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Outline of Topics

» Vented attics

Unvented attics

= “Hybrid” Unvented attics

» Unvented attics... without spray foam?!
= SIPS (Structural Insulated Panels)

» |ce Dams

» Buried Ducts in Vented Attics

= ‘Cut and Cobble’ Unvented Roofs

= Truss Uplift
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Vented Attics
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Ventilated Attics—Best Choice

» Rain leaks (bulk water) can be
identified from interior

» Roof sheathing dries to
ventilated attic-moisture safe

» |nterior moisture (air leaks)
ventilated away in winter
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Ventilated Attics—Best Choice

» Rain leaks (bulk water) can be
identified from interior

» Roof sheathing dries to
ventilated attic-moisture safe

= |nterior moisture (air leaks)
ventilated away in winter

= Air sealing at ceiling critical for s
best performance -

» (e.g., spray foam air
barrier, detail with

sealant)
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Attic Ventilation: Why?

= Cold Climates (winter):

= Dilute/ventilate away moisture from interior, avoid
condensation

= Reduction of ice damming (‘cold roof’ deck)
» Hot Climates:

= Expels solar heated air—not much cooling effect

= Adding outside air in summer can add to moisture loads
» 1:150 and 1:300 ventilation ratios

= 1930’s/1940’s research—not a very strong case

= Wet crawl space, balloon frame example

= But these ventilation ratios basically work

Building 7
Science Fine Homebuilding Summit 2020 © buildingscience.com
Corporation

The Building Science of ‘the Lid’

Vented Roof Ventilation Ratios

. “BiaS” towards IOW 40% o 50% of

vented area

.
ventilation i ~

(60%/40%) / \

= “Suck on outdoors” / h
instead of suckingy
on the attic ceiling

50% to 60%
of
vented area
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Attic Vapor Barrier (vs. Air Barrier)

= Attic floor air barrier vs. vapor barrier

= Class | or Il only needed in cold climate (CZ 6+)
= Air leakage more important than vapor diffusion

(i.e., what a ‘vapor barrier’ stops)

Exlerl:q\
at74°F

dewpoint

N

4x8 sheet of

nir“ gypsum board
Interior at 75°F

and 50% RH

n&,’

rd

&

Building
Science
Corporation

[ b

114 pints.
of water

Fine Homebuilding Summit 2020
The Building Science of ‘the Lid’

9
© buildingscience.com

Attic Vapor Barrier (vs. Air Barrier)

» Attic floor air barrier vs. vapor barrier

= Class | or Il only needed in cold climate (CZ 6+)
= Air leakage more important than vapor diffusion

(i.e., what a ‘vapor barrier’ stops)
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Attic Air Sealing

Continuous bead
of sealant

Spray foam

over antire
tap plale
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Attic Air Sealing
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Attic Air Sealing
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Attic Air Sealing
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Not Just Flat Ceilings

= Scissor truss with raised energy heel (JLC 2017)

.

“Scissors Trusses and Home
Performance,” JLC June 2017
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Not Just Flat Ceilings

» Scissor truss with raised energy heel (JLC 2017)

18" 1024" blown-in cellose insulason

“Scissors Trusses and Home
Performance,” JLC June 2017

Cardboard batfle
--,._\\_"M 24 hurring S1Tip provides
‘senvice Caviy for wiring in Soifir vent
— vated sctionol buse
i
£ — r’/ =/ pSysen sestng
Eﬂmmwm// Drywall (058 ar barier, seams taped with ——1 -
ool up with Scissors insses 30 Al Wesather Flashing Tape 8087 ————— el 5 v (rec) taped 10 059
Vel ends of ceding joists Wit Tescon Vana tape D]
Eterior wall screwed inin L .
hom nuss chord infesior-side 2xd service ity wall, 16" 0, —— ] | = 248 Inadhearing wall 24’ 0.
5 supported by shudwall Stud biays Med with damg-speay 1 Stud bays and 3" air space filed with
Celliose msuahon tienge-fiack cefluiose insulation
Building 16
Science . Fine Homebuilding Summit 2020 © buildingscience.com
Corporation The Building Science of ‘the Lid’

16

10/27/2020



10/27/2020

Ductwork in Conditioned Space (Vented)
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Ductwork in Vented Attic

Leaky air handling unit
and supply ducts
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Depressurized conditioned space
inducing infiltration
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Ductwork in Unvented/Conditioned Attic

Supply Return Supply
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Vented Attic
Condensation
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Typical AttiCTC
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Typical Attic__'C
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“First Condensation Plane” Frosting
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Roof sheathing

\ Condensation and frost

accumulating on underside
of roof sheathing
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First Condensation Plane Moisture
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Night Sky Radiation Cooling of Sheathing
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Pacific Northwest Research (RDH 2015)

» More projects w. moldy
attics not due to air leaks,
well ventilated

= Experimental test roofs in
Vancouver—grew mold :

= Research on fungicide on
roof E =
sheathing #

= PNW
problem? =3
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Relevant Resources

BSD-102: Understanding Attic Ventilation
https://www.buildingscience.com/documents/digests/bsd-102-
understanding-attic-ventilation

PA-1101: A Crash Course in Roof Venting
https://www.buildingscience.com/documents/published-articles/pa-
crash-course-in-roof-venting/view

GM-1001: Attic Air Sealing Guide and Details
https://www.buildingscience.com/documents/guides-and-manuals/gm-
attic-air-sealing-guide/view

“Early History of Attic Ventilation,” William B. Rose
http://docserver.nrca.net/technical/7877.pdf

“The Problems With and Solutions for Ventilated Attics” RDH 2015
https://www.slideshare.net/RDHBuildings/the-problems-with-and-
solutions-for-ventilated-attics
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Unvented Roofs
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So Why Unvented Roofs?

» Living space built into roof

= Vented cathedral assemblies
often poor performance

= Complicated rooflines, hip
geometries—how to vent?

» Unworkable air barrier at
ceiling line

= Blown-in rain (coastal)

= Hurricane tear-off

= HVAC in vented attic
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Cathedral Ceilings
Summertime, depressurized
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Unvented Roofs & HVAC Placement

Leaky air handling unit
| ‘and supply ducts

Suppy
e e e e

Depressurized conditioned space
inducing infitration

» Ducts in unconditioned attic = huge energy losses
» Industry reluctant to move ducts out of attic
= |ce dam issues due to duct losses

= Solution: bring ducts into conditioned space

» Unvented/conditioned attic—keeps ductwork in
conditioned space, duct leak issues eliminated
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Spray Foam/Exterior Insulation Roofs

» Minimum R-value of “air impermeable insulation”
= Actually ratio of R-values (BSI-100 Hybrid Assemblies)

» Nail base needed with rigid foam on roof deck
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Spray Foam/Exterior Insulation Roofs

Intaricr cailing

- 2009 IRC: R806.4 Unvented attic assemblies

Inturior ceding

» Minimum R-value of “air impermeable insulation”
= Actually ratio of R-values (BSI-100 Hybrid Assemblies)

» Nail base needed with rigid foam on roof deck
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Unvented Hybrid Roofs
and Condensation
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Wintertime Dewpoint Calculations Say...
R — hetid Al

Outside Inside
70°F
O°F Dewpoint

(50% RH, 70°F)

Location of
. condensation
Exterior ——rf _—=+4 and frost
sheathing L ——
>—-r"__‘_':
r—f::_’:\é
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But Reality is Different...

» “The dewpoint is

inside the wall
causing
condensation.”
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But Reality is Different...

= “T ew tis
insid all
causi
co nsat

= What is the
temperature of the
condensing
surface?

”
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Wall w/o Insulated Sheathing

Cold = Condensation

Building
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Air leakage
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Wall w/o Insulated Sheathing

Cold = Condensation

Building
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Air leakage

Vapor
Diffusion
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Wall with Insulated Sheathing

30% of R-Value

70% of R-Value
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Wall with Insulated Sheathing

Air leakage
/
\ 7
<G
/
\ 7
Warm = no condensation 7
7 e
‘ / | Vapor Diffusion
\ 7
/
\ 7
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Commercial Low-Slope Roof

Roof membrane

—— Fiberboard hygric buffer

— Rigid insulation

Air barrier membrane ——

Gypsum sheathing

Fluted steel deck
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Rigid Exterior Foam Roof

Shingles

Roofing paper

Roof Sheathing
Rigid Insulation
Roof Sheathing
Air barrier membrane

Rafter/Truss
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Spray Foam Roofs

Shingles

Roofing paper

Roof Sheathing

Air impermeable insulation
(aka spray polyurethane foam)
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Spray Foam Roofs

G
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Hybrid Rigid Foam/Air Permeable Roof

Shingles

Roofing paper

Roof Sheathing
Rigid Insulation

Air control layer (air barrier)

Roof Sheathing

Air permeable insulation
(fiberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass)
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Hybrid Spray Foam/Air Permeable Roof

1" HD spray foam -

2x6 top chord

— Spray fiberglass;
8" nominal
OSB/plywood L Gypsum board
sheathing |
1= - 2x6 frame wall
H |
Drirace:pins " 3 4'/y" cellulose or spray fiberglass
L 1" HD spray foam
el
Building ) - _ o
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Hybrid Rigid cc Foam/oc Foam Roof

Shingles
Roofing paper

Roof Sheathing

Air impermeable insulation
(“closed cell” spray polyurethane foam)

Air permeable insulation
("open cell”spray polyurethane foam)
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Insulation for Condensation Control*
Rigid Board or i Ratio of Rigid Board
Climate Alr Insulation or Air
Impermeable Roqulrcd Impermeable R-Value to
! I:sula (lo:l RN anal In: SLII:IH:I\ Il-:l'.'lll.le
e e L
Table1
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R806.5 Ratio Requirements

Insulation for Condensation Control*

Rigid Board or Ratio of Rigid Board
Climate Alr R;::::m Insulation or Air
grossomsag JE Dl Besmimmisistipnrs
5 R-20 R-49 40%
= Climate Zone 5:
e s srcerrennd « 40% “air impermeable”
(foam) minimum
» 60% “air permeable”
- i Cod maximum
Table 1
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Relevant Resources

GM-0905: IRC FAQ: Conditioned Attics
https://www.buildingscience.com/documents/guides-and-manuals/irc-
fagsl/irc-fag-conditioned-attics

BA-1312: Application of Spray Foam Insulation Under Plywood and
OSB Roof Sheathing
https://www.buildingscience.com/documents/bareports/ba-1312-
application-of-spray-foam-insulation-under-plywood-and-osb-roof-
sheathing/view

PA-1401: Are You Doing Something Stupid?
https://www.buildingscience.com/documents/published-articles/pa-are-
you-doing-somethig-stupid/view

BSI-100: Hybrid Assemblies
https://www.buildingscience.com/documents/building-science-
insights/bsi-100-hybrid-assemblies

BSI-049: Confusion About Diffusion
https://www.buildingscience.com/documents/insights/bsi-049-
confusion-about-diffusion
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Unvented Attic
Humidity Problems

53
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Unvented Attic: That Was Then...
» |nadvertent dehumidification from duct leakage
L Leaky supply
- x  ducts
" A T T 7 )‘ , ~ Leaky celling
A [N L3 o b :
- > : : ; : ‘{o/l -
TER] = g 1 T 1T =
1
Supply Ak Supply
Tl
| Return
— 4 A
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Unvented Attic Humidity Problems

= Summertime problem, typically with ocSPF attics

» Modern well-sealed ductwork

» Interior RH gets very high—70%+ RH; attic is
highest portion of house

» ‘Ping-pong’ moisture from roof sheathing, heated
and cooled—temperature extremes

= Solutions:
» Add conditioning @ 50 cfm/1000 ft2 ceiling area
= Add dehumidification

= Use ccSPF or exterior foam—roof sheathing no longer
‘moisture connected’ to interior conditions or hi/lo T’s
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Relevant Resources

» BSI-077: Cool Hand Luke Meets Attics
https://www.buildingscience.com/documents/insights/bsi-077-cool-
hand-luke-meets-attics

» BSI-016: Ping Pong Water and The Chemical Engineer
https://www.buildingscience.com/documents/building-science-insights-
newsletters/bsi-016-ping-pong-water-and-chemical-engineer

» High Humidity in Unvented Conditioned Attics: What's going on in
these damp attics insulated with open-cell spray foam?
https://www.greenbuildingadvisor.com/article/high-humidity-in-
unvented-conditioned-attics
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Fibrous Insulation
Unvented Roofs

Building 57
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Fibrous Insulation Unvented Roofs

» Dense pack insulation of unvented roofs common
in cold-climate retrofits

= Moisture risks (see BSI-043 “Don't Be Dense—
Cellulose and Dense-Pack Insulation”)—2 in 10 failure?

= Violates I-codes (see IRC § R806.4/R806.5)
. “Ridg_e rot’—localized problems (SIPS same problem)
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Why Unvented + Fibrous Risky?

= Different than walls? ooy
= Moisture risks at sheathing e

{e.g. plywood)

= Interior-sourced air leakage e sases
= Vapor contributing too?

= Zero-perm exterior (“wrong
side perfect vapor barrier”)

= Night sky radiation cooling
= Stack effect in winter

= “Ridge rot” (thermal and
moisture buoyancy)

\ Existing Cailing Fi
{e.g lath & plasie
dinywall)

Dense-packed fiber insulation
{e.g. cellulose or glass fibar)

ol
\ 1
Building e
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Why Unvented + Loose Fill Risky?

» Risk reduced by:
= Airtightness of ceiling

ling Roofing \
= Dense insulations-less )
a I rﬂ OW ilx;su:l?f:;; Ianath-ng
= Solar drive batr o it -

i Existing Ceiling Fij

= But white roofs, shading
Lower interior RH (winter)
» Why many of them work?

= Lower permeance interior

* Assumes good airtightness—
vapor retarder not bypassed

= Moisture accumulation:
what gets in vs. gets out

{e.g. lath & plaste
drywall)

Dense-packed fiber insulation
{e.g. cellulose or glass fibar)
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Why Fibrous Fill Unvented Roofs?

» Unvented roofs without spray/board foams could
reduce costs and increase market penetration...
IF moisture damage risks are addressed

= Retrofit opportunities (existing uninsulated living
space at roof line without removing finishes)

ol
o,
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(11 . 7
Ridge Rot" and
Moisture Buoyancy
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Moisture Buoyancy

= Moisture concentrated at highest point in
conditioned attic (ridge)

= Not a simple one-dimensional problem

» Not a straight-up air leakage problem

= Problem with open-cell spray foam (ocSPF)
unvented roofs (high RHs in attic)-many climates
= But not ccSPF—Ilower vapor permeance

= Concentration of interior-sourced moisture

» Moist air is lower density (“lighter”) than dry air

» Others: “system in equilibrium has same dewpoint
in connected air space”
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“Ping Pong” Water

Shingles

Roofing paper

Wood based roof
sheathing

Open cell low density
spray foam

e
“Ping”

» See BSI-016: Ping Pong Water and The Chemical
Engineer
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“Ping Pong” Water

Shingles

Roofing paper

Wood based roof
sheathing

Open cell low density
spray foam

» See BSI-016: Ping Pong Water and The Chemical
Engineer
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“Ping Pong” Water

Shingles
Roofing paper

Wood based roof
sheathing

Open cell low density

. Each “Ping” and “Pong”
spray foam S

bounces the water molecules
up the slope

» “Gas separation process similar to pressure swing
adsorption”

» Solar-powered moisture concentration machine

Building 67
Science Fine Homebuilding Summit 2020 © buildingscience.com
Corporation The Building Science of ‘the Lid’

67

Relevant Resources

» BSI-016: Ping Pong Water and The Chemical Engineer
https://www.buildingscience.com/documents/building-science-insights-
newsletters/bsi-016-ping-pong-water-and-chemical-engineer

» BSI-043: Don't Be Dense—Cellulose and Dense-Pack Insulation
https://www.buildingscience.com/documents/insights/bsi-043-dont-be-

dense
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Previous Building
America Research
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Previous Building America Research

o Ve

» Chicago (CZ 5A):
= One winter, 50% RH
= Unvented roofs-high risk

= Cellulose lower risk than FG
batt

= Vented compact roof (chute)
safe-but poor air leakage
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Previous Building America Research

= Chicago (CZ 5A): e
= One winter, 50% RH b 4

= Cellulose lower risk than FG
batt

= Vented compact roof (chute)
safe-but poor air leakage

» Houston/Orlando (CZ 2A):
= 2 attics, multiple seasons

= Diffusion vents allow greater
drying, avoid moisture
problems

Houston roof w. diffusion vent

¢ S /4Top Vent Fiberglass
= Unvented roofs-high risk Ry ﬂ

71
Diffusion Vent Prototype (Houston)
200+ perms diffusion vent ' ' .
Air barrier closed - . -‘/p/’
> -
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Diffusion Vent Prototype (Orlando-Tile)

200+ perms diffusion vent
”\\ Air barrier closed

73

Houston/Orlando Results
» Diffusion vent avoids wintertime ridge
accumulation problems (ridge peak RHs/MCs)

= No failures at low interior RH, bigger difference at
higher RH (interior humidification)

= Airtightness disappointing in some cases-no SPF

= Unvented + fibrous + DV: in 2018 IRC, CZ 1, 2, 3

Winter Summer Winter

@

S

NN W W
@

S

Moisture Content (%)

-
o

Relative Humidity (%)

| 5 DVRT Peak Wafer UVRT Peak Wafer 10 74
1 ‘ DVR1PeakRH  ==--- UVR1 Peak RH |

| 0 0 ience.com
| 10/1/14 1/9/15 4/19/15 7/28/15 11/5/15 2/13/16
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Unvented Roofs w Diffusion Ports in Code

2018 IBC 1202.3/IRC R806.5 Unvented attic and
unvented attic enclosed rafter assemblies

* Vapor diffusion port; port area 1:600 of the ceiling area
* Vapor permeance greater than 20 perms
* Roof slope greater than 3:12

* Insulation installed directly under the roof deck or at
the ceiling (attic floor)

« Air supply 50 cfm/1000 ft2 ceiling area where
insulation installed directly under the roof deck

e Climate Zones 1, 2 and 3
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Relevant Resources

= BSI-088: Venting Vapor
https://www.buildingscience.com/documents/insights/bsi-088-venting-
vapor

» BA-1409: Field Testing Unvented Roofs with Asphalt Shingles in Cold
and Hot-Humid Climates
https://www.buildingscience.com/documents/building-america-
reports/ba-1409-field-testing-unvented-roofs-asphalt-shingles-cold-and

» BA-1511: Field Testing of an Unvented Roof with Fibrous Insulation,
Tiles, and Vapor Diffusion Venting
https://www.buildingscience.com/documents/building-america-
reports/ba-1511-field-testing-unvented-roof-fibrous-insulation-tiles-and

Building 79
Science Fine Homebuilding Summit 2020 © buildingscience.com
Corporation The Building Science of ‘the Lid’

79

10/27/2020

38



Westford Test Hut
Experiment
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Test Hut Experimental Approach

= Climate Zone 5A test hut

= Eight north-south roof bays; guard bays
= +R-50 (14-%4" framing, 2012 IECC)

= Test variables (changed year-to-year):

= Vapor retarder: variable perm vs. fixed
perm, various permeance curves

= Diffusion vent at ridge: full size, none,
“small,” or “tight”

= Fiberglass vs. cellulose

= “Control” comparison § R806.4 spray
foam + fibrous

= Varying interior boundary conditions
= Winter 1: “Normal” interior conditions
= Winter 2: Elevated RH (50% constant)
= Winter 3: Air leakage into rafter bays
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Diffusion Vent

Ridge cap oyer 6" diffusion :
vent ;
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» |[nstrumentation completion
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Test Hut Construction

Hid .y .

L8
2 B

» |nterior air/vapor control installed
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R h Findi
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Year 1 Findings (“Normal” Conditions)

» Roofs with diffusion vent & variable-perm vapor
retarder safest

= Non-diffusion vent roofs worst; high moisture levels
at ridge

» Viitanen mold index values below risk thresholds
(3.0 MI); meets ASHRAE Standard 160

= Visible settling of insulation
(when cutting new ridge openings from above)

= Summertime inward drive at fixed-perm VR roofs

» Eliminated non-diffusion vent roofs (“small”, “tight”)
for following research
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Ridge Retrofits, Insulation Settling

N -
W : -8
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Ridge Retrofits, Insulation Settling

. . )C-._ , ‘.:.._., :
Cellulose settling along entire roof
length only occurred on north side

\ ' - - }-

gt

Roofs left as-is for Winter 2:
realistic settling of insulation?
Also, damage to instruments
when retrofitting insulation
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Year 2 Findings (50% RH Constant)

» Interior at 50% RH creates much more challenging
conditions: many pushing edge of risk

= Many MCs over 20% to 30%, sustained high RH
» Mold Index #s remain below 3.0

= Mold growth occurred on framing & sheathing

» “Tight” diffusion vent did not work acceptably

» Code-compliant ccSPF roof acceptable

» Repacked insulation after disassembly; filling all
voids

= Replaced all ridge sensors (data failures)
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Summer 2 Ridge Disassembly Work

* Fiberglass: staining, rundown, some mold spotting
= - ‘!7..? ‘ : oy
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Summer 2 Ridge Disassembly Work

* Cellulose: worst mold, settling north

greater a

0
ol
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Year 3 Setup & Findings (Air Injection)

= Early winter 50% RH, no air leak
February onward-add air leak
Air injection system
= |nterior-to-interior leak
= Very small air leak, 0.5 CFM per bay
= Comparable to very airtight construction
Before air injection: much drier than Year 2
» Repacking insulation suppresses convection?
Air injection: severe spike in sheathing MC
= Localized to injection site
= Disassembly in summer: no visible damage
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Air Injection System
uf .
s 1 b gony _é.-' ;
‘.. “ * L .
- Rl AR AR 5203
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Disassembly
N | = E

¥
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Recommendations and Further Work

= Unvented fibrous insulation roofs can work, BUT
= Ensure complete packing of insulation
= Still vulnerable to small (0.5 CFM) air leaks

= Mold found after Winter 2, despite mold index < 3.0
= Vulnerability to moisture damage at ridge

= Difficult to recommend for widespread use and
acceptance in building codes

= High indoor RHs more likely w. tighter construction and
high occupant density/multifamily

» Retrofit solution for failing assemblies?
= Demolition + spray foam not possible?
= No place in code to allow
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Recommendations and Further Work

» Foam-free unvented roof options

= Fibrous + continuous exterior insulation outside air
barrier, per § R806.5

= Ventilated cavity outboard of vapor-permeable air/water
control membrane

" EcoCor Roof
Panel
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Recommendations and Further Work

» |f implementing unvented fibrous insulation roofs
= Keep interior RH low for life of building

Airtightness of interior air/vapor control layer

Variable-perm vapor retarder (allows downward drying)

Large 300 perm diffusion vent recommended

Fibrous insulation without voids or empty cavities

Light colored roofs & shading increase risks

= Future work?

= Moisture risks demonstrated; not sure if additional
research useful

= “Story and a Half Geometry” (Cape Cod short slope)
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Relevant Resources

= BA-2001: Monitoring of Unvented Roofs with Fibrous Insulation,
Diffusion Vents, and Interior Vapor Control in a Cold Climate
https://www.buildingscience.com/documents/building-america-
reports/ba-2001-monitoring-unvented-roofs-fibrous-insulation-diffusion

» NESEA Building Energy Boston, August 12, 2020
https://www.buildingscience.com/sites/default/files/2020-08-
14_nesea_be18 ueno_unvented roofs_for_ pdf.pdf
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SIPS Roofs
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Juneau AK SIPS Failures

Building
Science
Corporation

= ~8600 HDD, Climate Zone 7
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Juneau AK SIPS Failures
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Juneau AK SIPS Failures
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SIPS “Ridge Rot” Patterns

EAVE
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SIPS Spline Joints (Field Sealed)

[~ Condensation at

| underside of roofing
| paper within gap

‘Capillarity transieming
moisture [aterally

along roofing paper.
Condensation
‘within air channels

Air leakage
around splines

Diffusion and —
capillasity through Alr leakage upwards
spling within joint and along
joint

" Air leakage around splines
and through gaps in splines

Ar leakage

into joints

g QU005 Buddng Somnce Cogaratan
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SIPS Interior-to-Interior Air Leak

Warm

of SIP

0008 Building Stience Comparation

Building
Science

Corporation

Rising air cools and .
vapor condenses on
underside of top layer

air rises

toward cold side

= Can pass a blower door test, but...

Cold air falls toward
bottom of joint

Air returns to interior
through accidental opening

Accidental opening on
inside of joint allows
warm moist air to enter
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SIPS Shingle Ridging

Initial distance

7

Nofthsidepnly | | |
Distance between nails closes as moisture
content of upper surface increases

Building
Science
Corporation

; -«
I between nails ! !
| | | —— Gap |
: : ! | closes;
: : —F i
I I ) I
) ; ./ :
Il Initial gap between Shingle stressed between
—»i 14— panels (exaggerated nail leading to telegraphing
for illustrative purposes) of joint
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SIPS Air Leakage Testing

! ian . Fine Homebuilding Summit 2020 @bui,dingscience_cﬂ,ﬂ
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SIPS Solutions
Minimum %" gap for —— — SIP screws, minimum

/| penetration as required 3

= New construction: foamsealant AN
Roofing paper —, =2

tape over beams/ p
purlins for robust &
inspectable air seal

between panels

Roof —— =
shingles Az

— SIP tape

at ridge
required
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SIPS Solutions

u NeW Construction: foam sealant penatration as required
Roofing paper —,
tape over beams/ oot
purlins for robust & :
inspectable air seal
between panels

T

~3

SIP tape
at ridge
required

Asphalt shingles

= Retrofit: vented over-
roof with permeable  -overcar oss sheatning
underlayment to allow 2zzpsinsuming
drying. Reduces ice

— SIP roof panel

dam risks Venled space
Roofing paper
Building €008 Buiding Science Corporation e
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Relevant Resources

= BSI-036: Complex Three Dimensional Airflow Networks
https://www.buildingscience.com/documents/insights/bsi-036-complex-
three-dimensional-air-flow-networks

» Builder's Guide to Structural Insulated Panels (SIPs)
https://www.buildingscience.com/files/builders-guide-structural-
insulated-panels-sips
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lce Dams
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Ice Dams
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Ilce Dam Mechanisms

Thin ice slab—.
under snow -~

Melt water —— " " —
running under <" e —
thin ice slab_—~ . Snow ™ —
e N - ;
e . =—c=— Mell water running
| s = down underside
ce ., s of sheathing

Ice dam

Icicles
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Heated vs. Unheated Buildings

Heated
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Ice Dam Solutions: Edge Metal
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Ice Dams: Control Heat from Interior
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Ilce Dams: Control Heat from Interior
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Unvented Roof Ice Damming

» Unvented roofs typically control ice dams
» Problems occur with high snow loads

Building
Science Fine Homebuilding Summit 2020
Corporation The Building Science of ‘the Lid’

122
© buildingscience.com

122

Snow R-Value ~R-1 per inch
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Vented ‘Over Roof’ at Unvented Roof

= “Vents away” heat from Roof sheathing
interior (snow melt risk)  roofing paper

) ) Shingles
Minimum R-50 rigid insulation

in two or more layers with horizontal
and vertical joints staggered

Roof sheathing
Roofing membrane

Vented space

Air barrier
membrane

—Wood decking

Timber rafter or

exposed joist
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Vented ‘Over Roof’ at Unvented Roof

» “Vents away” heat from Rodfaheamiing-
interior (SnOW melt riSk) Roofing paper —, \
\

o L . Shingles \ \ o
Minimum R-50 rigid insulation \ \ e
in two or more layers with horizontal | \
and vertical joints staggered \
Roof sheathing \ \ =

Roofing membrane ———

Air barrier
membrane

—Wood decking

Timber rafter or

exposed joist
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Ground Snow Load Map

= Ground snow load 60 Ibs./ft2 — vented over roof
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Snow Country Solar “Plume”

<—— Warm air is
trapped by
N T overhang
NCISCAN t
o P "
O - Cladd
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\ ! \J
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%
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South-Facing Overhang Thermal ‘Plume’

» “Captures” heat rising off sunlit wall, melts snow
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Insulated Overhang (Snow Country)

= Vented ‘over roof’ inlet at fascia

Roof sheathing

Rooting membrane
Shingles
Roafing paper

Rool sheathing

Vented space i
il e
I /Spray foam

air seal

Vented

fascia Timber rafter

or exposed joist
Wood dacking |

- Air barrier membrane

R-80 rigid insulation (horizontal
and vertical joints staggered)
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Relevant Resources

= BSI-046: Dam Ice Dam
https://www.buildingscience.com/documents/insights/bsi-046-dam-ice-
dam

= BSD-135: Ice Dams
https://www.buildingscience.com/documents/digests/bsd-135-ice-
dams

= BSI-097: De-Icing Ice Dams
https://www.buildingscience.com/documents/building-science-
insights/bsi-097-de-icing-ice-dams

Building 130
Science Fine Homebuilding Summit 2020 © buildingscience.com
Corporation The Building Science of ‘the Lid’

130

Buried Ducts Iin Attics
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Ductwork in Conditioned Space (Vented)
AN

= Builders don’t want
bulkheads/soffits

= Square footage is at

premium
AR ANRAAR I AARRAAR Y
Supply
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Ductwork in Conditioned Space (Vented)

= Builders don’t want bulkheads/soffits
» ‘Pre-rock’ step (similar to commercial construction)
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Buried Ducts in Vented Attic

» Almost same
performance as ducts
in conditioned space

= Potential moisture
risks

= Steven Winter,
CARB, NAHB

Supply

Innovation Center
research

Return
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Ventd ttic Ductwork Sweating

<

i,
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Buried Ductwork Under Insulation

» Climate Zones 1A, 2A, 3A and 4A: R-13 ‘wrap’
(hot and humid climates)

= All other CZs: R-8 wrap

= Duct tightness!
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ccSPF to create R-13 Ductwork
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Relevant Resources

= BSI-094: No Sweat
https://www.buildingscience.com/documents/building-science-insights-
newsletters/bsi-094-no-sweat
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Cut & Cobble Unvented
Roof (Diffusion Vent)
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Cut & Cobble Roof, Central MA

Fine Homebuilding Summit 2020 ) bui|dingscience_c1:n11

The Building Science of ‘the Lid’
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Monitoring Results

» Not ideal experiment (with & w/o DV comparison)
= (Trying to fix friends’ houses, not rot them)
Still worrying high wood MCs ~30% peaks
But disassembly—no damage
Peaks occur in spring (May), not winter—?7??
What goes in vs. what comes out
» In via air leakage/out via vapor diffusion — hard

= Airtightness was ~6 ACH 50; air leaks to roof evident
= Trapped moisture—foil-faced polyiso below?

Still OK-no condensation/dripping
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Relevant Resources

» Cut-and-Cobble Insulation: Does it ever make sense to cut rigid foam
into strips and insert the strips between your studs or rafters?
https://www.greenbuildingadvisor.com/article/cut-and-cobble-insulation
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Questions?

Kohta Ueno
kohta [at] buildingscience [dot] com

Presentation will be available at:
https://buildingscience.com/past-events

U.S. DEPARTMENT OF Energy Eﬁlclency &
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