ems Engineering Appro

fo{%fﬁ%f}} Habltat for Humanlty

of Metro Denver

Energy Efficient Building Association

Building Science Consortium &

Prckitectine and Building Science . . . .
Building Science Consortium
fitfic SR Present

ceowme o An Advanced Systems
Engineering Approach
to Affordable Single
Family Homes
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CHamarty —— Qverall System Improvements

(EEBA .« Advanced Framing System

— 2x6 24” o.c., O.V.E., insulating sheathing

Building Science Consortium

i ¢ AIF Flow Retarder System

— Interior and Exterior

ifilo¥=2%  « Thermal Envelope System

— 48% better than the 1993 Model Energy Code
(current code required in Colorado)

e Air Distribution System

— Innovative ductwork and ductwork location

 Mechanical Systems

— Integration of ventilation and heating system

October
2000
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Humanity Overall Performance Goals

(EEBA  + Energy Consumption

— The house will use 48% LESS BTU’s

than a like sized reference house that meets the 93 MEC for the
location (current code required in Colorado)

e Pollutant Control

42 m:z — Controlled Mechanical Ventilation

(@ 10cfm per person/occupancy based on # of BR + 1,
i.e. 3BR House=50CFM)

Building Science Consortium
_-_""-—__
Arelidectine and g«w&{wz’ Seaemee

SR, . Department — Source Control (dry foundations, combustion safety)

g of Energy

* Envelope Leakage

— Less than 2.5 sq. in. of leakage area per 100 sq. ft.
of envelope surface area (CGSB @ 10 Pa)

* Durability

— Designed to reduce wetting and designed to dry

October

2000 should it get wet
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Energy Use Comparison

EBA

Habitat for Humanity
Lakewood, Colorado

Building Science Consortium 120
_-_""-—__
Arelidectine and g«w&{wz’ Seaemee

100
e Predicted g
Buildin
fiffici TS Heating
and Hot 60
Water
Energy
Use 40
o Eeebartment \IMBtulyr)
20
0

October
2000

1993 MEC
(meets code)

Basecase 1995 MEC Energy Star

House Design Type

Building Americ
(3% Reduction) (24% Reduction) (48% Reductiol
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fo%‘}b itat Trf;r
HIAHEY Advantages to Homeowner

Healthier interior living
environment

Building Science Consortium
_-_""-—__
Arelidectine and g«w&{wz’ Seaemee

* More durable home
fitfic SR * More comfortable home
* Predictable lower utility bills

» Allows innovative marketing
& financing (EEM mortgages,
etc.)

October
2000
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Building Science Consortium
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Advanced Framing System

\wiv\
&2 2

October
2000

Prckitectine and Building Science

fitio SR

2 U.S. Department
| )3 of Energy

* Insulating sheathing over
plywood at corners for racking

strength

Rigid insulation —
(taped or sealed

at corners)

Siding cut
ends sealed
with paint
and spaced
apart to
promote
drainage

NN

Trim installed ove

/— Caulking not

r top of siding

needed here

\

—— \

1/5" thick rigid insulation
over 1/2" thick plywood or
OSB structural sheathing
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Jo"Humanity

of Metro Denver

EBA

Building Science Consortium
Prclitectunc and Building Sciemee

% u.s. Department
g of Energy

October
2000

PR-0003: An Advanced Systems Engineering Approach to Affordable Single Family Homes

Advanced Framing System

Framing Plan

Use 2x6 @ 24” o.c. with
stack framing

Most efficient use of
wood as a structural
system-reduces waste

Allows more wall depth
for additional insulation
than 2x4 @ 16” o.c.

Reduces thermal
bridging of wall elements
(total percentage of
framing thermal bridge
goes down from 20% to

10%)

Single
stud at
rough
opening

No Cripi&"_*

under
window
opening

Two stud corners

V7

>¥

Single
top
plate

— Point load
transferred
between
studs by rim
closure
raterial
acting as
header. If
rim closure
material is
non-
structural,

- —

Insulated
header

Header hangers
instead of
jack studs

A= support will

be required
under point
loads. Use
solid blocking
between
joists.
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fo%bz‘mtwh‘r .
upmanty Advanced Framing System

EBA  Insulated headers

* No header necessary at non-bearing
Building Sci Consorti
—tari—  walls

fitio SR

& > & U.S. Department
5\ fe| )5 of Energy
W i/ /.S',

Open insulated
double header

Single top plate

Double header with
rigid insulation towards
inside prevents
gypsum board from
cracking due to header
shrinkage

October
2000
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fo%bz‘mﬁ@‘r .
upmanty Advanced Framing System

EEBA  * Drywall clips allow for better
installation with less drywall
Built:i;g“ iif:gﬁ?jinium cr a ckin g /f__,,_ Ceiling drywall

____— —— Clips installed
by framer or
drywaller

—_—

- End stud of
adjoining wall

Install this panel
first, against clip
support

== Instaii ihis panel
against other side

————— Sheathing

———— Rigid insulation

Clip
Drywall

October
2000
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I Humanity Air Flow Retarder System

(EEBA < Exterior
—(2) 1/,” layers of
e XPS insulating
sheathing -
fitfic SR seams staggered
horizontally and
7 s oprmen vertically, and
taped

October
2000

Minimal expanding foam sealant
entire perimeter of window

Continuous bead of sealant (typ.)

(2) layers 1/5" XPS staggered
horizontally and vertically and
taped

2x6 24" o.c. wall cavity

<+— 1/," gypsum board

7/g” OSB tongue and groove
/ floor sheathing
—— /
—| |

VOV VN

~4— Manufactured floor
truss

1/2” OSB truss closure
sealed to framing typical
entire band joist

A

\i\\— 1/2" gypsum board

Continuous bead of sealant (typ.)

[~

T~ (2) 2x12 header flush with exterior
face of framing with rigid insulation
infill

Continuous bead of sealant (typ.)

Minimal expanding foam sealant
entire perimeter of window



Habitat e
Jo"Humanity

of Metro Denver

EBA

Building Science Consortium
Arcbidectine and Bmf.«iwg Seaemee

2y U.S. Department
) of Energy

October
2000

PR-0003: An Advanced Systems Engineering Approach to Affordable Single Family Homes

Air Flow Retarder System

 Complete air

sealing package
at rim closure

Minimal expanding foam sealant
entire perimeter of window

Continuous bead of sealant (typ.)

(2) layers 1/5" XPS staggered
horizontally and vertically and
taped

VWYYV Y VYN

=N

2x6 24" o.c. wall cavity

<+— 1/," gypsum board

7/g” OSB tongue and groove
/ floor sheathing

T

~4— Manufactured floor
truss

A

1/2” OSB truss closure
sealed to framing typical
entire band joist

™~

\— 1/2" gypsum board

Continuous bead of sealant (typ.)

[~ (2) 2x12 header flush with exterior

vy rggl? of framing with rigid insulation
Continuous bead of sealant (typ.)
Minimal expanding foam sealant

entire perimeter of window
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“"Humanity Air Flow Retarder System

EECBA + Interior
— ADA

Building Science Consortium Air Drywall Approach

Arckitectne and Building Science e drywall glued to
top and bottom plate

5 of Energy

./ @ U.S. Department

October
2000

— Ceiling drywall taped
\ to wall drywall
- Drywall caulked, glued
or gasketed to top plate

— Drywall caulked, glued
/ or gasketed to bottom plate

— Bottom plate caulked or
h I gasketed to subfloor
=— Subfloor glued, caulked or gasketed
to rim joist/rim closure

——— /2" OSB truss closure sealed to
framing typical entire band joist

- Drywall caulked, glued or
gasketed to top plate

I = rowvant caulked, glued or
/" gasketed to bottom plate

- Bottom plate caulked or
gasketed to subfloor

= —Subfloor glued, caulked or gasketed
to rim joist/rim closure

—— /5" OSB truss closure sealed to
framing typical entire band joist

. - Sill plate installed over sill gasket

——— Rim joist/rim closure caulked
or gasketed to sill plate

Mote: shaded components designate
air flow retarder system
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Air Flow Retarder System

EBA

Building Science Consortium

of Energy

October
2000

Prckitectine and Building Science

U.S. Department

 Foundations

— Gasket at sill plate
connections to
foundation

— Sealant at slab
foundation wall
intersection

— Ceiling drywall taped
to wall drywall

\- Drywall caulked, glued

or gasketed to top plate

— Drywall caulked, glued
/ or gasketed to bottom plate

— Bottom plate caulked or
h I gasketed to subfloor
=— Subfloor glued, caulked or gasketed
to rim joist/rim closure

——— /2" OSB truss closure sealed to
framing typical entire band joist

- Drywall caulked, glued or
gasketed to top plate

I nrs Driovant caulked, glued or
S gasketed to bottom plate

- Bottom plate caulked or
gasketed to subfloor

= —Subfloor glued, caulked or gasketed
to rim joist/rim closure

—— /5" OSB truss closure sealed to
framing typical entire band joist

. - Sill plate installed over sill gasket

——— Rim joist/rim closure caulked
or gasketed to sill plate

Mote: shaded components designate
air flow retarder system
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Air Flow Retarder System

EBA

Building Science Consortium

% us. Department
of Energy

October
2000

Prckitectine and Building Science

* Airtight electrical boxes

Built-in seal at

wire entrance ~—«.\

Nailing flange ———

— Flange for sealing

to drywall air barrier

— Gasket built into box

—

[T Special air-sealing box

A

I

|_—— Caulk at all wire penetrations

|_—— Seal at face to drywall with joint

compound or with caulked foam
cover plate gasket

|III
X{__h;:—— Standard plastic electrical box

Caulk at all openings
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o L) L)
Habitat e

1 Humanity Daylighting System

EBA * Windows placement for optimal
and passive ventilation
Building Science Consortiom QP POYtunities with shading when
T necessary to reduce overheating

HEH Prevailing
+ A E
ﬂ Winds
Summer U
S

4 sun

Winter

sun
% U.S. Department

\\
S
& 2
\ 15
&\ 2 of Energy
. 25
3

’

T

L

Rooms oriented east to west Staggering rooms or using

have good ventilation but are wing walls increases ventilation
difficult to shade through rooms oriented north
to south

October
2000
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fol%lb itat o
Uy Water Management System

cerA  ° High performance windows

-’

with Low-E insulating glass

Building Science Consortium * Sill Wrapped With
Prekitectune asnd Building Sciemee
membrane
for moisture
protection

Head flashing with both
ends extending beyond
opening

Sheathing tape over top edge of
adhesive membrane strip

Adhesive membrane
strip

T Frame wall

= Foil-faced or
extruded
polystyrene

o rigid insulation

Seams taped to /
provide drainage Z
plane continuity —& |

Adhesive membrane strip
(ends folded up) acting as a
through-wall flashing under
window opening

October
2000 L
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PR-0003: An Advanced Systems Engineering Approach to Affordable Single Family Homes

Water Management System

Window Trim
Alternative One

Window Trim
Alternative Two

Window Trim
Alternative Three

2x6 king stud
1x2 block

1” rigid insulation
Siding

5/4 trim

2x6 king stud

2x4 nailer
1” rigid insulation

Siding

5/4 trim

2x6 king stud

17 rigid insulation
Siding

5/4 trim
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foly?}‘}b itat ey
umanly Thermal Envelope System

EBA * 2x6 @ 24” oc walls
allow for increased
Building Science Consortiom W all Insulation

Arelitectine and nguwss Seiemet

* Less thermal
= bridging ewer

framing members)

October
2000
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EBA

Building Science Consortium
Arelidectine and nguwss Seaemee

2, U.S. Department
)5 of Energy
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PR-0003: An Advanced Systems Engineering Approach to Affordable Single Family Homes

Thermal Envelope System

insulation

Manufactured wooden roof truss
R-38 blown cellulose insulation

Insulation baffle — provide
2” airspace

(2) layers of 1/2” XPS with
seams staggered horizontally
and vertically and taped

//

=
i

* Increase truss depth for roof

oy

1SS0 00801

Continuous bead
of sealant

¥

}

1/2” gypsum board

Continuous bead
of sealant
(2) 2x12 header flush with

exterior face of framing with
rigid insulation infill

Minimal expanding foam sealant
entire perimeter of window
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EEBA

Building Science Consortium
Prclitectunc and Building Sciemee

U.S. Department
5 of Energy
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PR-0003: An Advanced Systems Engineering Approach to Affordable Single Family Homes

Thermal Envelope System

(2) /5" layers XPS with
joints staggered vertically
and horizontally and
taped

Hardi Plank siding

* Conditioned crawl space
walls insulated with 2” EPS (R-7)

V

1/," gypsum board

Continuous bead

of sealant

Continuous bead
/ of adhesive

XPS joint taped
Continuous bead

Manufactured floor truss

1/2" OSB truss closure
sealed to framing typical

Continuous sill gasket

Unfaced batt
insulation

- 6 mil polyethylene vapor
diffusion retarder turned
up and taped

a — 1/, fiber-cement board
(caramic tile acker board)

2" EPS rigid insulation
Tape

2" concrete pad

of adhesive -
Continuous bead
of sealant oy
Provide 3'-0" mulch [ .
with drought- Wl 2 1
resistant plants A A
’j"ﬁz_,_r,: 5 - s
S t’}ﬁ,\ - iy a slh
T, ¥ * A As
||.'|I.|.-IIII : i
A & s A
4
Als & ||
&
A s
4 ‘_
i I3
o : all|a
aq = L
» L | -ﬂ‘
alls
all & 4 & ¢e ¥ A B g b VA b g ow¥
A s o b g ¢ 4 s g ga
) 2

3 g“%g -_‘-".‘,a\:J_‘.
T

4" granular capillary break
and drainage pad (no fines)

6 mil polyethylene vapor
diffusion retarder; taped
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Foundation System

Building Science Consortium

Prckitectine and Building Science

October
2000

Final grade
slopes away
from foundation
wall

3’ wide perimeter
of mulch with
drought-resistant
plantings
Damp-proofing
around exterior
perimeter of wall

(2) /5" layers XPS with
joints staggered vertically
and horizontally and

taped

Hardi Plank siding

* Construction techniques that keep the
wall dry and the crawlspace mold free

1/," gypsum board
/ Continuous bead
of sealant

Continuous bead
/ of adhesive

XPS joint taped
Continuous bead

Manufactured floor truss

of adhesive - /5" OSB truss closure
Continuous bead — sealed to framing typical
of sealant oy Continuous sill gasket
Provide 3'-0" mulch [ .
with drought‘ M s g % Unf
’ faced batt
resnsta::} plants | 1IN insulation
L ~ 6 mil polyethylene vapor
] a b diffusion retarder turned
sl up and taped

II,'.I'.'I'-'-'IE‘:':"\’

a — 1/, fiber-cement board

. 2" EPS rigid insulation
s Tape
i ———— 2" concrete pad

4" granular capillary break
and drainage pad (no fines)

6 mil polyethylene vapor
diffusion retarder; taped

{Geramic tire backer board)
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Habitat e
Jo"Humanity

of Metro Denver

Foundation System

(EEBA * Construction techniques that keep
the wall dry and the crawlspace
Building Science Consortium 1N Old free B an vy f sty

and horizontally and Cfontinluottjs bead
Architectune and Building Science taped of sealan

XPS joint taped

— Capillary break /7 Continuous bead
Buildin
fitfic SR

: e of adhesive
Hardi Plank sidin
between .
% u.s. Department

foundation
of Energy

Continuous bead

Manufactured floor truss

Provide 3'-0" mulch
with drought-
resistant plants

o 4

Wall and mud Sill of adhesive - 1/5" OSB truss closure
Continuous bead sealed to framing typical
of sealant = Continuous sill gasket

Unfaced batt
insulation

~ 6 mil polyethylene vapor

X diffusion retarder turned
sl up and taped

a — 1/, fiber-cement board
A (czramic tile packer board)

L | 2" EPS rigid insulation
ol | & I Tape

2" concrete pad

s|]a I )
b v ¢ 4 A g g a 4

ékm TRIR0
TR

i 4" granular capillary break
October and drainage pad (no fines)

2000 6 mil polyethylene vapor
diffusion retarder; taped

s =
REN
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fO{%zb itat Tfj;r
umani -
ey Foundation System

@ * Construction techniques that keep the wall
dry and the crawlspace mold free

— Insulating sheathing

— . . . (2) /5" layers XPS with 1/," gypsum board
B““dlng Science Consortium increases the iOif&‘i stgagg(tarﬁd vegically / Continuous bead
‘ — and horizontally an S anslant
Arcbidectine and Em[dms Seiemee taped of sea
temperature of —
the first condensing Hardi Planksiding / Gadene
surface XPS joint taped )
Buildin .o Continuous bead Manufactured floor truss
AMERI — 1/4” cementitious of adhesive = 1/5" OSB truss closure
Continuous bead sealed to framing typical
thermal barrier ot sselant e Continuous sill gasket
. . Provide 3'-0" mulch [WFETT
contains no media with drought- L ‘nlf %, e o
] resistant plants : -
— e — 1 ol |8 insulation
'y U.S. Department for mOld gl‘OWth A G
) of Energy 4 0 ~ 6 mil polyethylene vapor
iy s |k diffusion retarder turned
| sl up and taped

a — 1/, fiber-cement board

A[» o |1 iCerarnic tie backer board)
= Al 2" EPS rigid insulation

TEe 41k Tape

2" concrete pad

J s|]a S & Jw 7 A B 7o VO By ow¥
o BT N RN L)

s ) g & 4 b v v
4 e L_HL \J%
3 B S AT e Lt

i 4" granular capillary break
October and drainage pad (no fines)

2000 6 mil polyethylene vapor
diffusion retarder; taped
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fO{%zb itat Tfj;r
umani -
ey Foundation System

EBA  * Construction techniques that keep the
wall dry and the crawl space mold free

Building Science Consortium — Continuous exhaust 50 fm exhaust nne

Architectune and Building Science / fan to run continuously

fan draws down ==/,
conditioned air from T
= 1
AMERI the house S =
ldn:
& {\\‘{i U.S. Department ““b’ 4" PVC pipe —{-»
:, */é'g of Energy &

October
2000
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fO{%zb itat Tl‘_’;r
umani -
ey Foundation System

EBA  * Construction techniques that keep the
wall dry and the crawl space mold free
Building Science Consortium — Crawl space is CONDITIONED with air

e from the house, not flushed with outside
air as a typical VENTED crawlspace

I T
t

gt N
.*Q,/ + 7 © U.S.Department
| )3 of Energy
&

; Central
return
h I . I Transfer
grille to
— crawl spad
Outside air . - 3
intake N P o S o S P =< - 7T
> !
1l ~ I
I --r ,O.
1 | i
Exhaust vent " It LUI .
to back -_———_____ -1

October H m s
2000
1§ oL
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fo%bitat *ﬁf;r
umani -
ey Foundation System

ERB4A  + Constant exhaust from the crawlspace
acts as soil gas and radon
Building Science Consortium reduction SYStem 50 fm exhaust nine

Architectune and Building Science / fan to run continuously

il |

o S =] [N

.-‘f:q\-‘.e]k. I
& 5% & U.S.Department s . 4" PVC pipe —{-»
* )5 of Energy s

October
2000
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Arelitectine and g«w&{wz’ Seiemet

S
\E‘ U.S. Department
)3 of Energy
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Air Distribution System

Building Science Consortium

Innovative ductwork system

Ductwork located
inside of the building

envelope (i.e. not
in vented attics,
exterior walls,
attached garages)

QL

LY

/7
\/
/)

e

/2

5
— -"I". #a A
X

7
O

v/

/3
({{a

AN

A

Return low
on first floor

774
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fogabztatﬁﬁr . . . .
Humanity Air Distribution System

ERBA ° All bedrooms have transfer grilles
through to hallways for pressure
Builing Science Consortium equalization or return ducts

Arelitectine and nguwss Seiemet

| __— Girille located high in
/ wall on bedroom side
- m% % to avoid blockage by

furniture

5 -\:;'
Ve R
& ) U.S. Department
&\ "\.; of Energy
o 2
3

Cavity is sealed tight,
drywall glued to studs and

plates on both sides

Grille located low in
waII on hallway side

October
2000
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fo%‘}bimt Tlf’;l’ . . . .
upmanty Air Distribution System

ECBA  * One central return '
— low in first \
Building Science Consortium floor hallway

Arelitectine and nguwss Seiemet

N

s,
—— A&
AT

A\
VAN
Y

A

"

\/
— .".:’ L “

X/

.y,
\_ 4

A

Return low

(X

October
2000
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fol%lb itat Tﬁ;r
umani -
Ty Mechanical System

EBA ¢ 929% efficient closed combustion
furnace

Building Science Consortum o F'yrpace located within the
Arelidectine and gfwuwz’ Seiemet
conditioned space

fit¥H==%2 * Products of combustion vented
directly to tqioutside

£ E =
‘E‘ U.S. Department 3

)3 of Energy : :
il | I
h
Supply ReEurn
L1~ Filter
] [
T

October
2000
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fo%‘}b itat Trf;r
umani -
Ty Mechanical System

(EEBA * 61% EF Hot water heater

* Located within the building
Building Science Consortium
o —— ey P envelope

o S  Combustion products are vented
directly to the outside

E:?:I\I
Supply Renrn
I !
L1 Filter
— e
=
Ca Ch

October
2000
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I Humanity Mechanical System

-’

— QOuts
duct

Building Science Consortium
Arcbidectine and Bmf.«iwg Seaemee

EBA  Ventilation Scheme

ide air is supplied through a 6” insulated
to the central return.

continued

% us. Department
of Energy

Return § Central return
duct 1 atfirst floor

Balancing damper 4\

\

M X /ﬁlt\

6" insulated outside air duct —‘) \\/
N N ™ = /

|

Conditioned
crawl space

|

Filter assembly
X Canvas connection

/ 4 (soft connection)
[Slab

\.

Main supply
trunk Furnace 4

October
2000
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I Humanity Mechanical System

-’

Building Science Consortium
Arcbidectine and Bmf.«iwg Seaemee

EBA  Ventilation Scheme

“AirCycler™” control brings in outside air
periodically even when the air handler is not on

continued

% us. Department
of Energy

Return § Central return
duct 1 atfirst floor

Balancing damper 4\

\

M X /ﬁlt\

6" insulated outside air duct —‘) \\/
N N ™ = /

|

Conditioned
crawl space

|

Filter assembly
X Canvas connection

/ 4 (soft connection)
[Slab

\.

Main supply
trunk Furnace 4

October
2000
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fO{%zb itat Tﬁ;r
umani -
ALY Mechanical System

Ventilation Scheme (con’t)

— Continuous exhaust through the crawl space

EBA

Intermittent point source exhaust

— High performance, quiet (low-sone) Panasonic fans
in all baths and Kkitchen

Building Science Consortium
Prclitectunc and Building Sciemee

Supply

Az - == -
© U.S. Department =S =l = = ’
)3 of Energy

; Central
return
h I . I Transfer
grille to
— crawl spad
Outside air . - 3
intake N P o S o S P === - 7
e e p o= == = T A
4 AN 1
- --r N
1 il T
{ Exhaust vent ' i LUl !
to back _——— | -

October 1 11
2000 s o





