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Introductions

A Patricia K. Gunderson

I Sustainability Research Engineer
I P.E., LEED AP BD+C, CPHC
I Home Innovation Research Labs

A Patrick HHuelman
I Cold Climate Housing Coordinator
I NorthernSTARroject Lead
I University of Minnesota
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Audience Poll

wlkAaS @2dz2NJ KFYR AF &2dz¥
ABuilder
AProgram manager
AHome rater/energy prof
AManufacturer/supplier
LC @82dzUNB 0dzAif RSNE GKSY
AEnergy Star
ANet-Zero ready
ALEED, NGBS, Passive House
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Wall System: Desired Outcomes

AEasy to Build  AComfortable
ACost Effective  AReadily available
AEnergy Efficient AHealthy
ADurable AResilient
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The Modern Enclosure Conundrum

Build it to avoid | But imperfectionshappen
every kind of | In design, executionand
moisture. | operation!!!

A It gets wet from outside in and inside out!

A Therefore, all moisture susceptible materials
must be able to dry in the proper direction.
I that can be outward in winter; inward in summer
I except below grade, which can only dry inward.
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The Modern Enclosure Conundrum

AHas the traditional 2x6 cavity =~ _—
wall hit the end of the road? [/ Wil

i Too little thermal insulation =
I Too little drying potential

Ain cold and/or humid climates

I Too risky / not robust
Arequires highend execution
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The Modern Enclosure Conundrum

At KS wAala D2 2F& ! L) 2
I Poor exterior bulk water control

I Cladding that is not drained & vented
Aespecially for reservoir claddings

I Significant akconditioning use
Aincreased and longer use
Alower indoor temperature and RH
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High-Performance Enclosures

Al bSg ! LIIN™ =~ “wa™ "7 X
I Walls :
I Roof =
i Slab \/ \
i Foundation — ===

A Move the structure to the inside and move
UKS O2Z2Yy uNZRt t F eSNA Uz
I It simply works and works everywhere!!!
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Cladding >

Control layers >

Structure >

* BSI-001: The Perfect Wall
Joseph Lstiburek
Building Science Corporation
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Connections Are Critical, Too!

%ﬁd) r—‘] ya r‘xﬁé& éﬁ’f—ﬁ 7

Open Cladding ——»

Wall control layers

Roof control layers

* BSI-001: The Perfect Wall
Joseph Lstiburek
Building Science Corporation

Energy :

US. DEPARTMENT OF | Enaray Efficiency &

ENERGY Renewable Energy Us m,,,, it o,



The 4 Control Layers

A Every enclosure element must have four
O2YUNREf I &@SNHR X
I Water control
I Air control
I Thermal control
I Vapor control
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The 4 Control Layers
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Water Control Layer(s)

A General Overview
I The intent is to keep water from reaching any
moisture susceptible layers.
APrimary drivers are gravity, wind, capillarity.
AYou can (should) take steps to reduce the drivers.

A This is absolutely essential,

I especially as we remove drying potential with
Increased insulation, reduced air flow, and
multiple vapor retarders!
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Water Control Layer(s)

ACKS2NBGIGAOIFIf CNJ YSg2N]
I Deflect
I Drain
I Dry
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Air Control Layer(s)

A General Overview

I The intent Is to keep air from moving across the
building enclosure carrying heat and moisture to
locations that can create problems.

APrimary driver is air pressures.
AYou can (and must) manage the pressure differences.

A This is absolutely critical in modern constructic
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Air Control Layer(s)

A Where does it belong?
I Inside
I Outside
I In between
| Both

A In the past, it was generally thought the air
control layer should be on the inside for cold
climates and outside for hetumid climates.
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Thermal Control Layer(s)

A Goal: slow the transmission of thermal energy

I The drive is from warm to cold
I Defined by indoor and outdoor conditions
I Temperature difference (delta T) defines the potential

A This is the easy oneRvalue!
I How much?
I Where?
I What type?
I Geometry governg weighted area
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Vapor Control Layer(s)

A Goal: control vapor diffusion through wall materials.
I The drive is from moist to dry
I Defined by indoor and outdoor conditions
I Vapor pressure difference defines the potential
At & aLISOAIT FOGGSYaAz2y A\
I Very cold climates
I Hot humid climates

I High humidity environments
A Follow code requirements
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Vapor Control Layer(s)

A This is more of a strategy than a specific layer
I Higher potential vapor drive requires more care

I The prevalence of agonditioning means
sometimes you must manage vapor from humid
outdoors.

I There must always be a clear drying direction

AlIf anything gets wet, the only possibility for drying is by
vapor diffusion
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Vapor Control Layer(s)

A Theoretical Framework

i Class1l = <0.1 perm GAYLISNYSIFof S¢

i Class2 = 0.1to1.0perm & & SAYMLISNXY S| 0 f S¢
i Class3 = 1.0to 10 perm G&aSIISINYSIFof Sé

i Class4 = > 10 perm GLISNYSIF o6f Sé

A Follow local code

A Consider a variablperm material, o
f A1S aaYl Nl e kaftfaghiNd NB U I T
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LaQa bz2u ¢KFG /2
(Cladding/Drainage/4 in 1 Control Layer/Structure)

7 5
Brick veneer cladding >/ /] -
Drained and vented cavity LA
Spray-applied closed-cell high- 7 7 \;
density foam (2 Ib/ft®) water control ’
layer (also air control layer, vapor /
control layer and thermal control
layer) \
Concrete masonry unit wall =
Metal channel 7 /’,7' =
Gypsum board interior lining VA F 2
Latex paint /[ ;L
* BSI-001: The Perfect Wall v
Joseph Lstiburek Pl
Building Science Corporation )
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A Residential Variation

Brick veneer/stone veneer i

Drained cavity

Exterior rigid insulation — extruded -
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray L
applied drainage plane, air barrier
and vapor retarder

T

Non paper-faced exterior gypsum
sheathing, plywood or oriented strand
board (OSB)

N
v
Nl |
B

Insulated wood stud wall

Gypsum board 7

Latex paint or vapor semi- £
permeable textured wall fiinish /

* BSI-001: The Perfect Wall

Joseph Lstiburek . .

Building Science Corporation

Vapor Profile
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How Much Exterior Insulation?

Thermal resistance (and boundary temps) govern th

temperature of the surfaces within the assembly layel

J J J 144
R 'L

Interior | o f
’f "

V44

Air K

- o
Back of | ; 2
Sheathingf IR [ ——— g
Safe Range of indoor = =
air dewpoint (— =

. | & ) i)

Exterior _ P 3

Air . >

s

Distance through wall
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Condensation Potential

A Typical 2x6 cavity insulated wall in Chicago,

& interest 80 l 266
70 L Dew point temp. 211
at 50% R.H., 70°F /
Wood-based siding o 60 ‘/ | 55
Building paper o
g pap 9;. 50 j <> - 10.0
Exterior sheathing 5 Mean monthly outdoor —
] temperature T A A -
R-19 cavity insulation in wood g 40 pe Ph o 44
frame wall 2 otential for
E 30 condensatio 11
L Dew point temp. "
20 at 35% R.H.. 70°F - E=) Ew o - S e e W .67
Gypsum board with any paint or - 10 Dew point temp. \L -12.2
wall covering at 20% R.H., 70°F
0 L | f -17.8
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
Month
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Condensation Potential

A 2x4 cavity insulated wall w/-R 5 in Chicago,

The inside face of the
insulating sheathing is
the condensing surface

of interest 80

70

Wood-based siding 60
&

R-7.5 rigid insulation Y 50
El

@ 40
R-13 cavity insulation in wood -3

frame wall £ 30
2

20

Gypsum board with any paint or 10

wall covering 'I
. 0
U.S. DEPARTMENT OF Energy Eff|C|ency &

ENERGY Renewable Energy
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g
/

Mean monthly outdoor

temperatu
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[

|

shown in adjacent drawin

— Insulation/sheathing interface
temperature (R-7.5 sheathing, |
R-13 cavity insulation as

\

S

=

Potential for
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N
\§/\

v

Dew point temp.J
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26.6

21.1

15.5
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44
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Ratio of Exterior to Interior R/alue*
(Heating season vapor drive and condensation potentia

" Indoor RH 20 | 25 30 35, 40 50 60
Dewpoint  °C  -30 | 00 2.57 4.7 6.6 9.9 127
°F 266 | 320 366 405 440 499 548
14 °C °F | ]
0 32 [000 T8 023 032 [047] 060
5 23 0.57

10 14 0. 23 |

-15 5lllll3-3lﬁl4 S
20 -4 0.41 0.55 0.60

25 -13  |048] 0.54 0.60 0.65 069

Note that higher interior relative humidity combined with lower outdoor
temps (larger delta T) requires more exterior insulation.

* High Performance Enclosures: Jd&tmaube 2012
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Home Innovation
Research Labs

EXTENDED PLATE & BEAM
WALL SYSTEM

EEBA, Atlanta, GA
October 2017
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EP&B: Overview of Presentation

The Problem
Why are existing solutions not good enough?
The Solution
| 26 R2S& A0 YSSO AYyRdzad
What are the advantages?
What performance targets must it meet?
The Research
Constructability
Structural Lab Testing
Moisture Monitoring
Cost Comparison
Summary
Recommendations and Design Guidance

== Home Innovation |_ E E BA
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The Problem

Need for energy efficiency
Stricter code requirements
Rising energy costs
Lack of market penetration for HigfR walls
Cost
Complexity
Training
Manufacturer resistance

Low market adoption for exteriar.i. (~11%,
residential, all thicknesses) and SIPs ( < 5%)

Need a basic option that can perform and be
flexible (fieldframing andpanelization)

== Home Innovation |_ E E BA

RESEARCH LABSH




A Solution: EP&B

Y nterior view Exterior view
HighR walls with
rigid foam insulation interior to the

wood structural sheathing

== Home Innovation @ EE BA*




EP&B: Characteristics

The bottom plate is one s
dimension larger than the studs.

(2) The top plates are one #
dimension larger than the studs.

@ There Is a layer of rigid insulation 4
In the two-inch space between
the stud framing and OSB
sheathing.

Double rim board (beam) functions== &
as a header, and Is inset to provide | | |
space for a continuous insulation ﬂ-
thermal break

a® | Home Innovation
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EP&B: Control Layers

Water ¢

A WRB, shinglapplied, fastened
to OSB sheathing

OR

A Treated OSB sheathing detailed
properly (liquidapplied or taped
seams)

== Home Innovation E E BA
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EP&B: Control Layers
Alr

A Rigidfoam and framingsealed as described,
performs as the air barrier in addition to the

vapor barrier
OR

A WRB, taped to itselindto transition members

== Home Innovation |_ EE BA
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EP&B: Control Layers

Thermalc two layers of insulation
A Rigidfoam (1) protects cavity fill (2)
A Extended plates constitute <5% thermal bridge

A Canperform as the air barrier in addition to
the vapor barrier

== Home Innovation |_ EE BA
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EP&B: Control Layers

Vaporc¢ Two lines of defense:

A Rigid foam, sealed with caulk ocecSPHSs a distinct,
centrallylocated vapor control plane with effective
drying to the direction from which the source moisture
originatedcg exterior to the exterior and interior to the

interior.

A Variable or Class Il interior vapor retarder
recommended in cold climates and any building with
KATIK AYR22N KdzY A RA Uetarersy NI F

avoid a dual vapor retarder condition: HI recommends against
poly sheeting or a Class | vapor retarder

follow local code requirements

== Home Innovation |_ EE BA
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EP&B: Advantages

Suitable for use in all climate zones

Flexible configurations to achieve abesade thermal performance
evenin CZ 8

95% of the wall area is free of thermal bridging

Estimated cost: comparable to exterioi., $/sf of wall; in some
cases $0.50 to
$1.00lessthan

a comparable

code wall with

exteriorc.l.

Can be
panelized

for packaged
delivery to
the site

a® | Home Innovation
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EP&B: Advantages

Standard framing and air sealing techniques

Relies on extended bottom and double top plates for

OSB
wood structural panel attachment Sheathing

Uses standard nails in a —
. X

common fastening schedule

(3-1/2-in @ 3/6)

Exterior OSB allows

conventional methods for
Drainage plane treatment
Window installation 2x4

framing

Cladding attachment

Rigid
Foam |

a® | Home Innovation
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EP&B: Advantages
Exterior OSB allows use of IRC Table R703.3.2

NUMBER AND TYPE SPACING OF
APPLICATION

Ring shank roofing nail

Exterior wall covering (weighing o 12 in. o.c.
3 psf or less) attachment to LSl ElEY)

wood structural panel

sheathing, either direct or over  Ring shank nail 15in. 0.
foam sheathing a maximum of  (0.148" min dia.) -
2 in. thick.2

Note: Does not apply to vertical siding. #6 sCrew 12 in. o.c.

(0.138" min dia.)

a Fastener length shall be sufficient to penetrate back side of the wood structural panel sheathing by at
least 1/4 in. The wood structural panel sheathing shall be not less than 7/16 in. in thickness.

bSpacing of fasteners is per 12 in. of siding width.
Fastenerso above by a factor of 126s, where Aso is
be greater that the manufacturerds minimum recomme

Instead of the complexity of Tables R703.15.1 and 703.15.2

as | HomelInnovation (e EEBA
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The Research: Test Homes: Grand Rapids, M/

Finished houses
appear conventional
with clean sight lines
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Two EP&B Test Homes: Grand Rapids, M/

are up, finish and
detall just as you
would a typical
light-frame wall




Two EP&B Test Homes: Building the Walls




Two EP&B Test Homes: Detailing
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Observation: tips and tricks

Caulk or spray foam all
connectionsand
transitions(or tape
WRB as air barrier)

Stagger sheathing joints
and maintain thermal
breaks at corners

Control nailing angles
at sheathing joints

Pay attention to connections between
factory-produced panels (not specific to EP&B!)
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EP&B Construction Guide:  prar




EP&B Construction Guide:

Planning: Insulating Rigid Foam Layer
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Planning: Wood Structural Panel (WSP)
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EP&B Construction Guide:

W0k linas and erf | boler
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Window and Door Openings
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EP&B: status

Shear wall testing results:

Calculated Allowable Design Racking Shear Load
Value is 25@bd/ft. (plf)

AC269.1 2013: demonstrated
IRC bracedavall equivalent

Meets baseline performance for both intermittent
and continuous braced wall performance

Code language will be proposed to the IRC to incluc
EP&B as a prescriptive braced wall

== Home Innovation |_ E E BA
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Structural Testing: Braced Walls / Shear Walls

1 Avgmaximum unit shear loadg57|bs/ft;
exceeds thé&601bg/ ft target by53%

1 Engineered Design: Allowable Racking Shear
Load Value256Ibs/ft

. - i!;’f%llll
aa | Home Innovation EEBA.
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Intermittent Braced Walls: AC269.1/ASTM E72
- oy

7000 T e
6673 Ibs @ 3.71"
E000
S000
S 4000
g 36-1
= 3f6-2
36 -3
3000
2000
1000
0
o 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
wall Deflection Minus Slip
Net
Max .
Defl Unit . .
Wall Shear at Shear, Deflection  Deflection Deflection Deflection
Load at 23% at 46%
Type Peak| Ibs/ft at 200 plf at 400 plf
(Ib) load load
(Peak) Load | (plf)
(in.)
AC269.1 ., 480 >0.75| >560 | <0.2 <0.6 <0.2 <0.6
Criteria:

EPB3/61 7060 3.35 882 0.134 0.353 0.127 0.348
EPB 3/62 6,673 3.77 834 0.134 0.386 0.139 0.409
EPB 3/63 6,851 3.73 856 0.135 0.336 0.135 0.352

wa . EPBI6  6g61 362| 858 | 0434 0359 0127 0348
as | Home Innovation verage
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Continuous Braced Walls: AC269.1/ASTM E564

3/6 Unit Load vs Deflection

900
800 4/6 1-1
Baseline
700
4/6 1-2
600 Baseline
¥ 500
5 4/63-1
- Full-
E 400 Height
Opening
—4/64-1
300 Window
Opening

200

100

3
Wall Deflection (in)

as | HomeInnovation |_ EEBA.
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EP&B Moisture Data:

Generallyg % 'u/
accepted |
threshold
indicating
potential for
moisture
rlsk IS 20%

™

1o
/,u 4
T JORET
:

.

Two Test Houses

1 60+ sensors monitor moisture
content and temperature in
Studs, Plates and OSB

1 RH and Dewpoint of various
locations within the wall are
tracked

1 Average peak OSB moisture
content less than 15%, well
below accepted levels of risk

Home Innovation
RESEARCH LABSwWH




EP&B Moisture Data: Two Test Houses
August 2016 to August 2017: Framing O 16%

Good moisture performance for framing with battSPHash and
blown fiberglass AND-ES Kraftfaced fiberglass batts

Home Innovation 4 E E BA
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EP&B Moisture Data: Two Test Houses

August 2016 to Auqust 2017: OSB O 17% MC
J \\J\ﬂ
B —— T 17%
'yw’\“\, A Vi
nw" AR
o Nl *:’;‘.,»‘..-a" ¢\A"'Wh 1 g& ‘\ u“““"" 'Eég‘\- S e abe A WY LA AN N “
A e v."\'h*c"‘ \ J=CW et 1* ,‘xl B iy " r\u i f“:"“‘*:“_“ﬁﬁ-‘\;;ﬁu_;“'

Good moisture performance for
framing with bothccSPHash and
blown fiberglass AND-ES Kraft
faced fiberglass batts




EP&B Moisture Data: OSB Outlier
August 2016 to August 2017

30

25

20

15

10

Outlier: rises above 25% OSB MC, dries to
11%, nearby stud performing well,

3 out of 4 OSB sensors in same bay

show good performance.

Presumption: a construction imperfection
(or damage to sensor)

Conclusion: Even with local intrusion of
moisture, EP&B walls can still dry out
adequately




EP&B: summary

HighlyConstructable

Good structural
performance

Good thermal
performance

Good moisture
performance

Cost effective

Simplicity
with low risk

Can be factonpanelized




EP&B Summary:

Configuration EP&B 2x4/2x6 EP&B 2x6/2x7.5*
Rl LR | R XPS PIC EPS XPS PIC
Choice
EP&B Nominal | 5.0 | 13,10 | 13+12 | 2048 | 20+10 | 20+12
Insulation
Climate IECC Minimum
Zone Requirement
Cz1, 2 13 Exceeds | Exceeds | Exceeds | Exceeds | Exceeds | Exceeds
Cz3,4,5 20 or 13+5" Exceeds | Exceeds | Exceeds | Exceeds | Exceeds | Exceeds
Cz6,7, 8| 20+5" or 13+107 Meets | Exceeds | Exceeds | Exceeds | Exceeds

* Denotes actual dimension of 7.5-In
(rlpped from a 2x10) Ve ©

FC2NJ O02YLR dzy R NBIj dzA NB ! i;J
the first value is cavity insulation,
the second is continuous insulation
or insulated siding

Moist (A)

An EP&B wall can provide
abovecode performance in
every US climate zone

Home Innovation
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EP&B: making the case

Who should consider EP&B?

Builders looking to incorporate rigid foam for
the first time

Builders who already use exteriosn. but would
like a more conventional approach that can
reduce cost, complexity and risk

Builders who would like to deliver rigid foam
Insulationthrough factorypanelization with
associatedime savings and qualitsontrol

How to find design guidance?
DOE Building America website
Home Innovation website

== Home Innovation |_ E E BA
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Building a Better Wall
[Support from DOE Building America Program]

Patrick HHuelman

University of Minnesota &
NorthernSTAR



l TF2NRIof ST {2fAR tl ySt 6

Team and Partners Topic Area

NorthernSTAR Topic 1. Moisture Risk Management anc
University of Minnesota High-Performance Envelope Systems

Research Project UpdateQuarter 4
A Developed two complet&onoPathhouse designs (bid sets)
A Completed modeling for ZERH, energy, and moisture performance
A Began construction of Twin Citieblabitat for Humanity home
A new enclosure contractor/builder was trained with this house
A panel erection observed by other partners and potential builder
A structure completed in 2 days; driéd and secure in 8 days
A Partners onboard to build eight more houses by winter
A bringing on a new community/building partner

Project Partners:

MonoPath

Twin Cities Habitat for Humanity

Urban Homeworks

Thrive Builders (Denver, CO)

City of Minneapolis

Building Knowledge, Inc

Huber Engineered Woods & Unico
Enargy Efficiency &

59 EHE RGY Ranewable Enargy



MonoPath(SEFETMMS)

A The primary objective is to validate:
I a new enclosure technology
I an innovative single enclosure contractor delivery

A The project will measure and compare:
I performance (energy, moisture, air)
I constructability and quality control
I Costs (materials, labor, etc.)

A Demonstrate market acceptance

I focus on affordable housing
ENERGY Coviert Fiiii BRmmra GANOrthernSTAR "y opiroesom




Wall Comparisons

A MonoPath(SEFETMMS) will be compared to:

EEEEEEEEEEEE

Base Code

Energy Star v3.

DOE Zero Energy Ready Home
Hybrid Wall Opti-MN)

e e i SR lANorthernSTAR

aaaaaaaaaaaaaaaaaaaaa
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Hybrid Wall

Siding
Installed over 3/4” furring / (224 its;ti':s wﬂ:i:ith
v ulation
3"Rigid insulation sheathing No vapor control layer
Peel-and-stick membrane Gyp. board
0SB sheathing
Rim joist
Batt insultaion
Protection board o e o
or coatmgextends o o
12 in. befow grade 4 i
% 1} o .
3" Rigid Insulation o s .
\ & = . ‘
S ; i ST L, . e
/%,éy/ﬂ?/\ o R
| J‘\/‘\/ S
S
S .8
; .og'—‘ Concrete
e foundation wall
8 0.
c 0 Op }
YW : W\

US DEPARTMENT OF | Eneray Efficiency & ﬁ UNIVERSITY OF MINNESOTA
ENERGY Renewable Energy &' , o.,.,.....,.. of g Northernsm Driven to Discover~



Review ofOpti-MN Control Layers

A Water Control

I Drainage behind cladding

iat SSf 9 al0AO1€ YSYONIYS
A Air Control

iat SSf 9 aluAO1€ YSYONIYS
A Vapor Control

iat SSf 9 al0AO01€ YSYONIYS
A Thermal Control

I R15 fiberglass in cavity

I R-15 extruded polystyrene on exterior

e n e sang | Energy Efficiency & Balets % ﬁ UNIVERSITY OF MINNESOTA
ENERGY Renewable Energy Amﬂm Norihernsm Driven to Discover”
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Student Design Competition




INTRODUCIN{GTI he Impact Home

—

2015 DOE Race to ZERO Student Design Competitinivérsity of Minnesota B



OPTIMN HYBRID WAL IRobust & Easy to Construct

Framing System:

Shed Scissors Truss
Doubled Up & 48" o.c

//
(((///\l‘“

A ulllllll"

Approachable and Appropriate
Construction Materials and Methods

A Simplified design and shape

A Based on traditional construction materials
and techniques

A Simplified ducting and hot water systems

INTRO | GOALS | DESIGN | ENCLOSURE | SYPERFORMANCE & FINANCIADNCLUSION
2015 DOE Race to ZERO Student Design Competitinivérsity of Minnesota B



OPTIMN HYBRID WALLRobust & Easy to Construct

A The air, water, and vapor control Y™
layer is over a traditional woed 1 || /7S
frame wall

A Then rigid insulation, vented

=

rainscreen, and siding is added “J || - HardiePtankIap siding
to the exterior Eu : F~ 3/4" Furring (fastened to
i || framing) & vent space

A This approach limits moisture {
movement, yet facilitates bi

3" XPS rigid

insulation (R-15)
directional drying i 7/16" Huber ZIP sheathing system
::j‘ i 2x4 Stud wall @ 16 0.c. W/
' : = fiberglass batt insulation (R=13)
\\ ﬂ } ' | 5/8"Gypsum board
/}-(‘:’ ~fik [“

ENCLOSURE
2015 DOE Race to ZERO Student Design Competitinivérsity of Minnesota A&
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Opti-MN (Hybrid) Summary

A Pros

I Simple and familiar framing

I No Interior air sealing required; can glue drywall

I High Rvalue; superior airtightness

I Very robust; good drying potential both inside & ot

A Cons

I Cost of exterior control layers
I Must hit the framing with exterior furring strips

S nammm vy  Energy Efficiency & afedds =z ﬁ_ UNIVERSITY OF MINNESOTA
ENERGY Renewable Energy Ammm Norihernsm Driven to Discover:
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MonoPath(SEFETMMS)

A Our working motto is simple:
I Better Design, Better Systems, and Better Delivery
I Provide Better Performance
I At Lower Cost!

A Research hypotheses are straightforward:

I This innovative building enclosure system outperforms
conventional woodrame construction at lower cost.

I This innovative building delivery system ensures better QA

I This optimized whole building system can deliver-etisttive
Zero Energy Ready Homes for affordable housing

UNIVERSITY OF MINNESOTA

US DEPARTMENTOF | Energy Efficiency & Bkl
ENERGY Renewable Energy AMER,@ ,,,,,,,,,,,,,,, Driven to Discover:
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VSTAGA 2F at

A Structure is kept warm/dry
A Control layers are simplified
A Continuous exterior insulatior

materials are protected
A Backventilated cladding
A Sensitive materials can dry
A Can be used in any climate

us OEPARTUENT OF | Eneroy Efficiency & Buiiding Rafe % ﬂ_ UNIVERSITY OF MINNESOTA
ENERGY Renewable Energy AMERId Norihernsm Driven to Discover”

U.S. Department of Energy



. SYSTAUa 2F qa

A Reduces costs of the
Gt SNFSOUG 2t

A Simplifies application of
exterior insulation

A Requires less laband

less skill >~
A Speedsnclosure time —

(esp. dryin) \
A Stronger withenhanced |

protection (resilient)

Exterior siding of choice
Furring strip for vented cavity

Two layers rigid insulation

Water/air/vapor
control membrane

Two layers

Rl cross-laminated

" Y. engineered wood
o

marmom vy  Cnergy Efficiency & B l~ w & UNIVERSITY OF MINNESOTA
ENERGY Renewable Energy &'s. Sepa ".. it of By Northernsm Driven to Discover~
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Benefits of Single Enclosure Contractc

A Building process developed MonoPath
I reduces installation errors
I speeds overall construction time
I reduces overall construction cost

A More consistent performance outcomes
I reliable insulation quality and performance
I Improved moisture management
I remarkable and repeatable airtightness




Review ofMonoPathControl Layers

A Water Control

I Drainage behind cladding

PGt SSf 3 a0AO01¢€ YSYONIYS
A Air Control

PGt SSt 9 a0AO01¢€ YSYONIYS
A Vapor Control

iGt SSf 3 a0AO01¢€ YSYONIYS
A Thermal Control

I R-20 extruded polystyrene on exterior

US OEPARTMENT OF | Eneray Efficiency § Bl % ﬁ UNIVERSITY OF MINNESOTA
ENERGY Renewable Energy Mﬂm Norfhel‘nsm Driven to Discover*
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Four homes built
between 2001-2004:
three in St. Paul and




SevenMonoPathhomes
built in St. Paul in 2014.

B -~

L TRy "
A

(c) 2014 Monopath .

his reserved

All rights reserved
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{c) 2014 Monopath
All rights reserved
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MonoPathVideo

https://www.youtube.com/watch?v=IKpTf9u71ldc

UNIVERSITY OF MINNESOTA
Driven to Discover~



https://www.youtube.com/watch?v=lKpTf9u71dc

MonoPathVideo Recap

A Foundation = typical with best practices
A Floor deck = mostly typical

A Enclosure (walls & roof) = 1 to 2 days w/ crane

I Driedin & Secure = 3 to 5 days
Awalls = primer, membrane windows, & insulation
Aroof = papered & shingled

A Interior framing & finishing = mostly typical
I knockdown finish for exterior walls
I electrical integrated in the baseboard and trim

U5, DEPARTNENT OF Energy Efficiency & Baécdin w ﬁ_ UNIVERSITY OF MINNESOTA
ENERGY Renewable Energy UAMER@#E"W Norihernsm Driven to Discover’
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