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Transitioning from Traditional Insulation Contractor
to Building Enclosure Expert

Joseph Lstiburek, Ph.D., P.Eng., ASHRAE Fellow




Subarctic/Arctic

Building Science Corporation
Joseph Lstiburek 2



[ Tropical et
[] Tropical wiet -0y
[] 5teppe

[[]Desert

[ rediterranean
[ ]5ubtropical humid
[ Marine Mest Coast

[] ©ontinental humid - ﬁiﬂ o

[] Subaretic

[] Tundra

B 122 shest
[CJHighlands

Building Science Corporation
Joseph Lstiburek 3



Map of DOE's Propused Climate Zones
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Configurations of the Perfect Wall
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Ratio of Rigid
Board
Insulation or
e e
Tone [\mpermestie nsulation Insulation  R-Value to
Insulation —_—
Insulation R
Value
R25 R13 R15S 15%
4«
R-3.75 R-20 R-2375 15%
RS RA3 RIS 0%
5
R75 R-20 R275 30%
RS R13 R-205 L
6
R1125 R-20 R-31.25 )
R0 RA3 R23 asw
7
RS R-20 R3S asw
RS R13 R23 So%
8
R20 R20 R40 S0

*Adapted froe Tatle R 702.1 2015 intermational Residential Code
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Insulation for Condensation Control*

Ratio of Rigid
Board Insulation
Code or Alr
o Required Impermeable R-
Zone Impermeable
R-Value  Value to Total
Insulation
Insulation R-
Value
123 RS R-38 10%
4ac R-10 R-49 20%
4A 4B R-15 R-49 30%
5 R-20 R-49 40%
6 R-25 R-49 50%
7 R-30 R-49 60%
8 R-35 R49 70%

*Adapted from Table R 806.5 2015 International Residential Code

Table 1
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Beer Screen?
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2nd Law of Thermodynamics
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In an isolated system, a process can occur
only if it increases the total entropy of the

system

Rudolf Clausius
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Heat Flow Is From Warm To Cold
Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Air Flow Is From A Higher Pressure to a
Lower Pressure

Gravity Acts Down
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Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less
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Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Thermal Gradient — Thermal Diffusion
Concentration Gradient — Molecular Diffusion
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Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Thermal Gradient — Thermal Diffusion
Concentration Gradient — Molecular Diffusion

Vapor Diffusion
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Thermodynamic Potential

Building Science Corporation
Joseph Lstiburek 78



PP PP e ay hap Byl Junuog o
YA N Vi e
ErAN AW ERrAWers " F
A Fi _El._,s/ r..mﬂﬂ& Sk
Tk “.__‘ Tan ) E
A AN \\ﬁhﬁmw
AN A VAV
ez ALY ERVE VI A
S ara AL A [/ A £
NV AVIRA VAV EIAVig..
| NV VI Navi £~
LN 5 A VS =7k
I IAVAY, WA 77t
VAW, W AW a VAW A
__ AT 7
Al S LT LEWAAY xx_am
. ALAAR
| o n_— .__._.m
A
7 x:x_.”x
I FEk
AWV
A VA
.__“aﬂhu
i rk ¢
AL 75
wivs
T VYTV
U 1 VI AASE L
L i }.,h..._h.”\m\& I
\/ N RINI NI AT Y AT A T o B
WD NN WA 3
R W L {;‘_____ m
£ : F R{,}xiamwmwh E
g - x LAY
“a,, o NANUNIR 7t
avaq.« FANTAVAA VA ;
T Lan.h.w z Mx‘.‘_‘._m_m
[= = 2 o ORI
= W ; _ :
=E e &.c)}i.k AfAs 2
o2 5 7o/ A o
D L "R OO o
— E 5 =iF
e W wm o o YA NVATY
= o >¢ > B RO R KA
= w e £ < YIDAL XE
- ge / XAERE
- VR ANl E
R < Sm 2 o / 7 3 ]
- = g e \e.ﬁ Ak
oI ol o
D -..._...._..___.
—— = 'y, A
(7] ..._._._m.. Iy T
(= 'y uﬁ...».ma__ / “____rﬁ. w__.“ w
ol /1)) AAVE %
& y -2
" Br.

Cat, Mo, T.002  Printed in US.A

Copyvight ©Camiar Corporation 197%

Vohume m3ky Dry Rir

Eedow 0°C Properties and Enthalpy Deviation Lines Are For loa

Building Science Corporation

Joseph Lstiburek 79



Vapor

Building Science Corporation
Joseph Lstiburek 80



@)
@)
®)
@)
e @)

Higher Dewpoint Temperature Low Dewpoint Temperature
Higher Water Vapor Density Lower Water Vapor Density
or Concentration or Concentration
(Higher Vapor Pressure) (Lower Vapor Pressure)
on Warm Side of Assembly on Cold Side of Assembly
Higher Air Lower Air
Pressure Pressure

Building Science Corporation
Joseph Lstiburek 81



=

4x8 sheet of
[ LJ
Interior at 70°F
and 40% RH 1/3 quart
of water

P

4x8 sheet of
gypsum board
with a 1 in2 hole

Interior at 70'F
and 40% RH

e

Ge

AR v
lll‘ll
NN NN
EEEEREEN

3
HENENEEN
1 § 8§ 1 8!

L
g?

Building Science Corporation
Joseph Lstiburek 82



o €
MT4F

dewpoint

e

at 74°F

AR ¥

4x8 sheet of

and 50% RH

4x8 sheet of

gypsum board
with a 1 in2 hole
Interior at 75°F
and 50% RH

1/, pints
of water

14 pints of water

Building Science Corporation

Joseph Lstiburek 83



Building Science Corporation
Joseph Lstiburek 84



Building Science Corporation

85



Building Science Corporation

86



Building Science Corporation

Joseph Lstiburek




im *_Li—l—l = f{ ;
I

| |', I f
l

Building Science Corporation
Joseph Lstiburek 88



!!I!!!!I",

e

Building Science Corporation
Joseph Lstiburek 89



il

AN, 3
£

DENSGLASS GOLD \SS GOLD GLASS GOLD

Building Science Corporation
Joseph Lstiburek 90



' 3 3 ; '] = 151 AV D
s MM IVEILAND 1 AN AAMTY Y "‘m SEEILTAD TV ALNWY "‘M SBWALSAD TV ALN w J o

— ; by TR
R : L swricls T L LDkl N

A o A M P il 5 A -

= — S— e —— e —— = —

Building Science Corporation
Joseph Lstiburek 91



ne=

= =

e hn b " UA W s Fa N

3 ] T -

_-:..

. 7 M’Mﬂ.ﬁ e , 7
L
M WY , .E.J_..

N..

xs

Building Science Corporation

Joseph Lstiburek 92



Building Science Corporation

Joseph Lstiburek 93



Building Science Corporation
Joseph Lstiburek 94



Building Science
Joseph Lstiburek 95



Building Science Corporation
Joseph Lstiburek 96



Building Science Corporation

Joseph Lstiburek

97



!%!%‘%'M‘m "!E‘ﬂzﬁi‘%

S
o

-

Building Science Corporation
Joseph Lstiburek 98



Building Science Corporation
Joseph Lstiburek



Building Science Corporation
Joseph Lstiburek 100



Building Science Corporation

Joseph Lstiburek




Building Science Corporation
Joseph Lstiburek 102



oy,
(@]
Q
D
D
O
O
@
Q
O

o I (R R A e o
- ||}' J -:;:.9 | . BN T - ‘—



Building Science Corporation
Joseph Lstiburek 104



Building Science Corporation
Joseph Lstiburek 105



Building Science Corporation
Joseph Lstiburek 106



2009

Building Science

ph Lstiburek — HVAC 107

Jose



Building Science Corporation
Joseph Lstiburek 108



Building Science Corporation

Joseph Lstiburek 109
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