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Building for Energy Efficiency — Part 3

Design details and construction drawings for energy efficient homes
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Building America m‘m

U.5. Department of Energy
Ressarch Toward Zero Energy Homes

The U.S. Department of Energy’s Building America Program is
reengineering the American home for energy efficiency and
affordability. Building America works with the residential
building industry to develop and implement innovative building
processes and technologies — innovations that save builders
and homeowners millions of dollars in construction and energy
costs. This industry-led, cost-shared partnership program
uses a systems engineering approach to reduce energy use,
utility bills, construction time, and construction waste.

For more information, visit our website at:
www.buildingamerica.gov
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Objectives for this afternoon . ..

1. “Show off” our house plans as examples of
affordable, energy efficient, and durable
construction

2. Explain applied building science principles
through details and construction photos
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Overview of the Design approach
Top ten elements in the design of high performance homes:
. Design for comfort with as little added energy as possible
. Built tight
. Ventilate
. Use more insulation

. Provide for durability by controlling moisture

. Design a roof that is sloped to the south

. Use the most efficient equipment the project can afford

. Use efficient lighting, appliances and match to occupant needs
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. Reduce energy use 40-70% before adding onsite energy
generation

10. Commission mechanical and onsite energy systems
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Greensburg - Plan 1
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Greensburg Plan 1 — Floor Plans

§

. Second Floor Plan
& — al (showing unfinished option,
First Floor Plan Alt. 2 br, 1 bath with dormer)

1250 sq ft, 2-bedroom, 1.5 story single family home, with basement
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Unshaded areas _..
for solar panels

Expansive south-facing roof for solar access

|
r
i
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Large overhangs and landscaping shade house to

reduce summertime cooling loads
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Additional roof
area for sclar
colleciors
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Greensburg - Plan 2
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Greensburg Plan 2 — Floor Plans

LIVING ROOM

235

DINING ROOM

First Floor Plan Second Floor Plan

1255 sq ft, 3-bedroom, 1.5 story single family home with basement
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Siting, Orientation and Solar Access

street
sidewalk

‘ Unshaded areas
for solar panels

Expansive south-facing roof for solar access

Large overhangs and landscaping shade house to reduce
summertime cooling loads
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House Plan Greensburg Standard

Description Two-bedroom house with
living area on the main
floor. Second floor can be
divided into two bedrooms

and bath.

Living Area Ground 750 sq ft
Floor
Second 500 sq ft
Floor
Total 1250 sq ft

Bedrooms Ground 1
Floor
Second 1
Floor
Total 2

Number of Bathrooms 1
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Adding to the Basic Plan

House Plan Greensburg Plus

Description Three-bedroom version of
the Standard with a
second bathroom under a

new dormer.
Living Area Ground 750 sq ft

Floor

Second 500 sq ft

Floor

Total 1250 sq ft
Bedrooms Ground 1

Floor

Second 2

Floor

Total 3
Number of Bathrooms 2
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Adding to the Basic Plan
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Adding to the Basic Plan

House Plan Greensburg “L”

Description Three-bedroom house
with “Great Room” and
study on the ground floor,
3 bedrooms and second
bath on the second floor.

Living Area Ground 1050 sq ft

Floor
Second 800 sq ft
Floor
Total 1850 sq ft

Bedrooms Ground O
Floor
Second 3
Floor
Total 3

Number of Bathrooms 2
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Examples: Carbondale, Colorado

©2007
Building Science
Consulting 17

©2007
Building Science
Consulting

18

©2007 Building Science Consulting



Rebuilding Greensburg Housing Resource Fair, Haviland, KS
July 20-21, 2007

©2007
Building Science
Consulting

Presented by Alex Lukachko
Building Science Consulting
www.buildingscience.com

©2007
Building Science
Consulting

©2007 Building Science Consulting

10



Rebuilding Greensburg Housing Resource Fair, Haviland, KS
July 20-21, 2007

Presented by Alex Lukachko
Building Science Consulting
www.buildingscience.com

©2007
Building Science
Consulting

©2007
Building Science
Consulting

©2007 Building Science Consulting

11



Rebuilding Greensburg Housing Resource Fair, Haviland, KS Presented by Alex Lukachko

July 20-21, 2007

©2007
Building Science
Consulting

Building Science Consulting
www.buildingscience.com

©2007
Building Science
Consulting

REBUILDING GREENSBURG HUUSING FAIR

Greensburq,

PLAN 1 - THREE BEDROO BASEMENT

PRCLITET BEACRPTON

Togas e o et Wit and st T8 g e e T g &

Prgre b P Pabing Gy’ iy B o o by Y 207 ™ s rowes o i of 1 FEi

o o Gomanatig Sk b i an o by sy #8cl and Woiab e Dy gt o 1 S -

ey el = . N L i — .
EIETET,

BLAIAML FUSITALLE. ! | M

A Al T [T T4 \ J .' L

FIRST FLOCH S 50 T - L u

SRCOHT FLOCH 250 BT FT =

UIST OF DRAWROS

Ael FOLBOATION | ASTIRT | FRST FLOGOA FLANS
AT PN AN BLUURET LG PULANE [WALL FIRAMR EUEVATHANE

£ RTINS o DATE: 19 JULY 2007

L Cabali SCHDMC I DOSCRRAT N
NS A TN SN MARRA AT i
ELECTFRCAL PUAME e | —

SEIELL
3
£
:

[k

24

©2007 Building Science Consulting

12



Rebuilding Greensburg Housing Resource Fair, Haviland, KS Presented by Alex Lukachko
July 20-21, 2007 Building Science Consulting
www.buildingscience.com

= Th e n e
I 1 ¥
| [ ! o &
I . |
1 ¥ Tt 1
I+ P i i i E-’
) ht S B
] o i
| L L | 5
i I ]
i ¥ = 1g=
f ; HE
- FRG
i
. -
= =
1 i
- _ri
TOUADE FICR P NS RS0 PG
ef
&
e,
-
R
©2007
Building Science
Consulting 25
AECE
Bt
|
----------- &
- Y
oy | .= : 1
2 p BLA #l
al
1
'lgl
_____ i i
5 |
i
— gz
—— H
i
HH
. ; g!
KR LT “ l | ‘ “‘j
I | ¥
il 0T
i g
©2007
Building Science
Consulting 2

©2007 Building Science Consulting



Rebuilding Greensburg Housing Resource Fair, Haviland, KS
July 20-21, 2007

Presented by Alex Lukachko
Building Science Consulting
www.buildingscience.com

©2007
Building Science
Consulting

Ad (%

SRR se s o

FRAMAE, e, [l (T LA i [ D] SORCTE OO TION
T T e T =7

Vimmaral
A

l1]

v
.
e S IR

©2007
Building Science
Consulting

CEep R ——
THADE [ OO0 O

A_d_ R

soencE conronton

o B

s

©2007 Building Science Consulting

14



Rebuilding Greensburg Housing Resource Fair, Haviland, KS Presented by Alex Lukachko
July 20-21, 2007 Building Science Consulting
www.buildingscience.com

S s et o e

B, Do) (T Sk, i [8R Die] BCEMCE COPMPDRATION

"
R TR [ R HOUSE

5

:

©2007
Building Science
Consulting

H
i}
e, CH T S, i [ D] SCERCT COPPDRATION

THADE [ CRO0 RO
EREEL s £

T

A6

©2007
Building Science
Consulting

©2007 Building Science Consulting



Rebuilding Greensburg Housing Resource Fair, Haviland, KS
July 20-21, 2007

Presented by Alex Lukachko
Building Science Consulting
www.buildingscience.com

4?31"' ST N0e

AT R

[ e |

LJNEET FLOOR RECALTEN MW,

3 FEATRE 1,200 BEGEIN rLw)

T o T, 3 [ D SCENCE DOMPOIATION
THREE (6 OO RO

{ [

P e o

©2007
Building Science
Consulting

RPN LIS TRE PLi 1L AL IR

©2007
Building Science
Consulting 31
—= 4 - . .
T T é-_
. ]
@ . ]
i
¥ ke = o 1 '
| - Ii
5i
b k
e -
i I
“aibi . e |
- IH .
1]

1| B .00 BLICTROEA. FLia

.
i
-1 | RS | ente bioeoow Houst
1 )

32

©2007 Building Science Consulting

16



Rebuilding Greensburg Housing Resource Fair, Haviland, KS
July 20-21, 2007

Presented by Alex Lukachko
Building Science Consulting
www.buildingscience.com

Building Science Details

* The Building Enclosure
» Rainwater Control
 Airflow Control

* Water Vapor Control

e Thermal Control

©2007
Building Science
Consulting

33

Building Enclosure Components:

1. Basement Floor System(s)
2. Foundation Wall Sysiem{s)
3. Above Grade Wall System(s)
4. Windows and Doors

5
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Enclosure Design

Proposed Assembly

Airtightness BSC BA Airtightness
(2.5ins/100 sf)
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Above grade walls R-19, 2x6 frame @ 24" o.c.
+ R-5 Sheathed Walls
Roofs R-38 Attic / R-35 Cathedral
Ceiling
e Ly dede
Windows Low-e Windows (U=0.33,
SHGC=0.28) —

Below grade walls ~ “Superior Wall” Basement oo

Drainage Profile

12-18" roof overhang

» Use draining exterior cladding
» Complete drainage plane

« Drain water away from building

 Control ground water
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Drain Everything
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The grade is sloped |
o drain wabor oway

packed clay al

foundation perimatar
limits the amount of

rain water absorbed
by the ground.) _ 4

Any water up against
the faundatian wall

will drain down the

free draining backfill
and out at the perimeler
drain
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fram the foundation ia

Drainage Profile - Foundation

{Top layer of the hard ||

. wall and sill plate prevents moisture

Capillary broak botwoon foundation

migration fram the conorelo (o the
wood structure

Gravel pad and polyathylena

limit molsture migration from
| the soil into the crawlspace
The gravel pad is connected
o thee perimeber drain

19
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Drainage Profile - Walls

Rain water drains
down over the
shingle-lapped siding
[Small amounts of
‘water that penetrate
parst the cladding are
drained on tha
insulating sheathing
drainagoe plane back
out to the exterior

at the bottom of the
cladding.)

" Tyved

|

Windows and other
penetrations must
be integrated with
drainage plane
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Fana

a:

BEDROOM HOUSE
VERY COLD CLIMATE

THRE

| DETALS

:
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Rain water drains off
roof and away from
the foundation

Overhangs protect
wall and window
assemblies from
direct rain water
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Airflow Control Profile

« Continuous interior air barrier
with Airtight Drywall Approach

» Additional resistance to airflow -
housewrap and exterior sheathing

« Soil gas control

« Airsealing of windows and other
penetrations
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Air Leakage vs Vapor Diffusion

4x8 sheet of
gypsum board
with a 1 in? hole

Interior at 70°F
and 40% RH
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4xB sheet of
D’N gypsum board
Interior at 70°F

and 40% RH

-

L

143 quart
of water
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Airflow Control - Foundation

Thix plana of air

_ tightness s provided

by the conorete wall
system

The plane of air
tightness for the

47

Airflow Control - Walls

The interior plane of
air tightness is
provided by the
interior gypsum board
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The taped and sealed
exterior rigld insulation |
provides an exterior plane |
of air tightness to minimize
the effects of wind washing
of thir insulation

Continuity of the air

barrier is maintained

at the wall 1o foundation
connection through the
use of sealants or gaskels
bebween Uhe gypsum board
and the framing members

48
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Airflow Control - Roofs

The interior plano
of air ightness is
provided by the
interior gypsum
board

Continuity of the air barrier
i maintained at the rool to
wall connection through the
use of sealants or gaskets
berbwnzeen Ui gy psum wall
board and the framing
mambars
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Vapor Control Profile

¢ Mixed-Humid Climate -
assemblies need to dry to interior
and exterior

« Rigid insulation (XPS) limits [ S
moisture flow Sdirin et P——

« Works with insulation to control [ e
surface temperature and reduce
condensation potential
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Exposed portion
of foundation
wall able to dry
to the exterior

The insulated wall
system limits moisture
flow from the interior
during winter

Polyethylene limits the
moisture flow from thesoil

51
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XPS elevates the
condensing surface
temperature during the
winter to reduce the
condensation potential

Vapor Control - Walls

Semi-permeable interior

from interior during winter

interior during summer

latex paint finish on gypsum
board reduces moisture flow

yet still allows drying to the

52
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Vapor Control - Roofs

Drying primarily to the

exterior (drying assisted
by venting underneath
the roof deck)

XPS limits moisture
flow from the interior |
during winter

53
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* Rigid insulation used to control
thermal bridging

» Advanced framing techniques
used to maximize overall thermal
resistance

« Air barrier system and full cavity
fill insulation to minimize airflow
thermal bypass
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Thermal Control Profile

Thermal Control - Foundation

AN

o
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Building Science }
Consulting

©2007 Building Science Consulting

The thermal resistance
of the foundation wall
is provided by the

R-5 insulation

I
re— S LR
R

i
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The thermal resistance
of the wall assembly is
made up of the blown

and the 1-inch of rigid XPS
insulating sheathing
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Thermal Control - Walls

I

cellulose cavity insulation |

g

58
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Smarter strategies can save monay, speed construction,
improve enargy efficiency, and cut down on job-site wastes

59
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2x6 Framing, 24” o.c.

61
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Right-sized Headers

Open insulated

single header /Single top plate

Header cavity left
open to be insulated
from interior

Stud notched to
support single
header

Single header
sat towards
outside of wall,
flush with
exterior surface
of stud

Single stud

62
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Reduce framing in non-bearing walls

©2007
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Two-stud corners and Drywall clips

« Clips save wood, labor and call-backs
* NAHB: $100/1000 sq ft in material
« Further savings in energy . . .

Building Science
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Thermal Control - Roofs

Thermal resistance of
the roof assembly is
made up of the blown
cellulose insulation

and the 1-inch of
rigid XPS
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Pushing the Envelope . ..

Second Floor Plan

67
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Resources

68

©2007 Building Science Consulting

34



Rebuilding Greensburg Housing Resource Fair, Haviland, KS
July 20-21, 2007

Presented by Alex Lukachko
Building Science Consulting
www.buildingscience.com

Building Science Corporation

Designs that Work — Mixed-
Humid Climate Case Study

find this at:
www.buildingscience.com/dtw
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Resources

Building Science Corporation
Builder’s Guide to Mixed-
Humid Climates

find this at:
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Resources

www.buildingsciencepress.com

Climates

Mixed -
Humid

=
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©2007 Building Science Consulting

35



Rebuilding Greensburg Housing Resource Fair, Haviland, KS
July 20-21, 2007

Presented by Alex Lukachko
Building Science Consulting
www.buildingscience.com

Resources

Building America

Practices Guide

find this at:
www.buildingamerica.gov
(look for “publications”)

o s e e

e —
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Mixed-Humid Climate Best W%—Mmﬁ

Building America Best Practices Series: Volume 4

— a1 A o e

Energy Efficient Construction
Techniques

Part 1: House Design and Foundation Systems
Date: September 8, 2007

« Anoverview of energy efficient and affordable house design

« Foundations and rainwater management

Part 2: Framing

¢ Advanced framing techniques

¢ Choosing the right windows and doors

Part 3: Mechanical Systems and Airtightness

«  Build tight, ventilate right

* Mechanical system design and selection

Part 4: Enclosure

¢ Insulation — theory and installation practices

«  Exterior cladding systems

Part 5: Finishes, Testing and Commissioning

¢ Measuring building performance

¢ Whole house commissioning and homeowner training
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Rebuilding Greensburg mzﬁ

A Seminar Series on Affordable, v sepsmmena

Fowavd Jara Endvgy Homas
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Questions?

Beforeyou go ...
* Sign up sheet for builders
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