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Development Process
Energy Code and Standards Require Different Methods

Each Provide Prescriptive Compliance Paths



Increasing Energy Code Adoption
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State adoption of 2012 IECC, 2015 IECC,
ASHRAE 90.1-2013 and/or state equivalent
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IECC references 90.1 and Publishes assembly U-factors
Appendix Tables and for a variety of insulation
Assembly Descriptions combinations for all types

of roof and wall



N Example:
TABLE A2.3.3 Assembly U-Factors for Metal Building Roofs ASHRAE 90.1-2013

Owerall Owerall U-Factor for Assembly of Base Roof
[ . E;Jtnd r ﬁl;.'-FEaEtt]w Flus Continuous Insulation (Uninterrupted by Framing) Table A2 - 3 A 3
System Crauew ‘ e Rated R-Value of Contlnuous Insulation

Tnsulatiomn Base Roof
Assem bly R-6.5 R-98 R-13  R-15% R-19 R-22.1 R-25 R-32 R-38

Standing Seam Roofs with Thermal Spacer Blocks™ "

Mome | 280 0137 0es 0uTi TR 0051 0044 0039 0030 0ude
R-10 1135 0066 0054 O0de 0udd ) LD 0.032 0.030 025 0ul2]
Single Layer R-11 0.107 063 0052 QoS 04 0035 0.032 0029 0024 02l
R-13 Q.11 006l 0051 0kl Q039 0035 0.031 0.029 024 0ul2)
R-16 0096 0059 e 0ol LIRS 0034 0.031 0e2g 0024 02l
R-1% 0.082 0033 0y 0D 0036 0.032 0.029 0.027 0023 Quid
B-10 + B-10 (0Eg 00de 0T Do 0037 0033 0.030 0ue2g 0023 0ui2d
B~ + R-11 008G 00is 0T Do D036 0033 0.030 0.027 0023 Quid
R-11 +R-11 0085 0055 0ds Dad D036 0033 0.030 02T 0023 0ui2d
B-10+ R-13 0084 004 Odgs DD D036 0.032 0.029 0.027 0023 Quid
R-11 +R-13 0082 0033 0ds ad D36 0032 0.029 02T 0023 0ui2d
Double Layer R-13 +R-13 0075 00 03 D3R D34 0031 0.028 0026 022 0019
R-10+ B-19 0074 005y 043 D3R 034 0031 0028 02e 0022 019
B-11 + R-1% 0072 e 02 03T D34 0030 0028 0026 0022 0019
R-13 +R-19 0068 0T Ol 3s 033 0030 0.027 0e2s 0021 019
R-16 + R-19 065 Mg 0D 00033 D3z 0029 0.027 0025 002l QU019
R-19+ B-19 0060 43 003E 0034 003 0028 0.026 0024 0021 0ulg
B-1%+ R-11 0037
R-25 + R-8 0037
Liner Sysiem R-25 + R-11 0031
R-30 + R-11 0029
R—EE-tI-_IHI-II+ 0026

Filled Cavity with Thermal Spacer Blocks®
R-10+R-19 01 0032 0029 02T 0023 0023 0.022 0020 001 0016



Compliance Paths

Prescriptive vs Trade Off

TABLE C402.1.3
OPAQUE THERMAL ENVELOPE INSULATION COMPONENT MINIMUM REQUIREMENTS, R-VALUE METHOD*

CLIMATE ZONE 1 2 3 4 EXCEPT MARINE | 5 AND MARINE 4 6 7 8
All other | Group R | All other | GroupR | All other | Group R | All other | Group R | All other | Group R | All other | Group R | All other | Group R | All other | Group R
Roofs

Insulationentirely | p 500 | pose | R25ci | R25i | R-25ci | R25ci | R-30ci | R-30ci | R-30ci | R30ci | R-30ci | R30ci | R-35ci | R-35¢i | R-35ci | R-3%ci
above roof deck

R-19+ | R-19+ | R-19+ | R-19+ | R-19+ | R-19+ | R-194+ | R-19+ | R-19+ | R-19+ | R25+ | R-25+ | R-30+ | R-30+ | R-30+ | R-30+

Metal buildings™ | p 1176 | R-11LS | RIILS | RITLS | R-1TLS | R-11LS | R-11LS | R-I1LS | RAIILS | RATLS | RITLS [ R-1TLS | R-11LS | R-11LS | R-IILS | R-11LS

Attic and other R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-49 R-49 R-49 R-49 R-49 R-49 R-49
Walls, above grade
Mass R-5.7ci | R-53.7ci” | R-5.7ci” | R-Thci | R-T6ci | R-9.5c | R-9.5ci | R-1l.4ei | R-114ei | R-133c¢i | R-13.3¢i | R-15.2ci | R-15.2¢i | R-15.2ci | R-25ci R-25ci
Metal building l{!(]~+ R—I3+_ RI3+_ R—I3Jf R—I3+_ R—ISJT R—ISJT R—I3J_r R-IEJT R—I3Jf R-IEJ_r R-13+ | R-13+4 R-13+ R—IEJT R—I3+_
-6.5¢ci | R-6.5¢ci | R-6.5¢ R-13ci | R-6.5ci R-13ci R-13ci R-13ci R-13ci R-13ci R-13ci R-13ci | R-19.5¢i

R-13ci R-13ci | R-19.5¢i

Table 5.5-6 Bdﬂ&fng .'_Eﬁvalobé_ Raqi.:if'amants for Climate Zone 6 _{A,Bi‘_ _

-

Assembly | Insulation Assembly | Insulation Assembly | Insulation
Opague Elements Maximum | Min. R-Value Maximum | Min. R-Value Maximum | Min. A-Value
Roofs
Metal building? U-0.031 R-25+ R-11 Ls U-0.029 R30+R-11Ls U-0.060 R-19 + R-19
Walls, above Grade

Metal building U-0.050 R0+ R-19c.i. U-0.050 R0 + R-19c.i. U-0.094 R-0 + R98 c.i.



OPAQUE THERMAL ENVELOPE ASSEMBLY MAXIMUM REQUIREMENTS, U-FACTOR METHOD="

Compliance Paths

Prescriptive vs Trade Off

TABLE C402.1.4

2 3 4 H 6
CLIMATE ZONE EXCEPT MARINE AND MARINE 4
All other | Group R | All other | Group R | All other | Group R | All other | Group R | All other | Group R | All other | Group R | All other | Group R | All other | Group R
Roofs
;';’::::igf;ifly U-0.048 | U-0.039 | U-0039 | U-0.039 | U-0.039 | U-0.039 | U-0032 | U-0.032 | U-0.032 | U-0.032 | U-0032 | U-0.032 | U-0.028 | U-0.028 | U-0.028 | U-0.028
Metal buildings U-0.044 | U-0.035 | U-0.035 | U-0.035 | U-0.035 | U-0.035 | U-0.035 | U-0035 | U-0.035 | U-0.035 | U-0031 | U-0.031 | U-0.029 | U-0.029 | U-0.029 | U-0.029
Attic and other U-0.027 | U-0.027 | U-0.027 | U-0.027 | U-0.027 | U-0.027 | U-0.027 | U-0.027 | U-0.027 | U-0.021 | U-0021 | U-0.02]1 | U-0.021 | U-0.021 | U-0.021 | U-0.021
Walls, above grade
Mass U-0.151 | U-0.151 | U-0.151 | U-0.123 | U-0.123 | U-0.104 | U-0.104 | U-0.090 | U-0.090 | U-0.080 | U-0080 | U-0.071 | U-0.071 | U-0.061 | U-0.061 | U-0.061
Metal building U-0.079 | U-0.079 | U-0079 | U-0.079 | U-0.079 | U-0.052 | U-0.052 | U-0052 | U-0.052 | U-0.052 | U-0052 | U-0.052 | U-0.052 | U-0.039 | U-0.052 | U-0.039
Metal framed U-0.077 | U-0.077 | U-0077 | U-0.064 | U0.064 | U-0.064 | U-0.064 | U-0064 | U-0.064 | U-0.064 | U-0.064 | U-0.057 | U-0.064 | U-0.052 | U-0.045 | U-0.045
;l:t?:f framed and U-0.064 | U-0.064 | U-0.064 | U-0.064 | U-0.064 | U-0.064 | U-0064 | U-0.064 | U-0.064 | U-0.064 | U-0051 | U-0.051 | U-0.051 | U-0.051 | U-0.036 | U-0.036

‘Trade Off' compliance path provides greater flexibility
when choosing U-factor alternative.

Lower the U-factor

1 / U-factor

Installed R-value

Higher Installed R-value




ldentify Expectations &
Clarifying Specifications

1

3
What What What
Code/Standard? Climate Zone? Conditioning?

Identify project Project location Space Conditioning:
stringency and identifies envelope Heating
requirements requirements Cooling

Semi-heated

Graphics courtesy of ASHRAE, IECC and DOE



Installation Responsibilities

Achieving claimed installed performance for the
roof and wall envelope assembly.

“Get me something to meet the code”

“I need an R30 for the roof”

“Wall spec is R19”

Ask and request from your insulation supplier
how you need to install the assembly
to yield the claimed installed performance.



“R30 Roof”

Double Layer Filled Liner
'Sag & Bag' Cavity (FC) System (Ls)

Pre-Installed

R-value R11+R19 R10+R19 FC R19+R11 LS
U-factor U-0.072 U-0.041 U-0.037
Installed R-13.88 R-24.39 R-27.02
R-value

-~ @ @ @

53.8% 15.9% 10.0%

ASHRAE 90.1-2013, Table A2.3.3



Roof Stringency per Code/Standard

-prescriptive requirements by climate zone (U-factor)

METAL BUILDING ROOF

R30+R11 LS

R19+R11 LS _o—
30 035 §e) O @) o —

™ = e -
- _ = a /

20 050 /

40
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1 2 3 4 = g 7 8

B - ASHRAE 90.1-2013 & 00.1-2018 |8 =2012 & 2015 IECC | = ASHRAE 90.1-2010 & 2008 IECC = ASHRAE 90.1-2004 & 20.1-2007



Metal Building Roof
Prescriptive R-value Assemblies

National Model

Energy Code Climate Zone

1 2 3
+ 2018 IECC O N

* 90.1 - 2016

* 20151ECC

*90.1-2013

* 2012 1ECC

*90.1-2010

2009 IECC

90.1 - 2007

* Air Barrier Requirements

Filled Cavity (FC) B Liner System (LS)




Assembly Descriptions

LINER SYSTEM (LS):
A continuous membrane is installed
below the purlins and
uninterrupted by framing
members.

Uncompressed, unfaced insulation
rests on top of the membrane
between the pulrins.

For mulitlayer installations, the last
rated R-value of insulation is for
unfaced insulation draped over

purlins and then compressed
when the metal roof panels are
attached.

ASHRAE 90.1-2013, A2.3.2.4

[

FILLED CAVITY (FC):
The first rated R-value of insulation
represents faced or unfaced
insulation installed between the
purlins.

The second rated R-value of insulation
represents unfaced insulation
installed above the first layer,

perpendicular to the purlins and
compressed when the metal roof
panels are attached.

A supporting structure retains the
bottom of the first layer at the
prescribed depth required for the full
thickness of insulation.

ASHRAE 90.1-2013, A2.3.2.5



Production Rates for
Liner Systems and Filled Cavity

" a
& - g -
— o
S —

Liner System (Ls) Filled Cavity (FC)

Platf } Insulation Fall Protection
[Support latform [ Compression and Safety

4 N
Equipment Bracing in : :
[ ] [ Purlin Cavity } Effective Sealing

\ Y,

Air Barri [ A
Mgtactp Iy Weather Days

[ Responsibilities } [ y ] \ Gaps and Spaces )

Know Your Production Rates: Man Hour per Square Foot




Single Layer
Compressed
Fiberglass

<+—— FIBERGLASS

GIRT

“R19 Wall”

U-0.147 U-0.050
R-6.8 R-20
First rated Continuous
R-value of insulation is
insulation is installed on the
for insulation outside or inside
compressed the girts,
behind the uncompressed
metal wall and
panels and uninterrupted by
steel the framing
structure. members

All insulation shall be
continuously sealed to provide a
continuous air barrier.

ASHRAE 90.1-2013, Appendix A3.2

Continuous
Insulation (ci)

—

<«—RIGID BOARD

-

1| GIRT



Metal Building Wall:
Continuous Insulation (ci)

CONTINUOUS INSULATION (ci).
Insulating material that is
continuous across all structural
members without thermal
bridges other than fasteners
and service openings. It is
installed on the interior or
exterior or is integral to any
opaque surface of the building
envelope.

(2015 IECC - CHAPTER 2: DEFINITIONS)

A3.2.2.2 Continuous Insulation.
For assemblies with continuous
insulation, the continuous
insulation is installed on the
outside or inside the girts,
uncompressed and uninterrupted
by the framing members.

(ASHRAE 90.1-2013, Appendix A3.2.2.2)



Metal Building Wall:
Continuous Insulation (ci)

2012 IECC, Table C402.2: Opaque Thermal Envelope Requirements

Footnote a (as it relates to prescriptive R-value assemblies)
“Assembly descriptions can be found in ANSI/ASHRAE/IESNA Appendix A”

Not Continuous Insulation “ci”:
* thermal spacer blocks located above purlins

* compressed insulation
* liner system and cavity walls

(as typically installed)



Wall Stringency per Code/Standard

-prescriptive requirements by climate zone (U-factor)

METAL BUILDING WALL

. 035 Cavity Liner System Wall
i

ic Also Meets Performance /
20 050 o y

055 R13+R1 3/!’
LDE0

15 - y -
75 R1 3+R6. 5Ci ._,."f
NBE = s Q"
RS e / .
105 .
10 -

B = ASHRAE 80.1-2013 & 80.1-2018 B = 2012 & 2015 IECC B = ASHRAE 80.1-2010 & 2008 IECC = ASHRAE 90.1-2004 & 80.1-2007



Metal Building Wall
Prescriptive R-value Assemblies

National Model Climate Zone
Energy Code 1 2 3 4 5 6 7 8
* 20181ECC e
* 90.1-2016
. 2015 IECC I B
+* 90.1-2013
. 20121ECC EEEEEEEE
, 90.1-2010 I
2009 IECC I
90.1 - 2007
* Air Barrier Requirements
Only ci B FG+ci

‘continuous insulation '‘Hybrid’



“Cavity Wall”

R30 R25+R10 Double Layer

ingle L
Single Layer —\, 1 052 U-0.047

e R-19.2 R-21.2

] THERMAL First rated R-value is the
~ U | sreak7are  Insulation is installed in the cavity
el between the girts, not compressed

et | by the framing. G
(| < FIBERGLASS | «——nsiDE
ORI Second rated R-value is the | LAYER

‘ insulation compressed between o

Lk the metal wall panels and the S LAVER
ﬁ steel structure. g

DI A membrane or facing installed

separately or adhered to the

AL insulation is installed inside of the
girts to form a continuous layer.

GIRT

ASHRAE 90.1-2016, Appendix A3.2 and Table A3.2.3



“Cavity Wall” - 90.1-2016

Table A3.2.3 Assembly U-Factors for Metal Building Walls

Overall Overall U-Factor for Assembly of Base Wall
U-Factor | Plus Continuous Insulation (Uninterrupted by Framing)
Rated for Entire I 1
Insulation R-Value of Base Wall
System Insulation Assembly | R-6.5
Continuous R-0 1.180 0.136 00894 0072 00680 0050 0044 0039 0030 0.0286
insulation
only
Single H-10 0.186 0.084 00686 0.054 0047 0.01 0.036 0033 0027 0.023
ed
“laﬂ;gfrﬂgs R-11 0.185 0084 0066 0.054 0047 0.041 0036 0033 0027 0.023
R-13 0162 0.079 0063 0.052 0046 0040 0035 0032 0026 0.023
R-16 0155 0.077 0062 0051 0045 0039 0035 0032 0026 0.022
R-19 0147 0.075 0080 0050 0044 0039 0035 0031 0026 0.022
Single layer R-259 0.059 0.044 0039 0035 0032 0029 0027 0025 0021 0.019
in cawvity
R-30° 0.052 0.042 0037 0033 0031 0028 0026 0024 0021 0.019

Double layer HR-25+ R-10 0.047
R-25+ R-16  0.042
R-25+ R-10° 0.039
R-30+ R-16  0.039
(Multiple R-values ame listed in order from inside to cutside.)
a. A minimum R-0.375 thermal spacer block or themal break strig is reguired when installed without confnuous nswation.

b. A minimum R40.75 thamal spacer block or thamal braak strip is required when installed without continuous s ulation.
¢. A minimum R-3 themal spacar block is requinad.



U-factor Alternative Compliance

C402.1.4 Assembly U-factor, C-factor or F-factor-based method. Building thermal
envelope opaque assemblies intended to comply on an assembly U-, C- or F-factor
basis shall have a U-, C- or F-factor not greater than that specified in Table
C402.1.4.

Footnote a: Use of Opaque assembly U-factors from ANSI/ASHRAE/IESNA 90.1 Appendix
A shall be permitted, provided the construction, excluding the cladding system on walls,
complies with the appropriate construction details from ANSI/ASHRAE/ISNEA 90.1
Appendix A.

Footnote b: Opaque assembly U-factors based on designs tested in accordance with
ASTM C1363 shall be permitted.

energycode.pnl.gov says:

The 'Other' option is for assemblies with a known assembly U-

factor. Enter an overall assembly U-factor for the assembly

in the U-factor field. The U-factor is assumed consistent

throughout the entire assembly.

Documentation must be submitted werifying the overall COM‘ : ‘ ! ‘

assembly U-factor. The U-factor must be developed in
accordance with accepted engineering practice.

COMcheck logo courtesy of DOE

ok |

COMcheck screenshot



COMcheck Compliance

MCOMChECk" We bw & m ‘_} | @ - »login |

2015 IECC
| | o New Project | PROJECT ENVELOPE INT. LIGHTING EXT. LIGHTING MECHANICAL REQUIREMENTS T Reports | ~ | | @
SR e so9weN interior Lighting Method and Areas | Exterior Lighting Areas |
Code: | 2015 IECC v
[ Add Building Area ] l ™" Duplicate J l X Delete ‘
State: | Texas v |
City: | Dallas Building Area Area Description Space Conditioning Area w:1t2
Ifyour location is not included here, chor Dy -I Warehouse S I I Nonresidential ¥ I 30000 i’ 0.66
lacation with similar weather conditions.

Project Type

*' Mew Construction Addition Alterations

Compliance Options
Efficiency: | Unspecified Te

Project Details (optional)

This information will appear on the compliance Edit Project Details. ..

re port.

MNotes:

+* CHECK COMPLIANCE 4 To display ) sl the Check Compliance button.



COMcheck Compliance

~ Email Add F word » Login
@COMCheCk.Web ‘ Reqister &) | Forgotten Password?

2015 |IECC
| gliesiEnt | FPROJECT ENVELOPE INT. LIGHTING EXT. LIGHTING MECHANICAL REQUIREMENTS | E Reports | = | @
Row: l o Edit ‘ l L~ Duplicate ‘ I I Move up J l Il Move Down ‘ l X Delete ‘ | Options = |
Add: [ Roof ] [ Skylight l [ Ext. Wall ] [ Window ] [ Door l [ Basement ] [ Floor ]
Fenestration Requirements
Gross Area Cavity Continucus
Component Assembly Orientation Building Area Type Fenestration Details Construction Details or Slab Insulation Insulation U-Factor

Perimeter R-Value R-Value
1 | Roof Metal Building, Standing Seam: High Albed... 1 -Warehouse { Nonresid... Unspecified v 30000 30 0 0
2  Ext Wall Metal Building Wall Unspeciﬂed ¥ | 1 -Warehouse ( Nonresid... |Sing|e Layer Mineral * | 5000 f o 1] 1.18
3 l.Door Insulated Metal | swinging v 53 ft2 0
4 LWindow Metal Frame with Thermal Break: Fixed Code default Glazing: Double Pane, Ti... o 0.65
5 | Ext Wall Other Metal Building Wall Unspecified ¥ 1 -Warehouse ( Nonresid... 5000 fi2 0
& Ext Wall Other Metal Building Wall Unspecified ¥ 1 -Warehouse ( Nonresid... 5000 ft* 1]
T  Ext Wall Metal Building Wall Unspecified ¥ 1 -Warehouse ( Nonresid... |Sing|e Layer Mineral ¥ | 5000 1] 1] 1.18

Uninsulated Double-Layer Metal

Create Ext. Wall ®

Unheated Slab-On-Grade 1 -Warehouse ( Nonresid...

Create Roof ® Wood-Framed, 18in. o.c.

Wood-Framed, 24in. o.c.

Insulation Entirely Abowve Deck
Steel-Framed, 16in. o.c.

Metal Building, 3tanding Seam
Steel-Framed, 24in. o.c.
Metal Building, Screw Down
Metal Building Wall
Attic Roof, Wood Joists
Solid Concrete Wall | 3in. Thickness ¥

Attic Roof, Steel Joists
Concrete Block | Solid Grouted ¥ | Thickness:|6" T |

Cther (U-Facter option) | Insulation Above Deck ¥ |

Other (U-Factor option)| Wood Framed Wall 7 |

WA or Cancel
— I - o



COMcheck Inspection Checklist

Envelope Compliance Statement

Compliance Statement: The proposed envelope design represented in this document is consistent with the building plans,
specifications, and other calculations submitted with this permit application. The proposed envelope systems have been
designed to meet the 2015 IECC requirements in COMcheck Version 4.3.5.1 and to comply with any applicable mandatory
requirements listed in the Inspection Checklist.

Name - Title Signature Date
Section
# Plan Review Complies?

& Req.ID

C103.2 Plans and/or specifications provide all [IComplies

[PR1]! information with which compliance UpDoes Not
can be determined for the building
envelope and document where CINot Dbsgwable
exceptions to the standard are [INot Applicable
claimed.

C402.5.1. The building envelope contains a [Icomplies

2.1 continuous air barrier that is sealed in [Upges Not

[FR19]'  an approved manner and material
permeability <= 0.004 dfm/ft2. Air  INOt Observable
barrier penetrations are sealed in an  LINot Applicable
ﬂppl’OUE‘d manner.

C303.1  Roof insulation installed per LlComplies C303.2  Above-grade wall insulation installed  [lComplies
[IN3]2 manufacturer’s instructions. Blown or [Jpges Not [INT]2 per manufacturer’s instructions. [pboes Not

poured loose-fill insulation is installed
only where the roof slope is <=3 in | JNot Observable [INot Observable

12. [INot Applicable [CNot Applicable




Questions
and
Discussion

Thank You



