The Latest & Greatest in Energy Codes:
What's in the 2012 IECC that’s

Not in the Old Code?

...and who'’s doing what with this code?
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Nerd Humor ¥ Southface

Einstein, Newton, and Pascal are hanging out one afternoon.

Einstein is bored, so he suggests, "Let's play hide-and-seek. I'll be it!"

The others agree, so Einstein begins counting. “"One... Two... Three...”

Pascal runs off right away to find a place to hide.

But Newton merely takes out a piece of chalk and draws a mid-sized square.

He finishes and steps into the square just as Einstein shouts,

"Ready or not - here | comel”

Einstein looks up and immediately spots Newton standing right in front of him.

He says, "l found you, Newton!"

Newton replies, “No, you found one Newton per square meter - You found Pascall”




About Southface 4 Southace

Southface promotes sustainable homes,
workplaces and communities through
education, research, advocacy and
technical assistance.

Matching Quiz:
] 2Q * Drinks lots of water; pees frequently
* Mike + Jumped many times out of airplanes
o Ray * Dog ate poison and vomited profusely
* Trained many HERS Raters
* Both Y

* Won’t eat veggies (drinks them in smoothies)
* Neither * Helped Andrew Young change pants
Built lots of Habitat houses
Dated Miss Alabama contestant 19xx

Status of Adopted Energy Codes % Southface

Current Residential Building Energy Code Adoption Status

[ ] American Samoa

[ Guam

[ IN. Mariana Islands

[ Puerte Rico ™ —_——

[ U5, Virgin Islands EREECY CORPLE AT RN
e

ECC

IIIIECCZCHZ. equivaient or mere -IECCZOQQ. equivalent or mere energy efficient -\ECG 2006, squivalent or mere energy efficent
enargy afficient
o EI |ECC 2003, equivalent or less ensrgy efficientt He Statewide Code

* hdopted new Code to be effective at a later date As of January 2013




IECC: 2012 vs. 2009

Summary of Changes to IECC 2012

* Major changes

» Consolidated with IRC energy chapter
(actually a change to the IRC, not the IECC)

* Mandatory whole-house pressure test and
thermal envelope checklist

* More stringent duct leakage test

* DHW distribution system requirements

 Will require whole house ventilation system
* Key non-changes

* Retains prohibition on envelope-equipment trade-offs

* 75% efficient lighting “mandatory” requirement
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Brief History of Energy Codes  # southface
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Structure of 2012 IECC 45 Southface

Commercial Section Residential Section

« Ch. 1 Scope, Appli-
cation, Administrative Application / Administrative
and Enforcement and Enforcement

¢ Ch. 2 Definitions ¢ Ch. 2 Definitions

« Ch. 3 General « Ch. 3 General
Requirements Requirements

* Ch. 4 Commercial Energy * Ch. 4 Residential Energy
Efficiency Efficiency

« Ch. 5 Referenced « Ch. 5 Referenced
Standards Standards

* |ndex * |ndex

* Ch. 1 Scope and

402-Building Thermal Envelope 4% Southface

The building thermal envelope is the barrier that separates the conditioned space from the outside or unconditioned spaces. The building
envelope consists of two parts - an air barrier and a thermal barrier that must be both continuous and contiguous (touching each other).

In a typical residence, the building envelope consists of the roof, walls, windows, doors, and foundation. Examples of unconditioned spaces
include attics, vented crawlspaces, garages, and basements with ceiling insulation and no HVAC supply registers.
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Energy Code Compliance Pathways % Southface

Scope

Insulation & Window

Requirements

2009 + 2012 IECC
(prescriptive chart)

UA Trade-off

(RESCheck - free)

Section 405

(annual simulation)

Mandatory Requirements

|[ECC Climate Zones

Dry (B) Ha Moist (A)
Marine (C)
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Prescriptive Code: £+ Southface
Insulation & Fenestration by Climate Zone

Table 402.1.1
Insulation and Fenestration Requirements by Component?

CLIMATE | FENESTRATION | SKYLIGHT® GLAZED CEILING WOOD MASS | FLOOR | BASEMENT® | SLAB® | CRAWL
ZONE U-FACTOR® U-FACTOR FENESTRATION® R-VALUE | FRAME WALL | WALL R- WALL R-VALUE | SPACE®
SHGC R-VALUE R-VALUE' | VALUE R-VALUE | & DEPTH WALL
R-VALUE
1 1.20 0.75 0.30 30 13 3/4 13 0 0 0
2 0.65 0.75 0.30 30 13 4/6 13 0 0 0
3 0.50 0.65 0.30 30 13 5/8 19 5/13 0 5/13
4 except 0.35 0.60 NR 38 13 5/10 19 10/13 10, 2ft | 10/13
Marine
5and 0.35 0.60 NR 38 20 or 13+5" | 13/17 309 10/13 10,2ft | 10/13
Marine 4
6 0.35 0.60 NR 49 19 0r13+5" | 15/19 309 15/19 10,41t | 10/13
7and 8 0.35 0.60 NR 49 21 19/21 389 15/19 10,4ft | 10/13

2 R-values are minimums, U-factors and SHGC are maximums, R-19 batts compressed into a nominal 2 x 6 framing cavity such that the R-value is reduced by R-1 or more shall
be marked with the compressed batt R-value in addition to the full thickness R-value.

b The fenestration U-factor column excludes skylights. The SHGC column applies to all glazed fenestration.

¢ “15/19” means R-15 continuous insulated sheathing on the interior or exterior of the home or R-19 cavity insulation at the interior of the basement wall. “15/19” shall be
permitted to be met with R-13 cavity insulation on the interior of the basement wall plus R-5 continuous insulated sheathing on the interior or exterior of the home. “10/13"
means R-10 continuous insulated sheathing on the interior or exterior of the home or R-13 cavity insulation at the interior of the basement wall.

9. R-5 shall be added to the required slab edge R-values for heated slabs. Insulation depth shall be the depth of the footing or 2 feet, whichever is less in Zones 1 through 3 for
heated slabs.

¢ There are no SHGC requirements in the Marine Zone.

- Basement wall insulation is not required in warm-humid locations as defined by Figure 301.1 and Table 301.1.

9 Or insulation sufficient to fill the framing cavity, R-19 minimum.

h-“13+5” means R-13 cavity insulation plus R-5 insulated sheathing. If structural sheathing covers 25 percent or less of the exterior, insulating sheathing is not required where
structural sheathing is used. If structural sheathing covers more than 25 percent of exterior, structural sheathing shall be supplemented with insulated sheathing of at least R-2.
I The second R-value applies when more than half the insulation is on the interior of the mass wall.

I For impact rated fenestration complying with Section R301.2.1.2 of the IRC or Section 1608.1.2 of the IBC, maximum U-factor shall be 0.75 in Zone 2 and 0.65 in Zone 3.
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Prescriptive Code: 45 Southface
Insulation & Fenestration by Climate Zone

TABLE R402.1.1
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT"

CRAWL
GLAFED WOoOoD MASS BASEMENT | SLAE® e
CLMATE |FENESTRATION | SKYLIGHT® | = n2oc | CEILUNG | Wl | Qall | FLoor WALL AvALUE| SPACE
ZONE L-FACTOR® U-FACTOR SHGCE* R-VALUE A-VALUE A-VALUE R-VALUE B-VALUE & DEPTH WALL
R-VALUE
1 i | 0.75 0.25 30 13 304 13 0 0 0
2 0.40 0.65 025 38 13 46 13 0 0 0
3 0.35 0.55 0.2s i 20 or 1 345" CE] 19 513 0 513
4 except 0.35 0.55 0.40 49 20 or 13+5* #13 19 10 /13 10,26 | 1013
Marne
5 and 0.32 0.55 NR 49 20 or 13+5" 13/17 30 1519 10, 2 fi 1519
Manne 4
6 0.32 0.55 NR 49 20+5 or 134107 J1520 ¥ 1519 10,4t | 1519
7and 8 0.32 0.55 NR 49 2045 or 13+10°] 19721 38 1519 10,46t |f 15019

For SI: 1 foot = 304.8 mm.

a.

b.

TmMmom

R-values are minimums. [ factors and SHGC are maximums. When Insulation is installed in a cavity which is less than the label or deslgn thickness of the
insulation, the installed R-value of the insulation shall not be less than the R-value specified in the table.

The fenestration U-factor column excludes skylights. The SHGC column applies to all glazed fenestration. Exception: Skylights may be excluded from glazed
fenestration SHGC requirements in Climate Zones 1 through 3 where the SHGC for such skylights does not exceed 0.30.

. “15/19" means R-15 continuous insulation on the interlor or exterlor of the home or R-19 cavity insulation at the interlor of the basement wall. “15/19" shall

be permitted to be met with R-13 cavity insulation on the interior of the basement wall plus R-5 continuous Insulation on the interlor or exterlor of the home.
“10/13" means R-10 continuous insulation on the interior or exterior of the home or R-13 cavity insulation at the Interlor of the basement wall.

. R-5 shall be added to the required slab edge F-values for heated slabs. Insulation depth shall be the depth of the footing or 2 feet, whichever is less in Climate

Zones 1 through 3 for heated slabs.

. There are no SHGC requirements in the Marine Zone.

Basement wall insulation is not required in warm-humid locations as defined by Figure R301.1 and Table R301.1.

. Or Insulatlon sufficlent to fill the framing cavity, R-19 minimum.
. First value Is cavity insulation, second is continuous Insulation or Insulated siding, so “13+5” means R-13 cavity Insulation plus R-5 continuous insulation or

insulated siding. If structural sheathing covers 40 percent or less of the exterior, continuous insulation R-value shall be permitted to be reduced by no more
than R-3 in the locations where structural sheathing is used - to maintain a consistent total sheathing thickness.

. The second R-value applies when more than half the insulation is on the interior of the mass wall.




Wood Frame Walls — R402 ¥ Southface

TABLE R402.1.1
INSULATION AND FENESTRATIC N REQUIREMEN1

CLIMATE |FENESTRATION|SKYLIGHT® GLAZED CEILING wooo
FENESTRATION FRAME WALL
ZONE U-FACTOR® | UFACTOR sheobs || AVALUE | Tu s N
1 NR 0.75 0.25 0 13
2 0.40 0.65 0.25 8 13
3 0.35 0.55 0.25 8 20 or 1345
4 except 0.35 0.55 0.40 49 20 or 1345
Marine
5 and 0.32 0.55 NR 49 20 or 13+5"
Marne 4
f 0.32 0.55 NE 49 2045 or 13410
7and 8 0.32 0.55 NR 49 2045 or 134100

h. First value is cavity insulation, second is continuous insulation or insulated siding, so
“13+5” means R-13 cavity insulation plus R-5 continuous insulation or insulated siding. If
structural sheathing covers 40 percent or less of the exterior, continuous insulation R-
value shall be permitted to be reduced by no more than R-3 in the locations where
structural sheathing is used — to maintain a consistent total sheathing thickness.
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IECC 2012 Wall Impacts 4 Southface

*2x6 construction or foam thermal break now prescriptive
“mandate” in most CZ’s ]
—Envelope trade-off options limited ™\ iy Stmcamenon
—Equipment trade-off options prohibited IE;;
*2x4 and R-20

—-3” closed cell foam
—2” closed cell (one pass) + radiant insulation

Insulating sheathing

— Consider Products like Zip System with foam attached or DOW
Structural Insulated Sheathing (SIS)

— Can reduce sheathing by R-3 up to 40% for bracing
— Over-sheathing technique — stagger seams of continuous OSB with
continuous foam
*Log walls difficult to comply without large diameter logs or
furred-in finish layer (SIP logs!)

14




Prescriptive Code: Fenestration Changes  southface

“ Fenestration U-Factor Fenestration SHGC

1

4 except Marine

5 and Marine 4

7&8

1.2 > 0.50

0.65 > 0.40 0.30 2 0.25
(0.75 - 0.65 skylights) (except skylights)
0.50 2> 0.35

(0.65 > 0.55 skylights)

(0.60 > 0.55 skylights) NR =040

0.35 > 0.32
(0.60 - 0.55 skylights)
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Compliance Paths for Insulation & Windows ¥ Southface

Scope

Insulation & Window

Requirements

2012 IECC UA Trade-off Section 405
(prescriptive chart) (RESCheck) (annual simulation)
l |
Mandatory
Requirements

16
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REScheck™ Software 45 Southface

www.energycodes.gov

« Software evaluates
specific designs quickly
* Demonstrates SHGC s @
compliance

* Allows trade-offs

— Building envelope
components

— Heating and cooling
equipment efficiency
trade-offs not allowed
in ‘09 or 12 IECC

0L Patcing [margy Costes - R Schack Residuntial Code Camplisncs - Winduws tntarnet Ligiore: i= (=]
°‘:_.-- 3 o o = Hi4 x b 8-

17

&% Southface

» Vaulted ceilings
and foam
sprayed
rooflines would
likely need to
perform an R-
value (U-factor)
trade-off

* RESCheck is
historically an
excellent free
tool for this

* However, much
of the trade-off
“cushion” is now
gone

18 18




Section 402.2: Insulation Requirements # Southface

* Details for insulating
various aspects of the
building envelope

— Ceilings with Attic —402.2.1
— Ceilings w/out Attic — 402.2.2
— Eave baffle — 402.2.3

— Access hatches and doors—
402.2.4

— Mass Walls — 402.2.5

— Steel Framing — 402.2.6

— Floors —402.2.7

— Basement Walls —402.2.8

— Slab-on-grade — 402.2.9

— Crawlspace Walls — 402.2.10
— Masonry Veneer — 402.2.11
— Sunrooms —402.2.12

19

402.2.1 - Ceilings with Attics 45 Southface

» Use of advanced framing (raised
top plate or energy trusses) that
permit continuous, consistent R-
value is credited:

* R-38->R-30; R-49->R-38
* Rulers required every 300 s.f.

20




402.2.1 - Ceilings with Attics  *

= Tradeoff required unless entire ceiling meets prescriptive R-
value (exception for 402.2)

21 21

402.2.2 - Ceilings without Attics 4 Souttace

= All Climate Zones require at least R-30
=Up to 500 s.f. can be traded down to R-30 if the assembly
does not permit room for full amount

| g Vs
B Mo space for
8 R-30 or R-38

Vaulted ceilings and foam sprayed rooflines
will likely need to perform a trade-off




402.2.3 Eave baffle 4 Southface

* Details of proper eave baffle — opening > vent opening,
solid material that extends over top of insulation

Note: Wind wash baffle and

Standard Truss 3ir—pe;me§ble insulgltion
. am. For air permeable
W'th tapered 4inches insulation in vented attics,

insulation depth Insulation baffle baffles shall be installed

adjacent to soffit and eave
vents. A minimum of a 1-inch
Insulation of space shall be provided

between the insulation and the
= Soffit dam roof sheathing and at the
(cardboard or location of the vent. The baffle

insulation inward until it is at
least 4 inches vertically above

R\ rigid foam board) shall extend over the top of the
v

the top of the insulation. Any

Energy Truss solid material such as
with full height insulation cardboard or thin insulating
(recommended) Insulation baffle sheathing shall be permissible

as the baffle.

Insulation Aeinchas

B

- Soffit dam

= N (cardboard or rigid
foam board)

Trr———

{:',_ & @ Soffit vent
) e e S s

23

402.2.4 — Access hatches & doors #F southface

* Weather-strip and insulate access
doors to match surrounding R-value

 Vertical doors (kneewall ~R-20)
« Hatches/scuttle holes

* Pull-down stairs — yikes!

* Insulation dam

24




402.2.5 — Mass Walls 4 Southface

Mass walls are above grade walls that are concrete, block,
insulated concrete forms, masonry cavity, brick (other than
veneer), earth (adobe, compressed block, rammed earth)
and solid timber/logs

Exterior or integral insulation Interior insulation

25

402.2.6 Steel Framing & 402.2.7 Floors ¥ Southface

402.2.6 — Steel Framing

- Steel framing —
equivalency charts
adjust for thermal
bridging (see Table)

402.2.7 — Floors

* Floors — insulation must
maintain (continuous)
permanent contact
against subfloor

26




Reality of Underfloor Insulation % Southface

27

402.2.8 Basement Walls 4 Southface

* Basement Wall —
Average gross wall

~ 4
\>~. _______ -
Ny A =~ must be > 50% below
4|7 GradeLine ] //\*/&% gradg_and enclose
4 ' conditioned space

 CZ4: R-10 continuous
or R-13 cavity

* CZ3: R-5 continuous or
R-13 cavity

* CZ2: No insulation
required

28




402.2.8 Basement Walls

¥% Southface

Insulation strategies for non-finished basements:

Fiberglass batt

Cellulose batt

w/ vinyl backing Rigid foam board

29

402.2.9 Slabs

&% Southface

402.2.8 — Slab-on-grade

« Slabs — CZ1-3 no required
insulation (termites)

« R-10for 2’ in CZ 4&5
« R-10 for4’in CZ 6-8
 R-5 added to R-value

for heated slab (e.g.,
radiant floor heating in slab)

30




402.2.10 Crawlspaces - 3 Options £s Southface

Standard vented M UPNUU

crawlspace -
underfloor insulation

JWIWWW

L]
Closed
§ crawlspace
[ Junderfloor
Closed insulation
crawlspace with /. Note: all crawspaces must

wall insulation

meet Class | vapor retarder
requirements, as per IRC

31

Closed Crawlspaces 4 Southface

« Seal ground with plastic (6” up walls, 6” overlaps)

« Continuous insulation on interior of walls to satisfy code
(R-10 in CZ4, R-5in CZ3, R-0in CZ2)

« Eliminate all vents and leaks (access doors)

« Satisfy IRC exception to vent requirement (2006 IRC
section R408.3)

Venting Exceptions: Critical Details:

« Continuous exhaust * No drainage problems

(radon) - Use a sealed

combustion / direct vent
furnace or install a Heat
Pump

* Direct condition
crawlspace (supply)

* Direct condition 1
(dehumidifier) gl * Pest Control and Code

Official awareness

32




402.2.10 — Crawlspace Walls S Souttiface

402.2.10 Crawl space walls. As an alternative to insulating
floors over crawl spaces, crawl space walls shall be permit-
ted to be insulated when the crawl space is not vented to the
outside. Crawl] space wall insulation shall be permanently
fastened to the wall and extend downward from the floor to
the finished grade level and then vertically and/or horizon-
tally for at least an additional 24 inches (610 mm). Exposed
earth in unvented crawl space foundations shall be covered
with a continuous Class I vapor retarder in accordance with
the International Building Code. All joints of the vapor
retarder shall overlap by 6 inches (153 mm) and be sealed or
taped. The edges of the vapor retarder shall extend at least 6
inches (153 mm) up the stem wall and shall be attached to
the stem wall.

} <=

402.2.11 Veneer & 402.2.12 Sunrooms ¥ Southface

Section 402.2.11

« Masonry veneer - horizontal
insulation not required (insulation
exception for brick ledge)

Section 402.2.12

* Thermally Isolated Sunroom
(CZ1-4: R-19 ceiling, CZ 5-8: R-
24 ceiling; R-13 separation walls,
fenestration meets code)

SUNROOM. A one-story structure attached to a dwelling with
a glazing area in excess of 40 percent of the gross area of the
structure’s exterior walls and roof.

THERMAL ISOLATION. Physical and space conditioning
separation from conditioned space(s). The conditioned
space(s) shall be controlled as separate zones for heating and
cooling or conditioned by separate equipment.

34




Fenestration Performance £s Southface

Single Pane Double Pane
U-factor
*  Lower U-factor means better insulated U=1.05 U=055
(U=1/R)
» U-factor applies to
— windows,
— skylights Triple Pane Double Pane w/ low-e

« The SHGC is the fraction of the solar
heat from the sun that enters through a

— doors
U=0.35 U=0.35
Solar Heat Gain Coefficient m H

window

— SP clear glass o e

SHGC: ~ 0.8 \\S oo g

— DP clear glass w;/\, 700 [

SHGC: ~ 0.6-0.7 .

— DP low-e G rofested b A
(low solar gain) outade yion
SHGC 0925 solar gain low-E

35

402.3 Fenestration Requirements * southiace

* Low-e effectively required for all CZ’s! World' Best

 Maximum fenestration U-factor = o e
0.40in CZ2,0.35in CZ3-4 or 0.32 in CZ 5-8 [ evercveervommancramwes —
— Area weighted average of fenestration Mgﬁgm m?;g%i

- Maximum SHGC = 0.25 for CZ1-3 g M
and Maximum SHGC =0.4 for CZ4 =

— Area weighted average of fenestration
1. Show compliance by having all glazing be < 0.25 (or 0.4 for CZ4)
2. Perform REScheck weighted average trade-off
3. Use free Weighted Average tool from Southface

N
\ =

RN

{J_)/L \,\\ -




402.3 Fenestration Requirements # southface

* Download free from www.southface.org

U-Factor Weighted Average
55 Southce
SHGC Weighted Average
0.25

Total Window Area

Weighted Average Calculator: U Factor and Solar Heat Gain Coefficient (SHGC)
Directions: For each window type, enter the U-Factor, the SHGC, the area ot a single window, and the

total number of windows in the bulding (fill in blue shaded cells only)

Single window

Window Type U Factor SHGC MNumber of windows of this type

area (sq. ft.)

(square feet)

0.38 10 256
0.32 0.24 15
0.36 0.28 16
0.65 0.5 12

“|l=|-|—-|x[®|"m|m|o|n|=|=

Slo|loc|lo|lo|o|loc|(lo|o|o ||
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402.3 Fenestration Requirements # southface

* 15 square feet exemption for decorative glazing

—Permits modest amount of stained glass, transom
windows, etc.

* Opaque door exemption
—One opaque door is exempt from U-factor requirements
* Replacement fenestration — must meet code

38




303.1.3 Fenestration

&% Southface

If not NFRC labeled, must use tables 303.1.3(1&2)
to assign a default SHGC and U-Factor

TABLE 303.1.3(1)

DEFAULT GLAZED FENESTRATION U-FACTOR

SKYLIGHT
SINGLE | DOUBLE
FRAME TYPE PANE | PANE | Single | Double
Metal 1.20 0.80 2.00 1.30
Metal with Thermal Break | 1.10 0.65 1.90 1.10
Nonmetal or Metal Clad 0.95 0.55 1.7 1.05
Glazed Block 0.60
TABLE 303.1.3(3)
DEFAULT GLAZED FENESTRATION SHGC
. SINGLE GLAZED DOUBLE GLAZED
Example: vinyl- - -
i Clear Tinted Clear Tinted GLAZED BLOCK
clad wood window 08 07 07 06 06
S—~
World's Best
Window Co.
Millennium 2000
. Wiy Clad Wood Frame:
Window Label “Catch-22" e

NFRC label effectively required

ifi“fﬁsé“ ) E'E‘fﬁ"&‘

0.51 0.2

[

If no NFRC label
present:

Default U-factor: 0.55
Default SHGC: 0.70

If NFRC label
present:
Values on label
apply.

(in this example:
U-factor 0.30
SHGC 0.25)

39

Southface

402.5 Fenestration Requirements

* If the simulated performance path (section 405) trade-
offs are used, SHGC cannot exceed 0.50 (CZ 2&3) and
U-factor cannot exceed 0.48 (CZ4)

* |f REScheck is used, U-factor cannot exceed 0.50 and
SHGC cannot exceed 0.30

* Air Leakage < 0.3 cfm/ s.f. & labeled (exception for site built)

World's Best
Window Co.

Millenni mZGDD
Vinyl-Clad Wood Fi
Double Glazing » mgmsu LowE
Prodisct Type: Vertical Siider

ENERGY PERFORMANCE RATINGS

U-Factor (US/1-P) Solar Heat Gain Coefficient

0.30 0.25

ADDITIONAL PERFORM
Visible Transmittance Air Leakage (US.1-F)
0.51 0.2

Marufachurer s u.lu .x-um g odum Wmvﬁl‘w ermaning whoke
umrav" s crmerts conceern, i 3

s WL o :n-vcw mlnmnumwm dmy
pm.\. any specife e

mm-r:

40




Energy Code Compliance Pathways % Southface

Scope

Insulation & Window

Requirements

2009 IECC
(prescriptive chart)

UA Trade-off
Approach

Section 405
(annual simulation)

Mandatory Requirements

41

2012 |[ECC- Section 401.3

Mandatory Requirement:
Certificate on panel box with:
Major Component R-values
U-factor, SHGC of Windows
Equipment Efficiencies
Duct & Envelope Testing

Results

GA Specific: Load
Calculation Summary

42




Go to southface.org
to download fillable
pdf of this form!

Blower Door
Results go here:

Load Calc Results
go here:

Duct testing
Results go here:

Georgia Residential Energy Code Compliance Certificate*

Builder/ Design P R
Professional: ABC Buildesr CA04-123-8567
Envelope Summary:
= List the R-Value for the following compon ents:
Flat ceiling/roof: R-30 Sloped)vault eiling: nia
Exterorwall: }-713 Above grade mass wall: nia
Attic kneewall: /o Attic kneewall sheathing: R18
Basement stud wall: A Basement continuous: _nia-
Crawlspace stud wall: =0 Crawlspace continuous: _rc
Foundation slab: - Floors over unmnditioned space: R1G
Canftilevered Floor: o Other insulation: _n/a

«  Fenestration Components:

Window Ufador: .32 Window SHGC: 0.29
Skylight Ufador: g Skylight SHGC:
Glazed Door U-facor: fe ] Opague Door U-factor:
(=50% glazed)
«  Buikling Ervelope Tightness (BET):
BET test conducted by: Howme: Performance Smith Phone: 204-123-6547
Fan Flow at 50 Pascals= 2,000 CFMs, Total Conditioned Volume = 20,000 #
ACH;, = CFM, x 60 / Volume= & ACHs (st bebass B30 7 AHg )

Low Rise Multifamily Visual Inspection Option
(The visual imspecion aotion may be conducied by & tird-perty itead of the BET test for R-2 buldings aniy.)
Visual inspection @mnducted by: nfa Phone: nya

Mechanical Summary;
Water Heater Energy Fador: 0.61 Ef Fuel type: [l Gas [ Electric [ Other
MNumber of Heating and Codling Systems: _]
Heating System Type (choose one):
7 Gas: 20% AFUE [ Air-Source Heat Pump: HSPF
O other: Efficiency:
Cooling System Type (Standard DX, Heat Pump, Geothermal, ete. ) Stoundeu-d DX
Cooling System Efficiency: 13 [7] SEER [ EER [] Other
Heating/Cooling Load Calaulations Performed by: HVAC Smith. Phone: rraisssse
Total Heating Load (Based on ACCA Man. ] or cther sgomved methodaiogy) 3 9, 800 Btu'h
Total Cooling Load (Bssed an ACCA Man. 1 or other spproved methadaiogy)s 28,800 Btufh
Cooling Sensdible Load: 20,800 __ mwh Cooling Latent Load :_3. ooo Btufh
Total Air Handler CFM (based an design alculations): 1600
Duct Tightness Test Conducted by: HVAC Smithv F‘the -'.lr.w 123-4567
CFMas per 100 fE of conditioned floor area = CFMz=x 100 / Conditioned floor area served
IF il dcts are ok bocsted wihin condbionsd sgace, builder must verify st ifier e pofonrucion dud leskege I outdaars
(PCO) & < 8 cinf100 &%, the post anstmudion il duct bskage (PCT) & = 12 cBn/100 &7, or B1e rough-in test (RET) with &

Fatclier imtalled i £ 6 cEn/100 &7 State which metod was used to conduct B duct tbiness st
duet bicwer (DB, modified bibvwer door subtracton method (MBDS), or sutomated mulipoint biwer door (AMBD].

Systern | Method (D8, MBDS, AMBD) | Test(PCO,PCT,RTT) | OPMa Area served (0) | Test Resut
C PCT 100 2,000 5

2

3

*Note: This permanent certificate shall be posted on or in the electrical distribution panel. Certificate
shall be completed by the builder or registered design professional. Where there i more than one
value for each compaonent, certificate shall list the value covering the langest anea.
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402.4 Air Leakage

&% Southface

« Mandatory Requirement:

Air Sealing
Detailed list

- Testlng

— Fireplaces

— Fenestration

— Recessed light fixtures: airtight,

IC-rated

 Details on techniques for air
sealing — in flip book format
(www.southface.org)
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402.4.3 Wood Burning Fireplaces

¥% Southface

*New *wood-burning fireplaces shall have
gasketed doors and outdoor combustion air
*"masonry site-built” — unofficial letter

i

APk
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402.4.1.1 Air Barrier and Insulation Inspection % Southface

Al BARAIER AND INSULATION INSTALLATION

TABLE A#402.4.1.1

COMPONENT

CRITERIA®

1 « | Air berser amd thermal barmier

A comtinuous air barries shall be mstalbed in the building envelape.
Experioe thermal envelopes COtains i cominmms air barmer,
Breaks or jiints in the sir barier shall be sealsd

Air-permeable inculstion shall not be used 25 a sealing maserial.

2 i Ceilimplanic

‘The air barrier in any dmopped ceiling'soffit shall be aligned with the insulation and any
gnps in the air barier sealsd.

Arcess upel %, drop dowa stair or knee wall dooes te ancesditioned arie spaces shall
be seaked.

3 :Vf'alls

" | Windows, skylights and dooes

{Corners and headers shall be insuloied and the jancion of the foundation and sill plate
shall be sealed.

The junction of the top plave and top of experdar walls shall be sealed

[Exterior thermnl envelope insulation for framed walls shall be installed in substontinl
contsct and continumes alignment with the air barrier.

Enee walls shall be sealed.

‘The space between windowideor jambs and framing and skylights and framing shall be
sealed

. R joasts
|Faaces
6. |tineluding above-parmge and camtilevered floors)

7 . |Cravw space walls

Rim joists shall ke insalated and inclode the air harrier,

i} 'I.'_h: air barrier shall be installed at any exposed edge of insalation.

Insialatesi shall b instalked to mikdnain permanent contact with undesside of subfloor
decking.

Where provided in l5en of Docr insubation, insalation shall be permsanenily amached w
the: crawlspuce walls.

Expasad =arth in unvented cravwd spaces shall be coversd with a Class [ vapar retarder
with overlupping joints taped.

8 . |Shadts, penerationes

Duict shadts, mility penetrations, and flue shafts opening 1o exberior or uncemditione:d
space shall be seaked,

9. |Rarrow cavities

1 |Gamags separatian

Batls in mamow cavities skall be cut ba Fit, or sarrcrw cavities shall B Elled by insulation
that om installatsan readily conforms 1o the available Cavity space.

|

Air sealing shall be provided betwesn the gampe ard conditicned spaces. |

11 |Recesced lighting

Recessed Light fixtres instadled in the bailding thermal envelope shall be air ight, 1C |
rated, and sealed in the drywall. |

12 Prumbing and wiring

— — — — - . —|
Bart msulation shall be cut eatly to fit srousd wiring and plembing in exterior walls, o |
insnkation that on instgllanion readily conforms o availshle space shall exiend behind
P and wising

1 3.i.‘.ihmw:rr(ubm| caterior wall

Exterior walls adjreent to showers and tubs shall be insalated and the air barner installed
sepurnting them froen the showers and tobs. |

14 |Eleciricaliphane bos an exterior walls

The air barrier shall be installed behind elecirical of communication boxes or air senled |
bomes shall be mstalled. |

L -
16 . HVAL register baots

17 [Feeplace

HW AC regisser hoots that penetrate building thermal envelope shall be sealed w il suls-|
Flpor or drywall, I

An air barrier shall be installed on freplace wolls, Fireploces shall hove gasketed disars, |

2. In edditbon, inspeciion of log walls shall be in nocordance with the provisions of 10C-5K1
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Air Sealing General (p. 2) | % Southface

(B Seal airtight IC-rated
recossed light

1i;

Diryevall clip to hold
drywall in place




Air Sealing Chases (p. 3) 47 Southface

Chases and common by-passes

49

Air Sealing Blocking & Sheathing (p. 3) 4% Southface

oIid sheet behind tubs & showers on insulated walls

l i 4 £ . [ |. ‘ Install insulation and sealed air
ﬂ i f " it i barrier behind tub (required)

Call back prevention




Air Sealing Windows (p. 4)

&% Southface

Window rough opening

Use bnckor rod or sy
(Sppropriate for windows) to 1l gaps
batwoen window/door and rough

opaning

: N1102.4.4- Windows, skylights
; and doors < 0.3 cfm/s.f.,
1 Swinging doors < 0.5 cfm/s.f.

:_Exception: site built

Wall cross-section

Attic
ventilation
Wind wash baffle and dam for
air-permeable insulation

See Insulation Details
for Ceilings with
Attic Spaces.

QS\:\HH vent

Glue drywall to
top and bottom plates
(recommended)

Caulk bottom plate

to subfloor e\:%

=
Caulk band joist
to subfloor and plates

Glue drywall to top plate <_b
(recommended)

Tape or caulk exterior
sheathing seams
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Air Sealing Combustion (p. 5)

&% Southface

Combustion chase
penetrations

Combustion closet

Combustion air inlats
a3 por mochanical andior fued gas code

e

instalied in permanent contact
with sublioor {air barrier
roquired ot ary axposod odge
of msulabon)

Exterior penetrations

Cauilk axtarior wall ponatrations for
rafrigaration linos, condensate kno, etc.

1 N1102.4.3- Site built

: masonry wood-burning
 fireplaces must have

I gasketed doors and

sckety 1
ol




Air Sealing Knee_wa!ls (p. 6)

¥% Southface

Rigid insulation Weather-strip door
(recommended) opening and
Minimum A-value threshold
aquivalent to surounding

wal insulaion

Unconditioned Space
) Gk and seal .
rough opening Air barrier g
=00,
{rigid insulation

Install blocking and rafer baffle to
prevent wind-washing if venled, insulated
roofiine (requined)

() Sesled stic-sice sir barier (requirsd}—
0SB, insulated cheathing, etc.

fl) Blocking - fit in joist cavity,
caulked or foamed

Two-level attic

board recommended)
proo 3 Conditioned Space

Blocking

e — 53

Air Sealing Attic Access (p. 7)

4% Southface

Insulation dams prevent

falling through acoess access

Neathersiripping

Rigid insulation box forms lid for pull-down attic staircase
{recommendad)

Cower box pushes up
Ioose-fill insulation from and out of the way for

et
— 2.
, o oo e

Panel  and rough opening with
caulk, backer rod, or foam

Attic scuttle
Ingulation dams
prevent loosefill  Hatch lid pushes up and
insulation from out of the way for access.
falling through
access

Rigid insulation plus batt {recommanded),
minimum A-value squivalent to sumrounding
ceiing A-value

Attic pull-down stairs

Baxed enclosurs for
staircase has rigid hingsd
lid with insulation on top

Minimum A-value
aquivalent to surrouning
ceiling A-value

54




Air Sealing Adjacent Garage

¥% Southface

(unconditioned)

Web truss °_>
&

cal @\

Rigid foam
(recommend covering with
ignition barrier, if required)

Basement
(conditioned)

Garage
(unconditioned)

Air barrier
behind steps

)

Garage to house door

‘ = =

| [ [

i [ i

] - -

Inset garage to house door i | i |

Garage - =
i BRI Ao e

Web trusses

Rigid foam
(recommend covering with
ignition barrier, if required)

Basement
(conditioned)
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402.4.2.1 Envelope Tightness

4% Southface

- REQUIRED Blower Door test
— CZ 1-2 Test out at less than 5 ACH,,
— CZ 3-8 Test out at less than 3 ACH,,

_CFM50 x 60
ACHsgo Volume
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403.5 Mechanical Ventilation 45 Southface

* Ventilation is REQUIRED
— Any home tighter than 5 ACH,, }

- [Negative] Exhaust
—(whole house exhaust systems)

- [Balanced] Air-in / Air-out
—(HRV, ERV, multiple fans)

* [Positive] Pull/pump air into home
— (ducted supply, return intake)
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IRC Ventilation (based on ASHRAE 62.2 table) ¥+ Southface

TABLE M1507.3.3(1) CONTINUOUS WHOLE-HOUSE MECHANICAL VENTILATION SYSTEM AIRFLOW RATE REQUIREMENTS

DWELLING

ELLT NUMBER OF BEDROOMS Note:

FLOOR B B _ _

AREA | 0-1 | 273 | 4-5 | 6-7 | >7 IECC 2012 does not
(=quare Airflow in CFM :

feet) include ASHRAE 62.2
e = - o0 & %0 details & formula:
155830‘ 45 60 75 90 105 ’

5 BT, - (#BR+1) x 7.5 cfm

4,500 ad 42 A LOS 120 + 1cfm/100 s.f.

4,501 -

6,000 75 N — 40 i (Suggest state

67'05?30‘ 90 105 120 185 150 amendment with 62.2 as
> 7,500 105 120 135 150 165 alternative approach)

For SI: 1 square foot = 0.0929 m2, 1 cubic foot per minute = 0.0004719 m3/s.

TABLE M1507.3.3(2) INTERMITTENT WHOLE-HOUSE MECHANICAL VENTILATION RATE FACTORS™ "

RUN-TIME
PERCENTAGE
IN EACH |25% |33%|50%|66%|75%|100%
4-HOUR
SEGMENT

Factor? 4 3 2 [15]1.3] 1.0

a. For ventilation system run time values between those given, the factors are permitted to be determined by
interpolation.
b. Extrapolation beyond the table is prohibited. 58




Balanced Ventilation 4% Southface

Exhaust f——x

Kitchen

Range

Hood Stale air from inside Fresh air fo inside
Supply Supply Exhaust
y W il K% ERV-

energy
: Outside alr reCOVG ry
—— ventilator
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Positive Ventilation 4% Southface

Living Space

Tharmostat

Remote dehumidistat on wall
inside house (disconnect )

barsy i i — Refturm grille
dehumidistat on wnit H
1000 cfm ’ i :
N *  ~950 cfm
Susﬁfly i ‘ _l bl Wall
il Main '
. i = Return 1o
Duct  |—Mamnual damper (to
adjust flow rate) \t
Stand-alone ey B e
denumidifien fr_---="" ; | L i ~50 cfm
; | i Outside
“Motorized s et -
damper (o0 g ey lated
control open g duet
tirme)
5* media Conditioned
) filter Crawlspace
1 CFM per 50 ft
of condiioned air Eﬂiﬁgigﬁmer

o circulate in crawlspace

Positive Ventilation Supplied via O.A. Ducted to Return
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Section 403.1 - HVAC Controls Southface

Mandatory Requirement:
* Programmable thermostat required for furnace

* Heat Pump requires smart thermostat / lockout
feature to prevent unnecessary strip heat —

60

R N e e g N

-+ House

< —— Heating
< Capacity

Load
20 / .
10
0 I I I I I 1
O 10 20 30 40 50 60
Outside Temperature °F 61

*Duct Tightness Testing REQUIRED
(by DET Verifier?)
— When tested at rough-in

« Maximum 4% Total Leakage
with AHU installed (RIT)

« Maximum 3% Total Leakage
without AHU installed (RITnah) |

— When tested at final
« Maximum 4% Total Leakage (PCT)

Note: Blower Door and Duct Leakage test results
MUST be displayed on Certificate!
(but code provides no other detail on this)
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403.2 - Ducts 4% Southface

Mandatory Requirement:

* |nsulation:
— R-8 Insulation in Attic

— R-6 Insulation other
unconditioned space

— No Insulation required when
inside envelope
* May not use building
cavities as supply
or return

« Sealing with Mastic
required — “thick as a
nickel” (GA specific)
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403.3&4 Piping Insulation & SWH % Southface

* Pipe Insulation
—R-3: long list of new applications, must be weather proof
—mechanical systems —
fluids >105For< 55 F

*Controls for plumbing circulating systems
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403.5 Ventilation 4% Southface

* Whole house ventilation system required

— meet IMC or IRC
— minimum efficacy

* Mechanical Vents
— require dampers

65

403.4 Hot Water Distribution 45 Southface

« Circulating system
controls (prefer on-
demand with button or
motion activated)-(Mandatory)

* Pipe insulation -(prescriptive)
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403.6 Equipment Sizing 4 Southface

- Load Calcs & Sizing 1800 ged . br 00 40T
—Per Mechanical section ! A
of IRC e

—ACCA Manual J or o oo

approved equivalent, i.e., 1 i
ASHRAE Fundamentals Ji ——f& = =2 o o5 @ =
-MUSTBEACCURATE " —= = .= " ="
—Permits 72 and 75 as —
indoor design temps

M1401.3 Sizing. Heating and cooling equipment shall be sized
in accordance with ACCA Manual S based on building loads
calculated in accordance with ACCA Manual ] or other
approved heating and cooling calculation methodologies.
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403.8 Snow melt system controls ¥+ Southface

Snow melt system controls:

* Automatic controls that can shut system down when
pavement temperature is above 50°F and it is not
snowing/raining; or

« Automatic or manual control that can shut system down
when outdoor temp is above 40°F

6808




403.9 Pools 53 Souttiiacs

403.9.1 Pool heaters

— Readily accessible on-off switch

— Natural gas or LPG fired pool heaters will
not have continuously burning pilot lights

403.9.2 Time switches

— Automatic controls required to operate pool
heaters and pumps on a preset schedule

— Exceptions
*  Where public health standards require 24
hour operation

*  Where pumps are required to operate solar
and waste heat recovery pool heating
systems

69

403.9.3 Pool Covers ¥ Southface

* Heated pools required to have a pool cover
— Pool cover must be vapor retardant
» Exception

— Pools deriving > 70% energy for heating from site-recovered
energy (heat pump) or solar source
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Lighting — Section 404

* Residential

&% Southface

— 75% of lamps in permanently installed fixtures shall
be high efficacy lamps

* 60 lumens per watt if over 40 W

* 50 lumens per watt if between 40 and 15 W

* 40 lumens per watt if 15 W less

» Check out smart planet — “nano bulb”
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Compliance Paths for Insulation & Windows 47 Southface
Scope
Insulation & Window
Requirements
I
2012 IECC RESCheck Section 405

(prescriptive chart)

(free software)

(annual simulation)

Mandatory
Requirements
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IECC 2009 - Section 406 45 Southface

Simulated Performance Alternative

* Annual energy usage simulation
demonstrates that the proposed building’s
energy costs are < “standard code” building

* Likely to involve a HERS rater

* REMrate, Energy Gauge, etc.

 Allow more flexibility (SHGC, duct R-value, etc.)
* More valuable due to stricter code

www.resnet.us \J

Y e
=
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Duct and Envelope Tightness (DET) Verifier % Southface

Certified DET Verifier can either:

- Be previously certified
— HERS Rater &SNE’
— BPI Analyst
- Pass a DET Verifier Course
— Explain calculations for ACH50 and % duct leakage
— Discuss testing protocol (setup, safety, and accuracy)

— Field exam on tools (use blower door and duct tester)
— Pass Written Exam — 25 Questions (1 hour)

CERTIFIED DUCT AND ENVELOPE TIGHTNESS (DET) VERIFIER. A certified DET
verifier shall be a certified Home Energy Rating Systems (HERS) rater, or be a certified Home
Performance with ENERGY STAR contractor, or be a Building Performance Institute (BPI)
Analyst, or successfully complete a certified DET verifier course that is approved by the Georgia
Department of Community Affairs.

(Effective January 1, 2011)
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DET Verifier Study

¥% Southface

Draft of white paper
for Thermal XII
Conference about
DET Verifier program

(available from southface.org)

Meeting the Residential Performance
Testing Requirements of the 2012 IECC:
A Case Study for States to Ensure Code
Adoption and Compliance Using

Duct and Envelope Tightness (DET)
Verifiers

An Overview of Lessons Learned Plus
Recommendations

Miks Barcik
ASHRAE Member since 1987

ABSTRACT

The 2112 Inicrmational Encray Conscrution Code (IECC) requires nevw homes and mafor renovations i have
a presmre test af the bulding emvelape aved duct ystews that are located cutside af the termal emvelape. Tertng is
vital as keaky homes and decreork ofien represent major sources of energy wasie in homes. Mamy staies will ldkely
adopy the 2002 IEOC aver the n
e guirements mandirted by e 2
lasting infrastrucre o offe s and that these services be avatkable at a compentive price. [ mot. there
condd be a seriowr dhreat of @ backliask against the &g pre afthe 2042 IECC, ar perfaps, the cnare code.

I 2004, Geargia implemented a buildng energy code that requires duct and butlding evelope leakage fextng
(IET) and addresses perfammance iesting iswes left wresafved by the IECC such as who 15 qualified 1o perform the
reguired wating, where showld the sestig results Be recorded how do the desting rogadremersts apply o spgrades
and renavasians to existing howes and dct rystames, should shere be specal canrideratioms fer wtd il bullings
fioi5., sampling}, and what i an accepiablc and effecave duct scalamt This case study addnesses key trmes mch as
dhe approprisic cxpericnoe and iraining required for DET professionals, accepiance of existing natimal festing

v jears. However, many staes currcnly lack the capacity te meei the festing
T enenere cods adaption and compliance, it is evivieal thar sier buld

comfications and cffectve oumreach rrategier i recrut ad tram DET professionals.

INTRODUCTION

The U.S. Dopartment of Encrgy has idnifiod 2ir lakags in building eovalopos mnd dact syavams. 2 majas
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DET Verifier Study

&% Southface

Table 1:

Duct and Envelope Tightness Requirements

Issue

2009 IECC

2011 GA Energy
Code

2012 IECC

Envelope Testing —
Single Family

Optional: Blower
door (BD) test or

Mandatory BD test
with optional Visual

Mandatory BD test
and Visual

“isual Inspection Inspection checklist Inspection
checklist checklist
Envelope Testing — Optional: BD test Optional — Visual Mandatory BD test
Miulti farnily or Visual Inspection or BD (no mention of
Inspection test. Sampling 1 in 4 sampling)
checklist umnits per floor

penmitted or

EESNET protocol
Enwvelope passing =T ACH:0all =T ACH:all CZ(2- | =3 ACH:in CZ 3-
criteria Clhmate Zones 4y g8
(CE) =53 ACH:om CZ 1-
>
Clarify if envelope MNo guidance “WWhen construction MNo guidance

test required on
alteration or
renovation

affects all aspects
of buillding enwvelope
(=t renowvation)

Duct Testing criteria

4% - BI Total no

3% - BRI Totalno

at Fough-in (EI) Air Handler 6% - BRI 6% - B.I Total w/ Air | Air Handler 496 - BI
(Total) Total w/ Air Handlar Handler Total w/ Air Handlar
Duct Testing criteria 12% -PCT 129 -PCT 4% PC
at Post g% - PCO 2% - PCO (no incentive for

Construction—DPost
Construction Total
(PCT) or Post
Constrmaction to
Cutside (BFCO)

testing at final or
To COutside)
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DET Verifier Study i Suniace

Table 1: Duct and Envelope Tightness Requirements

Issue 2009 IECC 2011 GA Energy 012 IECC
Code
Fecord /Display Test Not required On Energy Code On Energy Code
Results certificate — template certificate — no specifics
provided on what to provide

Exempt from Duct Testing Ducts and Ar Handler Ducts and AHU entirely Ducts and AHU entirely
Unit (AHT) entirely inside | inside building Thenmal inside building Thenmal

building Thermal Envelope Envelope
Envelope
Duct pressure test required No guidance When = 30% of existing No guidance
when modifying an duct system is modified.
existing system When AHU 15 changed

out, test is not required but
duct sealing with mastic
through plenum
connections is required
Building cavities allowed Only for retums Not allowed for supply or | Not allowed for supply or
as ducts retums retums
Duct sealing matenal UL tape, mastic, etc. No UL tape, only mastic UL tape, mastic, etc.
and mastic tape
Quahfied testers No gumdance DET wenfiers and No guidance
RESNET and BPI certified
professionals

77

DET Verifier Study i saunace

Four Companies Surveyed around Georgia:

« Company A — metro Atlanta -CZ3A (944 homes)
— 595 minimum code / 349 beyond code single family

« Company B — southeast -CZ2A & 3A (77 dwellings)

— 3 multifamily developments — all in beyond code program

« Company C — southern -CZ2A (22 homes)

— 19 minimum code / 3 beyond code single family

« Company D — northern -CZ4A (55 homes)

— All minimum code single family
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DET Verifier Study 3 Southface

Some key results and conclusions:

2009 energy code requirements can be met

— Fairly modest effort and should pass

Beyond Code programs work

— Results consistently exceeded code minimum

Companies that performed additional services achieved
higher performance

— Air sealing

Energy code enforcement matters

— Homes and ducts that did pass were only barely passing

— Houses that did not pass were still granted C.O. and thus did not
follow up on testing requirements

Spray foam houses performed well
Prefer ELR5, over ACHy,
Sampling Protocol for MF (test every SF home)
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Wrap up and Q&A ¥ Southface

Thank you!

Mike Barcik
mbarcik@southface.org

Ray Ivy
rivy@southface.org

Brandon Jones
bjones@southface.org

Bourke Reeve
breeve@southface.org

www.southface.org

www.bcap-energy.orq

www.energycodes.qov

Photo:JoRathan Hillyer _2'609
W T =
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¥% Southface

Unique to Georgia

Ways we have made the code better

No Electric Furnaces
No Powered Attic Ventilators (except solar powered)
Mandatory Blower Door and Duct Blaster test

0. Qualifications of Verifiers— (who can do testing)

1. Improved Kneewalls &

2. Consistent Windows Georgla Statc Supplements
3. Air Sealing Graphics Conservation Code.
4. Minimum Insulation Thresholds —

5. Lighting Vacancy Sensor Credit ‘ oA

6. Better Ducts - Require Mastic

7.

8.

0.

1
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