenjem funkcije impulsa sistema. Takode je data analiza
tacnosti metode. Glavne prednosti ove u odnosu na modalne metode je u tome sto na ovu metodu ne
utice interakcija tlo-konstrukcija i sto je lokalne prirode. Predstavijene su analiticke funkcije odgovora
impulsa sistema (IRF - analytical impulse response functions) za modele zgrade sa slojevitim gredama
koje primaju smicuca opterecenja, a koje se uklapaju u posmatrane IRF, tj.koje su sracunate iz zemljo-
tresnih zapisa, Sto pruza teorijsku osnovu algoritama identifikacije profila brzina smic¢ucih talasa koji
se prostiru kroz zgrade u odnosu na visinu, kao i faktor kvaliteta Q koji opisuje atenuaciju zbog prirode
materijala. Ispitan je jedan takav (direktni) algoritam koji se zasniva na interpretaciji pulseva u funk-
cijama impulsa sistema preko teorije zraka, kao i merenju njihovih vremenskih pomeranja i amplituda.
Pokazano je da postoji saglasnost izmedu tacnosti identifikovanih profila brzine smicucih talasa i (pro-
storne) rezolucije postavljenog modela, sto je posledica Hajzenberg-Gabor-ovog principa neizvesnosti
za signale. Neizvesnost u lokalizaciji pulseva u funkcijama impulsa sistema izvedena je iz tog princi-
pa kao funkcija pojasne Sirine IRF. Ovi koncepti i algoritam identifikacije sistema illustrovani su na
primeru identifikacije NS odgovora zgrade Milikanove biblioteke (Millikan Library) — devetospratne
arminarano-betonske zgrade dobro opremljene instrumentima koja se nalazi u Pasadeni, Kalifornija, u
vreme zemljotresa u mestu Yorba Linda koji se dogodio 2002. godine.

Kljuéne reci: detekcija ostecenja od zemljotresa, funkcija impulsa odgovora, model zgrade kao
slojevite grede izlozene smicanju, profili brzine smicucih talasa.
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INTRODUCTION

Buildings, traditionally analyzed by vibrational
methods and characterized by their frequencies of vibra-
tion, can also be analyzed by wave propagation methods
and characterized by their velocities of wave propagation
[1-20]. Reduction of structural stiffness due to damage
leads to decrease of the wave velocity in the damaged
part, which leads to increase in wave travel time through
the structure. This provides a basis for detecting damage
— both its presence and location — from increases in wave
travel time [5,6,9,16,17,21]. Two important advantages
of wave travel time based methods for damage detection
over the modal methods are their local nature and not
being sensitive to the effects of soil-structure interaction
[6,12,18].

Proof of concept studies, using a conceptual mod-
el and earthquake records in damaged buildings, have
shown that structural health monitoring based on detect-
ing changes in wave travel times using impulse response
functions (IRF) is promising and should be further inves-
tigated and developed [16,17]. This paper contributes to
the further development and critical assessment of such
method, by presenting a rigorous analytical wave propa-
gation model for the building response, and, based on it,
a system identification algorithm and analysis of its spa-
tial resolution and the uncertainty in the estimation of the
damage sensitive parameter (the shear wave velocity),
derived from the Heisenberg-Gabor uncertainty princi-
ple, and demonstrated on a case of identification of a real
building from earthquake records.

In the model section of this paper, analytical transfer
functions (TFs) and analytical band-limited impulse re-
sponse functions (IRFs) are presented for a layered shear
beam model of a building, and the “direct” identification
algorithm is derived, based on ray theory interpretation
of the analytical IRFs, followed by an analysis of its re-
solving power and error. These analytical system func-
tions are exact, and have been derived using propagator
matrix approach. The propagator for the building model
is identical to the propagator for a layered half-space ex-
cited by vertically incident plane SH waves, used in geo-
physics and seismology [22-24], and is briefly reviewed
in this paper, for completeness. To the knowledge of the
authors, its application to buildings is new. In the identi-
fication algorithm, presented and tested in this paper, the
building shear wave velocities are identified from pulse
time shifts, and the damping (quality Q-factor) is iden-
tified from the pulse peak amplitudes [23]. This simple
direct algorithm, being based on ray theory interpreta-
tion of the IRFs, is valid for smooth variation of the layer
properties.

The effectiveness of the implementation of such
identification algorithms in future systems for early
post-earthquake damage detection in buildings [25] will
depend critically on their spatial resolution and accura-
cy — when applied to real buildings and data. In other
words, the detected change in shear wave velocity due
to damage should be larger than the error in their iden-
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tification, and localized damage should be resolved. In
the model section of this paper, the finite spatial resolu-
tion in identification using IRFs, and the uncertainty in
the identified shear wave velocity distribution along the
building height by the direct algorithm are derived from
the Heisenberg-Gabor uncertainty principle, as function
of the IRF bandwidth. To the knowledge of the authors,
this derivation is new. It is shown that there is a tradeoff
between spatial resolution and accuracy of the identified
shear wave velocity profile, which is a consequence of
the finite effective bandwidth of recorded structural re-
sponse, and cannot be avoided even if a dense network of
sensors is available.

In the results section of this paper, first simulated
IRFs for layered building models are presented and ana-
lyzed, with the objective to examine some of their fea-
tures relevant for identification. These theoretical IRFs
are broadband (0-50 Hz), representing ideal conditions
for identification (narrow pulses and smaller uncertain-
ty in the identification). Without loss of generality, the
models were chosen to correspond to Millikan Library
NS response. Next, results are shown of application of
the presented identification algorithm to Millikan Li-
brary NS response during the Yorba Linda earthquake of
2002, which was recorded by a dense network of sensors.
The objective of this analysis is to demonstrate this iden-
tification algorithm on a real building and recorded earth-
quake response and critically assess its accuracy. For this
9-story RC building, it is shown how the accuracy of the
identification depends on the detail of the model fitted,
for uniform, 3-layer and 9-layer models.

The analytical TFs and IRFs for a layered building
model, presented in this paper, will be useful also for
other studies, e.g. as a simulation tool to examine the ef-
fects of localized damage on the building response char-
acteristics (wave travel times, frequencies of vibration,
and mode shapes), and to facilitate the interpretation of
observed IRFs in full-scale buildings during earthquakes,
needed to further examine the reliability of IRFs for
structural health monitoring. It is noted that the model
presented in this paper does not account for foundation
rocking due to soil-structure interaction (SSI), which is
present to various degrees in observed response of real
buildings. Fortunately, this is not a limitation for the es-
timation of the shear wave velocity, because the pulse
time shift is not affected by the SSI, as shown earlier on
a model that includes the effects of SSI [18]. However, it
is a limitation in the estimation of the structural damping,
as shown in this paper.

Impulse response functions are closely related to
cross-correlation functions. They represent normalized
cross-correlation functions, with removed effect of the
source, and have been used in geophysics for seismic
interferometry to identify the properties of the geology
from seismic records [e.g. 12,23,24]. They were first
used in analyses of buildings by Snieder and Safak [12]
and in analyses of damaged buildings by Todorovska and
Trifunac [16,17]. Wave propagation in layered building
models has been analyzed previously by finite difference
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methods [6,11,13,15]. An advantage of the propagator
matrix solution used in this paper is that it is analytical
(in both time and frequency domains), is not affected by
discretization of the spatial domain, and can be computed
very quickly.

THEORETICAL BACKGROUND
Model

The building is modeled as elastic, layered shear
beam, supported by a half-space. The shear beam is
stress-free on the top, and is excited by vertically inci-
dent plane shear waves (SV) from the half-space (Fig.
la). The layers are chosen to correspond to the individual
floors. Within each layer, the medium is assumed to be
homogeneous and isotropic, and perfect bond exists be-
tween the layers. The building is assumed to move only
horizontally, the foundation rocking due to soil-structure
interaction being neglected. The layers, numbered from
top to bottom, are characterized by thickness h;, mass
density p,, and shear modulus x,, where i = 1, ..., n for
the layers in the building, and i = n + 1 for the half-space,
which implies shear wave velocities:

Bi =L/ p;

The displacements at the roof and at the consecutive
layer interfaces are uy, u,, ... u, 4.
Frequency Domain Solution — Analytical Transfer-
Functions

This 1D layered building model is mathematically
identical to that of a horizontally layered half-space ex-
cited by vertically incident SH waves (Fig. 1b) encoun-

tered in geophysics and seismology. A simple, elegant
solution for the displacement of the layered half-space in
the frequency domain can be obtained using the propaga-
tor matrix approach. Let U (x, z; ) be the horizontal dis-
placement in the y-direction, and z,, = u (0U)/(0z) be the
shear stress on surfaces perpendicular to the z-axis, in the
y-direction. For monochromatic incident wave at angle y,
U (x, z; t) will be a propagating wave in the x-direction
and can be represented as

U(x, z t)=u(z) exp [iw (px — 1)] )

where o is the circular frequency, and p =siny /g, . is
the horizontal slowness (p = 1/c, where c, is horizontal
phase velocity). Let

(w2
“z)={uy<z>}

In a homogeneous medium, f (z) is governed by [26]

0
—f(z)=Af(2)
oz )

which expresses the combined dynamic equilibrium equ-
ation and constitutive relations where

0 1/p
o R

The propagator operator (called matricant in math-
ematics) was introduced to geophysics by Gilbert and
Backus [22] as a matrix method for solving the layered
half-space problem. The earlier Thompson-Haskell
method for surface waves in a layered medium [27,28]

14 h Hq
hy o 1 /\/\ b
o "2 /\ \/\ P2
Zy —* U3 Z 1
ol / \/ 1
n-1
Hn-2 Mp-2
Zno — Unq Zn2 |
I-ln-1 |'ln-1
Pt g hn-1 /\/ \/\ Ny
Zh-1 —u \/\ o Zna |
n
Pn
Zn T \ z, T
Y v
M1
z Pn+1 z

a) Building

b) Layered half-space

Fig. 1. The model. a) Layered shear-beam representing a building. b) Layered half-space.
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is a special cases of the propagator matrix method. The
following summarizes briefly how the solution for f (z) is
obtained using the propagator matrix. If matrix A in eqn
(2) is a continuous function of z, which is the case within
each layer, then the uniqueness theorem implies that the
solution at any point z in the layer can be obtained from
the solution at another point z, in the same layer as

f(2)=P(z 2y f(zp) @)

where P (z, zy) is the propagator for that layer from z,.
The propagator P (z, z() can be obtained from the funda-
mental matrix of the system of eqns (2), F (2), as

P(z2) =F () F (z))" ®)
which gives

Pll(Z’ZO) = COS(DT](Z—Z())

1
Pa(z,29) =~
oL

sinwn (z —zp)

Py (z,2y) = i(iomp) sinwn (z - zy)

P22(Z,Zo):COSO)T](Z—Zo) (6)
where
1
n=—=-»
§

is the vertical slowness (= 1/c, where c_ is vertical phase
velocity).

The continuity conditions imply that f (z) must be
continuous at the layer interfaces, which enables one to
compute f (z) from any location within the layered me-
dium where it is known. Starting from z = 0 with f (0)
= {1 0}7, f (2) can be computed recursively at the layer
interfaces z = zy, z,, ..., and from there propagated inside
the layers. Then, the propagator from z = 0 to any point z
in the layered medium, P (z, 0), can be derived such that

f()=P(E0)f(0),z <2<z, i=l,..n ()

P(z,0)=P(z,z,_) P(z;_1,z;,)
P (zy,2z)) P (z4,0) ®)

where P (zj, z; ;) is the propagator for the j—th layer, gi-
ven by eqn (é . For the 1D building model (Fig. 1a), in
eqn (6), p =0, and n = 1/5.

The first entry of f (z) being u (z), eqn (7) implies
that Py, (z, 0) gives the transfer-function (TF) between
the displacement at level z and the displacement at the
top, the inverse Fourier transform of which would be the
impulse response functions (IRF) for virtual source at the
top. Using eqn (7), the system functions (TFs and IRFs)
can be computed with respect to any reference level. Let
h(z Zyef f) be the IRF at some level z with respect to level

Z,p and let };(z,zref;w) be its Fourier transform. Then
h(Z7Zref;m)=P11(Zao)/Pll(Zref>O) 9)

h(z, Zper3t) = Fr~! %(z,zref;u))} (10)
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where FT-! indicates inverse Fourier transform following
the convention

f(m) = ? 1) PO AN f()= % T f"(m) O g

(11)

At the reference level:
h(zref’ Zref ;0)=1

and the impulse response function  (z, , Zyf Zref H=0()
= Dirac delta-function, which represents a virtual source.
Away from the source, / (z, z,,,4 {) represents the respon-
se of the building to the virtual source at z = z, . When
the virtual source does not coincide with the physical so-
urce, acausal pulses will appear in the impulse response
functions [12].

To account for amplitude attenuation due to mate-
rial friction, quality factor Q is introduced, which de-
scribes the amplitude reduction of a propagating wave or
a vibrating volume over one cycle. Let 4, be the initial
amplitude, and 4 be the amplitude after distance travelled
z or time of vibration #. Then 4 (; w) = A4 exp [~wt/(2Q)]
and 4 (z; w) = A, exp [~wz/(20B)] [26]. High Q implies
small attenuation, and for constant O and fixed distance,
the higher frequency waves are attenuated more. It is in-
corporated in the model by replacing the real valued ver-
tical slowness # = 1/f by complex slowness 7"/

cmplx =1 +iLT]

n
20 (12)

Q is related to the damping ratio { (ratio of damping and
critical damping of viscously damped oscillators) by { =
1/(2Q). Then, { = 1% is equivalent to Q = 50, which is
value typical for sediments. It is usually assumed that O
and ( are frequency independent, but in general both are
strong functions of frequency [29]. As a consequence of
0, the pulse propagation will be dispersed, however, for
lightly damped structures, this effect is small.

Ray Theory Interpretation of IRFs

The ray theory [26] interpretation of the IRFs leads
to a simple direct algorithm for identification of the lay-
ers, presented and tested in this paper. However, it is ap-
proximate theory that involves underlying assumptions,
which need to be satisfied to obtain give accurate results.
In this section, these assumptions and the derivation of
the travel time formula are briefly reviewed. Ray the-
ory is based on the assumption that body waves travel
through an inhomogeneous medium as a wave front, with
the local propagation speeds, obeying the laws of geo-
metric optics, i.e. along ray paths determined by Snell’s
law [26]. For the 1D layered building model (Fig. 1), let
T (z; z) be the travel time from z;, to z. An equation for
T is obtained from the wave equation by trying approxi-
mate solution
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uz)=U@-T2)f() (13)

where U is the source function, and f (z) is some
function of z. Assuming that near the wave front U fluc-
tuates much more rapidly than the material properties and
£, and that its derivatives fluctuate even more rapidly, and
neglecting the corresponding terms gives

1
T'(z) = ——
) B(2) (14)

Then the travel time between points A and B is the
line integral

Typ=1 L

48 B(s) (15)
which becomes a sum for our model. This implies travel
time over the height of the building is a sum of the tra-
vel time through the individual layers, which holds if the
material properties along the path vary smoothly. If there
are abrupt variations, then wave scattering and diffrac-
tion become significant, and the full wave propagation
theory needs to be applied for accurate results.

Time Domain Solution — Analytical Impulse Response
Functions

In practice, the impulse response functions (IRF)
are computed from band-limited transfer-functions over

|w| S wmax
1 (O]
Wz, Zpep3t) =—
21

‘max

O (16)

An important benefit of eqn (16) is the convergence
of the integral for Q > 0, which is not the case when @,
— o0 [23]. Then, the source pulse is a box function in the
frequency domain, and sinc function (sin w,,, #)/(xt) in
the time domain. The integration in eqn. (16) can be car-
ried out both numerically, using Fast Fourier Transform,
and analytically. The latter are very useful for devising
identification algorithms, as shown in the next two sec-
tions.

When Zyef = 0 (the top), the kernel in eqn (16) is
the propagator P, (z, 0) in eqn. (8), and analytical in-
tegration of eqn (16) gives the following expression for
band-limited IRF at some level m < n normalized to unit
amplitude at the source [23]

2m—1 a.(m)

h(zy,,0;t) = L.
" Z; b(m)

1=

'{SCI.(m) [r (™ j +54™ (r (™ H

(17)

where SCi(m)(t) and SAi(’”)(t) are inverse Fourier tran-
sforms of attenuated box functions for causal and acausal
waves given by
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(m)

exp (—ocl- Omax j

®max (a(m) jz 42
i

st 1) =

(m)
[—al-(m) cos (comaxt)+lsin (mmaxf)} N 5
(ocl m)) +1?
(18)
(m) )
. i(m) 0~ 1 exp (Oﬁl :)max
®max (ai(m)) w2
o
|:0Ll-(m) cos ((omaxt)+tsin (‘Dmax’)} —l—z
ocl.(m)) +12
19)
In eqn. (17), ri(’”) are time shifts such that
1:1(0) =0
-1 -1
o =" gt 15 =D —ny, (20)

and the coefficients al-(”‘) and 5 are functions of the re-
flection and transmission coefficients R and 7 such that

O
agzn—)l = al(m_l) , agin) = al-(m_l)Rm , i-odd
-1 -1 .
ag?_)l = al(m )Rm s agl.n) = al(m ), i-even @n
m
o™ =2 )
J=2 22)

where R, is the reflection coefficient of waves in m-th
layer reflected from the interface with the (m — 1) — th
layer and 7} is the transmission coefficient for waves
from the j-th layer into the (f — 1)-th layer defined as

_NmMm MNm—14m-1

Ry
MmMm A Nm—14m—1 (23)

@24

In eqns (18) and (19), ai(m) are amplitude attenua-
tion factors
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afo):o
-1
chl-n_)l :ai(m )'H]mhmgm;
-1
(xgln) :ai(m )_nmhme

(25)

The other parameters are same as defined earlier,
i.e. h,, is the thickness, 7,, = 1/8,, is the vertical slowness,
S, =1/20Q,) and p,, is the shear modulus, all of these
of the m-th layer.

As shown by eqn. (17), the impulse response func-
tion at each interface represents an assembly of shifted in
time sinc functions, which include the transmitted causal
and acausal pulses, and reflections from the layer inter-
faces.

The Direct Identification Algorithm

Based on ray theory, applicable when the variations
of material properties is “smooth” so that the effects of
scattering from the inhomogeneities are small, the ana-
lytical IRFs in eqn (17) imply that the velocities ,, can
be obtained from the time shifts rl-(’”) of the pulses, and
the quality factors O, can be obtained further from the
ratios of the amplitudes of the causal and acausal pulses
SC™(0) and S4,M(0) [23]. If there is a recording at
every layer interface, all layers can be identifies only
from the transmitted pulse (i = 1), from the relationships

tfm)—rfn_nzzmn/ﬁm

(26)
sd™© s D i
sc™ @) sc™ Do
=OmaxSm (Tl(m) _Tl(m_l)) @7
where ¢, = 1/(20Q,,), which implies
e
(1 |
20, | ®max Tl(m) _Tl(m—l)
sa™©) 54" o)
" sc™@  sc™ D
and overall Q
11 4"
20 wmaxrl(m) Scl(n) (0) (30)
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where rl(’”) is the travel time from base to roof. If there
isn’t a sensor at each layer boundaries, it is still possible,
in principal, to identify all the layers, using the reflected
pulses. This requires that the reflected pulses have ampli-
tudes larger than the ripples of the transmitted pulses, and
are sufficiently shifted in time to be resolved as separate
pulses, so that they can be identified.

Heisenberg-Gabor Uncertainty Principle and its Con-
sequences on the Identification

The source pulse:

SIN W,
h(zrefﬂzref;t) =

e

is localized both in time and in frequency, around time
7 =0 and frequency ® =®,,, /2, but not perfectly.
Its spread in frequency is Aw = o, /2, and let the half-
width of the main lobe Aw =7/ @, = 1/(2f,.,) be a
measure of its spread in time, where f . = o /(27).
(It is noted here that the spread in time cannot be derived
using the second moment, because it does not exist for
the sinc function.) This implies that smaller w_,,, would
result in a wider source pulse, which will worsen the time
localization of the IRFs, and, consequently, the spatial
localization of the wave front. The product of Aw and At

for the source pulse is always constant

AoAr="
2 (31

Eqn. represents the Heisenberg-Gabor uncertainty
principle for signals [30,31], according to which a sig-
nal cannot be perfectly localized both in time and in fre-
quency, and increased localization in one domain is at
the expense of decrease localization in the other domain.
Its equivalent in physics states that both the position and
velocity of a particle cannot be determined exactly at a
given moment in time. An important consequence of this
principle is the finite spatial resolution of the identifi-
cation of the variations of the layer properties, and the
uncertainty in the identified properties at a particular
location in the building. As demonstrated in the results
section, the limited resolving power implies that there is
some minimum thickness of the top layer that can be re-
solved by the IRFs, even if there exists a recording within
that layer.

The related uncertainties Az and Af can be derived
from the Heisenberg-Gabor uncertainty principle and in-
terpreted as follows. The disturbance at the virtual source
will propagate through the medium as a pulse in space
with half-width Az = fAt = nf/w .. Further, Az can be
expressed as Az = Afir, where A is uncertainty in § and ©
is travel time, which gives AB/ = n/(w,,,, 7). This means
that the “point” estimate of velocity f(z), measured from
the time shift of the of a pulse in the IRF, is a weighted
average over the interval [z — Az, z + Az], and that the
identified value of § is an estimate, the error of which has
distribution with spread Ag. Recalling that /o, = Af,
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it follows that Af/f = At/r, which means that the relative
error in the estimate of § will be proportional to the ratio
of the source pulse half-width and the time lag 7 used to
identify .

The above discussion implies that detecting local-
ized variations in £(z) from readings of the pulse shift re-
quires high enough signal bandwidth ., and that, for
given w_ ., the error of the identified f(z) can be reduced
if it is identified from larger travel time 7, i.e. from larger
distances. It also implies that the error in the identified
S will be smaller in more flexible buildings, and, within
the building, in its softer parts (e.g. near the top, or in the
soft first floor). As an example, if 8~ 200 m/s, f, . =25
Hz=Az=4m=h,f, , =10Hz=Az=10m~=2.5h,
andf . =5 Hz= Az=20m=5 h, where 4 is the story
height.

This uncertainty in measuring f(z) is similar to the
uncertainty in identifying “instantaneous” frequency of
signals using wavelet transform, Gabor transform or any
other type of moving window technique where “instant”
refers to a time interval, and there is uncertainty in the
identified frequency which is larger if the time interval
over which it has been estimated is shorter [30-32]. This
uncertainty, due to finite bandwidth of the IRF, is a fun-
damental property of signals and cannot be overcome by
increasing the density of sensors in the structure.

Effective o, and Its Relation to Regularization Pa-
rameter €

The bandwidth for strong motion data is typically 25
Hz or 50 Hz [33,34]. However, as our experience shows,
the effective w, . that determines the width of the pulses
in IRFs obtained from recorded response in real build-
ings, is considerably smaller than the Nyquist frequency,
because of the physical nature of the response, which is
such that its amplitudes decrease with frequency, becom-
ing very small beyond some frequency, even smaller than
the regularization parameter ¢ used in computing transfer
functions from observed response [12]

(20 (Zper)

h(Z,Zref;Cl))= R >
|i(zeep)|” +€

(32)

Used to prevent division by accidental zeros in
|ﬁ(zref )| , € also sets to zero the transfer function beyond
some frequency, even at the source, resulting in pulses in
the IRFs that have width larger than desired and predicted
by the chosen w, . . Another reason to limit e, in the
identification is to exclude in the observed IRFs effects
from details (elements) not captured by the model, and to
exclude frequencies at which the building response is not
predominantly in shear.

RESULTS AND ANALYSIS

The first group of results shows simulated broad-
band (0-50 Hz) IRFs of a 9-story RC building, which
illustrate how transmitted and reflected pulses can be
used for identification, and are used to examine if the
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algorithm based on ray theory is applicable for layered
building models, and if the pulse amplitude is affected by
soil-structure interaction. Without loss of generality, the
models were chosen to correspond to Millikan Library
NS response. The second group show results of identi-
fication of Millikan Library NS response using recorded
acceleration response during the Yorba Linda earthquake
of 2002. Models with different resolution are fitted, and
the error of the identification is analyzed.

Theoretical Impulse Response Functions

Figure 2 shows profiles for the stiffness and shear
wave velocity of two models of a 9-story RC building:
uniform and 3-layer (each layer comprising of three
stories). For both models, the damping ratio is { = 2%.
The mass density distribution for the 3-layer model (Fig.
2b) was obtained based on published information for
the mass of Millikan library [35]. Tables 1 and 2 list the
layer properties for the three models in Fig. 2. Columns
1 through 4 show the layer order number i (counted from
the top), height 4, mass density m;, shear wave velocity
B;» and domain travel time z; = h,/f,. The last row shows
the sum of the domain travel times from ground floor to
roof:

which is the same (0.1 s) for the three models.

40 — 40 —
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p - kg/m® B-m/s

Fig. 2. Profiles of mass density and shear wave velocity dis-
tributions for the 3-layer (solid line) and the uniform model
(dashed line).

Table 1. Input parameters for the uniform model

Laver h; p; Input | Domain travel time
Y )| kel | B ST | 1= kg Is]
1 39 496 390 0.1
BSM 4.3 548 1070 0.004
1
$1,=0.104 s
i=1
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Table 2. Input parameters for the 3-layer model

Layer hi P Input | Domain travel time
[m] | [kg/m’]|f; [m/s] ;= hjp; [s]
1 12.8 526 242 0.053
12.8 473 569 0.0225
3 13.4 490 536 0.025
BSM 4.3 548 1070 0.004
ir ; =0.103 s
i=1

Pulse Travel Time

Fig. 3 shows IRFs for the 3-layer model (Fig. 2),
for virtual source at ground level (part a)) and at the roof
(part b)). (The uniform shear beam case has been studied
previously [12] and is not included.) In Fig. 3a, in which
all pulses are causal, one can clearly see the transmit-
ted pulse as it propagates up, is reflected from the roof
with double amplitude and propagates down. The pulses
reflected from the interface between the top and middle
layer on the way up and on the way down can also be
clearly seen. The pulse reflected on the way down has
opposite sign because the reflection is from a stiffer lay-
er. It can be seen clearly in the IRF at the roof, where its

Impulse Response Functions for virtual source at ground floor
3-layer model

2hyipy 050Hz

Impulse Response Functions for virtual source at roof

3-layer model
J
R ———
Hy [y
Hz By
MY "
Pabs 1M A ter
M W A‘l Ground floor
\l
] Basamant
T T
05 04 03 0.2 01 1} 01 02 03 0.4 0s
Time -5

Fig. 3. Impulse response functions at each floor for the 3-layer
model, for virtual source (a) at ground floor and (b) at roof.
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amplitude, at # = 0.2 s. The figure illustrates how it can
be used to identify the top layer even if no record is avail-
able at the interface between the top and middle layer.
It has travelled for z = 0.1 s over distance 24, = 25.6
m, which implies shear wave velocity of the top layer
25.6/0.1 =256 m/s (value close to the input value of 242
m/s). However, in practice, the usefulness of the reflected
pulses would depend on the ability to be identified, i.e.
distinguished from the side lobes of the sinc function,
and other “noise” such as additional pulses due to foun-
dation rocking [18].

In Fig. 3b, there are both causal and acausal pulses.
The physical transmitted pulse on the way up shows as
an acausal pulse propagating down, while the physical
pulse propagating down shows as a causal pulse. The re-
flections of the acausal pulse show as transmitted causal
pulses propagating also downward, while the reflections
of the causal pulse show as transmitted acausal pulses
propagating also downward. It is shown how the reflect-
ed pulses, appearing in the IRF at the interface between
the middle and bottom layer can be used to identify the
second layer even if here is no record at the interface be-
tween the top and middle layer.

Fig. 4 shows on the x-axis the pulse arrival time
at the observation points, measured from the simulated
IRFs, and on the y-axis the height from ground floor. It
can be seen that the travel time between ground floor
and roof for both models matches the sum of the domain
travel times, 0.1 s (see Tables and 2), which demonstrates
that the ray theory formula for travel time, eqn , and the
presented identification algorithm hold for the uniform
and 3-layer models (3 floors per layer), and for similar
models in which the layers correspond to a single floor or
a group of floors. We note here that the adequacy of this
travel time formula and based on it identification algo-
rithm is not a trivial issue. Our investigation showed that
this is not the case for models with slabs (modeled as thin
and heavy layers between soft layer). For such models,
the pulse travel time is larger than the sum of the domain
travel times indicating phase delays due to scattering of
the pulse from the slabs. Due to space limitations, the
details are not included in this paper.

40
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Fig. 4. Pulse arrival times for the 3-layer model as measured
from simulated impulse response functions.
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Pulse Amplitudes the identical Q, indicating that the pulse amplitudes in
IRFs reflect the combined attenuation — due to Q in the
building and due to radiation damping due to foundation

building — upwards, downward and both ways, as func- rocking. This makes it impossible, in general, to identify

tion of pulse bandwidth 0 £ _ with £ between 5 and Q of the fixed-base structure from IRFs obtained from

max max 1 11d1 1
50 Hz. Fig. 5a and b show, for the two models, ratios of earthqu'c.lke records in bulld{ngs, eXf:ept for particular
cases with very large foundation rocking stiffness.

pulse amplitudes 4,/4,, A,/4| and 4,/4,, where 4,, 4,
and A4, are the amplitude of the acausal pulse at ground
level, half of the amplitude of the source pulse at the roof,
and the amplitude of the causal pulse at ground level. Fig.

Next, we analyze how the pulse amplitudes are
modified during the traversal of the pulse through the

Identification of Millikan library NS response during
Yorba Linda earthquake of 2002

5b shows that 4,/4;, > 1 and 4,/4, < 1, with 4,/4, >> Millikan library (Fig. 6) is a 9-story reinforced con-
A,/4,, which means that, for the 3-layer model, the pulse crete building in Pasadena, California, instrumented over
amplitude at a particular location is primarily governed a period of 40 years, and tested extensively, in particular
by the impedance of the layer, being strongly amplified for soil-structure interaction studies [12,35,37-43]. The
in the top soft layer. Interestingly, for the uniform model building is 21 x 23 m in plan, and vertically extends 43.9
(Fig. 5a), A,/4,, and A,/4, are not the same even though m above grade and 48.2 m above basement level (Fig.
there is no change in impedance, and that the pulse is still 6). Resistance to lateral forces in the NS direction is pro-
amplified going upwards, which appears to be caused by vided by RC shear walls on the east and west sides of
the dominance of the first two modes in the energy of the the building. The RC central core houses the elevators
pulse for smaller f . — an effects that diminishes with and provides resistance to lateral forces in the EW di-
increasing £, . and contribution from the higher modes. rection. The local soil can be characterized as alluvium,
Fig. 5c shows 4,/4, versus f, .. which is a measure with average shear wave velocity in the top 30 meters
of the pulse attenuation due to Q, as the effects of imped- of about 300 m/s, and depth to “bedrock” of about 275
ance cancel out for the total path (up and down). Results m [12,35,37-43]. Published work also suggests uniform
are shown for the same two models, both fixed-base, mass distribution over the first three, middle three and
and also for a uniform shear beam model with founda- top three stories, which we use to construct our models
tion rocking. The latter was calculated from impulse re- [35].
sponses computed for a soil-structure interaction model Yorba Linda earthquake of 3 Sep. 2002 (M=4.8,
consisting of the same uniform model but mounted on epicentral distance R=40 km) was recorded by a dense
a circular foundation embedded in a half-space with network of sensors (Fig. 6¢ and d). The building response
shear wave velocity 300 m/s [18]. It can be seen that the was small, with maximum rocking angle of 0.012 x 1073
pulse attenuation due to Q is practically identical for the rad. Fig. 7 illustrates the observed NS response at each
uniform and 3-layer models, and increases with f ., as floor (at the West wall), used for the identification. Part
expected due to the frequency proportional damping in a) shows the acceleration time histories (low pass filtered
the models. Most importantly, Fig. 5S¢ shows that the at- at 25 Hz), part b) shows the corresponding IRFs (the solid
tenuation for the soil-structure interaction model is sig- and dashed lines correspond to f, ., = 15 Hz and 25 Hz),
nificantly larger than for the fixed-base models, despite and part ¢) shows the transfer function (TF) of the roof
1.5 - 1.5
| 1 Ayl A
o 2
[ ]
° ° uniform

s 2

.‘_-;;_ E_ / 3-layer
uniform
< < with J
foundation
] rocking
O T T 11 0 T T T -1.0 — T T T T T T T T
20 40 20 40 0 10 20 30 40 50
fnax - HZ fmax - Hz fnax = HZ
a) b) c)

Fig. 5. Ratio of pulse amplitudes measured from IRFs (virtual source at roof) versus bandwidth f,, , (4 ; — half of the amplitude at roof,
Ay and A,— amplitudes of acausal and causal pulse at ground floor) for a) uniform, and b) 3-layer model. c) Total pulse attenuation (up

and down through the building) for fixed-base uniform and 3-layer models, and for a uniform model with foundation rocking [18].
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Fig. 6. Millikan library: a) photo (courtesy of M. Trifunac), b) vertical cross-section and c) typical floor layout (redrawn from Snieder

and Safak 2006); (d) sensor locations at basement.

acceleration relative to the ground floor. As it can be seen
from Fig. 7c, mostly the first two modes contribute to the
recorded response, and the TF amplitudes beyond 15 Hz
are very small. This reflects on the width of the pulses
in Fig. 7b, which is practically the same for the differ-
ent bandwidths, while theoretically it should have been
1.7 times smaller for £, . = 25 Hz (see the section on
the Heisenberg uncertainty principle in this paper). This
means that, for real data, there exists an effective cut-
off frequency f .. for the identification, which is much
smaller than the capability of the recording instruments
(typically 25 to 50 Hz [36]), and which depends on the
nature of the structure and excitation. This effective £,
is critical for the resolving power of the IRFs. As it can
be seen from Fig. 7b, the top floor cannot be resolved
as a separate layer, even though there is a sensor at that
location, because the upward and downward propagating
pulses are too wide relative to their time shifts, and can-
not be resolved as separate pulses at the 9th floor. Also,
no reflected pulses can be resolved at any of the floors to
be used for identification.
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Three models were fitted to identify the shear wave
velocity profile of the building: 1-layer and 3-layer mod-
els, with configuration as in Fig. 2, and a 9-layer model
in which the top two layer have been merged. The mass
distribution was assumed to be same as shown in Fig. 2
[35], and Q = 25 ({=2%) was assumed which is close to
the apparent (soil-structure interaction system) damping
Capp = 1.74% as identified from the transfer-function by
the half-power method. The shear wave velocity of each
layer was identified using the earlier described algorithm
and the average of the time shifts for the causal and acaus-
al pulses (our study of several buildings showed that the
identification error is consistently smaller if information
from both causal and acausal pulses is used for the iden-
tification). To assess the error, models were constructed
for each of the identified S-profiles and used to predict
IRFs at every floor, from which the predicted pulse ar-
rival times at every floor were measured. The goodness
of fit was assessed from the general agreement between
the predicted and observed pulse arrival times (the aver-
age for the causal and acausal pulses), and from the rela-
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Millikan Library, Yorba Linda, 2002, observed N-S response at West wall

Recorded accelerations
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Fig. 7. Millikan library NS response during Loma Linda, 2002 earthquake observed at West wall (Fig. 9). a) Accelerations. b) Impulse
responses for virtual source at roof. ¢) Transfer-function of roof acceleration w.r.t. ground floor.

tive error of the predicted pulse travel time through the
layer At/t= (Tpred — Tops)» Where Tored and 7 are the pre-
dicted by the model and the observed travel times. Then a
measure for the relative error in the estimated shear wave
velocity f can be obtained AS/f =—At/t (from f = h/t and
differential calculus).

The results of the identification are summarized in
Tables 3, 4 and 5a,b, for the 1-layer, 3-layer and 9-layer
model. The identification for all three models was carried
outforf, . =15Hz, and for the 9-layer model also for f
= 25 Hz. The different columns show the layer number
(top to bottom), width /;, average z-coordinate Zi (see
Fig. 1), observed travel time 7, the identified shear wave
velocity f3;, the predicted travel time z;, and the errors A/t
and ApB/p. The results are presented graphically in Fig. 8,

IZGRADNIJA 65 (2011) 11-12, 683697

in which part a) shows the identified profiles f(z), and
parts b) and c) show the agreement of the observed and
predicted pulse arrival times and transfer-functions. The
agreement of the pulse arrival times is indicative of the

Table 3. Shear wave velocities of Millikan Library NS response
identified by the direct travel time method based on a 1-layer
model and using accelerations of Yorba Linda earthquake of
2002 recorded at west wall (0-15 Hz)

B B_|3
5 Eliw| 22| 2=
> =l T12Z25&882|¢ |2
S | <El ¥ |0 | Bg& || 3T
1 38.9 |36.45(0.096 | 405.2 | 0.097 | 1.04 | -1.04
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Table 4. Shear wave velocities of Millikan Library NS response
identified by the direct travel time method based on a 3-layer
model and using accelerations of Yorba Linda earthquake of
2002 recorded at west wall (0-15 Hz)

o) i) =

53 o —| &
o TlE_lEL| 2
2 —| =|2Z|5E|BZ| & Q
J|<E| 1w |B B & S| S
1 12.75 | 6.38 | 0.048 |265.63| 0.045 | -6.3 6.3
2 12.75 1 19.13 1 0.025 | 510 [0.0285| 14 -14
3 13.4 | 32.2 |0.023 |582.61{0.0215| -6.5 6.5

Table 5a. Shear wave velocities of Millikan Library NS respon-
se identified by the direct travel time method based on a 9-layer
model and using accelerations of Yorba Linda earthquake of
2002 recorded at west wall (0-15 Hz)

more pronounced. The frequencies of the higher modes,
however, are not affected much, and therefore their agree-
ment can be used as a measure of how well the identified
models represent the real building. The amplitudes of
all the peaks are affected by the soil-structure interac-
tion, and should not be compared. Fig. 8c shows that,
for all the (fixed-base) models fitted, the frequency of
the fundamental mode is significantly higher than for the
observed response, which indicates strong soil-structure
interaction, and which is in agreement with other studies
of this building [19,39-41]. The frequency of the funda-

Table 5b. Shear wave velocities of Millikan Library NS respon-
se identified by the direct travel time method based on a 9-layer
model and using accelerations of Yorba Linda earthquake of
2002 recorded at west wall (0-25 Hz)

s e | 5 — 1B _|3=|3

|2 |&=|¢& 5 | .= E|lzZ|EE|3Z| .|,
5 Elf=|iE|2= < TTE| 2 EE R ET|ET
- R e e - — IR
— ~ IN o | =2 QA & X | X
1 4.25 1 4.25
> 405 425 | 0.04 | 212.5]0.042 5 -5 > 405 4.25 10.0395] 215.2 | 0.04 1 -1
3 4.25 [ 10.63 | 0.008 | 531.3 10.0015| -81 81 3 4.25 | 10.63 [{0.0075| 566.7 | 0.003 | -60 60
4 4.25 | 14.88 [0.0055| 772.7 |1 0.002 | -64 64 4 4.25 | 14.88 | 0.006 | 708.3 |0.0055| -8.3 8.3
5 425 [19.13 1 0.008 | 531.310.019 | 137 | -137 5 4.25 | 19.13 {0.0085| 500.0 |0.0155| 82 -82
6 4.25 | 23.38 {0.0115] 369.6 | 0.014 | 22 -22 6 4.25 2338 |0.011 | 386.4 | 0.007 | -37 37
7 4.25 | 27.63 [0.0055| 772.7 10.0015| -73 73 7 4.25 | 27.63 [0.0055| 772.7 | 0.004 | -27 27
8 4.25 [ 31.88 | 0.005 | 850.0 | 0.001 | -80 80 8 4.25 | 31.88 | 0.005 | 850.0 10.0055| 10 -10
9 4.9 |36.45(0.0125]392.0 | 0.025| 100 -100 9 49 |[36.451(0.013|376.910.0155| 19 -19

goodness of the fit at the observation points. The results
confirm that the identification error for detailed models
is larger than for coarser models (see the section on He-
isenberg-Gabor uncertainty principle in this paper). Due
to the limited effective bandwidth of the data (f,,, =15
Hz), the error for the 9-layer model is considerable. For
this direct identification method, the 3-layer model seems
to be the optimal, in terms of detail and error. Further de-
velopment of this method, e.g. involving minimization
of the error through iterations, can increase its accuracy
for more detailed models. Comparison of the fits of the
9-layer models for different frequency bands shows that,
despite the same effective bandwidth for the observed
pulses (i.e. same pulse width), fitting model IRFs with
larger bandwidth (i.e. narrower pulses) reduces the iden-
tification error, although the identified f(z) profiles are
very similar.

The agreement of TFs (Fig. 8c) is of different nature
than the agreement of the pulse arrival times at the obser-
vation points (Fig. 8b). Most importantly, the observed
TFs represent the behavior of the soil-structure system,
which includes foundation rocking, while the TFs of the
model represent fixed-base behavior. Consequently, the
frequency of the first peak should always be smaller in
the observed TF than the model TFs, with the difference
being more pronounced for stiffer structures on softer
soil, for which the soil-structure interaction effects are
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mental mode is very similar for the 3-layer and 9-layer
models, and is higher than the frequency for the uniform
model. The frequencies of the second mode differs be-
tween the three models, but is close to the observed one,
which indicates that the models, which were identified
solely from wave travel times, represent well the overall
dynamic behavior of the fixed-base building.

Uncertainty in Pulse Localization and Error

Finally, the uncertainty in the localization of the
pulses in IRFs is illustrated in Fig. 9, for the 1-layer mod-
el (Table 3) with f . = 15 Hz. The symbols connected
by a solid line shows the “observed” pulse arrival time
at each floor, as measured from pulse time shifts in the
IRFs, except at the top two layer interfaces at which the
causal and acausal pulses could not be resolved. As it can
be seen, there is a scatter in the observed arrival times
about the theoretical straight line trend, which is beyond
the precision of reading the time of the peaks of the
pulses, even for this simple model in which there are no
internal reflections. Practically, such deviation in the ob-
served arrival time of the, e.g. acausal, transmitted pulses
from the true arrival time occurs because of distortion of
the shape of the main lobe due to interference from the
side lobes of the causal transmitted pulse, and in general,
from smaller amplitude pulses from internal reflections.
Such error exists in observed IRFs in real data, due to
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Fig. 8. Identification of Millikan library NS response during Yorba Linda earthquake
of 2002. a) Identified shear wave velocity profiles. b) Agreement of pulse arrival times
at the different floors. Note: the arrival at the 9th floor could not be resolved. c) Agree-

the finite effective bandwidth of re-
corded building response, and cannot
be eliminated. It leads to error in the
computed travel time from pulse time
shifts between sensors, and large rel-
ative error (in travel time and veloc-
ity) if the travel time is small (small
distance and/or stiff layer).

SUMMARY AND CONCLUSI-
ONS

Analytical impulse response
functions are presented for a layered
building model, which provide the
theoretical basis for algorithms for
structural system identification and
health monitoring. In the model, each
layer corresponds to a single floor
(the highest resolution model) or a
group of floors, depending on the
density of instruments and the desired
spatial resolution of the identified
shear wave velocity profile for the
building. An identification algorithm,
which is based on ray theory interpre-
tation of the IRFs, and measurement
of wave travel time within a layer
directly from time shifts of pulses in
the IRFs, is presented and tested, with
particular emphasis on the error. This
algorithm is critically examined on
model simulations and application to
identification of the NS response of
Millikan library, a 9-story RC build-
ing in Pasadena, California, using re-
coded accelerations during the Yorba
Linda earthquake of 2002.

ment of transfer-functions.

Measured, 1-layer model
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Fig. 9 Pulse arrival time at each floor: as measured from IRF
of 1-layer model vs. theoretical.

IZGRADNIJA 65 (2011) 11-12, 683697

The most important findings of

this study are the following. (1) The

resolving power of IRFs is not limited only by the density
of sensors, but also by the effective bandwidth of the da-
ta, which determines the width of the pulses in the IRFs,
according to the Heisenberg-Gabor uncertainty principle.
(2) There is a trade-off between resolution and accuracy
of the identified velocity profile, which also follows from
the same principle. The error is smaller for smoother
models (with smaller number of layers). (3) The pulse
amplitudes are affected by the soil-structure interaction
and radiation damping (from foundation rocking), and
cannot be used alone to determine the structural damp-
ing. (4) In principle, reflected pulses can also be used for
identification, compensating for lack of sensors at some
floors. However, in practice, to be able to resolve them,
the effective bandwidth of the data has to be sufficiently
large. (5) The direct algorithm identified successfully
Millikan library NS response, for which a 3-layer model
seems to be optimal in terms of both spatial resolution
and accuracy (the error AS/f = 6% in the top and bottom
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layers and 14% in the middle layer). (6) The error for the
highest resolution model (one story per layer) is large in
some of the layers (about 80% in one of the layers).

It is concluded that system identification of build-
ings from wave travel times, measured from IRFs, is
robust when applied to real building and earthquake re-
sponse, and is promising. However, further developments
are needed of the presented direct algorithm to increase
its accuracy at high resolution. One such development is
to include information about the pulse amplitudes, which
also depend on the shear wave velocities of the layers,
and optimization to minimize the error in all the layers.
We will report on the development of such an algorithm,
which involves nonlinear least squares fit of pulse shapes
simultaneously at all observation points, in a future pub-
lication.
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SVOJSTVA ISTORIJSKIH ZIDANIH KONSTRUKCIJA
U SEIZMICKIM ZONAMA
(PRIMJER BOKE KOTORSKE)

CHARACTERISTICS OF THE HISTORIC MASONRY STRUCTURES
IN SEISMIC PRONE REGIONS
(CASE STUDY OF BOKA KOTORSKA)

UDK: 624.012.1:669.841(497.16) ; 725.96.025(497.16)

Pregledni rad

Doc. dr llija LALOSEVIC, dipl. inz. arh.

REZIME

Izvorni konstruktivni sklop i primijenjeni elementi i tradicionalne tehnike i materijali cesto
nisu adekvatno valorizovani u postupku rekonstrukcije i revitalizacije istorijskih objekata. U
radu se razmatraju neki aspekti tradicionalnog autenticnog aseizmickog dizajna, kroz anali-
zu oSteCenja istorijskih zidanih objekata podrucja Boke Kotorske, kako prilikom posljednjeg
zemljotresa 1979. godine, tako i ranijih seizmickih udara. Na osnovu uocenog ponasanja gra-
devina i njihovih konstruktivnih elemenata tokom seizmickih aktivnosti prezentuju se osnovne
tradicionalne aseizmicke karakteristike. Istorijske zidane gradevine cCesto posjeduju znacajnu
seizmicku otpornost, koju ne treba zanemariti prilikom savremenih intervencija, ve¢ naprotiv
valorizovati ih tokom procesa njihove rekonstrukcije.

Kljucéne rijeci: istorijski objekti, tradicionalne tehnike gradenja, rekonstrukcija, seizmicka
otpornost, Boka Kotorska.

SUMMARY

Authentic building structure, applied elements and traditional technics and materials are
often non adequate appriciated in the process of reconstruction of historic buildings. In this
paper some aspects of traditional aseismic designing, as well as issues of destruction of historic
masonry buildings of the Boka Kotorska region, during 1979. and previous earthquakes, are
discussed. The principle traditional aseismic characteristics are presented, based on the obser-
ved behaviour of the buildings and their elements during seismics activities. Historic masonry
buildings often have considerable seismic resistance, which should be adequately valorised in
the process of their reconstructions.

Key words: historic buildings, traditional building technics, reconstruction, seismic resi-

stance, Boka Kotorska.

1. OPSTE ASEIZMICKE KARAKTERISTIKE
ISTORIJSKIH ZIDANIH GRADEVINA

Kod istorijskih objekata uoste evidentne su velike
razlike u pogledu konstruktivnog sklopa, graditeljskih
tehnika i1 svojstava primijenjenog gradevinskog mate-
rijala. Istorijske gradevine Boke Kotorske, kao i Sireg
okolnog podrucja, po pravilu su zidane, masivne, nera-
movske, radene od kamena kao osnovnog gradevinskog
materijala i kre¢nog maltera kao veziva.

Generalno uzev, zidane konstrukcije srazmjerno
svojoj masi ,,privlace” znacajne seizmicke sile. Uz to one
su nedovoljno otporne na napone zatezanja i smicanja,
imaju mali duktilitet (rastegljivost, plasti¢nost, ,,poslus-

Adresa autora: Arhitektonski fakultet u Podgorici, DZordza VaSingtona
bb. Podgorica
E-adresa: ilalos@t-com.me
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nost™) i relativno mali kapacitet za preraspodjelu napona.
Ipak, seizmicka otpornost ovih gradevina moze veoma
mnogo varirati u zavisnosti od vrste tla i nacina fundi-
ranja, arhitektonske forme, izvornog kvaliteta njihovih
konstruktivnih elemenata i graditeljskih tehnika, nacina
odrzavanja i dr.

Posljednji zemljotres na podrucju Boke Kotorske i
¢itavog Crnogorskog primotja, iz 1979. godine, kao i ra-
niji veliki zemljotresi, u mjeri u kojoj se to moze pratiti na
objektima i kroz istorijske izvore, pokazao je, pored ne-
dostataka i mnoge kvalitete tradicionalnog nacina grad-
nje. Svakako, ovi kvaliteti su, izmedu ostalog, uslovljeni
imovnim stanjem narucioca, bilo pojedinca ili komune,
poznavanjem konstruktivnih sistema i tehnika, privred-
nim i kulturnim vezama sa razvijenijim sredinama i dr.

Od presudnog znacaja je svijest o potrebi aseizmic-
kog ojacavanja gradevina, tzv. lokalna seizmicka kultura,
koja je uslovljena ucestalos¢u zemljotresa u datom peri-
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odu. Kontinuitet i prekidi te seizmicke kulture u tradicio-
nalnom graditeljstvu mogu se razumjeti i pratiti istraziva-
njem zemljotresa kroz istoriju, gdje se analiziraju datumi
seizmi¢kih udara, njihovi intenziteti, magnitude itd. Sto
su zemljotresi ucestaliji i jaci to je izraZenija lokalna se-
izmicka kultura. Time se, izmedu ostalog, objasnjava pri-
sustvo odgovarajucih aseizmickih konstruktivnih rjese-
nja na zidanim objektima na podru¢ju Boke Kotorske od
XVI do XVIII vijeka, (datumi jacih zemljotresa: 1559,
1563, 1608, 1632, 1639, 1667, 1750, 1780).

Za arhitekte i gradevinske inzenjere koji se bave
konstruktivnom sanacijom i restauracijom istorijskih
gradevina veoma je vazna svijest da one nijesu apriori
slabe zato $to su stare i gradene bez modernih materija-
la - Celika, armiranog betona i sl. Radije, neke istorijske
gradevine, kao i neke moderne gradevine neotporne su
na seizmicke udare jer su siromasno i neznalacki grade-
ne, neadekvatno pregradivane, lose odrzavane i sl. Druge
tradicionalne gradevine su jake zahvaljujuc¢i dobrom ma-
terijalu, kvalitetu graditeljskih tehnika i uspjelom arhi-
tektonskom 1 konstruktivnom konceptu.

Aseizmicke kvalitete tradicionalnog graditeljstva i
uopste, u krajnjoj liniji potvrduje i samo postojanje au- : =

tenticnih veoma starih gradevina i u najizrazitijim seiz- ' F A - e
mickim zonama. Na podru¢ju Boke Kotorske, naro¢ito je =y 3 3 '
karakteristican primjer Kotora gdje treba naglasiti ¢itav P\

niz romanickih, u prvom redu sakralnih gradevina (XII- B

XIV vijek). Crkve Sv. Luke (slike 2, 3) i Sv. Marije od Slika 2. Crkva Sv. Luke, XII vijek

Rijeke (slike 4, 5, 6), su u toku svoje osam vjekova duge
istorije, za vrijeme koje je, izmedu ostalog, bilo i mnogo
burnih seizmickih dogadaja, o¢uvale u cjelini svoj izvor-
ni graditeljski sklop.

Medutim, kako ba$ u vrijeme gradnje ovih crkava,
a ni znatno ranije, sudeci po izvorima, nije bilo jac¢ih ze-
mljotresa, izgleda da je aseizmicka komponenta preuzeta
sa strane, zajedno sa drugim elementima primijenjenog
graditeljskog sklopa. Ova pretpostavka bi sasvim bila u
skladu sa vi$e puta isticanom srodno$c¢u crkava Sv. Luke

1
fgkai‘j : 7,19
NEbhe s 15.04
T ‘ 5 1979
-\

Slika 3. Crkva Sv. Luke, XII vijek, poduzni presjek, Dokumenta-
cija Regionalnog zavoda za zastitu spomenika kulture Kotor

IJ ?_..._f‘—

i Sv. Marije sa graditeljstvom Atike i Apulije,” dva se-
izmicki najizrazitija susjedna prostora. U novije vrijeme
se u sferi proucavanja mediteranskih lokalnih seizmic-
kih kultura znacajna paznja posvecuje srednjovjekovnim

~ S o .. 3 R
\  CRNA-GORA - kupolnim crkvama tipa upisanog krsta, gdje se njihov

i D V. Koraé: ”O monumentalnoj arhitekturi srednjevekovnog
Kotora”, Spomenik SAN, CV, Beograd, 1956,148,151
Slika 1. Kotor, Providurova palata, plakat povodom zemljotresa M. Canak Medié: " Arhitektura Nemanjinog doba II”, Spomenici
1979. godine srpske arhitekture srednjeg veka, Beograd 1989, 136
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Slika 4. Crkva Sv. Marije od rijeke, XIII vijek, stanje nakon ze-
mljotresa 1979. godine, Dokumentacija Regionalnog zavoda za
zastitu spomenika kulture Kotor

Pt

i s e

Slika 5. Crkva Sv. Marije od rijeke, XIII vijek, staticko rjeSenje,
presjek, Dokumentacija Regionalnog zavoda za zastitu spome-
nika kulture Kotor

povoljan seizmicki respons upravo dovodi u vezu sa ti-
poloskim karakteristikama. Rezultati ovih istrazivanja
mogli bi biti veoma korisni za komparativnu analizu sa
pomenutim kotorskim crkvama, buduci da je njihov arhi-
tektonski koncept veoma blizak vizantijskom tipu crkava
saZzetog upisanog krsta?,

Nuzno je naglasiti da je ponekad veoma tesko utvr-
diti u kojoj mjeri su stari graditelji objekat u cjelini i po-
jedine njegove elemente svjesno aseizmicki konstruisali.
Ipak, evidentno je da su oni, u ukupnom solidnom gra-
diteljskom postupku, vode¢i racuna prevashodno o sta-
tiCkom optereCenju i opstoj sigurnosti gradevine, ¢esto
postizali izvanredne rezultate sa aspekta aseizmi¢nosti.
Sudeci po ostvarenim rezultatima u pogledu seizmicke
otpornosti romanickih crkava Kotora, u velikoj mjeri
je izvjestan aseizmicki pristup u koncipiranju njihovog
graditeljskog sklopa, pa bi i ovaj aspekt trebalo pridoda-
ti razmatranju pitanja porijekla njihovog arhitektonskog
koncepta.

2) Restoration of Byzantine and post-Byzantine Monuments,
Proceedings of the International Symposium of Thessaloniki, 1985.
passim
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Slika 6. Crkva Sv. Marije od rijeke, XIII vijek, enterijer nakon
obnove i sanacije

Bez obzira da li su konstrukcije u cjelini ili pojedini
njihovi elementi prvobitno bili svjesno koncipirani kao
aseizmicki, vazno je shvatiti njihovu ulogu i doprinos po-
voljnom ponaSanju gradevine u toku zemljotresa. Porast
svijesti o izvornim aseizmi¢kim kvalitetima graditelj-
skog naslijeda, doprinio bi umjerenijim intervencijama
i racionalnijim rjeSenjima kod njihove staticke sanacije,
$to bi izmedu ostalog, imalo i pozitivnosti sa aspekta
oCuvanja izvornog konstruktivnog sklopa kao znacajne
karakteristike istorijskih gradevina, kod kojih se narocito
vrjednuje svojstvo autenticnosti.

2. DISPOZICIJA

Kriterijumi za aseizmicko projektovanje formirani
za nove gradevine,? mogu biti primijenjeni i na postoje-
¢e objekte, pa i na istorijske tradicionalne strukture, kako
prije zemljotresa, u postupku procjenjivanja njihove po-
vrjedljivosti (tzv. vulnerabilitet), tako i poslije seizmickih
udara, za objasnjavanje njihovog ponasanja i kao pomo¢
pri izboru metoda sanacije i ojacanja.

Konfiguracija gradevine, konstruktivni koncept i ar-
hitektonska forma imaju znacajan uticaj na njeno ponasa-
nje u zemljotresu. Iskustva pokazuju da najjednostavnije

3 D. J. Dowrick:* Earthquake Resistant Design®, A Manual for
Engineers and Architects, John Wiley & Sons, London 1977.
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Slika 7. Katedralna crkva Sv. Tripuna, XII vijek, idealna rekon-
strukcija

strukture imaju najvecu Sansu da prezive. Jednostavna
gradevina lako se gradi, odrzava i opravlja. Njen odgo-
vor zemljotresu relativno lako moze biti odreden i anali-
ziran. Ako je zgrada simetri¢na, kompaktna i ne suvise
izduzena u zemljotresu ¢e se mnogo povoljnije ponasati.
Suprotno, ako gradevina ne posjeduje navedena svojstva,
ona moze biti izloZzena torziji i razli¢itim uticajima na
krajevima. Izduzena osnova (60 x 6 m) je uz los teren i
brojne prepravke bila glavni razlog pada centralnog dijela
Providurove palate u Kotoru u zemljotresu 1979. godine
(slika 1). Na sre¢u, ovakav primjer je u tradicionalnom
graditeljstvu izuzetak, objekti su po pravilu jednostavni,
simetri¢ni, kompaktni i sa relativno ujednac¢enim dimen-
zijama osnove I drugim proporcijama.

Kako su kod tradicionalnog graditeljstva visoki
objekti veoma rijetki (kule, zvonici), izuzetni su i slu-
¢ajevi preturanja. Tako drasti¢an slu¢aj imali smo 1667.
godine sa romanickim zvonicima katedrale Sv. Tripuna
(slika 7)¥, koji su tada doZivjeli kolaps, i pri tom ostetili
obliznje objekte na trgu, u prvom redu Providurovu pa-
latu. Koliko je ovaj zemljotres jako uticao na snaZenje
lokalne seizmicke kulture, pokazuje Cinjenica da danas-
nji, tada sagradeni zvonici nijesu pokazali ni najmanja
konstruktivna ostec¢enja u zemljotresu 1979. godine.

Zvonici na preslicu su sa aspekta seizmi¢nosti bi-
li jako nepovoljni. Poznato je da je kod crkve Sv. Lu-
ke ovakav zvonik rugen i obnavljan vise puta®), a to je
svakako bio slucaj i sa drugim sakralnim gradevinama.
Isto tako, najreprezentativnije palate kotorskog zaliva u
etazi potkrovlja imaju tzv. videnicu, belveder, odnosno
istaknuti centralni dio fasade sa par prozorskih osovina

4 Tstorijski arhiv Kotor, SN, CV, 934
5) M. Canak Medi¢, Kotorski Sveti Luka u svetlu novih otkriéa,
Matica Srpska, Zbornik za likovne umetnosti 21, Novi Sad 1985,59
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(slika 11). Iako je izvorno, rjede naknadno, bilo poku-
Saja da se ovaj dio fasade poveze sa ostatkom gradevi-
ne, pomocu drvenih greda - zatega i zeljeznih kotvi tzv.
Kljuceva“ (ital. capochiave), za vrijeme zemljotresa na
mjestu diskontinuiteta, odnosno suzenja zidnog fasadnog
platna dolazi do koncentracije napona i pucanja po hori-
zontalnoj spojnici, pa ¢ak i pada Citave videnice.

Slicno videnicama kod profane arhitekture, u ni-
vou krova sakralnih objekata postoje kupole u central-
nom dijelu. U zavisnosti od veli¢ine, oblika i ukupnog
konstruktivnog rjesenja kupole i drugih gornjih djelova
gradevine, ovi elementi se medusobno radikalno razliku-
ju po svom seizmickom responsu. Mala kupola na crkvi
Sv. Ane oslanjala se na neadekvatne ravne luke razapete
izmedu poprecnih lukova, a uz to je sa njima bila slabo
konstruktivno povezana® pa je usljed znadajnih osteée-
nja morala biti uklonjena u XVII vijeku.

Sli¢nu sudbinu dozivjela je i znatno veca kupola ka-
tedrale Sv. Tripuna (slika 7). Pored ¢injenice da je isto¢ni
dio katedrale Sv. Tripuna fundiran na stijeni, a zapadni
na nasipu, tako da se prvobitna kupola prakti¢no nasla
na sredokraéi, mjestu sa najnepovoljnijim uticajima zbog
razli¢itog rada konstrukcijena krajevima objekta, oStece-
njima kupole doprinio je nagli diskontinuitet i efekat tzv.
“mekog prizemlja”. Naime, kupola je bila noSena slobod-
nostoje¢im podupirac¢ima (stubcima i stubovima) koji su
u vrijeme zemljotresa bili izloZeni jakim seizmickim vi-
bracijama, $to je rezultiralo njenim padom .

Kupole crkava Sv. Luke (slike 2, 3) i Sv. Marije
(slike 4, 5, 6) mnogo su kvalitetnije povezane sa donjim
konstrukcijama, zidovima i prislonjenim i popre¢nim lu-
cima, i sa manje izrazenim diskontinuitetom. Kod crkve
Sv. Luke iznad uobicajenog profilisanog vijenca nalaze
se jos dva reda vrlo dugackih (45-55 cm), a niskih (13, 10
cm), veoma precizno obradenih kvadera (slika 3). Ovaj
svojevrsni prsten - “serklaz” uraden sasvim u skladu sa
savremenim teorijskim postavkama,” imao je presudnu
ulogu u prijemu zatezucih sila na dnu kupole, a zna¢ajno
je doprinio stabilnosti ¢itave gradevine, uspjesno prima-
juci zatezuce sile i objedinjujuéi prislonjene i poprecne
luke. Analogni elementi poznati su i u znatno starijem
vizantijskom graditeljstvu, gdje postoje Cak i slucajevi da
su blokovi medusobno spojeni metalnim kotvama, da bi
djelovali na principu lanca.?

Slican konstruktivni koncept primijenjen je na nesto
mladoj crkvi Sv. Marije od rijeke (Kolegijalna crkva, tzv.
»Koledata®) sa pocetka XIII vijeka (slike 5, 6). Znacajno
je napomenuti da je na primjeru ovih crkava u toku sana-
cije nakon zemljotresa 1979. godine primijenjena metoda
ojacanja kompatibilna sa izvornom konstrukcijom. Radi
se o serklazima i zategama u gornjoj zoni, (ispod krova, u

© M. Canak Medi¢, Arhitektura Nemanjinog doba II... 182, slike
41, 44.

) 1. Tahirovié: “Otpornost zidane kupole na djelovanje zemljo-
tresa, uzroci za pojavu pukotina i njihov pravac i podruéja rasprostira-
nja”, Kulturna bastina Balkana i seizmicki problemi, CANU, Titograd
1983, 171, 180

® Repair and Strengthening of Historical Monuments and Buil-
dings in Urban Nuclei, Building Construction under Seismic Conditi-
ons in the Balkan Region, vol. 6. UNDP, Vienna 1984, passim.
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Slika 8. Katedralna crkva Sv. Tripuna, XII vijek, izgled enterije-

ra nakon rekonstrukcije

R Ly g
7

Slika 9. Predlog aseizmicke kuce, Pirro Ligorio, Istorijski arhiv
Torino

vrhu i dnu kupole i sl.) uz minimalne intervencije i uste-
mavanja (slika 5).

U tijesnoj vezi sa navedenim svojstvima arhitekton-
ske forme: simetrijom, jednostavno$c¢u i pravilnoscu je i
ujednacena i kontinualna raspodjela napona. Dokazano
je da maksimalnu Sansu da prezive zemljotres imaju gra-
devine gdje su noseci elementi ujednaceno rasporedeni,
zidovi kontinualni i bez iznenadnih promjena debljine.
Takode je vazan osovinski raspored otvora i prostiranje
meduprozorskih stubaca po citavoj visini objekta (slika
10). Remecenje odnosa puno-prazno po etazama moze
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Slika 10. Pomorski muzej Kotor, Palata Grgurina XVIII vijek

dovesti do nezeljenih oSte¢enja. Ovakvi primjeri su kod
tradicionalnih gradevina mnogo rjedi nego kod savreme-
nih.

3. KONSTRUKTIVNI ELEMENTI I TEHNIKE

Proucavanje starih graditeljskih tehnika znacajno je
ne samo sa stanovista istorije arhitekture i graditeljstva,
vec 1 sa aspekta primjene tradicionalnih i/ili njima kom-
patibilnih savremenih graditeljskih postupaka u procesu
sanacije, rekonstrukcije i adaptacije istorijskih gradevi-
na.

Zidovi tradicionalnih gradevina na posmatranom
podrucju gradeni su po pravilu lokalnim kre¢njakom, sa
dva lica od kamenih blokova i ispunom, tzv ,,sovrnjom*
(lat. sauornam) u sredini. Svojstva zida duguju se izuzet-
no dobrom kvalitetu maltera. Tradicionalno graditeljstvo
poznaje razlicite tipove krecnih maltera: sa dodatkom sta-
rih ulja, tucane opeke, zemlje ,,crvenice* (ital. terra rossa)
itd.”) Treba naglasiti metod ojacanja zidova pilastrima,
koji postoje na svim pomenutim romanickim crkvama
Kotora, pa i drugim sakralnim i profanim objektima. Ovi
elementi su, osim za prihvat statickog opterecenja, cesto
veoma svjesno primjenjivani kod starih gradevina za po-
boljsanje njihove otpornosti na dinamicka opterecenja, u
prvom redu zemljotrese, pa ¢ak i propisivani traktatima o
aseizmi¢kom nacinu gradnje (slika 8).'%

Interesantno je naglasiti da su sa aspekta aseizmic-
nosti otvori u zidovima (vrata, prozori) bili predmet po-
sebne paznje starih graditelja. Iznad nadprozornika i nad-
vratnika obi¢no su radeni segmentni ili ravni rasteretni
luci, ili neSto primitivniji luci na tri zgloba.

Medu cesto primjenjivane konstruktivne elemente
spadaju svodovi 1 luci. Neki od njih, naroc€ito oni preci-
zno klesani od durickog kamena, sa uzanim spojnicama
i nadviSenim i prelomljenim tjemenom, tzv. ozivalnog
oblika, izuzetno su dobre aseizmicke konstrukcije, §to je

) V. Durovié:“O malterima na zgradama iz XVI do polovine
XIX stole¢a u Boki Kotorskoj“, Zbornik zastite spomenika kulture VI-
VII, Beograd 1955-56., 79-89

10) 1. Lalosevié:“Traditional aseismic approach in the Kotor
Bays historic buidings®, International Symposium on Earthquake En-
gineering, ISEE 2000, Proceedings, Montenegro, 2000, 409, bilj. 9,
slika 3.
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Slika 11. Palata porodice Ivanovi¢, Dobrota, XVIII vijek, stanje
nakon zemljotresa 1979. godine

dokazala i njihova stabilnost u zemljotresima, ukljucuju-
¢i1najnoviji iz 1979. godine (slike 3, 6).11

U tradicionalnom graditeljstvu Boke Kotorske naj-
viSe su koriS¢ene drvene meduspratne konstrukcije, ko-
je su pomocu kotvi (slika 10) povezane sa zidovima, te
ih prinuduju da osciluju harmoni¢no, §to sprjecava veca
oste¢enja. Ovi elementi, koji su spolja obuhvatali po ne-
koliko redova kamena, a iznutra bivali fiksirani za tava-
njace, po pravilu su se postavljali u osovini meduprozor-
skih stubaca, gdje su imali najvise efekta.

Kod vecih gradevina koje su imale i unutra$nje kon-
struktivne zidove, drvene grede tavanica Cesto su prola-
zile kroz zid propisno povezivane na njemu, tako da su
imale funkciju zatega. U periodu obnove nakon zemljo-
tresa 1979. godine, prilikom uvodenja novih armirano-
betonskih tavanica ¢esto su ruseni unutrasnji noseci zi-
dovi zbog problemati¢nog izvodenja a.b. serklaza sa obje
strane zida.

U tom smislu, ovdje je interesantno navesti primjer
saradnje sluzbe zastite spomenika kulture i izvodaca sana-
cionih radova (GP ,,Trudbenik* iz Beograda) na baroknoj
palati porodice Ivanovi¢ u Dobroti kod Kotora. Naime,
umjesto planiranog izvodenja usStemanih horizontalnih
a.b. serklaza sa obje strane zida, koji bi prakti¢no izvrsili

1) M. Canak Medié: “Sakralni spomenici pod udarom zemljo-
tresa na primjeru kotorskih spomenika”
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Slika 12. Palata porodice Ivanovié, Dobrota, XVIII vijek, stanje
u toku radova na sanaciji nakon zemljotresa 1979. godine

njegovo presijecanje, primijenjena je konstrukcija sitno-
rebraste tavanice, Cija rebra prolaze kroz Supljine nastrale
nakon uklanjanja ostataka starih drvenih tavanjaca (slika
12). Ovo rjesenje je, uz Cuvanje autenti¢nih zidova sa ba-
roknim kamenim portalima, omogucilo i rekonstrukciju
autenticnog enterijera (oblaganje a.b. rebara das¢anom
oplatom koja fingira drvene tavanjace).

* * *

Autenticni tradicionalni konstruktivni sklop, njego-
vi elementi i graditeljske tehnike Cesto nisu adekvatno
valorizovani u postupku sanacije i rekonstrukcije istorij-
skih objekata. Multidisciplinarnim prouc¢avanjem tradici-
onalne graditeljske strukture, analizom istorijskih izvora
o objektu, proucavanjem i istraZivanjem gradevine ,,in
situ, prije i u toku sanacionih radova, dolazi se do sa-
znanja o brojnim vrijednostima objekta, izmedu ostalog i
o njegovim realnim, kroz vrijeme provjerenim konstruk-
tivnim karakteristikama. Na osnovu prostudiranog pona-
Sanja gradevine i njenih konstruktivnih elemenata tokom
svojevrsne istorijske provjere poput seizmickih aktivno-
sti, postize se racionalno rjesenje konstruktivne sanacije
koje uvazava i ne remeti izvorni sklop, generalno i u di-
jelu kvalitetnih elemenata, a ujedeno ga nadgraduje i po-
boljsava, po moguénosti kompatibilnim i reverzibilnim
materijalima i tehnikama.
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1. UVOD

Geodezija je nauka koja se bavi odredivanjem obli-

REZIME

Geodezija kao nauka koja se bavi istrazivanjem velicine, oblika i gravitacionog polja Zemlje
kao i promena vrednosti ovih parametara kroz vreme postala je nezaobilazan cinilac svih savremenih
istrazivanja seizmickih procesa. Pored seizmickih i geoloskih merenja podaci o promenama geometri-
Jje neophodni su za donosenje pouzdanih zakljucaka o uticaju seizmickih procesa na tlo i inZenjerske
strukture. Do ekspanzije primene geodezije u istrazivanju uticaja seizmickih procesa doslo je kada je
tehnologija globalnog pozicioniranja omogudcila postizanje visoke tacnosti u odredivanju polozaja
tacaka. Razvoj tehnologije globalnog pozicioniranja omogucio je efikasno postizanje visoke tacno-
sti merenja i odredivanja polozaja tacaka u prostoru sto je omogudilo da se otkriju relativno mala
pomeranja tacaka na velikim rastojanjima. Na ovaj nacin je omoguceno pracenje promena polozaja
tacaka koje mogu nastati kao posledica uticaja seizmickih procesa. Drugi aspekt uticaja seizmickih
procesa odnosi se na inZenjerske strukture i mogucnosti primene geodezije za istraZivanje uticaja
seizmickih procesa na razlicite tipove objekata. Naime uporedo sa razvojem tehnologije globalnog
pozicioniranja razvijana je i klasicna (terestricka) geodetska tehnologija kako u pogledu tacnosti i
pouzdanosti tako i u pogledu efikasnosti dobijanja rezultata merenja. Ove ¢injenice stvorile su uslove
za primenu geodezije u istrazivanju uticaja seizmickih procesa na tlo i inzenjerske strukture.

Pregledom dostupne literature autor ovog rada zakljucio je da se pitanjima primene geodezije
za istrazivanje uticaja seizmickih procesa na tlo i inZenjerske strukture u Srbiji ne posvecuje odgova-
rajuca paznja i da je potrebno strucnoj javnosti ukazati na tu cinjenicu.

Kljucne reci: seizmicki procesi, geodezija, geodetske tehnologije.

SUMMARY

Geodesy as scientific discipline concerned with the size and shape of the Earth, the Earth’s
gravity field, and the time variations of all these parameters become a standard part of research
programs for seismic processes. Along with seismic and geologic, data about geometric changes are
needed for accurate and reliable conclusions about seismic processes influence on Earth’s surface
and engineering structures. With development, global position system (GPS) reached accuracy and
efficiency needed for its utilization in seismic processes research. The other aspect of geodesy uti-
lization is concerned with seismic processes influence on engineering structures. Namely, classical
geodetic technology was also developed and reached high accuracy and efficiency.

Author of this paper, according to available literature and his own experience, has concluded
that those questions are underestimated in Serbia and there is need for discussing those questions
according to available literature and experience all over the World.

Key words: seismic processes, geodesy, geodetic technologies.

odredivanjem promena ovih parametara kroz vreme [2].
Navedena definicija se najcesce citira u literaturi ali se u

ka i veli¢ine Zemlje, Zemljinog gravitacionog polja i praksi geodezija primenjuje uvek kada treba odredivati
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koordinate tacaka u prostoru, geometriju objekata, me-
dusobne odnose objekata u prostoru i promene geometri-
je, poloZaja i medusobnih odnosa objekata kao funkcije
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primene geodezije u drugim inzenjerskim oblastima i za
reSavanje razliCitih inzenjerskih problema. U pocetku
svoga razvoja geodetska tehnologija nije bila dovoljno
efikasna i nije mogla da postigne zahtevanu tacnost da
bi nasla adekvatnu primenu u inZenjerskim oblastima
koje su imale potrebu da koriste geodetske podatke za
istrazivanje predmetnih prirodnih fenomena. Druga pre-
preka za primenu geodezije u istrazivanju slozenih pri-
rodnih fenomena bila je nedovoljan nivo razvijenosti
metodologije i tehnologije za obradu i analizu rezultata
geodetskih merenja [15]. Razvojem geodetske merne
tehnologije, metodologije za obradu i analizu podataka
i raCunarske tehnike reSen je najveci deo problema veza-
nih za efikasnost i nivo tacnosti geodetskih podataka. U
literaturi [22] eksplicitno se naglasava da je ,,unaprede-
nje geodetskih instrumenata i mernih tehnika u posled-
njoj dekadi ucinilo upotrebljivim utvrdivanje pomeranja
Zemljine kore u razumno kratkim intervalima®. Treba
imati u vidu da je ova konstatacija izvedena 1981. godine
i da se razvoj geodetskih instrumenata i mernih tehnika
nastavio jo§ ubrzanijim tempom. Time je geodezija ste-
kla status nauc¢ne discipline ¢iji su podaci nezaobilazni
u skoro svim istrazivanjima prirodnih fenomena koji za
posledicu imaju promenu geometrije Zemljine povrsi ili
promenu geometrije inzenjerskih struktura.

Seizmologija se definiSe kao nauka koja se bavi
istrazivanjem mehanickih vibracija Zemlje [20]. Medu-
tim ova definicija nije dovoljna da obuhvati sve aspekte
i posledice fenomena mehanickih vibracija Zemlje pa
se u literaturi [19] navodi definicija istih autora iz 1980.
godine i konstatuje da ,,savremeni trendovi u seizmolo-
giji imaju tendenciju da prevazidu aspekte povezane sa
nastajanjem i prostiranjem seizmickih talasa“. Ocigled-
no je iz navedenih citata da je fenomen kojim se bavi
seizmologija dosta sloZen i da se njegovo razumevanje
razvija sa novim saznanjima kao i da se razvija potreba
za merenjem posledica ovog fenomena.

U savremenoj literaturi i praksi neodvojiva su se-
izmicka, geoloska i geodetska merenja za pravilno tu-
macenje uticaja mehanickih vibracija Zemlje na tlo i in-
zenjerske strukture. Autor ovog rada smatra da se ovim
pitanjima ne posvecuje dovoljno paznje u Srbiji i da je
neophodno da se struc¢na i nauc¢na javnost upozna i poc-
ne aktivno da bavi navedenim pitanjima. [z tog razloga
predmet ovog rada predstavlja prikaz aktuelnih pitanja,
aktuelne problematike i pojedinih projekata koji imaju za
cilj da utvrde uticaj seizmickih procesa na tlo i inzenjer-
ske strukture. Takode se prikazuju i savremene geodet-
ske tehnologije koje po svojim karakteristikama zadovo-
ljavaju stroge zahteve za utvrdivanje promena geometrije
tla i inzenjerskih struktura u pogledu ta¢nosti i brzine do-
bijanja trazenih podataka.

Razvoj optimizacije projektovanja i deformacione
analize geodetskih mreza takode je od velikog znacaja za
otkrivanje pomeranja tla i promene geometrije inzenjer-
skih struktura. Sistematizovan prikaz metoda optimizaci-
je projektovanja geodetskih mrezZa dat je u literaturi [10]
dok je sistematizovan prikaz metoda za deformacionu
analizu geodetskih mreza dat u literaturi [12].
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Znacaj optimizacije projektovanja geodetskih mreza
ogleda se u povecanju efikasnosti realizacije geodetskih
merenja i dostizanju zahtevane tacnosti trazenih velici-
na. To konkretno znaci da se ve¢ u fazi projektovanja
geodetskih mreza moze osigurati otkrivanje unapred za-
date veli¢ine pomeranja geodetskih tacaka uz minimalan
obim geodetskih radova.

Znacaj deformacione analize geodetskih mreza ogle-
da se u moguénosti da se otkriju tacke koje su promenile
polozaj i da se otkrije veliina tog pomeranja. To znaci
da strucnjaci koji analiziraju uticaj seizmickih procesa na
tlo i inZenjerske strukture mogu raspolagati sa konkret-
nim veli¢inama promena polozaja i medusobnih odnosa
tacaka kao ulaznim podacima za svoje analize.

2. GEODETSKE TEHNOLOGIJE

Poslednjih decenija dvadesetog veka i pocetkom
dvadesetprvog veka doslo je do ubrzanog razvoja geodet-
skih tehnologija u smeru povecanja njihove efikasnosti i
tacnosti rezultata merenja. Uporedo je razvoj racunarske
tehnike omogucio povecanu efikasnost obrade geodet-
skih podataka. Na taj nacin stvorene su mogucnosti da
se vrse masovna geodetska merenja i da se u relativno
kratkom roku dobiju rezultati. To je omogucilo primenu
geodezije u razli¢itim inZenjerskim oblastima i povecalo
kvalitet zaklju¢ivanja o razli¢itim uticajima koji za posle-
dicu imaju promenu poloZzaja tacaka na Zemljinoj povrsi
ili promenu geometrije i polozaja inzenjerskih struktura.
Povecana taénost rezultata merenja ima za direktnu po-
sledicu otkrivanje manjih promena u poloZaju tacaka na
Zemljinoj povrsi i otkrivanje malih promena u geometriji
inzenjerskih struktura. Istovremeno, povecana efikasnost
merenja i obrade rezultata merenja omogudila je da se
zakljucci o uticaju seizmickih procesa na tlo i inZenjerske
strukture dobiju

U ovom radu ¢e se ukratko opisati geodetske tehno-
logije koje se mogu koristiti za otkrivanje promene po-
lozaja tacaka na Zemljinoj povrsi i promene geometrije
inzenjerskih struktura i njihove karakteristike. Geodetske
tehnologije mogu se klasifikovati na sledeé¢i nacin:

— Klasi¢ne terestricke geodetske tehnologije (ge-
odetski instrumenti koji se koriste u triangulaciji, trila-
teraciji i nivelmanskim mrezama kao $to su: teodoliti,
elektroopticki daljinomeri, automatske i klasi¢ne totalne
stanice, oprema za nivelman i sl.)

— Geodetske tehnologije koje se baziraju na prime-
ni satelitskih tehnologija (globalno pozicioniranje, VL-
BI, InSAR)

— Geodetske tehnologije koje se baziraju na prime-
ni fotogrametrijskih snimaka,

— Geodetske tehnologije koje se baziraju na laser-
skom skeniranju i

— Geodetske tehnologije specijalno dizajnirane za
primenu u industriji.

lako klasifikacija geodetskih tehnologija moze bi-
ti koncipirana drugadije ova klasifikacija je prilagodena
primeni geodezije u istrazivanju uticaja seizmickih pro-
cesa na tlo i inzenjerske strukture.
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Kada se istrazuju uticaji seizmickih procesa na tlo
primenjuju se geodetske tehnologije koje omogucavaju
dobijanje rezultata merenja visoke tac¢nosti na velikim
rastojanjima odnosno na velikim povr§inama koje obu-
hvataju teritorije drzave [35] ili regiona [4], dok se kod
istrazivanja uticaja seizmiCkih procesa na inzenjerske
strukture zahteva izuzetno visoka ta¢nost rezultata mere-
nja na malim podru¢jima.

2.1. Klasi¢na geodetska terestricka tehnologija

Klasi¢na geodetska terestricka tehnologija zasniva
se na direktnim merenjima uglova i duzina izmedu ge-
odetskih tacaka na terenu. Uobicajeno je da se u polo-
zajnim mrezama vrSe merenja uglova i duzina dok se u
visinskim merenjima primenjuje metoda geometrijskog
nivelmana.

Za merenja u polozajnim mrezama koriSéeni su te-
odoliti (za merenje uglova) i elektroopticki daljinome-
ri (za merenje duzina). U poslednje vreme najcesce se
primenjuju automatizovane i robotizovane totalne stani-
ce koje pored toga $to omogucavaju da se istovremeno
mere uglovi i duzine u velikoj meri automatizuju proces
merenja ¢ime se znacajno poveéava efiksnost merenja
ali i elimini$u neke greske operatora. Ta¢nost ovih geo-
detskih instrumenata je znacajno unapredena tako da su
dostignuti slede¢i standardi:

— Za opazane pravce o,p = 0,5% i

— Za merene duzine ¢,= 0,6 mm + 1 ppm.

Ocigledno je da se klasi¢nom terestrickom geo-
detskom tehnologijom, uz pravilno projektovanje geo-
detskih mreza, mogu otkriti pomeranja tla reda velic¢ine
nekoliko milimetara na rastojanjima do 10 kilometara.
Za srazmerno manja rastojanja moguce je postici i bolje
rezultate.

U visinskim geodetskim mrezama kori$¢enjem sa-
vremenih nivelmanskih pribora (digitalni niveliri i letve
sa bar kodom) moguce je znacajno povecanje efikasnosti
merenja jer se rezultati merenja automatski registruju i
merenja se mogu vrsiti u ve¢em delu dana nego Sto je to
bio slucaj sa klasicnim nivelmanskim priborom. Jedino
je tacnost rezultata merenja na nivou klasi¢nih nivelman-
skih pribora iiznosi o, = 1,2 mm/km. I ovde je o¢igledno
da se pravilnim projektovanjem geodetskih mreza moze
posti¢i otkrivanje pomeranja reda nekoliko milimetara.

2.2. Geodetske tehnologije bazirane na primeni sate-
litskih tehnologija

Do pune ekspanzija primene geodezije za istraziva-
nje seizmickih procesa doslo je sa razvojem tehnologija
za globalno pozicioniranje (GNSS — Global Navigation
Satellite System) odnosno kada je ova tehnologija dosti-
gla visok nivo ta¢nosti rezultata merenja — odredivanja
koordinata u prostoru. Zahvaljujuéi visokoj mobilnosti
mernih uredaja i tacnosti merenja koja omogucéava utvr-
divanje pomeranja tacaka na Zemljinoj povrsi centime-
tarskog reda veli¢ine na velikim rastojanjima (10 i vise
kilometara) ali i prihvatljivoj ceni geodetskih radova da-
nas se skoro ne moze naci ni jedan projekat za istraziva-
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nje uticaja seizmickih procesa u kome nisu predvidena
GPS merenja. Druga tehnologija koja se koristi za pozici-
oniranje sa visokom ta¢nos¢u je VLBI — interferometrija
vrlo dugackih baza. lako ova tehnologija strogo posma-
trano ne pripada geodetskim tehnologijama baziranim na
primeni satelita ona se opisuje u literaturi koja se bavi
satelitskom geodezijom. Tehnologija kojoj se sve vise
pridaje znacaj u istrazivanju uticaja seizmickih procesa
na Zemljinu povrs jeste INSAR (Interferometric Satellite
Aperture Radar) tehnologija. InSAR tehnologija koristi
se samostalno ili u kombinaciji sa drugim geodetskim
tehnologijama i na taj nacin postiZze se smanjenje nedo-
stataka svake od primenjenih tehnologija.

2.2.1. Globalno pozicioniranje — globalni satelitski si-
stem za navigaciju (GNSS — Global Navigation
Satellite System)

Sa razvojem svemirske tehnologije i lansiranja sate-
lita koji emituju signale pomocu kojih je moguée meriti
rastojanja od satelita do prijemnika doSlo je do velikih
pomaka u geodetskim tehnologijama. Vise nije bilo ne-
ophodno medusobno dogledanje tacaka na terenu da bi se
izvrsila merenja vec je bilo dovoljno da nema prepreka na
putu signala od satelita do prijemnika i da postoje signali
sa najmanje tri satelita da bi se precizno odredila pozicija
prijemnika u prostoru. Tacnost rezultata merenja dobijenih
primenom tehnologije globalnog pozicioniranja dodatno
se povecava ako dva ili viSe prijemnika istovremeno regi-
struju signale sa satelita i kada se rastojanja izmedu ovih
prijemnika odreduju naknadno u postupku postprocesinga.
Tacnost rastojanja izmedu prijemnika odredenih na ovaj
nacin primenom staticke metode moze se izraziti standar-
dom merenja duzine koji dostize vrednost: g, = 3 + 0,5
ppm. Kao i kod klasi¢nih terestrickih geodetskih tehnolo-
gija tatnost merenja duzina zavisi od rastojanja izmedu ta-
caka, medutim znacajna prednost tehnologije za globalno
pozicioniranje jeste da tacke ne moraju medusobno da se
dogledaju. Jedan od nedostataka tehnologije za globalno
pozicioniranje moze biti taj Sto merenja traju duze u odno-
su na merenje duzina klasi¢nim ili automatskim totalnim
stanicama. Odavde sledi da projektanti geodetskih mreza
za istraZivanje uticaja seizmickih pojava treba pazljivo da
analiziraju sve moguénosti i donesu odgovarajuce odluke
kako bi se optimizovali geodetski radovi i dobili rezultati
na zahtevanom nivou kvaliteta.

2.2.2. Interferometrija vrlo dugackih baza— VLBI (Very
long base interferometry)

Tehnologija VLBI bila je razvijena u radioastrono-
miji a zatim je nasla primenu i u geodeziji. Radi se o
vrlo kompleksnoj i skupoj tehnologiji koja ima odrede-
ne prednosti u odnosu na druge geodetske tehnologije.
Osnove i prikaz principa dati su u literaturi [23].

Strogo govoredi interferometrija vrlo dugackih baza
nije metod satelitske geodezije medutim ona je ukljucena
u knjigu [23] jer:

— se koristi samostalno ili u kombinaciji sa drugim
satelitskim tehnikama,
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— su tehnike merenja i izravnanja u geodetskim pri-
menama GPS pod znacajnim uticajem VLBI tehnologije
i

— sateliti sa VLBI misijama su na inicijalnom stadi-
jumu svog razvoja.

Jedna od specijalnih osobina VLBI tehnologije jeste
da tacnost odredivanja rastojanja ne zavisi od rastojanja
izmedu tacaka [24]. Ova osobina dovela je do strukturi-
ranja univerzalnog koordinatnog sistema koji omogucuje
pozicioniranje tacaka u Japanu (relativno u odnosu na
druge globalne osobine) sa izvanrednom tacno$¢u i dalje:
pozicioniranje u Japanu sa tatnos¢u u milimetrima najpre
je ostvareno pomoéu VLBI merenja [isto].

Na osnovu navedenih ¢injenica radi se o tehnologiji
koja ima jedinstvenu osobinu da ta¢nost ne zavisi od ra-
stojanja ali mobilnost predstavlja glavni ogranicavajuci
faktor za masovnu primenu VLBI tehnologije.

2.2.3. SAR (Synthetic Aperture Radar) i InSAR (Inter-
ferometric Synthetic Aperture Radar) tehnologi-

ja

Tehnologije koje se u poslednje vreme koriste za
istrazivanje pomeranja tla su SAR (Synthetic Aperture
Radar) i InSAR (Interferometric Synthetic Aperture Ra-
dar) tehnologija. Ove tehnologije baziraju se na formira-
nju slike objekata na osnovu snimaka dobijenih radarom
koji se nalazi na pokretnoj platformi (bilo da su platfor-
ma avioni ili sateliti).

U literaturi [31] navode se tri aspekta sa kojih je mo-
guce definisati SAR tehnologiju:

— Specijalisti za radare opisuju SAR tehnologiju
kao Dopler procesing. Doplerova frekvencija se koristi
za raspoznavanje ciljeva i za njihovo pozicioniranje po
azimutu

— Struénjaci za antene uspostavljaju vezu sa linear-
nom emisionom vektorom. Pojam je dobio ime po ovom
procesu jer se zasniva na sintezi vektora antena

— Fizi¢ari ukazuju da se kod ove vrste procesinga
prijemnik prilagodava primljenom signalu. Izlaz ovog
procesinga je autokorelaciona funkcija ulaznog signala.

Kada se SAR tehnologija primenjuje na takav nacin
da se druga slika istog terena dobije sa malom promenom
pozicije antene dolazi do interferometrije [23].

U literaturi [23] navode se prednosti i nedostaci
Diferencijalne InSAR tehnologije. Prednosti su: visoka
prostorna gustina, daljinska detekcija i da nije neophod-
no stabilizovati stubove, dok su nedostaci: ograni¢ena
vremenska gustina, 1-D skalarna merenja i dekorelacija
snimaka.

2.3. Geodetske tehnologije koje se baziraju na Kori-
$¢enju fotogrametrijskih snimaka

Razvoj digitalne fotografije i odgovarajucih algo-
ritama za njenu obradu omogucio je da fotogrametrija
postane vrlo pristupacna geodetska tehnologija u prime-
nama za odredivanje dimenzija objekata razlicitih velici-
na i oblika. Ta¢nost i efikasnost ove tehnologije je zna-
¢ajno unapredena Sto je omogucilo stvaranje 3D modela
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u industrijama koje zahtevaju visoku tacnost. Prednost
fotogrametrijske tehnologije ogleda se u Cinjenici da ona
nije osetljiva na vibracije u sredini u kojoj se primenjuje
i da moze da se koristi kod objekata u pokretu. Tacnost
kod ove tehnologije definiSe se preko relativne greske i
moze se naéi u prospektima da iznosi 1:60 000 [25]. U
radu [26] navode se rezultati ispitivanja koji pokazuju da
maksimalna greska odredivanja koordinate tacke u 3D
koordinatnom sistemu iznosi 0.16 mm. U radu [27] ek-
splicitno se navode rezultati koji pokazuju da je moguce
postic¢i tacnost od nekoliko mikrona (visoka ta¢nost) do
nekoliko milimetara (niska ta¢nost). U istom radu navodi
se da relativna greska iznosi 1:100 000 na rastojanju od 5
m. Ovakvi rezultati omogucavaju kori$¢enje savremenih
fotogrametrijskih metoda za utvrdivanje malih promena
u geometriji inzenjerskih struktura.

2.4. Geodetske tehnologije koje se baziraju na laser-
skom skeniranju

Laserski skeneri se zasnivaju na prikupljanju veli-
kog broja taaka u jedinici vremena. Tacnost odredivanja
koordinata tacaka primenom ove tehnologije moze do-
sti¢i vrednost od +2 mm. Mada se u literaturi nagove-
Stava mogucnost ostvarivanja i boljih rezultata to je ipak
povezano sa smanjenjem efikasnosti odnosno sa obez-
bedivanjem odredenih uslova (rastojanje od skenera do
objekta i uglovima skeniranja). Medutim za brzo utvrdi-
vanje geometrije objekata a naro€ito njegovih nepristu-
pacnih delova ova tehnologija moze biti vrlo primenljiva
ako tacnost nije kriti¢na. To se odnosi narocito na zgrade
ili na objekte gde bi druge metode bile znac¢ajno manje
efikasne. U radu [36] detaljno se opisuje primena dva
terestricka laserska skenera za osmatranje velike brane.
Navodi se da ni na rastojanjima koja su dostigla skoro
300 metara nije bilo zna¢ajnog gubitka u taénosti. Detalj-
ne tehni¢ke karakteristike mogu se naéi u prospektima
proizvodaca ove opreme na primer u [28].

2.5. Geodetske tehnologije specijalno dizajnirane za
primenu u industriji

Geodetske tehnologije specijalno dizajnirane za
primenu u industriji predstavljaju klasi¢ne geodetske in-
strumente (teodolite, totalne stanice i laser trakere) koji
su dizajnirani tako da mogu da postizu izuzetno visoku
tacnost merenja na kratkim rastojanjima. Industrijski
teodoliti 1 automatske totalne stanice mogu dostiéi tac-
nost merenja duZina na kratkim rastojanjima (do 35 m)
sa standardom o, = 0,25 mm, dok se ta¢nost merenja bez
prizmi moze postic¢i do nivoa od 1 mm [28].

Laserski trakeri su posebna vrsta instrumenata ko-
ji omogucavaju skeniranje objekata sa tacnoSéu reda
veli¢ine nekoliko mikrometara. Ovi instrumenti se ve¢
izraduju u vrlo prihvatljivim dimenzijama tako da mogu
biti veoma mobilni i koristiti se za odredivanje dimenzija
inzenjerskih struktura gde se zahteva ekstremna tacnost.
Apsolutne performanse za merene duzine definisane su
maksimalnom dozvoljenom greskom od £10 pm [29].
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3.PRIMENA GEODEZIJE ZA ISTRAZIVANJE
UTICAJA SEIZMICKIH PROCESA NA ZEMLJI-
NU POVRS

Podaci geodetskih merenja bili su veoma interesan-
tni sa aspekta istrazivanja uticaja seizmickih procesa i
njihovog uticaja na tlo odnosno Zemljinu povrs. Medu-
tim zbog ¢injenice da geodetske mreze nisu bile prevas-
hodno projektovane sa ciljem da se utvrduju pomeranja
tla a i obzirom na nedovoljnu ta¢nost i efikasnost geodet-
skih tehnologija tek u poslednjih nekoliko decenija dola-
zi do ekspanzije primene geodezije za istrazivanje uticaja
seizmickih procesa na Zemljinu povrs. Najvecu primenu
u toj oblasti nasla je tehnologija globalnog pozicioniranja
odnosno GPS (ili GNSS) tehnologija kada je dostigla vi-
sok nivo tacnosti rezultata merenja $to se vezuje za kraj
dvadesetog i poCetak dvadesetprvog veka.

U radu [30] naglasava se da su GPS podaci saku-
pljeni od 1986 godine u juznoj Kaliforniji dokazano ko-
risni za odredivanje tekucih vrednosti i vrste tektonskih
deformacija. U skorije vreme GPS se koristi za odrediva-
nje postseizmickih deformacija posle nekoliko srednjih i
velikih zemljotresa. Posebna paznja posvecuje se ta¢no-
sti koju je moguce posti¢i primenom GPS tehnologije i
navodi se sledece:

— moguce je posti¢i apsolutnu ta¢nost u horizontal-
nom i vertikalnom smislu 3 mm i 8 mm respektivno,

— kori$¢enjem kontinuiranih podataka moze se po-
sti¢i ta¢nost odredivanja brzina reda veli¢ine 1 mm/god
za 5 godina,

— primenom kampanja mogude je postici odrediva-
nje brzina sa ta¢nos$éu od 3.5 mm/god za 2 godine i bolju
od 2 mm/god u duzem periodu.

U projektu prikazanom u radu [35] kombinuju se
GNSS i InSAR tehnologije kako bi se otklonili nedostaci
jedne i druge tehnologije i dobili rezultati koji omogu-
¢avaju preduzimanje preventivnih mera za ublazavanje
rezultata prirodnog hazarda.

u radu [4] detaljno se opisuju i uporeduju rezultati
dobijeni seizmickim, geodetskim i geoloskim metodama.
U analizi se ukazuje na Cinjenicu da geodetska merenja
akumuliraju seizmicki i aseizmicki strein i ukazuje na
druge karakteristike geodetskih podataka, $to je neop-
hodno za njihovo pravilno tumacenje.

Na osnovu izlozenog kratkog pregleda literature za-
kljucujemo da je primena geodezije neophodna kako bi
se koris¢enjem geodetskih, uz uporedo kori$éenje seiz-
mickih i geoloskih, podataka donosili pouzdani zakljucci
o uticajima seizmickih procesa na tlo. Takode vidimo
da rezultati dobijeni primenom geodetskih tehnologija
(naroc¢ito GPS tehnologijom) omogucavaju odredivanje
brzina sa milimetarskom tacno$cu u relativno kratkim
vremenskim intervalima.

4. PRIMENA GEODEZIJE ZA ISTRAZIVANJE
UTICAJA SEIZMICKIH PROCESA NA INZE-
NJERSKE STRUKTURE

Seizmicki procesi u zavisnosti od intenziteta i ucesta-
nosti dovode do razli¢itih nivoa deformacija inzenjerskih
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struktura. U slu€ajevima manjih potresa ove deformacije
mogu biti manje izrazene dok u slu¢ajevima jacih zemljo-
tresa dolazi do oStecenja ili potpunog razaranja objekata.

Ovde ¢e se posebno naglasiti uloga i znacaj geode-
zije u razli¢itim fazama seizmickih uticaja na inZenjerske
strukture:

— U fazi realizacije inzenjerske strukture geodezija
ima ulogu da omoguc¢i prenosenje i kontrolu projekto-
vane geometrije objekta, odnosno da obezbedi konstruk-
tivnu saglasnost objekta sa projektovanom geometrijom.
Ako se ima u vidu slozenost i brojnost parametara koji
se koriste pri dimenzionisanju novih objekata [33] ili pri
sanaciji 1 adaptaciji oStecenih objekata [34] neposredno
sledi zakljucak da je neophodno primeniti odgovarajuce
geodetske tehnologije kako bi se objekat realizovao sa
zahtevanom ta¢noscu,

— Po realizaciji objekta neophodno je izvrsiti geo-
detsko snimanje kako bi se utvrdila geometrija izvedenog
objekta iz dva razloga. Prvi razlog je da se utvrdi even-
tualno odstupanje geometrije izvedenog objekta u odno-
su na projekat. Drugi razlog jeste da se ustanovi ,,nulto*
stanje objekta koje ¢e sluziti za poredenje sa promenama
geometrije objekta koje mogu nastati u buduénosti.

— U fazi eksploatacije objekta potrebno je vrsiti pe-
riodi¢no redovno geodetsko snimanje geometrije objekta
kako bi se utvrdile promene koje nastaju na objektu.

— Geodetsko snimanje geometrije objekta treba vr-
$iti 1 posle potresa kako bi se utvrdio eventualni nastanak
i veli¢ina promena u geometriji objekta.

Kod primene geodezije za istrazivanje uticaja seiz-
mickih procesa na inZenjerske strukture treba primenjivati
geodetske tehnologije koje omoguéavaju otkrivanje malih
pomeranja a to znaci geodetske tehnologije koje dostizu
visoku ta¢nost rezultata merenja. Ovo je slu¢aj narocito
kada treba utvrditi male promene dimenzija na objekti-
ma (rad [36] prikazuje rezultate osmatranja velike brane
metodom laserskog skeniranja). Takode pri utvrdivanju
promene geometrije inzenjerskih struktura treba koristiti
i geodetske tehnologije koje omogucéavaju snimanje veli-
kog broja tacaka: fotogrametrijske metode i metode laser-
skog skeniranja. kod zahteva za visokom ta¢no$c¢u treba
kombinovati ove metode sa metodama klasi¢ne terestric-
ke geodetske tehnologije §to omogucava prevazilazenje
ograni¢enja svake pojedinacne tehnologije.

5. ZAKLJUCAK

Na osnovu pregledane literature moze se zakljuciti
da je primena geodezije u istrazivanju seizmickih utica-
ja na tlo i inZenjerske strukture veoma zastupljena i da
je skoro nemoguce pronaci projekat koji se bavi istrazi-
vanjem seizmi¢nosti u kome nisu zastupljeni geodetski
podaci. Raznovrsnost primene geodetskih tehnologija i
mogucénost donosenja zakljucaka koji bi ublazili posle-
dice prirodnog hazarda obavezuju da se zapo¢nu projekti
istrazivanja seizmickih procesa uz organizovano pri-
kupljanje i analizu odgovarajucih geodetskih podataka
uporedo sa drugim relevantnim podacima o seizmic¢kim
procesima. Ovo je neophodno utoliko pre $to je na danas-
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njem razvoju geodetskih tehnologija moguce registrovati
geodetske podatke neophodnog kvaliteta za donoSenje
pouzdanih zakljucaka o nivou prirodnog hazarda ali i po
ceni koja opravdava prikupljanje ovih podataka.

Na osnovu navedenih primera primene geodezije za
istrazivanje seizmickih procesa i njihovog uticaja na tlo i
inzenjerske strukture mozemo izvesti sledece zakljucke:

1. Geodetski podaci su neophodni za donoSenje
pouzdanih zakljucaka o seizmic¢kim procesima;

2. Kuvalitet i efikasnost dobijanja geodetskih poda-
taka su dostigli nivo neophodan za blagovremeno dono-
Senje pouzdanih zakljucaka o uticaju seizmickih procesa
na tlo i inZenjerske strukture i

3. Mogucénost kombinovanja razlicitih geodetskih
tehnologija dovodi do prevazilazenja ogranienja poje-
dinih tehnologija i do povecéanja kvaliteta informacija o
stanju i ponasanju geometrije tla i inZzenjerskih struktura.
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PE3UME

Hcmpancusarsa y npaxcu noxkasaia cy 0a 'y 6enukom 0pojy ciyuajeéa 002060pnu uzgohauu
padosa Ha 2paoumesbCKUM HPOJEKMUMA C80je NOocioge 00as/bajy HA OCHOBY NPEmXOOHUX
uUcKycmaea u 3Harba, Oe3 jacHo OehuUHUCAHUX 3a0amaka u nompeba 8e3aHux 3a Ynpasbarbe
npojekmom. Y 06om pady oame cy 0CHOGHe deuHuyuje nPojekma U Ynpaebarbd NPojeKnmom,
APUKA3 OP2AHU3AYUOHUX CIPYKIYPA NPOjeKama ca 0C8PmMoM Ha ROJL0JICA] 002060pHo2 U380haua
paoosa, npezied NOMPeOHUX 3HAFA, 0OCOOUHA, BEUINUHA, 002080PHOCHIU U AKMUBHOCIU, KAO U
Hawun u360pa 002080pHoe U3eohaya pacosa.

Kwyune peuu: npojexam, ynpagmarse npojekmom, 0p2anu3ayuona CmpyKkmypd, 002080pHU
uzeohau, 1uyenya.

SUMMARY

Researches have shown that project managers usually make decisions according to the-
ir previous adopted knowledge and professional experience, without clearly defined tasks and
needs from the scope of project management. This paper deals with basic definitions of project
and project management, review of basic organizational structures and the contractor’s role
and place in them, the review of required knowledge, skills, responsibilities, characteristics
and activities for successful project manager, as well as the criteria for choosing the project

manager.

Key words: project, project management, organizational structures, Contractor, license.

1. YBOJ

3aKOHOM O IUTaHHupawy KU u3rpanmby (Ci. TITacHUK
PC 72/09) n aktuma Umxemepcke komope Cpbuje jacHO
Cy JedrHICaHU CTPYYHH IOCIOBU MHXKEHEpa U JUILIO-
MHpPaHHUX HHXKEHEepPa TEXHHYKHX CTPYKa KOjU MOTY OHTH
OJITOBOPHH M3BONa4uM pagoBa. 3aKOHCKH U MOJ3aKOHCKH
akTH y obnactu rpaleBuncke nerucnatue PC Ha jacan
U cBeOOYXBaTaH HAYMH PEryIUINY U A¢HUHHUILY paBa |
obaBe3e OTOBOPHOT M3BOhada pagoBa IMyTeM KOHTCHT-
HUX [TPaBHUX MPABUJIA Y3 TAKCATUBHO HaOpOjaHe yCIIoBe
oJ| KojuMa ozapelena simia Mory OMTH IMEHOBaHa 3a OJ1-
TOBOPHOT M3Bohaya pagoBa, Ka0 M HAYMH Ha KOjU MOTY
ctehu neHIty. 3a yCIenHo OKOHYamhe IPOjeKTa, ope/T
cTaHjap/a, TEXHHYKUX HOPMATHBA, 3aKOHCKHUX M 110/13a-
KOHCKHX aKaTa U CTPOTUX MPOoLeaypa, HEONX0AHa je UH-
TepaKIHja 3Hama, MpodecrHoHaTn3Ma U OATOBOPHOCTH
CBaKOI' yUECHHUKA IPOjeKTa, a HAPOUUTO OJATOBOPHOT U3-
Bohaua pasoBa, Ka0 BUCOKO-KBAIN(HKOBAHOT CTPYUHha-
Ka y obmactu rpaljeBuHApCTBA.

3akoH o wiaHupamy 1 m3rpaamu (Ci. rmacauk PC
72/09) npornucyje aa oAroBopHM H3Bohau pagoBa Moxe

Adresa autora: YHuep3uteT YHHOH, DaxynTer 3a IpaJUTEbCKU

menanmenTt, 11000 beorpan, Llapa dymrana 62—64
E-mail: beljak@mail.com
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1. INTRODUCTION

Law on Planning and Construction (Official Ga-
zette of Republic of Serbia 72/09) and acts of Serbian
Chamber of Engineers clearly define professional duties
of engineers with bachelors and master degree in techni-
cal sciences which can be the main contractors (project
managers) in civil engineering. Law and sub-law acts
from the field of construction legislative of Republic of
Serbia clearly and widely regulate rights and duties of
the project manager through cogent licit rules with de-
tailed list of conditions under which somebody can be
appointed for the project manager, as well as the ways of
getting the licence. Besides standards, technical norms,
laws, licit rules and strict procedures, there is also a great
demand for strong interaction between knowledge, pro-
fessionalism and responsibility for every participant of a
project, but especially for the project manager, as highly
qualified expert from the field of civil engineering.

According to the Law on Planning and Construc-
tion (Official Gazette of Republic of Serbia 72/09), the
project manager has to have at least MA degree received
from the adequate course of study at the five-year col-
lege, or the BA degree received from the adequate three
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OWTH JTUIIE ca CTEYEHUM BHCOKHM 00pa30BamkeM OrOBa-
pajyhe crpyke Ha cTyaMjama ApYror CTENeHa, OJHOCHO
Ha OCHOBHHM CTy/IMjaMa y Tpajamby O HajMambe IeT ro-
JMHa WM Ca CTEYEHHM BHCOKHM OOpa3oBameM Ha CTy-
Jijama IpBOT CTENIeHa OTHOCHO Ha CTyujaMa y Tpajamy
JI0 TP FOAWHE oIroBapajyhie cTpyke, OJHOCHO cMepa U
oxrosapajyhom snuiieHIIOM 3a u3Boheme paaonra [1,2].

HeonxoaHo je HarylacuTH /1a JIMIEHIY 3a OATOBOP-
HOT M3BOhaya pazoBa IO 3aKOHCKHM IIPONHCHMa MOXKE
Jla CTEKHE JIMIIE ca CTeYeHUM BUCOKUM 00pa30BambeM OJI-
roBapajyhe cTpyke, OHOCHO cMepa, Ha CTyIujama apy-
TOT CTEIeHA MM Ca CTeYSHUM BUCOKHM 00pa30BamkeM Ha
CTyZMjaMa MpPBOT CTENeHa ofroBapajyhe cTpyke, Kao u
TIOJIOXKEHUM CTPYYHHM HUCITUTOM Y3 HajMarbe TPU TOJHHE
palHOr UCKYCTBa ca BUCOKMM 00pa30BambeM Ha CTy/IHja-
Ma JpyTor CTeleHa, OJTHOCHO IeT TO/InHa PaJHOT HCKYC-
TBa ca BUCOKHM 00pa30BameM Ha CTyHAHjama IPBOT CTe-
IIeHa ¥ ca CTPYYHHM pe3ylTatuMa Ha rpalemy o0jexara
[3].

Jlune ca credyeHNM BUCOKHM 00pa30BambeM Ha CTY-
JMjama TIpBOT CTENeHa onrosapajyhe cTpyke, oJJHOCHO
CMepa WIH CPEIEHOM IIKOJICKOM CIIpeMOM oJroBapajyhe
CTPYKE U IOJIOKEHUM CTPYYHHUM HCIIUTOM MOXE Ja py-
koBonu Tpahiemem cramOenux um momohHUX oOjekara
3a cBoje moTpede u moTpede WiaHOBa MOPOTUIHOT IO-
MahHHCTBa, Ka0 1 U3BOlemeM MojeJuHNX Tpal)eBUHCKUX
3aHATCKHUX M MHCTANAIN]CKHUX PaloBa U paJoBa Ha YHYT-
pammeM ypehemy objexara u ypehemy Tepena [3]. Ca
Meh)yHapoaHoOr acriekra, CTHLAHkE JIMIEHIE TIPe/ICTaBba
myT Ka aoOujamy BpcTe ceprudmkata koju he omory-
YUTU OATOBOPHUM I/I3BOha‘H/IMa paaoBa ga nyTeéM TaKBE
cepTH(UKanrje U3BOAE PaJOBE y CBETCKUM OKBHpHMA.
I'paheBuncka yapyxema, Qeneparyje W acolujauje
MeljyHapoaHOTr KapakTepa 3ajaxy ce 3a cepThduKanujy
Koja Ou omoryhmia nakie uaeHTH(UKOBambe KBaTH(H-
KOBaHHX JIUIIA OBE CTPYKe.

CBeTcKa MCKyCTBa U Mpakca IoKa3yjy /a yclelaH
npojexm menayep (OTHOCHO PYKOBOJIHUOIL IIPOjeKTa — OJI-
TOBOPHH M3BOhay pajoBa) Mopel HEOMXOAHUX TEXHUY-
KO-CTPYYHHX KBaJH(HKALHMja MOpa MOCEIOBATH U MYJI-
THAUCOUIUIMHAPHA 3HAaMka M3 00JacTH OpraHu3aImje,
npaBa M EKOHOMHjE Kao M MMO03HaBabe JbYJICKE COLMOIIO-
ruje u ncuxonoruje [4,5]. 1o ceemy cynehu, onroBopau
n3Bohau pajgoBa cBOj MpoecHoHaNIN3aM, OJTOBOPHOCT
U TUCLUUIUIMHY jeIMHO MOXE HCKa3aTH y TPOYIJy HH-
KEHmBEPCKe, IPaBHE U EKOHOMCKO-(HHAHCHjCKE CTPYKE.

2.MIO3UMIAJA OAI'OBOPHOI' HM3BOBAYA Y
OPTAHM3AIIMOHOJ CTPYKTYPHU ITPOJEKTA

Opram3anyony CTPYKTYpy HpPOjeKTa HajiIaxiie je
npeacTaButd nomohy oxaroeapajyhe mieme, Ha K0joj ce
KpO3 NPHKa3 ayTOPUTETa U HUBOA HAIUICKHOCTH jaCHO
BHUJIC CBHU €JICMEHTH MPOjEKTa U BUXOBE MO3HIHjE [6].

Ha cmunu 1 mpukasaHa je ommirta miema OpraHu-
3allMOHE CTPYKType MpOjeKTa, KOja c€ Yy KOHKPETHUM
cllyyajeBuMa rpuiiarohaBa BeJIMYMHU U KOMILIEKCHOCTH
npojekra [7]. Tpeba HamoMeHyTH na ce Behn MpojeKTH
MOTY TIOJICTTUTH Y TIOATIPOjEKTe U TO CBAKH Ca CBOjUM O/I-
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year college or professional school, as well as appropri-
ate licence for that job [1,2].

It is necessary to emphasize that, according to law
legislative, the project manager’s licence can be obtained
by a person who has at least MA degree received from
the adequate course of study at the five-year college, or
the BA degree received from the adequate three year col-
lege or professional school, and passed the professional
exam after at least three years of work for MA degree or
five years for BA degree, with adequate achievements in
the field of civil engineering [3].

Person with adequate university or college degree,
who passed the professional exam, can be a manager of
construction works that include resident and auxiliary
buildings for his own needs, as well as certain finishing
and installation works and interior and landscaping works
[3]. From the international aspect, getting the profession-
al license is a way for getting adequate certificate that
would enable project managers to perform such works
abroad. International construction societies, federations
and associations encourage certification which would
enable easier identification of the qualified experts from
this scope of work.

Worldwide experiences and practise have shown
that successful project manager (main contractor), be-
sides necessary technical and professional qualifications,
has to have multidisciplinary knowledge from the field
of organization, law and economy, as well as the proper
knowledge of human sociology and psychology [4,5]. In
the other words, project manager can express his profes-
sionalism, responsibility and discipline only within the
triangle bordered by engineering, law and economy-fi-
nance knowledge.

2. PROJECT MANAGER’S POSITION IN THE
ORGANIZATIONAL STRUCTURE

The best way of presenting the ect organizational
structure is the following scheme, which shows authority
and responsibility hierarchy and thus all the parts of the
project and their positions [6].

Figure 1 presents project organizational structure,
which can be, in accordance with the accurate conditions,
adjusted to the scope and complexity of a given project
[7]. It should be emphasized that larger projects can be
divided into smaller sub-projects with their own main
contractors responsible for their parts of entire project
and their sub-project groups.

This scheme clearly shows that the Contractor
(project manager or sub-project manager) has two po-
sitions: manager of entire project or manager of sub-
project.

In our country, it is common practise to unify these
two positions or to appoint the same person as the project
manager for several parallel projects. In that case, his
duties are performed by the responsible sub-projects’
managers. In both of the abovementioned cases it is quite
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Cnuxa 1. Onwma wema opeanusayuone cmpykmype npojekma

TOBOPHUM m3BolaueM pasioBa KOjH je OJITOBOPAH 3a CBOj
MIOATIPOjeKaT u oroBapajyhy monnpojexTHy rpyiy.

W3 mpukasaHe IieMe BHAM C€ Ja CE OATOBOP-
HU n3Bohau panoBa (MeHaep MPOjeKTa/MOANPOjeKTa)
nojaBJbyje Ha [BeMa IMO3MIHjaMa: Kao PYKOBOIMJIAIL
MPOjEKTa WM Ka0 PyKOBOAMIIALL TIOIPOjEeKTa.

VY Hamoj mpakcu YecTa je mojaBa Jia Ce MM OBE JIBC
Mo3uIMje 00jeubYjy WK mojenuHarn Oyne GopMaiHo
NIOCTaBJbEH 3a OATOBOPHOr M3Bolhaya panoBa (MeHayepa
NpojeKTa) Ha BUILE NpojeKaTa MCTOBpeMeHo. Tana cBe
ETOBE TOCI0BE 00aBJbajy OATOBOPHHU M3BOHauH pamoBa
HoANpojeKTa. Y Hampes HaBelIeHUM CilydajeBHMa JoJia-
3u g0 nmopemehaja opraHusalioHe CTPYKType MPOjeKTa,
OCHOBHHX OJITOBOPHOCTH M 00aBe3a M3BPIIHOIIA, IITO Y
3aBHCHOCTH O] BEJIMYHMHE MPOjEKTa MOKE JIa IIPE/ICTaBIba
OIIACHOCT 3@ YCIEIIHO YIPaBJbathe MPOjEKTOM.

3. KOMIIETEHIIAJE OArOBOPHOT U3BOBAUA
PAJIOBA

3.1. M360p oaroopHor usBohaua paaoBa

OproBopau u3Bohau pagoBa (MeHayep MpojeKTa)
Oupa ce U3 MPUBPEIHOT JPYINTBA KOje peanu3yje mpoje-
KaT, WIK Ce MaK aHraxyjy npoeCHOHAIHIM ca CBOjUM
TUMOBHMA, BaH ITPUBPEIHOT IPYIITBA, KOJU UMajy OATrO-
Bapajyhe MckycTBO 3a o0aBibame oapeheHux mociosa.
OnroBopHu m3Bohau pagoBa Ha HUBOY HOANPOjEKTHE
rpyre oupa ce u3 MPUBPEIHOT APYIITBA KOje U3BOAU pa-
JIOBE TOMIPOjEKTa.

Cam wm3bop onaroBopHor u3Bohaua aeuHHCAH je
3aXTeBUMa MHBECTUTOpA MM PYKOBOJCTBA IPHBPEIHOT
JIpYyIITBa KOje peanusyje MmpojekaT ¥ OOMYHO ce OJHOCH
Ha OIleHy ciefehnx KpuTepujyma:
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Figure 1. Generalized scheme of project organizational struc-
ture

common to have a perturbation within the project organi-
zational structure, basic responsibilities and duties of the
participants, which, depending to the project’s size, can
be dangerous for the successful project management.

3. PROJECT MANAGER’S COMPETENCES

3.1 Choice of the Project Manager

Project manager can be chosen from within the
company that performs the project, or can be engaged
as an independent professional with his team, who has
adequate knowledge and experience for given scope
of works. Sub-project manager is usually chosen from
within the company that performs works on a given sub-
project.

The choice of the project manager is ruled by de-
mands of the Client or of the board of director’s of the
contracting company and usually is conducted in accord-
ance with the following criteria:

1. general knowledge from the scope of given
works and previous experience on similar jobs;

2. candidate’s statement of qualification;

3. organizational and managing ability;

4. proposed idea for management within a given
project.

3.2. Knowledge and Experience

Project manager’s knowledge and experience should
include all the main aspects of given project/sub-project,
i.e. project’s aim, systems and procedures which should
be performed within activities included in project, as well
as the organization of their accomplishment.
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1. yKynHO 3Ham€ M HCKYCTBO y U3BOhemYy mpen-
METHHX paJioBa U yIpaBJbamy CIMYHUM IPOjEKTHMA,

2. pedepeHlie KaHAUAATA,

3. opraHM3anuoHe M yIpaBjbadyke CIIOCOOHOCTH,

4. ueHa yciyra ¥ Ha4YMHU 1utahama,

5. IpeasIor KOHIIENTA yIPaBJbakba IPOjeKTOM.

3.2. [loTpedHO 3HAK€ M HCKYCTBO

3Hame W HCKYCTBO OATOBOPHOT H3Bohaya pamoBa
Tpeba J1a MOKPHBAjy CBE IIABHE aCIEKTEe MPOjeKTa/mo-
IIPOjeKTa, OJHOCHO INpPEJMET MPOjeKTa, CUCTEME U TIPO-
Leaype Koje ce M3BPIIaBajy Kpo3 akTHBHOCTH Ha IIPOjeK-
Ty, Ka0 U OpraHH3allijy peanu3allije MpojeKTa.

HajBaxHMjM acrieKTH OpraHM3alje NpH peann3a-
[{j WHBECTHLHOHOT ITIPOjeKTa Of CTpaHEe OATOBOPHOT
u3Bohada paoBa MoceOHO ce TUUY JbY/TU U TO Ca aCIICKTa
poreHe Jbyackux ocobuna. [Iporene je moryhe octsa-
PUTH IIyTeM aJeKBaTHE KOMyHHKalHWje, MOTHBHCAEbEM
OpraHM3aloOHOT Kajpa Kao W JOAEJIOM ojaroBapajyhnx
AKTUBHOCTH CTPYYHUM JbyanuMa [8,9].

TexHUYKa KOMIIETCHTHOCT OJTrOBOPHOI H3BOha-
Ya pasioBa MOXe OWTH OIMCaHa KPO3 HETOBO 3HAMBE U
HCKYCTBO y IIpoOLeCy WM Jelly Ipoleca pealu3anyje
NPOjeKTa, a HAPOUUTO KPO3 AKTUBHOCTH U PaJHE KOpaKe
U BUXOBE y3ajaMHE 3aBHCHOCTH, KPO3 pPaJHE METOJe H
mopuIke koje he ce KOPUCTUTH, Kao U Kpo3 pagHe cal-
pxaje u NeUHUCAHE aKTUBHOCTH.

OxrosopHu U3BOhad pamoBa y Hauery O Morao ia
3a/10BOJbaBajyhe u3Bee MpojeKkar ca Majio WM HUMAJIO
3Hamba M UCKyCTBa y npoluecy ypehema rnpojexra uin He-
KHX BETOBUX JIEJIOBA. 3aaTak OATOBOPHOT W3BOhada pa-
JIOBa y TOM CJIy4ajy Ono OW MHOTO TEXH, IOIITO OU KO-
MYHHKallHja ca JbyIMMa aHTQ)KOBAaHUM Ha peaju3aluju
MpojeKTa JoaaTHo Oma ontepeheHa BUXOBIM Bul)eleM
Era Kao ,,aqMuHucTpaTopa™. To Ou MOTJIO JOBECTH 10
HEpeIINBHUX CHUTYaIldja Koje He Ou O6mo y MmoryhHOCTH Na
OTKpHje WY NPE/IBU/IN JJOBOJHHO PAHO Jia OU MPUIIPEMHUO
IIPEBEHTUBHE KOpaKe.

Ca gpyre cTpaHe, ako OATOBOPHH M3Bohad pajoBa
MMa HCYBHIIIE IETaJbHO 3HAE O MPOILECy UITH JIeTIOBUMA
mporeca peau3anije NpojeKkTa, MOXKe ce ISCUTU Jia ce
»YTYIIH~ y TEXHUYKUM JeTajbuMa MpojeKTa MU /1a UCy-
BHUIIIE BpEMEHa IIPOBOJIM y aKTHBHOCTHMA 3a KOje je JINd-
HO 3auHTepecoBad. OBO je y MOTIYHO] CYNPOTHOCTH ca
OITMCOM HHETOBOT T10CIIa, KOjU Ce Orjie[ia Y U3BpIIaBamy
3ajlaTaKa IyTeM OpraHu30Bama JPYTHX JbYIH.

PanHo MCKycTBO HHje yBeK IOKas3aTesb KBalUTETa
U3BPIICHOT 110CTa OJIrOBOpHOT u3Bohaua pagosa. Omre
je T03HaTo Jja OATOBOPHM M3Boljay pasoBa ca BEIMKUM
HCKyCTBOM, 0e3 003upa Ha 3Hame, HE IPaBU IOYCTHHIKE
rpemike, MeljyTuM 1 Topes cBera Tora HepeTKo ce Aela-
Ba Jla My YIpaBO TO UCKYCTBO OyJe orpanndaBajyhu dak-
Top. OAroBOpHU M3BONHaY pasoBa ca pajHUM HCKYCTBOM
CTEUYEHHM MPUMEHOM CTapuX TEXHOJIOTHja WIN y Apyra-
YHjUM yIPaBJbadyKO-OPTraHU3aMOHNM yCIOBUMA TEIIKO
he mpuxBaTaTH HOBE TEXHOJIOTH]C U yHampeheme 3Hama,
mro he ra onemoryhnTH 1a yCremHo yrpasJiba pojeKTH-
Ma Ha KOjuMa ce IPIMEbYjy caBpeMeHa JocTUrHyha.
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The main organizational aspect of the project man-
ager’s job in any given project greatly concerns human
resources, especially in the area of character evaluation.
This kind of assessment can be achieved by the means
of adequate communication, motivation of the organ-
izing staff, as well as proper appointment of the duties
to the right professionals [8,9].

Project manager’s technical competence can be
described through his knowledge and experience in a
certain process or part of a process within a project, es-
pecially through activities and working steps and their
interdependences, through working methods and sup-
port that will be used, as well as through other proc-
esses and pre-defined activities.

Generally speaking, project manager should be
able to accomplish his work with a little or even with-
out any knowledge or experience in such a task, but in
that case his work would be much more difficult be-
cause of the fact that communication wirh other par-
ticipants would be influenced by their attitude towards
him as an ‘administrator’. That might even lead to the
undecipherable situations which he was not able to pre-
dict or foresee in time in order to prepare preventive
measures.

On the other hand, if project manager is ‘over-qual-
ified’ (has too detailed knowledge on working process
or its part), it is possible that he would get ‘suffocated’
in technical details or to spend too much time in activi-
ties which are from his scope of expertise. That would
be in total contradiction with his job description, which
is supposed to be achieving the aim of project by the
means of organizing other participants in their work.

Working experience is not necessarily illustrative
for the quality of work performed by the project man-
ager. It is well-know that broadly experienced project
manager, regardless his knowledge, rarely makes be-
ginner mistakes, but it is not uncommon that this very
experience proves to be limiting factor. Project man-
ager who has wide working experience gathered during
the work with old technologies or in different manag-
ing or working conditions would not be ready to ac-
cept new technologies or to improve his knowledge,
which would disable him in successful management in
projects that rely on new technologies.

There is plenitude of projects that demand high
level of creativity, in which case the project manager’s
function would be to stimulate creativity among all
other participants.

3.3. Duties and Responsibilities

From the aspect of organizational and management
skills, the main project manager’s activities should be
seen through planning and realization of the project or
sub-project with aim to achieve the goals with optimal
resources’ usage. It must be emphasized the recognition
of the ‘alert signals’ and potential future problems in
the early phases of the project would open possibili-
ties for making adequate preventive steps. In order to
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MHor# TpojeKTH MoIpa3yMeBajy BUCOK HUBO Kpe-
aTHBHUX 3aJlaTaka M y TOM CJy4ajy ce nmpuMmapHa (yH-
KL¥ja OJrOBOPHOT M3Bolava pagoBa oriena y CTUMYyJa-
L{j¥ KpeaTHBHE MONH yYeCHHKA MPOjeKTa.

3.3. I'naBHe 0ArOBOPHOCTH U AKTUBHOCTH

Ca acnekTa OpraHM3allMOHMX U YIPaBJbAuKUX CIIO-
COOHOCTH, IIaBHE aKTHUBHOCTH OZIrOBOPHOT M3Bohaua pa-
J0Ba Tpebayio O MocMaTpaTH Kpo3 IUIAHUPAkhe U KOHT-
POy peann3aliyje MpojeKTa Wil MOAIPOjeKTa ca TeXKHOM
Jla ce IIMJBEBH MOCTUIHY Ca ONTHMAJIHUM yTPOILKOM pe-
cypca. HeonmxoqHo je HarlacuTH 1a perno3HaBame ,,CUr-
HaJla 3a OTIACHOCT* ¥ OTeHIMjaTHuX Oy nyhux mpobiema
y paHoj a3 mpojexra orBapa MOryhHOCT Ipeay3uMarmba
onrosapajyhux npeBeHTHBHUX Kopaka. Jla Ou ce HaBee-
HE aKTHBHOCTH MOTJIE peajiM30BaTh, OJJrOBOPHH U3BOhau
pazoBa JayKaH je na:

— HaIlpaBH OIIITH IUIaH IPOjeKTa, Kao U Jia 10CTa-
BU JIeTaJbaH IUIaH YTOBOPEHOT Iocia noapehenuma;

— TMpemyoXW W u3zabdepe TPOJeKTHH THM, Tj.
CTpyumake ca oaroBapajyliuMm cmocoOHocTHMA (TeX-
HUYKHM 3HabUMa i KOMYHHKAHjCKHM BELITHHAMA) He-
OITXOJTHHUM 32 Pealn3allijy MpojeKTa;

— M3BOIM pajnoBe npema ['aBHUM MpojeKTHMa Ha
OCHOBY KOjUX je m3mara rpaljeBHHCKa J03BOJA, U TO y
CKJIaJly ca IPOIMCHMa, CTaHAapIuMa, TEXHUYKHM HOp-
MaTHBUMa W NpaBHIMMa KBAJIWTETa 3a II0jeJHHE BPCTE
paloBa, HHCTAJIALHU]y U OTIPEMY;

— opraHu3yje rpaJWiIMIlTe Ha HA4YUMH KOjuM he ce
00e30eIuTH IPUCTYI JIOKAIHjH Y3 00e30eheme HecMmeTa-
HOT caoOpahaja Kao ¥ 3alITUTy OKOJIMHE TOKOM YHTaBOT
Tpajama pean3alije MpojeKTa;

— 00e30ehyje curypHOCT 00jeKTa W JMIa Koja ce
Hajla3e Ha TPaJAWININTY Kao M CyCeIHUX o0jeKaTa U ca-
oOpahajHura;

— 00e30ehyje moka3 0 KBAIUTETY H3BPIICHUX Pao-
Ba, yrpaljeHor MmaTepHjajia, HHCTAJIAIU]E U OPEMeE;

— BojM rpal)eBHHCKH THEBHUK 1 00e30elyje Kiury
HHCHEKLHje, y CKIIagy ca 3aKOHCKHM ITPOITHCUMA,;

— 00e30¢elyje Mepera U Te0IETCKO 0CMaTpPake T0-
Halllaka Tia U 00jeKTa y TOKy n3Bolema MpojeKTa;

— 00e30elhyje objekTe 1 OKOIHMHY Y CIy4ajy HpeKu-
Jla pasioBa;

— 00e30ehyje 3aKOHCKH MpomIcaHy MOTpeOHy Tpa-
JUIHIIHY JAOKYMEHTAllMjy Ha OCHOBY KOje Ce H3BOJC
rpal)eBUHCKH pajioBU;

— ca3WBa M BOJM CAaCTaHKE Yy BE3H Ca IUIaHUPamEeM
peanu3aiiyje mpojeKTa;

— KOMYHHIHpPa Ca CBUM YYECHHIMMA IPOjeKTa 13-
najyhu Hanore, najyhu caBere, oAroBope Ha MUTamka, Kao
u npumajyhu nadopmaruje o MOCTUTHYTHM pe3yJTaTh-
Ma pajia, OACTyIambUMa O]l ITIaHOBA ITPOjeKTa, ¥ TeKyhnum
MpobIeMIMa YOTIIITE;

— 00e30ehyje na aHra)koBaHU Ha pean3aljH Ipo-
jexrta mobujy nogatHy o0yKy Kako O OMIIM cIocOOHH 3a
mITo e(hUKACHH]Y pean3allijy 3aaTaKa;

— CTBapa M OJp)KaBa BUCOK HUBO MOTHBHCAHOCTH
CBUX yYECHHKA MIPOjeKTa;
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successfully accomplish all the mentioned activities,
the project manager is supposed to perform following
tasks:

— making the general project plan as well as in-
troducing the staff to a detailed plan of the contracted
project,

— proposing and choosing the projecting team, i.e.
the experts with adequate abilities (technical knowl-
edge and communicational skills) needed for the ac-
complishment of the project,

— accomplishment of the works according to the
detailed plans according to which the building licence
is acquired, everything in accordance with procedures,
standards, technical norms and quality demands for all
the works, installations and equipment,

— building site organization that would enable ap-
proach to the location without disturbing the traffic, as
well as the adequate environmental measures during
the entire works’ realisation;

— taking care of the security of the construction,
employees at the site, neighbouring buildings and
streets;

— acquisitioning the proof of quality of performed
works, built-in material, installations and equipment;

— taking care of construction book (measurement
book) and inspection book, all in accordance with law;

— providing proper measuring and geodetic sur-
vey of soil and structure movements during the build-
ing and afterwards;

— secures the building and its environment in case
of temporary or permanent stopping of the works;

— acquisition of all the needed documentation as
given in law, basin on which the works would be per-
formed;

— calling and holding the meetings on planning
the further activities;

— communication with all the participants by
means of orders, advices, answering the questions, as
well as collecting all the information on achieved re-
sults, deviations from the project and any other current
problem;

— taking care that all participants get the appropri-
ate additional training in order to be more efficient in
accomplishing their tasks;

— creating and maintaining high level of motiva-
tion in all the participants of the project;

— direct abetting of associates’ working efficien-
cy;

— initiation and supervision of proper updating of
project documentation;

— accepting and admitting condition and con-
sumption of the resources, as well as the content and
quality of performed works;

— coordination of possible changes in technical
solutions given in detailed plan, in agreement with the
Designer and the Supervisor;

— proposing activities and changes that would
bring the works back under control;

IZGRADNIJA 65 (2011) 11-12, 710-716



— JUPEKTHO MOJACTHYE pajHy e(DUKACHOCT capaj-
HUKa,;

— MHHULUpA U HAATNIEa YPEAHO aKYPHUPambe Mpo-
JEKTHE TOKyMECHTAIIU]C;

— moTBphyje U omoOpaBa crame M MOTPOIIBY pe-
cypca Ha MPOjeKTy Kao U Cajp)kaj U KBUIUTET pe3yJiraTa
pana;

— ycarjamaBa EBEHTyaJHE IPOMEHE TEXHHYKHX
pelIema U3 TIIaBHOT MPOjeKTa Y OTOBOPY ca MPOjeKTaH-
TOM W HaJ[30PHUM OpPI'aHOM;

— Jlaje mpejyIore 3a akTMBHOCTH M M3MEHE Ha Iia-
HOBHMa MpojeKkTa Koje he 1oBecTH npojexar HOHOBO MO
KOHTOIY;

— y JIOTOBOpPY Ca Ha/I30pPHUM OPr'aHOM WJIN HaJUIEXK-
HOM CITy’K00M O/UTydyje 0 Mi3MeHaMa Koje Cy yHyTap Iuia-
HUPAHOT BPEMEHCKOT HHTEpBaJIa peain3allije MpojeKTa,;

— OJl HaJ30PHOT OpraHa WM HAAJIeKHE CIyxOe
TpaXku O/ITyKe 0 u3MeHama koje he usnasze u3 negunuca-
HUX TPAHUIIA POjEKTa;

— OKOHYaBa MPOjeKaT Mpe BPEMEHa Kaja je TO Ofl-
JIyYEeHO WM Kaja Cy CBE aKTUBHOCTHU TpeBul)eHe ria-
HOM IIPOjeKTa y MOTIYHOCTH peaM30BaHe U Pe3yJTaTH
YKYIHOT pajia npuxsBahenu;

— HM3BpILABa IPUMONPE/IAJy KOMILIETHO aKypHpaHe
JIOKyMETallije CTBAPHOT CTarba ca IPaIININTA , Y je/i-
HOM IPUMEPKY, Y CarjiaCHOCTH Ca TEXHHYKOM CIIy:KOOM
3a oJpyKaBarmbe 00jeKTa y rapaHTHOM POKY;

— apxHBHpa CBY JNOKYMEHTalH]y U 3a0eyie)Ku CBE
IITO MOXe OWUTH 0] BAXXHOCTH 32 Oynyhe npojekre;

— CyMHpa HCKYCTBO CTEUCHO MPOjeKTOM 3a Oyayhy
yrnotpe0y.

HeonxomHo je HarjgacuTu Ja OATOBOPHU W3BOhau
panoBa He Tpeba na Oyne ,,HEJOCTYHaH y4eCHHIMMA
npojekTa. PemoBHM cacTaHIIM IpeACTaBbajy mobap Ha-
YHH OJIp)KaBamba KOHTAKTa ca APYTUM yYeCHULMMa Mpo-
jexta. Ocum Tora, HE Tpeba OUTH IMPEBUILE TTOMYCTBIFIB
KaJia Cy y IUTamy Npeaio3u U OJiIyKe HaapeheHux.

Tpeba ucrahm ma cy He(IEeKCHOMIHOCT W HENOT-
peGHO omeTrame noapeheHnx y obaBipamy nocia crai-
HUM KOHTpOJIaMa U MPEeKUAambiMa MyT Ka HEYCHEITHOM
OKOHYamYy XKeJHEHOT T0oCa.

Onrosopuu u3Bohau pagoBa He Tpeba 1a CAM U3BO-
I paiHe Kopake, YUTaBe aKTHBHOCTH HJIH TPYIIC aKTHB-
HOCTH, OCHM aKoO TO HFj€ Ha3HAYCHO Y IUIaHy IpojeKTa. Y
TOKY IIperjena pesyirara paja Tpeba UMaTh MmoBepemba
y nozpeleHe, YnMe ce OHH JOJATHO MOTHBHINY 3a IITO
YCIIEIHM]y peau3alujy npojexTa. Y ciaydajy aa pesyli-
TaTH HEKe aKTUBHOCTU HUCY MPHUXBAT/HHBHU, OJTOBOPHHU
u3Bohau He Tpeba CAM Ja je MOHaBJba, HETO Ja je BpaTH
OIITOBOPHOM MeEHajepy W onroBapajyhum dmaHoBuMa
MIOATIPOjeKTHE I'PyIIe HA IOHOBHY aHAJIM3Y.

4. 3AKJbYYAK

Heonxonno je Harnmacutu 1a cy pomaha npuBpenHa
JIpymTBa y 001acTu rpal)eBUHAPCTBA YBEIUKO OPjeHTHU-
caHa Ha IPOjEKTHY OPTaHU3ALMOHY CTPYKTYpY, IITO 3aX-
TeBa aHTaKoBame Beher Opoja BUCOKOKBaIH(PUKOBAHIX
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— decisions on changes within the planned time
interval of the project realisation, in agreement with the
Supervisor or the adequate institution.

— asking the Supervisor or adequate institution for
decisions on changes that would be out of time limita-
tions given in the project;

— stopping the works before the planned ending if
it is decided so or if all the planned activities have been
accomplished and work results accepted;

— delivering one copy of completely finished doc-
umentation on the real condition of the site in accord-
ance with technical department for maintenance of the
building during the maintenance period;

— archiving all the documentation and noting eve-
rything that might be useful for the future projects, and

— saving the experiences for future needs.

It should be emphasized that the project manager
should not be unavailable to the other participants of
the project. Regular meetings are good way of main-
taining contact with other members of staff. On the
other hand, project manager should be not too amiable
towards proposals and decisions from the higher levels
of managements.

Besides abovementioned, non-flexibility and un-
needed disturbing of employees during the working
process by often controls and stopping would lead to
the unsatisfying results.

Project manager is not supposed to perform certain
working steps, the whole activities or groups of activi-
ties by himself unless it is not specified in the project.
During the supervision of the finished works, project
manager should show that he trusts his employees,
which would strongly motivate them for good work in
forthcoming phases of project accomplishment. In case
of unsatisfying results of some activity, project man-
ager should not do repairing himself but to leave it to
the responsible activity manager and his team and let
them repeat work or analyses.

4. CONCLUSION

It is necessary to emphasize that Serbian construc-
tion companies are mostly oriented towards project or-
ganizational structure, which demands engagement of
larger number of highly qualified professionals who can
answer demands of the modern approach to the project
management.

All abovementioned and sublimed project manag-
er’s duties are complex and highly organized activities
that demand high level of personal knowledge, skills and
experience. Accomplishment of contracted works in ac-
cordance with cogent legal procedures in a manner of a
‘good professional’ is one of the imperatives in nowa-
days business. Constant improvements of working proc-
esses and construction technology demand of the project
manager to keep on constant personal improving no mat-
ter what previous professional experience he has, since
it will enable him to achieve the maximal results in the
future work.
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MojeIuHana KOju MOTY OATOBOPUTH CaBPEMEHOM IpH-
CTyIly yIpaBJbamba IIPOjeKTHMA.

Hampen HaBexeHe W CyOiaMMHpaHe aKTHBHOCTH
OITOBOPHOT M3Bohada pajioBa NMPeAcTaBibajy KOMILIEK-
CHE U BHCOKOOJII'OBOPHE IOCJIOBE KOjH 3aXTEBajy BUCOK
HHMBO NOTPEOHMX 3HAMa, BEIITHHA U UCKYyCTaBa MojeIu-
Halla Koju uXx 00aBJbajy. M3Boljeme yroBOpeHuX paio-
Ba Yy CKJIaJly ca KOHI'CHTHHUM IIPaBHUM IpaBUIMMA U Y3
MOCTYIamke OATOBOPHOT M3BOhaua ca MakxmoM ,,JoOpor
CTpyurbaka“, MpecTaBlba jelaH 0] HMIIEPTHBA Y CaBpe-
MEHOM nocnoBamy. CTanHO yHanpeheme pagHux nporie-
ca M TEXHOJIOTH]je y TPAJUTEIbCTBY U3HCKYje O OrOBOP-
HOT n3Bolhaua pagoBa /a ce HEMPECTaHo ycaBpIIaBa, 0e3
003Hpa Ha KHErOBO IPETXOJHO CTEYCHO PAJHO M KHBOT-
HO HCKYCTBO, TomTo e My To 00e30e1uTn MakcuMatHe
pesynrate y Oyayhewm pany.
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POGLEDI | MISLJENJA

ISTRAZIVANJA PROSTORA U KNJIZI RANKA RADOVICA

U vreme postojanja veceg bro-
ja sistema obavestenosti i njihovih
sredstava kada se pritiskom dugme-
ta mogu trenutno dobiti Zeljeni po-
daci najrazliCitije prirode, normalno
je da se moramo upitati kakav oblik
pisanja knjiga o savremenoj arhitek-
turi mozemo, sa raznih stajalista,
oCekivati. Ocigledno je da nas obilje
podataka odvlaci od pisanja gloma-
znih knjiga u viSe desetina tomova,
karakteriticnih za vremena proSla
dva stoleca. Uz ovu prednost teh-
nicke prirode, smena i promenljivo-
sti teza u okvirima citavog graditelj-
skog poduvata ne dozvoljavaju da
se o tim posebnostima obavestimo
na podroban nacin, bez prethodne
procene njihovog uticaja na celoku-
pnu situaciju — iako se neprestano
uveravamo u postojanje znacaj-
nih ili manje znacajnih ideja koje bi
imale vrednsot doprinosa. Ako bi se
u sveukupnosti svetskog procesa
gradenja ustanovila nekakva vrsta
periodizacije, skoro je beznacajno
njihovo isticanje ukoliko se u njima
ne nadu ideje koje ¢e se razlikova-
ti od onih koje smo do tada imali o
stvarima prostora. Isticanje samo
kljuénih teza ili osmatranje Citavog
procesa na razmedu ovih ideja daje
nam viSe razloga za pisanje takvih
priloga koji se nece baviti ,sitinica-
ma*“ raznih, prili¢no kabinetskih smi-
Sljenih ,izama*“, ve¢ neposrednom i
nepostednom kritikom bas u svetlu
ovih pojava.

U tom cilju prirodno je izmeni-
ti mnoga gledista o raznim vrstama
izrazavanja, posebno udzbenika
o kojima cCesto, po dosadasSnjem
iskustvu, iskazujemo sumnijicavost,
narocito onih koji su namenjeni viso-
koskolskim ustanovama. Mislec¢i na
ove poslednje institucije ne moze se
prihvatiti da ova vrsta priloga treba
da bude toliko sveobuhvatna kako
bi se jednom knjigom ovladalo zna-
njem i umenjem jedne struke, pa ¢ak
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i jednog njenog dela. Tako o€ekuje-
mo da se u ovoj oblasti prihvati te-
za da ovaj prilog valja da prezentira
niz ideja na kojima se svaki korisnik
obavestava i oprema za dalje studije
i interesovanja, dakle mnogih drugih
knjiga koje na sli¢an nacin obarduju
sva naznacena pitanja u ovoj osnov-
noj knjizi.

Imaju¢i u vidu dugogodiSnje
iskustvo u pojavi priloga koji obra-
duju probleme moderne arhitekture,
dobro je podsetiti se da svi najzna-
Cajniji teoreti€ari i nosioci zavidnih
titula priznatih graditelja, bez obzira
da li se bave istorijom kao J. Joedic-
ke, S. Giedion, B. Zevi i drugi ili se
drzeé¢i se samo jedne epohe — svi
oni imaju kao osnovni motiv svojih
iskaza odredenu ideju kojom objas-
njavaju i kojoj podreduju svoje sta-
vove.

Dve knjige o modernoj arhitek-
turi — Ranko Radovié: ,,Savremena
arhitektura“ (izmedu stalnosti i pro-
mena ideja i oblika) i Milo§ Perovi¢:
»Istorija moderne arhitekture*
(antologija tekstova) nisu primljene
prema njihovom stvarnom znacenju
jer je sigurno da se ovakve knjige
ne pojavljuju svakog dana i nasa
sredina, osim manjih studija i poje-
dinacnih priloga, nije do sada imala
ovakav paralelan izbor, tako da pravi
izazov za struku moze biti samo na-
stojanje da ovakve knjige proprate
polemikama o vrednosti ideja koje
Su u njima izlozene a ne o nacinu
kako su to autori uginili. Cinjenica je,
takode da se ovakvi prilozi, po svojoj
obuhvatnosti, rede nalaze i u onim
zemljama gde se u toku godine izda
nekoliko stotina naslova o arhitektu-
ri, pa je i to razlog da ovo primimo
sa malo viSe dobre volje. Da li je to
smelost jednog autora da nam pre-
zentuje druge autore sa tekstovima,
ili, pak drugog da uz jedan zanimljiv
podnaslov — arhitektura izmedu stal-
nosti i promena ideja i oblika — doda

uz mnoga tuda i svoja razmisljanja
— nema spora. Obe knjige su pod-
sticajne: Perovi¢eva, sa teoretskim
tekstovima proslih epoha, odabranim
kriterjumom autora — kao zavrSene
misli i zaklju€ci $to mozemo prihva-
titi ili o njima diskutovati ali koje nas
neosporno obavestavaju o duhu vre-
mena iz kojih poti¢u i time otkrivaju
ne samo pojedinaCne stavove nego
i programska nacela Citavih Skola.
Tako Perovi¢eva antologija pred-
stavlja dopunu nasih znanja o idej-
nim kretanjima arhitektonske misli
a Sto nam je viSe bilo dostupno kao
rezultat izgradene sredine dok se o
idejama njihovih stvaralaca znalo vi-
Se uopsteno, kao globalnoj odrednici
doti¢nih vremena. Skorasnji odlazak
drugog autora i za nas gubitak vr-
snog poznavaoca savremenih arhi-
tektonskih zbivanja i misli postavio
je u srediSte naSe paznje poslednje
obimno delo Ranka Radovi¢a — kniji-
gu ,Savremena arhitektura“.

*

* *

Knjiga Ranka Radovi¢a pisana
u duhu opozitnosti dogadaja i akci-
ja tragajuci za idejama u njihovom
kolebljivom Zivotu istakla je sve ono
Sto se danas postavlja kao pitanje o
cuvenoj hamletovskoj dilemi arhitek-
ture i istorije, evolucije i kontinuiteta,
sve u okvirima drustvenih i individu-
alnih zbivanja.

Dok u prvom delu obraduje po-
stojanost promene u modernoj arhi-
tekturi kao koncept, u drugom je ori-
jentisan na stalnost i promene ideja,
a u poslednjem, trecem delu, pod
naslovom ,Stalnosti promene oblika“
— Cime je ovaj veliki finale, carstvo
forme, u sedam poglavlja iscrplju-
je najprobirljivije interesovanje jer
,Svakoj misli pripada njen oblik“ po
reCima Roze Kajoa, a §to nam Ran-
ko Radovi¢ u potpunosti i dokazuje.
UverivSi nas u uzajamnost uticaja
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— ideja i oblika — stalnosti i promene
— osnazio je nasa promi$ljanja kao
moguce akcije u polju tog neiscr-
pnog trezora (da se podsetimo opet
pisca Estetskog re¢nika Roze Kajoa:
,Umetnost se Cesto sastoji u istovre-
menom ovladavanju suprotnih za-
povesti“). Ako se arhitektura u bilo
¢emu priblizava umetnostima onda
je to svakako u ovom iskazu Roze
Kajoa koji je odbranjen i dokazan
knjigom Ranka Radovic¢a.

Da bi se stvarnost oblika prika-
zala u svojoj sveobuhvatnosti bilo
je potrebno ukazati na sva vredna
mislijenja koja su Cesto suprotna.
Istovremeno, ako se shvati pravi
tok evolucije ideja, u kojima uvek ti-
nja njihova suprotnost kao predigra
promenama, odnosno radanje novih
ideja — sve te osobenosti oblika ne-
moguce je prikazati, a da se u su-
protstavljanju misljenja ne ukaze na
tzv. srednji put — put dovoljno oba-
zriv da se ne zalaZe za ekstremno
predlozene ciljeve, koji se najcesSce
tako i zavrSavaju, ve¢ na one druge
kojima ostaje mnogo moguénosti
za razli¢ito razvijanje ideja, a protiv
svakog konacno zavrSenog oblika
bez organskog utemeljenja u sredini
opstanka.

Kompleksnost odnosa stalnosti
i promena oblika u arhitekturi zahva-
ta, pre svega, arhitekturu, a potom i
sile koje na nju utiCu od drustvene
stvarnosti, ideoloskih i teoretskih su-
Celjavanja, do pojedinacnih tumace-
nja u struci i izvan nje. Stoga, samo
ukazati na ove pojave stalnosti evo-
lucije i promene dovoljan je dokaz za
pohvalu, a kada to postane, po re-
¢ima autora, istraZivacka skica onda
je svojevrsni podvig.

Ideja u svom postanku, obra-
zovanju, nezavisna je od njene ma-
terijalizacije kada su moguce i neke
njene promene s obzirom na niz
okolnosti koje prate njeno ostvare-
nje. Pri tome ne treba gubiti iz vida
da se ostvarena ideja — oblik — doziv-
ljava Culima i da svako njeno simuli-
ranje pa ¢ak danas i pomocu virtuel-
ne stvarnosti, nije sasvim sigurno i
rezultat prvobitne ideje. Dalje, svaka
pomo¢ nekih drugih oblasti, u ovom
odnosu ideja — oblik, moze samo
da unese odredenu zabunu u jedan
komplikovan proces. Ovo se narogi-
to odnosi u oslanjanju na ,modrne*
discipline. Zbog raznolikosti u arhi-
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tektonskim poku$ajima ovoga veka,
verovatno uoCavajuéi prekomernost
verbalnih objasnjenja ili njihovo ime-
novanje, ni autor ne odoleva ovoj
poSasti predlazuéi na jednom mestu,
dodu$e uzdrzano, umesto stambeni
kompleksi — stambeni simpleks, ci-
ljajuci na negativna iskustva industri-
jalizacije i sli¢ne posledice tipiziranja
oblika i postupaka. Samo nabrajanje
imena ovih ,pravaca“ reCito nam
ukazuje na ubrzanje protoka mislje-
nja i stavova u kratkom razdoblju od
nekoliko decenija, $to u poredenju
sa minulim vekovima i promenama
tokom njihove istorije, izaziva ne
samo ¢udenje nego i izvesnu sum-
nju u opravdanost ubrzanja takvog
razvoja. Ali, kako uticaj semantickih
istraZivanja u knjizevnosti nije mo-
gao da mimoide ni ostale discipline
savrmene nauke i umetnosti — kao
odjek ,imenovanja“ pojava i ideja, to
nije moglo da zaobide ni arhitekturu
u preuzimaniju naziva od drugih dis-
ciplina, ta imena Cesto postaju svrha
sama sebi, Sto nije promaklo paznji
autoru Savremene arhitekture.

Upoznavajuc¢i nas sa mnogim
iskazima gotovo neverovatnog bro-
ja ne samo savremenih autora ar-
hitektonske misli, Ranko Radovi¢
je Cesto zapitan da li bi se mogle
prihvatiti sve pomenute klasifikacije
ili ,intelektualne spekulacije® nudeci
nam i svoje zakljucke sa kojima se
ne moramo uvek sloziti, ali koje nas
sigurno inspiriSu da se i mi zamisli-
mo nad uobiajenim tvrdnjama u
koje smo i sami Cesto sumnjali. Ta-
ko smo ve¢ na samom pocetku ove
obimne knjige nacisto sa dva mnogo
Zloupotrebljavana pojma kada je re¢
o0 modernoj arhitekturi i ukorenjenim
misljenjem o opstoj istoriji arhitektu-
re i njenim nacionalnim i regionalnim
istorijama. Bez obzira na mnoge de-
klaracije i odricanja ovih dveju kate-
gorija Radovi¢ nam pokazuje da se
savremena arhitektura nije mogla
liSiti ni kroz teoretske stavove, a jo$
manje postupke u gradenju, ni isto-
rije, ni tradicije. Raduje nas Sto se
pisac knjige slaze sa iskazom Ch.
Jencks-a da posledice ekstremnog
pristupa, takvog pristupa u oba prav-
ca, nece doneti istinsku radost ni ar-
hitekturi ni gradovima.

Istorija-teorija i praksa arhitek-
ture — su potka ili potpora kojima se
dokazuje proces razmisljanja i na-

stajanja arhitekture, Citamo u knijizi
Ranka Radovi¢a. U svim polemickim
iskazima kojima ilustruje svoja zapa-
Zanja, pisac zauzima jedan ,srednji‘,
umereni stav zrelog, obavesStenog
poznavaoca koji neprekidno, kroz
ceo tekst, dokazuje shvatanje o
neminovnosti promene koja sama
po sebi onemoguéava ograni¢enja
i uspostavljanje dogmatic¢nih stavo-
va. Raspravljajuc¢i o ideji i principi-
ma kao njenom izvoristu ili obrnuto,
autor je pruzio naj8iri mogudi izbor
misljenja, pokazujuéi istovremeno i
njihovu parcijalnost u proceni jednog
totaliteta kao $to je arhitektura. U na-
Sem vremenu brzih opstih promena
ovakva razmi$ljanja mogu da pomo-
gnu u razmatranju kolebanja izmedu
starog i novog u bilo kojoj oblasti
arhitkture — od procene postojeceg
do programa i projektovanja. Lo-
Se posledice krajnje polarizovanih
opredeljenja ukazao nam je autor u
odeljku izgradeni prostor, iskustva i
praksa — na primeru reagovanja so-
vjetskih estetiCara posle revolucije i
kontroverznih rezultata proizaslih iz
takvih shvatanja.

Analizovanjem promena i stal-
nosti ideja kao pojavom novih misli
i tumacenja, zakljuCuje se da su u
prvom trenutku one pozitivne i da
aktivaraju mnoge sledbenike, jer
su najCesce reakcija na stanja ko-
jima se optere€uje prirodni razvoj i
spontanost kako ljudi, tako i njihove
sredine. Zato su nove ideje neretko
revolucionarne i Cesto rusilacke po
postojecCe stanje, a deklarativno ne-
trpeljive a Cesto opterecene u zahte-
vima da bi se ucinak efikasnosti $to
pre realizovao. Medutim, primenom i
striktnim sprovedenjem ovih ,novih*
pravaca, osnovna ideja pocinje da
gubi udarnu snagu i prenebregnuvsi
odnose sa odgovaraju¢im pojavama
koji direktno ili posredno iz toga od-
nosa proizilaze — sluzeci sebi samoj
— postaje sopstevena suprotnost
odnosno prepreka. To se desilo sa
pojavom i razvojem funkconalizma
$to je kao posledicu imalo reakciju,
naravno, sada ekstremnu u supro-
tonom pravcu. Najlogicniji zaklju-
Cak pri proceni takvih stanja je da
se pisac knjige postavlja na stranu
bodlera koji isti¢e kao klju¢ni, odnos
izmedu forme i funkcije, a Sto pono-
vo ukazuje na potrebu poznavanja i
razumevanja bar vecine pojava koje
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nazivamo istorijom moderne arhite-
kure, pre nego Sto se usudimo da
0 njoj razmisljamo. Ova vrsta spre-
mnosti bila je osnovni preduslov za
pojavu ove korisne knjige.

Sudbina ideja u modernoj arhi-
tekturi moze se oceniti tek u njihovim
razli¢itim pojavnim stanjima — one
nisu lebdeci duh nad arhitektonskim
prostorom — ve¢ se one samo razli-
Cito ispoljavaju, Sto je autor u svom
drugom delu, poglavlju, iscrpno po-
kazao i ocenio. Jasno je §to je pita-
nje zaokupljenosti mnogih autora u
poslednja dva veka bilo pre svega
pitanje Sta su to elementi arhitektu-
re i njihovi medusobni odnosi prema
totalitetu. Svakako da razli¢itost sta-
vova zavisi i od li¢nih afiniteta poje-
dinih autora u kojima se ¢esto uoca-
vaju mnoge podudarnosti, Sto autor
ostavlja svakom c¢itaocu da u ovom
kaledioskopu otkriva razli¢itosti licnih
i specificnih ocena. Distancirajuci se
od zaklju¢aka mnogih teoreticara o
prenoSenju arhitektonskih pokreta iz
generacije u generaciju, R. Radovi¢
ipak podseca na pojedinacne sluca-
jeve poznatih graditelja i njihove du-
hovne veze sa njihovim prethodnici-
ma kako u teoretskom smislu, tako i
nastavljanjem odredenih projektant-
skih ideja. Time nas ponovo suoca-
va sa Cinjenicom mnogoznacnosti
ideja i njihovih puteva u savremenoj
arhitekturi poslednjeg veka.

Parafraziraju¢i ideju J. Chen-
ks-a koji je prikazao graditeljsku sa-
vremenost kao seriju diskontinualnih
pokreta, ukazuje na nepodudarnost
izmedu shvatanja evolucionog razvo-
ja u prirodi i procesu promena u arhi-
tekturi. | mi smo prisustvovali jednoj
takvoj pojavi sredinom XX veka ka-
da se pod uticajem drustvenih prilika
ozivljavaju evropske ideje dvadese-
tih/tridesetih godina u pogledu orga-
nizacije stana (Die Wohnung flr das
—Existenzminimum — Internationale
Kongresse fiir neue Bauen-Zirucg/
Stuttgart 1933), napustanjem dotada
poznate organizacije najamnog sta-
na u Beogradu, ¢esto primenjivane
izmedu dva svetska rata. Tako se i
sami mozemo uveriti u vaznost ideja
kao pokretaca arhitektonske misli na
vrlo kompleksan nacin.

Ranko Radovi¢é omogucava
Citaocu da prouli pojave vezane
za afinitet prema eklekticizmu ko-
ji, kako on navodi, postoji ve¢ dva
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veka u SAD-u, a sa druge strane u
totalitarnim rezimima u kojima se on
potvrduje ozivljavanjem klasike i na-
cionalnih idioma; istina Moderna je u
obraCunu sa klasikom viSe deklara-
tivna nego delatna. Ukorenjene tvrd-
nje o odricanju proSlosti u modernoj
arhitekturi, autor opravdano pobija,
navodedi Cinjenicu o vidljivosti isku-
stva proslosti, kao i vrednovanju ar-
hitektonskog nasleda sredinom XX
veka. S druge strane, analizirajuci
ne mali broj realizovanih zgrada naj-
Cuvenijih stvaralaca ovoga perioda,
nedvosmisleno nam dokazuje nji-
hovu opredeljenost ka poniranju za
dubinama istorijske riznice, svesno
upotrebljavajuci vecito vazece, pro-
verene postupke.

Stalno prisutna i uvek ponovna
objasnjavanja u knijizi je ideja o ko-
ris¢enju i funkcijama arhitektonskog
prostora, ideja kojoj je autor posvetio
dovoljno razloznih podataka koliko i
0 znacaju materijala, konstrukcija i
tehnike gradenja, ¢ime dopunjava
ve¢ izneta nacela u provom delu
knjige. Priroda kao mesto-genius
loci-pozornica svih zbivanja u arhi-
tekturi ili kao izazov, posledica ne-
odvojivosti jedne od druge, dakle,
priznavanje ovog kao najvrednijeg
nacela prirodnih zakona, uz ve¢ uo-
Cene uticaje drustvenih pokreta, pa
.kao da smo pred mnostom stalno-
sti i promena ideja o prirodi koja istu
sudbinu zivi u modernom dobu® &i-
me autor zakljuCuje ovaj deo svojih
razmiSljanja.

U nizu prikazanih ideja u delu
stalnosti i promena oblika, autor knji-
ge posebnu paznju poklanja i simbo-
lizmu u modernoj arhitekturi i prinva-
tajuci opredeljenja da iznad ,fizickog
pristupa“ postoji i simboli¢ki nivo. U
tom previranju od koga nije oslobo-
den nijedan segment istorije arhitek-
ture, oblik kao rezultat kompeksnih
dejstava predstavlja stalnost i uticaje
promena ¢ime se ponovo pokazuje
mnogostrukost izrazavanja arhitek-
tonske vestine. ,Produbljeno mislje-
nje o znacenju“ je ozbiljna i funda-
mentalna opomena autora za punu
obazrivost u ovom delu posla, da se
ne bi desilo da isticanje znaka bude
nad arhitekturom.

U ovako iscrpnom prikazu od-
nosa ideja nije se mogla izbeci i zna-
¢ajni, ako ne i privi stepen uticaja, a
to je druStveni kontekst i moderna

arhitektura u ovoj ,socijalnoj umet-
nosti“. Polaze¢i od toga da drustvo u
najSirem smislu reci ,narucuje” svako
arhitektonsko delo i da program kao
izraz uoCenih potreba istovremeno u
sebi sadrzi i sva promisljanja vreme-
na, Radovi¢ u daljem tekstu nizom
primera podvlaci znacaj i restriktivno
delovanje na ,samostalnost® autor-
skog dela. | tako se izgleda samo
idelana palata u mestu Otriv postara
Ferdinand Sevala i njemu sli¢ne mo-
Ze smatrati delom jednog i jedinog
autora-rukotvorina nastala radom
ruku i bez sredstava sa strane ,vla-
dajuce grupe” ili ,kreativnih admini-
stratora®.

Drugi deo zavr8ava se desetim
poglavljem — Pregledom ideja u mo-
dernoj arhitekturi sa klasifikacijom
u tri grupe: ideje opSteg karaktera,
ideje prostorne organizacije i ,spe-
cificne ideje, koja se odnosi na neki
poseban aspekt arhitekture®. Pove-
zujuéi neka izrazena nastojanja na-
Seg vemena, iskazana i ovaplo¢ena
kao nacela, sa prethodnim iskazima
u proslosti, a na koja ¢esto nemarom
vremena ne obrac¢amo dovoljno pa-
Znje, autor je pokazao da se istori-
ja nekada ,ponavlja“, bez obzira na
moguce modifikacije kao direktne
posledice ¢asa njihovog nastajanja.

Ako je forma, kako to ispravno
misli autor, uvek neodvojiva od siste-
ma, jer je posledica radnog procesa,
a vec ranije smo se uverili da je u
sprezi i reciproénom odnosu sa ide-
jom — onda mozZemo smatrati drugi
deo knjige, koji posmatra oblik kroz
istoriju u svetlu stalnosti i promena,
kao dopunu i potvrdu svega re¢enog
u prethodnim poglavljima knjige. Sto
se tiCe stava autora knjige — koji je
ne zaboravimo i arhitekta/graditelj
— on ,ne gaji iluzije o arhitektonskoj
formi“ u modernoj arhitekturi i zato
iako u odvojenim poglavljima govo-
ri o tzv. predodredenim, otvorenim i
drugim formama, sti¢e se utisak da
je i ovog puta klasifikacija ili pode-
la i ovde samo zato da bi osvetlila
neke vazne strukturne odnose. To
¢e nam pisac i dokazati uporeduju-
¢i neke dinami¢ne i staticne oblike i
njihovu upotrebu u svim vremenima,
a &to se ti¢e njihove Citljivosti, ona je
posledica umeca da se prepoznaju
.ideali ljudi i vr.emena“.

Kao dugogodisnji pedagog,
Radovi¢ je uoCio da smo mi u svo-
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joj evrocentriCnosti na zalost, liSeni
poznavanja ili bar nagovestaja o to-
me kako se na planeti gradilo kroz
vekove. Ovo postaje sve aktuelnije u
vremenu potpunog odustva odnosa
Coveka i prirode ne samo u pogle-
du pripitomljavanja ljudskih zahteva
nego i u neposrednom ,prizemljenju”
svojih stanista. O vrednostima spon-
tanih oblika autor je pisao jos 1974. i
svojom studijom sazZeo ih u pet vred-
nosti na $ta nas ovom svojom knji-
gom ponovo podseca. Ostaje nada
da ce dolazec¢e generacije u fakultet-
ske programe uvrstiti upoznavanje
sa globalnom istorijom arhitekture
ne samo znacajnih nego i ,obi¢nih*
formi, podrazumevajuéi da su svi
elementi celine sklopa kao i sama
celina zavisni od njenog formalnog
opredeljenja. Razumljivo je da c¢e
promene koje neminovno prate ra-
zvoj i ovde izluciti stalne oblike koji
¢e se uvek nanovo integrisati u novo
zbog svojih neprevazidenih kvaliteta,
kao sto se to deSava i u planiranom i
idejom natopljenom graditeljstvu.

Bave¢i se pojmom element
u arhitekturi Radovi¢ prihvata od
mnostva ponudenih tumacenja, od
Fillareta-a i Palladio-a do N. Schul-
tza-a i Le Corbusier-a da je element,
pre svega komponenta arhitekton-
skog ansambla, konkretni izrazajni
motiv — koji bitno dejstvuje u formi-
ranju. UoCavajuci razlike i sli€nosti
koje postoje iz razliCitih prostornih
nivoa jedinica (elemenata) koje obu-
hvata arhitektura — od sobe, kuce,
grupe, celine, Cetvrti do grada i pej-
saza — autor u delu o idejama kao i
u onom o oblicima, posebnu paznju
posevecuje urbanom prostoru.

lako smo u poglavljima koja tu-
mace ideje i oblike u svetlu stalnosti
i promena bili suo€eni i sa ovim iz
oblasti urbanizma, ipak je autor ovu
temu izdvojio kako u delu o misao-
nim kretanjima, tako i u onom u koji-
ma se one ostvaruju kao forme, ¢ime
se ideje potvrduju ili opovrgavaju. U
sazetom tekstu od samo petnaest
strana upoznajemo se sa sustinskim
promisljanjima o prostoru ljudskih
naselja kroz vekove, od utopijskih
zacetaka do danasnjih pokusaja nji-
hovih realizacija. Kljuéne reci u ovoj
materiji su umetnicko delo, objekat,
odnosi kao i red i haos — da bi se kao
jedan od zaklju¢aka moglo shvatiti
tvrdenje da su ljudska masovna sta-
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nista prostorno-vremenska obele-
Zavanja jedne epohe. U tom smislu
predlaze se sledec¢a periodizacija:
period od 1780. do 1890. godine sa
promenama drustvene stvarnosti i
nagle urbanizacije, rekonstrukcije,
pa sve do kolonijlanog urbanizma;
naravno, uz sva razlikovanja teorije
i prakse gradenja. Drugi period od
1890. do 1933. godine sa serijom
predloga o poboljSavanju grado-
va zavrSnim aktom u vidu Atinske
povelje. Trec¢i period u vremenu od
1933. do 1960. godine sa praksom
na osnovu ideologije modernog gra-
da, uz internacionalizaciju urbanog
poslovanja koje je odbacilo istorijske
argumente-tipizacija gradevina i po-
stupaka Sto je izazvalo opravdano
nezdovoljstvo takvog nametnutog
prostora. | Cetvrti period u vremenu
od 1960. do 1990. godine sav u pre-
ispitivanju tzv. modernih principa ur-
banizma, povratku istorije i povratku
gradu, svim znanim davno oproba-
nim elementima urbanog/arhitekton-
skog kao sredine.

Sto se urbanisti¢kih oblika tice
zaklju€ak je da se ovde radi o spre-
zi dvaju pojmova — dakle, forma i
sistem mogu biti samo zajedno raz-
matani i procenjivani.

Iz tih razloga verbalno odrica-
nje od poznatih uglavnom klasi¢nih
formi, u provoj fazi Moderne, a sada
ozivljenih uvreme njihovog ponovnog
otkivanja opet se dokazuje kontinui-
tet pojava i njihova promenljivost na
bilo kom nivou arhitektonskih artiku-
lacija. Sa opravdanim entuzijazmom
autor govori 0 anonimnoj arhitekturi
— narodnoj ili spontanoj, bogatoj i sa
drugim poznatim nazivima, kojom su
inspirisani svi oni koji su bili u stanju
da u njoj prepoznaju niz kvaliteta za
ostvarenje takvih ansambala — ljud-
skih naselja Cije su namene sadrzaj-
no i formalno bile zadovoljene; uz to
ne treba zaboraviti da ,za gradenje
gradova jedne epohe sredstva koja
Su na raspolaganju uvek su na nje-
nom nivou*.

*

* *

Svako ko preporucuje jednu
knjigu za Citanje nikada nije oslobo-
den svojih sopstvenih afiniteta i tu-
macenja, pa inspiriSuéi se autorovim
poredenjem njegove knjige sa mu-
zickim delom moze se takode redi
da je ova trodelna kompozicija poput

koncerta za solo i orkestar, gde je so-
lista sam pisac €iji nas duh vodi kroz
gusto tkivo arhitektonskih ideja i obli-
ka kroz sva tri stava ove neobine
kompozicije. U prvom i najobimnijem
stavu vidimo temu ,izmedu stalnosti
i promena“ sa varijacijama, pri Cemu
u drugom stavu o oblicima variraju
tema o idejama i pojavama iz prvog
stava. Odabrane i kvalitetne ilustra-
cije objaSnjavaju izreCeno od kojih
76 fotografija u boji pripadaju takode
stavaralackom talentu samog pisca
Sto njegove tvrdnje i zapazanja Cini
jo$ verodostojnijim, jer je najsre¢nija
situacija kada se arhitektonsko delo
dozivi licnim kontaktom, sopstvenim
Culima i zajedniCkom atmosferom
koja ih okruzuje. Tu privilegiju nam
autor kroz svoju prizmu prezentuje i
na ovaj nacin. Drugi deo se sasto-
ji od obimnog spiska napomena i
objasnjenja u dovoljnom broju i sa
mnogo podataka da i sam predstav-
lia knjigu za sebe. Tako se po re€ima
pozajmljenim od Slondela (kako tvr-
di autor knjige) izbegava stalno pre-
kidanje $to bi ga u€inilo zamornim.

U trecem delu nudi se grupa
odabranih bibliografija posebno svr-
stanih u kategorije Sto iz indeksa
imena Citaocu olakSava brz uvid u
izvore upotrebljenih citata. Objas-
njenja i napomene Citaju se kao
zanimljivi strip prostorne avanture
mnogih stvaralaca i stanja koja su
se desila u toku dva veka. Misljenja
mnogih autora ovde nisu samo pot-
krepila razmedu ideja i oblika ve¢ su
ovi dodatni delovi knjige nesumnijivi
dokaz jednog pravnog naucno-istra-
Zivackog posla koji je ucinio autor
knjige ,,Savremena arhitektura®.
Njeno preimucstvo je isticanje svih
problema na jedan istinit nacin, li-
Sen dogmatike i zaokupljenosti li¢-
ne iskljucivosti, a Sto ¢e sigurno biti
koriS¢eno kao pedago$ko Stivo u
buducim studijama mnogih specijali-
sta i svih zainteresovanih za poslove
prostora u arhitekturi.

P.S. Ovaj tekst sada je samo
podsecanje na jedan vredan zivot i
uvazavanje misli koje nam je autor
nesebi¢no nudio.

Elza MILENKOVIC, DIA
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IZ INOSTRANE PRAKSE

UZORNO ORGANIZOVANA KOMORA ARHITEKATA

BADEN-VIRTEMBERGA

Intervju sa gospodom Karmen Mundorf, d.i.a.
rukovodiocem odeljenja Arhitektura i mediji

Vazno podrudje odrzivog razvo-
ja bilo koje drzave je kvalitet grade-
ne sredine naselja, a narocito urbana
kultura u velikim gradovima. Pomenu-
to u velikoj meri zavisi i od mogucno-
sti realnog uticaja arhitekata i urbani-
sta na ,odrzive“ politicke i ekonomske
procese, ali i na samo stanje u svojoj
bransi.

Dobar primer za navedeno je
kvalitet organizacije i rada Komore
arhitekata Baden-Virtemberg (Archi-
tektenkammer Baden-Wuertemberg
— AKBYV) koja broji oko 23.500 cla-
nova i druga je po veli€ini u Nemac-
koj gde deluje 16 Komora arhitekata
zemalja (Landeskammer)* i Komora

Kuda arhitekture u Stutgartu u kojoj
se nalazi Komora arhitekata Baden-
Virtemberg

* Nemacka je Bundesrepublik a nje-
nih 16 ,drzava“ su Land (Laender). Izraz
Land se prevodi kao pokrajina ili drzava, a
autori su se opredelili za zemlja (zemlje).
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Gospoda Karmen Mundorf, dipl. ing. arh. rukovodilac poslovnog odeljenja KABV
za Arhitekturu i medije

arhitekata Nemacke (Bundesarchi-
tektenkammer — BAK).

Komore arhitekata zemalja imaju
svoju dalju vertikalnu organizacionu
strukturu koja ¢e se videti na prime-
ru Komore arhitekata Baden-Virtem-
berga. Clanovi svake Komore su
arhitekti, urbanisti, pejzazni arhitekti,
enterijeristi i svi oni koji su zavrsili ar-
hitektonski fakultet i bave se nekom
od drugih disciplina ove struke (koje
ovde nisu navedene).

Gospoda Karmen Mundorf
(Carmen Mundorff), d.i.a. je ve¢ dugo
godina na &elu komorskog odeljenja
ili poslovne oblasti Arhitektura i mediji
i sigurno je najkompetentniji sagovor-
nik kada treba reéi nesto vise o Ko-
mori arhitekata Baden-Virtemberga.

Sva Cetiri odeljenja ove Komore
su profesionalno organizovana, a pre-
ostale tri poslovne oblasti (odeljenja)
su Uprava i finansije, Pravo i konkursi
i Institut za obrazovanje i gradevinar-
stvo.

Predsednik Komore je gospo-
din Volfgang Rile (Wolfgang Riehle)
d.i.a.

Nasi arhitekti i urbanisti, a po-
sebno oni mladi, ne znaju mnogo o
organizaciji komorskog rada u zapad-
noj Evropi. Za pretpostaviti je da ¢e
im ovaj intervju pomo¢i da se bolje
informiSu o najznacajnijem vidu or-
ganizovanja arhitekata i urbanista u
Nemackoj.

1. Gospodo Mundorf opiSite
nasim arhitektima i urbanistima kako
je organizovana Komora arhitekata
Baden-Virtemberga (dalje u tekstu
KABYV). Koliko je ljudi u njoj zaposleno
i angaZovano?

U skladu sa idejom samouprav-
lianja najve¢i deo aktivnosti nade
Komore nose pocCasne arhitektkinje
i arhitekti**. Oni se biraju u razliite

** Zbog ravnopravnosti polova u Ne-
mackoj se u Stampi redovno navode zani-
manja za oba pola kako u singularu tako i
u pluralu: architekt/in ili architekt/architek-
tin, odnosno, urbanist/in, tj. urbanist/urba-
nistin (urbanisten/urbanistinnen). Gde god
je gospoda Karmen Mundorf u odgovori-
ma ove pojmove tako navodila prevod je
to ispostovao.
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gradevinskoj
delatnosti.
Znaci, KA za-
stupa intere-
se arhitekata,
investitora
i javnosti a
demokratija
i dijalog su
njena osnov-
na nacela u
radu.

3. Kako
se odvija sa-
radnja izme-
du 16 zemalj-

Naziv na zgradi i glavni ulaz u Dom arhitekata

gremije koji zajedno obrazuju tri nivoa
Komore: zemaljski, regionalni i op-
Stinski. U Baden-Virtembergu (dalje,
BV) su arhitekti organizovani u 42 op-
Stinske komorske grupe (Kammergru-
ppen) koje su svrstane u 4 komorska
regiona (Kammerbezierk) u Stutgartu,
Karlsrueu, Freiburgu i Tibingenu.

Na zemaljskom nivou funkciju
parlamenta arhitekata obavlja Skup-
§tina predstavnika BV-a. Svake Ceti-
ri godine biraju je ¢lanovi KABV-a a
posledniji izbori su bili 2010. Na ovom
najviSem organizacionom nivou Ko-
moru arhitekata (dalje, KA) predstav-
lja predsednistvo na Cijem Celu se na-
lazi predsednik, sada je to gospodin
V. Rile.

U zemaljskoj i Cetiri regional-
ne uprave KABV-a trenutno radi 40
stalno zaposlenih saradnika, a 600
arhitekata i urbanista je pocasno (tj.
aktivno) angazovano u strukovnom
stalezu.

2. Koji su najvazniji ciljevi i za-
daci KABV koja ve¢ 55 godina Stiti
interese arhitekata?

Za svoje Clanove je KABV mesto
samoupravljanja. Preko demokrat-
ski izabranih gremija arhitekti sami
ureduju sopstvena strukovna pravila,
politiku struke i rade na donoSenju za-
kona i uredbi. Na osnovu konkretnih
iskustava iz svog Zivota i prakse arhi-
tektkinje i arhitekti mogu u gremijima
da pravovremeno reaguju na odrede-
ne pojave.

KA radi na unapredivanju kulture
u oblasti arhitekture i gradevinarstva.
Osim toga ona informiSe najsiru jav-
nost o radu arhitekata i urbanista i za-
uzima stavove u vezi vaznih pitanja u
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skih komora i
savezne Kko-
more, izme-

du Komore
arhitekata Baden-Virtemberga i njene

4 regionalne Komore?

Predsednik Komore arhitekata
Baden-Virtemberga je €lan predsed-
niStva Komore arhitekata Nemacke
(dalje, KAN) i na taj nacin on ucestvu-
je u kreiranju strukovne politike kako
na nacionalnom tako i na internacio-
nalnom nivou.

U pripremanju tema za savezno
predsednistvo i zajednic¢ke akcije or-
ganizuju se radni sastanci poc¢asnih i
zaposlenih ¢lanova u zemaljskim ko-
morama.

KABYV ima danas 13 predstavni-
ka u Skupstini KAN-e koja je najvisi or-
gan odlucivanja nemackih arhitekata i
urbanista. U Skup$tinu su delegirani
predsednik, zamenik predsednika,
predsedavajuéi 4 regionalne komore
kao i predstavnici strukovnih grana
iz BV. Skupstina se sastaje jednom
godisnje i odlu€uje o smernicama sa-
vezne politike u struci, donose se od-
luke o finansijama, a svake 3 godine
se bira prezidijum Komore arhitekata
Nemacke.

U radu predsedni§tva KABV
uCestvuju predstavnici 4 regionalne
komore i na taj nacin se jam¢i protok
informacija izmedu zemaljskog i regi-
onalnih nivoa: delegati prosleduju ide-
je i zelje baze prema gore i povratno
se bazi prenose odluke zemaljskog
predsednistva. Oni, ujedno, zastupaju
KABV-a u velikim gradovima i regio-
nima, imaju svoje referente zaduze-
ne za odnose sa javno$cu; sa njima
obezbeduju svoju novinarsku delat-
nost i organizuju razne javne aktivno-
sti kao Sto su to ,Nedelja arhitekture®
ili ,Dani arhitekture®.

Investitirima stoje na raspolaga-
nju po€asni saradnici za sva pitanja
vezana za organizovanje konkursa na
nivou regiona. Osim toga regionine
komore arhitekata su prve adrese za
pruZanje usluga odgovarajuc¢im stru-
kovnim grupama komore (arhitekti,
urbanisti, pejzazni arhitekti, enterijeri-
sti i drugi), a Cetiri okruzne poslovne
jedinice potpomaZzu njihov rad. Pred-
stavnici Cetiri regiona saraduju takode
u odborima, radnim i projektnim gru-
pama.

4. Sta dobijaju arhitektkinje i ar-
hitekte od Komore arhitekata? Koja
su im osnovna prava i obaveze?

Da bi pomogla svoje brojno
¢lanstvo po svim pitanjima obavljanja
delatnosti KABV-a pruza c¢lanovima
Sirok spektar informativnih i saveto-
davnih usluga u formi obimnih pisanih
materijala kao $to su uputstva i broSu-
re, komunicira se telefonom, faksom
ili e-mailom, takode i putem interneta
preko www.akbw.de.

Casopis arhitekata Nemadke
(izlazi jednom mesecno) u svakom
broju odvaja 20 strana samo za ak-
tuelne informacije o radu arhitekata u
zemljama.

Uz velikodusnu pomo¢ i potporu
ministarstva privrede Baden-Virtem-
berga KA pruza svojim ¢lanovima
individualne savete i dr. u pitanjima
poslovnog menandzmenta ili egzi-
stencijalnih radnih prava.

Osnovno nacelo nasSeg rada i
rada na$ih ¢lanova je stalna briga o
zastiti strukovnog znaka ili pojma: Ar-
hitektkinja/Arhitekt, odnosno, Urba-
nistkinja/Urbanista. Tu je i stalni an-
gazman svih ¢lanova na unapredenju
delatnosti.

Duznosti ¢lanova KA regulisa-
ne su ¢lanom 17 strukovnog statuta:
,Clanovi komore su duzni da savesno
obavljaju svoju delatnost i da oprav-
daju poverenje koje im je ukazano u
okviru struke...“.

Obaveza nasih ¢lanova je da se
dalje stalno struéno usavrSavaju, a
u KABV se taj rad ne proverava kao
u Komorama arhitekata u Hesenu ili
Severnoj Rajni — Vestfaliji.

5. Koji su Vasi glavni zadaci u
resoru kojim rukovodite? Koliko sa-
radnika imate?

Zadaci u poslovnoj oblasti Ar-
hitektura i mediji kojom rukovodim
su veoma raznoliki i podeljeni su na
osam stalno zaposlenih koleginica i
kolega (uklju€ujuci tu i mene).

IZGRADNIJA 65 (2011) 11-12, 721-725



Poslovi se kre¢u od savetovanja
nasih ¢lanova do pitanja vezanih za
gradevinarstvo ili upravljanje biroima,
zatim, saradnje sa ministarstvima i
drugim poslovnim partnerima, pa sve
do javne delatnosti. Ona obuhvata
npr. ,Dan Arhitekture”, postupak do-
deljivanja nase nagrade za ,Primer-
no gradenje“, organizovanje uceséa
na sajmovima ili izlozbenim manife-
stacijama iz oblasti hortikulture. Or-
ganizujemo nase izlozbe, izdajemo
publikacije, a tu je i redovna priprema
informacija za mese¢ni dodatak ¢aso-
pisa arhitekata Nemacke.

Podrugje mojih delatnosti kre¢e
se od menadZmenta, koji je vezan za
operativhe zadatke, preko negovanja
kontakata sa partnerima kooperanti-
ma, pa sve do ,ruénog rada“: pisanje
¢lanaka i predavanja, izrada lay out-a
za Casopis arhitekata Nemacke (ze-
maljski deo), ili za nasa predstavljanja
na internetu.

6. Koje veze posoje izmedu Ko-
more arhiteketa Baden-Virtemberga
i IFBau? Koje ste akcije zajedno or-
ganizovali i koja je VaSa uloga u toj
saradnji?

Institut za dalje obrazovanje i
gradevinarstvo (Institut Fortbildung
Bau — IFBau) je od 1. januara 2011.
prerastao u Cetvrto poslovno podrué-
je rada KABV i nudi na8im ¢lanovima
(naravno, i onima koji to nisu) semi-
nare, kurseve i specijalna (prigodna)
dogadanja koja ,krojimo po meri“, od-
nosno, potrebama nasih arhitektkinja/
arhitekata. Pri tome su nam osnovna
orijentacija dogadanja na trzistu — ili
ekonomska situaciji biroa, firmi.

Putem posebnih skupova i spe-
cijalnih formi okupljanja, kao $to je to
rad uz posao, pokusavamo da nasim
¢lanovima ucinimo $to interesantnijim
njihovo dalje obrazovanje i usavrsa-
vanje. U tim aktivnostima gospodin
Peter Rajnhart (Peter Reinhardt), ar-
hitekt, kao Sef IFBau, se dogovara sa
mnom kao rukovodiocem poslovnog
podruéja Arhitektura i medijji, ali i sa
mojim kolegom, pravnim savetnikom
gospodinom Alfredom Morlokom (Al-
fred Morlock), koji rukovodi sekto-
rom Pravo i konkursi i, naravno, sa
glavnim Sefom gospodinom Hansom
Diterleom (Hans Dieterle) koji vodi
i koordinira aktivnosti sva Cetiri ode-
lienja KABV-a, a rukovodi i sektorom
Uprava i finansije.

7. Koje su to konkretne servisne
usluge KABV? Koje publikacije objav-
ljuje samo Komora, a koje zajedno sa
IFBau?

Konkretne  servisne  usluge
KABV-a su na prvom mestu razne
savetodavne ponude: Pravna pitanja
i pitanja honorara u okviru poslovnog
podrucja Prava i konkursi, urbanisti¢-
ka ili pitanja funkcionisanja biroa u
sektoru Arhitektura i mediji. Osim to-
ga svi registrovani arhitekti i urbanisti
dobijaju Casopis arhitekata Nemac-
ke, prospekte i broSure sa aktuelnim
informacijama i imaju pristup nasoj
internet stranici. /FBau nudi naSim
¢lanovima povoljne uslove za semi-
nare. A zajedno organizujemo i razne
besplatne stru¢ne skupove.

Preko nase filijale HoefA, ko-
ja jeste mesto naplate honorara za
arhitekte, nasi ¢lanovi mogu dobiti i

druge povoljne usluge. One se krecu
od opomena

za naplatu i

Ulazna partija i centralni hol u Kuci arhitekture, tj. KABV
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informacija o
bonitetu, pre-
ko finansira-
nja sporova,
odustajanja
od honorara
i sastavljanja
obavestenja
za opomene.
Novo u porto-
filiju HoefA je
izrada zavrs-
nih racuna.
Zajedno
sa ministar-
stvom privre-
de BV pru-
zamo naSim

¢lanovima individualne savete u vezi
pitanja koja se ti€u slobodne strukov-
ne delatnosti: od osnivanja biroa, fir-
mi i ekonomskog rukovodenja njima,
preko mogucih marketinskih mera, pa
sve do predaje (ustupanja) firme. Pri
¢emu postoje samo minimalni trosko-
vi kao liéno ucesce biroa, {j. jos jed-
nom redukovane takse za osnivaca.

Sve dalje servisne ponude AKBV
mogu se naci u broSuri Pravo i usluge
koje su aktualizovane nakon izbora u
Komori u prole¢e 2010.

8. Svedoci smo negativnih uti-
caja svetske finansijske krize na inve-
sticije u gradevinarstvu u Nemackoj i
Evropi. Koje su glavne posledice te
krize na oblasti arhitekture i urbaniz-
ma u Nemackoj i BV, a narocito po
arhitekte i projektne biroe?

Glavne posledice globalne eko-
nomske krize kod arhitektonskih i
urbanistickih biroa u Nemackoj, ti-
me i u BV, bile su smanjenje pa ¢ak
i storniranje porudzbina iz privrede i
komuna. Medutim, konjukturni paketi
savezne vlade su pojedinim biroima
doneli nove porudzbine.

9. Koju ulogu su imale zemalj-
ske, regionalne | savezna Komora
arhitekata u reSavanju postojece fi-
nansijske krize?Na koje drustvene i
ekonomske procese su sve pomenu-
te KA imale uticaj i na koji nacin? Da
Ii je postojala saradnja izmedu politike
i komora?

U kriznim situacijama, a ne sa-
mo u ovoj, zadatak je zemaljskih KA
lobiranje za svoj strukovni stalez.
Ove aktivnosti se sprovode u politi¢-
kom okruzenju; npr. AKBYV je izradila
izborne osnove za izbor zemaljskog
parlamenta koji su sredinom januara
razmatrani sa predstavnicima parla-
mentarnih partija. Osim toga AKBV je
¢lan zemaljskog udruzenja slobodnih
zanimanja ili delatnosti i na taj nacin
ima uticaja na politicke partije.

Na radnom nivou zastupamo
interese strukovnog staleza putem
saradnje sa razli¢itim ministarstvima:
npr. u raznim projektnim grupama ko-
je su obrazovane u okviru trajne inici-
jative u BV. Ali i kroz kooperaciju ras-
pisivanja nagrade za recikliranje koju
smo raspisali zajedno sa Forumom za
industrijski otpad BV, Ministarstvom
za zaStitu okruzenja, prirode i sao-
bra¢aja, kao i gradskim i opstinskim
parlamentima.

Prilikom formiranja odredenih te-
ma ciljno se obra¢éamo nasim poslani-

723



Sala za skupove i predavanja (na donjoj etazi)

cima u zemaljskom parlamentu — kao
pri novelaciji HOA/ (uredba za hono-
rare arhitekata i inzenjera) — a isto to
¢inimo i na saveznom nivou.

10. Koji su glavni problemi u ra-
du AKBV?

AKBYV je veoma dobro struktui-
rana: Na zemaljskom nivou smo za-
stupljeni svojom poslovnicom i pred-
sedniStvom, u regionima njihovim
predsednistvima, a u velikim gradovi-
ma i opStinama (okruzima) deluju na-
Se komorske grupe. Problemi nastaju
samo onda kada imamo previSe aktiv-
nosti i sve njih moramo na vreme da
zavrSimo. Takva je bila 2010. godina.

Pored dnevnih poslova u okviru
poslovnog podrucja Arhitektura i me-
diji organizovali smo jo$ tri kongresa,
uCestvovali na dva sajma i objavili
devet broSura. Takode smo radili na
nasoj internet prezentaciji koja je od
januara dostupna svima.

11. Jedna od glavnih aktivnosti
AKBY je osiguranje ¢lanova? Koje su
tu glavne tacke?

Clanstvom u AKBV arhitekti i ur-
banisti mogu da putem institucije osi-
guranja arhitekata ustede materijalna
sredstva za starost. Strukovno stales-
ka ustanova za starosno osiguranje
KA pruza svojim c¢lanovima veliko
materijalno osiguranje za starost, kao
i invalidske penzije, a tu su i penzije
udovicama i udovcima, deci ostaloj
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bez jednog ili oba roditelja i dodaci za
decu uz starosne i invalidske penzije.

12. Sta &ini AKBV za nezaposle-
ne arhitektkinje/arhitekte, urbanistki-
nje/urbaniste? Moze li KABV uopSste
nesto pomoci? Da li postoji neki fond
za obrazovanije tih lica?

Sa uradenim ,Planom B“ iz 2006.
mi ,navodimo® nase c&lanove da po-
gledaju preko ,ivice tanjira“. Nasi ¢la-
novi, a to je njih 80 %, nastupaju na
trziStu kao pojedinci. Mi pokuSavamo
da im ukazemo na mogucnosti rada
u grupama, kooperacijama i mrezama
ili im ukazujemo na one prostore rada
u kojima mogu da rade koristeci svoj
Know how.

Osim toga predsednistvo AKBV
ima svoj sopstveni program unapre-
divanja daljeg obrazovanja i usavrsa-
vanja koji sprovodi IFBau kao nosilac
obrazovanja AKBV. Dakle, svi ¢lanovi
komore, koji su na osnovu svojih ma-
lih prihoda zatrazili popust u doprino-
sima za 2010. godinu, ili su u potrazi
za poslom, uz zahtevani popust imaju
i dodatni rabat od 30 % za dnevne
seminare u ovoj godini za kurseve ili
dodatne dokvalifikacije.

Uz pomoc finansijskih sredstava
evropskih socijalnih fondova ¢lanovi
KA imaju pravo da pod istim uslovima
dobiju povoljnije seminarske takse
kod IFBau.

Arhitektkinje i arhitekti koje/i ne-
maju nikakve prihode iz strukovne
delatnosti, a to su pismeno dokazali,

pla¢aju Komori arhitekata samo go-
diSnje umanjeni doprinos od 50 evra.

13. Kako se finansira AKBV?

AKBY se finansira 100 % iz do-
prinosa ¢lanova.

14. Koliko konkursa imate go-
disnje u §tutgartu, odnosno, u Baden-
Virtembergu? Ko ih organizuje? Da li
uvek AKBV ili...? Za koje objekte mo-
raju investitori obavezno da raspisuju
konkurse?

Broj konkursa varira i uglavhom
zavisi od opste ekonomske situacije,
a narocito od javnih podsticajnih pro-
grama jer su u vecini slu€ajeva raspi-
sivaci konkursa javni nalogodavci.

Poslednjih godina AKBYV je regi-
strovala:

2010. 38 konkursa u BV, od toga
11 u regionu Stutgarta

2009. 71 konkurs u BV, od toga
24 u St.

2008. 61 konkurs u BV, od toga
23 u St.

2007. 62 konkursa u BV, od toga
25u St.

2006. 51 konkurs u BV, od toga
24 u St.

Komkora arhitekata stoji na ras-
polaganju kao savetodavac pre, za
vreme i nakon zavrSetka konkursa za
arhitektonska ili urbanistiCka projek-
tantska reSenja. Stvarnu organizaciju
konkursa preuzimaju po pravilu arhi-
tektonski i inzenjerski biroi sa podruc-
ja upravljanja projektima. Ovu uslugu
nazivamo ,Briga o sprovodenju kon-
kursa“. Kvalifikovani, osposobljeni
upravni aparati, kao $to su urbanistic¢-
ke sluzbe velikih gradova, povremeno
preuzimaju brigu o sprovodenju kon-
kursa u okviru samog preduzeca.

Obaveznost raspisivanja kon-
kursa za javne poslodavce (odnosno,
dodeljivanje nagrada koje po pravilu
sadrzi svaki projektantski konkurs)
proizilazi iz principa ili pravila utvrde-
nim upravnim smernicama i drzavnom
zakonu. Znadi, na ¢vrsto postavljenim
principima kojima se obezbeduju kva-
litet planersko-projektantske doku-
mentacije i kulture gradene sredine,
na odsustvu diskriminacije i jedna-
kih Sansi za sve zainteresovane, na
onemogucavanju korupcije uz tran-
sparentno dodeljivanje nagrada, tj.
porudzbina itd.

Ako visina nagrada za raspisani
konkurs, posao, premaSuje tzv. gra-
niénu vrednost (danas je to iznos od
193.000 evra) onda se od javnih na-
logodavaca trazi da raspiSu konkurs
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na evropskom nivou prema uredbi
o dodeljivanju nagrada VOF koja je
izvedena iz evropskog prava.

Investitori, kao privatna privred-
na preduzeca, formalno ne podlezu
ovim propisima. Od strane u nekom
mestu odgovornih lica (ovlastene
sluzbe za izdavanje odobrenja, poli-
ticki odgovorna lica) se zahteva ras-
pisivanje konkursa kao instrumenta
obezbedenja kvaliteta reSenja Sto je
bitan preduslov za to da se uopSte
omogudi investiranje, tj. investicija u
nekretnine.

15. AKBYV, kultura gradenja i ur-
bana kultura — koje veze postoje iz-
medu AKBV i javnosti u pomenutom
kontekstu?

Komora arhitekata ima zakonski
zadatak, zakonsku obavezu da una-
preduje gradevinsku kulturu i grade-
vinarstvo, da €uva ugled strukovnog
staleza, da zastupa strukovne vredno-
sti i jedinstvo svog ¢lanstva. Tako se
svi mi — po€asno i stalno zaposleni $i-
rom zemlje — uklju¢ujemo u sve teme
koje su vezane za gradevinsku, urba-
nu kulturu i dogadanja u gradevinar-
stvu, informiSemo gradane o stru¢nim
temama putem priloga u novinama,
zatim na skupovima, pomocu izlozbi i
putem mnogih drugih aktivnosti.

16. Koju i kakvu ulogu je imala
AKBV u mnogim diskusijama povo-
dom novog projektas za glavnu Zele-
zni¢ku stanicu u Stutgartu?

KABYV je od pocetka planiranja,
ali i u svim fazama, konstruktivno i kri-
ticki pratila ceo Projekt Stutgart 21— i
to sa pozitivnim ishodom. Krajem no-
vembra 2010. predstavnici zemaljske
skupstine vodili su u Fridrihshafenu
intenzivnu i u mnogim delovima kon-
troverznu diskusiju o aktuelnom stavu
strukovnog staleza sa ciliem da se
ispita njihova dosada$nja pozicija. U
kratkim crtama utvrdeno je sledece:

— Obnovljena je spremnost arhi-
tekata i urbanista Baden-Virtemberga
na daljem angaZovanom pracéenju
Projekta Stutgart 21.
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— Strukovni stalez je usmeren
na struéne teme: planiranje i razvoj
gradova, uredenje slobodnih povrsina
i na arhitekturu.

— Zahteva se kultura u celoku-
pnom nacinu rada koju odlikuju tran-
sparentnost, otvorenost i razumlji-
vost.

— Primeni¢e se jedan diferen-
ciran, zivotni i umanjene mere struk-
tuiran koncept potreban za postupan
gradski razvoj Stutgarta.

— Kao osnovu za dalje predloge
KABYV ce organizovati jedan ciklus in-
formativnih skupova i diskusija u prvoj
polovini 2011.

17. Va§ rad zahteva mnogo
diplomatije i znanja i u njemu nema
nema mesta za dnevni angazman od
osam radnih sati. OpiSite naSim ¢itao-
cima jedan Vas tipi¢an radni dan.

Moj radni dan pocinje u osam sa-
ti sa pregledom i analizom Stampe, a
potom sledi sednica ili ugovoreni sa-
stanak van kuce ili redakcijski rad po
kalendaru. Kada sam u KA nalazim
se sa svojim kolegama i na ru¢ku u
nasem restoranu. Obi¢nih dana napu-
Stam KA oko 18 ¢asova, najcesce sa
papirima u tasni koje ¢itam u vozu na
putu ka kuc¢i. Nasa uobicajena radna
nedelja sastoji se iz pet takvih dana.

Cesto sam na sednicama KA ili
u ministarstvima, prisustvujem razgo-
vorima za Stampu ili dodeljivanju na-
grada u okviru nase dodele istih: ,Pri-
merno gradenje®, posecujem sajmove
(u januaru je to bio BAU u Minhenu)
ili saradujem u radnoj grupi Nemac-
kog druStva za odrZivu gradnju, razvoj
(DGNB,).

18. Vi ste veoma angaZovana
liénost i svaki dan imate kontakte sa
mnogim ljudima razli¢itih zanimanja,
takode i sa medijima. Koji su glavni
uspesi i problemi u Vasem radu.

Moja prednost u poslu je ta Sto
sam kao stru¢njak 15 godina radila
na svim podrucjima arhitekture i ur-
banizma. Osim toga imam iskustva
u po¢asnom radu. Od svojih studija

volim da radim interdisciplinarno. To
mi pomaze u stvaranju spona u okviru
strukovnog staleza, a ponekad i prili-
kom neophodnog nekomformistickog
razmiSljanja — kao npr. za naSu aktu-
elnu godiSnju temu ,Buducnost arhi-
tekture: odrzivo odlucivati®.

Zanimljivo je saradivati na ra-
znolikim temama. To s vremena na
vreme stvara i probleme, jer, ponekad
moram reci i ne — inaCe se posao ne
bi mogao obaviti.

19. Sta biste jos Zeleli da kaZete
nasim citaocima o AKBV i o Vasem
radu?

Struktura AKBV je doista za pri-
mer, takode i regionalna postavka i
raznolikost zadataka. Osim toga tu
je i interdisciplinarna saradnja koja
obuhvata Cetiri osnovna poslovna po-
drucja rada nase zemaljske poslovni-
ce — kod nas, u AKBYV, su zaposleni
arhitekti, pravnici, eksperti za komuni-
kacije i upravna pitanja. Dakle, nikada
nije dosadno.

Da bi Vase Citateljke i Vasi Citao-
ci imali blizi uvid u nas rad preporucu-
jem im posetu nasem novom, ve¢ po-
menutom homepage www.akbw.de.

Gospodo Mundorf zahvaljujem
Vam se na interesantnim i iscrpnim
odgovorima.

Kuéa arhitekture u Stutgartu, u
kojoj se nalazi Komora arhitekata Ba-
den-Virtemberga, je moderno, Cove-
komerno zdanje. Uz kompletnu orga-
nizaciju i izgled ovog zdanja posebno
impresionira velika dvoriSna terasa sa
koje su pruza prelep pogled na goto-
vo ceo Stutgart. Autor intervjua pre-
porucuje posetu!

Intervju uradio:
Dus$an Prodanovic

5 Preveli:
Cvijeta Smit i Dusan Prodanovi¢

Fotografiju gospode Karmen
Mundorf, d. I. a. je uradio

fotograf Rene Miler (Rene Mueller),
a ostale Dusan Prodanovi¢
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VESTI | SAOPSTENJA

CTPYYHO-HAYYHU CKYI ,,BOAOBOAO U KAHAJIUSALIUJA™ 11“
KNAAQOBO, XOTEN ,,hEPOAN“

32. CTpy4yHO-Hay4HU cKkyn ca
mehyHapogHum  yyewhem ,,Bo-
AoBoA, M KaHanusaumja® 11%, y
opraHusaumju CaBesa WHXeHe-
pa n texHunyapa Cpbuje, ogpxaH
je y Knagosy, xoten ,bhepgan® y
nepuoay og 04-07.10.2011. rogu-
He. Ckyn je ogp)aH noA MOoKpo-
BUTEIBCTBOM MuHMCTapcTBa npo-
cBeTe 1 Hayke Penybnuke Cpbuje,
a cyopraHusaTopu ckyna cy ounu
MHxerepcka akagemunja Cpbuje,
Mhuxerepcka komopa CpbGuje,
paheBuHckn cakynteT Beorpag,
MpuvepegHa komopa bBeorpaaa,
Caobpahajun  uHctutyT LIAMY,
Beorpag, WHcTuUTyT 3a BOgonpu-
Bpeay ,Japocnas YepHun* n JMN
~JeanHcTeo" Knagoso.

Linrs ckyna je 6uo ga ce Kpo3
pasmaTpare akTyernHux TEXHUYKO-
TEXHOJOLLKUX, UCTPaXKMBaYKO-pa3-
BOjHUX, EKOHOMCKMX, 3aKOHCKMX W
Opyrux nutawa ns obnactm cHab-
AeBarba BOAOM U KaHanvcawa fo-
npuHece ybp3aHujeM TpaHcdepy
3Hawa, MHAOPMUCaHY, NMPUMEHU
caBpemeHux pocturHyha un pe-
Wweka, yHanpehewy Hay4yHO-UC-
TpaXuBaykor U pas3BojHOr paga u
noborbluakwy nocrosaka npegy-
3eha BogoBofa 1 kaHanusauuje n
KOMYHarHux cuctema.

Ckyn je OTBOpPMO reHepasnHmu
cekpetap CUTC, mp BpaHucnas
ByjuHoBuh n noxeneo gobpoaoLu-
nuuy, ycnewaH pag v npujataH
Hopasak y KnagoBy cBUM y4YecHU-
uuma ckyna. Ckyn cy nosgpasunu
n npod. ap Muogpar bynatosuh,
npeacenHuk Caesa WHXeHepa
LipHe Nope, ampekTtop JI1 ,JeauHc-
TB80“ KnagoBo rocnoavH 3opaH
MeTposuh, kao n ynax lMporpam-
ckor ogbopa ckyna rocnoguH [y-
waH MNMpogaHosuh.

Ckyny je npucyctsoBarno 120
CTPy4Hbaka 3amnocfieHux Yy jaBHO
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04-07.10.2011. TOAUHE

KOMyHarnHum npegysehuma, Hag-
NEeXHUM OrMWTUHCKUM W ApYruMm
OpXXaBHUM orpaHuma, Ha dakyn-
TeTma n MHCTUTYTUMAa, Koju ce Ga-
Be oBoM npobnematukom. NMopen
y4ecHuKa cKyna u3 3emroe, UICTOM

lpogp. Op Muodpae Bynamosuh, npedcedHuk Casge-

3a uHxersepa LipHe ope

Hupexkmop JKIT JeduHcmeo, 3opaH Nempoesuh

Cy MpUCYCTBOBanu W CTpyYrsauu
13 3emMarba U3 OKpy>Xeka.

On npujaBrbeHUX  CTPYYHUX
W Hay4yHux pagoea, 25 je npowno
peueHsnjy unaHosa [lporpamckor
opbopa ckyna y cactaBy HuHocnas
MeTpoBuh, awunn.
MHX. (NpenceaHyik),
npod. Ap AywaH
MpogaHoBsuh, gmnn.
nHxX, Momunno bu-
KALKW, OUNA. WHX,
npod. gp Yacnas
JlauweBau, gunn.
nHx, borpaH Bna-
xoBuh, OUNN. WUHX,
npodp. ap [lopaH
Cekynuh, avnn.
WHX. npod. Ap
MeaH Ecux, npodp.
ap Munax Cak-boc-
Hap, gou. ap Pexmm
Kopah, npod. ap
Oparmua  Llamos-
cak, npod. ap du-
nun Kokarb.

Y okBupy pag-
HOr pgena ckyna
UCTM Ccy npe3eH-
TOBaHW, o4 CTpa-
He E€MUHEHTHUX
CTpyYHtbaka M3 oBe
obnactn, aytopa
u3 3eMrbe M WHOC-
TaHcTBa. Pagosu cy
Ounn cBpcTaHn no
TEMaTCKUM LienunHa-
Ma un 6aBunu cy ce
nutaknma  Keanu-
TeTa BoAde M BOAO-
cHabpeBana, TpeT-
MaHOM  OTnagHuX
BOAA, yNpaBrbatem
N ogpXaBakeM BO-
OOBOAHUX  OUCTPU-
OyTUBHMX cucTema,
meTogama 3a pe-
AyKuunjy TpoLuKoBa
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1 noBehake Ta4HOCTU eBMAEHLMjE
noTpoLlHe, nocTynumMMma 3a on-
paBky owTteheHux LeBoBoAa, Kao
n npumeHom Codex Alimentarius
HACCP cuctema y BOOOBOAHUM
opraHusauujama v ap.

M3narawa ayTtopa je npatuna
ogroeapajyha cTpyyHa pacnpasa,
roe je ydecHumumma ckyna ©6uno
omoryheHo ga ce getarbHuje ynos-
Hajy ca npobnematnkom obpafhe-
HOM Yy Mpe3eHTOBaHUM pajoBMMa.
Mopen npeseHTauvja paposa, 3a
y4yecHuUKe cKyna je opraHum3oBaH
N OKpyrnn cto Ha Temy: ,Moryh-
HocT npumeHe Codex Alimentarius
HACCP cuctema y Hawum BOAO-
BOOHVM OpraHu3auuvjama y cknagy
ca 3axTeBuma CBeTcke 3apaBcTBe-
He opraHusauuje”.

Ha okpyrnom ctony Kkoju je
ogpxaH 05.10.2011. pecepate cy
nogHenu:

¢ [pod. ap boxo Janmauuja,
MpupogHo-maTtemaTtuykm dpakynreT
Hoeu Cap, lMnaHosu 3a cuzypHO
cHabOesare 8odom 3a nuhe,

e Mp 3opaH lNeHaunh, Pa3eoj-
H1 ueHTap CUTC, beorpag, lpu-
meHa Codex Alimentarius HACCP
cucmema y 8000800HUM Op2aHU-
3ayujama (VHa4ve n yBogHu pede-
pat CTpy4YHO-Hay4HOr cKkyna) , 1

e [ocrnoha Yuna Mwnuu-Pa-
dan, JKIM ,Bogosoa n kaHanusa-
umnja“ Cybotuua, Mckycmea y um-
nnemeHmauyuju HACCP cucmema
y JKIT ,Bodosod u kaHanu3ayuja”
Cybomuya.

Ha Oxkpyrnom cTtony ycBojeHu
cy cnepehu 3akrbyuum:

1. [a 36or cTpaTtellke Bax-
HOCTU cHabaeBara CTaHOBHULLITBA
6e30egHOM U KBAnNMTETHOM BOAOM
3a nuhe cBe BoOOBOAHE OpraHun3a-
unje Tpeba ga peanusyjy ogroea-
pajyhe npegycnoBHe nporpame u
yBegy Codex Alimentarius HACCP
CUCTEM, LUTO je HMxoBa obasesa n
npema 3akoHy o 6e3begHOCTM Xpa-
He.

2. HACCP cuctem je pobpo
yTemerbeH y npexpambeHoj nHayc-
TpUWju, anu NocToje Heke 3HayajHe
pasnuke y OOHOCY Ha WHOYCTpWjy
npoussoane nujahe Boge, of Kojux
Cy HajouvrnegHvje:

e LIMPOK cnekTap Moryhux
OnacHoCTM y BOAM, LWITO, Npe cBera,
3aBUCK Of, BPCTE M3BOPMLLTA BOJE,
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anu u op ageksaTHor
ofpXaBara XurujeHe
UHDpPaCTpyKType ©
pagHe cpeauHe Bo-
JoBOOHE opraHusa-
uvje;

e HenpekuaaH
TOK BoAe of M3Bopa
cUpoBe BoAe [0 MoT-

poLuaya;

e BENUKe, Cro-
XeHe gucTpmnbyTmBHe
Mpexe, u

e MOCTOjake KO-
MMJIEKCHMX NOCTpoje-
Ha 1 onpeme 3a npe-
ynwhaBakwe M QUCTpubyuujy Boae
KOojuMa ce OarbMHCKM KoMaHayje v
ynpaerba (Tenemetpuja) y Behum
BOLOBOJHVUM CUCTEMMMA.

3. TloxerbHO je nocTojake
n kopuwhewe MNIC nogataka pa-
an  edukacHujer ycnocTtasrbaka
HACCP cucrema.

4. [la HagnexHo  MWHUC-
TapcTBO 3a KOHTpony nujahe soae
— MwuHuctapctBo 3gpaBrba, ¢op-
Mupa doHA 3a noAcTuLajHa cpeac-
TBa Koja Om Guna kopuwheHa 3a
ycnoctasibake HACCP cuctema
Y jaBHUM KOMyHanHuM npegysehu-
Ma koja CHabaeBajy CTaHOBHULLTBO
nvjahom BoAOM.

5. O6e3b6egunTn NnoysgaHe no-
naTtke o 6e36edHOCTM U KBanNuTeTy
BOAE NPEKO MEPOLAABHUX MHCTUTY-
umja (MHCTUTYTU 1 3aBOAM 3a jaBHO
3gpasree...)

6. YcnoctaBuTU HeonxogHy
capaghy jaBHUX KOMyHarnHux rnpe-
ayseha, koja cHabpaesajy cTaHOB-
HUWTBO nujahom BOAOM, ca Mpo-
decnoHanHUM  opraHu3auujama

lMomohHuk Oupekmopa ,bepdana I, Mumnopad
lepauHuh, yrnosHaje y4YecHuKe cKyrna ca ucmo-
pujom XudpoueHmparne

B

Il

YuecHuyu ckyna y nocemu xudpoenekmpaHu
~bepodan I*

(CaBe3 wuHXerepa U TexHu4apa
Cpbuje, uWHCTUTYTK, bakynTeTn),
Koje ce 0aBe YyCnocCTaBrbateEM
HACCP cuctema 1 HeonxoaHux
npeaycrnoBHKX NporpamMa.

Mocnegwer gaHa paga ckyna
OpraHvM3oBaHa je 1 CTpy4Ha eKCKyp-
3uja, y OKBUPY Koje cy noceheHun ka-
nauntetn XE ,hepaan“. YyecHuke
cKyna je no3gpasuo 1 NPOBEO KPO3
XE ,bepgan I nomohHMK gupekTo-
pa rocnoanH Munopag NepruHuh.

CBu pagoBu, KOju Cy NpOLLN
peueHsnjy unaHosa [lporpamckor
opbopa ckyna, nyénukosaHu cy y
360pHUKY pagoBa, Ymja je n Wram-
naHa u enekTpoHCcKa Bepanja oucT-
pnbympaHa yyeHuumma ckyna. Wc-
TUM Cy NOJAErbEHN U cepTudukaTm
0 y4yelwhy Ha CTPYYHOM CKyMy.

OnwrTa je oueHa y4yecHuka ga
je oBorogmLLKKM CKyn Hanpaesmo no-
MakK y rorregy KeBanuteTa u CTpyd-
HOCTU MpEe3eHTOBaHWX pajoBa,
Kao 1 camux usnarawa of ctpaHe
ayTtopa. HberoBom opraHusaumjom,
CaBes nHxerepa n TexHmyapa Cp-
Ovje amaje cBoj ponpwu-
HOC CTpy4YyHOM YcaBp-
WwaBaky UHXeHepPa,
yHanpehewy  kBanu-
TeTa HUXOBUX 3HaHA,
Kao M ycnocTaBrbaky
mehocobHe capaghe
N KOHTakaTa y OKBUPY
3eMIbe W MHOCTpaHC-
TBa W MNpOMOBUCAHY
CTpykKe.

Onuseepa hocosuh
YnaH OpeaHu3sayuo-
Hoe odbopa ckyna
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ZAKLJUCCI VI KONGESA CIGLARSKE INDUSTRIJE SRBIJE
SA MEDUNARODNIM UCESCEM

VI Kongres ciglarske industri-
je Srbije odrzan je od 21. do 23.
septembra u Soko Banji u kongre-
snoj dvorani hotela ,Zdravljak®.
Na kongresu je uzelo ucesce 80
uCesnika iz zemlje i 30 iz inostran-
stva.Na Kongersu su bili prisutni
proizvodaci opreme iz Nemacke,
Italije, Spanije i Hrvatske, kao i
proizvodadli gradevinskog materi-
jala iz Makedonije i Bosne i Her-
cegovine.

| pored veoma teskih uslova
privredivanja SIGP je uspeo da
zahvaljuju¢i ciglanama i crepa-
nama, ¢lanicama Udruzenja odrzi
kontinuitet odrzavanja ovog struc-
nog skupa.

Na Kongresu su razmatrane
oblasti vezane za sirovinsku ba-
zu, savremene tehnologije proi-
zvodnje gradevinskog materijala
na bazi gline, primena alternativ-
nih goriva u toplotnim procesima
primena standarda, energetska
efikasnost postrojenja, odrzava-
nja opreme, standardizacije, za-
Stite zivotne sredine, te proizvod-
nja i primena novih proizvoda i
marketinga.

Na Kongresu je razmatran
i predlog zakona o Rudarstvu te
usvojene sugestije i primedbe na
isti, koje su prosledene resornom
ministarstvu. Na kraju ovih zaklju-
¢aka, dajemo pismo upucéeno Mi-
nistarstvu.

Prestavnici inostranih firmi
predstavili su nova reSenja masi-
na i postrojenja sa aspekta ustede
energije, kao i primenu petol kok-
sa i bio mase kao alternativnog
goriva.

Zbornik radova je Stampan u
okviru naucno-struénog Casopisa
.1zgradnja“, ¢ime ¢e stucni ljudi iz
oblasti gradevinarstva poblize in-
formisani o ovoj grani gradevinar-
stva. U zborniku radova objavlje-
no je ukupno 27 stru¢nih radova.

Za poseban doprinos razvoju
ciglarstva Srbije dodeljene su po-
volje Vladimiru Deniéu, Veliboru
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Mitroviéu, Radomiru Vasi¢u i Sto-
janu Milicevicu.

Ucesnici Kongresa su doneli
odluku da se Caspisu ,lzgradnja®
dodeli posebna zahvalnica za do-

prinos popularizacije ciglarske in-
dustrije Srbije.

Naredni VI Kongres ciglarske
industrije Srbije odrzace se za tri
godine 2014. godine.

MINISTARSTVO ZASTITE
ZIVOTNE SREDINE
INFRASTRUKTURE I
RUDARSTVA

SEKTOR ZA RUDARSTVO
| GEOLOGIJU

ZA MILICU ZORIC

Predmet: Sugestije i primedbe na
Nacrt Zakona o rudarstvu i geolos-
kim istrazivanjima

U Soko Banji odrzan je VI Kon-
gres ciglarske industrije Srbije, na
kome je razmatran i nacrt zakona o
rudarstvu i geoloSkim istrazivanjima,
te Vam ovim putem dostavljamo suge-
stije i primedbe na isti:

+ Clan 22. Posle prvog stava
treba dodati

Poslove geoloSkog nadzora za
sopstvene potrebe kod eksploatacije
sirovine za opekarsku industriju mo-
Ze izvoditi pravno lice upisano u sud-
ski registar privrednih subjekata za
obavljanje te delatnosti koje ima jedno
zaposleno lice sa visokom $kolskom
spremom geoloske struke odgovaraju-
¢eg obrazovnog profila i ovlas¢enja za
obavljanje tih poslova.

« Clan 46. Ko je kompetentna
osoba. Treba konkretno na-
vesti ko je to (autor Elabora-
ta ili ko drugi)

+ Clan 54. Posle prvog stava
dodati drugi stav

Eksploataciju sirovina za ope-
karsku industriju i poslove stru¢nog
nadzora nad izvodenjem eksploataci-
je sirovine za opekarsku industriju za
sopstvene potrebe moze izvoditi pri-
vredno drustvo, odnosno drugo prav-
no lice koje ima zaposleno jedno lice
sa visokom Skolskom spremom geo-
loSke, rudarske ili tehnoloSke struke i
ovlaSéenja za obavljanje tih poslova .

« Clan 80. Odobrenjem za
izvodenje rudarskih radova
nadlezni organ ¢e odrediti na
osnovu sloZenosti povrsin-
skog kopa opekarskih sirovi-
na da li je potrebno angazo-
vanje lica sa odgovaraju¢om
struénom spremom (ako je
leziSte problematiéno i ima
potrebe za dodatnim angazo-
vanjem odgovarajucih lica)
tako da se ¢lan 54 moze kori-
govati kako stoji u predlogu

« Clan 95. posle drugog stava
dodati

Planovi iz stava 1. tacka 4 ¢lana
94 ovog zakona za povrSinske kopo-
ve opekarskih sirovina moraju se do-
punjavati jednom godiSnje (stanje sa
31.12.tekuce godine).

« Clan 98. Posle prvog stava
treba dodati stav dva

Poslove tehniCkog rukovodenja
pri eksploataciji opekarskih mineralnih
sirovina za sopstvene potrebe moze
obavljati lice koje ima visoku $kolsku
spremu geoloske, rudarske i tehnolo$-
ke struke , tri godine radnog iskustva
na odgovaraju¢im poslovima i ovla-
S¢enje za obavljanje tih poslova

« Clan 99. Posle prvog stava
treba dodati stav dva

Poslove struénog nadzora pri
eksploataciji opekarskih mineralnih
sirovina za sopstvene potrebe moze
obavljati lice koje ima visoku Skolsku
spremu geoloske, rudarske i tehnolo$-
ke struke , tri godine radnog iskustva
na odgovaraju¢im poslovima i ovla-
S¢enje za obavljanje tih poslova

U nadi da ¢éete uvaziti nase suge-
stije i primedbe, srda¢no Vas pozdrav-
ljamo.

U Beogradu,
11.10.2011.god.
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IZVESTAJ | ZAKLJUCCI

SA IV NAUC:INO-STRUCNOG SAVETOVANJA
»GEOTEHNICKI ASPEKTI GRADEVINARSTVA®,
ODRZANOG NA ZLATIBORU

OD 01.11.-04.11.2011.GOD.

Tematske oblasti za ovaj skup
su bile:

Tematska oblast 1.

NORMATIVI — TEHNICKI PRO-
PISI U GRADEVINSKOJ GEOTEH-
NICI U SVETLU USAGLASAVANJA
SA EN STANDARDIMA

Tematska oblast 2.

GEOTEHNIKA U PROJEKTO-
VANJU | 1IZVODENJU OBJEKATA
INFRASTRUKTURE

Tematska oblast 3.

GEOTEHNICKI ASPEKTI GRA-
DENJA U URBANIM SREDINAMA

Tematska oblast 4.

ISTRAZNI RADOVI, KARAKTE-
RISTIKE TLA | STENA, KARAKTERI-
ZACIJA | KLASIFIKACIJA TERENA

Tematska oblast 5.

MODELI GEOMATERIJALA |
NUMERICKE METODE
Tematska oblast 6.

PREDVIDANJE | REZULTATI
OSMATRANJA OBJEKATA - OP-
SERVACIONI METOD
Tematska oblast 7.

POBOLJSANJE TLA, ARMIRA-
NJE, INJEKTIRANJE, DRENAZE |
DRUGO
Tematska oblast 8.

DUBOKI ISKOPI | TUNELI

Tematska oblast 9.
. STABILNOST KOSINA I KLIZI-
STA
Tematska oblast 10.
HIDROTEHNICKI NASIPI | NA-
SUTE BRANE
Tematska oblast 11.
SIPOVI, DIJAFRAGME | DRU-
GE TEHNOLOGIJE FUNDIRANJA
Tematska oblast 12.

GEOTEHNIKA SAOBRACAJNI-
CA: PUTEVI, ZELEZNICE | AERO-
DROMI
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Tematska oblast 13.

DEPONIJE CVRSTOG OTPA-
DA, EKOLOSKI ASPEKTI GEOTEH-
NIKE

Tematska oblast 14.

DEPONIJE CVRSTOG OTPA-
DA, EKOLOSKI ASPEKTI GEOTEH-
NIKE

Tematska oblast 15.

OBRAZOVANJE U OBLASTI
GEOTEHNIKE, SVI NIVOI OBRAZO-
VANJA KADROVA

Tematska oblast 16.

OSTALE TEME OD ZNACAJA,
NEOUBUHVACENE TEMAMA OD 1
DO 15

Zbornik radova sadrzi Predgovor
koji su napisali Editor i Tehnicki ured-
nik, jedan uvodni referat i 72 referata
ucesnika, Sto ukupno iznosi 73 (se-
damdesetitri). Editor je R. Foli¢. Ovaj
Zbornik je Stampan je na 536 strani-
ca. lza osnovnog teksta, tj. na kraju
Zbornika, na Cetiri stranice i podkorici,
su dati podaci i informacije o sponzo-
rima.

Svi publikovani redovi su klasifi-
kovani na osnovu sprovedenih recen-
zZija koje su obavili ¢lanovi Program-
skog odbora, tj. svaki rad ima upisanu
UDK klasifikaciju na osnovu kataloSke
obrade u Narodnoj biblioteci Srbije, a
postoji i ISSN broj i COBISS za ceo
zbornik. Pored papirne verzije Zbornik
je publikovan i na CD ROMu. Autori
radova su, uglavnom iz Srbije, a zavi-
dan broj autora je iz Makedonije, BiH,
Hrvatske, i Crne Gore. Time se skup
moze podvesti pod naziv ,Nacionalni
skup sa medunarodnim u¢esSc¢em®.

Programski odbor, posle pregle-
da radova odlucio se da uvodni referat
podnese profesor Milan Maksimovié.

Zbornik radova je obuhvatio sve
tematske oblasti koje su predvidene
prethodnim pozivom za uceS¢e na
skupu. Navodimo broj radova za po-
jedine tematske oblasti:

— Tematska oblast 1 — 5 radova

— Tematska oblast 2 — 4 rada.

L SAVEZ GRADEVINSKIH
B INZENJERA SRBIJE

GEOTEHNICKI ASPEKTI
GRADEVINARSTVA

ZBORNIK RADOVA 54 CETVATOG NAUCND = STRUCNOG SAVETOVANIA
Editor: Prof. dr Radomir Fobé

Ziatibor, 1. - 3. novembar 2011

— Tematska oblast 3 — 5 rado-

va.

— Tematska oblast 4 — 10 rado-
va.

— Tematska oblast 5 — 6 rado-
va.

— Tematska oblast 6 — 2 rada.

— Tematska oblast 7 — 2 rada.

— Tematska oblast 8 — 3 rada.

— Tematska oblast 9 — 15 rado-
va.

— Tematska oblast 10 — 1 rad.

— Tematska oblast 11 — 5 rado-
va.

— Tematska oblast 12 — 5 rado-
va

— Tematska oblast 13 — 2 rada.

— Tematska oblast 14 — 4 rada.

— Tematska oblast 15 — 1 rad.

— Tematska oblast 16 — 3 rada.

Dan uodi otvaranja Skupa odrza-
na je sednica Organizacionog i Pro-
gramskog odbora na kojoj je obavljen
izbor predsedavaju¢ih za sve Sedni-
ce. Pri tome je dogovoreno da pred-
sedavajuci pojedinih sednica podsti¢u
diskusiju $to je urodilo plodom.

Otvaranju Skupa prisustvova-
lo je oko 110 ucesnika zajedno sa
gostima i domac¢inom AD ,PUTEVI®
Uzice. Uvodni referat, na otvaranju
skupa podneo je profesor dr Milan
Maksimovi¢ koji je dao kratak prikaz
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— izvestaj o Evropskoj konferenciji
nedavno odrzanoj u Atini i Konferen-
ciji Podunavskih zemalja o geotehnici
odrzanoj u Bratislavi. Ovaj Izvestaj je
naiSao na zapazen interes ucesnika
Skupa koji su imali neposredne kon-
takte sa profesorom Maksimovicem
radi detaljnijeg informisanja. Pored to-
ga on je odrzao i predavanje naslov-
lieno: Smicuca CEvrsto¢a kre€njackog
kamenog nabacaja koje je bilo uvod u
Tematsku oblast 4.

Na otvaranju je vodena Sira dis-
kusija o uvodenju Evropskih normi
(EN) u nasu praksu, vezano za pred-
stojece aktivnosti i pristupanje Evrop-
skoj uniji, jer je po nekim informacija-
ma nuzno $to pre uvesti EN kod nas.
Izrazeno je jednodusSno miSljenje da
je u tom pravcu veoma vazna uloga
InZenjerske komore Srbije i Instituta
za standardizaciju. Lokalna televizija
je informisala javnost o Skupu i nje-
govim ciljevima.

Za izlaganje Uvodnog refera-
ta bilo je na raspolaganju 25 minuta
i 5 minuta za diskusiju. Za izlaganje
ostalih referata bilo je predvideno 15
minuta, a za diskusiji 3 do pet minu-
ta. Posle svakog izlaganja ucesnici,
u vremenu predvidenom za diskusiju,
postavljali su pitanja i/ili davali ko-
mentare i sugestije autorima i ostalim
ucesnicima $to je uobiCajena praksa
na skupovima u inostranstvu, a ovog
puta je prihvaéena i kod nas. Autori su
se, uglavnom pridrzavali planiranog
vremena za izlaganje. Svim sednica-
ma je bilo prisutno vise od 80 ucesni-
ka, sem poslednjeg dana kada je taj
broj bio izmedu 30 i 40. Svi saopsteni
radovi su propraceni mnostvom ilu-
stracija na pripremljenim Power Point
prezentacijama, kao i diskusijama $to
je napred pomenuto.

Na Savetovanju je pripremlje-
no nekoliko radova sa detaljnim pri-
kazom postupaka rada metodoloski
poznatog kao ,Case Study“ §to je ve-
oma pouc¢no, posebno za mlade uce-
snike. Brojni radovi odnosili su se na
matematicko modeliranje u geotehni-
ci ukljucivo razliCite objekte, narocCito
tunele i brane.

U nekim radovima istaknut je
nedostatak istraznih radova, narodito
geotehnickih. Kategoricki je istaknu-
to, da se ne sme Stedeti na istraznim
radovima i ispitivanjima koja se spro-
vode u cilju verifikacije kvaliteta rado-
va, jer to moze dovesti do problema
i Steta koje su viSestruko vece nego
ulaganja u istrazivanja. Od znacaja je
da se nekoliko saopstenja i prezenta-
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cija sponzora odnosilo na savremenu
opremu za geotehnicka istraZivanja
sa njihovim moguc¢nostima i ogranice-
njima. U diskusiji je istaknut predlog
da se uputi molba Drzavnim sluzba-
ma da se kompletira i inovira oprema
za laboratorijska ispitivanja saglasno
odgovaraju¢im standardima u oblasti
geotehnike, kao i opreme za terenska
ispitivanja.

U jednom broju radova su pro-
blemi izlozeni vezano za tehnicke
propise. To je uslovilo i diskusije o
aktuelnim problemima naSe struke,
Izmenama Zakona o gradenju i pro-
blemima uvodenja EN u nasSu praksu.
Istaknuto je da je nuzno pripremiti
struénu javnost, tj. nae inZzenjere za
pracenje medunarodne regulative,
narocito Evropskih normi (EN) koje je
publikovao CEN.

U diskusijama je nagladeno je da
je i pored problema koje je nametnula
opsta finansijska kriza poseta ovom
Savetovanju bila zadovoljavajuéa,
uklju¢ivo sve Sednice i prateée dis-
kusije.

Na osnovu izlozenog predlozeni
su slededi:

ZAKLJUCCI

1. Neosporno je da nasu tehnicku
regulativu treba usaglasiti sa Evrop-
skim normama, naro€ito sa norma-
ma EN 1997 — Eurocode 7 i EN 1998
— Eurocode 8. Medutim, ocenjeno je
da bi bilo neprihvatljivo da se nave-
dene evropske norme, u ovom trenut-
ku, uvedu u nasu gradevinsku praksu
jer nasa struka nije pripremljena za
njihovu primenu. Pored toga, tekst
ovih standarda jo$ uvek nije preveden
na srpski jezik. Posto su, u ovim stan-
dardima predvideni i ¢lanovi koji treba
da odrazavaju lokalne uslove koji se
definiSu nacionalnim parametrima, tj.
potrebno je doneti Dokument sa na-
cionalnim parametrima pre odluke o
njihovoj primeni. Ovo se, pre svega,
odnosi na faktore sigurnosti koji s ob-
zirom na stanje naSe laboratorijske
i terenske opreme moraju da budu
uskladeni sa validno$¢éu podataka ko-
je ova oprema obezbeduje.

2. Geotehni¢ka istrazivanja,
kako terenska tako i laboratorijska,
treba da budu mnogo viSe zastuplje-
na, prilikom projektovanja i izvodenja
gradevinskih objekata, nego $to je to
sada slucaj.

3. Geotehnicke aspekte treba
sve viSe ukljucivati pri reSavanju pro-
blema zastite Zivotne sredine.

4. Insistiranje, odnosno aktivno
ucesée CElanova Srpskog drustva za
mehaniku tla i geotehniCkog inze-
njerstva u harmonizaciji nasih propi-
sa i standarda sa evropskim, koji se
odnose na Siru oblasti geotehnike i
gradevinarstva.

5. Unapredivanje i razvoj meto-
doloskih principa geotehnickih istra-
Zivanja i ispitivanja, saglasno nasim i
svetskim normama i propisima.

6. Pokrenuti, odnosno ukljuciti
se u definisanje neophodnog (okvir-
nog) obima i vrste geotehnickih rado-
va za potrebe planiranja, projektova-
nja, izgradnje i eksploatacije objekata
u skladu sa principima Eurocod-a 7 i
drugih relevantnih tehnickih propisa, i
normativa.

7. Potrebno je da ¢lanovi Drus-
tva, u praksi, svesrdno podrze razvoj
i unapredenje novih tehnologija u pro-
jektovanju i gradenju objekata, koje
se pre svega, odnose na primenu no-
vih (sekundarnih i otpadnih) materija-
la (geotekstil, stiropor, pepeo, latex, i
dr.), 8to je u nekim radovima prikaza-
no na ovom Savetovanju.

8. Clanovi Drustva su iskazali po-
sebno zadovoljstvo i pozdravljaju ra-
zvoj i primenu savremenih monitorin-
ga kod istrazivanja i sanacija klizista o
objekata, narocito GNSS monitoringa
i 3D laserskog skeniranja terena.

9. Na kraju opsti utisak je, da je
ovo savetovanje, po nauéno — struc-
nom prilazu pri pisanju radova, nji-
hove prezentacije i problema koje
su tretirali, na nesto viSem nivou od
prethodnih. Posebno je zapaZeno pri-
sustvo vecéeg broja mladih stru¢njaka,
koji su imali aktivnu ulogu u radu Sa-
vetovanja, Sto je za svaku pohvalu.
Posto je potvrden znacajan interes
stru€ne javnosti za ovo Savetovanje
PredloZeno je da se SGIS i dalje pri-
drzava njegovog redovnog odrZzava-
nja svake dve godine.

Komisija za zakljucke:
Prof. dr Radomir Foli¢,
dipl. grad. inz.

Prof. dr Slobodan Corié,
dipl. grad. inz.

Mr Vladeta Vujani¢,
dipl. geol. inZ.

Dr Nenad Susié,
dipl. grad. inz.
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IN MEMORIAM

U jesen 2010. Godine preminuo je
u Beogradu akademik Vojislav Kora¢,
redovni profesor Istorije arhitekture na
Filozofskom fakultetu Beogradskog
univerziteta. Njegovo nauéno delo koje
odavno zauzima visoko mesto u nasoj
i svetskoj nauci o srednjovekovnoj srp-
skoj i vizantijskoj umetnosti i arhitektu-
ri, trajno ¢e se pamtiti po prekretnickoj
ulozi koju je u njoj imalo, a posebno po
jedinstvenom istraZivackom i metodo-
loSkom postupku; po filozofskom shva-
tanju i tumacenju arhitekture.

U svom nastavnickom radu na
Filozofskom fakultetu, na kojem je pro-
veo tri decenije (1960-1989.), Vojislav
Kora¢ je predavao, osim srednjove-
kovne srpske i vizantijske arhitekture, i
istoriju zapadnoevropskog graditeljstva
srednjeg veka, ali i modernog doba &i-
je je razudene i slozene tokove pozna-
vao i razumevao do tancina, a tumacio
ih na nadin svojstven samo najveéim
eruditama. Generacije studenata pri-
vlagila je na njegova predavanja, ne
samo izvrsnost njihovih sadrzaja, vec
i posebnost njegovih uvek nadahnutih
izlaganja. Mlade kolege i doktoranti
za koje je pomno pripremao specijal-
ne kurseve, dozivljavali su ga kao pri-
snog sagovornika, cenili kao izuzetnog
mentora, a voleli kao ucitelja.

Istrajno staranje Vojislava Koraca
0 obrazovaniju i uklju€ivanju u istrazi-
vacki rad mladih istoricara umetnosti
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VOJISLAV KORAC
1924-2010.

znatno je doprinelo unapredivanju na-
Se istorije umetnosti, posebno istorije
arhitekture koja je i na taj nacin sticala
uvazeno mesto u stru€noj i kulturnoj
javnosti.

Osim nastavnic¢kog rada Vojislav
Korac je sa punom posvecéenoscu i ne-
merljivim elanom preduzimao i obav-
ljao niz drugih poslova koji su usmera-
vali tokove razvoja u modernoj istoriji
umetnosti i otvarali nove puteve.

Prodekan Filozofskog fakulteta
bio je u kriti€nim godinama za rad Fa-
kulteta, od 1967. do 1969. godine. Za-
jedno sa S. Radoj¢icem i V. Buri¢em,
osnovao je 1969. godine Intitut za isto-
riju umetnosti Filozofskog fakulteta u
Beogradu i postao njegov prvi upravnik.
Tu duznost je obavljao skoro dvadeset
godina. Bilo je to, ve¢ sada je jasno,
najplodotvornije doba u radu Instituta,
ispunjeno sistematskim naucnim istra-
Zivanjima u okviru nekoliko kapitalnih
projekata. Oni su, izmedu ostalog, re-
zultirali  objavljivanjem velikog broja
knjiga u serijama monografija znameni-
tih srednjovekovnih spomenika i studija
o srednjovekovnoj srpskoj umetnosti.
Kao upravniku Instituta i ¢lanu redakci-
je ,,Zografa”, Vojislavu Koraéu pripada-
ju, znacajne zasluge za viSedecenijsko
trajanje tog Casopisa specijalizovanog
za srdnjovekovnu umetnost. ,,Zograf” i
danas ima prestizno mesto u meduna-
rodnoj nauénoj periodici.

Opredeljuju¢i se za istrazivacki
rad u arhitekturi jo§ tokom studija ko-
je je zapoc€eo u Pragu 1946, a zavrSio
u Beogradu 1952. godine, Vojislav
Kora¢ je uestvovao u mnogim istra-
zivackim projektima Arheoloskog insti-
tuta SANU (1952-1960.), kao jedan od
saradnika u timu svog profesora Burda
Boskovi¢a. Potom je i sam rukovodio
istraZivanjima crkava i manastira, kao
i drugih sloZenih graditeljskih celina od
posebnog istorijskog i kulturnog zna-
Caja, poCev od anti¢ke Duklje, Bara,
Ratca, Boke Kotorske, Novog Brda i
Martini¢a, do Sv. Pantelejmona u Nisu,
Studenice Hvostanske, Pridvorice,
Banjske i drugih.

Kao istori¢ar arhitekture, profesor
Kora¢ je decenijama aktivno i preda-

no ucestvovao na mnogim i razli€itim
poslovima vezanim za zastitu i revi-
talizaciju graditeljskog nasleda. Svoje
bogato konzervatorsko iskustvo koje je
sticao na arheolo$kim radilistima ruko-
vodedi im, ili u razli¢itim istrazivackim
ekipama, prenosio je mladim struénja-
cima, istrajno ih upucéujuci u shvatanja,
cilieve i metode konzervacije arhitek-
ture. Od neprocenjive vaznosti za ra-
zvitak nase sluzbe zastite graditeljske
bastine bilo je njegovo delovanje u
komisijama za radove na Svetoj Sofiji
u Ohridu, na Studenici, Sopoéanima,
Gradcu, Ravanici, Manasiji, manastiru
Hilandaru i na mnogim drugim spo-
menicima naseg starog graditeljstva.
Neposredno je bio odgovoran i za
izuzetno slozene poslove prenosenja
gradevina manastira Dobri¢eva (Her-
cegovina) na novu lokaciju sto je kod
nas bio prvi poduhvat takve vrste.

Naucéni opus Vojislava Koraca te-
meljen na arheolo8kim istraZivanjima i
pisanim i drugim istorijskim izvorima,
¢ini viSe kapitalnih knjiga i niz mno-
gobrojnih studija, rasprava i ¢lanaka
objavljivanih kod nas i u svetu pocev
od 1951. do 2010. godine. Knjige i stu-
dije Vojislava Kora¢a spadaju u naj-
vrednije $to je u toj vrsti rada stvarano.
Stoga im vreme jo$ dugo nece oduzeti
aktuelnost.

Na osnovu izuzetnih rezultata na-
ucnog rada Vojislav Kora¢ je izabran za
¢lana Srpske akademije nauka i umet-
nosti 1981. godine. Poc¢asni ¢lan Hri-
Séanskog arheoloskog drustva u Atini
postao je 1998. godine. Bio je nosilac
viSe uglednih nagrada, kao i priznanja
za rad u oblasti zastite graditeljskog
nasleda. Povodom 150. godisnjice Fi-
lozofskog fakulteta u Beogradu, 1988.
godine odlikovan je Ordenom rada.

U na8oj sredini i u svetskim nauc-
nim krugovima, u kojima je bio izuzet-
no postovan i visoko cenjen naucnik,
Vojislav Kora¢ ostace zapamcen kao
licnost velike kuture, lucidnog duha,
nemerljive plemenitosti i neponovljive
skromnosti.

Prof. dr Marica Suput,
istoricar umetnosti
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IN MEMORIAM

Secanje na arhitektu se kao
tanka nit provlaci kroz vreme u ko-
me postupno sazreva, nadogradu-
je kritickim osvrtima i neposredno
uCestvuje u vrednovanju umetnic-
kog oblikotvorenja njenog protago-
niste. Nit se¢anja na arhitektu Mila-
na R. Tomica tiho je poCela da se
odmotava 24. marta 2011. godine
kada nas je napustio jedan od vr-
hunskih domacih neimara, li¢nost
neiscrpne radne energije i zavidnog
stvaralackog prosedea. Uskladujuci
sopstvene ideje prema prakti¢nim
potrebama buducih korisnika svojih
objekata, arh. Tomi¢ se istakao kao
jedan od neprikosnovenih autoriteta
u domacem graditeljstvu stambene
viSeporodi¢ne izgradnje.

lako rodeni Vr§¢anin, arh. To-
mi¢ je ceo zivot proveo u Beogra-
du gde se Skolovao i stekao prve
zvanicne reference u svom radu.
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ARH. MILAN R. TOMIC
1945-2011.

Neposredno nakon diplomiranja na
Arhitektonskom fakultetu u Beogra-
du 1968. godine, zaposlio se u ar-
hitektonskom birou ,Arkon“ u kome
je radio do 2001. godine od kada je
kao jedan od osnivaca radio u birou
.Beo-potez”. Tokom profesionalnog
angazmana u ,Arkonu®, arh. Tomi¢
se u domacim uze strucnim krugo-
vima istakao kao vrsni poznavalac
razli¢itih  funkcionalnih aspekata
stambene arhitekture u skladu sa
zateCenom epohom i njenom per-
cepcijom estetike prostora. Bespre-
kornim vladanjem materije odnosa
funkcije i konstrukcije Tomiceva
arhitektura je uvela reviziju novog
znacenja humanoidnosti u dotadas-
nju metodologiju rada.

U izuzetno obimnom graditelj-
skom opusu arh. Tomi¢a u Srbiji je
registrovano viSe od stotinu konkur-
snih projekata od kojih je realizova-
no preko trideset, a u koje spadaju i
reprezentativni stambeni kompleksi
poput: stambeni blok ,Ada“ u No-
vom Sadu (1969), stambeni blok
LStreliste” u Svetozarevu i stambe-
no naselje ,Sremcica“. Osim vise-
porodiCne gradnje iz opusa istog
autora se izdvajaju i objekti poput:
Kosovska banka u Pristini (1970),
Skola za muzi¢ke talente u Cupriji
(1985) i stambeno-poslovni centar
u Gornjem Milanovcu.

Ostajuci veran prakti€nom vo-
denju profane arhitekture, Tomic¢ev
umetnicki kredo je najbolje eviden-
tiran u opusu crkvenih zdanja u
Beogradu: hram sv. Velikomuce-
nik Pantelejmona u Mirijevu (2000)
i hram Joakima i Ane u Kaluderici
(2005). lako je bilo nemoguce izbe-
¢i citate priznatih uzora u novijem
srpskom sakralnom graditeljstvu,
dve crkve su skicirane odluénom
autorovom rukom koja na nepogre-
Siv nacin emituje dovoljan intenzitet
originalnosti i samosvesti umetnika
da ostane veran individualno tuma-
Cenoj estetskoj konotaciji crkvenih
zdanja, ne u opstem vec¢ u kontek-
stu zateCenog gradskog bastrada.

Celovita valorizacija dela ar-
hitekte Milana R. Tomic¢a tek pred-
stoji. U previranju vremena i novije
domace istoriografske misli, postu-
pak arhitektonskog komponovanja
i razumevanja slozenosti zadatog
funkcionalnog i estetskog uskla-
divanja sa zateCenim miljeom ali i
epohom, opus arh. Tomi¢a nedvo-
smisleno zasluzuje primerenu re-
habilitaciju u kolektivnoj svesti Sire
kulturne javnosti, a posebnoj stva-
ralackoj spoznaji nove generacije
maldih arhitekata.

Ivan R. Markovic,
istori¢ar arhitekture
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