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Depressurized conditioned space
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Note: Colored shading depicts the building’s thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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Note: Colored shading depicts the building's thermal barrier and pressure boundary.
I'he thermal barrier and pressure boundary enclose the conditioned space.
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All ductwork

Note: Colored shading depicts the building's thermal barrier and pressure boundary:
The thermal barrier and pressure boundary enciose the conditioned space
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Note: Colored shading depicts the building's thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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Note: Colored shading depicts the building's thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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_— Girille located high in
wall on bedroom side
to avoid blockage by
furniture

Cavity is sealed tight,
drywall glued to studs and
plates on both sides

"_‘7 Grille located low in
wall on hallway side
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Build Tight - Ventilate Right
How Tight?
What's Right?
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Three Types of Controlled Ventilation
Systems

Exhaust Ventilation
Supply Ventilation
Balanced Ventilation
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ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of
conditioned area

Occupancy is deemed to be the number of
bedrooms plus one
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ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of
conditioned area

Occupancy is deemed to be the number of
bedrooms plus one

Outcome is often bad — part load humidity
problems, dryness problems, energy
problems
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Target Range

Uncomfortably
Dl'y. !
0 25

pe— Winter Summer —»

75

Relative Humidity (RH) %

Building Science Corporation

Joseph Lstiburek 56

© buildingscience.com

28 of 33



Tr-State ASHI Fall Conference 1AQ

Lstiburek

September 30, 2016

T
Tt

Supply Plenum
+  Supply plenum located at midpoint of supply trunk

Building Science Corporation

Joseph Lstiburek 57

N

| |
“Dropped Tee" Supply Plenum
* Reduces resistance 1o flow and noise

Building Science Corporation

Joseph Lstiburek 58

© buildingscience.com

29 of 33



Tr-State ASHI Fall Conference 1AQ

Lstiburek

September 30, 2016

Building Science Corporation

Joseph Lstiburek 59

-f-,

Y
®

©e0

—

Y
®

-
s

i,
N —

Building Science Corporation

Joseph Lstiburek 60

© buildingscience.com

30 of 33



Tr-State ASHI Fall Conference

Lstiburek

1AQ

September 30, 2016

—_—

Building Science Corporation

Joseph Lstiburek 61

Building Science Corporation

Joseph Lstiburek 62

© buildingscience.com

31 of 33



Tr-State ASHI Fall Conference 1AQ September 30, 2016

Lstiburek

Building Science Corporation
Joseph Lstiburek 63

Building Science Corporation
Joseph Lstiburek 64

© buildingscience.com

32 of 33



Tr-State ASHI Fall Conference IAQ September 30, 2016

Lstiburek

Building Science Corporation
Joseph Lstiburek 65

Building Science Corporation
Joseph Lstiburek 66

© buildingscience.com

33 of 33



Tri-State ASHI Fall Conference

Lstiburek

Joseph Lstiburek

Rain

Building Science

Rain Control

September 30, 2016

Building Science Corporation

Joseph Lstiburek — Rain Control 2

© buildingscience.com

10f25



Tri-State ASHI Fall Conference Rain September 30, 2016

Lstiburek

Building Science Corporation
Joseph Lstiburek — Rain Control 3

Building Science Corporation
Joseph Lstiburek — Rain Control 4

© buildingscience.com

20of 25



Tri-State ASHI Fall Conference Rain September 30, 2016

Building Science Corporation
Joseph Lstiburek — Rain Control 5

Upturned leg

Base sloped
to exterior

Drip edge
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~~ Gypsum board with vapor
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=~ Consider increasing depth of
insulation by using deeper
trusses or oversized (longer)

~— Gypsum board with permaable
(latex) paint
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4~ Leaky air handling unit
and supply ducts

Supply Return Supply

© 0 ©

Depressurized conditioned space
inducing infiltration

Note: Colored shading depicts the building’s thermal barnier and pressure boundary.
The thermal bamer and préssure boundary enclose the conditioned space.
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Supply Return Supply

Note: Colored shading depicts the building's thermal barrier and pressure boundary.,
The thermal barrier and pressure boundary enclose the conditioned space.
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———— Roof membrane
- Fiberboard hygric buffer
Rigid insulation

T TN T

Air barrier membrane

Gypsum sheathing
Fluted steel deck
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Shingles -

Roofing paper

Minimum R-50 rigid insulation
in two or more layers with horizontal
and vertical joints staggered

Nail base for shingles (plywood or OSB)
screwed through rigid insulation
to wood decking or timber rafters

Air barrier membrane

Wood decking

Timber rafter or exposed joist
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Roof sheathing
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
- A =
- Wood decking
Timber rafter or
exposed joist
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Roofing membrane — o -
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- ' = air seal

Vented
fasca

4 Lo Tenber refter
‘ Of exposed joist

| Wood decking
“— Air barrier membrane

— R-60 rigid nsutation (horizontal
and vertical joints staggered)
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Cold air falls toward
bottom of joint

Rising air cools and
vapor condenses on
underside of top layer

Warm air rises toward
cold side of SIP

Air returns to interior
through accidental opening

Accidental opening on
inside of joint allows warm
moist air to enter
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structural insulated panel
area prone to moisture
damage

movement of air and
moisture in panel joint
towards roof peak
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~—CONTINUOUS SEALANT
AT THIS LOCATION WOULD
HAVE PREVENTED FAILURE
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—— ROOFING PAPER
/ — Two LAYERS OF 2* THick (R-28)
/ ISOCYANURATE RIGID INSULATION
/ ;. {JOINTS CFFSET/STAGGERED
/ /‘ HORIZONTALLY AND YERTICALLY)
/’ / 0S8 SCREWED THROUSH TWO
/ / LAYERS OF RIGID INSULATION
/‘ / wro SIP

SIP (Maxmum 8°
or EPS AT R-32)

|

Building Science Corporation

Joseph Lstiburek 66

Lstiburek © buildingscience.com 33 of 64



Tri-State ASHI Fall Conference Roofs

September 30, 2016

[—
o,
o //‘\,V,\"\
/‘/ e
- e

Building Science Corporation

Joseph Lstiburek 67

Building Science Corporation

Joseph Lstiburek 68

Lstiburek © buildingscience.com

34 of 64



Tri-State ASHI Fall Conference Roofs September 30, 2016

Building Science Corporation

Joseph Lstiburek 69

Building Science Corporation

Joseph Lstiburek 70

Lstiburek © buildingscience.com 35 of 64



Tri-State ASHI Fall Conference Roofs September 30, 2016

Building Science Corporation
Joseph Lstiburek 71

Building Science Corporation

Joseph Lstiburek 72

Lstiburek © buildingscience.com 36 of 64



Tri-State ASHI Fall Conference Roofs September 30, 2016

Lstiburek

Building Science Corporation
Joseph Lstiburek 73

GRACE

oo & Water Shi

Building Science Corporation
Joseph Lstiburek 74

© buildingscience.com

37 of 64



Tri-State ASHI Fall Conference Roofs September 30, 2016

Lstiburek

Building Science Corporation
Joseph Lstiburek 75

Building Science Corporation
Joseph Lstiburek 76

© buildingscience.com

38 of 64



Tri-State ASHI Fall Conference Roofs September 30, 2016

Building Science Corporation
Joseph Lstiburek 77

Building Science Corporation

Joseph Lstiburek 78

Lstiburek © buildingscience.com 39 of 64



Tri-State ASHI Fall Conference Roofs September 30, 2016

Building Science Corporation
Joseph Lstiburek 79

Building Science Corporation

Joseph Lstiburek 80

Lstiburek © buildingscience.com 40 of 64



Tri-State ASHI Fall Conference Roofs September 30, 2016

Building Science Corporation

Joseph Lstiburek 81

Legend
—e—— Upper level air flows
~a—p- Lower [evel air flows
e~ Air flow at panel joints
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Shingles

Reofing paper

Vent space of nailbase
insulation panels

Panel joint

Acoustical perforations Fluted metal deck
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New roofing system

Fully adhered membrane

Roof sheathing

Two layers of rigid insulation
(joints staggered and offsel)

Fully adhered membrane air barrier
Gypsum sheathing
Fluted metal deck
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Shingles
Roofing paper

R-19 batt insulation installed
with wire stays or twine or
netted cellulose

R-5 rigid insulation (vertical and
horizontal joints offset from roof sheathing)

3/8” sheathing over rigid
insulation T = \

Roof sheathing =
lant Underside of roof
e sheathing is typically
Rigid insulation P N AR\ the “first” condensing

notched around roof surface

trusses and sealed -

Vinyl or aluminum siding —» Unfaced batt insulation

Rigid insulation o0 nam van?:;nu!;ogge\:)ith Yapor semi-
B O

Building paper P pa

drainage plane

Building Science Corporation
Joseph Lstiburek 88

© buildingscience.com

44 of 64



Tri-State ASHI Fall Conference Roofs September 30, 2016

100 l I

— Mean monthly ‘
\ outdoor tomperalture
80 P ™\ ——+- First condensing surface |
’ \ \ temperature (underside of
roof sheathing) if R-5 rigid
insulation is installed over |

Dew point temperature \ roof deck

at50% R.H.,, 70°F —,
AR /

8

Dew point temperatur A
at 40% R.H., 70°F

Temperature (°F)
S 8 8§ 8 8

10 !
0
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Month
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Tha insde faca of the roo!
sheathing forming the cavity
i the Srst condensing surtace —
O or piywood nad tase for shingles ——___ ‘\\
R-30 unfaced batt ceilng nauation compressed ™, \
1o £t within 2x0 rabors or camp opray colulose o \ e
mwmmmm«wm-_,_\ \ \

R-5 rigd insutation (verscal ard honzontal
pins cliset from roof sheathing) —
\

Sedont ————__ o
roof stanthing

Rigd insulaton \ N3

around rock raftees ~— Gypsum board

anc sealed—— ceiling with sermi-vapor
pormaable fatex) pant

Vinyl ot S~ Cauking of sealan!

alumirum sidng

Rigd irsufation (Laded. - Gypsum board with

shiplaposd o . s SETE-VIRO! D meddi

sosded joins) > J (latex) paint

/'/
Untaced batt irsulation
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Roof insulation ———— _

t Conlinuous rdge
Insulation wind baffie ventilation >
2 mirkmum space
Water protection \ ‘ = ¢

\ (taped or sealad joints)
/ P
Continvous ~/ < \'~ Gypsum board
soffit vant &
Vingl or -

W- “—— Caulking or sealant
Rigid insuiation - Gypsum board with semi-vapor
(taped of AU pormeable (latex) paint
soaled joints) — /

Cavity insulation /
with vapor -
retarder backing
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Roofing tile

Roofing paper

Netted cellulose insulation or batt insulation
installed with wire stays or twine

Roof sheathing

Underside of roof
sheathing is typically

the “first” condensing
surface
Stucco ——— Unfaced batt insulation
Rigid insulation < Gypsum board with vapor
Building " semi-permeable (latex) paint

drainage plane
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Metal cap

OSB sheathing —— i
Scupper —————— || 4

Sealant ‘
Rigid insulation
osB ,
Cavity insulation

Sealant
Polymer modified (PM) —»;

or traditional cement f
stucco 3

A

Metal lath

break over drainage
plane

et

(L) - \
WO s pnnonnn
NARANANANA) (INANA! \l\l\‘\llf\
I RIAY GNAIRIRTAY 'RIAL
- MR o
3 e e \ "y "
\ LA

18" wide membrane strip
under parapet folded Air barrier

down over exterior

rigid insulation {:‘:e",},ti,';':,%
Coping wedge roofing in ve
0SB cold and col
Rubber roofing climates; house-
membrane wr, ggf'ir?‘;'rmg
Rigid insulation other climates)

rrrrrd (e

LAY A |, W, §

A
| Gypsum board with semi-

permeable (latex) paint

1/4" canv/ft

- Sealant, adhesive or gasket at
top plate

Cavity insulation
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Metal cap

18" wide membrane strip under
poasrgpet folded down over exterior

Polymer modified (PM) or —»{| \
traditional cement stucco

Metal lath

Building paper bond break—» '

X

X

Coping wedge
OSB sheathing - 0sB

Rubber roofing

N | membrane \
Scupper — 7 =z ,-,:'...:.'\.:.:4 =< 'r-‘g"x':FP'"f’:
Two layers OSB R = s -
S

High density spray L 2 :
foam insulation i N AN L e - e i K = < =

“— Gypsum board with semi-
permeable (latex) paint

—— Cavity insulation

Sealant, adhesive or gasket at
top plate

Caulking or sealant

over drainage plane

Cavity insulation
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Map of DOE's Propused Climate Zones

Manh 24, 200
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Low density spray foam insulation j
Asphalt shingles - :
Roofing paper
Roof sheathing
Raised heel truss
Rigid foam, or comparable, — \
as backdam %
Soffit Non-occupiable
space
Roof underlayment
sealed to drip edge
LGypsum board with latex paint
(acts as thermal barrier separating
occupiable space from non-occupiable
space)
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Courtesy National Research Council of Canada
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/ Roofing membrane

0SB sheathing / - Cover board

Roof deck (joints // ~ Rigid insulation

taped) i ——
Lo |

Spray polyurethane

foam (upside down “L")
Rim closure material —
OSB sheathing

Water control layer—+
Cauvity insulation

Gypsum board with semi-
permeable (latex) paint

Drainage mat

Stucco over paper- —»
backed lath
Cavity insulation
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- Roofing membrane
OSB sheathing / -

// o Roof deck

Rim closure material
OSB sheathing

Water control layer

Drainage mat ~ Cavity insulation
Gypsum board with semi-
permeable (latex) paint

Stucco over paper- —»
backed lath

Cavity insulation
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Protected
roof vent

— Roof insulation
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—— Class Il vapor retarder
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