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Introduction

Fraunhofer IBP field test site

1953

>70 years of field
tests to investigate
long-term building
performance &
durability




Introduction

Mould growth on indoor surfaces

Mould behind the couch of a living room

Mould in a bathroom and
at the window joint

Mould grows on cold surfaces of
poorly insulated envelope assemblies

» Prevention by heated and well
insulated buildings (warm indoor
surfaces)




Introduction

Hidden (invisible) mould growth within the building envelope

Mould behind vinyl
wallpaperin Florida

Mould behind removed
| EPS insulation slabs

© Joe Lstiburek
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The risk of mould growth can be predicted based on
transient temperature and humidity conditions

Germany: Hygienic minimum for
wall insulation R = 1.2 m*K/W




Introduction

Safeguarding a healthy indoor environment — Key-factor: Indoor relative humidity

Optimum Relative Humidity for Health —The Effect Indoor Humidity has on Health Risks

Health Risk Optimum Zone
Bacteria ‘ o= /"J'/
Viruses \ﬁ
Fungi | —
Mites ="
Respiratory Infections b = |
**Insuffident data above 50% RH
Allergic Rhinitis and
Asthma ' = . e —
Chemical Interactions
Ozone Production E :I'=_

% Relative Humidity 10 20 30 40 50 60 70 g0 90

Decrease in Bar Width Indicates a Dearease in Effect
Based on "Criteria for Human bxposure to Humidity in Occupied Buildings™ - Sterding, Arundel, & Sterling and other ASHRAE Studies

100

ASHRAE: ideal indoor humidity
range:

40 = RH = 60%

RH <40%

Infectious droplets evaporate and
release germs into the air

RH >60%

Mold may grow on colder surfaces
and other small insects find better
living conditions

Moisture buffering interior lining
materials help to keep indoor RH in
the ideal range
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MI | Mold index description
energies ﬁ“\op' 5110 | nogrowth
7 211 | some growth visible
” under microscope
Article 2 moderatg growth visible
. . . . . . . under microscope,
Nav1gatmg Energy Efﬁc1ency and Mould Risk in Australian u coverage more than 10%
Low-Rise Homes: A Comparative Analysis of Nine External Wall 3 | some growth detected
. . visually
Systems in Southeast Australia visual coverage >10%
Liqun Guan 1*(0, Mark Dewsbury 1, Louise Wallis 1 and Hartwig Kuenzel 2 coverage more than 50%

5. Conclusions

complete coverage,
100%

The primary focus of this research was to understand if ‘code compliant’ timberframed
external walls systems commonly constructed in southeastern Australia.

The first stage of the research demonstrated that most 6- and 7-Star code compliant
external wall systems had predicted mould index values > 3.0. Cooler climates were found
to be particularly vulnerable, with Ml values remaining elevated even with the introduction of
more permeable membranes as prescribed by the NCC 2022 standards.




Introduction

Damage and degradation are not “green” and damp buildings are unhealthy

There are many types and
causes of moisture damage




Introduction

Building damage report based on data from the German insurance company VHV

Repair costs for various types of construction damage, 2016 - 2020

HOCHBAU 2021/22 Water-/
moisture
damage

Structural
damage

988.461 €
1.286.795 €

Other types 1.489.286 €

of damage 1279774 €
1382.952€

BAUFORSCHUNG Fraunhofer IRB | Verlag

Moisture related damage is the most frequent
and expensive problem in Germany
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4.513.420€
4.869.201 €
4.539.596 €
4.248.535 €
4579.222 €

3.547.961 €

3.322.688 €
2.898.937 €
3.098.836 €

4139.621 €

Our own research shows:

Energy efficient buildings are
more at risk!

= More insulation » more
condensation & less drying

= Lower AC running time »
higher indoor air humidity in
cooling climates




Climate conditions in New Zealand — average
temperature and rainfall

New Zealand
Median Annual
Average Temperature
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Adding insulation for healthy and energy efficient buildings

Condensation may occur at cold surfaces

Cold exterior side

35 1 1 1 1 |
Temperature drop in 1 m? vapor saturated air
20°C 0°C

9
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100 % -{-
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4 At

60 %

40 %

Vapor concentration [g/m?]

g
20 %
Warm and humid interior side

0% : :
5 0 5 10 15 20 25 30 In cold & moderate climates insulated

Temperature [°C] timber structures of heated buildings
require interior vapour control layers
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Adding insulation for healthy and energy-efficient buildings

Climate dependent vapor diffusion from warm to cold

Heating climate: outdoor temp. 0 °C Cooling climate: outdoor temp. 30 °C
0°C,80%r.F. 30 °C, 70% r.F.
Pp = 490 Pa Pp = 2970 Pa
A9 =20K Ap, = 445 Pa A8 =5K App = 1330 Pa
V © Joe Lstiburek

20 °C Dewpoint of indoor air: 6°C 25 °C Dewpoint of outdoor air: 24°C

40% r.F. Mold limit (80%RH): 10°C S0% r.F. Mold limit (75%RH): 29°C

Pp = 935 Pa pp = 1580 Pa

Vapour retarder should be placed at the side with the highest vapor pressure

14



Consequences of building envelope insulation

Insulation is a game changer for the building envelope 1200
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Thermal insulation raises interior surface

temp. which prevents condensation & mould

Night-time
condensationin
ventilated cavity

The exterior surface temp. may drop below the
outdoor dewpoint causing condensation
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Consequences of rainwater absorption

Driving rain on masonry or brick veneer will be absorbed and may degrade the wall

Exterior

Air pressure difference

=

Solar radiation
(direct & diffuse)

Heat exchange
with outdoor <:>

environment

@riven rain Q

Vapor exchange
with outdoor air

ASHRAE HoF
2021, Chptr. 25

Heat exchange
with indoor
environment

<~

Vapor exchange
with indoor air

Al

Ground water

Interior

Q§
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Solar vapour drive
may harm the interior
of the assembly

Klimaort Holzkirchen WUFI®
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Masonry cavity wall with MW
insulation exposed to natural weather
including driving rain

Indoors: 20°C / 40% RHg




Consequences of rainwater penetration

Risk of damage due to driving rain leakage

Wind iegss
driven 7 3 N

rain

)eea
e — =

N

1990s: damaged stud walls with EIFS in
North America, later also in Sweden
Reason: water penetration at window
joints and other wall connections

Rainwater entry
behind the insulation
must be dealt with!

External Wall
Insulation Systems
on timber structures
require a technical
approval in Germany

Probing of wall with rendered EPS as
externalinsulation system (IBP field test)
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Consequences of rainwater penetration

Exposure of mineral wool to natural weather
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Integrated Building Design
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Comfort

Carbon Footprint
Cost effectiveness

Resilience

Insufficient drainage or drying potential »
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Damage or unhealthy conditions may result if
moisture control is not part of the design process

— Wetting

Rain
«absorption
*penetration

Wetting ~

Condensation
 air convection
»vapor diffusion

Safe Storage
Capacity

-
\II.“ - |

Built-in
moisture

/- Drying

Safe Storage Wetting Wetting
Capacity ~ =
,—-'Q /- Drybig




Integrated Building Design
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Comfort

Carbon Footprint
Cost effectiveness

Resilience
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Damage or unhealthy conditions may result if
moisture control is not part of the design process

Outdoor conditions and building operation may vary
significantly (dynamic behavior)

» Impact of heat and moisture storage on indoor
climate conditions (hygrothermal inertia)

Inside

Precipitation

S,

D D DO
Dbbbb D

Relative
Humidity

&

<=>

Air
Conditioning

Solar emperature

Natural Ventilation
Radiation ;

Moisture
Production

S Outside
Heating

Inside




Calculating the moisture balance of envelope assemblies

Dynamic hygrothermal simulation according to internationally established standards

BS EN 15026:2023

CTAAIN

N PSS TITUTT OF MOUPRGENAY ON. A0 CONDITY
ANSI/ASHRAE Standard 160-2021
A/ (Supersedes ANSI/ASHRAE Standard 160-2016)
Y ; Includes ANSI/ASHRAE addenda listed in Appendix D
|

AIRAH Criteria for

BSI Standards Publication W Moisture-Control
Design Analysis in

DA07 Buildings

Hygrothermal performance of building CRITERIA FOR MOISTURE
: CONTROL DESIGN
components and building elements — Assessment ANALYSIS IN BUILDINGS

of moisture transfer by numerical simulation




Evaluating the moisture balance of envelope assemblies

Resulting temperature and humidity conditions in insulated stud walls

Solar radiation
(direct and diffuse)

. Heat exchange 40
” <> Wim] 5
. >1000 =
Winter  Summer 5 20
Long-wave 50 £
emission o
0 g O / 17.01.02
. 250 = [
Convection -
0 -20
Vapor diffusion — I =
500 100

Latent heat< —= ">

L . [mmih]
; \ Winter - Summer >4 400 \ )
Day i =
E -
- 3H =300 60 5
Vapor diffusion [} £ \ £
2§20 -y &
@ o
=
: . 1 100 20
Light-weight assembly exposed to
natural weather in winter. ol o L dd
o 0116 16 01125
Indoors: 20°C / 40% RH
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Climate specific moisture and airflow control layers

Balancing indoor and outdoor vapour diffusion fluxes to keep light-weight assemblies dry

Wind
washing

Wind and water resistive barrier (WB/WRB)

B In cold climates, the WB/WRB should be
vapour open

B In hot and humid climates, the WB/WRB
should be vapour retarding

Exfiltration

Vapour control and air barrier (VC/AB)

B |n cold climates, the VC/AB should be
vapour retarding

B [n hot and humid climates, the VC/AB should
be vapour permeable

i1 13

In mixed or moderate climates, there are no general rules, and the
optimum parameters for WB/WRB and VC/AB must be calculated

Installation flaws and rainwater absorption in case of reservoir
cladding add further moisture sources to the equation

23




Climate specific moisture and airflow control layers

Definition of vapour retarder

The Int. Construction Code lists three water vapor retarder classes:

Water Vapour Retarders e Class|: 0.1 perm or less

The main characteristic of a e Classll: >0.1 perm<1.0 perm
vapour retarder is low vapour e Class lll: >1.0 perm< 10 perm
permeance.

e (Class IV: >10 perm)

V t letel
apour retarders are completely The designer determines the appropriate type of water vapor

ineffective without airflow

control. A single layer may serve 150
th
both purposes 125 q\ Intello — A
The type of system depends on \ ‘ \agsy
the climate zone, building usage 100 | ASHRAE HANDBOOK
and moisture sources 75 \ |

N

N
o O

“Smart” vapour retarders allow
substantial summer drying while
functioning as effective retarders
during the cold season b b p

Vapour diffusion
Resistance [MNs/g]

E—
20 40 60 80 100

o

=]

\ L) siEatien
Supported by ASHRAE Research

relative humidity [%]
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Climate specific moisture and airflow control layers

Working principle of smart vapour retarders (SVR)
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In winter, indoor RH is low and RH at the backside of In summer, indoor RH is higher and RH at the
the retarder is even lower backside of the retarder even more
SVR molecular pores (and permeance) are small SVR molecular pores (and permeance) widen

The size of molecular pores is in the range of water-molecules (0.3 nm). They are impermeable to air.
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Climate specific moisture and airflow control layers

Next generation of smart vapour retarders (SVR)
35

30

25

N
o

=
a1

SqVvalue [m]

[EEY
o

5 First generation

- e eam e e e e .
- e .
-— e
-—
-—
---
-_— e e
_— e o
-
-_—ea e eas a= = -

0% 10% 20% 30% 40% 50%

RH [%)]

60% 70% 80% 90%

== =Generic G1

175

150

125

100

~J
()}

o
o

N
o

100%

Vapour Resistance [MN-s/g]

First generation SVR
have been crucial to
meet the challenges
of well-insulated light-
weight envelope
assemblies by
providing sufficient
drying potential




Climate specific moisture and airflow control layers

Next generation of smart vapour retarders (SVR)

35 175
30 150
25 125
E 20 100
(«b]
=
S
15 75
w)
10 50
5 e L 0
0% 10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

RH [%)]

== =Generic G1 e \WUF| PA Profile

Proctor: SmartVap = |[SOVER: KM Duplex

Vapour Resistance [MN-s/g]

First generation SVR
have been crucial to
meet the challenges
of well-insulated light-
weight envelope
assemblies by
providing sufficient
drying potential




Climate specific moisture and airflow control layers

Next generation of smart vapour retarders (SVR)
35 175

First generation SVR
30 150 have been crucial to
meet the challenges

25 125 ¥ | of well-insulated light-
= | weight envelope
E 20 100 g | assemblies by
S teeeeens, 5 | providing sufficient
=T o : :
> 15 25 = | drying potential
N Second generation -
..... > | Second gen. SVR
10 50 & | proved to be superior

in many applications

5 25 and helped to reduce
i the risks of moisture
0 0 susceptible
0% 10% 20% 30% 40% 90% 60% 70% 80% 90% 100% constructions
RH [%]
- e=Generic G1 Proctor: SmartVap = |[SOVER: KM Duplex = \WUF| PA Profile

e e ¢ Generic G2



Climate specific moisture and airflow control layers

Next generation of smart vapour retarders (SVR)

sqValue [m]

== =Generic G1

e e ¢ Generic G2

30%

40%

Proctor: SmartVap

pro clima: INTELLO

50%

RH [%]

60% 70%

= |[SOVER: KM Duplex
= |SOVER: XtraSafe

175

150

0

80% 90% 100%

— \WUFI| PA Profile
w— \N/(Irth: Thermo Vario SD

Vapour Resistance [MN-s/g]

First generation SVR
have been crucial to
meet the challenges
of well-insulated light-
weight envelope
assemblies by
providing sufficient
drying potential

Second gen. SVR
proved to be superior
in many applications
and helped to reduce
the risks of moisture
susceptible
constructions




Case study: Stud walls in New Zealand

Plasterboard
Glasswool

Rainscreen

WI?B Rigid Un,derlay

Underlay
7 MN:s/g +—>
S4=1.3m

(as per NZBC E2/AS1 2 MN-s/g Exterior Insulation
Table 23 maximum) $,=0.38m



Indoor conditions - Auckland

QA From Map / File | A% § EN 15026/ DIN 4108 / WTA 6-2 | 44k 150 13788 | 44k § AIRAH DAOT | &b § User-Defined

derived from:  Auckland; NIWA (2024)
Air-conditioning system
AC Type: Air-conditioning -

floating indoor temperature shift ['C]: | 2.8

set point for heating ['C]: 211
set point for cooling [*C]: 239
R.H. control setpoint [32]: 50

Relative Humidity

Moisture Generation Rate

number of bedrooms: 2
Jetted tub without exhaust fan:
User-defined Moisture Generation Ra...

Moisture Generation Rate [kg/s]: 0.000105

Air Exchange Rate

User-Defined -
Air Exchange Rate [1/h]: 0.35
building volume [m®}: 240

Temperature [°C]

Relative Humidity [3]

40.0
375
35.0
325
0.0

275

100

a0

&0

40

£ Details...

v'| Use Left Climate

MY M AL A

Jan-11

Feb-05

Mar-02

Mar-27

Apr-21

May-16

June-10

July-05

July-30

I

Jan-11

Feb-05

Mar-02

Mar-27

Apr-21

May-186

June-10

July-05

July-30

Aug-24

Aug-24

Sept-18

Sept-18

Oct-13

Qct-13

New-07

Now-07

Dec-02

Dec-02

Dec-27



Exterior n Interior

Case 1: 7 MN-s/g underlay as per NZBC

Underlay 7 MN-s/g Analysing Mould Index in the critical layer
No VCL - j
No External Insulation ‘ i
. r 1 |
I
£ 2 ——Auckland
3 Wellington
= =—Christchurch
1
Ideal
0
0 1 2 3 4 5 6 7 8 9 10

Time [years]



Case 2: 7 MN-s/g underlay with
airtightness and vapor control layer

Mould > 10%

Mould Index [-]

Ideal

Exterior Interior

Underlay 7 MN-s/g Analysing Mould Index in the critical layer
With VCL

No External Insulation

——Auckland
Wellington
= Christchurch

5 6 7 8 9 10
Time [years]



Case 3: Higher vapour permeability WRB Rigid Underlay
Adhesive WRB over rigid underlay with 2 MN-5/g
airtightness and vapor control layer 5,=0.38m

Adhesive WRB over Rigid Underlay
With VCL
No External Insulation

Mould > 10%

3

=]

£2 — Auckland
=] .

3 Wellington
=

——Christchurch

Ideal /\/\/\/\/\/\/\/\/\/
PaN

Time [years]




Case 4: Adhesive WRB over rigid underlay WRB  Rigid Underlay

with 50mm exterior insulation Y
2 MN-s/g
$4=0.38m

Adhesive WRB over Rigid Underlay
No VCL
50mm External Insulation

Mould > 10%

= Auckland

Wellington

Mould Index [-]
[§S]

——Christchurch

Ideal
A AN AN, NN, A
10

Time [years]



Case Summary

Case

Case 1: 7 MN-s/g underlay as per NZBC

Case 2: 7 MN-s/g underlay with airtightness and
vapour control layer

Case 3: Higher vapour permeability
Adhesive WRB over rigid underlay with airtightness
and vapor control layer

Case 4: Adhesive WRB over rigid underlay with
50mm exterior insulation

Auckland

> 3
> 3

v
v

Wellington
> 3

Not Optimal

v
v

Christchurch
> 3

Not Optimal

v
v



Summa I'Y . Hygrothermal Passive Building Design and Innovation

Healthy and durable Passive Buildings require sound moisture control design:

Envelope assemblies must have a high drying potential and should be moisture tolerant to
avoid interstitial condensation, mould growth and moisture related damage or degradation.

Indoor air quality and humidity must be managed by a combination of energy efficient HVAC
and sensible building operation

Hygrothermal building design tools can help to:

Design moisture tolerant assemblies for all climate zones and indoor conditions

Define the set-points and limit conditions to keep the structure and the inhabitants safe
Predict the building performance under future conditions (e.g. climate change)
Analyze the cause of building damage and calculate the service life of constructions

Assess and select suitable vapour control layers for healthy and durable design

40



IBP

= - ‘ M
= —
/80 WAy, w, [
et

Fraunhofer

A\



http://www.building-physics.com/
http://www.building-physics.com/
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Summit
New Zealand
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