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Green = Sustainability = Durability

Buildings Environment
(personal environment) (indoor environment) (exterior environment)

Short-Term Concerns » Mid-Term Concerns ’ Long-Term Concerns
»

Systems Integration Is the way to get there

Building Science Consortium II '
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Building America Homes
Durability = Systems Integration

* |ndoor Environmental Quality

— Durability of Occupants
e Comfort
 Indoor air quality

 Materials and Resources

— Durability of Building
 Moisture control

 Energy and Atmosphere

— Durability of Planet
* Energy efficiency

Building Science Consortium =55 4
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The link Is clear - USGBC LEED for Homes

For Certification: First 30 points REQUIRED

 Indoor Environmental Quality (I1AQ)
* Materials and Resources (MR)

* Energy and Atmosphere (EA)

« Homeowner Awareness(HA)

Building Science Consortium =54
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Indoor Environmental Qualitv

(Durability of Occupants) i
« Combustion safety T
e Outdoor air change according \

to ASHRAE 62-2

 Air distribution sizing through
manual D

« > MERYV 8 filtration
« Radon control (EPA region 1)
« Garage/house separation

Building Science Consortium =54
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Materials and Resources
(Durability of Building)

@ I'm still skeptical. Do | have to adopt all of these strategies?

B} They all make sense, but some give more bang for the buck.

L ] n L ]
. You dan't have ta use all thess details, but & couple of therm will save you a bundle. Rather than switching al st
once, start with the most efficlent upgrades, then phase in new detalls sfter each Is incorporated into your stan-
dard oparating procadurs. Cost savings ara based on & 2000-50.. house (868 cass study an previous pagal

Design in 2-ft. modules W N N N N & \\
The best thing you can do is ta % No headar in
switch from 2ad studs at 16-n. W NN \\ " Ioabssriag wall
spacing to 2x6 studs ot 24-in. o, B /
4 il e
e > P A -

spacing. Stack the fl T
wlininate jick
studs.

layout. Next, replace plywood
or 0SB wall sheathing and

— Advanced framing
concepts
e Detailed durability plan

— Taken from BA e
durability research

Single top plate

Place windaws
- anad dors o1
stud laycat.

Eliminate cold spots
Structural headers aren't

improves thermal
poclarmanca.

| 26 ar 24 in.
on centar

Single stud at
_[rough epenings

~__ | Far point loads,
"~ tha rim joist acte
as hoader,

LI

Stacked framing
transfors Ioad
diractly.
Fine-tune the savings '\
Use header hangers rather |
ds at di

Properly sised
haicdar with fodem
on interior

\\Vi

No cripples
imder gngls of
o i seindlawsill.
won't comprass

batt dnsalative
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Energy and Atmosphere
(Durability of Planet)

 Meets Energy Star

e Third party inspected and
tested

— Insulation, duct leakage,
overall air leakage

 Energy Star windows

 Manual J design and
refrigerant charge test

Building Science Consortium =58

PR-0508: Understanding Green Homes & Durability



U.S. Department of Energy
Energy Efficiency and Renewable Energy

Bringing you a prosperous future where energy is clean, abundant, reliable, and affordable
Building Technologies Program

Homeowner’s Manual
(Encouraging Durability)

.
sk Assmssment Protoco Snaet 7 Tofe

* aSIC manua R
Sheet 7: Homeowner Manual Elements

Nete:  This checkiist enly addresses elements of the homeowner manual specifically Yous Demosr: Stontwie Couunny Devesossenr Hose Ao
related to protecting the RAP investment of the builder—it is not a comprehensive THE B A Dy

freatment of homeawner manual content.

Complsted i »
Building Science e ey
L

A Water O A Water
. 1. Caulk-dependent weather barriar elemants—inspact
annually....
2. Guter systam
a2 Gultors clar
b Downspouts claer
©. Downspout autietio splashbiozk...._.

. Splashblock siope away from slruciure
3. Finished grate meintzined wilh siope away fom
ructure s

4. Chack foundation permter it
apliceble) —

homeowners manual : St

B. Alr Barrief .............

‘This has been achicved by ireating your ome as an
integrated system with building materials, equipment and

B. Air Barrier

- 1. Check door snd window
or ni eriormance i
3. Checksastng a nnmmmmmpmgn
aplicable)
. . 4. Chock ‘sastng of exposed axhauet verts faps
homes (B uildin g RS
Feelrfons 1 the hOmE'S BT
. THEMMa] BATTI .o . Thermal Barrier
1 1. Chack neuiason,
America Homes) that e
perclatons o the bome's ererior
D. Vapor Profie ... D. Vapor Profile

1. Paintspacif for subsequant refrishing,

has been shared with

2. Intariot wall

paneing ot walls)

the homebuilding o

4. No interior for clothes dryer.

. 5. Monitor i erdawahumd'y—mamumalar
industry -

E. “Wet" rooms
1. Annual inspaction for leaks, pipes swealing
2. VO CaUIK i b SUTOUN FEIM voi

.
i
i
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i
! 1 L
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The Building America Program

e Has been building homes using these principals
for many years

— These certification requirements describe the
minimum Building America Home requirements of
the Building Science Consortium (BSC) over the past
ten years

— BSC developed the first durability plan
concept

Building Science Consortium =55 4
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The Building America Program
First Draft - Risk Assessment Protocol

ABRIDGED DRAFT

ABRIDGED DRAFT
Hisk Assessment Prosaca]

Customizing a Risk Assessment
Program for Your Home
Introduction

One of the primary reasons huilding professionals— builders, architects, product manufacturers. Buildir 1g Business
trad contractors —have a real and growing interest in building science i the relationship between

an e o of building science principles and reducing praduict'seevices liability. But the
real challenge is putting the understanding into acfion— in the design office, the purchasing
office, and at the job site. To do that, you need a protocel—a comprehensive, systematic method
for assessing and addressing your product—in this case, s home,

And therein lics the rub—a hame is a complex aperation, including thousands of pracesses by
dozens of industrics, bringing together hundreds of companents and sub-systams. How in the
warld can there be o method to control sisk for such @ situalion?

Well, 10 date, thers has never really been one—it is no small task, But steps, methodical steps, can
bc taken to meke the very large and ungainly task of risk assessment for the home manageable.
We call those steps the Risk Assessment Protacol.

The Risk Assessment Protocol looks at the house from the following 5 perspectives:

Risk Assessment Protocol for the Home as a Sy

1. Forces/systems of protection to examine
a. Heat flow — continuous thermal envelope
b. Air flow — continuous air barrier
©. Moisture flow
i. Liguid water
L. Continuous drainage plane, appropiste to local climate and site (including
site features)
2. Capillary breaks
il Vapor movement profile (may er may not include one or more vapor barrers
or retarders)

e RISK ASSESSMENT
e.  Radiation - both duning the course of construction and final cladding/exteror finish

2. Determinams/elements of quality to be examined:
a. Design

5. Materials
c. Installation/workmanship

3. Materials to be examined:
a.  Final architectural drawings
b. Final materials specifications

1 We are accustomed to enrar 8 arvapor e for istie o,
‘when actually what wa want o know is Row da the Gompanants af 1ha assebly work 16gther to 7 the assamaly
dry and 7ol deying when T Assambly or COmPONANs Wik the assambly getis) wat. Tha tarm vapor

mevement profil is used here ta mean threo things:
a. what is the relaive vapor permoability of each companent of the assembly:
B, whish companoni(s} is (aro] ie least vapor permeabia and wharo & (are) e
companentis} located within the sssombly, and,
o whatis the designed or intanded diraction of drying within 1he assermbly.

E
=l - -l
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Steps for a Durability Plan

* Pre-design
— Decisions on useful service life
— Collection of environmental conditions
— Design intent of internal environmental conditions
— ldentifying/prioritizing damage functions
« Design and specification
— Enclosure, mechanical systems, interiors
— Drawings and specifications required to communicate intent

e |nstallation
— Pre-work checklists
— Post-work checklists

11
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Durability Plan - Pre-design

« Useful Service Life
— For house should be 100 years

* Collection of external environmental
conditions
— Temperatures, rainfall, wind, microclimate
« Design intent of internal environmental
conditions

— Want to keep interior below 60% RH in hot
humid climates

 |dentifying/prioritizing damage functions
— High rainfall areas would be rainwater entry

Building Science Consortium li:!
ﬂL.-‘_‘-‘A
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» Design strategy to handle damage -
functions (moisture,heat, ultra violet -

radiation, ozone)
— Drainage plane details and continuity
— Air barrier details and continuity

Polymer medified (PM) ar

traditional cemmmt Succo

zzzzzzzz

OSH shat

— Thermal barrier detailsand Ay
continuity

— Vapor profile o e i,

— Mechanical design strategies SEEE s ‘<

— Extreme Conditions - ie pests, fire, — m
floods, hurricanes R ————

— Management of moisture in wet =
areas E

Building Science Consortium ¢ 13
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Durability Plan - Design and Specifications

S*ply SUI#Y

All ductwork
and air handling
unit completely
contained within
the conditioned
space

Supply

Lh ca

Note: Colored shading depicts the building's thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.

14
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Durability Plan - Design and Specifications

Air handling
Supply« II *SUPPW
Return at
ceiling in
central Transfer grilles
hallway (to “bleed”
and highin | | pressure from
master secondary
bedroom walll | bedrooms)
.—_-—'-J L“I—_—-—_‘
Note: Colored shading depicts the building’s thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.

Building Science Consortium ‘fﬂ 15
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Durability Plan - Installation
e Pre-work checklists ¢ Post-work checklists

Aisk Assassment Protoco Shoet 1.1a tots
sk Assassment Brotoc sneata toft
Sheet 1.1a: Foundation/Basement — Turned Down Slab
Completed - SpecificationiMaterial Notes: Sheet9.1: RAP Summary — Design Changes
Wi —E"l“ ﬁ A Water Waragement +Example: Chango hem __Eraming Example: RAP referenca! _ 2.a (offlce)/C.40
1. Srucars
2 Capilary break at footing & slabisal imierface B g Example: Pro-RAP Practice Examgle: Pro-RAF Practice
o “:" 'E":r:'m'ﬁ:’ E g Mo desall, framers prarcgative desall for jobsise
I Waterormafing g a
i, g a
e Wal-skovs grade g g + Change lem RAP referance
. Finisnicosting g a 3
i ga Pro-RAP Practice PastRAP Practice
o Capllary break at slabframing interface. a a
L Exeriorwals =l
I Interior wal a a
2. s a o
a Freegraining backill - 3
L Helgntd Woan g a
[ \mper;:;:e(:an.... A W mr 8 g  Change ltsm RAP referance
o Ground Blops awsy fom undzton o a Pro-RAP Practice PastRAP Fractice
L Sope g a
i Disznee g g
4 Langseanirg a a
& Imgaten a a
B, Air Barior 0 O B AirBamier
1. Cancate Sizn a a
2 Thiciess g a ;
b. Panetratins seaed aa Chmnge b G
c Jors seaed o a Pre-RAP Practice Past-RAP Practice
2. Ml g g
2 Sl gasket (see Photo ) a a
C. Thermal Barrier ... i ~ O O c.hemal Barrer
1. Sia insusban g a
& Permeser soge a g
Type O g
Thiciness {R-nch] [w . .
b. Partial parimeter Lrdar g a s R
Type a a Pre-RAF Practice PastRAP Practice
Thicress (R-ret g a
Wieh a g
© Ungerentiasish B 0
Type a d
Tigaress (R-ner) a a
d. Ongan insetan LoE
I::':Nss - E g See attached supporting photos.
[ Vapor Profile ... . [ D VaporProfile
1. Sia vapor o a
1 The reference should follow this format: Sheet Number (Sheet TypeiLine lem. For examgle: 1.2 (Ofice), B2b
2 Materal aa
b Inior chyng cxpetiley aa [Gandined crawispaca, Ar Sarier, Gonorale wal, masenry biack].
02004 Buikding Science Corparation OFFICE Apil 2004
22004 Buikding Science Carporation OFFICE Acril 2004

Building Science Consortium 16
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The Building America Program

 Moves beyond the goals of these first 30 points
described by LEED Home Certification

* |Intends to reduce energy by more than twice
the goal of Energy Star

e Requires long term durability for success of
program
— Durability Plan and Durability Standard

Building Science Consortium (=25 & 17
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Building America Homes
Comfort, Indoor Air Quallty, Energy Efficiency

‘A || Gypsum board thermal
\_{/\-ﬁ- barrier necessary when

. rigid insulation is not rated
for exposed application

All rely on:

o Leak-free
nomes with
nigh R-value
enclosures

:L Gypsum board over
furring strips
> Sealant
s Gypsum board held up from

slab
/? Poly?thylene vapor barrier

4 / 4 ).gd— Concrete slab

Granular
capillary break
and drainage
pad (no fines)

18
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Building Physics

 Energy moves from higher state to lower state
— (the second law of thermodynamics)

 Heat moves from warm to cold (thermal gradient)

 Moisture moves from more to less (concentration
gradient)

e This is the thermodynamic potential
— The psychrometric chart is a visual representation of the
thermodynamic potential of water vapor
« |t takes even more energy to counteract this
phenomena

Building Science Consortium =55 4 19
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e Less heat loss Iinto the
enclosure

* Less Drying Potential

* Things stay wet for
longer

Building Science Consortium =54
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Verifying Durability

« LEED Homes will give 1 to 5 extra points for
third party verification
— Probably not enough points

o A standard must be created before verification
can occur

— BSC working on a Durability Standard

» Quality Assurance
* Quality Control

Building Science Consortium =55 4 21
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Building America Homes
Different Designs for Different Climates

 Houses in all climate zones have interior moisture generation
relating to the number of people per square foot

— BSC work with ASHRAE 62-2 committee to promote appropriate air
change rates

 Houses in cold climates generally need to dilute the moisture
pollutant with (dryer) outside air

— BSC work to provide aircycling with furnaces and determine if, when,
and where to use HRV’s and ERV’s

« Qutside air is generally a moisture pollutant in hot humid climates

— BSC work to provide customized rates of air change and
supplemental dehumidification in an energy efficient manner

22
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Building America Homes
Different Designs for Different Climates

Subarctic/Arctic
A subarctic and arctic climate is defined as a region with approximately
12,600 heating degree days (65°F basis) or greater.

Very Cold
Avery cold climate is defined as a region with approximately 9,000 heating
degree days (85°F basis) or greater and less than approximately 12,60
heating degree days (65°F basis)

Cold

A cold climate is defined as a region with approximately 5,400 heating
degree days (65°F basis) or greater and less than approximately 9,000
heating degree days (65°F basis) _

Mixed-Humid [ S =
A mixed-humid climate is uafned asa lﬂglon that receives more Iha.n

20 inches (50 cm) of annual precipitation, has approximately 5,400 heating
degree days (65°F basis) or less, and where the average monthly outdoor
temperature drops below 45°F (7°C) during the winter months.

Hot-Humid

A hot-humid climate is defined as a region that receives more than

20 inches (50 cm) of annual precipitation and where one or both of the

following occur:
a 67*F (19.5°C) or higher wet bulb temperature for 3,000 or more
hours ﬂunng the warmest six consecutive months of the year; or
a 73°F (23°C) or higher wet bulb temperature for 1,500 or more
hours during the warmest six consecutive months of the year. t

-

These last two criteria are identical to those used in the ASHRAE
definition of warm-humid climates and are very closely aligned with
a region where the monthly average outdoor temperature remains
above 45°F (7°C) throughout the year.

Hot-Dry

A haot-dry climate is defined as a region that receives less than 20 inches
(50 em) of annual precipitation and where the monthly average outdoor
temperature remains above 45°F (7°C) throughout the year,

Mixed-Dry

A mixed-dry climate is defined as a region thal receives less than 20 inches
{50 em) of annual precipitation, has approximately 5,400 heating degree
days (50° F basis) or less, and where the average monthly outdoor
temperature drops below 45°F (7°C) during the winter months.

Marine
A marine climate meets all of the following criteria:

Amean temperature of coldest month between 27°F (-3°C) and

65°F (18°C)

+  Awarmest month mean of less than 72°F (22°C)

At least four months with mean temperatures over 50°F (10°C)
Adry season in summer. The month with the heaviest precipitation
in the cold season has at least three times as much precipitation as
the month with the least precipitation in the rest of the year. The cold
season is October through March in the Norlhem Hernisphere and
April through ber in the hem

.u..x.-"ﬂ

Building Science Consortium ===
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Building America Homes
Different Designs for Different Climates

Exposure
Extreme -
High [ Es & onvented Cladding/Vented Drainage S pace
Moderate l:l 52:.-:?;9 Plane/Drainage Space 24
Low [ ] Paeeeen
PR-0508: Understanding Green Homes & Durability

Qver 60"
Pressure Equalized Rain Screen/Pressure Moderated Screen

T b
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Understand Building Science Concepts

« Damage Functions
— Moisture flow, heat flow, ultraviolet radiation, ozone

« Moisture degradation is the largest factor
limiting the service life of a building

« Durabillity is a function of moisture control (the
most important of the damage functions)

— Enclosure design
— Mechanical system design

Building Science Consortium (=25 & 25
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Water Drainage/Storage/Protection

BSC research includes:
Manual on Moisture Management

*Research on wetting and drying of assemblies

*Window flashings research
sInsulating sheathing as drainage plane

Building mmﬁ

Appendix

Example of a water management profile

trazitonal cemen: saucen

PR-0508: Understanding Green Homes & Durability
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Wire installed
too high or wrapped
in front after insulation

Gap from compressed
unfaced batt insulation

Unfaced batt insulation

Back of batt split
properly around wire

Unfaced batt insulation

Notch cut in bottom
of stud*

Alternate Wiring with Batt Insulation Detail

g -
o

Building Science Consortium i i

% |I
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Air Leakage Control

4x8 sheet of
gypsum board u
Pressure difference I‘ Interior at 70 F
/ and 40% RH 1/3 quart
U . of water
| FlowRate(CFM) o /

¢\ 4
Area of opening
o, | 0 1
gypsum board
p witha 1ir? hole
(“} Interior at 70 F . . . .
J and 40% RH
{ s WEEEN
) ’
- g SRR
Air Flow x
30 qual

of wat
Building Science Consortium 29
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Water Vapor Control

« BSC Applied Research includes:
— Code Work,

» Vapor retarder, barrier, location, when needed

— Test huts, various locations,
* |s this a flow-through assembly,

» Does it have unidirectional, bi-directional or no drying
potential?

— Training, What's a “perm?”

— Interior humidity control

30
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Provide dilution for the
moisture pollutant:
— In cold climates, it Is

Interior moisture
generation

— In hot humid climates,
It IS exterior moisture

31
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Extreme Enclosure Design

Hurricanes... Floods...... Mold
The next disaster: mold

tAfter a water disaster, mold is everywhere. It's disgusting, a possible
health hazard and costly to fix. The worst horror is that you're
probably not covered by your insurance.

By Liz Pulliam Weston

Diane Beauchamp knows she's among the lucky ones. After
Hurricane Katrina, her home in Ocean Springs, Miss., is still
standing and apparently wasn't flooded.

But it's covered in mold.

Rain seeped in through the wind-damaged roof and siding,
Beauchamp said. Then the moisture sat and "cooked" in humid
100-degree heat for days, leading to mold growth in every
room.

"It was really gross," Beauchamp said. "In the bedrooms, it was also
on blankets on top of the beds, not just on stuff that was on
the floor."

As bad as it was, Beauchamp said her mold growth couldn't hold a
candle to the damage suffered by homeowners whose houses
were actually flooded, where mold sprouted in a thick rug on
nearly every surface.

Coverage limited, if available at all

Building mmﬁ
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Two layers of 2" ngid insulation

Asphalt shingles

Roofing membrane — \

Roof sheathing

Building paper or
housewrap

Roof sheathing -

Fibercement siding
x4 fi

2" rigid insulation — expanded polystyrene — it

(EPS) or extruded polystyrena (XPS)

Building paper or
plane

Non-paper faced exlerior gypsum ———

shealhing, trealed plywood or Ireated
oriented strand board (OS8)

Weep sereed-closure

Pier foundation

Spray foam

Uninsulated framing

e Non-paper faced gypsum board with
semi-permeable (latex) paint; held up
from slab

——— Sealant, adhesive or gasket

/Sl gasket

/

N Rigd insulation {taped and

sealed joints)
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Extreme Enclosure Design

Earthquakes .....

Tensioning Rods

Plywood Facing of Panel
(not shown in its
entirety for clarity
purposes)

Inset Shear Panel

Building Science Consortium 33
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