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Moisture and buildings

Moisture is involved in almost all building
envelope performance problems

° Energy inefficiency i
° Mold (IAQ)

* Corrosion

* Wood rot

* Termites

® Staining

BSA objective: Assist in reducing or mitigating the
impact that moisture plays on the buildings industry.
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Problem

* Uncertainty regarding moisture risk of high-performing
envelope systems hinders rapid adoption.

* New building envelope assemblies are less tolerant of
design and installation flaws.

* Builders lack access to simplified credible guidance on
durable, energy-efficient wall assemblies.
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ORNL RD&D approach
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material and system property e E—
characterization. System
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Builder’s perspective
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Long-term effectiveness of insulation materials
&systems
Window installation solutions in walls w/more
insulation
Details for integration of exterior insulation
w/other materials

*Total of 14 issues and challenges
presented to respondents
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Builder’s reaction...
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Moisture performance of energy efficient walls _
Moisture performance of energy efficient attics _

System/whole-house integration when _

transition' to more energy effic homes
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Manufacturer’s perspective
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What building scientists think...

WERiveE
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What building scientists think...
“Fascinating! | wonder
which hygrothermal
transport mechanism led
to this Stachybotrys
colonization?!”
WERiveE
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Homeowner’s perspective
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What homeowners are thinking...
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What homeowners are thinking...
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What is the magnitude of the problem?

® In 2018, home repairs due to
leaks and mold cost $32B and
were more acute for low-
income families (Federal
Reserve Bank).

* New code and proposed retrofit
requirements take builders out

of their “tried and true” comfort el
[——— (-]

range. °
g e

* Building science required to °

reduce risk associated with
modern building envelope and
retrofit strategies.
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How to help builders manage risk
* Pay building scientists to write more books that builders
won’t read?

* Hold all building permits until we teach building science
to every construction worker?

* Compel builders to consult a building science expert
before every design change?
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Approach

Give every building professional instant access to the
knowledge of the industry’s best researchers and
building scientists.

Distinctive Characteristics:
* Web-based.

* First application of expert
system for moisture
management.

* Articulates guidance for durable
wall systems based on expert
consensus, field data, and

hygrothermal modeling.
% 0AK RIDGE
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The Building Science Adyvisor

* Provides user with sources of
information to consider prior
to new construction or
performing an energy retrofit.

Home. Pressessments Assesaments Resowces  CaseStudi -

® User defines wall he wants to
construct or existing
assembly.

* Tool rates its energy and
moisture performance.

® Tool makes recommendations
regarding improvements.

* bsa.ornl.gov
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BSA is an expert system

User

Interface

Expert System

Inference
Engine

Knowledge

Base
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How does it work - inference engine

The inference engine translates user input into a
combination of appropriate material properties needed
to assess the moisture durability.

Wall component  Materal type Material property
Wall component  Materal type Material property Waterfair barrier I mpermeable fully adhered membrane <1 perm
Insulated sheathing
Chdding Brick Absorptive
Swcco Building paper =1perm
Stone Spun-bonded polyolefin
Untreated clapboard Liquid-applied coating
Untreated shakes Permeable fully adhered membrane
Uninsulated sheathing
C\‘:;- cement siding Non-absorptive Closed-cell spray foam
Treated clapboard Sheathing Plywood High permeance
Treated shakes Oriented strand board (OS8)
Metal siding Fiberbeard
Mineral fiberboard
Cavity insulation  Fiberghss batt High permeance, > 10 perm
Fiberghss loose fill (570ngjsm* Pa) Expanded polystyrene foam (EPS) Medium permeance
Celiulose loose fill Polysocyanurate (PIR)
Open-cell spray foam
Extruded polysgrene foam (XPS Low permeance
Expanded polystyrene foam (EPS) Medium permeance, =1 t© ik ) =
<10 perm Interior vapor  Polyethylene sheet Class | vapor retarder (VR),
retarder Aluminum foil =0.1 perm (5.7 ng/sm? Pa)
Closed-cel spray foam Low permeance, <1 perm
Flash and batt (57 ngfs m*Pa) Kraft paper Class Il VR, > 0.1 to
Smart vapor retarder <1 perm (57 ngfs m? Pa)
Class Il VR, = | perm
None No VR
Interior finish Vapor barrier paint Class | VR
Class I VR
Latex paint Class Il VR
&OAK RIDGE
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Pre-assessments

Home Pre-Assessments Assessments Resources Case Studies

1
\When planning an snergy refroft of replacing damaged
‘and/or deteriorated materials of your buiding envelope (the

components ofthe house serving as a hermal and = 3 () P 1 d t h
et sarr e he et an e o) thrs - rovidaes user wi
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VWhat approach to take depends on the condifion of the s O u rc e S o

erbeyssiio gesinteiquil o)

AR W g o i sofcossidon e i e il pe rformin gan
currently not setup to analyze the meisture durability of adsibonal resouces
energy retrofit.

Building Envelope Comp

more information on the specified retrofi categories, or
select Next to launch the BSA.

other types of retraffs. In addtion,  does not account

for ai leakage which conributes fo energy foss and .
maisture infrusion in the buiding envelope. The links
provide guidance regarding haw best {0 approzch these

aiher types of retrofts together with their associated Wostimportant, before taking on an exterior reliofit maks sure that the demoition and
benefis. reconstruction follow ocal,regional and federal code requirements 35 i pertains to fire

andl sumounding property and neighbors. Make sure to check with local code officials
regarding permiting requirements prior to the start of canstrucion
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Select climate zone

Climate Zone *  4A - Mixed-Humid v

Marine (C) Dry (B) Moist (A)

Warm-Humid
below white line

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Northwest Arctic, Dellingham,

Southeast Fairbanks, Fairbanks N. Star, Zone 1includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and
North Slope the Virgin Islands
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Analysis type
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Defining the wall assembly

Wall Narme™

ASHRAE Wall

Vinyl/Meral Siding v
Drained/Vantilated ~
None v
None

Housewrap/Building Paper [>= 10 per ¥
Plywnod/0SE Fiberooard/Wood Piank %
234 16inch o.c. Wood Frame 2

Fibzrglass/Callulose ipen Cefl Foam | %

Polyethylens Sheev/Aluminim Foil bd

Drywall/Latex Paint -
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Recommendations and filters

Recommendations

‘The table balow contains all the components In the gut retrafit apart from the framing materal. Starsing fram left o right (oxtasior to intorior} the table lists the eladding, cantinuous Insulation, Insulation
thickness, xtarior sheathir vapor rotarder and Intarior finish. Using the drop-down menus, you can select your proforence of matorials or no
pretorance. s complate & ks of be updated by order of performance based on insulason vailues. For mose the pedormance
of & specific roirofit wall assembly select the radio bution adjacent 1o the recommondation and then select Nex! fo go 1o e results page.

Preferences:
o Cladding Alr Space Cont.Insulation e Cavity insulation . interior Finah
UnfiishedWocs Mo . Thickness FinergiassiCein - (apor ROAdet  pwatate P
Frporrients PS8 Sobytns
i Ut Sded 2 Fsssohiososen | Ss
o T iy o " Comtogeriizns (<1 Fourowdiood  ren e oot b DopusatexPa
Perm). Plank Fol
i Pywcd0ss ; p—
res—— St - L ———
o s n o Shevtknminin  Deywaliates Pre
o M e e i e i oo e
impormestis Pywadioss 5
Undisd Voo Expunded S
o wm . n Comingtrbians (1 oo Kanpe DowaliatexPaei
o i Hona 2 Cohi e i fhessanagiogria) an st P
Pysodioso
f— - . R————— . ForsssiOohioseiopen
o v n o e OralasexPam
O WA g yshates i Potysiyronn {3210 perm) W Coll Foom (R-13M-21) g Latex Pant

Plank
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New construction example (climate
zone 6A)

vt Ay

- ; * New construction
——— with vinyl siding,

XPS continuous
‘o ,\ insulation,
housewrap, OSB,
and 2 by 6 studs

with R21 kraft-
o faced batts.

New cons;i;mztvsa“ Rk L M O i St U re
durability is
acceptable.

New - GAR19 26, R Cl with drainage, Kraft

Clmate Zone: 64 Cald
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Building Science Advisor does not
replace...

* Hygrothermal Model
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* Experts and modeling still required for atypical
systems and improved precision.
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Conclusions

* Moisture durability causes virtually all building
envelope failures and is the major concern of
architects, designers, and builders.

® Having recommendations instantly available is highly
desirable.

* Tool uses an expert system to develop results and
recommendations.

* Increasing the knowledge base to include a greater
variety of assemblies and boundary conditions is
planned.
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Building Science Advisor (BSA) is a
“tool/book” in the Building America
Solution Center “toolbox/library”
https://basc.pnnl.gov/
https://bsa.ornl.gov/
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Home Improvement

Expert Sales Tool
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Questions?

Michael Lubliner
lublinermr@ornl.gov

Visit our website: www.ornl.gov/buildings
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