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Sorption Isotherms
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Moisture Content vs. Relative Humidity
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Heat Flow Is From Warm To Cold
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Houses With Vented Attics Suck
Not all the Time.....but......
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with wire stays or twine or ~
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Truss bows upward

Bottom chord shrinks
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Roof cladding

Root underlayment
3" HD spray foam

‘ 8'/s" spray fibergla:
(R-21)
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Low density spray foam insulation
Asphalt shingles

Roofing paper

Roof sheathing

Raised heel truss
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as backdam

Non-occupiable

space
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(acts as thermal barrier separating
occupiable space from non-occupiable
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Map of DOE’s Propused Climate Zones

Moist (A)

March 24, 2000
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Conditioned Attics Not Unvented Attics
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Leaky ceiling
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Conditioned Attics Not Unvented Attics
Need Supply Air
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Conditioned Attics Not Unvented Attics
Need Supply Air
50 c¢fm/1000 ft2 of Attic
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Vented vs. unvented shingle temperatures

South-facing shingle temperatures
Jacksonville, FL 16-Sep to 18-Nov 2000
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Average Temperatures
Vented and Unvented Attics, Aug-97
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LV24 and LV22

160
__140
L
SN—
]
£ 120
3
®©
o}
2 100
£
o
80
60 b
2 4 8 10 12 14 16 18 20 22 24

6
Hour of Day for August 1997

[— LV24, BAl— LV22, ref —— Outside ]

Building Science Corporation
Joseph Lstiburek 107

Building Science Corporation
Joseph Lstiburek 108

© buildingscience.com

May 5, 2016

54 of 100



PHAUS Building Science May 5, 2016

Roof Shingle Temperature
FSEC 3.0: Orlando, 1-Aug
920
1 188
80 + 1178
T Al black shingle 1| o2
—_ ack shingle —
70 + - i H-158 L.
O simulations -
o T 1148 g
60 4
2 138 &
(1] -+ —
5 —+128 g
g_so —+118 ©
) 108 GE,
= 40 \ 2
1 ‘ —+-98
/ "/ Allwhite tle |\
30 1+ simulations T88
1 / T .. — 178
20 Y+—+—F+—FF+++—+++++++++++++++ 68
1 3 5 7 9 11 13 15 17 19 21 23
Hour of Day
Bottom of Roof Plywood Temperature
FSEC 3.0: Orlando, 1-Aug )
80 Sealed R-28 flat
70 Sealed R-19 flat
G —
T
~ 60 ~ Reference house (1:300),
o o
S
= =2
® ® -
E 50 5 1:150 attic vent
) o
g— £
(]
o 40 = 1:37 attic vent
=
30 White tile
L1 1 1l 7;777;" | I NN NN T N U NN N U NN SN U SN S S
20 rTrrrrrrrrrnrnrirrrrnrnrirnorirriond 68 Ambient
1 3 5 7 9 11 13 15 17 19 21 23
Hour of Day —

Lstiburek © buildingscience.com 55 of 100



PHAUS

Lstiburek

Building Science

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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EAVE
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Burying Ducts
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Vagor afusion
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Where It Started
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Leaky air handling unit
and supply ducts

A 11T

Alr handling
unt

Supply Return Supply

© © © 6

Depressurized conditioned space
inducing infiltration

/m\

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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Air handling
unit

4 4

Supply Retumn Supply

— b 11

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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Two layers of 2° stone
wool insulation

Zip (OSB) sheathing

Fully-adhered
membrane

Wood siding

1x4 fumng

Two layers of 2° stone -
wook insulation

— Plywood
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Shingles ——,

\

Dense glass — \

gold atridge 1\ \ -~ 2x2 framing
Plywood — \ / —— Two layers
Roofing —— \ \\\ // 2" stone wool

membrane 1\ '
Plywood —

/'~ Cavity insulation

> — Zip (OSB)
N sheathing

Two 2x14
microlams
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For insect protection provide
-0 of muich and hen
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G 2 = Cawity insulation
Cladding _: Gypsum board
Rogent for —— ——— Geulant, adhesive or
continuons rigid - /
<) Sill gasket
:dulﬂbodmnbum
r thylene
C siab
¥ For insect prolection provide " v
s 30" of muich and hen it ~ »
4 de asistant 4
HE i
-
-
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T&G subfloor ————
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T&G sublloor ————,

14 rigid insulation — || \
Plate under load
bearing walls only

30" of mulch and then
1, drought-resistant plants
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Builgng wrap

Sealant, adhesive —
or gasket (typ.)
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For insect
30" of muich and then
drought-resistant plants
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Cavity insulation ——

Fully-adhered
membrane §

Cladding
1x4 furring
Two (2) layers of 2" rigid insulation

Water table

Insect screen

Sheet metal protective cover
Extruded polystyrene (XPS)
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= - Cladding
Cavity insulation > - 1x4 furring

Aluminum closure-~,
piece

- Two (2) layers of 2" stone wool insulation

Concrete “waffle” —
slab Fully-adhered ——_ Water table
membrane N\
Stone wool ——, N\ ' ~ Insect screen
insulation Polyethylene i / Sheet metal protective cover
! ) — Stone wool insulation
7z Drainage mat (%y")

r Concrete skirt
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Baso Assombsy Rgid Insulasion

o Dvaed N - Do s
wereos l\ vemes
pieeee || clacany

= - v comor
Wayer and o

Mutole Layers
Rigid Inaulation + Fuming Truss WolOtfsot
=y =

Ooutio Wall

Building Science Corporation

Joseph Lstiburek 190

© buildingscience.com

May 5, 2016

95 of 100



PHAUS

Lstiburek

Building Science

Mechanical Systems
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Mechanical Systems
Cooling System To Make It Cold
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Mechanical Systems
Cooling System To Make It Cold
Dehumidification System To Make It Dry
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm

Energy Recovery System To Keep It Cold
and Dry and Warm and Comfortable
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm

Energy Recovery System To Keep It Cold
and Dry and Warm and Comfortable

Distribution System To Make It Uniform
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm

Energy Recovery System To Keep It Cold
and Dry and Warm and Comfortable

Distribution System To Make It Uniform
Range Hoods Are A Special Kind of Hell
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Don’t Try to Combine Them......
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I

Distribution System
Cuhumciins
=
Coolng Heatrg System
b & &l O S
- Cooling System makes it cold
Dehumidification System makes it dry
Heating System makes it warm

ERV keeps it cold and dry and warm and comfortable
Distribution System makos it unilorm
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