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Goal

50 percent reduction in total energy consumption for no more than a5
percent increase In construction cost

Can get there with the following approach:
Insulating sheathing
Advanced framing
Blown in cavity insulation
Air tight enclosure
High performance glazing
Insulated foundation (slab, crawl, basement)
Equipment, lighting, appliances
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Figure 1
Relative Humidity and Comfort

Comfort

Uncomfortably
Dry*

© 25 50 ©0 79 100

Comfort Range* Uncomfortably Wet*

Relative Humidity (RH) %

* For 80% or more of the occupants in a space
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Spot permeability p j

l«——Wet cup limits —

My

re—— Dry cup limits —»;

Ko

Permeability

Dry cup test result

Wet cup test result

0 50
Relative Humidity (%)

Up = Dry cup permeability

Wy = Wet cup permeability

Permeability vs. Relative Humidity

100

» Typical relationship between dry- and wet-cup methods and spot permeability
for many hygroscopic building materials such as asphalt impregnated felt building
papers, plywood, OSB and kraft facings on insulation batts

* uy = 2 to 3 times greater than pp
» Wet cup testing occurs with 50% RH on one side of tes
other side

t specimen and 100% RH on

* Dry cup testing occurs with 0% RH on one side of test specimen and 50% RH on

other side
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Under 20™
Low I:l Face Seal
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RAIN
SCREEN

WATER THAT PENETRATES
IS DIVERTED OUTWARD
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/— Cavity insulation

P Rigid insulation glued

d to gypsum board

Synthetic stucco
applied over
rigid insulation

Gypsum board

Gypsum board

R R R B, R S
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Alternatively, the
plastic lath or furring
can be omitted and
a rigid insulation
with grooves
(drainage channels)
on the back

surface can be
mechanically
attached (nailed)
through the building
paper into the
sheathing

Synthetic or ———>
traditional stucco
applied over

rigid insulation

Nidhicn TR

#30 building paper
installed shingle
fashion acting as a
drainage plane

OSB sheathing
/ Plastic lath or furring

mechanically attached

through building paper

into sheathing to create
air space/drainage space

| — Rigid insulation mechanically

attached or glued to lath
or spacer (minimum
thickness of spacer 1/4")

Air space drained to
exterior

Cavity insulation

~<— Gypsum board
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Nitkich S22
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Joints in window or doar
designed to drain
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Wall
drainage
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Site-constructed or manufactured
pan flashings for window and door
openings in frame walls
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Head flashing regletted
into foam

Tape over head flashing
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Wood siding

(all surfaces coated)
Rigid insulation
(taped or sealed joints)

Unfaced batt insulation

Gypsum board with vapor
diffusion retarder paint

Airspace Sealant, adhesive or gasket
Sealant, adhesive 4 Sealant at corner of bottom
or gasket =1 plate and sub floor or gasket
-,,,. under bottom plate
Adhesive
. Insulation “pillow”
Furring

Sealant
Wood filler (draftstop)

Sealant, adhesive or gasket

Sealant, adhesive or gasket
Ground slopes il Sill gasket
away fr,on\lmmmmﬂllHH'I.IHLI\
wall at 5% Treated wood frame wall
(6 in. per 10 1t.) Gypsum board with semi-
vapor permeable (latex)
Impermeable - paint
HECERR : Unfaced batt insulation
Granular ———» s : t==— Concrete foundation wall
(>
HackiA . (>-<it— Extruded or expanded
y (9| polystyrene rigid insulation
¥ ; (taped or sealed joints)
" 5 . Treated wood bottom plate
B Sealant, adhesive or gasket
Dampproofing " o Sealant or gasket under
Sealant bottom plate
: ; Concrete slab
Filter fabric ., Expanded
Coarse gravel ¢/, polystyrene rigid
(no fines) insulation or
"' high density
Perforated ixe brik mineral
drain pipe pyle : Slareg fiberboard
i — : | ill
Capillary break over footing — Er?gfgr:dcﬁféi?%e
(dampproofing or membrane) pad (no fines)

Bulld i
AMRERﬁ ﬂ RRncrsle oin Extruded polystyrene rigid
insulation as bond break
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DELIVERY or DISPOSAL
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WHERE 4 IS GOOD
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WHERE 5 IS BETTER
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9 HAS GOT TO BE JUST GREAT!
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Design Issues

2 strips of plywood
et wide and

o Ue/x 152 feot wide
- Design buildings that
coordinate advanced
framing practices with
material availability and
Integrate with building
envelope design and
mechanical system layout

Buildin 69
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Advanced Framing System

Roof framing/trusses
line up with wall
and floor framing

No headers

oStack Framing
Concept

Single
top plate

Single
== / top
Sl) plate

— Point load
ji \ // transferred

between
] studs by rim
. closure
Single L material
stud at N . acting as
rough header. If
opening rim closure
material is
non-

r structural,
support will
be required

No cripples g under point

under loads. Use

Wind(_)w Insulated solid blocking

opening header between
joists.

Header hangers
Two stud corners instead of jack

= studs (see Figure 5.5)
aildim,
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Design Issues T e

- Provide drawings _

that integrate m =<2o
advanced framing into %

i
complete building | ] RN .

envelope design and . m o

mechanical system e
layout NV
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Advanced Framing System

Connector plate

Corner framing

o 2 Stud Corners

Top plate splice

Build
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Single top plate

Two stud corner

Clip suppot for
gypsum board

Altemative 1x4
suppott for
gypsum board

Connector plate

Single top plate
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Advanced Framing System

* Insulated headers Open insulated

double header
« No header necessary at
non-bearing walls

Single top plate

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

hrin kage

Buildin, 74
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Advanced Framing System

Insulated headers

No header necessary at
non-bearing walls

Buitdin - )
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Advanced Framing System

—— Ceiling drywall

. s
 Drywall clips allow for

better installation with
less drywall cracking

. —— Clipsinstalled
by framer or
drywaller

— End stud of
adjoining wall

Install this panel
first, against clip
support

“-\_\

———— Install this panel
against other side

Sheathing

—— Rigid insulation

— Clip
Drywall

Baild 77
Ammlﬁ ﬂz: © 2004 Building Science Corporation




© 2004 Building Science Corporation

78



Seal around
rough openings
of windows

and doors

Seal along Seal drywall to
top plates first stud in the wall
on exterior (see Figure 12.7)

walls \

/u
P~

Seal along

bottom plate
on exterior
walls

Partitions: seal
at top plate where
adjacent to an
unconditioned space
(see Figure 12.8)

Y
Seal along inside

of bottom of first

stud in interior wall

(see Figure 12.7) or,

hold back first stud to

pass drywall behind
stud (see Figure 12.8) s
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——=— Drywall adhesive on both
sides of first interior stud

A

Drywall adhesive at
bottorn and top of stud

Drywall adhesive at
bottom plate and top plate
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CASE STUDY

« HOUSE SPECIFICATIONS
— Conditioned Floor Area

Total Floor Area
Typical Wall Height
Total Conditioned Volume

— Length of Exterior Wall
— Length of Interior Wall

© 2004 Building Science Corporation

2,495 sq ft
2,910 sq ft
9-11 1"
24,850cu ft
252 In ft
340 In ft

82



e 2x4 16" oc WALL

CASE STUDY

8'Studs Bd Ft

- Ext Wall 467 1634 bd ft
— Ext Plate 95 331 bd ft
— Int Walll 715 2502 bd ft
— Int Plate 126 446 bd ft
— Header 273 bd ft
— TOTAL WALL FRAME COST

© 2004 Building Science Corporation

Cost

$2749

$866
$175
$1326
$237
$145
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CASE STUDY

o 2x6 24" oc ADVANCED FRAME WALL

8'Studs Bd Ft Cost
- Ext Wall 238 1312 bdft $695
— Ext Plate 63 347 bd ft $183
— Int Wall 279 977 bd ft $518
— Int Plate 85 298 bd ft $158
— Header 148 bd ft $78
— TOTAL WALL FRAME COST $1632

Buildin
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CASE STUDY

2X4 2X0
— 8" Studs 1403 665
— Bd Ft 5186 3082
- COST %2749 $1632

© 2004 Building Science Corporation

« WOOD FRAME WALL SUMMARY

REDUCED BY
(-738 / -52%)
(-2104 | -40%)
(-$1117 / -40%)
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Building America Research

Affordable Inset Shear Panels for
Seismic and Wind Load to permit use
of advanced framing and insulating
sheathing
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Test Configuration and Procedures

* Three Specimens of Each

Panel
e Vertical Actuators:

— Apply Vertical Load
— Hold Top Beam Horizontal

e Qut-of-Plane Motion

Restrained
 Monotonic Test of each

Panel

Baild 87
Ammlﬁ ﬂz: © 2004 Building Science Corporation



Evolution of Approaches
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CUREe/Caltech Woodframe Cyclic Load History

o

Displacement (in.)

R N Wbk~ oo
L

1 1 | [ 1
O 0oLk WDN P
| | |

..... il
il

Time (minutes)

12

Reference Deformation, A = 2.0 in., Rates = 10 sec/eycle; 20 sec/cycle
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Standard Plywood Panel - 2x4 Frame
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Standard Plywood Panel Performance

4000

3000

2000

1000

Lateral Force (Ib)
o

-1 0 1 2 3
Displacement (inches)

4

‘ — Total Shear Force, TSF --ll==Bilinear Force, BLF —m—+ Backbone —m— - Backbone —Q—Predicted‘
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Standard OSB Panel (P3-6)

92
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Standard OSB Panel Performance (P3-6)

2500
2000
1500

k)
1000 - l %}/w

500
Za

N

-] — 52/

-500 A H&of%
-1000 |
-1500 \ﬁ 4
-2000 -

-2500
-3000

Lateral Force (Ib)

T
7 6 5 4 -3 -2 -1 O 1 2 3 4 5 6 7
Displacement (inches)
‘ —— Total Shear Force, TSF == Bilinear Force, BLF —— + Backbone —8— - Backbone —O—Predicted‘
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=5

Diagonal Strap Shear Panel (P3-1) CUREel
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Lateral Force (Ib)

2000
1500 | / N
Y,
: 7
1000 %;Il N
’} 7 YN /‘
500 P~
0 | T
l;;/:r / "W(l
500 UL
7 /4 ‘![l”;"
-1000 - ’ﬁl/[
("! 4
-1500 - <
'2000 1 1 1 1 1
-10 8 6 -4 -2 0 2 4 6 8 10
Displacement (inches)
—— Total Shear Force, TSF === Bilinear Force, BLF —&—+ Backbone
—&—- Backbone —e— Predicted
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Advanced Shear Panel

Buildin
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Threaded Rod

Recommended Inset Panel —

wine 20 T P

. .
il tlpl.?...hlnm.-sf&!.r A

100
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Recommended Inset Panel (P3-3M) CUREel

8000
6000 -
4000 +
2000 -

-2000 -
-4000 +
-6000 -
-8000

Lateral Force (Ib)
o

-8 -6 -4 -2 0 2 4 6 8
Displacement (inches)
‘7Total Shear Force, TSF == Bilinear Force, BLF —s—+ Backbone —— - Backbone —o—Predicted‘

e Interior Rods

e Rod/Couplin
9

e | Inset
Frame

3-14" Cavity
Aﬁﬁa ﬂz: © 2004 Building Science Corporation 101



S 2 VERTIC)
168 , EACH STL

P AP p— 1 GRADE 5,
Vi ) P Al ) Pl s
1] 7 ITAREALE

*CERL (the US Army research N e e

\ A SIMPSON

laboratory), and BSC are facilitating ‘ 6 VT

bd 0 3

code approval of advanced framing AN s
techniques by the Division of the il L I :LE:"E?"
State Architect in California, and | g | s
other earthquake and high wind ] i i s

5/8" 2INC
. . s i h W/ 8000
loading locations. , VR
| GRADE 5,
A i 21/2" x
/ 6d @ 3
j e poyen 246 BOTT

-

1027
ar
o

*Full scale assemblies have been werpnaw AL 1T LT | s

ZINC=PLATED STEEL—"
COUPLING NUT (2 TYR) — 2uh QUT-OF-PLANE STUD FOR FLUSH FINISH

tested under the new dynamic
seismic loading protocols developed
after the Northridge earthquake.
New non-proprietary shear panels
are now available for use that allow
for advanced envelope design
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Narro_yv Inset Panel — No Threaded Rod (P3-7)

1]
[ 1]
~

e e =
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Narrow Inset Panel Performance (P3-7) CUREe?2

1500

1000

500

A\

Lateral Force (Ib)
(@]

-500 - =

-1000 //ﬁiﬁ

-1500

-10 -8 -6 -4 -2 0 2 4
Displacement (inches)

o

8 10

—— Total Shear Force, TSF == Bilinear Force, BLF —— + Backbone —&— - Backbone —é— Predicted\
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2 Story Aligned
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Summary

We are close with all of these - but we are not quite ready for prime time.
We should be ready to push all of these within a year.

Insulating sheathing

Advanced framing

Blown in cavity insulation

Air tight enclosure

High performance glazing

Insulated foundation (slab, crawl, basement)
Equipment, lighting appliances
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