2022 MO COMMERCIAL
ENERGY CODE TRAINING

4% Southface (YMEEA

MIDWEST ENERGY EFFICIENCY ALLIANCE

Commercial Envelope

4% Southface -

INTRODUCTIONS

Except Low-Rise Matt Belcher

Residential Buildings
(1P Edicion) MO Energy Code Support
Matt@moenergycodesupport.org

IECC | —zm=

Mike Barcik

mikeb@southface.org
www.southface.org

Mike Barcik — Technical Principal Matt Belcher — Code Consultant
mikeb@southface.org Matt@verda-solutions.com

45 Southface ~




INTRODUCTIONS

Mike Barcik
mikeb@southface.org

4% Southface

z"’ / _,‘r_,.'
Matt Belcher
matt@verda-solutions.com

ABOUT SOUTHFACE

45 Southface




Building
Science
&
Energy
Code

Photo: JonathanHillyer,

5 Southface

BUILDING SCIENCE FUNDAMENTALS

Understand Building as a System

Control Flow of

° H eat Unconditioned
o Air
* Moisture

Conditioned Interior

The building thermal envelope separates
conditioned space from unconditioned (or
outside) and consists of two elements: an air
barrier and insulation that must be
continuous and touching

Unconditioned
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BUILDINGS ARE SYSTEMS

Complete Building Thermal Envelope EE \§\§\\( _— —

— Continuous Air Barrier

— Complete Insulation Coverage

Proper Heating &
Cooling Systems

Controlled Ventilation
Deal with Moisture!
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HEAT TRANSFER CONCEPTS

Heat always moves from a warmer place

to a cooler place
Vo

Types of Heat Transfer

» Radiation — heat flow from hot to cool
surface

+ Conduction — heat flow through solids
 Convection — heat flow through fluids ==
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BUILDING SCIENCE: HEAT TRANSFER

* Heat is a form of energy
« Heat moves from hot to cold

* 3 methods of heat transfer:
« Radiation:
Heat emits from a hot surface or
hot object, e.g. hot coals

+ Conduction:
Heat moves through a material
by contact, e.g. the grill grates

* Convection:
Heat energy carried by a fluid,
e.g. the air inside the covered grill

EEBA
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HEAT TRANSFER: RADIATION

» Low-emitting surfaces slow radiation

Radiation -
heat transfer
from a hot
surface to a
cool surface
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=ecA(T' - T *
RADIATION # = oA =1)

Radiation is the movement of heat from a hot surface to a cold surface with
nothing solid or opaque in between (low-emitting surfaces slow radiation)

MEAN RADIANT TEMPERATURE 9 = coA(T" = T})

 When the surfaces in a
building (walls, floors,
ceilings, windows, and doors),
are different than the room
air temperature, additional
body heat can be lost or
gained through radiation.

» This can have a major impact
on comfort
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CONDUCTION

» Conduction is heat flowing through a solid material
* Insulation slows conduction
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CONDUCTION HEAT FLOW CALCULATION

Heat transfer through a solid object: the formula for calculating
transmission heat loss is:

q=UxAXxAT

g = heat flow (Btu/hr)
U = inverse of R-Value [U=1/R, R=1/U] (Btu/hr ft2°F)

U is referred to as the Conductance or
Thermal Transmittance

A = area (square feet)
AT = temperature difference across component (°F) Thermal Unit
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CONDUCTION EXAMPLE

Low R-value (R-5)

(1/5) x 500 x (70-20) =
5,000 Btu/hr

High R-value (R-10)
(1/10) x 500 x (70-20) =
2,500 Btu/hr

Total = 7,500 Btu/hr
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CONDUCTION - GROSS WALL AREA EXAMPLE
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q=UxAxAT
[ R | U | Area | DeltaT | q |
13 .077 360

20 554 Btu/hr
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CONVECTION

» Convection is the transfer of heat by the movement of a
fluid (gas or liquid)

e Air barriers limit convection

Fiberglass and certain other
“air permeable” insulation
does not stop air flow!

4% Southface

AIR LEAK AT SILL (BOTTOM) PLATE

Dirty carpet on exterior
wall indicates leak at
wall sill plate

On interior wall
indicates wall leaking to
attic

Bottom Plate Sealed
(but batt installation fails!)
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CONVECTION

Heat transfer through a fluid (liquid or gas) — usually air.
For air, the formula for calculating convective heat transfer is

g = 1.08 x CFM x AT| = convective heat flow (Btu/hr)

CFM = Cubic Feet per Minute of air being transported
AT = temperature difference of entering air and ambient air (°F)

Example:
A supply fan delivers 200 cfm of OA into a 75°F building when the ambient is 90°F.
Sensible heat added is g = 1.08 x 200 x (15) = 3,240 Btu / hr

4% Southface

SCIENCE OF AIR MOVEMENT

Basic Principle of Air Leakage

Low or “-”
Pressure

Air will always move from an
area of high pressure to an
area of low pressure

Wher) air moves out of a
building, the same amount
has to come in and vice-versa

| CFMout = CFMin |
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SCIENCE OF AIR FLOW (INFILTRATION)

Basic Principles of Air Infiltration

Two requirements for air movement
1. Pathway for air leakage (a hole)
2. Pressure difference (driving force)

Hole

T ‘ . MECHANICAL H :‘:’5‘!:::?FltF

1

“-"" Pressure

" Pressure
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AIR LEAKAGE: DRIVING FORCES - /

T ————————

hree forces create pressure differences in a building:
« Wind )
 Stack Effect
* Mechanical Fans

PZaN

é-:"_:m “"é %

Mechanical Systems

Stack Effect
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PRESSURES / DRIVING FORCES

Wind
Air leaks across envelope assemblies driven by the pressure
differential due to wind

Air enters the building
on the windward side
(infiltration) and exits
on the leeward side
(exfiltration)

HIGH PRE SSURE
©0000000000
a 0
[o]o]lo]olo]olololololo]

LOW PRESSURE
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PRESSURES / DRIVING FORCES

Infiltration airflow

Stack Effect

» The stack effect causes air g -
movement due to the e
buoyancy of heated air T

» The greater the thermal o : ... .
difference and the height of —
the structure, the greater the =’ T
buoyancy force o
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STACK EFFECT

Function of Positive
- . . pressure
* Building Height ' - (with
« Temperature B i | e reference
difference to outside)

Neutral
pressure
plane
Negative
pressure

(with
reference

.“ : ' to outside)
v ] o K. ; .

.
Vermont Energy Investment Corp.
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PRESSURES / DRIVING FORCES

Mechanical Fans

Mechanical fans in a building
can create significant pressure
differences which drive air
exchanges.
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HEAT TRANSFER PROBLEM
@ heat transfer 1-2

heat transfer 2-3

Air handler

& ductwork
4
W/ a
heat transfer 3-4
heat transfer 5-6-7
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£
Spray foam insulation is
applied directly at the roof deck
(plywood), NOT at the attic
floor. It completely
| seals the building envelope!

4% Southface - 28




MOISTURE
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BUILDING SCIENCE: MOISTURE TRANSPORT

 Moisture moves from
wet to dry

* Liquid water flows downhill
(but can be wicked up)

« Water vapor diffuses from
high concentration to
lower concentration

« Air movement can carry
lots of humidity
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FORMS OF MOISTURE FLOW

LIQUID and VAPOR
Bulk Diffusion
Liquid water (rain, drainage, Molecules of water moving
plumbing leaks) through porous materials
Capillarity Infiltration
Wicking through porous materials Moisture laden air brought into
(concrete, wood, paper drywall, the house

fiberglass and cellulose insulation)

oy o
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MANAGING BULK MOISTURE

* Foundation waterproofing

* Proper site drainage
* Gutters channel water away
from foundation
» Drainage planes with proper
flashing in walls allows water
to escape (e.g. behind brick)
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Gutters

MANAGING BULK MOISTURE Ve

Foundation waterproofing

* Plastic under slab
o Gravel base under plastic

» Waterproofing foundation wall

. . L . Slope away
o Drainage mat, dimpled with filter, then backfill from
* Footing foundation | |L
N S . ~—— Capillary break
0 Wrap footing in plastic —tie into other plastic and i
waterproofing —— Drainage
board

0 OR waterproof top of footing before stem wall is poured
* Foundation drain tile
o Adjacent to footing (better than on top)
0 Routed to daylight or sump pump
* Positive exterior drainage
o Gutters, downspouts, grading slopes away from foundation
* Capillary break at top of stem wall
4% Southface _

/ Foundation drain
Capillary break

Plastic and gravel
under slab

Wrap footing in plastic

BULK MOISTURE — FOUNDATION WATERPROOFING

Dimpled
drainage mat
with filter

Drainage
system

Spray on water-
proofing plus

Plastic wrapped | =~ -
drainage board :

beneath footing | -
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BULK MOISTURE CONTROL

* Proper site drainage
* Swales
 Grading with positive slope
* French drains

River Rock

y B f4 ;‘__C 3
v - Ir i .._.. ‘6,
. o i
.
Excavated \
Trough

Perforated Drain Tile .
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MOISTURE TRANSPORT DRAINAGE
PLANES AND CLADDING
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Housewrap or
building paper,
4" mir, lap

Flashing

Header

Cladding -Brick Veneer

Steel angle lintal
Wezp holes, 16" o.c.
Flaghing

1" min, air space
recommended

Brick ties every stud
, horizontally]
and 24° o.c. vertically

Install foundation
flashing above
arade; fill caity
below solid with
martar

proofing or

woofing membrane
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Rain Screen / Drainage Plane

VAPOR DIFFUSION VS. AIR LEAKAGE

VAPOR DIFFUSION AIR LEAKAGE —

e SR AR

VAPOR DIFFUSION VS. AIR LEAKAGE CCCPA
INTERIOR TEMPERATURE = 70" F

* Southface RELATIVE HUMIDITY = 40%




VAPOR DIFFUSION RETARDERS

Appropriate measures for
moisture control are essential!

4% Southface

Commercial
Energy Codes

Photo: JonathanHillyer,
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OLD 2018 IECC CLIMATE ZONES

MO is CZ4-5
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HOW ARE ENVELOPE REQUIREMENTS DETERMINED?

Requirements for building energy
codes are linked to the dominate
climate within a given jurisdiction,
determined by a 30-year average
of local surface observations.

Note: Climate zones change!
Climate zones change! ASHRAE
90.1-2019 & IECC 2021 have
important changes, including a
new climate zone (CZ0) and shifts
in county designations.

Question: Why should you (or a
building owner/operator) care?
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WHAT IS THE BUILDING THERMAL ENVELOPE?

These assemblies can comprise the building thermal
envelope if they separate conditioned from unconditioned
space or outside air

» Roof/Ceiling Assembly

» Wall Assembly

* Vertical Fenestration and Skylights == —1
* Floor Assembly B |

- Slab Edge "

- Below-Grade Wall Assembly — I

5 Southface

WHY THE SCIENCE MATTERS

You can't really appreciate the impact of the building
envelope if you don't understand some basic science
behind it.

We will briefly mention these topics as they relate to
envelope:

* Solar orientation

» Heat transfer (radiation, conduction, convection)
e Thermal mass

» Air pressure (stack effect)

* Moisture flow
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SPACE CONDITIONING CATEGORIES

ASHRAE )

Envelope requirements are specified
by space-conditioning categories
Conditioned space must be:

* a cooled space with a cooling
system sensible cooling output
capacity larger than 3.4 Btu/h-ft* of
floor area

* a heated space with a heating
system output capacity larger than
that specified in table provided

* Or, an indirectly conditioned space

4% Southface

>5
>9
>7
>10
>8
>12
>14
>16

>19

0,1,2
3A, 3B
3C
4A, 4B
4C

0 N O U»n

SPACE CONDITIONING CATEGORIES

ASHRAE )

Separate envelope component requirements apply to three

types of conditioned spaces

* 90.1: Nonresidential — IECC: "All other”

* 90.1: Residential — IECC: "Group R”
* 90.1: Semiheated — spaces are heated, but not to comfort

levels, and not cooled.

(Only if approved by the building official - Uncommon)
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SEMI-EXTERIOR ENVELOPE

- Exterior Envelope
:] Semi-Exterior Envelope

Ventilated Attic Semiheated Storage

Conditioned Space

Unconditioned Ventilated
Space Crawlspace

*IECC does not have a definition for semiheated

4% Southface

SPACE CONDITIONING CATEGORIES

A semiheated space has a heating system with a capacity > 3.4
Btu/h.ft? of floor area but is not conditioned space

Spaces are assumed to be conditioned space and comply with
requirements of conditioned space at time of construction
regardless of whether the mechanical or electrical equipment is
included in the building permit application or installed at that
time

Exceptions:

Space is designated as semiheated or unconditioned and
approved as such by the building official
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COMPLIANCE OPTIONS

* Mandatory provisions

. I Section 5 Building Envelope I
apply to all compliance | sm%seneml |
pa t h Ways I Section 5.2 Deﬁnilion:f Compliance Paths I
° P resc r| pt|ve |S a reC| pe | Section 5.4 Mandftory Provisions |
- N
that you have to follow i || | [Breroycost | [ 5erece
. P':l:c" tive T;‘::leel?g?f E:srel o5t Performance Rating
« Other pathways require —
ene rgy m Od eI | n g | Section 5.?*Submiﬂals |
I Section 5.8 Products I
X
I Section 5.9 Inspection and Verification I
% Southface
INTERMATIONAL
COMPLIANCE OPTIONS - PRESCRIPTIVE e

Building must comply with
» (C402 Envelope

 (C403 Mech
 C404 SWH

C405 Lighting
Plus pick one additional efficiency package
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=
INTERNATIONAL

ADDITIONAL EFFICIENCY PACKAGE OPTIONS e

One additional efficiency feature must be selected to comply
with the IECC

« (C406.2 More efficient HVAC performance, OR

» (C406.3 Reduced lighting power density system, OR
» (C406.4 Enhanced lighting controls, OR

» (C406.5 On-site supply of renewable energy

» (C406.6 Dedicated outdoor air system (DOAS), OR

» (C406.7 More efficient SWH (hot water) OR

» (C406.8 Enhanced envelope performance OR

» (C406.9 Reduced air infiltration

4% Southface

COMPLIANCE OPTIONS - PERFORMANCE

C407 Total Building Performance

* Building energy cost to be less than 85% of standard
reference design building

« (C402.5 Air Leakage

» (C403.2 Provisions applicable to all mechanical

« C404 SWH

« Mandatory Lighting C405.2, C405.3, C405.4, C405.6
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INSULATION - PRESCRIPTIVE REQUIREMENTS

4% Southface S

MANDATORY PROVISIONS - INSULATION

* Insulation must be in substantial contact with
inside surface in a permanent manner

* No loose-fill insulation in attic when ceiling is
steeper than 3:12 slope

« Dams & baffles at eave vents to deflect incoming air
* Recessed equipment — effect on insulation

* Insulation protected from sunlight, moisture,
landscaping operations, equipment
maintenance, and wind

 Stagger joints of multilayered rigid insulation
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TABLE C402.1.3 OPAQUE THERMAL ENVELOPE INSULATION COMPONENT MINIMUM REQUIREMENTS, R-VALUE METHOD?

I 0AND 1

CLIMATE 2 2 4 EXCEPT MARINE 5 AND MARINE 4| & [ 7 F
ZONE | Allother| GroupR| Al other | Group R | Anotner| GroupR| Allother| GroupR| Allother| GroupR| ailother| GroupR| Allother| Grous _.lzl‘_— =
Insulation
entirely R-20¢i R-25ci R-25¢i R-25¢| R25ct | R28a | R-30c R-30¢i R0 | R30a | R30a | R0l R-35¢i R-35ci
avove roof deck
Metal buildi & R-19 « R-19 « R-19 R-19 « R-19 + R-19 « R-19 « R-19 R-19 + R19+ R-25 « R-30 « R-30 « R-30 +
i R-11LS R-11LS R11LS R-11LS R-11LS R-11LS R-11LS R-11LS R-11LS RA1LS R-11LS R-11LS R-11LS R-11LS
AliC and other 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-80 R-50
[vails, above grade
f.'ass' R-5.7ci* R-5.7c R-5.7c R-T.6CI R-T &0 R-9 5¢1 R-9.5ci R-11.4¢1 R-11.4ci R-13.3¢i R-13.3¢1 R-152ci R-152ci R-152a1
I 1 bul R13 + R-13 + R13 + R-13 + R13 + R13 + R-13 + R-13 + R-13 + RA13 + R-13 + R-13 + R-13 + R-13 +
Wetal tulidng R-6.5¢i R-6.5¢ci R-6.5ci R-13ci R-6 501 R-13¢1 R-13ci R-14ci R-14ci R-140 R-14ci R-14ci R-17¢i R-19.5¢i
1etal framea R-13 + R-13 + R-13 + R-13 + RA13 4+ R-13 + R-13 + R-13 + R-13 + RA3+ R-13 + R-13 + R-13 + R-13 +
R-5¢l R-Scl R-5cl R-7.5¢1 R75¢ | R7sc | R75c | R75a | Retoe | Rtoa | Razse| Rezse| Razsa| Rassa
R13+ | R13+ | RA3+ | Ri3+ | R13+ | RI3+
‘Wood framed R-13 + R-13 + R-13 + R-13 + R-13 + R-13 + R-13 + R-13 +
and R-38cior] R-38cior] R-3Bcior R-3.8¢i o R38cior| R3scior] R3seior] R-38ciof R::‘:" R:_;'"“ R:_::'f' R:_:;"‘" ":_25:"‘" R:_:;'f'
other R-20 R20 R-20 R-20 R-20 R-20 R-20 R-20 e | reaan | tEal el ess| i
vaiis, below grade
::':,“"g'm | NR NR ‘ NR NR I NR I NR R7Sc | R0 | RS ‘ R-10ci I R-10ci | R-15¢i J R-15ci I R-15¢i
Floors
Mass® | wnr | wr R-63ci | R-8.3¢i | Rret0c R-10c | m-146ci| R-167ci] R-146ci| Ras7a| R167c| R167c| R208c -20.9¢1
Jostframing | R13 | R43 R30 | R-30 | R0 R-30 R0 [ R0 R-30 R-30 R | R | R3s R-38
diab-on-grade ficors
R10for [ Rastor| Rastor|[ R-1stor| R20ter| R-20t0c| R20tor] R20fr | R-2070r
eated R R R R NR
vihesrd s i N " i 24 below] 247 below| 247 betow] 247 betow| 247below| 24" below| 48°betow| 24 petow| 48° pel
R7Sfor| R7Sfor| RTSfor R10for| R-10for | R-1Sfor | R-aStor] RASfor| RaSfor| RaSfor| R.20for | R-20for | R-20for
heatea sapsa | 127 Betow] 12" betow| 12° beiow R-7.5for 24" below| 24" below| 24" below| 24" betlow| 367 betow| 35 below| 357 below| 487 pelow| 487 below| 45" beiow
Shlad S sRsful| +RStul| +RSun| 12 beiows RStulstan| RSt +RStun] crstn| +rsmun] «rSswn| crSmu| srsmn| sRSM| RSN +RSM
slab slab slab slab siab slab stab stab siab slab sklab stab slab
TABLE C402.1.4 OPAQUE THERMAL ENVELOPE ASSEMBLY MAXIMUM REQUIREMENTS, U-FACTOR METHOD® ©
0AND 1 2 3 e 5 AND MARINE 4 6 T T
MARINE :
CLIMATE ZONE INTERNATIONAL
Al Group All Group All Group Al Group Al Group Al Group Al Group CODECOUNCIL  Group
other R R other R other R oth R other R other R other R
Roofs
[ i
'::';::’: EHcely stoue u-0048| uooss| uooss| uooss| uooss| uooms| uoosz| uooez uoosz| voomw| uoose| uoosz| uoozs| uoozs| uoos| uooz
Metal bulidings u-0035| w0035 u-0035| u-0o03s| uooss| vooas| vooss| uooss] uo0o03s| u-0035| U-0031] U-0029| U-0oze| u-no28| L0026 U002
Altic and other u-0027| woo27| u-ooer| uwozr| uoozr| u-oo27| uoo21| uoo2f uooz21| uoo21| uoo021] voo21| v0017| voo17| Uoor?| Uo7
Wilis, above ﬂﬂﬂl
Mass' u-0151] wo0151| v-0151| u-0128| uo123] v-0104] U004 u-ooof u-0090| u-00so| uooso| uoo71| uoor| uoori| u-oosr| v-oos?
Metal bullding v-0079| uoore| u-oore| u-ore| u-oore| v-oosz] uv-oos2| uoosf u-0oso| u-00s0| uoo0so| u-0050| u-0044| u-n038| u-0038] w0039
Metal framed v-0077| woo077| u-0077| u-0064| uU-0064| u-0064] U-0064| U006l U-0055 U-0055| U-0.049] U-0049] U.0049| u-D042| U-0037| U-0037
Wood framed and other® v-0064| uU-0084| U-0064] u-0064| u.0084| v-0084] v-0064| U006 u-0051| U-0051| u.0051| U-0051| u.0051| u.os1| u-0032] w0032
Whlis, below grade
Below-grade wall® & ) c: g e & c-0113| coosz] co1s| coosz| coose| cooes| co063| c-o00s3| c-0063| cooes
1.140° 1.140% 1.140° 1.140% 1.140° 1.140% : i : = y 3
Floors
u- U-
Mass® oz ogzze | U0107| u-0087| U0074| U0074| U-0057| U05Y U-0057| U005 L0051 U-0051( L0042 L0042 U0038| U003
Joisttraming a :65 & :)‘;. U-0033] w0033 U.0033| U-0033] U-0.033| U003 U-0033| u.Do033| U-0027| w-0027| w0027 u-0027| U-0027| U-0.027
siab-on-grade floors
Unheated slabs For3t| rorae| Foree| Foree| Fo7se| Fose] rFosz| rose| rFosz| Fos1| Fosi| Fosss| Fos1| Foass| Foass] Fosze
Heated slabs F069 F068 F068 F-068 F-066 F066] F-062 F-0.62 F062| F-062 F062 | F-0602| F-0602| F-0602| F-0602| F.0602
PDpaque doors
Nenswinging door wvo3t]| uvost] wvos| ves| uvosr| vos| vos| vos vost| uost]| uvest| uosm| voest| uvos| uwosr] uos
Swinging doord w037 | uosr| wosr| veosr| vosr| uvesr| uvosr| uvosr] uos?| uosr| uvosr| uosr| vosr| uvosr| wosr| uosr
Garage door < 14% glazing®| U031 | wo31| wos1| vo3st| uvoar| uvoz| vost| uos vost| uvosz| vosr| uo3z| voar| uvos| uvosr| uosm




ASHRAE 90.1-2019 e —
ENVELOPE e R L
REQUIREMENTS g Ses tee e wa e me
CLIMATE ZONE 4 i) e e e [

Attic and other u-0.021 R-49 u-0.021 R-48 U-0.034 R-30
Mass U-0.104 R-8.5ck. U-0.080 R-114ci uU-0.580 NR

Metal buiiding U-0.060 R-0+A-158cL U-0.050 A-0+A-19ci. u-n.62 R-13
Stoel-framed U-0.064 R13+R-T5cl U-0.064 R-13+R-7.5ci U0.124  R3
Wood-framed and U-0.064 R-13+R-3Bcl U-0.064 R13+R-3Bcl uopss  Ra3

or R-20 or R-20

‘

Below-grade wall c-0.118 R-7.5¢d. C-0.082 R-10ci. C-1.140 NR

Mass U0057  R-46cl U0051  R67cl U0107  RE3cl
Stoel joist U0038 R3O U003 R3O Uo0s2  RI9
Wood-famedand ~ U-0033  R-30 U003 R30 U00st RS

® g

Unheated F0520  R15for24in. F0520  R-15for24in. F0730 NR

ASHHAE e B e TR A | FEeE
Swinging u-0370 U-0.370 U370
Nenswinging U030 U0.310 U-0.360

ASHRAE

&)

MANDATORY PROVISIONS - INSULATION

» Extent of insulation — full component area

Insulation baffle

Insulation

4-inches ‘ -

1999999,
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ASHRAE )

METAL BUILDING ROOF INSULATION

Most industry experts believe that the space
between the fabric and the panels should be
fully filled with insulation in order to avoid

potential condensation problems.

4% Southface

ASHRAE )

METAL BUILDING ROOF INSULATION

Good - Has thermal spacer
block to slow down thermal
bridging

Better — Has thermal
spacer block and the cavity
is filled with insulation

Diagrams courtesy of North American

Insulation Manufacturers Association (NAIMA)
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INSULATION

INSULATION

45 Southface

Substantial contact?




ENVELOPE MINIMUM REQUIREMENTS

Poor wall HEEEELEEHT T —
insulation : ,
details
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ENVELOPE MINIMUM REQUIREMENTS
Poor wall insulation detail

o
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ENVELOPE MINIMUM REQUIREMENTS
Good wall insulation details

ENVELOPE
MINIMUM
REQUIREMENTS

Good
wall / floor
insulation
details
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HIGH PERFORMANCE WALLS - ICF'S

CONTINUOUS AIR, THERMAL
& MOISTURE BARRIERS

* |ICF's are resource
efficient & reduce waste

» Cost effective alternative
to light gauge steel

* 40% recycled fly ash and

slag to “green” the
concrete

4% Southface

ROOFS
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UNACCEPTABLE ROOF DESIGN

mm—
INTERNATIDNAL
(CODE COUNCILC

Batts over suspended ceiling tiles

Poor pressure boundary caused by \/\/\
tile grid, porous tiles, lighting vent

holes

Poor durability — maintenance
disrupts batts, exposure to
fiberglass dust

Many thermal breaks

due to ductwork, light fixtures, - <
grid and support wires _—
I~ —1
4% Southface -

SUSPENDED CEILINGS

The roof insulation shall not be installed on a suspended ceiling with removable ceiling panels.

==
INTERRATIDNRAL
COUNCIC

45 Southface —




GOOD ROOF DESIGN

INTERNATIDNAL
CODE COUNCIL

Insulation above hard ceiling

Example: taped gypsum; similar
to residential construction
Ductwork is inside but must limit
and seal HVAC, plumbing, and
electrical penetrations through
pressure boundary

Thermal bridging from metal
roof trusses

4% Southface

BETTER ROOF DESIGN

Spray foam insulation against
underside of roof deck

Minimal thermal breaks and
continuous pressure boundary

HVAC equipment and ductwork
located within

* Good durability
* Preferred for retrofits

45 Southface




CASE STUDY - PRESCHOOL

underside of roof deck
(+ new lighting fixtures)

HVAC load reduced 33%

-
a

Sprayed foam to R20 against

T fr)
LN <
. el o
P \
v Y _,,/ 1

ASHRAE ) 85NN

INTERNATIDNAL
CODE COUNCIL

BEST ROOF DESIGN

Rigid insulation above roof deck

No thermal breaks and continuous ]
pressure boundary

INTERNATIDNAL
CODE COUNCIL

HVAC equipment and ductwork ——
located within conditioned space -

Good durability -

45 Southface S




INSULATION ABOVE ROOF DECK

* |nsulation considered continuous

« Continuous insulation board to
have > 2 layers and the edge
joints between each layer shall
be staggered.

4% Southface

PEACHCREST COMMUNITY CENTER

N s
.
- -
~ X W
Ay

S

-y

45 Southface _
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HYBRID INSULATION APPROACHES

Vaulted unvented attic - Option 1

roofline air-permeable insulation / Air impermeable
| {e.g., fiberglass, cellulose insulation) insulation continuous above
rafters (e.g. rigid foam board)
combined with air-permeable

Air impermeable insulation
insulation (e.g., fiberglass,

(e.9. rigid foam board) ' o cellulose insulation)

Roofing felt

.

il

IV

R-5 minimum in
climate zones 2 & 3
R-15 minimum in
climate zone 4

Roofing felt

Option 2 ™=
Air impermeable

insulation between
rafters (e.g. rigid foam

Air-permeable
insulation
(e.g.. fiberglass,

N’A!I!I!I!I!I!I!mu;rm s

insulation) R-20 minimum if

cellulose insulation) board or spray foam) combined with trade-offs are used (Georgia
R-20 n'l_inimum if trade-offs are used air-permeable insulation (e.g., fiberglass, requirements)
(Georgia requirements) cellulose insulation)
5.3. Where preformed insulation board is used as the air-impermeable insulation layer, it shall be sealed at the perimeter of each
* Southface individual sheet interior surface to form a continuous layer. 5
0
IRC
To reduce risk of TABLE R806.5
con d en Sat|0 n, INSULATION FOR CONDENSATION CONTROL
install a certain o
amount of “air- I %
im permea b | e” 2B and 38 tile roof only 0 (none required)
H H 1,2A, 28, 3A, 3B, 3C R-5
insulation before il
. . AC R-10
using an air- 48,48 R-15
n
permeable 5 R20
product in an 8 R25
unvented roof ! o
8 R-35
assembly
& Contributes to but doas not supersede the requirements in Section N1102
b. A ly. suffi ntinuous i shall be Installed directly above the structural roof sheathing to maintain the monthly average
temperature of the underside of the structural roof sheathing above 45°F (7°C). For calculation purposes, an interior air temperature of 68°F (20°C) is
assumed and the exterior air temperature is assumed 1o be the monthly average outside air temperature of the three coldest months. Al
45 Southface
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INTERNATIDNAL

ASHRAE ) %
==

HIGH ALBEDO ROOFS

Required in climate zones 0-3
(not required in CZ4-5 but still a good idea!)

TABLE C402.3
MINIMUM ROOF REFLECTANCE AND EMITTANCE OPTIONS?

Three-year aged solar reflectance® of 0.55 and 3-year aged thermal emittance® of 0.75

Three-year-aged solar reflectance index? of 64

a. The use of area-weighted averages to comply with these requirements shall be permitted. Materials
lacking 3-year-aged tested values for either solar reflectance or thermal emittance shall be assigned both
a 3-year-aged solar reflectance in accordance with Section C402.3.1 and a 3-year-aged thermal emittance
of 0.90.

b. Aged solar reflectance tested in accordance with ASTM C1549, ASTM E903 or ASTM E1918 or CRRC-1
Standard.

¢. Aged thermal emittance tested in accordance with ASTM C1371 or ASTM E408 or CRRC-1 Standard.

d. Solar reflectance index (SRI) shall be determined in accordance with ASTM E1980 using a convection
coefficient of 2.1 Btu/h - ft2-°F (12W/m?- K). Calculation of aged SRI shall be based on aged tested values
of solar reflectance and thermal emittance.

4% Southface

ASHRAE )

TABLE 5.5.3.1.1 — INCREASED ROOF INSULATION VALUES

Nonresidential Residential

Opague Assambly Insulation Assembly Insulation
Elements Maximum Min. R-Value Maximum Min. R-Value

Insulation antiraly uU-0.027 R-36 c.i. U-0.027 R-36 c.l.
above deck

Matal buildings U-0.028 R-35

Insulation antiraly U=0.030 R-33 c.i. U-0.029 R-34 cl.
above deck

Metal buildings U-0.028 R-35

45 Southface




URBAN HEAT ISLAND EFFECT

4% Southface

ROOF OPTIONS - IRMA

Inverted Roof Membrane Assembly
* Membrane is covered by insulation
* Insulation is protected from sun
(concrete or vegetated)
» Result is extended life of roof membrane

45 Southface
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VEGETATIVE ROOFS En o

* Reduces heat island

* Insulates

 Extends life of roof membrane
* Absorbs storm water

E—

il




AIR BARRIER

4% Southface -

ASHRAE )

CONTINUOUS AIR BARRIER

Continuous air barrier required except in:

« Semiheated spaces in climate zones 0-6

* Single wythe concrete masonry buildings in climate zone 2B
The air barrier shall be designed and noted

 Air barrier components identified or noted in construction
documents

* Joints, intersections, and penetrations of air barrier components (incl.
lighting fixtures) detailed

* Air barrier must extend over all surfaces of building envelope at
lowest floor, exterior walls, and ceiling or roof

« Designed to resist positive and negative pressures from wind, stack
effect, and mechanical ventilation

45 Southface ~




AIR BARRIER MATERIALS

ASHRAE )

Materials that have an air Mtera inimom)
permeance not exceeding 0.004 Plywood Yo
Cfm/ftz Under a preSSU re Oriented strand board 3/8in.
differential of 0.3 in. of water Extruded polystyrene insulation board Yain.
(1 57 psf) when tested in Foil-faced urethane insulation board Yain.
accordance Wlth ASTM E21 78 Exterior gypsum sheathing or interior gypsum board Yain.
The following materials meet Cement board il
X Built up roofing membrane

these req uirements: Modified bituminous roof membrane

Single-ply roof membrane

A Portland cement/sand parge, stucco, or gypsum plaster Yain.

Cast-in-place and precast concrete

Sheet metal

Closed cell 2 Ib/ft3 nominal density spray polyurethane foam 1in.

4% Southface

AIR BARRIER INSTALLATION

The followinE areas are to be wrapped, sealed,
caulked, gasketed, or taped:

* Joints around fenestration and door frames
(both manufactured and site-built)
* Junctions between walls
* And foundations
At building corners
* And roofs or ceilings
* Penetrations for roofs, walls, and floors
* Building assemblies used as ducts or plenums
» Joints, seams, connections between planes,

and other changes in continuous air barrier
materials

45 Southface
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RECESSED EQUIPMENT

Lighting fixtures; heating, ventilatin?, and air-conditioning equipment,

including wall heaters, ducts, and plenums; and other equipment shall

no;c be recessed in such a manner as to affect the insulation thickness

unless:

a) the total combined area affected (including necessary clearances) is
less than 1% of the opaque area of the assembly,

b) the entire roof, wall, or floor is covered with insulation to the full
depth required, or

c) the effects of reduced insulation are included in calculations using an

area-weighted average method and compressed insulation values
obtained from Table A9.4.3.

In all cases, air leakage through or around the recessed equipment to
the conditioned space shall be limited in accordance with Section 5.4.3.

4% Southface

INTERNATIONAL

RECESSED LIGHTING et

All recessed luminaires installed in

the building thermal envelope must

be IC rated and have the following: Non-IC Rated IC-Rated

» Sealed with gasket or caulk : B .
between housing and interior " ’
wall or ceiling covering

* Labeled in accordance with ASTM
E 283 to allow <2.0 cfm of air
movement between conditioned
and unconditioned spaces

45 Southface




MAJOR AIR LEAKAGE LOCATIONS

 Cavities above suspended ceilings

* Plenum return spaces (Highly
depressurized)

» Ventilated walls
* Equipment tunnels and chases
* Mechanical rooms and mezzanines

« Unconditioned adjacent space (storage,
plant, warehouse, etc.)

4% Southface

AIR SEALING IS MANDATORY

Roof leak or something else?
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NO OR POOR QUALITY AIR SEALING

4% Southface

ASHRAE )

GETTING BETTER

45 Southface




HOW TO ASSESS AIR SEALING

Sometimes behind
a drop ceiling.

4% Southface

VERIFYING AN ENERGY EFFICIENT BUILDING ENVELOPE

Blower Door Testing - Recognized by IECC
* Prove Air Sealing

* Envelope Integrity
ELR, = CFM,,

C402.5 Air leakage—thermal envelope (Mandatory). The She ” area
thermal envelope of buildings shall comply with Sections

C402.5.1 through C402.5.8, or the building thermal envelope

shall be tested in accordance with ASTM E 779 at a pressure E LR < 0. 40
differennal of 0.3 inch water gauge (75 Pa) or an equivalent 75—
method approved by the code official and deemed to comply
with the provisions of this section when the tested air leakage
rate of the bmlding thermal envelope 15 not greater than 0.40
cfm/f* (0.2 L/s - m’). Where compliance 15 based on such
testing, the building shall also comply with Sections
C402.5.5 C402.5.6 and C4025.7.

45 Southface




ENVELOPE LEAKAGE

RATIO @ 75 PA

“"ELR75" - A

BETTER METRIC

* Leakage occurs through

shell of building (not

Building Thermal Envelope

The building thermal envelope is the portion of the building
envelope that is comprised of the continuous air barrier and
insulation and separates conditioned space from
unconditioned space

Example Calculation
A 7,600 square foot building (First floor: 3,600 square feet

and second floor: 4,000 square feet) has a shell area of 13,920 square feet. The blower door test measures a flow of 3,340

CFM,s.

What is the Envelope Leakage Ratio at 75 Pa?

ELRys is calculated by dividing the measured CFMys by the total shell area of the envelope.

Shell Area = 4000ft? + 4000ft? + 5920ft = 13,920ft>

100 '
'
'
through V0|ume) ‘ BD Fan Flow Measurement = 3,340 CFMs ’ ¢
* Normalizing leakage at 1
. _ CFMy 10
75Pa (03 N WC) based ELR;s = grorren
on shell area is most rin. _ 340CEM ) .
. 7 13,920 sf SRR
common for commercial
e o 12" .
ELR;s = 0.24
b U | |d | n g S Envelope passes program requirement and earns additional points e 90’
40
4% Southface
Reporting Pressure (Pa) 78 -
0004~ Test to View [tast | -
Boon:
f"“" Test 1: Depressunzation
< ::z: Airflow at 76 Pascals
- 9150 cfm +- 1.0 %
< anop Range: 9067 to 8243
2 s U160 CFM @ 75(sq 1t (0.159 1o 0.162)
3 Leakage Areas
R, EQLA (10 Pa) = 716.6 in2 +}- 2.6 %
ELA (4 Pa) = 426 5in2 +/- 4.1 %
4 10 20 30 40 50 60 700
Erwelope Prassure (Fa) Building Leakage Curve
Coef. (C) = 6395 ofm/Pa™n +/ 6.3 %
Exponent (n) = B16 +/- 0,016
Labal [Baze?  [stan Jena [nobs |20 Pressu| Total Flow -] G ion Coef, (r} = 98929
pra deprast True SE71 5686 116 1% Corr Coel Squared (1°2) = 99857
J5Fa Falsa a4 1443 30 75 06
J0Fa Falsa 1489 498 30 54994
0Fa Enlse [ED 30 59,98 View | Edit Test Details
E5Fa2 Falsa nrs 30 65 08
L5Fa Falsa 9% 9225 30 55 06
S0Pm Enlse 9244 927 28 29,76 Export to Tectite
~45Fn Falsa 706 aml zn =44 05 Expro‘j'j...
=40Fn Falsa 931 267 an ar
-15Fn False 9390 9419 30 B USACE Report
=J0Fa Falss 9476 503 zn 299 -

45 Southface

Copy Data Table to Clipboard
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BONUS - REDUCED AIR INFILTRATION sty

Air infiltration verified by whole-building pressurization test

* Per ASTM E779 or ASTM E1827

* By an independent third party
Measured air-leakage rate not to exceed 0.25 cfm/ft?> under pressure
differential of 0.3 inches w.c. (75 Pa), with calculated surface area the
sum of above- and below-grade building envelope
Submit report to code official and building owner, including: tested
surface area, floor area, air by volume, stories above grade, and leakage
rates
Exception: Buildings over 250,000 ft? of conditioned floor area don't
need testing on whole building, can test representative above-grade
sections. Tested areas to total not less than 25% of conditioned floor
area and tested per C406.9

4% Southface -

BUILDING ENVELOPE

Case Study Overview
* Dining Hall
0 One Story; 4,615 sf;
climate zone 3A

o SFBE 14,668 sf: CMU
with brick veneer

* House of Worship
0 One Story; 12,864 sf;
climate zone 3A
o SFBE 36,845 sf; metal stud
with EIFS

45 Southface -




BUILDING ENVELOPE

Findings of Case Study
* Dining Hall

o VE effort to save on materials led to
increased cost and time on new
envelope solution

o Following manufacturer material
installation recommendations did not
always happen

4% Southface

BUILDING ENVELOPE

45 Southface




BUILDING ENVELOPE

Findings of Case Study
* House of Worship

o Designate materials that will act as air
barrier
o Create material transition location

details to link one air barrier material
to the next

4% Southface

BUILDING ENVELOPE

Case Study Findings

* |nline Retail

0 Envelope Transitions

45 Southface




UTILITY CHASE

4% Southface

HOW TO GET FOG IN THE RIGHT PLACE

45 Southface




RTU ENVELOPE PENETRATIONS

4% Southface

RTU ENVELOPE PENETRATIONS

45 Southface

DETAIL AT  ROOFTOP UNIT CURB

Wall and roof
penetration require
sealing at curb and
equipment




ROOF MEMBRANE CONNECTIONS

4% Southface

PARAPET LEAK

45 Southface
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LOADING DOCK WEATHERSEALS Ll

Cargo and loading door openings must be equipped with
weatherseals to restrict infiltration and provide direct contact
with vehicles along top and sides

Photos Courtesy of PNNL and DOE

LOADING DOCK WEATHERSEALS

ASHRAE 90.1 2019 IECC 2021
Exception — Climate zones No exceptions for warmer
1-3 climate zones.

ASHRAE

45 Southface _
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VESTIBULES

Required for both codes with
many exceptions

The taller the building, the greater
the need for vestibules

Both codes vary greatly on
requirements based on zones and
other inputs

I. Positive pressure

y ﬂ\, (with reference to outside)

Negative pressure
(with reference to outside)

4% Southface
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VESTIBULES

Vestibules must have
» Self-closing doors

* Interior and exterior doors not open at
the same time wa—
- Distance between interior and exterior doors not < 7 ft Emelope _
when in closed position

* Floor area of each vestibule to not exceed the greater of
50 ft° or 2% of the gross conditioned floor area for that
level of the building

« Exterior envelope of conditioned vestibule comply with

Main
Building 0 Building
Requirements

|, — o
Vestibule with 7
Heating or Coeling | Minimum
Equipment |

- )\

Seli-closing
Doors

Main

ildi Semi-Heated
Bulding  Biding
Envelope

conditioned space requirements e e ],
. - L. . uilding Heating or Cooling § Minimum
* Interior/exterior envelope of unconditioned vestibule | ]
comply with semiheated space requirements spesia)

Doors

45 Southface




VESTIBULES DETAILS

Building entrances shall be protected with an enclosed
vestibule, with all doors opening into and out of the
vestibule equipped with self-closing devices. Vestibules shall
be designed so that in passing through the vestibule it is not
necessary for the interior and exterior doors to open at the
same time. The installation of one or more revolving doors in
the building entrance shall not eliminate the requirement
that a vestibule be provided on any doors adjacent to
revolving doors.

4% Southface

CODE COUNCIL

VESTIBULES EXCEPTIONS

N —

W

o w

45 Southface

Buildings in Climate Zones 1 and 2.

Doors not intended to be used by the public, such as doors to mechanical
or electrical equipment rooms, or intended solely for employee use.

Doors opening directly from a sleeping unit or dwelling unit.

Doors that open directly from a space less than 3,000 square feet (298 m?)
in area.

Revolving doors.

Doors used primarily to facilitate vehicular movement or material handling
and adjacent personnel doors.

Doors that have an air curtain with a velocity of not less than 6.56 feet per
second (2 m/s) at the floor that have been tested in accordance with
ANSI/AMCA 220 and installed in accordance with the manufacturer’s
instructions. Manual or automatic controls shall be provided that will
operate the air curtain with the opening and closing of the door. Air
curtains and their controls shall comply with Section C408.2.3.
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90.1 - VESTIBULES EXCEPTIONS

* Non-entrance doors or doors opening from dwelling unit
* Building entrances with revolving doors

» All building entrances in climate zones 1 and 2 OR
in buildings in climate zone 3 < 4 stories and < 10,000 ft? in gross
conditioned floor area OR
in blﬂjildings < 1000 ft2 in gross conditioned floor area in climate zones
0 and 4-8

« All doors that open from spaces < 3000 ft? and separate from building
entrance

« Semiheated spaces

» Enclosed elevator lobbies for building entrances directly from parking
garages

4% Southface
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90.1 VESTIBULES FOR LARGE SPACES

Vestibules opening into large conditioned spaces (large retail)

 spaces having a gross conditioned floor area for that level
of the building of 40,000 ft> and greater,

« and when the doors opening into and out of the vestibule
are equipped with automatic, electrically driven, self-
closing devices, the interior and exterior doors shall have a
minimum distance between them of not less than 16 ft.
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2022 MISSOURI ENERGY CODE ENVELOPE QUIZ

[NTERNATIONAL
CODE COUNCILC

A 3 story 25,000 ft? office building is located in CZ4. The
primary public entrance doors open into the main lobby
which is 4000 ft? and has a centrally located security desk;
each hallway off this lobby has double swinging doors.

Is this building required to
have a vestibule?

4% Southface

SECTION 6 - 6.4.3.9
HEATING AND COOLING IN VESTIBULES

Include automatic controls to
shut off heating system when
* OA temps are > 45°F

. A;so controlled by a thermostat in the vestibule with setpoint limited to maximum
of 60°F

Note: a single heating thermostat in the vestibule limited to 45°F would meet the
requirements

Shut off vestibule cooling system when

+ Controlled by a thermostat in the vestibule with setpoint limited to minimum of
85°F

Exceptions, vestibules:
* heated or cooled by site-recovered energy
» tempered with transfer air that would otherwise be exhausted
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CONDITIONED VESTIBULES?

FENESTRATION
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FENESTRATION PRODUCT RATING

How Do You Meet the Requirement?

» Fenestration product rating in
accordance to NFRC 100 (Windows,
Doors, Skylights)

» Labeled and certified by the
manufacturer
« Non-NFRC 100 rated fenestration

* Default Glazed Fenestration U-factor Table
C303.1.3(1)

4% Southface

ENERGY PERFORMANCE RATINGS

UFactes 1 SAP, T ol Went Cain Coeficion

0.35 0.32

ADDITIONAL PERFORMANCE RATINGS
Foubie aveve e T A | maage 1140

as1liliok:

Candvrwstor kewtarcn
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NATIONAL FENESTRATION RATING COUNCIL
LABEL CERTIFICATE

PRODUCT LISTING

LABEL CERTIFICATE ID: XYZ-001 Issuance Date: mmiddiyyyy

NFRC CERTIFIED PRODUCT RATING INFORMATION:*
The NFRC Certified Product Rating Information listed hera is fo be wsed to verify that the ratings meet appicable energy

code requirements.

PRODUCT LISTING:
ng
at NFRC
Maodel Size
CPDID | Total Area Mame: Framing Ref | Glazing Ref | Spacer Rel u SHGC™ T
4 = =
#‘P
(PPLOW | 0965 | PL22007PL2210 | FAPL22I0 | GATT-001 | SAAMOOI | 053 | 058 | 080
P-PL-005 19287 | PL-3400/ PL-3401 F.I-PLW | GATT-001 | SA-AM-002 0.56 0.57 0.85
PPLOI2 | 39222 | PLST00/PLET20 | FAPLSTZD | GATO002 | SAAM001 | 052 021 030
PPLOD2 | 6000 | PLI0O/PL1ISZ | FAPLTISZ | GATT-001 | SAAM001 | o042 | 081 | o062
| PPLO22 52600 PL-8600 / PLESIS | FAPLSSIS | GA-TODDD | SA-AM-002 045 0.15 0.19
FRAME, GLAZING and SPACER ASSEMBLIES:
FRAMING LISTING:
FRAMING REF SUPPLIER ID DESCRIPTION
FA-PL210 “Single Casement Thermally Broiken Aluminum
FA-PLMI Projecting {Awring) Thermally Braken Aluminum
FA-PLST20 Vertcal Siider PUC reinforced with Steel
FA-PLI1SZ Vertical Sider Theemally Broken Aluminum
FA-PLIB1S Fixed Thermally Broken Aluminum
GLAZING LISTING:
[ ctaznc rer SUPPLIER 10 DESCRIPTION
GATT000 1" Double Giazed, 114" HC Low-e, 1/4” Clear, Argon (80%), 12 gep
GATT-002 1" Triple Glazed, 1/ Clear, Coated lim U/FSC, Argon (90%), 3 gap
GATT-003 1 Double Glazed, 144" Bronze, 14" SC Low-a, Argon (80%), 12” gap.
SPACER LISTING:
SPACER REF SUPPLIER ID DESCRIPTION
SAAM-DOY 250F Mill Finish Auminum Low profle (112
S AN-D0Z 154 Potymes Spacer (38
10 2000 National Fenestration Raling Coundil Page2of3

All rights reserved

.'I-mn— Y




ENERGY PERFORMANCE OF GLAZING

Fenestration Terminology

U-Factor Solar Heat Gain Air Leakage Visible Light
Coefficient Trasmittance
(SHGC) (VLT)
4% Southface

ASHRAE FENESTRATION REQUIREMENTS FOR CZ4

‘ Nonresidential Residential Semiheated

‘ Assembly Assembly Assembly
Assembly | Assembly | Min. Assembly‘ Assembly | Min. Assembly | Assembly | Min.

Fenestration Max. U | Max. SHGC| VTISHGC | Max. U Max. SHGC | VIISHGC | Max. U Max. SHGC| VTISHGC
 Vertical Fenestration, 0% to 40% of Wall | |
Fixed 0.36 0.36 1.10 0.36 0.36 1.10 0.50 NR NR
(for all (for all (for all (for all
Entrance door 0.63 0.33 0.63 0.33 0.77
 Slyight, 0% to 3% of Roof

All types 0.50 0.40 NR 0.50 0.40 NR 0.75 NR NR




---i
INTERNATIDRAL

IECC FENESTRATION REQUIREMENTS EO0CONEE

TABLE C402.4 BUILDING ENVELOPE FENESTRATION MAXIMUM U-FACTOR AND SHGC REQUIREMENTS

CLIMATE ZONE OAND 1 2 3 4 EXCEPT MARINE 5 AND MARINE 4 [ ¥ ]
Vertical fenestration
U-factor
Fixed fenestration 0.50 045 042 0.36 0.36 0.34 0.29 026
Operable fenestration 0.62 060 0.54 0.45 0.45 042 0.36 0.32
Entrance doors 0.83 orr 0.68 0.63 0.63 0.63 063 063
S5HGC
Fixed | Operable | Fixed| Operable | Fixed| Operable Fixed Operable Fixed | Operable | Fixed| Operable | Fixed| Operable | Fixed| Operable
PF<02 023 021 025 023 0.25 0.23 0.36 0.33 038 0.33 0.38 034 0.40 0.36 040 0.36
02<PF<05 028 0.25 0.30 028 0.30 028 0.43 0.40 046 0.40 0.46 0.41 0.48 043 048 043
PF205 037 034 0.40 037 0.40 0.37 0.58 0.53 061 053 0.61 0.54 064 0.58 064 0.58
Skylights
LUfactor 0.70 065 0.55 0.50 0.50 0.50 044 o4
SHGC 0.30 0.30 0.30 0.40 0.40 040 NR NR

NR = No Recuirement. PF = Proiecbon Facior

ASHRAE )

FENESTRATION PRODUCT RATING

Table AB.2 A bly U-Factors, A bly SHGCs, and Assembly Visible Transmittances (VTs)

» Unlabeled for Unebaed Vrtou
. . Unlabeled Vertical Fenestration
feneStratlon IS Clear Glass | Tinted Glass

re q u i re d to u S e Frame Type Glazing Type U-Factor SHGC VT U-Factor SHGC
All frame types Single glazing 1.25 0.82 0.76 1.25 0.70 0.58
th e d efa u It U - Glass block 0.60 056 056 NA NA NA
f t d Wood, vinyl, or Double glazing 0.60 0.59 0.64 0.60 0.42 0.39
fibergl f
a C O r a n e Triple glazing 0.45 0.52 0.57 0.45 0.34 0.21
S H G C Va I u e S . xrl:;awn:;mr Double glazing 0.90 0.68 0.66 0.90 0.50 0.40
Triple glazing 0.70 0.60 0.59 0.70 0.42 0.22

» Those values are very poor and will not comply with the
prescriptive compliance path.
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MAXIMUM AREA

roof area.
responsive lighting controls

4% Southface

Fenestration: All areas (including frames) that let in light,
including windows, plastic panels, clerestories, skylights, glass
doors that are more than half glass, and glass block walls

The vertical fenestration area shall not be greater than 30
percent of the gross above-grade wall area.

The skylight area shall not be greater than 3 percent of the gross

 Can increase skylight area to 5 percent with the use of daylight

In Climate Zones 1 through 6,
not more than 40 percent of
the gross above-grade wall
area shall be permitted to be
vertical fenestration, provided
all of the following
requirements are met:

45 Southface

INCREASED FENESTRATION AREA
1.

INTERNATIONAL
CODE COUNCIL

1-2 story buildings - At least 50
percent of the net floor area is
within a daylight zone.

3 stories or more - At |east 25
percent of the net floor area is
within a daylight zone.

Daylight responsive controls
comp yinP with Section C405.2.3.1
are installed in daylight zones.

Visible transmittance (VT) of
vertical fenestration is not less
than 1.1 times solar heat gain
coefficient (SHGQ).




ASHRAE )

MAXIMUM AREA

Fenestration: Skylights, roof windows, vertical windows (fixed

or moveable), opaque doors, glazed doors, glazed block, and

combination opaque/glazed doors

» The vertical fenestration area shall not be greater than 40
percent of the gross above-grade wall area.

» The skylight area shall not be greater than 3 percent of the
gross roof area.

 Can increase skylight area to 6 percent with the use of daylight
responsive lighting controls

4% Southface

PERCENT GLAZING AREA EXAMPLE

Glazing Example
% Glazing = Fenestration Area / Gross Wall Area

What is the % Glazing for a 100'x150" building with 20" high
walls and 3,000 sq ft of windows and glass doors?
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MAXIMUM SKYLIGHT AREA

IECC ASHRAE

Can increase skylight area from 3 Can increase skylight area from 3
percent to 5 percent with the use of percent to 6 percent with the use of
daylight responsive lighting controls  daylight responsive lighting controls

4% Southface

90.1 DAYLIGHTING DETAILS

5.5.4.2.2 Max. Skylight Fenestration Area
« Total skylight area shall not exceed 3% of gross roof area
* May go to 6% of gross roof area provided design meets all criteria
5.5.4.2.3 Minimum Skylight Fenestration Area
+ for any enclosed space in a building (all of the following):
0 >2,500 sq. ft.
o Directly under a roof with ceiling heights greater than 15 feet
o One of the following space types: office, lobby, atrium, concourse, corridor, warehouse, gym,

convention center, courtroom automotive service, fire station engine room, manufacturing, retail,
library, distribution/sorting, transportation baggage and seating, or workshop

* Minimum 50% of floor area is daylit area and either: Exceptions to Section 5.5.4.2.3

o Provide skylight to daylight area of 3% and VT of 0.4 1. Enclosed spaces in Climate Zones 6 through 8 _
.. . . 2. Enclosed spaces where 1t 15 doc i that T or natural objects block
o Minimum skylight effective aperture of 1% direct-beam sunlight on at least half of the roaf over the enclosed space for more than 1500
. daytime hours per year between 8 am and 4 pm.
° Many exceptlons based on LPD’ Space typer 3. Enclosed spaces where the daylight area under roof monitors 1s greater than 50% of the
and side daylighting enclosed space floor acea.

4. Enclosed spaces where it is documented that 90%s of the skylighr area is shaded on June 21
mn the Northem Hemusphere (December 21 in the Southern Henusphere) at noon by perma-
nent architectural features of the building.

5. Enclosed spaces where the total area nunus the primary sidelighted area and secondary
sidelighted area is less than 2500 fi? and where the lighting is dled ding to side-

* smﬂhface hghting requirements described i Section 9.4, 1.1(¢).




BREAKOUT QUESTION

A retail "big box” store in KC has a total
floor area of 50,000 ft? and a ceiling height of 25 ft.

What is the minimum area (ft?) required for the “daylight zone" in
this building (from skylights or other)?

What is maximum % of skylight area allowed?

4% Southface

PROJECTION FACTOR (PF)

The ratio of overhang projection divided
by height from windowsill to bottom of
overhang (must be permanent)

PF=8/11=0.73

ForS, E or W glazing
SHGC multiplier (from
next slide) = 0.51

If glass SHGC = 0.48, it effectively PF=A/B
becomes 0.24 due to overhang




SHGC MULTIPLIERS

SHGC Multiplier Vertical fenestration that is north
oriented shall be permitted to have
an SHGC equal to or less than the

Projection Factor (South, East, and
West Orientations)

otoo.10 1.00 .
area-weighted average SHGC of the
>0.10 t0 0.20 0.91 .
south-east-, and west-oriented
>0.20t0 0.30 0.82 cal f . bef
OO 0.74 vertlca. enestration beftore any
reductions made for permanent
>0.40 t0 0.50 0.67 . . . !
projections in Exceptions 1 and 2 of
>0.50 t0 0.60 0.61 .
50,600 0.70 056 Section 5.5.4.4.1.
=) >0.70t00.80 0.51
>0.80t0 0.90 0.47
>0.90 t0 1.00 0.44 No credit for overhangs on North glazing
#5 Southface

///// Must be permanent!

= Southface




FENESTRATION ORIENTATION

Area of vertical fenestration on
east and west facades may not
exceed 25% of total area of
vertical glazing with some
exceptions for permanent

shading

4% Southface

SECTION 5.5.4.6: VT/SHGC RATIO

45 Southface

Where automatic daylighting controls are required, the
Visible Transmittance / SHGC ratio shall be > 1.1

Exceptions to Section 5.5.4.6

1

b2

Lh

A light-to-solar-gain ratio (LSG) of not less than 1.25 is allowed to be used as an alterna-
tive to FT/SHGC. When using this option. the center-of-glass FT and the center-of-glass
SHGC shall be determined in accordance with NFRC 300 and NFRC 301. determined by
an independent laboratory or included in a database published by a govemment agency,

and certified by the manufacturer.

Fenestration not covered m the scope of the NFRC 200.

Enclosed spaces where the daylight area under roof monitors 1s greater than 50% of the
enclosed space floor area.

Enclosed spaces with skylights that comply with Section 5.5.4.2.3

Enclosed spaces where the sidelighting effective aperture 1s greater than or equal to 0.15.

6. For dynamic glazing. the VI/SHGC ratio and the LSG shall be determined using the maxi-

mum VT and maximum SHGC. Dynamic glazing shall be considered separately from other
Jfenestration, and area-weighted averaging with other fenestration that 1s not dynamic glaz-
ing shall not be permutted.




ENERGY CODE TRAINING
BUILDING ENVELOPE TRADE OFFS

https://vimeo.com/169382048/c973625071

Commercial Envelope Part 2
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Warehouse

(WH) r

SWEET NEW - USING COMCHECK

Training Center

(10)
Review pdf of SWEET NE
_EI OpenOffice |  w
| wo |, + N
. I:‘—"ﬂ ——l E
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EAZEE BUILDING COMCHECK
ENVELOPE HW PROBLEM

Small 10’ Strip Retail Building

East Wall: R-19 2x6, 16" o.c. all metal curtain-wall
glazing is on the Front (East) facade and shaded by a 6’
overhang (500 s.f.)

 East Glazing 410 sf U-0.36, SHGC-0.44, VT-0.50

» East Glass Entry 40 s.f. U-0.31, SHGC-0.38, VT-0.50
South Wall: 8" CMU's - adjacent “interior” (700 s.f)
North Wall: 8" CMU’s with R-10 c.i. (700 s.f.)

West Wall: 8" CMU’s with R-10 c.i. (500 s.f)
Rear Opaque Doors 80 s.f. U-0.32

Front Faces East

Adjacent Retail (conditioned space)

Enter the building dzmgnstons zntq . INSTRUCTIONS |
COMCheck and locate it in your city in MO. Enter all envelope surfaces into COMCheck o
Slab on grade, R-10, Ceiling R-30 continuous above 9 ;

. L2 . -, | Use 90.1-2019 or IECC 2021 as code. 6
roof decking. Select/adjust insulation values that will .

X Account for overhang shading front glass
make it pass 90.1-2019 . o 1'1
Adjust wall R-values, etc. until design passes

4% Southface

CONCLUSION

Go to www.energycodes.gov and pull up COMCheck web
— establish a user’s account & feel free to play with it
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