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Why Hygrothermal Engineering?

The Price of Energy Efficiency
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Impact of Thermal Insulation on Moisture

No Cavity Insulation

Fibre Glass Insulation
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Higher Temperature Gradient has the result that cold spots are closer to warm
spots = Higher condensation risk in case air tightness is not 100%
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Impact of Air Tightness on Moisture

Moisture transport due to air infiltration into the envelope

Not Air Tight

Air Tight“
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Risky

Energy leak

Warming of the leakage area
in case of strong air flux

= Only a little condensation

Moisture leak

Cooling of the air in case of
slow and tortuous air flux

=>Much more condensation

Air Tight
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Impact of Air Tightness on Moisture

Result of ORNL studies about air flow

Critical airflow rate (Q,,)

QOutdoor Room : Indoor Room

! / Critical airflow range

i 2" gap atdrywall

7/16" OSB** Failure
A 12x6studsat24”o.c.™
R19 kraft-faced fiberglas:

%" drywall

**Wood members facing
Wall Cavity B were
coated with oil-based
polyurethane

Mold Growth Index (-)

Safe

1/16"gap at OSB G

Heat Loss

A —

Air Leakage Rate

Airflow path through Wall Cavities A and B
(cross section)

¥Smartglutions



Importance of Moisture
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Importance of Moisture
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Importance of Moisture

314

Clearly conceived
redundancy against water
penetration

Exterior Building Elements

This section establishes design guidelines for
elements of the building. These may be individual
materials, assemblies of materials, equipment, or
assamblies of materials and equipment.

The AJE is responsible for specifying construction materials

Must follow ASHRAE
Standard 160

d systems appropriate to the final design that are
ting, provide enduring guality, and are maintainable.

lection of construction materials with these factors is
al to building performance.

Building Enclosure

The building enclosure is an environmental separator

for thermal, moisture, air, acoustic, and daylighting
properties, and also provides structural prataction for blast,
seismic, wind, and other hazards.

Since the building enclosure has a major impact on
energy conservation and on blast mitigation, the AJE
must coordinate all systems selection and design with
the requirements in Chapter 4, Structural Engineering, for
blast mitigation and Chapter 5, Mechanical Engineering,
for building energy analysis.

Exterior wall assembligs must be designed to work
in concert with HYAC systems to optimize enargy
performance. Envelope load criteria are described in

Design against water penatration with clearly conceived
redundant systems. The AE is responsible for the integrity
of the owerall moisture control system.

nstruction documents must clearly depict all drainage
ir passagas. Detail in three dimensions where

Future Maint: 5 .
o 3D details to see joints
nemsena] 10 DE Sealed properly

components, their use, and how they are combined on a
building must be reviewed for future maintenance neads
including replacement, repair, cleaning, weathering, and
damage from bird roosts.

Consider the use of stgeply sloped surfaces, limited use
of horizontal surfaces at window sills, sun control davices
or other design features or design approaches to minimize
bird roosts.

Below Grade Systems

Ground Water Control
The drainage mat and soil filtar should relisve hydrostatic

ASHRAE 90.1.

Moisture Control

Design of the above-grade buil
demonsirated early in the desig
160, Criteria for Moisture Contl

age to
Hygrothermal behavior of all
critical enclosure components |
must be demonstrated

Buildings is an acce| IS OT OESIE, DEmoTsaauon
of the transi vgrothermal behavior of the various multi-
1 building components for all critical building enclosure
systems must be confirmed through modeling.

F
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Importance of Moisture

interface

FEATURES

The Jounnat or RCI 6 MASONRY - MEDDLING IN ITS
March 2011 = Yai. XXIX, No, 3 MYSTERIES OF MOISTURE
RCI OF7IcERS MIGRATION

By Cris Crissinger

|6 LESSONS LEARNED FROM
CURTAIN WALL FAILURE
INVESTIGATIONS

By Derek B. McCowan, PE,
and Joshua B. Kivela, PE

28 DRIFT JOINTS PROVIDE AN
AVENUE FOR WATER
INTRUSION INTO WALL
CAVITIES

By Robert Craig, RRO, CDT

33 BETTER DESIGN AND BUILDING
PRACTICES FOR REDUCING
WATER AND MOISTURE

= Nl PROBLEMS IN WOOD-FRAMED
SPECIAL INTEREST COMMERCIAL AND
MULTIFAMILY BUILDINGS
16 USGHC Sued For Deceptive Claims By Steve Easley
26 ROU Terminal Uses Lenticular Wood- E :

Truss Structure 2

44 Dow Roofing Ceases Sales of TPO and
PVC Membranes i North America

RESTORATION 200 FEET ABOVE
A STATE PENITENTIARY

44 BC Place Roof Can't Close in Rain Project Profile

@ 7 G e e : 4 out of 5 main articles deal
with moisture

1 President’s Messape

4 [Letters 1o RCI
46 Construction and the Economy
48 mndustry News
50 Calendar of Events
50 Advertisers’ Index
S Would You Look at That!

In This Issue: We examine various cladding failures and deteroration issues, {rom
moisture migrstion in masaney to curtam wall failure, to problems with wood framed
buikdings and issues with drift joints.

On the Coverr The massonry tower at the U.S. Penitentiary in Lewisburg, PA, was
deteriorating after 75 years of exposuse 1o the clements. Masonry Preservatian Services
(MPS} perfarmed repairs under difficult conditions. See project profile, page 42,

Istearace * 1
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Importance of Moisture

Inspection of all papers of Moisture related
“Thermal Performance of the Exterior Envelopes Papers
of Whole Buildings Xl International Conference IPractices 61%
2010" results in: =
IPrinciples 55%

Official Participant's Feedback regarding Moisture Research.

=
o

9
8
7 m1l's
6 m2's
5 M 3's
4

H4's
3

m5's
2
1
0

Importance DOE Role Relevance

(= Low Rated)

(= High Rated)
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Moisture Balance

Non Energy Efficient Envelope Energy Efficient Envelope

11
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Previous Assessment

Field tests:

= Very time consuming
= Very expensive & I
= Search for alternative ways to investigate ; [l

hygrothermal performance i - = G L

Fraunhofer IBP, Germany

I
7 test s

. 12
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Previous Assessment
Field tests

= [imited transferability to another climate

Coconut beachfin Hawaii:

IBP outdoor test site in Holzkirchen

i S 13
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Previous Assessment

Field tests: solution to climate dilemma

= new test sites
= search for alternative ways to investigate
hygrothermal performance

Field test site in Bangkok .

BEG hut Waterloo Canada

Bt > NS 14
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Previous Assessment

Laboratory tests: climate chambers T
(hot box / cold box) S"" . -
. W R

= realistic conditions (8,¢) ,""“,'."””.

= sky radiation and precipitation e :
difficult to simulate

= limited capacity

= Time consuming

= expensive

?1.4 e
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Hygrothermal Modeling

construction materi_al
details properties
orientation
inclination O~
climate
initial conditions / conditions

Location: Chicago, IL; cold year;
Residential High-R Wall Assemflly

< o= o0 0 T I
104
|Btwh f2] &
>400 s S8 -
300 2 - I
200 g 32
0 F o4
 —— ) | I 2 113 o | —
100 100
in/h el
,1% . 80 [ 80
1+ E 60 60 =
£ . 5
= £
01 & 40 40 3
0.01 § 20 _— 2 &
0.001< 0 _ = - 0
0.0105 2 0.625 55 (0.0394 0.5
*Vinyl Siding **QOriented Strand Board Fibre Glass *Air Layer
*Air Layer *vapour retarder
Extruded Polystyrene Insulation **Interior Gypsum Board

Cross Section [in]
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Basics

Heat Calc.

Vapor Calc. (very simplified)

Total Heat Resistance

—+Z— 1

aExt AIILayers amt_

Heat Flux

Temperature Differences

1
ATExt. =—:-q

aExt.

d ric
ATBrick = AB—k q
Brick

1
ATlnt. =—-q

Int.

Total Vapor Resistance
1 d 1
R,=—+ —  +—
:B Ext.  AllLayers 2) P :B Int.

Vapor Flux

Ap

9v=?

Vv

Vapor Pressure Differences

1
ApExt. = ﬁ -0,
Ext.
d
ApBrick = 5_ 0,
p
1
Aplnt. = ﬂ— 0,
Int.

iSmartgelutions

17



Transistent Hygrothermal Processes in

Building Envelope

Example Flat Roof
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Material Properties Measurement

The complexity of heat and moisture analysis material properties
can be approximated with the following rel. simple and
standardized material properties:
£ Density
Porosity
Heat Capacity
Thermal Conductivity
Moisture Sorption Function
Water Vapor Permeability

Free water saturation

Jo & FH F H K Kk

Water Absorption Coefficient

19
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IBP

Fraunhofer

CE

=

Caleulation
|
40
Observation time [d]

= gimulation

O oz ol
[9%-"N] 1udlU0D Ja1eM

m
m
_

Charleston, SC

Model Validation
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Condensation Risk of Cool Roofs

Mechanically attached Commercial
Metal Deck Flat Roof

Solutlons



Analysis of meteorological data
Solar Radiation Impact

10-day mean temperatures
Holzkirchen, 2000-2005
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Condensation Risk of Cool Roofs

SPRI/ ORNL Investigation

White membranes to reduce the solar heat load

Black membranes are typically 50 deg F warmer
than white membranes on a sunny day

Theorized impact
— Location/occurance of dew point
— Impact ability of system to dry out

i S 24
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Cool Roofs: Variation Scenario

Indoor Moisture Supply

Climate
ASHRAE 160, Low
EN-15026, Normal
EN-15026, High

Zone 4 — Baltimore, MD
Zone 5 — Chicago, IL
Zone 6 — Minneapolis, MN

Zone 7 — Fargo, ND ASHRAE 160, High
Solar Surface Absorptivity Air Tightness
a=0.30 (White Surface) Qs5,=0.27 [I/s,m?] — no perforations
0=0.85 (Dark Surface) Q5,=0.56 [I/s,m?] - little leaky
A A A Qs0=1.0 [I/s,m?] - average leaky
O R T C 1Y N Qg,=2.0 [I/s,m?] - totally leaky
i Wing i : | - i i Wiind i |

— Combination:
128 WUFI Simulations!

\ v A/ NN \§~

Joints Perforations Penetrations

25
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Cool Roofs: WUFI Results

Variations of Condensate Layer Thickness

Condensate Layer Thickness [mm]|

Time [Yearly Quarters]

= . - a 26
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Cool Roofs: Final Evaluation of Results

Indicators for the reliability of the roof construction at given

conditions.
safe roof construction, gray indicates Black Surface
risky construction White Surface
- expected failure
Climate Zone 4
Indoor moisture supply Not Leaky Little Leaky Avg. Leaky Very Leaky
ASHRAE - Low B Y
EN - Normal B W
EN - High B W
ASHRAE - High B W
27
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Mech. attached Roof, Sensitivity Analysis

" TPO Mechanically
Attached Membrane

"

Polyisocyanurate
Roof Insulation,

Mechanically Attached 18 10 22 Gauge Steel Deck

Fasteners Lap Heat-Welded

S N 28
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Mech. attached Roof, Sensitivity Analysis

Stepl: Measurement of Material Properties for
Polyiso, facers separately

Coverboard

TPO

29
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Mech. attached Roof, Sensitivity Analysis

Measurement Methodology

High density

Cellulosic

Bulk densit ORNL

est
Specific heat capacit est

core
0

Thermal conductivit Manufacturer

Water vapor permeabilit Manufacturer
Moisture storage function ORNL
Water absorption coefficient HOIz\IN

Thermal conductivity

BN N R GO - Manufacturer

Thermal conductivity
dependence on moisture est

ORNL
est
est

est

Manufacturer

ORNL

ORNL

Manufacturer

est

polyiso coverboard

ORNL
est
est

Manufacturer

Manufacturer

ORNL

ORNL

Manufacturer

est

coverboard
ORNL

est

est

Manufacturer

Manufacturer

ORNL

ORNL

Manufacturer

est

TPO membrane
Manufacturer
est

est

est

Manufacturer

est

est

Manufacturer

est

1Smart Solutions
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Mech. attached Roof, Sensitivity Analysis

Properties of polyiso insulation board

1.25
Basic Values = 1.00
Bulk density [Ib/ft] 16234 =
e 075
Porosity [f/ft] 098 £
L=}
Specific Heat Capacity. Dry [Biu/lb*F] 0.3511 E 0.50
Thermal Conductivity, Dry, 50°F [Btu/h ft'F] 0.0149 %
025
Permeability [perm in] 21611
0.38 G'DDEI 0.2 0.4 0B 0.8 1.0
10~- Relative Humidity [ - ]
/ = 107
E / E g
£,100-36 / g 10
> / E
—_— I:_:I .
© 100-39 - C 109
@ o
: / 5
@ 034 =
o 10 o 1[]-1[]
|_
/ =
100-33 g o
0 0.2 0.4 0.6 0.8 1.0 107
: g 0 0.2 0.4 0.6 0.8 1.0
SEClEsl i Normalized Water Content [ - ]
31
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Mech. attached Roof, Sensitivity Analysis

Initial and boundary conditions

Exterior (Left Side)
05984 05 0.03425 1.9315

* Horizontal flat roof
* White, reflective roof

e Metal roof deck - 1
L
@

* EMC 80 - initial

mOiStu re content Assign from Grid

Material Database Automatic (1) ~

* Interior climate: & Exmpin Cane: ] medm S

Copy Auto. Grid Def for Manual Editing

AS H RAE 1 60 Total Thickness Total Thermal Performance

Thickness: 256 in R-Value: 12.19 h f* *F/Btu

32
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Mech. attached Roof, Sensitivity Analysis

0.40

0.35

0.30

0.25

0.20

0.15

0.10

Moisture content (Ib/ft2)

0.05

0.00

Total moisture content (Chicago)

A A

\

/)

/| A

AVALAL
I‘\\VI/‘\ ya\

WW

w

0 5000 10000 15000 20000 25000 30000

hours

Results

= TPO cellulosic coverboard foam
insulation paper facers

= TP cellulosic coverboard foam
insulation glass facers

====TPQ high density coverboard
foam insulation paper facers

===TPQ high density coverboard
foam insulation glass facers

igﬂ.ﬂ 5T
martSelutions
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Mech. attached Roof, Sensitivity Analysis

Sensitivity Analysis

* Four systems - Polyiso, TPO, + two coverboards +
with two facers

* Two climates — Miami and Chicago
* Properties were varied +/-20%

* Total moisture content maximum in the 3" year
compared to baseline

34
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Mech. attached Roof, Sensitivity Analysis

Sensitivity Analysis Results

Assembly High density/paper | High density/glass | Cellulose/paper | Cellulose/glass

Climate Chicago | Miami | Chicago | Miami | Chicago | Miami | Chicago | Miami
Density 0.7% 0.0% 0.6% 0.0% 0.0% 0.0% 0.3% 0.0%
Water vapor

permeability 0.6% 0.0% 5.2% 1.4% 1.3%
Thermal

conductivity 0.7% 0.0% 0.8% 0.0% 0.6% 0.3% 0.6% 0.0%
Moisture storage

Liquid transport 0.2% 0.0% 0.0% 0.0% 0.1%  0.0% 0.0% 0.0%

Table 8-Fariation in total moisture content with a variation of 20% in the measured property

S N
s§maftSolutions
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WUFI Application for Pipe Insulation

Fiber Glass
Insulation Steel Pipe
Houston Pipe 0.10 Perm
104 —
&
g 88 P,
- —
\\ C 4 I:I
60
g 45 B
g 30
E 15 L
Jacket with ' = =
sSpec ified Cross Section [in]
Vapor
Permeance
Geometny
) Cartesian Distance: Left Surface to ,II"""'l,I
Symmetry Axis / '| I'|
|
@ Radially Symmetric RO [in] LR“ ] I| |
| ]
15 "l [
5o 36
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WUFI

Application for Pipe Insulation

0
—Houston, 0. 10 Perm Jacket
30
E —Houston, 0. 02 Perm Jacket
<
0
§ 20
c
o
O
g
G
=
10
| mT
0 2 4 6 8 10
Time [years]
R 37
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Heat vs. Moisture

Thermal
Performance
Moisture
Performance

Important for any
Insulation!

38
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Heat vs. Moisture

/

o _ Atmospheric pressure
Hygrothermal material properties are highly p 1000
1B
non-linear. =
. . . o
(unlike thermal material properties) g "

0 | | |
0 20 40 60 20 100

Temperature [°C]

| l 108 ]

O Pressure Plate @ Calcium Silicate Brick
® Sorption E
€
- 8
3 S
£ S
3 3
Q >
5 l 2
o 5
= £
J s
-
!

0 25 50 75 100
Relative Humidty [%)] ¢ 50 100 150 200 250

Water Content [kg/m?]
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Measurement & Calculation

{,1” ﬂlj al:! a'l.l
A - ﬂﬂl s, a’:ﬂ a’;‘-&
H.'!'- ﬂ:t'-t (!.‘i.'- ﬂf!-l
CLyy Oy gy Ly

trA=da, + Q.+
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