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BIM (eng. Building Information Model/Modeling/Management)

« jednostavniji | precizniji pregled geometrije objekta
(neusporedivo brze, toCnije i azurnije od klasi¢nog
2D crtanja)

fizikalne karakteristike, pozicija itd.)

« odmah vidljive promjene (smanjenje pogreSaka
zbog nedovoljne ili nejasne komunikacije)

.
@

* maksimalna vrijednost iz vremena koje investiramo
u modeliranje

@ @ » vecCi obim dostupnih informacija (debljina, gustoca,

 bolja | veca suradnja svih sudionika u procesu
gradenja (projektanti, investitori, upravitelji, izvodadi,
proizvodaci materijala itd)
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Energetske simulacije

vizualizacija troSenja energije, na temelju kojih se mogu identificirati
podrucja koja imaju najveci potencijal ustede energije,

komparativna analiza izmedu predlozenog dizajna i izmijenjenog dizajna,

identifikacija najisplativijeg dizajna koji zadovoljava zadane ciljeve,
utvrdivanje operativne ustede tijekom zivotnog ciklusa zgrade,

Ispravan dizajn izbjegava skupe nadogradnije ili rekonstrukcije u buduénosti

Vanja Keindl
Paula Topic

ANNUAL ENERGY CONSUMPTION ANNUAL ENERGY CONSUMPTION

RECTANGLE TOWER CORNER

ENERGY USE INTENSITY ENER USE INTENSIT ENERGY USE INTENSITY

24 kBTU / ft* 25 kBTU/ ft? 23 kBTU / ft?

ANNUAL ENERGY CONSUMPTION

Antonio Jambrac
Martina Radevska
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HRVATSKA NORMA 1C5:91.140.01
HRN EN 15251 Kolowoz 2005

Ulazni mikroklimatski parametri za projektiranje i ocjenjivanje
energijskih znacéajka zgrada koji se odnose na kvalitetu zraka,
toplinsku lagodnost, osvjetljenje i akustiku (EN 15251:2007)

Indoor environmental input parameters for design and assessment of energy performance of
buildings addressing indoor air quality, thermal environment, lighting and acoustics
(EN 15251:2007)

B I

Thermal comfort Visual comfort Respiratory comfort  Acoustic comfort

Figure 1: The four dimensions of comfort
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Average Scores by Category

General Satisfaction.Building

General SatistTaction-Workspace

Office Layout

Office Furnishings v

Thermal Comfort ¥,

Air Guality
Lighiting
Acoustics ot~

Cleanliness & Malintenance

» Survey Category fivg

® Moise -3 -2 -1 0 1 2 3
5 Sound Privacy Very Very
Dissatisfied Satisfied

Acoustical Analysis in Office Environments Using POE Surveys
Cradit: The Center for the Built Environment (CBE) at LLC,, Barkelzy



Vizualna udobnost je subjektivna percepcija prikladnosti rasvjete uzimajuci u obzir
njenu ujednacenost, razinu, odsjaj, kontrast, boje i odsutnost stroboskopskog
efekta

‘ —

@ Visual Comfort

I Anger

M Contempt
Disgust

M Fear

B Joy
Sadness
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Akusticka udobnost je osjecaj psihofizickog zadovoljstva koje osoba
dozivljava tijekom obavljanja odredene aktivnosti unutar zvucnog polja

Vanja Keindl Antonio Jambrac HKIG — Opatija 2019
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Toplinska udobnost je stanje svijesti koje izrazava
zadovoljstvo toplinskim stanjem okolisa
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HZN « KEINDL BAU j.d.ouo.
HZM broj: 149-2018 « 2019-01-25
Zabranjeno umnoZavanje u bilo kojem obliku i na bilo koji nagin bez pisane dozvole HZM-a.

HRVATSKA NORMA (CS: 13180
HRN EN ISO 7730 " ipan) 2008

Zamjenjuje HRM EN 150 TF30:2003

Ergonomija toplinskog okoliSa - Analiticko utvrdivanje i tumacenje
toplinske udobnosti uporabom izracuna PMV i PPD indeksa i lokalnih
toplinskih kriterija udobnosti (IS0 7730:2005; EN 1SO 7730:2005)

Ergonomics of the thermal enviroment — Analitycal determination and interpretation of
thermal comfort using calculation of the PMV and PPD indices and local thermal comfort
criteria (ISO 7730:2005; EN 1SO 7730:2005)
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Vrednovanje
toplinske
ugodnosti
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Skala PMV indeksa prema normi
HRN EN ISO 7730

Toplinska ravnoteza tijela postignuta je kada je proizvedena
toplina tijela jednaka onoj izmijenjenoj s okoliSem.

PPD predstavlja postotak nezadovoljnih
+1 Blago toplo . . . . .
-- ...odnosno onih koji bi glasali da im je
-w toplo, vruée, hladno ili ledeno
e

-“ U normi je dana jednadzba za izracun
N e
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PPD kao funkcija od PMV

£
80 -
60 - HLADNO TOPLO
40 >
30 -
20 b
15k
11 ] T R
8-
6~
A' 1
-4 | 1 2 2 L J— 1 I P
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Toplinska ugodnost u razliCitim prostorijama
podijeljena je u 3 kategorije: A, B i C.

Vanja Keindl Antonio Jambrac HKIG — Opatija 2019
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Kategorije toplinskog okolisa i utjecaj lokalne neugode
prema EN ISO 7730

Toplinsko stanje cijelog tijela Lokalna neugoda
Kategorija PD (%)
PPD OV DR mRaziika - Razlika
opir
(%) (%) | temp. po p | temp.
hladni podovi
visini ploha
A <6 -0,2 <PMV < +0,2 <10 <3 <10 <5
B <10 -0,5 <PMV <+0,5 <20 <5 <10 <5
C <15 -0,7 < PMV < +0,7 <30 <10 <15 <10

-
-
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ISO 7730:2005(E)

80
60

40

20 —

Key
PD percentage dissatisfied, %
Aty vertical air temperature difference between head and feet, °C

Figure 2 — Local discomfort caused by vertical air temperature difference
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Floor Temperatures

80

palJSIIessIq JuadIad Paidipald

Key
PD percentage dissatisfied, %
I floor temperature, “C

Figure 3 — Local thermal discomfort caused by warm or cold floors
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60 ? Radiant Asymmetry or - Meet your other half...
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2 Radiant Temperature Asymmetry, °F
1 | l l l | l l -
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Key

PD percentage dissatisfied, %

Cool wall.
Cool ceiling.
Warm wall.

NS B %

Warm ceiling.

radiant temperature asymmetry, *C

Figure 4 — Local thermal discomfort caused by radiant temperature asymmetry
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jednolika temperatura zamisljenog zatvorenog
crnog prostora u kojem bi subjekt mogao

razmijeniti jednaku koliCinu topline zraenjem i
prijenosom kao i u stvarnoj nejednolikoj okolini

<= 0 Vanja Keind| Antonio Jambrac HKIG — Opatija 2019 g
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Operativna temperatura (°C)
. . . Z..'ma.‘ (sezon_a Ljeto (sezona
Tip prostorije/zgrade Kategorija | 9grijanja) Razina hladenja)
odjevenosti = 1,0 Razi
clo azina
odjevenosti = 0,5
Kucanstva (dnevni boravak, I 21 255
spavaonica, kuhinja i sl.) I 20 26
Razina aktivnosti (sjedenje)=
1,2 met I 18 27
| 18 /
Kucanstva (ostave, hodnici i sl.)
Razina aktivnosti (hodanje, I 16 /
stajanje) = 1,6 met
11 14 /
. I 21 25,5
Uredi
Razina aktivnosti (sjedenje)= I 20 26
1,2 met
11 19 27
. I 21 25,5
Auditorij
Razina aktivnosti (sjedenje)= I 20 26
1,2 met
11 19 27
I 21 25
Restoran
Razina aktivnosti (sjedenje)= 1 20 26
1,2 met
11 19 27
. | 21 25
Ucionica
Razina aktivnosti (sjedenje)= 1 20 26
1,2 met
11 19 27
e L | 19 24,5
Djecji vrti¢
Razina aktivnosti (stajanje, I 17,5 25,5
hodanje) =~ 1,4 met
11 16,5 26
I 17,5 24
Trgovacki centar Razina
aktivnosti (stajanje, I 16 25
hodanje) = 1,6 met
11 15 26
< - -  Vanja Keindl Antonio Jambrac
_mm‘_ Paula Topi¢ Martina Radevska

PreporucCene vrijednosti operativne
temperature prema HRN EN 15251: 2008

Optimalna operativha temperatura je
idealna temperatura koja bi odgovarala za
PMV=0 odnosno da su svi ljudi u prostoriji
zadovoljni.

Kategorije |, Il i [Il odgovaraju kategorijama
A BiC.

HKIG — Opatija 2019.
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CBE Thermal Comfort Tool

ASHRAE-55

EN-15251

Compare Ranges Upload
Select method: PMV method » v Complies with EN-15251
Alr temperature PMV 0.08
25 ceC Use operative temperature PPD 5%
Catogory 1
Mean radiant temperature
25 . °C
Psychrometric chart (air temperature) >
Alr spoed
0.1 :m Local air speec control e 202 C - 30
th 948 %
Vi W 141 gukg =
50 L% Relative humidity - e 198 °C 26
te 191 °C
Metabolc rate N 82 Kiko
1.2 ° met Stancing, refaxed: 1.2~ 20 }
Clothing level o
0.5 :Cb Typical summer indoor v 15 g
2 Create custom ensemble g
Globe  Spedty Set s Local ? 10
temp pressure defaults [P discomfort  Help LA
= -
10 12 14 16 18 20 22 24 26 28 30 32 34 08
Dey-bud Tenperature [*C)
NOTE: In this psychrometric chart the abscissa is the dey-buld semperature, and
219 Mmean (SANt temparatune (MIRT) &5 1, Conmoled by T inputbox. Each
point 0n the Chart has T samd MAT, which defines the comion 2one boundary.
1 this way you can s00 how changes in MAT alect theemal comfon, You can
50 stll USo T OPACAtvE Mrmparatune bunon, yet aach point will have the
same MAT,
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688 _ SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

Antonio Jambrac
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hermal Comfort

<

-
-
=

~  Vanja Keind| Antonio Jambra¢ HKIG — Opatija 2019 g 20
~ Paula Topic Martina Radevska '



STANDARD

J ol 688 _ SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION
F OPEN OFFICE

Office
161 m2 _ 32 People
=>5 m?2/ Person
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688 _ SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

SECTION PLANS

iy Rk

EIRT

H
SR S8 T
)

et bt

_
LTI
EARINRRRARRANAEN
ARVIRRRRNRARARINNY
NNIARARRRRRAAANY
| (LTI
Al

Vanja Keindl Antonio Jambrac

-
= =S

HKIG — Opatija 2019. g 22
-

Paula Topic Martina Radevska



688 _ SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

Vanja Keindl
Paula Topic

Facade with overhang construction (Glazing height 2,9 m)
Facade with balustrade height 60 cm (Glazing height 2,3 m)

Antonio Jambrac
Martina Radevska

6" FLOOR PLAN _THERMAL ZONES

SIMULATED MODEL

10
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0g
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Vanja Keindl
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688 SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

Antonio Jambrac
Martina Radevska
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688 _SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

EVALUATION OF THERMAL COMFORT

REQUIREMENT CLASSES _ CONFORMITY CRITERIA _EN ISO 7730

Category Rating of thermal sensibility with respect Specific discomfort expressed in PPD, on the basis of:
to the whole body

Predicted Draft Vertical Asymmetric |

percentage of Predicted mean vote stratification Too warm or heat
dissatisfied [PMV] of room air too cold floor radiation of |
[PPD] temperature the surfaces |
A <6% 0,2 < PMV < +0,2 <15 % <3% <10 % <5% 1
B < 10 % 0,5« PMV < 40,5 « 20 % b % <10 % <5 % ‘

C <15% 0,7 < PMV < +0,7 <25% <10 % <15 % <10 %

Remarks: PPD _ PREDICTED PERCENTAGE OF DISSATISFIED (%);

PMV _ PREDICTED MEAN VOTE;

"= Vanja Keind|
_ Paula Topic

Antonio Jambrac
Martina Radevska
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BOUNDARY CONDITIONS

J 7 | 688 SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION
F THERMAL INSULATION OF CLOTHING

g § H §
g8 ®
o
2 § iI» 3 g g
5 8- 2 = 2 o o @
2= g a2 : g g g = >
s5 58 2 g 3
w 8¢ Fa g8 g Sl
g5 8% E2 &3 2 g gi¢
$5 22 88 338 £:@ £33
; o | | | o] | 02 | 03 [mZKW-]
L mat] B ‘I e T T 1.:= W ?)
[fs 80 G e 7 7 h— Hesywor
(i WINTER
CLo=0,7 i S S
T~ soiysp Light sctvity, stending
§ N (shopping, taboratory)
2 | 2.0 __ Medium sctivity
8 | : (sefler, housework)
% Al o : 3
° " Light activity, standing
‘% (shopping, taboratory)
| £z _ sitting sctivity
4 i, (office, school)
OFFICE T 1) - - X taimy smung
MET 1.0 I L so (PC-work)
T — 2, £ 2.5°C)| Quietly ying

p |
0 1.0 : 2,0 fclo)

|1 Thenmal insulstion of
I clothing
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BOUNDARY CONDITIONS
ZAGREB _ OUTDOOR CLIMATE _ TEMPERATURE / DIRECT / DIFFUSE SOLAR RADIATION
Sile Direct Solar R adiation R ate per Area - Intem_215

["—— Site Qutdoar Air Cerybulb Temperature - Inbsrm_21G

1000 |

I

8O0 — |

|

rg OOD |
=400

200 ‘

0

| "—— site Diffuse Solar Radiation Rate par Arga - Intern_#G
|
|
|

J L S 688 SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

400 —

300

E
£ 200

100

e Jan Apr Jul o Jan
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BOUNDARY CONDITIONS

F Warmedammglas FACADE PROPERTIES
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- hernoeicheet che Lage der Schichnes; nitdere Scheste bei Drvfachsenglasirgen ses Clearbte.

Remarks: Exemplary glazing type for double (triple) insulation glazing used in dynamic building simulations
(Source: Interpane)
Frame to glazing ratio _ frame _ 10 % -> glazing _ 90 %;
Double insulation glazing _ Ug= 1,0 W/(m**K) _g=0,62_TL=81%
Triple insulation glazing _ Ug =0,6 W/(m**K) _g=0,53 _TL=74%
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688 _ SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

F'J BOUNDARY CONDITIONS
SHADING DEVICES _ INTERNAL _ PRODUCT EXAMPLE
TEXTILE SCREEN _ e.g. SOLTIS SCREEN

Ref T RS AS ) q
92 4 114 54 R
92-203 k| 0.07 ] SBIWEB®G
¥v2-204 0.06
92-2044 20 0 10 ¢ S 016 03% SOSON
TS: Strahlungstransmission in % AS: Strahlungsabsorptionin %
RS: Strahlungsreflexion in % TS+ RS + AS = 100 % der einfallenden Energie
g9,..": Sonnenschutzfaktor aulien g, : Sonnenschutzfaktor innen

Verglasung Typ «C»: doppelte Isolierverglasung, schwach warmeleitend auf der
Isolierinnenseite der zum Raum gewandten Glasscheibe (4 + 16 + &4; Argon-Fillung).

TVn-h: Transmission von sichtbarem A : Die der Sonne zugewandte Aluminiumseite
Licht normal-hemispharischin % B : Die der Sonne zugewandte farbige Seite
TVn-n: Transmission von sichtbarem

Licht normal-normal in %

Remarks: SHADING DEVICES _ INTERNAL _ SET POINT g,sol = 200 W/m?
Shading devices are activated, when the direct + diffuse solar radiation incident on the window exceeds the 200 W/m*

Paula Topic Martina Radevska
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BOUNDARY CONDITIONS
SHADING DEVICES _ EXTERNAL _ PRODUCT EXAMPLE
WAREMA SecuTex _ 44601 _ SILBER

J 688 _ SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

- - <
g 5 , ] 2
& . - : 3 =
P . - h Iy ~
" - ]
i : : ¥ : 8 ;
.E : H -
b . H 3 L P :
9 ] = ‘ > M s
£3 e : |3 - g 2
£ - - F 7 3
£ % 3 3 5 3 H
-3 . z = . = £ L s
4= -] 3 X z H a e |
et 1 s » ™ o ' ] El |
oz
v 1 5 ’ = “ ' a - )
4aror rite 1 »” 4 “ 2 “ “ e
4]
9™ 0 2 ” « . n Fe ”-
e N
- 0 3 “ S ‘ “ » l v
-t 4 ) z L " © »
R
b 4 43 % = ] T 2 2 4
S » “on b . « i - 7 ”\./
44601 (OF 4%) “ " S g
o . " n o e n " ’[-‘
saay s
it . « s L} " L

Remarks: SHADING DEVICES _ EXTERNAL _ SET POINT g,sol = 200 W/m?
Shading devices are activated, when the direct + diffuse solar radiation incident on the window exceeds the 200 W/m?

«"- _  Vanja Keindl Antonio Jambraé HKIG — Opatiia 2019 g
LL Paula Topi¢ Martina Radevska patl ' 30

KEINDL BAU



688 SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

FJ BOUNDARY CONDITIONS
FACADE ORIENTATIONS _ SHADING DEVICES _ SET POINT 200 W/m?

= Solar rediation rate per window area _ SOUTH 1 Solar radiztion rate per window area _ EAST
1 1 1

ACTIVE SHADING DURING WORKTIME _E17h

ACTIVE SHADING DURING WORK TIME _451 h

h 5

= Solar rzdiation rate per window area _ NORTH i = Saplar radiztion rate per window area _ SOUTH-WEST
! 1

ACTIVE SHADING DURIMG WORK TIME _ 64k ACTIVE SHADING DURING WORK TIME _E11h

LTIy

= Salar radiation rate per window area _ WEST
00 1 I

ann-| ACTIVE SHADING DURING WORK TIME _ 876 h

i

To0-{ :
a00-+

2 500
% 4
anp-

T AR L T

Apr i

Remarks: Set point of external/internal shading devicas _ 200 W/m*;
Work time total 2.871 h (8°° - 20°° _ Monday — Friday = 2.871 h)
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L~ Paula Topi¢ Martina Radevska -




688 _ SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

F"I BOUNDARY CONDITIONS
AIRTIGHTNESS OF BUILDING ENVELOPE _ INFILTRATION

s [nfiltration _ AIR CHANGE _[1/h] _SOUTH

|
|
|
|
|
I
|
|
I
|
|
|
|
I
|
|

WIND SPEED _ [m/z]

I :
Apr Jul Jan

Remark: Infiltration rate depending on wind speed (part of ventilation losses)

«"= _  Vanja Keindl Antonio Jambra¢ HKIG — Opatiia 2019. g
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BOUNDARY CONDITIONS
INTERNAL HEAT GAINS _ OFFICE _ WEST
TYPICAL SUMMER WORK WEEK _ WORK TIME 8°° - 20°°

J . ] 688 _ SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

Heat gains _ equipment
Zone people sensible heating rate

Zone internal latent gain WORK TIME BOD - 2{':‘“

‘Window transmitted solar rediation _ INSULATION GLAZING g = 0,53 + EXTERNAL SHADING

23 24

Dﬁl:s_tlpsnDﬁI_D:;:.
Frachon,
Through: 31 Dec. : :
For Weskdays SummerDesignDiay. Ofiica_Opendff_Equip,

RN Frachan,
Lindil: 08:00, 0,
Liriil: 09:00, 0.5, ;hrnﬁhﬂmz P
Lirdil: 12:00. 7. ar: s SummerDesichDey,
LIm:I: 14:00, 0,78, Uril: De:00. 0.05384,
Liriil: 19:00, 1 Uriil: 20:00. 1,

il- 20000, Urril: 20, 005394
Lindil: 20:00. 0.5 AT
Urdil: 24:00, 0. - nds,

. Urdil: 24:00. 0.05554.
OCCUPANCY | For Waskends, EQUIPMENT | & ol

Urdil: 24:00. 0.05384.

IR [nfet ik, Far: Wirte DiesignDey AlOheDeys.
Linidil: 24:00, 0. Lrdil: 24:00. 0:

For: WintarDesignD=yr & CherD=ws. et

Liril: 24:00, 0;

Remarks: Office equipment _ 100 W per workplace (energy efficient laptops and LED lights);
People (light office work) 123 W/Person (latent + sensible heat gains)
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688 _SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

F'-I BOUNDARY CONDITIONS
FAN COIL _ COOLING / HEATING
EXAMPLE _ OFFICE _ SOUTH _ EXTERNAL SHADING

e Cooling coil _Fan-coil _Zone SOUTH
s Heating coil _ Fan-coil _Zone SOUTH

|
|
I
|
|
|

L1l

[ — Operative temperature _ Zone SOUTH
|
|
I
I
| 'l‘\ |
A
‘ [

|
|
|
I
|
|
L}

i Apr Jul oxt . Jai
Remark: _ Heating coil _ critical rooms _ max. 20 W/m*
_ Cooling coil _ critical rooms _ max. 20 W/m?
_ Cooling load in different zones caused also during winter on critical days (clear sky, low sun, room high glazing of
facade), additional venting with outside air to prevent overheating resp. 4-pipe cooling/heating system

Vanja Keindl Antonio Jambra¢ HKIG — Opatija 2019 g 34
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J 688 _ SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

l

BOUNDARY CONDITIONS
SIMULATED HVAC _ SCHEME

i@

—
FRESH AIR
I INLET TEMPERATURE 20 °C
- —_— 35 miPerson (during worktime)
Ar Loop AHU WAV 1 l T
Y s
. /s
N — N A p—
~, s
\ a

*
= Fane Graug
P Leap Cone Mber i

FAN-COIL
COOLING COIL _ 35 W/m?
HEATING COIL _ 35 W/m?

Remarks: The amount of fan coil units in the office zones needs

to cover the max. cooling/heating load as above stated
in W per m* of gross office floor area.

«"- _  Vanja Keindl Antonio Jambraé HKIG — Opatiia 2019 g
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LI . ] 688 SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION
F VARIANTS

W1 _ EXTERNAL SHADING SCREENS + TRIPLE INSULATION GLAZING _Ug=0,6 W/(m?*K) _g=0,53 _TL=74%
W2 _EXTERNAL SHADING SCREENS + DOUBLE INSULATION GLAZING _Ug=1,0W/[m?*K) _g=0,62 _TL=81%

V3 _ INTERNAL SHADING SCREENS + DOUBLE INSULATION GLAZING _ Ug=1,0 W/[m?*K) _g=0,62 _TL=81%

«"= _  Vanja Keindl Antonio Jambra& HKIG — Opatiia 2019 g
T~ Paula Topié Martina Radevska el : 36



688 SEVEN GARDENS | 10000 ZAGREBE | THERMAL COMFORT | DYNAMIC SIMULATION

DYNAMIC ENERGY SIMULATIONS _ THERMAL COMFORT
“PPD" _ PREDICTED PERCENTAGE OF DISSATISFIED (%)
RESULTS

«"= _  Vanja Keindl Antonio Jambra& HKIG — Opatiia 2019 g
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d - 688 _SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

V1 EXTERNAL SHADING SCREENS + TRIPLE INSULATION GLAZING _ g=10,53
THERMAL COMFORT “PPD" _ CRITICAL SUMMER WEEK

s PPD_ Office _ SOUTH / EAST
s PPD _ Office _ SOUTH / WEST
PPD

Office _ MORTH / WEST

———  PPD_ Office _ MORTH /EAST

Class C_manx. 15 % PPD

Class B_max. 10 % PPD
Clasz &_man. 6% PPD

Class B_max. 10 % PPD
Class &_man. 6% PPD
17 18 19 0 21 22 = 24
Remark: _ Extermal shading screens WAREMA in combination with clear triple insulation glazing (g = 0,53)
_ Significant reduction of solar (diffuse + direct) gains results in significant reduction of overheating risk
_ In combination with cooling coil 35 W/m? _ thermal comfort “PPD" Class C except critical corner offices
_ CFD simulation of local thermal comfort for typical offices with planned fan-coils units necessary
14, =~ Vanja Keind| Antonio Jambrac

HKIG — Opatija 2019.
Paula Topic Martina Radevska patl) g 38



V2 _ EXTERNAL SHADING SCREENS + DOUBLE INSULATION GLAZING _g =0,62
THERMAL COMFORT “PPD" _ CRITICAL SUMMER WEEK

PPD _ Office _ SOUTH / EAST e Y
PPD_ Office _ SOUTH / WEST [ f

PPD _ O¥fice _ NORTH / EAST L |
PPD _ Office _ MORTH / WEST |

i :
] e AN *—- SR 8 GUNNN (A | NN/ \ W— ---;

Class B_mawx. 10% PPD 10 ——— —— H l'{- - —— - ]I. - I'. - - j --- C LT 1] _I'I P — - - o i e ---- - - 'll - —— - ! i
Class A_max. 6% PRD! e ol e e s e o o oy i g o s i o o e sl e o ——— - -

LI 5] 688 SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

Class B_max. 10% PPD

Class &_max. 6% PPD

7 18 19 a0 Fal 2 23
Remark: _ External shading screens WAREMA in combination with clear double insulation glazing (g = 0,62)
_ Significant reduction of solar (diffuse + direct) gains results in significant reduction of overheating risk
_ In combination with cooling coil 35 W/m* _ some hours above thermal comfort “PPD" Class C
_ Higher cooling coil necessary (e.g. 40 W/m?)
_ CFD simulation of local thermal comfort for typical offices with planned fan-coils units necessary

24
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V3 _INTERNAL SHADING SCREENS + DOUBLE INSULATION GLAZING _ g=0,62

LI : ] 688 _SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION
F THERMAL COMFORT “PPD” _ CRITICAL SUMMER WEEK

Clazs €_maw. 15 % PPD 20
Clazz B_max. 10% PPD I

Class €_max. 15 % PPD )

Class B_max. 10 % FPD

Remark: _ Internal shading screen SOLTIS in combination with clear double insulation glazing (g = 0,62);
_ Low effectivity of internal shading, causes high thermal discomfort in interior;
_ Very warm internal screen during hours with direct solar impact causes high levels of PPD especially for the work
places nearest to the glazing and internal shading device (local thermal discomfort)

«"= _  Vanja Keindl Antonio Jambra& HKIG — Opatiia 2019 g
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688 SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

DYNAMIC ENERGY SIMULATIONS
INTERIOR SURFACE TEMPERATURES _ GLAZING

RESULTS
«"= _  Vanja Keindl Antonio Jambraé HKIG — Opatiia 2019 g
Paula Topic Martina Radevska pat] ' 41
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INTERIOR SURFACE TEMPERATURES _ GLAZING

J - 688 _SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION
F CRITICAL WINTER WEEK

EXTERNAL SHADING SCREENS + TRIPLE INSULATION GLAZING
EXTERNAL SHADING SCREENS + DOWBLE INSULATION GLAZING
INTERNAL SHADING SCREEMS = DOUBLE INSULATION GLATING
ZONE MEAN AlR TEMPERATURE

20

OUTDOOR TEMPERATURE

---------

Remark:

__ During winter days without direct solar radiation on fagade _ difference between triple / double glazing ca. 2 -3 K

_ During winter days with direct solar radiation on fagade _ difference between internal / external shading ca. 5 - 10 K
_ Due to low surface temperatures on double glazing during winter _ triple insulation glazing recommended

Vanja Keindl Antonio Jambra¢ HKIG — Opatija 2019 g
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Rermark:

20 4

10 44

18

688 SEVEN GARDENS | 10000 ZAGREB | THERMAL COMFORT | DYNAMIC SIMULATION

INTERIOR SURFACE TEMPERATURES _ GLAZING
CRITICAL SUMMER WEEK

EXTERMAL SHADING SCREEMS + TRIPLE INSULATION GLAZING
EXTERMAL SHADING SCREEMS + DOUBLE INSULATION GLAZING
INTERMAL SHADING SCREEMNS = DOUBLE INSULATION GLAZING
FONE MEAN AIR TEMPERATURE

_ During summer days with direct solar radiation on fagade _ differance between internal / external shadingca. 5 -7 K
_ Due to high surface temperatures on internal shading during summer _ external shading recommended

Vanja Keindl
Paula Topic
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Acoustical Comfort
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el ALSTRIAN STANDARD _ ONORM B 8115-3

I_I 688 SEVEN GARDENS | 10000 ZAGREB | CROATIA | ROOM ACOUSTICS
F REVERBERATION TIME _ REQUIREMENTS

Die Berechnung der Nachhallzeit T bei der Planung erfolyl nach QNCRM EN 12354-6 (diese enthdll auch Angaben fir
die Schalabsorplionsgrade der Cblichen Baustoffe und die Berschnung der Schallabsorplion der Einrichtungen, wie W&-
bal, Maschinen ua).

20
4
1.5 =N
-
-
16 —
.r"f-
.
w7 14 4T T
= AT -
=z T -
= - -
E _,-" | 7
= 10 == —= - =
-'!.EI -"'r __.—"'_“ ERE
Z 08 = st =
e | = | =1
— ___,_...-"

DE _,_"9".’ - —

0,4 :_,._-:.4-*"‘ =

02

0.0 t

10 100 1000 10000
Velumen V in m?
| Kommunikation — - - = Sprache |= - = - Musikauffohrung — — = Musikproberaumea |

Remarks: Speech [red dash dotted line] _ relevant for multipurpose rooms (conference rooms, presentation rooms etc.)
Communication [blue solid line] _ relevant for all remaining room types

<= Vanja Keind| Antonio Jambraé HKIG — Opatiia 2019 g
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building physics

688 _SEVEN GARDENS | 10000 ZAGREB | CROATIA | ROOM ACOUSTICS
STANDARD OPEN OFFICE

Vanja Keindl
Paula Topic

OPEN OFFICE _ V1

Antonio Jambrac
Martina Radevska
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: 688 _SEVEN GARDENS | 10000 ZAGREB | CROATIA | ROOM ACOUSTICS
e OPEN OFFICE_V1 _ 352 m2
h SOUND ABSORPTION COEFFIGIENTS

/
MNET HEIGHT
290m
[suspen ceiling
approx. 45 cm)

-
=1
=
=
a
=
=
=
2
]

E

CONCRETE
BALUSTRADE

SOUND AESORPTION COEFFICIENTS _ Floor area: 3szm?
MATERIAL 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz Volume: ) 1[}21 m?
P — oo - e e oo Py Mo persons in calcu lEltI{_Jn
|| cousz riocs _soumn - 0e ppn = ppe 0 e No furniture in calculation
SUSFEND. CEILING _ ETANDARD 0,25 0,15 0,13 0as 0,05 0,05
[[ svee=wo conma_souo assomama_o 0.40 045 045 045 045 050
CONCRETE WALL J BALUSTRADE 0a2 002 0,03 0,04 005 0,05
GYFELM BOARD WALL 08 o1 0,05 003 0,02 0,03
GLASE FACADE 020 0,15 0,13 0as 0,03 o002
FACADE TRANSOM MULLICH PROFILES 0oz o.02 oo 0az ooz 0,02
Remarks: Design plans from _14.11.2018 7G_AR_CD AP 5600 - Standard Open Office.pdf
14 _ 7G_AR_CD_AP_3000 — Sections.pdf
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VO_WITHOUT SOUND ABSORBING MEASURES

SO R oo
R = S

Fuvarbe miion tima T (|
a - o
n o=

e
A

bmilding physics

REVERBERATION TIME

V1_RAISED FLOOR
_SOUND ABSOREING_D_80 % (282 m2)

REVERBERATION TIWVE

—
L il 758 T
— Tue 07w %

Tl e 1%
A .08

o e 263 b e 1000 MO a0 He

Frecgaency T (HE|
| RSy ——Y —— i — Y

12
Ny

_ 10 — =
= us I I
1 = = T 0,80 —. e
i " Toen 0.79 R
3 T 1,42
3 02 AN 0,18
4 1

oo T t 1

e iMHz W HE E0H 2 b =5

Fraquency T[Hz)
T T ——T T o

Vanja Keindl
Paula Topic

Antonio Jambrac
Martina Radevska

V2_+ CEILING

688 _ SEVEN GARDENS | 10000 ZAGREB | CROATIA | ROOM ACOUSTICS
OPEN OFFICE_V1 _ 352 m2

REVERBERATION TIME

_SOUND ABSORBING_D_80 % (282 m=)

REVERBERATION TIME

L8]
BE
= 7
= k6 — = == —
H o e [
g = T 054
L]
| f— 0,7%
g B3 =
% B2 T Mg 0,68
E B AN 0,30
o i i i i
i FE ™ 00 He 1800 2000 bz 4000 bz
Freguesiiy f{HZ)
——FammaEnsges ——meT —mmT ——Toper

HKIG — Opatija 2019.

=

48



Visual Comfort
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688 _ SEVEN GARDENS | 10000 ZAGREB | SLAVONSKA AVENLIA | CROATIA | VISUAL COMFORT

FIJ SEVEN GARDENS
SURFACE REFLECTANCE _ OFFICE

Surface reflectances

_ Ceiling: R = 0,80 (Recommended values from EN 12464-1:2011, 4.2 are 0,7 - 0,9)
_ Walls: R = 0,50 (Recommended values from EN 12464-1:2011,4.2 are 0,5- 0,8)
_ Floor: R = 0,30 (Recommended values from EN 12464-1:2011,4.2 are 0,2- 0,4)

_ Work desks: R =0,50

{ -  Vanja Keindl Antonio Jambraé HKIG — Opatiia 2019 g
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688 _ SEVEN GARDENS | 10000 ZAGREB | SLAVONSKA AVENLUA | CROATIA | VISUAL COMFORT

Warmedammglas

BOUNDARY CONDITIONS
FACADE PROPERTIES

lichthech nische und sirshlungrp rpsi kalsche Menmweerte EN 410

ﬂll?ﬂlrl P % 4 s E =
auban = 5 3 ] o 5
STRI 5 = F L £ £ Ec g
Dty {iitter I ¥ i, F F I %t
szm | T & §# 3 31 1 5= |8 "
b 20 5 f 2z I Bz By 3 £ 3 g
I = gt =% g EE BE 3% | a H
mm Wik} % % % % % % % Fim kit
fplus top 1.1 en Clearlite 4164 1.1 [ a2 a8 12 7 - T i} 1,28 FL n
Iplus top 1.1 en Clearlite B85 1.1 63 B0 o8 12 o = B T2 1.27 B an
iplus top 1.1 on Clearlite L1 I 13 (1} 1 o8 12 7 - T T 1.28 20 20
iplus top 1.1 on Clearlite 61116 1.3 63 an o8 12 1n - B n 127 4 an
iplus advanced 1.0 on Clearlite AMe-d 1.0 57 7 98 15 B - & (3] 135 24 20
iplus advanced 1.0 on Clearlite aM2d 1.2 56 7 98 15 B - & (7] 135 20 20
iplus top 1.1 T on Clearlite 41614 11 (1 B 98 12 7 = B 16 124 24 20
iplus top 1.1 T on Clearlite G166 11 ad Bl 98 12 10 = B T4 1.27 28 an
iplus top 1.1 T on Clearlite L1 T jE 66 8 ] 12 7 - 6 76 1.24 20 20
i A 1 13 1 — 1 74 127 Zd 0
[T 13 7 — [ M 131 2 ] | |
LV R R k] ™ = T 5! S
Sonnenschutzglas - Magnetron-Beschichtungen (Softcoatings)
und i BN 210
MB:" a -g s
L = i 2% ®T 5§ s§ 3§ B2 - §
— B T LEH AR
SZR)) g‘ . I £ if ‘% i § == g% £
inmen -l Er  EE S vx vz £I ]
R - g8 1
Iwaitach-Verglasungen
mn Wim't) % % L % L men byt
) S o e e e e ey e e g o
grey 6033 616/ 1.0 EE) [) £ o EL) - 1 38 1,82 F 5 - -
ipasal neutral S0/E7 61644 1.1 27 50 £ 9 Lk - 1 Eil 1,85 6 5B - .
ipasal platin 47/2% 61654 1.0 rL 7 % 40 29 - 1 o 162 16 5 - .
ipasal shine 40022 61614 1.1 k) 40 El 16 53 = 1 5 1.82 16 5 = ]
ipasol oy 30017 1 61684 11 17 10 B 18 ik} - a i} 1.7 5 kL - -
ipasal platin 25017 61614 1.0 17 o a7 64 19 - 1 20 1,47 6 25 - .
ipasol bright newtral BG4 11 47 58 Ll 5 17 - 5 E2d 123 26 23 - .
ipasal bright white Bi1654 1.1 3l 9 £ L 4 = 6 kel 1,18 26 5 L d

Antonio Jambrac
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Horizontal illuminance in room

688 _ SEVEN GARDENS | 10000 ZAGREB | SLAVONSKA AVENLUA | CROATIA | VISUAL COMFORT

DAYLIGHT FACTOR
OGNI / DGNB _ EVALUATION POINTS

TQ= x100in %
Horizontal illuminance in exterior
Target values:
50 % of net area has a daylight factor Dm: Evaluation: Paints:
1 2% Very good 16
2 1,5 % Average 12
3 1% Low 8
4 | <1% None 0
Remarks: TQ = Dm _ Average daylight factor on evaluation area (work desk height _ 0,85 m)
Vanja Keind Antonio Jambrag HKIG — Opatija 2019. g 52
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688 _ SEVEN GARDENS | 10000 ZAGREB | SLAVONSKA AVENLIA | CROATIA | VISUAL COMFORT

Table 5.26 — Offices

LIGHTING OF WORK PLACES

ONORM EN 12464-1

Ref. no. | Type of area, task or activity i: t.(iRl \‘:;0 }ia Specific requirements
5.26.1 Filing, copying, elc. 300 19 0.40 80
5.26.2 Writing, typing, reading, data procassing 500 19 0.60 80 DSE-work, sea 4.9
5283 Technical drawing 750 16 0,70 80
5.26.4 CAD work stations 500 19 0.60 80 | DSE-work, see 4.9
5265 Confarance and mesting rooms 500 19 0.60 80 Lighting should be controllable.
5.26.6 Recaption desk 300 22 0.60 80
5.26.7 Archives 200 25 0.40 80

Table 5.27 — Retall premises
Ref.no. | Type of area, task or activity :: r -(:R' !f i' Specific requiroments
5271 Sales area 300 22 0.40 80
5272 Till area 500 19 0.60
5273 Wrapper lable 500 19 0.60 80

«"- _  Vanja Keindl
_ Paula Topic

Antonio Jambrac
Martina Radevska
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I-I Building Physics
F V1C _ DOUBLE INSULATION GLAZING _TL=81%
2™ FLOOR

DAYLIGHT _ CIE OVERCAST SKY _ 10.000 lux

0E0

Remark: _Dm=231%
__Em > 300 Ix = 22 % of floor area can be without active artificial lights during overcast sky (red colour)
_ In critical areas during overcast sky _ artificial lights necessary
_Ca. 2,5 -4 m near the facade during overcast sky Em > 300 lux satisfied without active artificial lights

<« - Vanja Keindl Antonio Jambraé HKIG — Opatija 2019 g 54
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Building Physics

V2C _ DOUBLE INSULATION GLAZING _TL=62 %

2nd FLOOR
DAYLIGHT _ CIE OVERCAST SKY _ 10.000 lux

0E0

N om
Remark: _Dm=148%
__Em >300 Ix = 15 % of floor area can be without active artificial lights during overcast sky (red colour)
_In critical areas during overcast sky _ artificial lights necessary
oo _Ca. 1,5 -3 m near the facade during overcast sky Em > 300 lux satisfied without active artificial lights
Vanja Keind Antonio Jambrag HKIG — Opatija 2019. g 55
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Co-funded by the
Erasmus+ Programme
of the European Union

BIMZeED

Education for zero energy buildings using Building
Information Modelling

) A EEEEEEEEE - ARY / X
} ktz!l TTTTTTTT c ﬁIPMC . J Em I EEEEEEEEEEEEEEEE m @%mgrgy s ; ,l
: L]
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Co-funded by the
Erasmus+ Programme
of the European Union

Budzet: 955.633,00 €
Pocetak projekta: studeni 2018.

Zavrsetak projekta: listopad 2021. -
Poziv: EAC/A05/2017 Erasmus+
Erasmus+, Cooperation and Innovation for THE EU PROGRAMME FOR EDUCATION,

: , TRAINING, YOUTH AND SPORT.
Good Practices (KA2) Knowledge Alliances for

higher education
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Koordinator projekta

FALIT
=P

LIMERICK INSTITUTE
OF TECHNOLOGY

Limerick Institute of Technology (LIT)
Development Unit, Nenagh Road, Thurles
Tipperary, Ireland E41 PC92

Kontakt koordinatora projekta BIMzeED:

\

+354 5042 8040

=

elisabeth.obrien@lit.ie

Co-funded by the
Erasmus+ Programme
of the Europaan Union
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Co-funded by the
- Erasmus+ Programme
Pa r l n e rl of the European Union

N TIPPERARY

' energy

AGENCY

NORTH WEST CROATIA

REGIONAL ENERGY AGENCY

. . Tipperary Energy Agency University of Zagreb, Faculty of I North West Croatia Regional
Civil Engineering Energy Agency

vEMI 0 Obuda University I T e C

NS FRDITT LMITED LIABILITY COMMNY FO8 Pro Scienta el Fwdoro

OUALITY COMTIGL AND INNICATION W I LIRS

Non-Profit Limi!ed Liability — Obuda University == The Catalonia Institute of
Company for Quality Control and s g e Construction Technology

Innovation in Building

UPC

UNIVERSITAT POLITECNICA
OF CATALUNYA
BANCLLONATECH

A A A AN NI PP PP PP

e Catalunya - technological l lArchitects’ Council of
center - CIM UPC foundation Europe
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Co-funded by the
Erasmus+ Programme
of the European Union

|zazov projekta BIMzeED

Prevladavanje neuskladenosti vjestina i poboljsanje
aposljivosti (u podrucju NZEB-a i BIM-a) na

sadasnjem europskom gradevinskom trzistu.

* KAKO?
* poboljSanjem i prosirenjem postojecih vjestina trenera,
malih i srednjih poduzeca, voditelja gradilista, obrtnika i
drugih iskusnih djelatnika.

Vanja Keindl Antonio Jambra¢ HKIG — Opatija 2019 g
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r . . Erasmuss Programme
“ Projekt BIMzeED namjerava: B

1. Utvrditi nedostatak znanja i vjestina u digitalizaciji (BIM) i nZEB-u
* unutar visoko obrazovnih institucija i gradevinskog sektora za svaku
drzavu partnera (Irska, Spanjolska, Madarska i Hrvatska).
2. Unaprijediti ljudski potencijal u gradevinskom sektoru
* djelujucina visoko obrazovne institucije i sustave strukovnog
obrazovanja i osposobljavanja u Europi.

3. Poduprijeti gradevinski sektor kroz edukaciju i unaprjedivanje
vjestina za rad s tehnickim inovacijama i digitalizacijom.

4. Prenijeti znanje o BIM-u i nZEB-u na i iz drugih zemalja.

<« - Vanja Keindl Antonio Jambraé HKIG — Opatija 2019 g 61
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. . . Erasmuas Programme
“ Projekt BIMzeED namjerava: Bt

5. Uspostavitii razviti 12-16 nastavnih jedinica

* u cilju povecanjarazumijevanja BIM alata i nZEB-a unutar postojecih
kurikuluma u gradevinskom sektoru.

6. Trenirati i osposobiti 120 trenera na europskim visokim ucilistima i
strukovnim Skolama
* kroz niz edukacija koriStenjem inovativnih i novih obrazovnih
materijala koji ¢e biti javno dostupnii prijenosnina portalu za e-
ucenje.
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r . . Erasmuas Programme
“  Projekt BIMzeED namjerava: BBl seizic

7. Educirati 400-500 studenata, voditelja gradiliSta, obrtnika i drugih
sudionika u gradevinskom projektu

* u cilju poboljsanja mogucnosti njihovog zaposlenja.
8. Poboljsati veze izmedu ucitelja, industrije te malih i srednjih
poduzeca pomocu inovativnih tehnologija

 stvarajuci tako povezane zajednice (ucenje kroz primjere dobre
prakse, obilasci gradilista, demonstracije u industriji).

9. Povecati mogucénost zaposlenja u nastavi te malim i srednjim
poduzecima

* poznatije kao suradnja na razvoju poslovanja.
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. (1) Mueller, Roland, DI, Dr.techn.: DINAMIC ENERGY
Literatura SIMULATION - THERMAL COMFORT — PPD, Preliminary
Analisys / Estimation, Stand 28.9.2018.

(2) Mueller, Roland, DI, Dr.techn.: VISUAL COMFORT
Preliminary Analisys / Estimation, Stand 6.11.2018.

(3) Mueller, Roland, DI, Dr.techn.: ROOM ACOUSTICS
AND MINIMAL SOUND ABSORPTION MEASURES
Preliminary Analisys / Estimation, Stand 05.12.2018.

(4) Milovanovi¢, Bojan, dr.sc.: BIM zeED, Education for
zero energy buildings using Building Information
Modelling, prezentacija, Prvi sastanak NSG Hrvatska, 15.
04.2019., SveucilisSte u Zagrebu, Gradevinski fakultet
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