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Building Science Bootcamp

Better Wall Assemblies
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Building Science Bootcamp
Traditional Wall Assemblies




Building Science Bootcamp
Traditional Wall Assemblies
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Building Science Bootcamp
Better Wall Assemblies

Hioner R-value, and produc

/ery-tight wall assembLy.

minimat additional air-sealing,
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Building Science Bootcamp
Better Wall Assemblies




Building Science Bootcamp .
Air-Tight Wall Assemblies

© Gasket

L D)

Pros: OSb wood-chips are
ndividually water-proofed
pefore laminated into sheets,

s Exterior air-barrier
R-Value of wall-ca) /’
nsutation.

s (Cons: Over twice the cost 1n
materials and labor of OSB!

r barrier

-~ Foundation wall as ai

¢~ Concrete slab as air barrier




Building Science Bootcamp
Air-Tight Wall Assemblies
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HERS' Index

Building Energy Codes

eeeeeeeee
Home

Three Ways to Meet the Energy Codes

e — HOME PERFORMANCE WITH

1: rﬂQI I 9\/\/ Srr),’:—i(“""" (“ REScheck Software Version 4.7.1 . E N E R GY STAR y

CI .

I | Compliance Certificate ,,
OrF Insulation R-value and  Certified Energy Raters
[. Project Soaring Eagle, Windsor (

with no exceptions, can be found online at
resnet.us

Energy Code 2012 1IECC

Location: Fort Collins, Colorado
Construction Type: Single-family

Project Type: Mew Construction

Con n or A

Ares: 4,011 ft2
24%
5 (6268 HDD) ‘ e‘

Construction Site: Qwner/Agent: D g f( t ctor:

or for the whole | | EEy
d ing (UA), W‘]'th trade-of} |

Total UA Alternative:
calculate average U-fact

e REScheck is a free
online program found at
energycodes.gov

Gross Area 3
= Cavity

Cont.
U-Factor UA
— R-Value R-Value

Cailing 1: Flat Ceiling or Scissor Truss
Wall 1: Wood Frame, 167 o.c.

& The ﬁmp sed buiding design d ribed here s consistent with the building plans, specfications, and ather
elculations submitted with £ = permi agplics roposed building has been designed h 3003 IEC requiremants in
RESchack varsion 4.3 1 snd to comply with the m andalnry reuirements liseed in the REScheck Inspection Chack st

Name - Title Date



Key Energy Concepts:

U-Factors Versus R- Values

0.32U window
decimal d Hr] lates to the pércent lost, 0.25U window 25% 73%

327 energy (oss, R5 Insulation 20% 80%
R10 Insulation 10% 90%

» R-value is the INVERSE of the U-factor, so

/ / / R15 Wall 07% 93%
R-20 = 1/20, which = 0.05 U-factor, ’ °
R20 Wall 05% 95%

» Wood-framed walls w/windows will often EYARYEW 04% 967%
have an  overa L R-value of only R10, R38 Attic 03% 97%

resulting 107% rate of loss, meaning
1007% of t' ne energy escapes every 10-nrs,
I'hat’s 360 times per winter! (based on temp delta of 40° degrees)

R50 Attic




Building Science Bootcamp
Basic vs. Better Wall Assemblies

2015 IECC:
* Vast majority of builaers opt for
STL
o WU

R21 Tibere ds, R-21 R-13 R-13

Building Code

CLIMATE ZONE 5, RESIDENTIAL - R-20 OR R13+5 (2015 IECC)

,

ass batts & 2x6

UL

* Original wall insulation standards ~ 1
assumed 2 x 6 JELJCJ; woula be R-5 R-6
cA O ) 9. ANnFAr : + A4 A
'Jp:lC‘:’d 24 O centcer, 1ot } ey ey e 2x6 Framing 2x4 Framing 2x4 Framing
R-21 Fiberglass Batts R-13 Fiberglass Batts R-13 Fiberglass Batts
» Pros: sim r) e and 1r EXPENSive, 0SB with Integrated WRB Single Panel Comprising of
Additional Layer of R-5 OSB with lntegrated WRB
‘'ANnc® laaley - Flial R-va ~ Continuous Insulation and Integrated R-6 Polyiso
/2 COIJJJ L'fca \y <if d aCtu | N-Vat L ue Continuous Insulation

S1gnificantty L Uerr more like R10.

a'lls has the best R-value?

Whicl



Building Science Bootcamp

2 X 6 Wall: 2 X 4 Wall:

R-20' cavity without foamboard = R15 terior %” f oard = R16
wall'assembly due to thermal bridging: wall ass

U-FACTOR EXAMPLE 2 - CAVITY INSULATION PLUS
CONTINUOUS INSULATION

U-FACTOR EXAMPLE 1- CAVITY INSULATION ONLY

WALL COMPONENT Al A2
WALL COMPONENT A1 A2
CONTINUOUS INSULATION R-0.0 R-0.0
CONTINUOUS INSULATION R-5.0 R-5.0
S8 STEATHING Lt 082 0SB SHEATHING R-0.62 R-0.62
FRAMING OR INSULATION R-6.88 R-20 S AMTNG OR ISULATION B 435 T
DRYWALL R-0.45 R-0.45 SRTViAIL FRE STATE
TOTAL R-VALUE R-7.95 R-21.07 TOTAL R-VALUE R-10.45 R-19.07
U-FACTOR (1/R) U-0.126 U-0.048 U-FACTOR (1/R) U-0.095 U-0.052
% OF WALL AREA 22% 78% % OF WALL AREA 25% 75%

Calculation: Area weighted average U-factor

U =1(0.22 x0.126) + (0.78 x 0.048)
U=0.065 Effective R=1/U=15.38

Calculation: Area weighted average U-factor

U =(0.25x 0.095) + (0.75 x 0.052)
U=0.063 Effective R=1/U=15.87

The 2x4 wal
ha.



Building Science Bootcamp

Key Energy Concepts Thermal Brldgmg

T A = TAainag’

fhermal Bridging:
REAUCES ratea Vs effective R-Values,
Wo0od-Tramea buildings often exceed 257 fire

Commercial steel-framed puildings have nuge Loss

\ 1/2|n /2
drywall
4 £
2

BZ

- A -
W ° L
|
\\
<
L 1N il 26 thermal Y1 K
Most Heat Loss < Less Heat Loss bridge il | 1 ; ¥ 05/25/2018 02:05:09PM



Building Science Bootcamp

Thermal Bridging in Wall Assemblies

Examples off thermal bridging observed with an infrared camera®,
| » ra s u i N . . . | )4,\_,, . - Sl -8 - i 1 .. e B - - e i N e

Fconstruction during winter weather conditions:

*It’s also a S5,000
stua-finder!

122272017 06:25:42PM 06/02/2009




Building Science Bootcamp

Thermal Bridgi

Calculate Average U-factor (UA):

Jotal Area

Typical 2,300 sq ft residential home:
(0.32u windows x 250 sq ft) +
(0.05u wall msutation x 1500 sq ft) +
(0.126u X 500 sqg it wood-framing)

2,250 sq 1t

Total UA = 0.097 (or R-10)



Building Science Bootcamp
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Building Science Bootcamp
Very Low Thermal Brldgmg

Advanced Eraming: for less thermal Jruv INg..
* AUIgns tlumber with leads from floor-to-roofr,
* Rafters align with wall studs, which align with floor joist,
* ~“Calirornia corners™ and n;,ulgtted headers

* Eraming-factor of oml/ 157% improves U-values,
* Saves matemal: nd [abor.




Building Science Bootcamp
Dew Point in Wall Assemblies

BURLINGTON, VERMONT

.;F.J OE Q Q 83 E O C Q 2 d) \/\/EC g OE:)S E Q Dry OUTDOOR TEMPS (°F) WALL ASSEMBLY INDOOR CONDITIONS
7 : 1 Z . December = 24.8 2x6 Fram‘ing , Temp =70
AS Warim moisture 1s drawn into the wall, i P 206 a7
Average = 21.1
NUSt be prevented from moving to the r‘old .
. Z ’ ‘ Sheathing Temp = A as 'It moves
S1 dp of the wall, cooling below d%’W point, ik =Lt S L e

d conc the wall assembly / .
nd condensing in the wall assembly. Al iaton

—— Temperature Gradient towards the
/.

----- Dew Point
\ ":)

Keeping the moisture above dew point s cold outdoors:
allows it to ey Er)Ofrva”‘ o “dry to the inside”

nd warm-side vapor barriers keep moisture
sufficiently ins uwd from the outdoors.

(U

TEMPERATURE
H
o

3.0 4.0 5.0 6.0 70 8.0

WALL THICKNESS
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Building Science Bootcamp
Dew Point in Wall Assemblies

(olor do'1s a heating dominated climate, I.

and it’s usually more humid inside the l.

bLJHd]ﬂgJ than 1t 1s outside 1n winter due to COLD, DRY l. WARM, HUMID

[ T LY LI f 4 (OUTSIDE) (INSIDE)

numiditrication, people, ShOwWering, Cooking, '

- () I. %7 P

etc Il

I'herefore, our vapor barriers belong on the I‘ ™

warm, Jmer"or Side of the wall, to a woid risk I‘

Off condensation in the walls. @ l’ Q)
21°F l‘ 70°F




Building Science Bootcamp

Dew Point and Condensatio

,/ 2 ’ " 5,. AR e

Teo-thin exterior foil-boara insutation acts a B i 77
“cold-siae” vapor barrier and promotes ' | |
condensation in the wall. The buitaing wall
compoenents stay cold, wet and rot quickly.



Building Science Bootcamp

t

Exterior Continuous Insutation:

glf o
Must be “vapor open Ok | SRS
3 rCe . 1 [ L L 7‘; r £ “R —. : i?l‘ »1"‘“(“"'*.' _
Surficient R-value to keep the L iavaa W N g
nterior condensing foam surface

warm, and above dew. point,

For Climate Zone 5:
2x4 walls need R-5 foam board,
2x6 Walls need R-10 foam board,

74 foam board = wood siding,

best for different siaing options:
3 24
172" foam board = stucco.



Building Science Bootcamp
Above-code Wall Assemblles
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Building Science Bootcamp
Advanced Framing + Contin

Humanity
Gets it Right!




Building Science Bootcamp
Thermal Bridging in Steel-Stud Walls

e ” -~ L ” -

I

@l 'k ( o . A x .
_)'r‘ o [ : E: u CJJ in Effective Insylatloh/Framlng Layer R-Values
) - Steel-framed wall information adapted from ANSI/ASHRAE/IESNA Standard 90.1-2007 Table AS.28.
+ ¥ <+ 4
~ - - : - 5C . .
C OIIJ A1 fr C J e I o) u J 2 d J IJ:{J Stud Wall Nominal Cavity ~ Actual Cavity  Rated R-Value Effective R-Value % Change Effective R-Value % Change

Framing Type Depth (inches) Depth (inches) at16in. on Center’ (Rated vs Effective) at24in. on Center’  (Rated vs Effective)

. . C LIV
by _/J, D% 'E 0 7 O!)U Batt Insulated Cavity

Steel 4 3.50 R-11 R5.5 -50% o R-6.6 -40% =
— 4 3.50 R-13 R-6.0 -54% e R-7.2 -45% -
. ' . Stasl 4 3.50 R-15 R-6.4 57% o R-7.8 -48% o
Continuous exterior Steel 6 6.00 R-19 R-7.1 63% e R8.6 5% o
neulation ic critical to steal 6 6.00 R-21 R-7.4 -65%  — R-9.0 57% o
Nsutation 1s Criticat to Steel 8 8.00 R-25 R-7.8 -69%  — R-9.6 -62% o
77 i Z . .
SITEClIvVE Cllimate CQJ—]‘U‘OL) — 4 3.50 R-11 R9.3 -15% R-9.5 -14%
2 Vi as i Wood 4 3.50 R-13 R-10.8 17% R-11.1 -15%
:.”:)rgy !:,"J‘J“JCI!:’H‘CYJ Wood 4 3.50 R-15 R-12.3 -18% R-12.7 -15%
W 6 5.50 R-19 R-16.0 -16% R-16.3 -14%
Wood 6 5.50 R-21 R-17.5 17% R-17.9 -15%
Wood 8 7.50 R-25 R-21.1 -16% R-21.5 -14%

* Rating for airspace per ANSI/ASHRAE/IESNA Standard 90.1-2007.
! per the ASHRAE Handbook of Fundamentals, a residential wall framing factor of 25 percent is assumed for conventional framing at 16 in. on center.

2 Per the ASHRAE Handbook of Fundamentals, a residential wall framing factor of 22 percent is assumed for conventional framing at 24 in. on center.

-



Building Science Bootcamp
Thermal Bridging in Steel-Stud Walls

- f//l(rf
Nalls have no
measurable energy



Building Science Bootcamp

Key Window Concepts
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https://www.larimer.org/building

