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Grinderzeit
Zwischenkriegszeit
Wiederaufbauzeit
Systembauweise
Montagebauweise
Wr. Bauordnung 1976
Wr. Bauordnung 1993ff
Wr. BTVO 2008 / OIB 2007
Wr. BTVO 2012/ OIB 2011
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974-76

Massiv-Bauweise im sozialen Wohnbau in Wien
Amann, Jod|, Maier, Mundt, P6hn, Pommer; 2007

https://maps.google.com



smart city Wien THG pro Kopf [tCO,/annum]
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Action Plan for 050 - 075K
2012-15 0.00 : : ; : : : .
1990 2000 2010 2020 2030 2040 2050
Municipal Department 18 - Abbildung 6: Entwicklung der Treibhausgas-Emissionen pro Kopf in Wien zwischen 1990 und 2050

Urban Development and Planning

Municipal Department 20 -
Energy Planning

Wiener Stadtwerke Holding AG
Wien 3420 Aspern Development AG
Siemens AG Osterreich

Osterreichisches Forschungs- und
Prifzentrum Arsenal Ges.m.b.H.

raum & kommunikation GmbH
Vienna University of Technology

Energieinstitut der Wirtschaft GmbH

Austrian Institute of Technology
GmbH

https://www.wien2025.at/site/
http://www.wien.gv.at/stadtentwicklung/projekte/smartcity/index.html



https://nachhaltigwirtschaften.at/en/hdz/
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UTE Utendorfgasse

Start of occupation: 2007
Number of flats: 3 * 13
Gross floor area = 1330 m?
Area inside flats = 901 m?
Heating and hot water: central gas fired condensing boiler

hot water storage tank

distribution system with circulation pipe

Heating of flat through supply air



DRE Dreherstrasse

Start of occupation: 2007,
Number of flats: 27
Gross floor area = 3216 m?
Net area inside flats = 2178 m?
Heating and hot water: district heating

hot water storage tank

distribution system with circulation pipe

Heating of flat through supply air.



KAM Kammelweg

Start of occupation: 2008
Number of flats: 80
Gross floor area = 8100 m?
Net area inside flats = 6808 m?
Heating and hot water: district heating

hot water storage tank

distribution system with electric trace heating

Heating of flat through minimized radiators.



Post occupancy evaluation Utendorfgasse
Comfort (Winter/Summer)

Room temperature in °C
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Outdoor temperature in °C

Temperature: No problems report in Winter

Very good performance in Summer

Quelle: AEE Intec — Ergebnisse der messtechnischen Begleituntersuchungen von Haus der Zukunft, 2010



Start of occupation: 2007 IEA Annex 53 “Total energy use in buildings”
Number of flats: 13

Gross floor area = 1330 m?2 = REFERENCE AREA

Area inside flats = 901 m?

E, E,

EleCtriCity % »
37 kWh/m2 Ventilation Household
Electricity 5.5 kWh/m? Electricity
ConvPrim Measured 25 kWh/m?2
Austria; 1.8 65 kWh/m? Pumps Measured
_ ] Staircase Lighting
Europe: 3.3 120 kWh/mj System Control
EIeCt”Clty 55 kWh/m2 Hot Water
Measured Heat
11 kWh/m?2
Boiler — Hot Water Measured m3 Water
Gas Gas 38 kWh/m?2
54 kWh/m?2 S B Boiler Calculated Heating
Gas 6700 m? Measured Heat
. Measured m3 Gas
?gi‘xr:'/r:‘nzl':g Boiler — Heating 8 kWh/m?2
Gas 19 kWh/m?2
Calculated
Calculated
Measured
Measured

Total Primary Energy

Austria 135 kWh/m?2 .
Europe 190 kWh/mz Energy in kWh/m?2 reference area



Total primary energy use in kWh/m?

160 Household and Auxiliary Electricity
140 +—— ® Heating and Hotwater
120 +——
Household
100 —
80— —— convertedto —
60 - district heating — : elevator, staircase,
pumps, ventilation...
40
hotwater
20
- heating
ﬂ _
UTE UTE DRE KAM
2009 Okt07-Sep08 Okt08-Sep09

Measured energy consumption



Conclusions from building companies:
No mould growth inside the flats!!
Much better design process (Integral design)

Passive house concept in social housing works very well
- if people live there
- open windows during summer nights (April-September)
- if designer use detailed calculation methods
- if monitoring (system states) during first year is used

Future enhancements:

Reduction of system losses (currently 100% heating 300% hot water)
Reduction of pressure losses in ventilation system (6kwh/mz -> 3kwWh/m? electricity)
Motivation of energy efficient household equipment

outdoor noise reduction (summer night time ventilation)
security concerns during design process

PH-Academy - "Passive house of the future" Academy platform for knowledge transfer between building developers
http:/www.hausderzukunft.at/results.html/id5989
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Q The building...

© Skylens OG

...before the refurbishment ...after the refurbishment
Usage: mainly laboratories Usage: mainly offices




M4 The building — Timeline

[

ﬂw

timespan analysed in this work
(1st year with valid monitoring data)




Primary energy demand (non-renewable) in kWh/(m?;c,-a)

500

450

400

350

300
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50

24
— 58
27 «
consumption consumption supply
typical new design values

office building

W usage

m building

M energy recovery from the

waste heat of the servers

photovoltaics



M Primary energy demand (non-renewable) in kWh/(m?;c,-a)

90 W social rooms and kitchens
80 B other appliances
m IT workplaces
70
B communication
60
B server + UPS (office)
50 W other electrical components
40 B measurement, control and
regulation
lifts
30
M lighting
20 L
M ventilation system
10 m warm water + drinking water
0 B cooling + server cooling

Target performance measured consumption

e M heating
(before the optimisation)



Monitoring 2016 — Reasons for increased consumption

further research needed ~ notimprovable improvable

measurement, control scientific IT, which
and regulation needs to be relocated
3% to the server room
38%

ventilation systems
17%

4

inefficient operation of
the chiller
11%

too high internal
thermal loads

user interface not
5%

intuitive enough
5%



M Primary energy demand (non-renewable) in kWh/(m?;c,-a)

90

80

70

60

50

40

30

20

10

measured consumption
(before the optimisation)

outlook
(after optimisation)

local supply

MW energy recovery from the
waste heat of the servers
photovoltaics

M social rooms and kitchens

B other appliances

B IT workplaces

B communication

M server + UPS (office)

B other electrical components

B measurement, control and
regulation
lifts

m lighting

M ventilation system

B warm water + drinking water

B cooling + server cooling

M heating







Enhancing Energy Efficiency

Cultural Heritage Protection
Only 2% of buildings in Austria are listed

But more are under protection
being part of a historic town

Wish to reduce running costs

Lack of knowledge
Lack of awareness on risks

=> Development of Guideline 2011

1. FASSUNG —17. Marz 2011

Richtlinie

FNERGIEEFFIZIENZ
AM BAUDENKMAL

Download from: http://www.bda.at/downloads/1990/Richtlinien




Guideline lists possible measure and the necessary steps in the design process
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. FEHLERTOLERANT Da man sowshl in der Herstellor

10.

|. GRUNDREGELN

Fiir gine erfolgreiche energetische Sanierung gelten folgende denkmalpfiegerische Grundregein:

wa €asy applicable

verénder|

Verénderungen & tand, die Maﬁnahmen und der Zustand nach den Eingriffen gemald
denkmalpfiegerischen Standards zu

. ANALYSE viele Baudenkmale weisen eine iiber die Zeit gewachsene, sullerst heterg)

auf. Im Vorfeld einer Planung ist daher die méglichst vollsténdige Kenntnis des Bestands sowohl in
bautechnischer als auch in bauphysikalischer Hinsicht notwendig.

. GES/

sich ni
oder ¢
Optim

- NUTZERVERHALTEN D= Inetzung einerenergetischen Sanierung kann nicht auf vorgegebenen

Anaiitzen wie beim normierten Energieausweis baSitren.snndemn muss konkret auf die Nutzung und das
Mutzerverhalten im Objekt eingehen.

INDIVIDUELL Bauderkmale erforder Einzel lazungen anztelle von Standardrezepten. Dies verlangt
wvon den Beteiligten die Bereitschaft zu einem unter Umsténden erhéhten Planungzaufwand, einer
verbesserten Qualitétssicherung und verstérkter Kommunikation mit oder zwischen Baufachleuten,
Bauherrschaft und Denkmalpflege bis zum Abschluss der Malinahmen.

_ INSTANDSETZUNG als erster schritt sind Fehlerguellen am Baudenkmal zu erheben, Reparaturen

au:
Substg

- only if really necessary

- MAT NIMJRTT Notwendige Erganzungen im Zuge energetischer Verbesserungen sind in

der Materialitit méglic] mit demn Uberlieferten Bestand auszufihren

{0 der Benutzung erfahrungsgemil
keine idealen Zusténde vorfindet, sind fehlertolerante, reparaturfihige bzw. = truktionen
vorzuziehen.

- RISIKOFREI Eire langjshrige Schadensfreiheit ist zu gewshrieisten. Die Beteiligung von Bau-

physikerinnen mit einschligiger Erfahrung im Umpgang mit der Sanierung von Baudenkmalen ist hierzu
oft notwendig. Neusrungen bezichungsweise Versuche sind am Baudenkmal ausschlieBlich dann
vertrethar, wenn sie im Rahmen eines wissenschaftlichen Projekis begleitet werden. Ansonsten gilt fir
alle Malnshmen: lieber weniger und sicher — alz viel und rizkant.

WEITBLICK maBnahmen am Denkmal reihen sich in eine schrittweise Opti mierung im Laufe der ver-

gangenen Jahrhunderte ein. Eine Erhaltung erfordert von allen Beteilipten einen Ober die allgemeine
Haftung oder Amortizationszeit hinaus gehenden Weithlick.

BUNDESDENEMALAMT

Il. MASSNAHMEN UBERSICHT

Im Rahmen von

kéinnen sshr o sk

werden. Sie bedeute

Jjeweils einen mterschled.ln:h st‘ar*zr Erngnffm das Bauwerk. Die folgende Liste gibt hﬁafzu einen ersten Uberblick bearr

sprucht jedoch keine Vallsta

skeit (weitere Erld

gen siche E Kapitel].

GRUN

Instandsetzung Wand = 1.1.1,1.21

Inztandsetung Fencter und Tiren 411,421

Instandsetzung Dach und eingestelite Dammung im Dochraum = 31.1-2

DEmmung cherste Geschalidecke = 211

Démmung dber Gawdlben obgesetzt % 231

DEmmung FuBboden unberkellert =2.21

DEmmung Flachdach = 3.2.1

& Mafinahme bedeutet cineggfffingen
Eing) =
ist put derkmalver-
traglich. Daraus ergibt sich eine sinfache
Bewilligungsfahigkeit.

#heinung des
Baudenkmals. Si

MauerfuBtemperierung = 6.4.2

Optimicrung bestehender Heizungzanloge und Heizkdmer = £.11,5.5

Gebsudeautomation —* 5.

Heizen mit Fermwiirme, Heizen mit Holz [En_dufm] »54.62

) 521,522

Salartherrmie neben dem Baudenkrmal — 5.3.1

Abdichtung Fenster und Tiren = 4.7.2.4

teilige

Sockeltermperierung — 541
Heizen mit Holz [Zentral] = 5.1
L N . P Photovoltaik neben dem Beudenkmal — 5.3.2
Bedingt el
Die Mafinahme bedevtet einen gewiszen,
i £ Optimi eraterglas i i Gaer] 413
viffin Substanz und Ontimiere Toiee 22
micruny oz
Ersche Momgias Baudenkmalsst® st nur € = o
Aufdoppelung Torblatt — 4.2.4
bedingt denkmalvertraglich und erfordert - e - -
B Zusatzliche Ebene Fencter und Taren — 414,425
einen erhohten Planungzaufwand.
e - Démmung Fullbeden nicht unterkellart
Daraus ergibt zich eine eingeschrinkte s - F— " - PR ——
Grmmu 232-
Bewilligungsfahigkeit beziehungsweise - e - - o
T e = Dimmung Dach [Auf-, Unter- und mit [ 313-5

cine Bewilligung mit Auflagen.

ROT

Nicht denkmalvertrigliche MaBinahme

Die Mafinahme bedeutet einen gravieren-
0 nachteiligen Eingriff in Substanz u

= des Baudenkmals, # nicht

denkmalvertraf S ergibt sich eine

Versagung der Bewilligung.

EUNDESDENEMALAMT

Innendammputz und Innendémmung Wand —1.1.2, 122, 1.25,1.31
AuBondimmung Holzbau verideidet — 1.2.3

AuBendimmung Mouerwerk erdberiihrend — 114

Bouteilhaizung und Bm.umpnmrg B51-3 643

Het it S Luftwar §22523
Solortherrmic am Baudenkrmal nicht cinschbar — 5.31

Liftungs- und Klimaonlagen — 7.1

Einsstz von lsalierglas an Fenctem — 4.1.3
i i Uberliftung = 215

532

AuBendimmputz Wand verputzt 113

Abbruch [Austausch) historischer Fenster und Tiren = 4.1.5,4.2.

DEmmung suf Unterseite von Gewdlben 234

Dachdammung ohne Unterdach = 31.7

‘Salarthermia und Fhotovoltaik sm Baudenkmal cinschbar = 5.5.7, 5.3.2

AuBendimmung Wand #1.1.3,1.2.4.1.25 1.32




total primary energy demand in kWh/m2a

300 fU// i
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0
IST

repairing indows— improving airthightness
insulation against attic
control system, reduction of system losses

solar thermal collector on site (not building)
efficient heat pump

external insulation



Moisture excess — single family house

'pho_tp: www.leyrer-graf.at



Moisture excess — single family house

operative temperature living room °C
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Moisture excess — single family house

Moisture excess kg/m3

0.01

0.008

0.006

0.004

0.002

All flats in January

Klasse S |« :
Upper one-third
o Mean |
Klasse 4 - Lower one-third
! —
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Klasse 3 : — -
'3 0O
h LY
el
Klasse 2
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Monthly mean value of outdoor temperature °C
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Moisture excess — single family house

Relative frequency %

25— Vinha et.al. 2008

15—

-2 0 2 .

Moisture excess g/m?3

Typical usage according Austrian standard

6 8 10 12

class width 0,5 g/m?3



Awarness for risk

e internal insulation increases risk of failure
e special focus during design process on reliability

f

IEA Annex 55 - Reliability of Energy Efficient Building Retrofitting - Probability Assessment of Performance & Cost



M Motivation

How sensitive are inside insulated
constructions with wooden beam
bearings?

* |ndoor/outdoor climate

* Driving rain

* Temperature difference in-out/floor-ceiling
* Air flows through construction — stack effect

Introduction of a model considering airflows
through ceiling cavities and wooden beam bearings



M Motivation

Room-by-room interior insulation Over all continuous interior insulation
and continuous air space and separated air spaces (beam
head/ceiling)

2.0cm

1.5¢ecm
44.0cm ason
1.5¢cm er
5cm insulati

125 cm

Vapour barrier

P

/
/
L

g

% Air cavity

N

NN

Air cavity

....?,,//
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Constructional versions of ceiling to wall connections with inside insulation



M Air-flow through ceiling to wall connection

Characterisation of leakages according to EN 12114

SV, ep,

113
/ 4 @ -
- / / /_/ { o ‘ﬂ
r“‘. / ; y ,/ r( e

17
I
V=C- Apn C - air-flow coefficient in m¥(s.Pa")

Ap -2 pressure difference between the two spaces in Pa
n - leakage exponent



M Air-flow through ceiling to wall connection

3D Simulation model
with transient
boundary conditions

Condensation source

Relative humidity in %
[l W +-= w
o o o o

=
o

(- F M A M ] J A S
Time in months

[r—

*Z-Schnitt  Schichte: 1

Outdoor climate: TRY Klagenfurt
Indoor climate: 3 moisture classes
acc. to Harreither 2012

Ap = 2Pa
C = 5E-7 resp. 4E-6 m*¥(s.Pa")
acc. to Bednar 2010



M Results — existing construction without insulation

Airtight with fractional leakage

Existing construction - airtight

Existing construction = not airtight

Not airtight with typical leakage

095 ~< 0.95 oo
El'e i‘! - e
c = p—r———___[f
S 09 z 09 = =~ <0den gog,
] 3 Woodgy, o = = = ROSsiby
E 3 e €Cay jg fﬂ-;s;- IK 30-65%
2 0.85 £ ble o 1K 40-65%
-
é 'ﬁ e K 50-65%
E 0.8 E 08 %- = = Limit value
0.75 0.75
07 | 07
0 5 10 15 20 25 30 0 6 10 s % %
Temperature in °C Temperature in °C
Simulated RH in the critical point Probability depending upon airtightness
Indoor air RH . .
(winter/summer) Fractional leakage Typical leakage n50 = 10/h n50 = 1,5/h

30-65% 74,6 % 74,7 % ++ +

40 - 65 % 79,8 % 81,0 % + +

50- 65 % s4% OSSO 0 .

Evaluation acc. to Kehl 2013



M Results — room-by-room interior insulation

Airtight with fractional leakage

Multipor - airtight

Not airtight with typical leakage

e —— 095 s
— o A ~ o= - - en g, R
o ~lw o & O0den gan = = - -SCay .
= - Ode £ decay jg nor = LS Possipye
c 09 ==& de s 0.9 ot DOszm g =
2 O0den gog. = ~ = SSibl £ N — I
=i 15 n ‘= = Y
2 0.5 Ot possior E o IK 30-65%
3 £ IK 40-65%
g E IK 50-65%
ke e % 08 = = Limitvalue
2 4
0.75 0.75
Multipor — not airtight
0.7 0.7
0 5 10 13 20 25 30 ] 5 10 15 20 25 30
Temperature in °C Temperature in °C
Simulated RH in the critical point Probability depending upon airtightness
Indoor air RH ,
. Fractional leakage i = =
(winter/summer) g Typical leakage n50 = 10/h n50=1,5/h
30-65% 85,6 % 89,6 % ++ +
40-65% + +
50-65% 0 +

Evaluation acc. to Kehl 2013



M Results — continuous interior insulation with vapour barrier

Airtight with fractional leakage Not airtight with typical leakage

Mineral wool - fractional leakage
095 ~< __'f"ocrare,-,

degg,, .. -
o - - __Elirs DoSSﬁbfe
N decq P

S =
¥V ig - &

£ 09 ot pogg; - c

' Si) = - —
2z bl ~-a_ L >
5 -~ z - 1K 30-65%
E o085 E
2 3 IK 40-65%

L

: f g * 1K 50-65%
5 08 = 08 .
% K] = = Limit value
@ @

075 e T -

07 0.7

Mineral wool - typical leakage

Evaluation acc. to Kehl 2013

0 5 10 15 20 25 30 0 5 10 15 20 25 0
Temperature in °C Temperature in °C
Simulated RH in the critical point Probability depending upon airtightness
Indoor air RH Fractional leakage Typical leakage n50 = 10/h n50=1,5/h

(winter/summer)

30-65% 73,3 % 86,9 % ++ +

40-65% 76,9 % + +
50-65% 82,4 % 0 +




M Conclusions and lookout

Distribution of risk for decay of the wooden beam
depending on indoor RH, leakage size and construction type

Existing buildi Inside insulation roomwise, Inside insulation continuous
Xisting building connected air cavity separated air cavities
Indoor air RH Fractional Tvpical leak Fractional Tvpical leak Fractional Tvpical leak
(winter/summer) leakage ypicalleakage leakage ypicalleakage leakage ypicalleakage
30—-65%

40-65%
50-65%

Green low risk of failure -

detailed planning/execution/quality -
control/information needed

i ovodaiie R

Yellow

—

Control during building process

Definition of security level
and required air tightness

Ventilation system with negative pressure
and monitoring recommended

further research on non-steady state tests
in a double climate chamber






SIMUILTAN

big open BIM

as build

PIM

realistic parameters & system behaviour

PIM
open BIM
typical parameters & systermn behaviour
PIM
simple parameters
closed BIM

little BIM big BIM
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UTE Utendorfgasse

Start of occupation: 2007
Number of flats: 3 * 13
Gross floor area = 1330 m?
Area inside flats = 901 m?
Heating and hot water: central gas fired condensing boiler

hot water storage tank

distribution system with circulation pipe

Heating of flat through supply air



g Geametryfiswar - - IEl

= =

O
2. !- e

(s

1| enilater 1t

Frarmerate - 2800795 | Poss 267, 120104 Dist 424 LookDin 26.7-120-304 | Unir 01,1004 || Oblect Snaps [ _| Ercfpuint & | | ege Wit 3 | birsscsion | Consobes 4 vible

https://nachhaltigwirtschaften.at/en/sdz/projects/simultan-simultaneous-
planning-environment-for-buildings-in-resilient-highly-energy-efficient-and-
resource-efficient-districts.php



https://nachhaltigwirtschaften.at/en/sdz/projects/simultan-simultaneous-planning-environment-for-buildings-in-resilient-highly-energy-efficient-and-resource-efficient-districts.php
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Multidiscipinary data model - Handling different levels of pace and detail



Proof of concept finished

Less doubling of work

More time for analyses

Next step:

Setup of open data model & source community



CIB Working Commission 040 “Heat and Moisture transfer in buildings”

VISION 2020 - Nearly ZERO and MOISTURE safe.
All new buildings will be moisture safe.
Increase moisture safety so that after 2020

every new change within a building
will increases moisture safety.



CIB Working Commission 040 “Heat and Moisture transfer in buildings”

The process towards a research roadmap (RR)

Working Title:

Resilience and risk management to mitigate moisture problems in buildings



CIB Working Commission 040 “Heat and Moisture transfer in buildings”

All stakeholders will be contacted......

Designer with a focus on the building physics performance

Building Owner, Contractor, Manufacturer

Researcher

Standardization ISO/CEN

Policy Maker



https://fi.surveymonkey.com/r/MoistureSafetyFin
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