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== Condensation: Scope
Why This Talk?

* Misconceptions
* Errors
* Incompleteness

© The Dow Chemical Company



= Condensation: Scope

Not About
Bulk Water
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= Condensation: Scope

Bulk
Water Is
Important!
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® Properties of Water

® Terms Relating to Condensation
® Wetting and Drying

® Analyzing Assemblies

® Wall Design
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Structure
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= Condensation: Water Properties
Phases of Water:
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= Condensation: Water Properties

Phase_s _o_ate_r: Adsorbed
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= Condensation: Water Properties
Effect of Temperature

Maxwell-Boltzmann speed distribution
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Water Properties

== Condensation
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= Condensation: Water Properties
Psychrometric Chart

Water Vapor Pressure (psi)
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= Condensation: Water Properties
Psychrometric Chart

Water Vapor Pressure (psi)
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m Condensation: The Real Story

® Properties of Water

il Terms Relating to Condensation
® Wetting and Drying
® Analyzing Assemblies

® Wall Design
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m Condensation: Terms

Absolute Humidity

Measured In:

* Lbs water/lIb air

« Grains WV/cubic foot
 Water Vapor Pressure (Psi)
 Dewpoint Temperature
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m Condensation: Terms

Relative Humidity
Need 2 pieces of information:

Temperature (°F)

Percent (%)
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m Condensation: Terms

Relative Humidity
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= Condensation: Terms

Relative Humidity

& @

How Much Water??

! —50% Full
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= Condensation: Terms

Relative Humidity
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m Condensation: Terms
Relative Humidity
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m Condensation: Terms

Relative

Water Vapor Pressure (psi)
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m Condensation: Terms

Relative

Water Vapor Pressure (psi)
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== Condensation: Terms
Permeability: Diffusion
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== Condensation: Terms
Permeability: Diffusion

Low WVP

\—'—I

WYV Pressure Gradient

WV High WVP
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== Condensation: Terms
Permeability: Diffusion

Low WVP

\—'—I

WYV Pressure Gradient

Not Temperature

WV _| High WvP
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== Condensation: Terms
Permeability: Diffusion

50% RH

ASTM E96
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= Condensation: Terms
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Dry Cup Wet Cup
Temperature Effects?
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== Condensation: Terms
Permeability: Diffusion

“Breathability”
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== Condensation: Terms
Permeability: Diffusion

Confusion:
“Breathability” = Permeability?

or
“Breathability” = Air infiltration?
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== Condensation: Terms
Permeability: Diffusion

Confusion:

/ More Is Better

“Breathability” = Permeability?
or
“Breathability” = Air infiltration?

\Less is Better
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== Condensation: Terms
Permeability: Diffusion

Confusion:

“Breathability” = Permeability?

-
»
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== Condensation: Terms
Permeability: Diffusion

Confusion:

“Breathability” = Necessary?
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= Condensation: Wetting and Drying
Myth of Breathability
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= Condensation: Terms
Permeability: Diffusion

Permeability # Necessary
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m Condensation: Terms
Diffusion vs. Infiltration

4x8 sheet of

4x8 sheet of . . . . . gypsum board
gypsum board

Interior at 7T0°F
with a 1in2 hole

and 40% RH
Interior at 70°F

s e L g
I 13 quart

of water

30 quarts
of water

Building Science Corporation



= Condensation: Terms
Diffusion vs. Infiltration

C402.4.1.2.2 Assemblies Assemblies of materials and
components with an average air leakagenot to exceed 0.04
cfm/ft2 (0.2 L/s » m2) under a pressure differential of 0.3
inches of water gauge (w.g.)(75Pa)when tested in
accordancewith ASTME 2357, ASTME 1677 or ASTME 283
shall comply with this section.

Still more than diffusion

4x8 sheet of
gypsum board
;::r’:?::x::d . . . . . Interior at 70°F
ha 1in2 hole and 40% RH
oracror || (B (1
" jpu N R P> |
e LR
30 quarts
of water

International Energy Conservation Code (IECC) 2012
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m Condensation: The Real Story

® Properties of Water

® Terms Relating to Condensation

il \\Vetting and Drying

® Analyzing Assemblies

® Wall Design



= Condensation: fYEiglel and Drying

Condensation: Dewpoint
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= Condensation: fYEiglel and Drying

Condensation: Dewpoint
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= Condensation: fYEiglel and Drying

Condensation: Dewpoint
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= Condensation: Wetting and [BIs¥il}

Drying: Evaporation
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Condensation: Wetting and Drying

Two Sides of the Same Coin: Temperature




= Condensation: Wetting and [BIs¥Iale}

Drying: Evaporation
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m Condensation: Wetting and Drying
Two Phenomena coupled together

Temperature

Dryin

N

etting

< Diffusion >
< Air Flow >

IS

‘Permeability
Infiltration

51



= Condensation: Wetting and Drying
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= Condensation: Analyzing Assemblies
Profile Method

20° F
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65* '

|

F
5
¥

=00

i
|

&

Ol
0

LR ol

—

o
O

IR
:
O

]
-0

oLV
o
N

Lo
"
e}
D\._

) T
flv.ﬂ gl:? .<|=.°
o O
i
<l <l <
0

oo
N
ol

-

~

D
0
5
)

|

i

Teesdale, 1938 (Water in Buildings, Rose)

54



= Condensation: Analyzing Assemblies
Profile Method: Temperature

70° F 10° F

R1 R2 R3 R4
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== Condensation: Analyzing Assemblies
Profile Method: Temperature

70° F 10° F
35% 70%

R1 R2 R3 R4
P1 P2 P3 P4
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Profile Method: Temperature

70° F 10° F
35% 70%

R1 R2 R3 R4
P1 P2 P3 P4
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= Condensation: Analyzing Assemblies
Profile Method: Temperature

70° F 10° F
35% /| Problem! 70%

R1 R2 R3 R4
P1 P2 P3 P4
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m Condensation: Analyzing Assemblies
Profile Method: Limitations
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m Condensation: Analyzing Assemblies
Profile Method
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m Condensation: Analyzing Assemblies
Profile Method
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m Condensation: Analyzing Assemblies

Profile Method

Temperature (Degrees F)

Dewpoint Analysis - Dow Chemical

o - b E F &

Distance From Interlor (In Inches)

Dewpoint Analysis - Dow Chemical

Snbations
so—'ﬁ B C ) E F G

Temperature (Degrees F)

Distance From Interlor (In Inches)

Compare Assemblies
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= Condensation: Analyzing Assemblies
W UFI Method

About WUFI
= =
Ver. 5.3
Moisture design tool
for architects and engineers
License: DTempas, DCC
—-—
~ Fraunhofer
IBP
=9 PD:1168 Release: 5.3.0.1196.0B.24.77 =
! Cooperations oK |

Oak Ridge National Laboratory (ORNL)/Fraunhofer IBP


http://www.hoki.ibp.fraunhofer.de/wufi/intro_e.html
http://www.hoki.ibp.fraunhofer.de/wufi/intro_e.html

= Condensation: Analyzing Assemblies
W UFI Method

oWUFIEE:- Pro 5.3 C\Users\u551598\Documents)2014 Docs\Correspondence\Fort Wood - Duke Wyckoff\Conventional WUFLW4P Ol x|
Prgject Inputs Run Outputs Options Database Result Analysis ?
Dl 2R E2RE B BEZ? b |
) Project Project:
=-§] Case: 1 (Act. Case)
=@ Component ‘ Orientation/Inclination/Height | Surface Transfer Coeff. | Initial Conditions | =

~ Orientation Layer Name Thickn. [in]
~ Surface Transfer Coeff. Solid Brick Masonry |4.000 |

~ Initial Conditions Material Data
Exteriar [Left Side] Interior [Right Side]

I 4,000 | 1375 25 06T 3 0.03,575,

Control
limate
E Quick Graph

®%  Sources, Sinks |
g New Layer |
Duplicate |
g Delete |

Edit Assembly by————
& Graph
¢ Table

@
Assign from Grid
= Material Database | I"g""tc'ma“C U] j |
| ITD II‘u’Iedium j

&S Example Cases

Copy Auto. Grid Def for fanual Editing |

Units: IP Last Calculation: 4/21/2014 v




= Condensation: Analyzing Assemblies
W UFI Method

& WUFI® Animation1D
Location: St. Louis, MO; cold year;
L il bl q bl Bl 1 Save Properties
40
v/ mz] E,T Ly = -
>1000 e 20
750 2 = [l
@
500 g 0 <l
3 101272014
250 . — ez
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>100—  —400 80 ‘W
N il z B
= =
—_ ==
£ E
14 © 200" 40 =
= kK 7 Hep
= o
=
0.1 100 20 l"L Close
0.01— 0 0
10.2 349 6.3£0.0635 1.71 15.2 0.11.74
*Solid Brick Masonry *Glass Fiber faced Polyisocyanurate  *R-19 Fiberglass Batt  *Gypsum Board
*Air space - 1.375 inches  *TYVEK *Kraft Paper vapour retarder
*0SB
Cross Section [cm]
|Piays the Fim forwards [ v




m Condensation: Analyzing Assemblies
W UFI: Limitations

* No infiltration

 Subtle data may not exist

« Temperature Dependencies
 Hard to learn

 Time consuming

66


http://www.hoki.ibp.fraunhofer.de/wufi/intro_e.html
http://www.hoki.ibp.fraunhofer.de/wufi/intro_e.html

= Condensation: Analyzing Assemblies
Profile vs. WUFI: Predictions

Old Wall

Cold

Alr
Barrier




= Condensation: Analyzing Assemblies
Profile vs. WUFI: Predictions

Medium Wall

Warm Cold
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m Condensation: Analyzing Assemblies
Profile vs. WUFI: Predictions

Perfect Wall

Warm Cold

Building Science Corporation
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== Condensation: Analyzing Assemblies
[ vs. WUFI: Predictions

iPad = 1

psiatiy System + Ente

Interior Air Film Horz

r-Value: 0.68 rep-Value: 0.00 >
Thickness: 0.100 inches

Drywall .625in

r-Value: 0.56 rep-Value: 0.02 >

Thickness: 0.625 inches

- R-19 Fiberglass Batt
r-Vaiue: 18.00 rep-Value: 0.01 >
) Thickness: 5.500 inches

- DENS-GLASS GOLD .6...
r-Value: 0.67 rep-Value: 0.08 >
I Thickness: 0.625 inches

Wall Air Film NonRefI3
r-Value: 1.01 rep-Value: 0.01 >
Thickness: 1 inch

Brick Common 4 in
r-Vailue: 1.00 rep-Value: 1.30 >
Thickness: 4.000 inches

Out Air Film Winter
r-Value: 0.17 rep-Value: 0.00 >
Thickness: 0.100 inches

DewProiPad App
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= Condensation: Analyzing Assemblies
HoilEyvs. WUFI: Predictions

10:53 AM

Interior Air Film Horz

r-Value: 0.68 rep-Value: 0.00 >
Thickness: 0.100 inches

Drywall .625in

r-Value: 0.56 rep-Value: 0.02 >

Thickness: 0.625 inches

R-15 Fiberglass Batt
r-Vaiue: 15.00 rep-Value: 0.01 >
 Thickness: 3.500 inches

DENS-GLASS GOLD .6...
r-Value: 0.67 rep-Value: 0.08 >
Thickness: 0.625 inches

Extruded Polystyrene
r-Value: 5.00 rep-Value: 1.50 >
Thickness: 1 inch

Wall Air Film NonRefI3
r-Value: 1.01 rep-Value: 0.01 >
Thickness: 1 inch

|
|

% Brick Common 4 in
l_—d r-Vaiue: 1.00 rep-Value: 1.30 >
WEENN| Thickness: 4.000 inches
Out Air Film Winter Inside Outside
r-Value: 0.17 rep-Value: 0.00 >

4

Thickness: 0.100 inches

DewProiPad App 71



= Condensation: Analyzing Assemblies
Prgﬁle vs. WUFI: Preitions

F
| Load sysie -+ 1 =

Interior Air Film Horz

r-Vaiue: 0.68 rep-Value: 0.00 >
. Thickness: 0.100 inches

Drywall .625in

r-Value: 0.56 rep-Value: 0.02 >

Thickness: 0.625 inches

Wall Air Film NonRefl7

r-Vaiue: 1.02 rep-Value: 0.01 >
Thickness: 3.500 inches
' DENS-GLASS GOLD .6...
8 r-Value: 0.67 rep-Value: 0.08 >
% Thickness: 0.625 inches

- Extruded Polystyrene
r-Value: 10.00 rep-Value: 3.00 >
Thickness: 2.000 inches

Wall Air Film NonRefi3
r-Value: 1.01 rep-Value: 0.01 >
Thickness: 1 inch

Brick Common 4 in

r-Vaiue: 1.00 rep-Value: 1.30 >

Thickness: 4.000 inches

Out Air Film Winter Inside Outside
r-Value: 0.17 rep-Value: 0.00 >

Thickness: 0.100 inches

DewProiPad App
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= Condensation: Analyzing Assemblies
iR vs. WUFI: Predictions

Perfect Wall > Medium Wall > Old Wall

| g .| con




= Condensation: Analyzing Assemblies
Profile vs. \WASIRl: Predictions

Old

Medium

Perfect
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= Condensation: Analyzing Assemblies

Profile vs. \WABI&l: Predictions

Perfect Wall

> Medium Wall

1 g

> Old Wall
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= Condensation: Analyzing Assemblies
Proflle VS. WUFI

Vancouver Field Exposure Facility: Phase lll Exterior
Insulation Analysis

Research Report—1207,17 February 2012, Coquitlam,BC
Jonathan Smegal, Joseph Lstiburek,John Straube, Aaron Grin
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= Condensation: Analyzing Assemblies
Profile vs. WUFI: REEIVA

~ Taped and painted ~ Taped and painted

/" gypsum wall board /s gypsum wall board
as mterior finish as interior finish

6 mil poly, Class | - R-20 fiberglass taft
vapor retarder

O " OS8B sheathlng
R-20 fiberglass batt

e il _—— Tyvek® DrainWrap™

— /" OSB sheathir
| 8 9 1" XPS insulation

Single layer of 30 min. —— Single tayer of 3D min
building paper building paper
— 3" stucco o stucco

Vancouver Field
Exposure Facility:
Phase Ill Exterior
Insulation Analysis




= Condensation: Analyzing Assemblies
Profile vs. WUFI: REEIVA

Medium Wall > Old Wall

Wall 2 (direct applied stucco) Wall 7 (XPS ext. ins.)
MNorth >106 days 68 days
East >106 days 53 days
South 68 days 29 days
West 95 days 47 days

Vancouver Field Exposure Facility: Phase lll Exterior
Insulation Analysis



= Condensation: Analyzing Assemblies
Profile vs. WUFI: REEIVA

Medium Wall > Old Wall

In 1964, Neil Hutcheon demonstrated how the
temperature gradients across a masonry wall changed
when the insulation was moved from the interior of the
structure to the exterior of the structure. He showed
that condensation issues at 35% interior relative
humidity were solved by moving the insulation to the
exterior.

Vancouver Field Exposure Facility: Phase lll Exterior
Insulation Analysis
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= Condensation: Analyzing Assemblies
Profile vs. WUFI: REEIY

Hours of Potential Condensation

2500

2000

1500

1000

500

Medium Wall > Old Wall

K

North East South West
1.5" Exterior XPS - Wall 7

OSB sheathing - Wall 2

M OSB sheathing - Wall 5 (only east and west)

Comparison ofthe hours of potential condensation
between Wall 2 and Wall 7 80
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® Properties of Water
® Terms Relating to Condensation
® Wetting and Drying

® Analyzing Assemblies

il \Wall Design



= Condensation: Wall Design
Cold Climates: Permeability

Warm Cold

What happens when we try to design a wall by
altering the permeability of the materials?
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= Condensation: Wall Design
Cold Climates: Permeability

R

Warm Cold

Cavity insulation forces interior vapor retarders.
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= Condensation: Wall Design
Cold Climates: Permeability

Very hard to deal with the various kinds of penetrations

Ell &

M .

-
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= Condensation: Wall Design
Cold Climates: Permeability

Warm Cold

.......

Poor effective drying because it is too often cold.
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== Condensation: Wall Design
Cold Climates: Permeability

Warm Cold

Delicate system.
What about changes by the owner? Maintenance?

86



== Condensation: Wall Design
Cold Climates: Temperature

Easier to make right.
Reduced cavity

Insulation.
Sheathing insulation.
Broader applicability.
Effective drying.
ROBUST!

Warm




= Condensation: Summary
® Properties of Water

Psychometric Chart

Water Vapor Pressure (psi)

0.40

0.35
0.30

0.25
0.20

0.15
0.10

0.05

0.00

0

10 20 30 40 50 60 70 80
Temperature (°F)
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= Condensation: Summary
® Properties of Water
® Terms Relating to Condensation

Relative Humidity
‘Permeance

‘Perms

gr/hr ft2in Hg

Wet Cup
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= Condensation: Summary
® Properties of Water

® Terms Relating to Condensation
® Wetting and Drying

)
Permeability
Infiltration
M ,, - P iz
= ‘ % *:K \ 2
“‘J‘L‘ﬁ )N/ c; /
< e
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= Condensation: Summary
® Properties of Water
® Terms Relating to Condensation
® Wetting and Drying
® Analyzing Assemblies

Interior Air Film Horz

r-Value: 0.68 rep-Value: 0.00
k' Thickness: 0.100 inches

Drywall .625in

r-Value: 0.56 rep-Value: 0.02
Thickness: 0,625 inches

Fiberglass Bd (1 pcf)
.-ar rValue: 12.60 rep-Value: 0.10

Thickness: 3,500 Inches

- DENS-GLASS GOLD .6...
B r-Value: 0.67 rep-Value: 0.08
200 Thickness: 0625 Inches

| Extruded Polystyrene

Thickness: 1 Inch

Wall Air Film NonRefI3
I-Value: 1.01 rep-Value: 0.01
Thickness: 1 inch

Brick Common 4 in
BB [-vaiue: 1.00 rop-Value: 1.30
Thickness: 4,000 Inches

Out Air Film Winter Inside Outside

-Value: 0,17 rep-Value: 0.00 >
Thickness: 0,100 inches



http://www.hoki.ibp.fraunhofer.de/wufi/intro_e.html
http://www.hoki.ibp.fraunhofer.de/wufi/intro_e.html

-Condensatlon Summary

® Properties of Water

Terms Relating to Condensation
Wetting and Drying

Analyzing Assemblies

Wall Design

N

Easier to make right.
Reduced cavity insulation
Sheathing Insulation
Broader applicability
Effective Drying

ROBUST!
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