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Presentation

0 Whats New 1n Moisture Control ?7?

0 What is Hygrothermal Analysis ?

0 What are the needed I nputs (Material, Loads)
0 What are design tools ?

0 What are advanced tools ?

0 Examples/Concluding Remarks






Whats New ?77?

e Better Understanding of how COMPLEX
moisture transport and interlinkage

“ | « Still do not have an accurate way of measuring
moisture content

e Material properties are not available (Major
Effort)

e Some misinformation is being cleared-up



Whats New 77?7

e MOISTURE Is among the TOP three
Importance items for many many
organizations (!) ASHRAE # 1, DOE # 3

- .
e Models are now available that can do more

than ever before (WUFI-ORNL/IBP)

e Public i1s becoming increasingly aware of
Moisture Damage, MOLD and health
iImplications (Higher level of Expectations)



Whats New 77?7

e BUILDING ENVELOPES will be DESIGNED for
MOISTURE CONTROL for the first time

¥ |

e MOISTURE Is just becoming of major interest
to lawyers

e ORNL/DOE the last 3 years is developing
cutting edge moisture engineering
competencies
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Past Design Approach




.'_-,r?
Tim Padfield

Today’s Design Approach



BUILDING ENVELOPES ARE CHANGING

Siding
YES) / Dry Wall

Steel Framing

_—=S5tucco Finish

«—YInyl Finish
Sheathing
Insulation

I

|| —

_iquid
Membrane
Services

Plaster

18th Century  ||mmmmm» 20th Century



Building Enclosure Functions

~— Heat
e Basic Functions Alr
— Support V apor
- - Controo << Ran
—Finish Sound
—Distribute Fire
(sometimes) |nsects
~ AcCCcess

.~ “Control Massand Energy Flows”
B



Moisture Control

Moisture-related Problems
1. Moisture must be available
2. There must be a route or path
3. There must be a force to cause movement

4. The material must be susceptible to
damage

Theory: eliminate any one for complete control

e Practice: control as many as possible



MOISTURE Problems
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Who Pays for Mc
Quality Problems ????

- Ar chitects, | nsurance Comp.
- Ing Material Ma
e OWner




Change in Paradim

e Use MOISTURE Engineering Principles

 Use all loads (Not just Vapor, Diffusion)

e Radical Change Paradim:
— Design Perfect Wall (OLD)
— Design Real Wall (New)

Water, Water Penetration, Air Flow, WDR,
Material Propertv & Chanaes



Building Science Approach

e Define Physics

; ‘“ﬁm

 Define Load Inputs
e Define Material Response

e Define Construction System & System
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Inputs:.

Drainage/
Tests

Exterior
Loads

Iﬂrllor

Loads

MATERIAL
PROP RTIES




Environmental Loads

EXTERIOR

Orientation, Inclination, Temperature,
Relative humidity, Direct, Diffuse, Reflective
and Sky Radiation, Wind-Driven Rain, Wind
Speed and Orientation, Cloud Index

INTERIOR

Temperature, RH, Stratification, Stack,
Mechanical Pressurization, Moisture
Production/ Supply Rates, Ventilation Rates



Climate Region: Rain

U.S. Precipitation 1900-1996

Trends/100 years
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Interior Loads

- Inhabitants

- Processes

- PlantAnimals
-Pool/Fountains/Humidifier
[Dehumidifiers

- Other Sources
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House Loads

 Define Interior Loads (IEA) (2 adults + 2 kids)
— Human body (3.5 kg/day)

d — 20 Plants (0.5 kg/day)
| — Personal Hygiene (1.3 kg/day)
— House cleaning (0.2 kg/day)
— Washing up (0.4 kg/day)
— Laundry (1.8 kg/day)
— Cooking (0.9 kg/day)

— Miscellaneous (0.2 kg/day)
TOTAL 8.5 kg/day (4 to 14 kg/day) (3.3 g/kg at 0.5ACH)




Effect of ACH + Moisture Production
T=21C, 10 kg/day, ACH=3, Area= 80 m?
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Effect of ACH + Moisture Production
T=21C, 10 kg/day, ACH=0.3, Area= 80 m?
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Text=5C, RH=80%

Interior RH

100%

80%

60%

40%

20%

0%

Apartment 800 sf

Moisture Production Rate:

5kg/day —e—low
10 kg/day —=—average
20 kg/day ——high

Air Changes Per Hour
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Material Hygrothermal Properties

Materials can be characterized by:

o
Sorption/Suction Isotherm (RH,U,T)

Vapor Permeability (RH, T)
« Liquid Diffusivity (U, Process)

« Therma Conductivity, (U,T), Heat Capacity (U),
Density (U, T)



Sorption/Suction Isotherm (kg/m?)

Sorptl on/Suction | sotherm (Baumber ger Stone)
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Vapor Permeability/Liquid Diffusivity

!

Vapor Permeability (Kg/m Pa. S)
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Building System Performance: Drainage Stud










ORNL’s New Advanced
Model

+ MOISTURE-EXPERT

e Integrates. Physics + Building
System Effects + Climate



MOISTURE-EXPERT v.1.0

e 2-D Capabilities
"« Vapor Air Flow
e Vapor and Liquid Diffusion and WDR

o Solar and Sky Radiation
 Moisture-Thermal Sourcesand Sinks
 Dynamic Stack and HVAC Schedules
 Temperature Dependent Sorption Processes




Application Case

¢ JSeattle

WASHINQTQN
et SRR
e Stucco Clad Wall System
* Investigate Hygrothermal Performance

* Introduce Drainage Sub-system
e Durability Performance




Simulation Info

« 2- D Simulations
 Hourly Exterior and Interior Load Values
| « Wind-Driven Rain

e Stucco ssmulations have been performed asa
function of:

— No air flow
— No water Penetration
— 1% ,3%,5% and 10 % Water Penetration



o

1/8in Acrylic Stucco
7/8 Cement Stucco
15 # Felt Bldg Paper
1/2in OSB
6in Stud 25
Poly Sheet
1/2 in Gypsum

0.5

Stucco Wall Layout
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~ Wood Top Plate

Cement Stucco

- Opening

Acrylic Stucco

- Fiber Glass

| #15 Felt Paper

,— Wood Bottom Plate

Interior Space

- Oriental Strand Board

Opening/ OSB Wood Joist
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Total Moisture Content (kg/m)
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Jul  Oct Jan Apr Jul

10 % Water Penetration (Feb 1) RHO)
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Mold Growth Index

TABLE 1: :Mold Index Values and Description.

Index

Descriptive meaning

No growth

Some growth detected only with microscope

Moderate growth detected with microscope

Some growth detected visually

Visually detected coverage more than 10%

Visually detected coverage more than 50%

o Ol &~ W[ N| | O

Visually detected coverage 100%
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Engineering Assessment
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ORNL’s New Hygrothermal
Design Tool

WUFI-ORNL/IBP

* Never Re-invent the Whed! if you
Intent to go to the Moon (1BP)

o Use/Consult experts (I ntended)



Advanced Design Hygrothermal

Tool

Jointly Developed:
ORNL & IBP

e Designed for
Architects Engineers
Excellent Educational
e Graphical User

WUFI ORNL/IBP.,  'nterface

moisture design tool for architects and engineers e ASTM MLN 40

2 2000

U HH
[ 1 HHH

Fraunhofer (Rbie e

Bauphysik




Don’t Forge S5 WE

www.ornl.gov/btc/mois

-
WUFI-OR}
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& Moisture Analysiz Software

J

ABOUT

T

The WUF ORNLABE Madel

8 T hiz program can be uzed o assess the heat and moizture distibutions
M far many bullding maternals and chmatic conditionz of Maorth Amenca. [t
Slwaz specifically developed for designers and architects to help in design

| decizions, to estimate the dving times of structures, investigate interstitial

8l condensation, or study the influence of driving rain on building 2
Wl ervelopes. The program also helps to select repair and retrofit strategies
8 and For ranking different designs.

:;f- TO OBTAIM YOUR FREE LICEMSE pou must be a resident of Morth

Y || &rmerica [USA and Canada), must send an email to Dr. Karagioziz at the
8 || web-site: hitpe /A arnl. gov/bte/moisture, and must provide the below 8
2 information: Legal Mame, Cormparny or Univerzity, Address, Telephone,  §

Zip Code, Fax, E-mail, Computer Mame. Staff at either ORML or IBP may :.
8 contact wou to venfy thiz information. All data will be maintained by staff §

| at either ORML or IBF, will be treated confidentially, and will not be uzed .
o | for any other purpose. You may be contacted for future upgrades or new g
I productz related to moisture engineenng

8 T he ingtall zcreen gives vou information about the installation. By clicking

5 on the night mowsze button the current system information will be :

¥ dizplayed. In order to provide a comect install Windows NT ugers need

25 1| admin privileges. [ you have not inztalled at least Microzoft Internet T
%1 Explarer 4.01 vou showld first install the version provided on this CD. For |8
#lthe [ atabaze access vou need to install at least MDA version 2.5.




WUFI ORNL-IBP Incorporates;

 \VVapor Diffusion

 Liquid Diffusion (Only Tool Dg, D,,)
+ * Wind-Driven Rain (Only Tool available)

dry



WUFI ORNL-IBP Incorporates;
 Full Functional Hygrothermal Properties

Moisture Retention
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WUFI ORNL-IBP Incorporates;

. I\/Iost Benchmarked I\/Iodel
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How does

this Tool
Work ?

WUFI-ORNL/IBP

com pos ition,
Orinentation;

Initial Conditions;

Climate
Database

Inclination of Duration of
Component Simulation
«  WUFI Model

- “Woisturetranster—

r@ ﬂﬁ

NFg o

28 v (DT 8,708 p )|

Material

Froperty

i
Energy tra i Database
% -% =T (AVT)+ V- [6,7(6 £l '"’3
Transient Profiles
of Heat and
Temperature, Rel. Moisture
Humidity and Fluxes
Water Content




Example Case:

Conventional Stucco

Mesh

Building Paper

Sheathing (OSB or Plywood)
Insulation

Vapor Retarder

Drywall

e




Design Consideration of Exterior
Weather Resistive Barrier
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Let’s Take a Tour of WUFI-ORNL/IBP




WUFI-ORNL/IBP Limitations.

 Weather Data for Canadian Cities

; ‘“ﬁm

 Material Properties & Sub-System Perf.

» Specific Inputs get Pro Version



Conclusions (Design Tools)

 Mgor changes in codes is expected the
next 5 years

.. * Atool isnow available for the first time

WUFI-ORNL/IBP fully documented is
available by ASTM MNL 40 (100 page
User Manual)

e Material Properties will be upgraded by
ORNL Expected to help better
Understanding/designs



Conclusions Advanced Models

* Advanced Moisture Engineering was
demonstrated

 New Moisture Engineering Approach
SPC 160P

« Opportunity to customize material
properties and sub-systems



And Don’t Forget Don t Use Fungl | mpregnated Lumber




