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Executive summary

This deliverable givea comprehensive report on development and validation of the dynamic
model of the University of Zagreb Faculty of Electrical Engineering and ComputingGFER)
skyscraper building. The buildicgmprises the basement, 13 floors (+ the ground floor), arftit
roof. Two building floors (@ and 10") are equipped with an advanced central control unit for
heating/cooling, which enables data acquisition from the building zone side to a central database
The goal of the 3Smart project is to equip the resthe building with sensors and data acquisition
equipment so as to include the whole building into one common Building Energy Management
System (BEMSPne of the key parts for development BEMSis dynamic model of the building,
which is derived ithis deliverable.

This deliverable is structured as follaw€hapter 1 gives basic informatioron building
infrastructure. Detailed building construction data are describedChapter2. Based on all the
information given, detailed building model is constructied simulation software IDACE 8] and
presented withinChapter3. Simulationscenariois specified in Chapter 4, whilgimulationresults
andverificationof the developed moddbased on data from energy bilise given in Chapter.5

Project co -funded by the European Union through Interreg Danube Transnational Programme 1
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1. Basic building architecture

Construction of theUNIZGFERkyscraper(Figurel) was finished in 1963. It was designed by
20AREFNI ¢dz0S1 2 NBY 2 ¢ ylldg hasBak riok, 13yloors, th&gkohnd $obrii @ ¢ K S
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Figurel: UNIZGFER skyscraper building.

1.1 Location and orientation of the building

The building is located at Unska 3, Zagreb (spatial coordinate®0f48, 15,97° ) and has
eastwest orientation Figure2, Figure3) with deviationof 5 ° from the eastvest axis [figure4).
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Figure2: Location ofit?le FER skyscraper
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Figure3: Google mapscreenshot of the FER skyscrape
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Figure4: Typical floor arrangementfloors 1-12 of the FER skyscraped the building orientation.

1.2 Building shape and construction

The building has a rectangular shape with an @es$t axis External dimensions of the
building(length x width x heightare:53,05m x 1546 m x 55,32 m.
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2. Building construction and materials

The main building skeleton is madeaofeinforced concrete. The building envelope consists of
reinforced concrete walls on the east and west side of the building and 58 uniformly distributed
bearing pillars per each floor on the north and south face of the building. The walls between pillars
are typical brick walls covered with asbestaEment boards. Original internal walls from 1963 are
made of bricks, while later upgrades are made of drywall. Since the building daiteshie early 60s,
the insulation in the ceiling is made of plaster andde

1.2.1.External buildingwalls

East and westfacing parts of gternal building envelope are madé reinforced concretén
the basement Figureb), while in the rest of the buildingeinforced concrete is combined with reed
and bricks Figure6).

—— i i . i, i e i e e

OUTSIDE INSIDE

Figure5: East and westfacing external walls inthe basement EWL).

1' reinforced concrete 24 cm
1 1 reed boards 3cm
: : full clay bricks 12 cm
1 1 lime-cement plaster 2cm
e e e e e e o —————————
OUTSIDE - INSIDE

Figure6: East and westfacing external walls frormthe groundfloor to 13th floor EW2).
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South and northfacing building envelope consists of 58 uniformly distributed reinforced
concrete bearing pillars from grourftbor up tothe 12" floor. The dimensions of pillars are 25 cm x
45 cm. The space between the pillars is filled with 40 cm ossefl concrete in the basement and
with brick walls in the rest of the buildingigure?).

1
: asbestos-cement boards 1cm
” | air + wooden substructure  9cm
: full clay bricks 25 cm
” | lime-cement plaster 2cm
|
OUTSIDE ‘] INSIDE

I

Figure7: South and north-facing external wallfrom groundfloor to 12th floor EW3).

The detailed cross section view of a sowhd northfacing external wall is given in AppendixThe
south- and northfacing external walls on the 3loor are made of bricks and insulated with lime
cementplaster and StyrofoanmHgure8).

1 lime-cement plaster 2cm

” | Styrofoam EPS 5cm
: : full clay brick 25cm
: Llime-cement plaster 2cm
OUTSIDE | INSIDE

Figure8: South and north-facing external walls on the 13th flool5\W4).
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1.2.2.Internal walls

There are two types of internal walls, bearing reinforced concrete walls and partition walls
made of bricks. Bearing walls are made as 25 cm, 30 cm and 50 cm thick reinforced concrete with
1 cm limecement plaster insulation on each sid®\(1, BW2, BW3) (Figure9).

T RS RS AT w s s e T THARRARRSRSSA T T T T T T T~ 77—~ 71 lime-cement plaster lcm
: reinforced concrete 50/30/25¢cm
I lime-cement plaster lcm
AN N O A S SR g gy

Figure9: Internal bearing walls BW1-BW3).

Brick walls are made in two standard variations, as 7 cm thick wali$)(fFigure10) and as 13 cm
thick walls (W2) (Figurell).

T —H ! lime-cement plaster 0.5cm TTIENTT _1' Iime-ceme.nt plaster 0.5em
: full clay bricks 12cm I f-ull clay bricks 6 cm
I lime-cement plaster 0.5cm | lime-cement plaster ~~ 0.5cm

Figure10: Internal partition brick walls (RV1). Figurell: Internal partition brick walls (RWV2).

Drywalls are made in two standardnation, as 10 cm thick walls with single gypsum board on each
side and 7 cm mineral wool insulation(B) (Figurel?) or as 15 cm thick walls with double gypsum
boards on each side and 10 cm mineral wool insulati®#4)RFigurel3).
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Figurel2: Internal partition gypsum wall (P\8). Figurel3: Internal partition gypsum wall (W/7).
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