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Presentation Overview

Antroduction

MBreathable Construction, Facts and Fiction

ANhat is Airtightness?

Anirtightness: What are the benefits?

Anhy diffusion open construction?

APotential moisture penetration into structural elements

MVoisture management, Intelligent membranes and diffusion open materials
ACase Study: Brighton Flat roof

Antelligent on-site solutions.

AEnsuring Quality control and measuring airtightness (International and
national standards).
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Low Energy House: Wicklow, Ireland

Walls: From the outside (U vah@12W/m2K) Low Energy House: Wicklow
Aweather board sheathing fixed to battens

A0mm vented cavity N500.15 ACH
AB0mmGutexUltratherm Q 50 0.17 m3/hr.m2
ASolitex WA

APanelvent

A25mm Cellulose in Stud
Antello Plus

A00mm GUTEX Thermoflex

- o[ligent bui Ing solutions
b sl intelligent building solutions



pro clima airtight-systems in passive
houses

The highest passive house in
Europe:

Schiestlhaus 2.154 m

intelligent building solutions



pro clima airtight-systems in passive
houses

The highest passive house In
Europe

Schiestlhaus 2.154 m
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Breathability: Fact and fiction

‘ [n:\ulazlonl

{ 95% of vapour transfer in buildings occurs
B through ventilation:Fact

Breathability - A White Paper

A STUDY INTO THE IMPACT OF BREATHABILITY
ON CONDENSATION, MOULD GROWTH, DUST MITE
POPULATIONS AND HEALTH

- | |

G. NBlF GKIFofS O2yailNd
breathability of insulation products are
therefore at best a side show, in reality
0§KSNBE | O2YL} S88QAB

intelligent building solutions



Breathable or diffusion open?

Breathing: is the process that moves air in and out of the
lungs.

Diffusion: The process by which water vapour spreads or
moves through permeable materials caused by a difference

In water vapour pressure.

Ventilation: The replacement of stale or noxious air with
fresh air.



Breathable or diffusion open?

We want our building envelope to be airtight/draught proof and moisture resistal

AStop rain from the outside penetrating to the inside
KOutside it should be wind/water tight but vapour permeable (diffusion open).

A2yQi ¢l yild Y2Aaldz2NBE (02 O2YRSYAaS GAUKAY
from the living space.

AOn the inside to prevent excessive vapour penetration we require a vapour control laye
(diffusion controlling).

ANe need to regularly change the stale air in the living space with fresh air.
Aiffusion open constructions is not a substitute for an effective ventilation strategy
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Breathable or diffusion open?

Water/Vapour interacts outside/inside our buildings by three key methods:

Asapour Permeability: (the ability of a material to allow water vapour to pass through i
Adyrgoscopicity(the ability of a material to absorb antksorbwater as a gas)
KCapillarity: (the ability of a material to absorb amesorbwater as a liquid)

Why is it important to understand how water interacts with buildings:

Approximately 75% of building failures occur due to water

Water penetrations can:

Aeffect the external surface of the building envelope

ACan effect the central layer of the envelope and lead to structural damage, thermal
degradation and mould formation within the wall

Avould growth on the inner surface on the external envelope

Ampair IAQ



Indoor Air Quality (IAQ)

IAQ can be affected by:

Amicrobial contaminantsnjould, bacteria),

Hyases (including carbon monoxide, radon, volatile organic compounds),
Aoarticulates,

90% of our time is spent within the living space. Using ventilation to dilute
contaminants, filtration, and source control are the primary methods for improving
indoor air quality in most buildings.

Common pollutants:

ARadon

MMoulds and other allergens
ACarbon monoxide

AVolatile organic compounds
A egionella

AAsbestodibers

ACarbon dioxide

AOzone

intelligent building solutions
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Ventilation Systems

Natural Ventilation
ATrickle vents
APassive Stack
ASupply air windows
AOpening windows

Mechanical ventilation

K xtract fans

ANhole house extract

ARoom ventilator with heat recovery

Anhole house mechanical ventilation with heat recovery
ADemand Controlled Ventilation



Why Airtightnesg Infiltration and Ventilation

Air Infiltration/Draughts ancéxfiltration ¢ The uncontrolled entry or exit
of outdoor or indoor air from the habitable space

Ventilation¢ The controlled/designed replacement of stale indoor air
with fresh outdoor air

Airtightnessc The elimination of uncontrolled air infiltration

BUILD TIGHT AND VENTILATE RIGHT!

intelligent building soluti
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B Energy Lost through draughts

B Other Energy Losses

CAIdzNE 2F KSIFG f23aaSa LISNItd WSyyAy3Iazr W ANIHAITKIGYS:E
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Clearly define air barrier layer and detail airtightness solutions

Air barrier line

Air leakage path @

€ CO intelligent building solutions
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Intelligent

V\ — Airtight Systems

Build Tight, Ventilate Right!



Typical construction situation

Consequences of defective air

H# tightness

Heat loss

2. Building damage due to
moisture

3. Deficient heat protection
In summer

4. Deficient sound proofing

intelligent building solutions



heat transport

air movement

only inclusions of air that are protec

against air movement insulate!

€ CO intelligent building solutions
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The pripciple of thermal insulation: Airtightness




Heat losses due to Convection

Experiment seup
Construction of insulating
material

im _
Gap in the vapour Check

(air-tightening).

14 cm Frame conditions:

. im ' Inside temperature +2C
Without gap: U-Value = 0,3 W/AK Outside temperature10°C

\ Pressure difference 20 Pa

Measurement:
Performance reduced by factor 4’8 Institute of building physics, Stuttgart

Source: DBZ 12/89, page 1639ff

! v ~ 'S . - -
intelligent building solutions



AssarGabrielssorand GustafLarsonceated
\ Volvo in 1927

W/ NE | NBE RNRARGSY o0& LIS
8 quiding principle behind everything we make at
% Volvo isq and must remainca I ¥ S G & Q

In 1959 Volvo introduced the seatbelt in its
modern form as standard equipment in all
their cars in Sweden.

intelligent building solutions
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Improving the security of our building structures?

€ CO intelligent building solutions



Structural Damage due to Moisture

Structural damage due to

M# moisture

a. Diffusion

b. Convection

c. Moist installed
construction materials

d. Flank Diffusion

intelligent building solutions



Comparison diffusion/convection

1m

14 cm

5 1 ey w1

Without gap: 0,5 g water/mix24h

With 1 mm gap: 800 g water/m2x24h
Performance reduced by factor 1600

Experiment seup constr.
of insulating material

Inside vapour seal
sq = 30 m (mvtr = 150 MNs/g])

Gap in the vapour Check
(air-tightening)

Frame conditions:

Inside temperature +20C
Outside temperaturel0° C
Pressure difference 20 Pa
= wind force 23

Measurement:
Institute of building physics, Stuttgart
Source: DBZ 12/89, page 1639ff

intelligent building solution



Building damage

Efficient back ventilation as
measure to avoid building

MJJ# damage

Humidity due to leaks is
Back ventilation removed.

Disadvantages
Less efficienthermal insulation

w Nonexistent protective
layer for insulation

w Smaller thickness of the
insulation

w Higher rafters

Attack by insects possible

intelligent building solutions



Ideal Situation:full rafter insulation

The perfect insulation
constuction

!lﬁl—l’l—liﬂl—l’l—M Protective layer outside

the insulation

Insulation

airtightening

Insulation with highest efficiency

intelligent building solutions



Full rafter insulation, diffusion
tight on the outside

sy-Value of the subyoof
=300 m

Vapour barrier | VapourControlling
? %

€ CO intelligent building solutions



Diffusion Resistance of Building Materials

Vapour diffusion resistance coefficients of the most common building
materials according to EN ISO 13788

Material vl Material U
Lambodés wool , fl ax Plasterboard 8
Mineral wool 1 lime Plaster 15-35
Cellulose insulating material  1-2 Wood 40
Wood fibre insulating board 2-5 Concrete 100
Cork 5-10 pro clima DB+ 10.000
Brickwork 5-10 Polyethylene foil ~ 100.000

Calculation of the equivalent air layer thickness: s;= ux s [m]. Syx 5.1 =MNs/g

Material S4-Value

Plasterboard 10 mm 8 x 0,01 =
Brickwork 30 cm 7,5x0,30 =
pro clima DB+ 0,23 mm 10.000 x 0,00023 =
Wood 60 mm 40 x 0,06 -
Concrete 20 cm 100 x 0,2 =

Polyethylene foil 0,2 mm 100.000 x 0,0002

intelligent building solutions



Vapour Check : 0.5m1500m

Vapour Barrier: >1500m

Source: BRE IP 2/05 Modelling and controlli
Interstitial condensation in buildings

€ CO intelligent building solutions



Safety Factor for Diffusion Tight Roof

g HO/m?2
5 Comparison of condensate
1200 with a diffusion-tight subroof
1000 s, value = 300 m
800
607 295
600

Condensate

400

Evaporation
{3 69 41
28

44 28 2618 1310
16 8 3

‘ ‘ , D Drying reserve
2,3m 30m 50 m 100m 300 m = Safety potential

S value, inside

intelligent building solutions
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Construction materials whose diffusion resistance changes as a function of its moisture
content

rd

Y Wood according to DIN 4108
at 60 % wood moisture H=12¢15
at 10 % wood moisture =200

Y Lime plaster
dry u=35
moist nu=15

Y pro clima DB Cellulose vapour check
has a variable gvalue

intelligent building solutions



: average gvalue depending on the relative air humidity

T_IIIIIII
N |

Humidity-variable
diffusion resistance
of the pro clima DB+

to avoid building damage

Sg-value [m]

average relative air humidity [%0]

€ CO intelligent building solutions



Humidityi variable diffusion resistance

Winter Summer

{ |

Distribution of relative air
NS - TR __ CirCa. /0% 1T humidity in the component's
Cross section

N P RTINS

L
------------------------------------------------------------

Average humidity at the vapour
check

Average mvtr at different climate conditions

60
high diffusion
50 resistance
Wint()r In the winter
40 % 40
= Vanation due to
E;, 2 t humidity: 40 x
> 20 low diffusion
e 2 resstance
10 summer - In the summet

0 10 20 30040 )0 60 7(@)() 100
Relative humidity [%6)

intelligent building solutions



Security potential of dighffuemin

g HO/m?
1308 1085 :

k2 Comparison of condensate
1200 with a diffusion-tight subroof
1000 s, value = 300 m

800

607 295
600
400 Condensate
Evaporation

i3 6941 44 28 3 2618 3 1310

28 16 .
ol B e [7] Drying reserve

2,3m 30 m 50 m 100m 300m 2,3m = Safety potential
Moistnessvariable

§ value, inside [m]

intelligent building solutions



Diffusion

Drying of
wood

Flank
diffusion

Convection
1 mm gap

3 m2 day

30 %day

800 %day

In winter constructions are
exposed to moisture

Conclusion;

There is no absolute protection
against moisture

€ CO intelligent building solutions



Consequences of faulty airtightness

There is no absolute protection
against moisture

Solution:
Increase dryingotential

Ideal:

More Diffusion open construction
externallywhere possibleand Intelligent
membranes with Humidity variable
diffusion resistancen the inside

intelligent building solutions



Vapour barrier

e.g. PE-Foil sy =50 m (mvtr
= 250 [MNs/qg])

No possibility for
constructions to dry out when
unexpected moisture occurs

Continuous High Vapour
Resistance

€ CO intelligent building solutions
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sq-mean value at varying humidity levels

E
(b}
=
@®©
7

)
n

Average air humidity [%]

€ CO intelligent building solutions



Freedom from structural
damage due to vapour checks
with

humidity ¢ variable

diffusion resistance

s In winter: protection against

Winter/Night moisture entry
time

Summer/

‘ Daytime

‘ € CO intelligent building solutions

In summer: high drying potential



Case Study: 7BoundryRoad, Shoreham by Sea; November 2006

Architect Sarah Kemkskayarchitects, Shoreham by Sea
Original Construction, form the outside:

A\sphalt,
Aolystyrene (50mm)
A9mm Ply



Case Study: 7BoundryRoad, Shoreham by Sea; November 2006
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Case Study: 7

BoundryRoad, Shoreham by Sea; November 2006
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Case Study: 7BoundryRoad, Brighton; November 2006

Architect Sarah Kemg.skayarchitects, Shoreham by Sea

Original Construction, form the outside:

A\sphalt,
Aolystyrene (50mm)
A9mm Ply

Proposed ConstructionBuilding Control
Asphalt

Molystyrene (50mm)

A9mm Ply

/&0mm continuous Vented void
A00mm Insulation

Avapour barrier/Check

MPlasterboard

U value: 0.41W/m2K

Proposed Construction: pro clima
A\sphalt

Aolystyrene (50mm)

A9mm Ply

A50mm Insulation

ANTELLO PLUS Intelligent vapour check
A25mm service zone

Mlasterboard

U value: 0.21W/m2K
intelligent b



Assessing building security against unforeseen moisture penetrati

Location: Holzkinchen WUFIE
doubledeaf mazonry vall exposed to driving rain
Calculation program o @
Mimd £
. : . 000 2 20 -
Computer- assisted simulation m T - e
¥ g 19.03.M
program for heat and humidity wal| & =
transports (dynamic) WUFI o8 a0 — —
0 2 500 (11}
Regl climatic da_lta - IR |
- Inside and outside temperature o™ r \ /*—'\ v
- Inside and outside humidity 3 g 7 i
i : 5 N
- Light absorption 2 S0 [0
- Moisture storage capability I 2
- Capillary action o JE/— ) : =L
s 6 T 1
(Data O.I: One reference year at Lime Silica Brick hﬂmerzlrl‘llll::lsemnn [mI;]lme Silica Brick Gypsum Plaster

intervals of 1 hour)

Current BS EN 15026: 2007 provides higher
accuracy compared with EN 13788:2002 in
BS 5250.

www.idfidezent building solutions



Calculating Potential Freedom from Structural Damage

Assembly

Layer Mame Thickn. [m]
INTELLO 10,001 Material Data |
Exterior [Left Side] Inkerior [Right Side)
0oo 008 0,000,0100.0M 0149 0,001 @ % Sourcas, Sinks |
1. Asphalt roofing membrane Bm |
g J : g . 5 Mew Layer
thick: diffusiontight
‘ Duplicate |
DAMMSTATTs CI040, KLIMA-TEC-FLOCK, Poesis-:o: isEJEOUATE}J
2' Somm EPS ;WI’ Edit Assembly by:
* Graph
3. Plywood 19mm R

4. Cellulose 15nm

Initial mositure: 20 kg/m3 = 3.6 |/m?2

5. Vapour barrier/Intelligent vapour check

6  Service zone 20m
7. Gypsum plasterboard2 mm

! v ~ 'S . - -
intelligent building solutions



Potential Freedom from Structural Damage

Brighton

' — Summer:
_ Indocor Climate (Right Side)

‘ t& Map/File @ Sine Curves
pPO,

Climate File |C:‘,...\uk_brightu:|n_415.try Details... ‘ Browse... ‘

g EN 13788 ‘ g EN 15026

g swe | Aot of solar radiation

Temperature / Relative Humidity l Climate Analysis ] WI ntel’

Temperature

Cloudy and mild

=
L8 B -]
-
L

=
—=

Temperature [*C]

=0

| 1
11 417 Flal 10 12630
Date

Relative Humidity
100

80
il |

B0 1 I ' 1 n

40

Relative Humidity [%]

20

0
1! 41 T 101 12031

intelligent builc
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Total Weter Contert [kgfm]

BOE3

12166

18249

Time [d3f5]

3M1E

00 an
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Total Water Contert kg

Q 6083 1268 18249 4552 IM1E 9B

Time [zy]

| 3

’Hum

e w018

i
i

%)
bt
n
)
n
P
|
E
2
"
"
“

Radative Humidity [% ]
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Assembly

Layer Name Thickn. [rn]

IEPS theat cond.: 0.04Wmk - density: 30kg/m?) ID,DE Material Data |
Esterior [Left Side] Interior (Right Side) .

| 005 0,000,01000,001 0,149 00,001 @ Sources, Sinks |

1 Mew Layer |

1. Asphalt roofing membrane @m Sowice |
thick: diffusiontight Boems |

&‘i W i Edit Aszembly by
|76' Graph
2. 50mm EPS  Tevle

3. Plywood 19mm

4. PUR 150nm

Initial moisture ply: 150 kg/m3

5. Vapour barrier/Intelligent vapour check

6  Service zone 26im
7. Gypsum plasterboar@i2 mm

€ CO intelligent building solutions



Tatal Witer Cormtert [kgfm®

G083

12166

18249

Time [idays]

3415
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Calculation Summary

Vapour Barrier inside Intelligent membrane inside and PUR bet raftel
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Moisture loading > Drying reserves

= Structural damage

Drying reserves > Moisture loading

= No structural damage

Build with adequate reserves and
you will never have structural damage!

AN

FNBESR2Y



Breathability: Fact and fiction

‘ 'P.Eulaf_ll:vr:‘

95% of vapour transfer in buildings occurs
—— through ventilation:Fact

Breathability

A STUDY INTO THE IMPACT OF BREATHABILITY \

ON CONDENSATION, MOULD GROWTH, DUST MITE

e Since the early 1990s, the term "white paper
'4 /% has also come to refer to documents used by

’? A businesses as marketing or sales todite

' * papers of this sort argue that the benefits of

particulartechnologyor productare superior

for solving a specific problemFact

Sourcewikipedia

G. NBlF GKIFofS O2yailNd
breathability of insulation products are
therefore at best a side show, in reality
0§ KSNBE | O2YL} Sdiéh NI

! v ~ 'S . - -
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Humidity-variable vapour checks

Membranes with
Humidity-variable diffusion resistance:

Not suitable for buildings with
permanent high air humidity:

w Swimming pools
w Gardeningcentres
w Commercial kitchens



Humidity-variable vapour checks

Preconditions for the functionality of humidiyariable
vapour checks

- No diffusiorhampering building materials
on the interior side, e.g. O$Bywood,
foil backed plasterboard

- Profiled timber sheathing, plasterboards
andHeraklithBM boards with plaster are
suitable



Humidity-variable vapour checks

Preconditions for the functionality of humidiyariable
vapour checks

- No shadeexternally
A Consider Solar Panels and their impact of radiant heat

A Colour of the external layer, dark colours promote greater
back diffusion

- Diffusion resistant foam insulation material

- Green roofs significantly reduce back diffusion and not
compatible with non vented cold deck



Air leakage on site:




Common Gable Wall-Roof junction

Faul ty but
airtight connection

of vapour barriers

€ CO intelligent building solutions



Thermo graphic images of faulty constructions

Infrared picture:

Gable wallroof connection

intelligent building solutions



Thermo graphic images of faulty constructions

Infrared picture:

Wallceiling connection

intelligent building solutions



Thermo graphic images of faulty constructions

Infrared picture:

Roof window connection

+899°C

< ww intelligent building solutions



Thermo graphic images of faulty constructions

Infrared picture:

Roof window joint at negative
pressure

The cross shows 658, which is
lower than the dew point

=> Condensation

intelligent building solutions
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Alrtight???77?

intelligent building solutions



Ineffective Sealing of Critical Detalls

intelligent building solutions
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