
Buildings of tomorrow

Moisture safe, nearly-zero-energy and BIM based solutions.

Part 1: Experiences and future developments in Austria

Part 2: CIB W040 development of research road map

Resilience and risk management to mitigate

moisture problems in buildings

Prof. Dr. Thomas Bednar

TUW Vienna University of Technology

Institute for Building Constructions and Technology

Researchcenter for Building Physics and Sound Protection



Outline

History & Future Building related Energy System

Cultural heritage Protection

New buildings - Lessons learned

Moisture Excess - Finland/Austria

Renovating Buildings ïChanging the Risk for Moisture Damage

CIB W040 ïDevelopment of Research Roadmap





Gründerzeit

Zwischenkriegszeit

Wiederaufbauzeit

Systembauweise

Montagebauweise

Wr. Bauordnung 1976

Wr. Bauordnung 1993ff

Wr. BTVO 2008 / OIB 2007

Wr. BTVO 2012 / OIB 2011

Passivhausbauweise

Plus-Energie-GebäudePopulation 

Austria

Vienna



Gründerzeit

Zwischenkriegszeit

Wiederaufbauzeit

Systembauweise

Montagebauweise

Wr. Bauordnung 1976

Wr. Bauordnung 1993ff

Wr. BTVO 2008 / OIB 2007

Wr. BTVO 2012 / OIB 2011

1928-32

1951-52

1974-76

1997-98

Massiv-Bauweise im sozialen Wohnbau in Wien

Amann, Jodl, Maier, Mundt, Pöhn,  Pommer; 2007

https://maps.google.com

http://www.gruenderzeitplus.at



https://www.wien2025.at/site/

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



UTE Utendorfgasse
DRE Dreherstrasse

KAM Kammelweg

Å2., Jungstraße

Å11., Pantucekgasse

Å11. Dreherstraße

Å14., Utendorfgasse

Å21., Kammelweg Bauplatz E, Bauplatz B

Å21., Mühlweg

Å22., Esslinger Hauptstraße

Å23., Schellenseegasse

Å23., Anton-Heger-Platz

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

Lowest energy multifamily buildings 2007-2014

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


Start of occupation: 2007

Number of flats: 3 * 13

Gross floor area = 1330 m²

Area inside flats = 901 m²

Heating and hot water: central gas fired condensing boiler 

hot water storage tank

distribution system with circulation pipe 

Heating of flat through supply air

UTE  Utendorfgasse



Start of occupation: 2007; 

Number of flats: 27

Gross floor area = 3216 m²

Net area inside flats = 2178 m²

Heating and hot water: district heating

hot water storage tank

distribution system with circulation pipe 

Heating of flat through supply air.

DRE Dreherstrasse



Start of occupation: 2008

Number of flats: 80

Gross floor area = 8100 m²

Net area inside flats = 6808 m²

Heating and hot water: district heating

hot water storage tank

distribution system with electric trace heating

Heating of flat through minimized radiators.

KAM Kammelweg



Post occupancy evaluation

Comfort (Winter/Summer)

Temperature:  No problems report in Winter

Very good performance in Summer

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

Room temperature in ÁC

Outdoor temperature in ÁC

Utendorfgasse



Hot Water

Heat

11 kWh/m²
Measured m³ Water

Heating

Heat

8 kWh/m²

Calculated

Measured

Household

Electricity

25 kWh/m²
Measured

Ventilation

Electricity 5.5 kWh/m²
Measured

Pumps

Staircase Lighting

System Control

Electricity 5.5 kWh/m²
Measured

Boiler ïHot Water

Gas  38 kWh/m²
Calculated

Measured

Boiler ïHeating

Gas 19 kWh/m²
Calculated

Measured

Gas

54  kWh/m²

ConvPrim 1.3 

70 kWh/m²

Et Eb

Electricity

37 kWh/m²

ConvPrim

Austria; 1.8    65 kWh/m²

Europe: 3.3    120 kWh/m²

Start of occupation: 2007

Number of flats: 13

Gross floor area = 1330 m² =  REFERENCE AREA

Area inside flats = 901 m²

Boiler

Gas 6700 m³

Measured m³ Gas

Energy in kWh/m² reference area

Total Primary Energy

Austria    135 kWh/m²
Europe   190 kWh/m²

IEA Annex 53 ñTotal energy use in buildingsò



2009                         Okt07-Sep08 Okt08-Sep09

converted to

district heating

Household

elevator, staircase, 

pumps, ventilation...

hotwater

heating

UTE                 UTE                 DRE KAM

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/m² -> 3kWh/m² 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



Eurogate



Eurogate



Eurogate

Europe's largest passive house settlement - Eurogate



aspernViennaôsUrban Lakeside

20.000 people

living&working

nearly zero energy / plus energy

(Quelle: ATP ïArchitekten und Ingenieure)

http://www.aspern-seestadt.at/en





Quelle: ATP ïArchitekten und Ingenieure

http://www.asperniq.at/

used since 2013





The building...

© Skylens OG

...before the refurbishment
Usage: mainly laboratories

...after the refurbishment
Usage: mainly offices



The building ςTimeline

planning implementation commissioning optimisation

2011 2012 2013 2014 2015 2016 2017 20182010

timespan analysed in this work

(1st year with valid monitoring data) 

relocation of 

scientific IT



+++ +

Primary energy demand (non-renewable) in kWh/(m²GFA·a)

-89%



Primary energy demand (non-renewable) in kWh/(m²GFA·a)

Target performance



further research needed not improvable improvable

Monitoring 2016 ςReasons for increased consumption



Primary energy demand (non-renewable) in kWh/(m²GFA·a)





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

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



easy applicable

not so easy applicable

only if really necessary

Guideline lists possible measure and the necessary steps in the design process



IST
repairing indows ïimproving airthightness

insulation against attic
control system , reduction of system losses

adaption of windows
solar thermal collector on site (not building )

efficient heat pump
internal insulation

external insulation

total primary energy demand in kWh/m²a



Moisture excess ïsingle family house



Moisture excess ïsingle family house



Moisture excess ïsingle family house



Moisture excess ïsingle family house



Awarnessfor risk

Å internal insulationincreasesriskof failure

Åspecialfocusduringdesign processon reliability

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



Motivation

How sensitive are inside insulated 
constructions with wooden beam 
bearings?

Å Indoor/outdoor climate 
Å Driving rain 
Å Temperature difference in-out/floor-ceiling 
Å Air flows through construction ςstack effect 

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



Motivation

Constructional versions of ceiling to wall connections with inside insulation 

Room-by-room interior insulation 
and continuous air space

plaster 

masonry 

plaster 

insulation 

plaster 

wooden floor 

wooden constr.

sand 

wooden planking 

beam/air cavity 

wooden planking 

reed stuc 

plaster 

plaster 

masonry 

plaster 

insulation 

vapour barrier 

gypsum board 

wooden floor 

wooden constr.

sand 

wooden planking 

beam/air cavity 

wooden planking 

reed stuc 

plaster 

vapour barrier 

Vapourbarrier

Over all continuous interior insulation 
and separated air spaces (beam 
head/ceiling)

Air cavity Air cavity 



Air-flow through ceiling to wall connection

nV C p= ÖD C Ą air-flow coefficient in m³/(s.Pan) 
Dp Ą pressure difference between the two spaces in Pa 
n Ą leakage exponent 

Characterisation of leakages according to EN 12114 



Air-flow through ceiling to wall connection 

3D Simulation model
with transient 
boundary conditions 

Condensation source

Outdoor climate: TRY Klagenfurt
Indoor climate: 3 moisture classes 

acc. to Harreither 2012

Dp = 2Pa 
C = 5E-7 resp. 4E-6 m³/(s.Pan) 
acc. to Bednar 2010



Results ςexisting construction without insulation

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 ς65 % 74,6 % 74,7 % ++ +
40 ς65 % 79,8 % 81,0 % + +
50 ς65 % 86,4 % 92,4 % 0 +

Airtight with fractional leakage Not airtight with typical leakage
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Results ςroom-by-room interior insulation

Airtight with fractional leakage Not airtight with typical leakage
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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 ς65 % 85,6 % 89,6 % ++ +
40 ς65 % 94,3 % 96,8 % + +
50 ς65 % 94,7 % 99,1 % 0 +



Results ςcontinuous interior insulation with vapourbarrier 

Airtight with fractional leakage Not airtight with typical leakage
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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 ς65 % 73,3 % 86,9 % ++ +
40 ς65 % 76,9 % 95,6 % + +
50 ς65 % 82,4 % 98,4 % 0 +



Conclusionsand lookout

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

Existingbuilding
Inside insulationroomwise,

connectedair cavity
Inside insulationcontinuous

separatedair cavities

Indoor air RH 
(winter/summer)

Fractional 
leakage Typical leakage

Fractional 
leakage Typical leakage

Fractional 
leakage Typical leakage

30 ς65 %
40 ς65 %
50 ς65 %

Green low risk of failure

Yellow
detailed planning/execution/quality 

control/information needed

Red very high risk of failure 

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

Control during building process

Definition of security level 
and required air tightness 

Ventilation system with negative pressure 
and monitoring recommended 













Start of occupation: 2007

Number of flats: 3 * 13

Gross floor area = 1330 m²

Area inside flats = 901 m²

Heating and hot water: central gas fired condensing boiler 

hot water storage tank

distribution system with circulation pipe 

Heating of flat through supply air

UTE  Utendorfgasse



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


Multidiscipinary data model - Handling different levels of pace and detail


