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Designing Foam-Free Passive House
Assemblies in Climate Zone 6 & 7




- Master’s degree in Architecture + Real Estate Dev from the Delft
University of Technology, Registered Architect in the Netherlands
- Served on NYC Building Code Committees

- Certified, consulted on and built several Passive House projects
in New York and Vermont

- Adjunct professor at The City College of New York

- Certified WUFI ORNL Instructor

-Bicycle advocate
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 Comfortable
* Healthy

* Energy efficient
* Resilient

» Affordable

* Beautiful
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Plastics!

Credit: The Graduate, 1967,
[
]
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oen(O)- e, «(O)-Neo(Dangerous Toxic Ingredients
NCO Unacceptable Fire Accelerant

@_cﬂz_@_ nco Thisfire started during -
installation due to an excessive

NCO exothermic reaction
@-cuz@ High Level of Embodied
OCN Energy & Global Warming
Potential
Pure MDI's

Unreliable Performance

" / Reversible? \
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Embodied
House Carbon
(minimize)

Electrify Clean Climate
(everything) Energy Action
(100%)

Credit: Passive House Accelerator

“Global climate change is the challenge of our generation.”

- Mayor Bill de Blasio, One City: Built to Last

475.supply | 800-995-6329
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Embodled Energy VS. Carbon Footprlnt

\
I’ <
o~ END-OF-LIFE
i&z

MANAGEMENT
RAW MATERIAL
EXTRACTION

61%

22%

USE &
MAINTENANCE

EMBODIED
CARBON

N

Source: Building Green

TRANSPORTATION

2%

MANUFACTURING

Embodied Energy = Sum of
all energy needed to
produce any product, as if
that energy was
incorporated or "embodied"
into the product itself.

Carbon Footprint = Sum
of all greenhouse gases
emitted by the full life
cycle of a product.
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1000 kg CO2e / year

50

40 .
By 2050, embodied
emissions still far
30 outweigh operations
|
20
]
|
: Materials &
10 ; Construction
I
: 60%
l
0 1
2015 2025 2035 2045 : 2055 2065 2075 2085 2095 2105 2115

Building Material . |
&U&J:sgtruit?;ma ) . Building Operations

Carbon Emissions
(Typical High Performance Building) e

Source: © 2017 2030, Inc.  Architecture 2030. All Rights Reserved

Data Sowurce: Embodied Carbon Benchmark Study, 2016; The Time Value of Carbon;
Why reducing embodied carbon s critical to meet global climate goals, 2016
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. Robust enclosure

. Quality daylighting

. Less toxic and more

sustainable.

. Healthy indoor air quality
. More predictable and durable

. Low Energy - “Zero Energy

Ready”
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The Order of Importance

Enclosure Performance

WATER CONTROL- shed it.

Ever greater AIR CONTROL - toward Passive House
More resilient VAPOR CONTROL - avoid mold
THERMAL CONTROL - toward thermal bridge free

B
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Why is airtighthess
so important?

It disproportionately affects fundamental
aspects of building performance

) "n.il-'.rnling bath sides of the wall is
. more Impaortant than the fluffing of the
Order of impartance insulation in the cavity.”
Ry
1. W ater cantrol

2. Air control

3. Wapor control

4 Thermal control

Indoor Air
Quality

Energy
Consumption

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329
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THE B‘LOWR DOOR DOESN'T LIE

P4
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insulating
envelope

airtight
envelope

The Primary Air Barrier
should be inboard of the
Insulation

crucial joints too meet the
rules of avoiding thermal
bridging

| hot air=less dense

top opening

warm & humid side

cold outside

bottom opening

cold air = heavy

<«—— Missing
! Air Barrier

]
HIGH PERFORMANCE
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What is airtight?

5
(factor of 15 range)

4

3

2

1

y L
Historic: 2012 |[ECC US Bldg Science: Passive House
5 ACH50 (zones 4-8): 1.5ACH 50 Certification:

3 ACH50 0.6 ACH 50

Air Control Progression

475.supply | 800-095-6329
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Ir Control:
Heating Load/Demand Correlation

Passive House verification

|

Building:

End-of-Terrace Passive House Kranichstein

Street:

Postcode/City::D-64289 Darmstadt

Country::Germany /Hesse

Building Type:i Terraced House/Dwelling

Climate::Standard Germany

Year of Construction: 1991
Number of Dwelling Units: 1
Enclosed Volume V.: 665.0
Number of Occupants: 45

Interior Temperature:
Internal Heat Gains:

use:

Annual
Heating

.22 ACHS30

0.60 ACHS0

Specific building demands with reference to the treated floor area

1.50 ACH30

Treated floor area ) 156.0 im' Requirements Fulfilled?*
~
Space heating Annual heating demand 1 4 kWhI(mza) 15 kWhi(m?a) yes
~
Heating load 1 0 Wim? 10 Wim? yes
Space cooling Overall specific space cooling demand 1 kWh/(m?a) 20 kWhi/(m#a) yes
Cooling load 9 Wim? : yes L
Frequency of overheating (= 25 °C) 06 % N -
2 Space heating and cooling, 2
Primary Energy dehumidification, household electicity. 61 kWhi(m’a) 120 KWhi(rva) yes
DHW, space heating and auxiliary electricity 34 kWh/(mza) = -
Specific primary energy reduction through solar electricity kWh/(mza) i -
\
Infiltration air change rate ‘\
Wind protection coefficient, & - 0.07
Wind protection coefficient, f - 15
Air Change Rate at Press. Test i i 0.22

Sheetl | Verification ,~ Areas ~ U-List -~ U-Values ,

Ground ~ Windows .~ WinType

Shading ~ Ventilation

Additional Vent

/m?




Ir Control:

Heating Load/Demand Correlation

Passive House verification

|

Annual
Heating
Demand Heating Load

Building::End-of-Terrace Passive House Kranichstein

Street:
Postcode/City::D-64289 Darmstadt
Country::Germany /Hesse 1 4 kW h/ m 2a 1 O W/m2
Building Type:i Terraced House/Dwelling
Climate::Standard Germany
Year of Construction: 1991 Interior Temperature:
Number of Dwelling Units: 1 Internal Heat Gains: 2 2
Enclosed Volume V,: 665.0 1 5 4 kWh/(I I l ) 1 2 W/I I l
Number of Occupants: 45 ¢ a
Specific building demands with reference to the treated floor area use: 0
Treated floor area 156.0 im Requirements Fulfilled?*

- : 20 kWh/(m2a) |17 W/m?

Space heating Annual heating demand 14 «whim?) 15 KWhi(m=a) yes

~

Heating load 1 0 Wim? 10 Wim? yes

Space cooling Overall specific space cooling demand 1 kWh/(m?a) 20' KWhi(ma) yes 27 kW h/ n,] 2 2 5 W/ nj 2
Cooling load 9 Wim? : yes a
Frequency of overheating (= 25 °C) 06 % : -
> Space heating and cooling, 2

Rrimary Engray dehumidification, household electicity. 61 KkWhi(m’a) 120 KWhi(rva) yes

DHW, space heating and auxiliary electricity 34 KWh/(m?a) - - k h 2 2
Specific primary energy reduction through solar electricity kWh/(mza) = - | 5 . 0 O AC H 50 3 8 W / I I l a 3 6 W/I I I

Infiltration air change rate

Wind protection coefficient, & - 0.07
Wind protection coefficient, f - 15
Air Change Rate at Press. Test ns th - 0.22

Sheetl | Verification .~ Areas . U-List .~ U-Values . Ground .~ Windows .~ WinType .~ Shading Ventilation Additional Vent
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A - & e L8 A e e
Wettlng of the enclosure from
I n S I d e Moisture Load: Diffusion and Convection

Difference of 1600x

Gap width:
0.04in

5.5in
40 —

Without gap: Diffusion 0.3 perms:

e.g. Intelligent vapor retarder: 0.0170z water/10 sqft x24h

Without a gap: Diffusion 35 perms
e.g. Painted sheetrock: 5.30z water/ 10 sqft x24h

With a 0.04 in gap: No vapor diffusion
Only vapor convection: 28.2 0z water/3,17 ft x 24h /

475.supply | 800-995-6329
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Disproportionately effects:

1. Indoor air quality: control

VAPOUR ™ i - -
OU ; the air to control the quality

CONTROL 2. Comfort: drafts are
uncomfortable
3. Air transported wetting:
T a_bigg_er Iiabili_ty than
T diffusion wetting
mmmm 4 Heatloss&energy
AIR T r efficiency

CONTROL bl L.

AENN

Air Control Fundamentally Effective w

475.supply | 800-995-6329
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Mark Siddall

To optimize insulation
surround it with
airtightness on all 6 sides.

Primary Inboard
Secondary Outboard
(windtight)

Thermal bypass

475.supply | 800-995-6329

ROOF JOIST WITH
DENSE-PACK



- - —\% I 1. Robust materials
S 2. Simplify the details
ne= plify
N L, 3. Consider the seguence
) - 4. Seal penetrations
| = 5. Repairable and verified
- 6. Protected
L] Il s

NN R |
Continuity: In Design & Construction

475.supply | 800-9956329 . =.R
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Inboard:
— Primary Air Barrier
— Tightest PHI Certified
Membrane System
— Vapor Control Layer

Outboard:
— Secondary Air Barrier
— Vaporopen-
— FLATROOF membrane

ASTM E2357 Testing '
|

Air Control -
475.Supp|y | 800‘995‘6329 ;lflr:g:z:go:x:rsfs
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Robust Air Barriers? .... (Lab-) Tested?!
475.supply | 800-995-6329




Foam Is Not airtight or optimal

475.supply | 800-9956329 . =.R
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Traditional New Approach

10 mm (3/8”)

* Many sealants dry, =
embrittle and fail over
time

....it doesn't tear
air tightness not compromised

Robust Connections are Essential

/
=
475.supply | 800-9956329 . ==k
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Exterior

- O

Method of § ' F
Connection§ | —

Adhesive
Surface:

Window mteqratlon

475.supply | 800-995-6329
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Service Caivity

Service
cavity
protects
airtight
layer

475.supply | 800-995-6329
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VAPOR CONTROL

475.supply | 800-995-6329



Pinkbrownstone

Poorly insulated buildings heat
themselves dry.

Well built assemblies dry
through vapor diffusion.
“Stuff happens so build a
moisture tolerant design”

Passive House Institute (PHI)

Smart Vapor Control  ME

UUUUUUUUUUUUUU



Work with the Dominant Vapor Drive...
Go with the Flow %

475.Supp|y | 800_995_6329 HIGH PERFORMANCE

BUILDING SUPPLY




- N 4
LRt

Outside
Vapor Open

e
2

Winter Drives Outward

Drying Out
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Inside

Vapor Retarding
(or variable)
How variable?

475.supply | 800-095-6329
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‘W"ﬂ
T y o it

Outside SUMMEr |neide

: Vapor Open
(retarding/variable)
How variable?

Vapor open

>

Drying In

Vapor
Drive

|

Summer Drives Inward '

475.supply | 800-9956329 . ==~
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Credit: Synergy Companies Construction LLC

Why are we installing vapor dams?

475.supply | 800-9956329 . ==k
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WY ASvasd _V, 2 T e 2

i

Outside . ... Inside
[ =¥
How much foam to raise g{
70°F

sheathing temp to 50° F?

~

W

—_— o =
A
- — 1) \ Dewpoint

(50% RH, 70°F)
Dewpoint at 50°F

VY

' 9
: | Location of
. - condensation
Exterior ——>t é‘b" and frost

1

sheathing

+— Vapor “Open”

l

—

[

Credit: Building Science Corp.
www.buildingscience.com

Foam is Addressing Dew Point /

475.supply | 800-9956329 . =.R
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Foam is Hydrophobic and doesn't aid dryingw

475.supply | 800-995-6329 . ==_m
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8 =kl [ | 80% RH
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E 60 2 B ] ' v l ' v 3T €

€ | Y | | |
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E 50 b WENIE

i _ _ . l

2 ——Case 1b - 2x4 Standard Construction ' ‘ ‘

§’ e (CagE 13 - 2B Standard Constructon i i i }

K 40 +—— - L
——Case Z2a - Adv. Framing v/ 1' KPS e Minneapolis MN |
——Caselh - Adv. Framing wi4" XPS | 30% winter indoor RH

30 ! 1 ! ! T T T T T

1-Oct  29-Oct  26-Nov  24-Dec  21-Jan  18-Feb 18-Mar 15-Apr 13-May  10-Jun &-Jul 5-Aug 2-Sep  30-Sep
Figure 9 : Winter time sheathing relative humidity for Case 1 and Case 2
Credit: Building Science Corp, Building America Special Research Project: High R Walls Case Study Analysis

Foam can make wetnhess -

475.Supp|y | 800_995_6329 HIGH PERFORMANCE

BUILDING SUPPLY
FOURSEVENFIVE.COM




. A.‘ o '». N ;‘,FQ g,..‘ v' X '.‘\ '-:
/an ' 3\ b ? ‘-' . 3

A

Vapor Control

475.supply | 800-995-6329




V‘;-‘,.. Ry ""::C 2\ R‘:’ o : By -1 l‘ " i o '.".‘ ¥ e 23
s M N PR Y el B

= | A
Vapor Control

In winter construction is
00006808 exposed to moisture

‘ 0 [ 02 ounce

Diffusion

Only Diffusion is calculated
during the planning process

1 " 8 ounces

Flank
diffusion

Conclusion:

1 L 1 ounces

There is no absolute
protection against moisture

Convection
1 mm gap

2 8 ounces

Note: Many sources of moisture 1,

475.supply | 800-995-6329 . ==_m
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€redit: Edday, http://bldgtypblog.blogspot.com/ \ Credit: Gutex V\?O%dfiG '~1 ard insulation

Vapor Open Sheatin at Exterior

475.Supp|y | 800‘995‘6329 HIGH PERFORMANCE
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i,

Or No (exterior) Sheathing

h

HIGH PERFORMANCE
BUILDING SUPPLY
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Credit: Three Tree Home Performance

Or No Sheathing at All! /

475.supply | 800-9956329 . =.R
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Roofing/Siding )

o Vented gap
; Z

: ~ Airtight / vapor
open

membrane

(Roofs and Walls)

Back Vented Rain Screens A /

475.supply | 800-9956329 . ==k
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Traditional New Options
Vapor barrier tape  Vapor permeable tape

.'.4 '

s

OR P

Vapor Open /
Tapes And
Membranes

VYC

At sill, high quality modified
butyl-acrylic tape - is vapor
closed
but doesn’t lap over ext >1”
no vapor damming!

Don’t Dam Moisture Around Openings i

475.Supp|y | 800_995_6329 :I‘JGT;E:‘ZO:M:gCS
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THERMAL CONTROL

* Enclosure

— Continuous
Insulation

— Thermal bridge
free joints and — =t D
penetrations -

« THINK

THERMOS

475.supply | 800-995-6329



I SACSr . g
A2M, Passive + Architecture

Thermal Breaks '

475.supply | 800-9956329 . ==
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Thermal Control

Sheeps Wool

Consider an Insulation that Helps Drying

475.supply | 800-995-6329




Outboard Vapor Open Insulation

/

475.Supp|y | 800_995_6329 HIGH PERFORMANCE




Glazing of genuine glass |

Aluminium cover | A1

Styrodur slab insulation |

Insulation core of PU foam

EPDM Double Insulation Sys

Aluminium foot profile |

GRP exterior shell (RAL 901!

PU rigid foam insulation |

LLGENDA. ey poke £} 1

EI )
s 102
| R

® oot £IOC. SumedlTO0

Thermal Breaks (...almost foam free) ,

475.Supp|y | 800‘995‘6329 HIGH PERFORMANCE
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. A relative risk assessment not an
absolute risk assessment

. Examining for high moisture risk
at critical components

. 5-10 year analysis

. Using Moisture Content as proxy

— <15%MC = safe/low risk OSB, plywood
— <18%MC = acceptable risk for wood> OSB?

— 20%MC = danger threshold, significant risk also
for solid wood

— >20%MC = rising risks
. Higher insulation values = Higher
risks

. Don’t design safety factors out of

kb hE rz e il e b dreeeg rem

Fol —] “— e

3 B s ]
L Sl T nArend imiees I Glles Prick  Grppeard Paciee
Ve, o] il o]

the wall: maintain drying reserves

53



Condensation

®* Wood rot
® Corrosion
[

Interstitial mold
Freeze-thaw

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329

54



55

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329



Winter time snap shot....

From steady-state to transient

0.8
. ity INSULATION
Glaser/ Dew Point Method o7F ¥, .
(=] L [} E‘.__ =
. s CTE |E| £l o
» Plot vapor pressure gradient for steady- g osF3 |8 3| 2] ¢
state conditions 2. | & _‘é__,...-' gl 2| @
» Determine temperature gradient and plot _£— N '::-?5--...__} . gl 2| 7
saturation pressure gradient g . N T N
. . . = wer ]\
» Adjust vapor pressure gradient so it does | — Vs
not cross saturation pressure and
calculate from that influx and efflux of e rorTION vAPOR e SaUE
molstu re === WAPOR PRESSURE, INITIAL CALCULATION

= YAPOR PRESSURE, FINAL CALCLULATION

Problems
» no heat and moisture storage
» no liquid flow

» no coupling of heat and
moisture transfer

Fraunhofer A
Bauphysik




Interior Conditions Exterior Conditions Interstitial Conditions

(Dynamic) (Dewpoint vs Dynamic) (Dynamic)
e Occupancy T (fixed vs hourly) Assumed embedded moisture
e ACH50 RH (fixed vs hourly) after construction

e Ventilation rate Wind (none vs dynamic)

Rain (none vs dynamic)

57

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329



Hourly calculations!

' From steady-state to transient

Solar Radiation

|
Long Wave
Radiation Emission

Day (Drying)

Convection |

- ."

Evaporation Enthalpy

Vapor Diffusion

. |Charging of the Wall’s
‘.. {1 Heat Reservoir

~-* | Vapor Diffusion

" Liquid Transport

Fraunhofer Institut:

Bauphysik

HHHHHHHHHHHHHHH
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e M "IN ol e, ﬂ 2 2209 \é“l ] 'j
' ﬁ(’gd / 4 \»)&.-‘.fﬂf-:a:ﬁw Y 520 b S5O

Heat, air and moisture transfer
WUFI: Warme und Feuchte instationar

Location: Holzkirchen WUFI&
doubledeaf mazonry wall exposed to diving rain

. . . 40 : —
* The tool: WUFI Pro (6.3) with plug-ins S @
. . . »00n ¢ 20 B
» Calculation/assement. To be confident in mlf § - i
an assembly design | * —
- . . [} A
« Prevents risky assembly, guides design = = ==
before construction or damages occur () [ ,
M 400 el
. Code compliance: ASHREA 160p or DIN | 2 [ ]
EN 15026: i M. -
- “design using accepted engineering practice for hygrothermal analysis” as described 2 ]
in 1404.3 (walls) etc. g
1 100 o
l-_l"'"-”
0 ] /]
03 [ 1735 13
Lime Silica Brick  Mineral ool Lime Silica Brick  Gypsum Plaster

Cross Section [em]

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329
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Performance assements
Takes time! Test huts
To validate

Computer model....

WUFI model validation

Measurement: = Calculaton :
Germany Tyl © swom L mle AT
M
z <Y YO
g i i
2 29 |
EA N R
Z Fraunhofer
% 10 2 ®» @ % o
Observation tme (d]

2

Water Content [M.-%]
10

o

. / \\’( o ) Year
SmartSOL

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329

e B - Ve d

Previous Assessment

Field tests:

= Solution to climate dilemma

= Very time consuming

= Very expensive

= Search for alternative ways to investigate
hygrothermal performance

Fraunhofer IBP, Germany

Heat vs. Moisture
8 L Atmospheric pressure
Hygrothermal material properties are highly g 1000
non-linear. 'g
(unlike thermal material properties) g™
”U il a0 [ H) \I‘)il
Temperature [*C]
T 106 T T
© Pressure Plate = Calcium Silicate Brick
® Sorption Eos |
: |
é éw 7
H
8 38
E i gﬂl‘s PR T
H
A) g
z10®
T g— \

0 25 50 75 100
Relative Humidty [%]

s R s
SmartSOL

a

50 100 150 200 250
Water Content [kg/m*]

FOURSEVENFIVE.COM




(1 WuFI

A E

& f

25

el 7 106 B

-

Material values are not static

Fibrous ins can see R-value reduced by factor 10 (from 30 to 70% h20)

materials

Search materials

All Sou

rces

B WUFI

oy

Fraunhofer-IBP
Concrete and Screeds
Green and Gravel Roofs
Inzulating Materials
Masanry Ericks
Membranes
Mortar and Flaster
Matural Stane
Wooden Materials; Boards
Generic Materials
Japan Database
LTH Lund University, Sweden
MASEA Database, Germany
Materials far thermal calculatio
Maorth America Database
MTHL Maorwegian University of]
University of Technology Vienn

----- User defined
----- ||l Recycle Bin

>

>
/:' |WUFI -+ Fraunhofer-lBF —+ Insulating Materials
~
Waterial Marme Bulk dens... Farosity HeatCap.  Therm. C...  VapRes.
(ko] [ [Jkok] [Adimle] (-1
Dennert mineral foam insulating board mmm 0.04 “
DEMMSTATTS CI040, KLIMA-TEC-FLOCK, Poesis-Floc, ISOL OUATE .'. al 0.94 2000 0.034 1.8
EFPS (heat cond.: 0.04 Wmk - density; 19 ka/m™) 14 0.94 1500 0.04 n .
Material Information  Hygrothermal Functions
Moisture Storage Function Water Cont.. Therm. Co... Mormalized Water Content [ - ]
Liguid Transport Coefficient, Suction ND. [kg/rr] [inK] 0 0.2 0.4 0.6 0.8 1
Liguid Transport Coefficient, Redistribution
e ) ) 1 0 0.04 = 0.6
Wiater Wapour Diffusion Resistance Factar, moistu... 5 10 004 =
Thermal Conductivity, moisture-dependent 3 20 D.Ij41 g 04
Thermal Conductivity, temperature-dependent a4 a0 0043 ‘E 0.4
Enthalpy, temperature-dependent g 100 0.049 § ' /
] 200 0.av z 03
Generate 7 ann K 8 /
g 400 015 5 02 7
g 500 0.21 g o o~
10 600 0.29 I I
11 o0 034 0.0
12 200 ns 0 200 400 G600 800
13 ann 0.6 Water Content [ka/m?]
Import | | Export Thickness [m): L Azsign Cancel Help w

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329
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Intelligent vapor retarders:

prevent wetting and promote drying
for maximum protection (factor 100)

e Ve Ay o8 o o Y x4 v i St
N NG e
= € ¢ i . o

0.13 perms >13 perms

But when/how — where/why =

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329
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Vapor Intelligent Membrane

average permeance at different climate conditions

summer

permeance [perms]

0 10 20 30 40 50 60 70 80 90 100
relative humidity [%]

From vapor closed in winter to vapor open in summer
<2.2 perms till 70%RH — prevents during winter construction etc

Hydrosafe Smart Vapor Control -

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329
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Project/Case: Montgomery street/11.25 roof with 5.5 cellulose service cavity - solar

by honitor Positions Crientation/inclination/Height | Surface Transfer Coeff, | Initial Conditions
Layer Mame Thickn. [m]
INTELLD FLUS (according to German approwval 2015) 0.0m
hdateral Data
Exteriar (Left Side) Interior (Right Side)
L0.my 0,256 0.00m 0.4

@3y Sources. Sinks

gy Mew Layer

Duplicate

|
:

i Delete
Lj_,a WUFI materials
Search materials ,;J |
: All Sources . Matarial Marme Bulk... Poro.. Heat.. Ther.
E-LLt WUF ko [P Rikgk]  [Wimk]
£ FraunhoferlBP
----- Concrete and Screeds Cellulose Fiber Insulation 30 0.99 1880 0.036
----- Green and Gravel Roofs )
. . Expanded Polystyrene Insulation 14.8 n.g4a 1470 0036
----- Insulating Materials
fAssigy Masonry Bricks Extruded Palystyrene Insulation 286 089 1470 0.025
----- mMembranes
----- Martar and Plaster mMaterial Information  Hygrothermal Functions
----- Matural Stone
----- Wooden Materials; Boar
[F-| | Generic Materials
~Total | ~ | Japan Database Added to DB
Thick] - LTH Lund University, Swede R
[ MASEA Database, Germarny
4 Materials for thermal calculs
= _ Marth Ametica Database
- Building Boards and Sid
o Concretes




It’s complicated

© Laver/Material Data

LayeriMaterial Name: :Densepack cellulose

Bulk density [kg/m?: 4?0 Typical Built-In Moisture [ka/m?): 112
Porosity [m3m: 095 Layer Thickness [m]:  0.14
Spec. Heat Capacity [J/kgK]: 2500 Thermal Conductivity, Design Yalue fAmK]: |
Thermal Conductivity fAmK]: | 0.04 coior: [
Water Vapour Diffusion Resistance Factor [- ] '1 5
Hygrothermal Functions Material Information
Moisture Storage Function RH Water Cont
Liguid Transpor Coefficient, Suction MNo. -] kaim]
Liguid Transpor Coefficient, Redistribution 1 q 0 600
Water Vapour Diffusion Resistance Factor, moistu... 5 0 3é 4 5
Thermal Conductivity, moisture-dependent 5 065 5 = 450
Thermal Conductivity, temperature-dependent 4 0.8 12 g
Enthalpy, temperature-dependent g 0.83 18 E
] 0.96 a0 £ 300
[ Approximate 7 0.98 160 o
g 1 500 % 5
] )
0
0 0.2 0.4 0.6 0.8 1
Relative Humidity [- ]
/
=
Paste into Datahase Impaort Export Cancel

HIGH PERFORMANCE
BUILDING SUPPLY
FOURSEVENFIVE.COMm




Calculation of coupled transport

Coupled transport equations

= eXponential increase of
saturation pressure with
temperature

= moisture depending thermal
conductivity

= enthalpy flow by vapor
diffusion with phase change

Heat transfer

Coupled differential equations
have to be solved numerically.

dH JT

=V (AV VISV
S 5=V (AVT)+hV-(8,9(0 p,, )+,
Maistufe’transfer
M o
— .1 V- D‘G’ +5‘G’ S
vk CALALAL T AN

=Z Fraunhofer

IBP

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329
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Indoor Climate (Right Side)

@ From Map / File ‘;‘@ EN 15026 /WTA 6-2 ‘;‘@ 150 13788 ‘;‘@ ASHRAE 160 [~ Sine Curves

Meww York City, MY, cald year @ Set Climate... Qﬁ Details. ..

| Temperature § Relative Humidity  @% Climate Analysis

Diata Info
o 30 Location: Mews York City, MY
s 20
= Latitude [7]: 40.78 Morth
£ 10 [
2 n Longitude [*]: T3.97 West
E
= 10 Altitude [m]; 16
31-Dec  30-Jan 02-Mar 01-Apr  02-May 02-Jun 30-Jun  31-Jul  30-Aug 30-Sep 30-0ct 30-Mov  31-Dec Time fone: -4.0
= 100 ”I’ Mumber of data lines: 8760
% 20 ‘ In |l | ] | I ] i ! - ' i Description:
2o | P U U Sy e I
E | I Comment;
; =
E 20 Climate Elements
2 g
31-Dec 30-Jan  02-Mar O1-Apr 02-May 02Jun 20-Jun 31-Jul 30-Aug 30-Sep 30-Oct 30-Now 31-Dec Temperature: TA
Additional Data Diagrams Relative Humidity: HREL
Diffiuse Solar Radiation 9 Short-Wave Radiation: [SGH, 15D
Long-Yave Radiation:
500
E 400 Wing: Wi, WD
< 300 Rain: RI
ﬁ 200
= 100 Cloud Index: I
0 Air Fressure:

31-bec  30-Jan  02-Mar 01-Apr  02-May 02-Jun  30-Jun 31-Jul  30-Aug 30-Sep 30-Oct 30-Nov 31-Dec
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Often roofs are vapor barriers,
so don’t make it worse

(even in mild climates (even in climate zone 4,3), watch out for radiant cooling)

Roof Vapor
£r/”’ Barrier
Growing Y
moisture
levels

Vapor
Barrier?

Cathedral Ceiling
Smart Vapor Control /

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329
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e A

BACK VENTED
SIDING SYSTEM

GUTEX MULTITHERM
WREB & WINDTIGHT
LAYER

OPTIONAL PRO
CLIMA SOLITEX
MENTO 1000

OR ADHERO AS
TEMPORARY WRB

SHEATHING

ME
e

@Tstudioarch
Vented rain screened walls/roofs
with PH interior airtightness

Better than PERFECT — 6 sides & dry both ways

.....
.....
......
""""
“say
ee.
e

\\

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329
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Asphalt and fIatroofs....prone‘to damage
Can’t dry outwards...

Credit: FineHomebuilding

/

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329
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Maximize drying potential

Study: Steep pitched, north facing roof at high altitude (a worst case scenario).

p— OSB equivalent
T W, PE sheet

4 | MAA;A\/—WHWW safe vapor

variable membrane

water content ( kg/m?)
(o2}

Hydrosafe
’f"‘v*_ Intelligent vapor

retarder

0 2 4 6 8 10
years

Credit: Pro Clima

Smart Vapor Control A

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329
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Nl W =9
h SRS N AN G e

A §
Intelligent vapor retarder

Ideally suited for:
1. Meeting Code for Class Il vapor retarders.

2. Assemblies with significant vapor retarding or
vapor closed outboard layers.

3. Historic Masonry Retrofits
4. Cellulous and fibrous insulation
5. Highly insulated assemblies

6. Where increased drying reserves are desired

Smart Vaoor Control -

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329 e RFORMANGE
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What about ADA?

Unvented Sloped Roof w/ Fiberglass

Study: 10:12 pitch, north facing roof at high altitude (a worst case scenario)

Air barrier:

2.6

ProClima INTELLO Plus

6 mill poly-ethelene
‘Airtight’ drywall
Siga Majpell

Burlington, VT

Total Water Content [kg/m?]

2.5

24

2.3

2.2

2.1

2.0

1.9

1.8

1.7

1.6

1.5

14

|

|

|
|
|

|
|
|
|

|
lf
ZIA

A AWEYAwma VA
LA N NN

-

'
z

\

f
/
| A

/)

\

| 5
/\|
/N

|4

0

1

2

3

Time (oct start date) [years]

See blog post: Yes, Unvented Roof Assemblies Can Be Insulated
With Fiberglass — A WUFI Post
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ADA vs Intelligence —what is save M%

Study: 10:12 pitch, north facing roof at high altitude (a worst case scenario)

100 = =
- INTELLO
i

—_ | |
3 |
>
= 60
£
=
i
[0}
= 40 : t
o
[}
(n'd

20

0
0 4 5

INTELLO Plus

Time [years]

‘Airitght” drywall

MMMMMMMMMMMMMMM




Water Content [M.-%]

ADA vs Intelligence —what is save M%

Study: 10:12 pitch, north facing roof at high altitude (a worst case scenario)

OSB [M.-%] INTELLO Plus Roof

20 20
18 ————— e | 18
16 f : | | 16
14 114
12} 12
1112014 11112015 1/1/2016 11/2017 1/1/2018 0 "

=

HIGH PERFORMANCE
BUILDING SUPPLY
FOURSEVENFIVE COM



Roof WUFI model

76

¥ @foursevenfive | www.foursevenfive.com | 800-995-6329



Vapor closed materials meet
hygroscopic materials in roof

Minneapolis, MN
Climate Zone 6
Follow ASHRAE 160 w/additional air leakage

First Example - Asphalt Shingle Roof, 2” OSB, R31 Fiberglass (Not
even code minimum!), PE airbarrier, Gypsum Board

Second Example - Asphalt Shingle Roof, 2” OSB, 2” Vented Air Space,
SOLITEX MENTO 3000, 2 OSB, R51 Fiberglass, INTELLO PLUS, Service
Cavity, Gypsum Board



Build in construction moisture
DRIES TO SLOW!

Oriented Strand Board
— 20M-%]

I
=]

Water Content [kg/m?]

8

40

1231

6.15

1/1/2022

1/1/2023

112024 11/2025 1/1/2026 11/2027 1/1/2028 1172029 1/1/2030

[2-"W] 181807 1a18M,



Oriented Strand Board

—— 15[M-%]

200 30.77

160 24 62
= 120 18.46 P
£ g
g q
= g
s =2
3 r Mﬁ\ ]
3 £l
S =
5 ES
£ _Jd"‘ e|\°
ES 80 1231~

40 6.15

0 0
1/1/2022 1/1/2023 1/1/2024 1/1/2025 1/1/2026 1/1/2027 1/1/2028 1/1/2029

1/1/2030



Mould Growth Index [-]

[ T L

[ B =
= n

=T

=

D& dE| W%

Cj Project Project:
[=]-=— Case: #1
Inputs
& Climate — Temperature — Critical R.H. — Relative Humidity

= D L e DR

Temperature [*C]

e e el B
Cmomomomomo

‘I
le

il

I 1l I 1l I 1l I 1l I 1l I 1l I 1l I 1l I |

'
Lk —

2022 2023 2024 2025 2028 2027 2028 2029

2030

(-1 ApiuunH angelsy

Mould Growth Index | Mould Growth Rate

—#1 (0SB Sensitive, decline 0.1, type 0.0, surface 1.0)

=
=

=
£,

=
£,

1.5
1.0
0.5

Mould Growth Index [-]

0.0

2023 2024 2025 2026 2027 2028

2029

=

lHuthors: H. Viitanen, T. Ojanen, M. Krus, V. Eitner, 5. Bagl, D. Zirkelbach

—#1 (0O5B: Sensitive, decline 0.1, type 0.0, surface 1.0)

2022 2023 2024 2025 20206 2027 2028

2024

I
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Oriented Strand Board

—20M-%]
250 38.46
200 3077
= 150! 23.08 E
.5 g
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- O
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E [}
5 3
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3 =
3
Z 100 1538~
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Oriented Strand Board

— 15 M.
200 30.77
160 24 62
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C‘J Project
El-— Case: #2

: E Inputs

& Climate

N el

Project:

— Temperature — Critical R.H. — Relative Humidity

= b Lad = LR

Temperature [*C]

e e e e
(=R =T =Tl =T =L

]
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Mould Growth Index | Mould Growth Rate
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Real world verification - Good Energy Haus

Minneapolis, MN
Climate Zone 6 - Passive House

Airtightness: 0.4ACH60

Foam free wall and roof

HERS index: 8

Authorised O
by:

Certificate

Certified Passive House Plus Passive House

Institute

Herz & Lang GmbH

Die Planer fir energieeffizientes Bauen
Ritzensonnenhalb S5a

87480 Weitnau, Germany

Dr. Wolfgang Feist
64283 Darmstadt
Germany

v ) - Residence
1520 Lexington Pkwy North, 55117 Saint Paul, USA

Client
Architect TE Studio, Ltd.
901 23rd Ave. NE
Certified . 55418 Mlnneapohs, United States of America
. Building TE Studio, Ltd.
Passive House Services 901 23rd Ave. NE
Fascive N st 55418 Minneapolis, United States of America
assive House Institute Energy TE Studio, Ltd.

Consultant 901 23rd Ave NE
55418 Minneapolis, United States of America

Passive House buildings offer excellent thermal comfort and very good air quality all year round. Due to their high
energy efficiency, energy costs as well as greenhouse gas emissions are extremely low.

The design of the above-mentioned building meets the criteria defined by
the Passive House Institute for the 'Passive House Plus' standard:

S 3 v % i Alternative
Building quality This build Criteria criteria
Heating

Heating demand  [kWh/(m?a)] 15 H 15 -
Heating load Wim?) 22 < - 10
Cooling
Cooling + dehumidification demand  (kWh/(m?a)] s 15 15
Cooling load W/m? 10 H 10
Frequency of overheating (> 25 °C) (%) - s -
Frequency of excessively high humidity %) 1 s 10
Airtightness
Pressurization test result (nsp) [1/h) 0.4 s 0.6
Non-renewable primary energy (PE)
PE demand [kWh/(m?a)] 94 s -
Renewable primary energy (PER)
PER-demand [kWh/(m?a)] 44 s 45 44
Generation (reference to ground area) [kWh/(m?a)] 72 2 60 59

The associated certification booklet contains more characteristic values for this building.

Weitnau, 10. October 2019
Certifier: Florian Lang, Herz & Lang GmbH

www.passivehouse.com 24675_HUL_PH_20191009_FL




Good Energy Haus
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Real world verification - Good Energy Haus

Wall R-50?

Corr metal rainscreen
hor battens

3 layer monolithic WRB
Cellulose

airtight sheathing - taped

2x4 wall w fiber insul

NO WUFI needed -
proven vented assembly

Can dry out easily

and in if needed (slowly)



Real world verification - Good Energy Haus

r___——————.
. — —] ™~
WRB GONNECTION: i(Pee
LAP ROOFING WRE UP AND .
OVER PARAPET WALLAND | 2y
CONNECT WITH EXTERIOR =
oo - WALL WRE T
AIRTIGHT CONNECTION | e

SANDWICH AIR BARRIER AND

WVAPOR RETARDER BETWEEN l
TOP PLATE AND TRUSSES FOR '
_flatroof (TPO) LATER ATTACHMENT TO FIELD ] ¥
SHEETS i

"H3" ANCHOR, EA. TRUSS

-tapered foam | — | S

- phaa
SCHEDULED SERVICE [y B
CAVITY o

-%" plywood sheathin s " >

HOT, LOW-SLOPE ROOF, R-67

-16” truss W CeIIUIOse f;ﬂﬁfgﬂsnmesvsrgm

WEATHER RESISTANT BARRIER
] - TAPER BOARD: MIN, 1/2" @ 1/4" PER 1'-0" SLOPE TO SCUFPERS
. 1| = 34" PLYWOOD ROOF DECK
- 18" OPEN WEB TRUSSES @ 24" 0.C.: STRUCTURE

- Reinforced - | A it

INSULATION
- SCHERDULED AIR BARRIER AND SMART VAPOR RETARDER

AIR BARRIER AND YAPOR RETARDER
- 2% FURR FRAMING (ROOM BY ROOM) @ 24" O.C.

intelligent vapor retar | vt

= INTERIOR

-2x4 service cavity

Note: Final insulation value is R-77! The 67 is a typo on the detail drawing

- gypsum wall board



Real world verification - Good Energy Haus

Roof R-77 - airtight details:




Real world verification - Good Energy Haus

Moisture monitoring:

DATE READING OUTSIDE TEMP (C) OUTSIDE REL HUM INSIDE TEMP (C) INSIDE REL HUM

12/13/2021 14.30% -5 §4.00% 22 39.00%
1211812021 142 -3 74 22 37
12/30/2021 147 -8 79 21 35
17212022 14.1 -1 B2 23 34
172022 15.8 -4 83 21 38
1/31/2022 15.8 5 79 21 38

Upward trend in winter is ok, as long as it only happensin year 1,2

Stays below 18-20M% and summers below 15M%

I COMEYHIEE 75  12OME/yaan A

EXTECH




Passive House Verification

Real world verification - Whitchurch house

Buiding: [Whitchurch Passive House Cottage
Location and Climate: prontpllier, vT
Street Address: [Brook Rd
City, State, Zip: pMiddlesex
Country: ISA
Building Type: [Timber Frame

Home Ouner(s) / Client(s): [Greg and Barb Whitchurch
Strest Address:  [Brook Rd

. City, State, Zp:  Middlesex, VT
I e S e X Architect: [Greg Whitchurch, Chris Miksic, Indigo Ruth-Davis

Street: 1405 Camp Rd. PO box 32
City, State, Zip: alais, Vermont 05648

Mechanical System: [CERV, by Build Equinox
Strest Address
. . City, State, Zip:
Climate Zone 6 - Passive House
Number of Dwelling Units: 1 Interior Temperature: 68.0 °F
Grss Enclosed Volume Y.: 21130 ¢ Internal Heat Gains: 0.7 BTWhr &
Number of Occupants: 38
. .
A I rt I t n e S S L] O ! 8A‘ H 6 O Energy Demands with Reference to the Treated Floor Area
. . Trested Flooraves: [ 1436 ¢
Apprea: Monthy Msthoa PH Cartificate: Futisa?
Specific Space Heat Demand: 3.40 KBTU/(fEyr) 4.75KBTU/(FEYr) Yes

Pressurization Test Result: 0.28 0.8ACH,,

Specific Primary Energy Demand 3341
(DHW, Heating, Cooling, Auxiliary and Household Eleotriotty): i

38.06BTU/(fRyr)

Spscific Primary Energy Demand 153

Timber frame with
Foam free flatroof

and walls

YU 14/& 'J? 61006 M pad




Real world verification - Whitchurch house

Walls - R50

Vented rainscreen

16” |-joist

w cellulose behind MENTO PLUS

Paper based smart vapor retarder (reinforced)

t&G sheathing (interior)

NO WUFI needed -
proven vented assembly

Can dry out easily

and in if needed (slowly)

BAL

W Ty



Unvented Flat Roof w/ cellulose

T R S——

1
!
g
:
i.’
| |
b

/

HIGH PERFORMANCE
BUILDING SUPPLY
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Real world verification - Whitchurch house

Monitored wall:

R AS AT Al AV AY B

A B

m

A

AR ’ Al AX 3 B
North wall Pix | Walls: Outer Edge [i..m |Walls: - | Walls: we o)
outer flanges outer DPC window bucks
Date // Morth 2nd:  South 2nd:  South 2nd:  North 1st:  Bath 1st: MNorth 1st: Bath 1st: North 1st: Bath 1st:
1 3 - 1 6 M % Location/ Moisture Moisture Moisture Moisture Moisture Moisture Moisture Moisture Moisture
Parameter % % % % % % % % %
11/5/2013 ? ? ? ? ? ? ? ? ?
11/6/12013 ? X ? ? ? ? ? ? ?
6/23/2014 ? 12.4 ? 16.5 1.2 1.8 13.3 16.2 18.3
10/13/2014 ? 1.8 ? 16.7 bounce 16.8 13.0 135 14.8 bounce 14.8
11/5/2014 ? 12.1 ? 17.6 17.3 135 14.2 142 157
SO Uth < 12 5% 12/5i2014 ? 10 4 ? 137 138 12.0 12.4 12.1 12.4
. 12/26/2014 ? 1.4 ? 16.3 16.3 13.2 14.1 13.3 14.1
1/16/2015 ? 10.4 ? 14.2 14.3 127 135 12.4 13.0
1/31/2015 ? 93 ? 12.9 13.0 1.7 12.3 1.2 1.7
201712015 ? 10.2 ? 12.7 13.0 12.1 13.0 15 11.9
31512015 ? 10.6 ? 147 14.6 13.3 14.7 12.9 13.2
31712015 ? 1.2 ? 16.1 16.9 14.2 16.5 13.6 14.1
41312015 ? 1.1 ? 15.8 17.3 136 15.9 13.8 146
acce pta ble 4/16/2015 ? 10.9 ? 15.3 17.8 13.0 15.8 136 145
6/8/2015 ? 10.7 ? 15.0 15.1 1.5 1.6 137 14.3
8/23/2015 ? 12.6 ? 17.3 17.5 12.9 13.1 14.1 15.6
1111312015 ? 10.8 ? 16.2 15.6 13.1 131 13.1 13.8
for WOOd 1211712015 ? 105 ? 16.1 15.6 13.1 13.1 129 135
2142016 ? 1.3 ? 16.4 15.9 13.8 14.4 13.1 13.8
41712016 ? 10.5 ? 15.3 15.0 125 12.9 13.0 13.8
7118/2016 ? 12.1 ? 171 16.5 12.3 12.0 145 145
12/1412016 ? 105 ? 15.2 14.1 129 12.9 12.1 125
11612017 ? 10.1 ? 14.2 13.4 1.9 121 15 1.8
1/15/2017 ? 9.8 ? 14.0 135 12.3 12.6 11.6 12.0
41412017 ? 10.1 ? 15.0 14.2 122 12.7 12.4 12.7
4/25/2017 ? 10.2 ? 14.1 14.2 1.7 12.1 12.4 13.1
711612017 ? 12.1 ? 17.0 171 12.7 12.9 135 15.4
412712018 ? 10.3 ? 146 145 11.8 12.0 12.9 136
10/24/12018 ? 10.5 ? 146 14.4 12.0 121 1.6 12.4
5M10/2021 10.3 13.4 13.3 10.3 10.4 122 12.4

1211172021 9.7 13.0 13.3 11.2 11.8 10.9 11.5



Real world verification - Whitchurch house

2013 - First foam free roof

w PE sign off (code requirement)

- EPDM roof (black)

- White pine 1x’s

- 16" I-joists filled w cellulose (3’ 0.c.)
- Intelligent/smart vapor retarder on

2x6 Hemlock interior

Plara of rough<ut 1 18 x 10 kin-aried pine § 45deg. E0mil fuby adhared EPDM Insuh

L2* Homasete ferboard

e . = 0P cellulose
+ 2% 6 k-d hemlock on 12" ctrs. throughaut 2x6 plane

________ l r—

P
mmmmmm
on TH's for
ain plane
Note: inner langes of TI'S are Cut awdy befard thay kave tha bisg. Z_XBT&G
Herizontal 1 12 pine
amiock
alters
centrol plloming N - ¥S.
Intello+
vartical 3/¢* cod 8 "smart"
Rt
sheathing variable perm
X "red line"
4 8
Solitex Mento 1000
P V
fo) / 2* off-frame hemlock spacer plane (verticals & horizontals)
. ras 1
S %
I t
3/4" T&G cedar sheathing Sotware &
user limkations.
I 16" iy
10 Make proper
WEST sk
DB+ air barrier impassitle.
"smart" vapor retarder
"red line"
Noté: DP wabbing atop roof TI's & 2x6' Jall fasteners, &
/. 6 X 8 joists on 3" ctrs.
R S ek B
calulose Darrier
p broak .
Foundatic
Tescon tape @ DB« / Stego lap 24| X 2‘
darC S Es 16" EPS ol Can
Platon
Stego 10mil Radon/vapor Retarder WIth foam
42 "purple line” 26'8" x 2
8" Concrete
B 22psi
A EPS 8" EPS 4" Slab
C
wr
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Real world verification - Whitchurch house

Dark vs light roof (in WUFI Pro):

10 Golden roofs for FOAM FREE FLATROOFS

Southern Yellow Pine

vy

100 20
%so A n A X 6%
Ny
y TV AY AY ]

IR V/ VA |

0
1/1/2010 1/1/2011  1/1/2012 1/1/2013 1/1/2014 1/1/2015 1/1/2016

WUFI*® Pro 5.2; Whitechurch roof wufi v2 W5P; Case 1: Flat roof 2x6 and 16" TJI" and dark rocf; 9/17/2014

1/1/2017

1/1/2018

1/1/2019



Real world verification - Whitchurch house

Monitored results:

Below 10M%

nice and dry!

A

Pix

Date //
Location/
Parameter

11/5/2013
11/6/2013
6/23/2014
10i13/2014
11/5/2014
12/5/2014
12i26/2014
1/16/2015
113112015
2117/2015
31512015
31712013
41312013
4116/2015
6/8/2015
8123/2015
11/13/2015
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Moisture monitoring

Omnisense
- Accurate remote temp,
RH and M%

- Cell or WIFI gateways

All Sensor Values from 1/13/2018 2:29:00 AM to 4/20/2018 2:29:00 AM with no averaging

Legend right axis

“$WME - Roof -joist - 3ft
== from south wall- shaded

Average Sensor Values from 1/13/2018 2:29:00 AM to 4/20/2018 2:29:00 AM using daily averages

Legend right axis
“%WME : Roof -joist - 3t
=== from south wall- shaded




Unvented Flat Roof #1 R
Area of Flat ecoconr

Roof
shelter evolved.

Naomi Beal Photography i i ‘ Grey house - Ecocor.us




Vapor closed Roof data... ecoconr

shelter: evolved.

Average Sensor Values from 12/19/2013 7:51:00 AM to 1/19/2017 10:53:00 AM using daily averages

Legend right axis

- JWME: Hot Roof Zp

e BWME : Hot roof TJI
bottom...

The trajectory is down and increased reserves. Source:Ecocor.us
This is inline with WUFI Pro modelling
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Vapor closed materials meet hygroscopic materials

Boulder, CO
Climate Zone 5
Follow ASHRAE 160 w/additional air leakage

First Example - Portland cement stucco, 22" straw bale insulation @R2
per inch, %" plywood, Vapor closed WRB, Vented Cavity, Siding

Second Example - Clay stucco, 22" straw bale insulation @R2 per inch,
%" plywood, SOLITEX MENTO 1000, Vented Cavity, Siding

Note - M% of straw should not surpass 25M% of mass as per Wihan, J. 2007. Humidity in straw bale walls and its effect on
decomposition of straw. PhD thesis of University of East London School of Computing and Technology.
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To Access Smart Enclosure Files, complete Download Form:

DOWNLOAD FORM

Our free e-books
Project support
WUFI modelling

LIS
WOOD RETROFIT

« Masonry Retrofit ebook (PDF - Page Layout) « Wood Retrofit ebook (PDF - Page Layout) « 2xFraming ebook (PDEF - Page Layout)

How to put it all together
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SUMMARY

| | Make it tight. Make it right.

- *Make continuous control layers with properly
/. placed high performance materials and readily get
_great airtightness and smart vapor control.

‘ ~ *Minimize (or eliminate) the use of plastic foams
- and make a more durable and sustainable assembly.

* Always blower door your buildings - make them as
tight as you can.

* Protect your control layers with sacrificial finishes.

475.SUPPLY | 800-995-6329



