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 Ventilate and Dry to prevent mold growth
 Condensation
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Frost lenses

Air: Freezing Temperatures

Frozen layer:
Upward thrust of Ice Layer displaces soil or
fractures overlying rock

Growing Ice Layer
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Needs

* Moisture
* Freezing
 Right soil

Normal
Frost line

Frost lenses

Ice lenses §
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Frost line



Frost Heave

sidewalk sloped
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bowed foundation walls &
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Modified image accessed from: http://www.oldhouseweb.com/how-to-advice/masonry-foundations-and-piers.shtmi



Typical Footing
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Preventing Frost Heave

e |Insulate and heat
e Qutside or inside?
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Building Envelope Specific Requirements

 Building Envelope
consists of:
— Cellings
— Walls
« Above grade

 Below grade

« Mass walls
— Fenestration
— Floors -
— Slab

— Crawl space - -




Building Envelope Specific Requirements

 Building Envelope
consists of:
— Cellings
— Walls

« Above grade
« Below grade
« Mass walls

— Fenestration
— Floors
— Slab

— Crawl space




Snow as Insulation

Figure 24. Mean soil temperatures at Fargo, North Dakota in Fargo Silty Clay for the
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Insulation




Vapor Retarder
* 6 mil poly

e Slows
molsture

* Reduce mold
growth

e« Warm Side!!!!




Expanded Polystyrene

EPS is cheap and effective
EPS is the least expensive
and most vapor-permeable
of the three types of rigid
foam.

One inch of EPS has a
permeance of 2.0 to 5.8
perms, making it a semi-
permeable material.

R-value: 3.6 to 4.2 perin.,
depending on density

EXPANDED POLYSTYRENE

|

|

Extruded Polystyrene

~

XPS is versatile, tough, and
waterproof

Because of its high
compressive strength and
water resistance, XPS is
often used below grade to

| insulate slabs and

foundation walls.

One inch of XPS has a
permeance of 1.1, while 2
inches have a permeance of
0.55, making XPS a semi-
impermeable material.

R-value: R-5 per in.

EXTRUDED POLYSTYRENE

Polyisocyanurate

Polyisois the most
environmentally benign
Polyiso doesn't use ozone-
depleting blowing agents; it
uses water.

Because it can absorb water,
polyiso is not recommended
for below-grade applications.
The foil facing, however,
makes it an excellent exterior

drainage plane, as long as
seams are taped.

R-value: up to R-6.5 perin.

POLYISOCYANURATE
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Ground slopes away
from wall at 5% _
(6 in. per 10 ft.) .

Impermeable backfill
Dampproofing to grade

Concrete foundation wall —§

Granular backfill ——=

4-in. perforated

drain pipe/

Filter fabric —
Coarse gravel

4-in. perforated
drain pipe

i N N

£ 3 6 mil polyethylene
(C;&lll’ar%zac:; ?;';tpfgo":ns_/ vaporptfiffusign retarder
or elastomeric paint}

Rigid insulation

Concrete footing . Granular capillary
break and drainage pad
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Heating

« 35-40° F

» Molisture — burning a
fuel
— Ventilate

— 14 gallon of water for
each gallon of fuel

e Electric heat




e Fire hazards
e Carbon monoxide
e Moisture

First Alert

CARSON WMUMLLOE



Heat loss calculator - 70°F

 Electric heat — very rough 10 watts / square foot
— 1000sf2 X 10 watts = 10,000 watts
— 1500 watt heater = ~7 heaters

» Local contractors — utility company




1500sf2 x 3 watts = 4500watts ..~
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Modified image accessed from: http://www.oldhouseweb.com/how-to-advice/masonry-foundations-and-piers.shtmi




1500sf2 x 3 watts = 4500watts ..~
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sidewalk sloped
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Modified image accessed from: http://www.oldhouseweb.com/how-to-advice/masonry-foundations-and-piers.shtmi




1500sf? x 3 watts = 4500watts .-,
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1500sf? x 3 watts = 4500watts .-,

4500/1500= 3 heaters .~
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Modified image accessed from: http://www.oldhouseweb.com/how-to-advice/masonry-foundations-and-piers.shtmi



1500sf? x 3 watts = 4500watts .-,

4500/1500= 3 heaters .~
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Fuel Cost Comparison

Fuel Cost Comparison Chart

Equivalent Price of Each Fuel

2.0 2.3 6.0 6.2 1.3 8.0 8.3 9.0 9.3 10.0 Electric Resistance kWh (3
10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 Heat Pump (Air Source) kY
17.5 19.3 21.0 22.8 24.5 26.3 28.0 20.7 1.5 33.2 35.0 Heat Pump (Earth Source)
1.35 1.48 1.62 1.75 1.89 2.02 2.15 2.29 2.43 2.96 2.69 Matural Gas §/Therm Higl
1.10 1.21 1.32 1.43 1.94 1.65 1.76 1.87 1.94 2.00 2.19 Matural Gas §/Therm Low
1.38 1.52 166 1.80 1.94 2.08 2.21 2.35 2.49 2.63 2.76 #1 Fuel Oil (Diesel Fuel) $/
1.43 1.58 1.72 187 2.01 2.15 2.30 2.44 2.28 2.73 2.87 #2 Fuel Oil and Diesel Fuel
1.01 .11 1.21 1.31 1.41 1.3l 1.62 1.72 1.82 1.92 2.02 Propane $/Gal. (92,000 Bu
1.24 1.37 1.49 1.62 1.74 1.87 1.98 2.11 2.23 2.39 2.48 Propane $/Gal. High Effici
0.71 0.78 0.85 0.92 0.99 1.06 1.14 1.21 1.28 1.35 1.42 Methanol 3/Gal. (64,700 B

www.NDSU.edu/energy



o Water
— Turn off

e Traps

Winterize

. ank Mot to scale
L Vent Air Gap Tank Not to scale
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| Trap Arm —

Same level
Weir

TRAP FILLS FORMING
A SYPHON LOOP

Closet Flange

RV & MARINE
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Winterize

INSIDE METER INSTALLATION

(URF‘OHMIDN sTOPR |

CURE STORP

STOP & WAST

WATER MAIN




Questions

Carl Pedersen
Carl.pedersen@ndsu.edu

(701) 231-5833
NDSU

Extension Service
North Dakota State University



Rebuild Right!!

» 73% of U.S electricity*
* 40% total energy™
 Last along time

Do it right now

Source: (DOE) U.S. Department of Energy. 2008. 2008 Buildings Energy Data Book. Washington, D. C. U.S. Department of Energy, Energy
Efficiency and Renewable Energy. Accessed 4-7-2011 at


http://buildingsdatabook.eren.doe.gov/

Moisture Movement

PLUMBIN
STACK VENT I

* More to less
 Indoor — 40-60%
* Wet soil 100%
 Building
materials
—Concrete

—Wood




International Energy Codes

Varies by Jurisdiction

DEPARTMENT OF COMMERCE
—

North Dakota

rn n ode Famil
:a(oacd amily

[ NTERNATIONAL =CUVESE State Building Code

JIAL _ INTERNATIS
RE‘SIDENT g 'Dgéheeg:\'}A?rToN COoODE

np Two-FA

FOR ONE- A

Effective
January 1, 2011

Department of Commerce
Division of Community Services
1600 East Century Avenue, Suite 2
PO Box 2057
Bismarck, ND 58502-2057
(701) 328-5300 Phone
(701) 328-2308 Fax

ALTERNATIVE FORMATS FOR PERSONS WITH DISABILITIES
ARE AVAILABLE UPON REQUEST




A

Ma?n’ne (C)

Al of Alaska in Zone 7
oxcopt for the following

Boroughs in Zone 8.

Bethel Northwest Arctic
Dellingham Southeast Fairbanks
Fairbanks N. Star Wade H

amplon
Yukon-Koyukuk

Nome
North Slope

Moist (A)

Zone 1 includes
Hawail, Guam,

Puernto Rico

and the v-rg’m Islands

v

Warm-Humid
Below White Line



Subarctic/Arctic




Attic Insulation Coverage Map >







Not Enough 18 inches
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e AIr infiltration

— Attic moisture
problems
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North Dakota State University Photos copyright Roger Hankey 2007, .Used with permission



http://www.hankeyandbrown.com/
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Rafter

Ceiling Joist
S

Insulation

o e— ———

Drywall

Ventilation
Alr




Ceiling Rafters
Attic Attic
Insulation Ridged Foam Insulation

Insulation

Plywood
Dry Access Panel D

/ ry
Wall - Wall
\Molding

/
Foam Weather
Stripping







Above Grade Walls

Insulate walls including those
next to unconditioned spaces

~——
Don'’t forget
to insulate ‘I
rim joists ~
/ \
— T~
]




Wood-Frame Walls

R-19 — State Code

This is a 2x6 wall with a metal strap brace,

treated base plate, and blocking.



Wood-Frame Walls

R-19 — State Code

M '..f__'
o




Wood Walls

e R-19 2”°x6” wall




Above grade walls

13 with 27x4”

o R-
wall
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4x8 sheel of

gypsum board
with a 1 in2 hole

Interior at 70°F
and 40% RH

el

TR

30 quarts
of water

4x8 sheet of

gypsum board

Interior at 70°F
and 40% RH

Figure 6. Moisture transport comparison

L

1/3 quart
of water

Source: Habitat Congress Building America Very Cold Climate Case Study



Vapor Retarder
* 6 mil poly

e Slows
molsture

* Reduce mold
growth




Foundation Insulation

Structure of house on ,._
foundation must be

shifted outward to com- s
pensate for thickness

of exterior insulation  ~<m—

Protection layer/system

. Foundation Insulation slides reprinted from
Basement Insulation Systems. Authors:
Nathan Yost and Joseph Lstiburek.

E © Building Science Corporation. Reprinted with permission.







Figure 4 Figure 5 Figure 6

Moisture of construction Alr leakage from Interior and from Capillary rise through footing

+ Thousands of pounds of water are exterior under slab * This was rarely a problem until
contained in freshly placed  This is the "summer” problem foundation walls became
concrete in basement foundation where interior moisture laden air Insulated on the interlor with
walls; drying in uninsulated leaks Into insulation systems Impermeable layers
exposed walls takes many and contacts cold concrete or
months, longer in walls with masonry
Impermeable insulation systems « Can also be a winter problem, but

Is not usually common due to
typically lower winter interior
relative humidities - except in
severe cold climates (greater
than 8,000 heating degree days)

ﬁ © Building Science Corporation. Reprinted with permission.




Basement water test



http://hostedmedia.reimanpub.com/TFH/Step-By-Step/FH09APR_WETBAS_03.JPG

f INSULATION




e e —

Basement leak
problems









Foundation Insulation

e Interior Insulation
Recommendations

— Must be able to dry to interior If it
gets wet

— Must prevent interior air from
reaching foundation wall

— Material in contact with foundation
wall must be moisture tolerant.






Exterior
Foundation

Insulation

Vinyl or aluminum siding ——

Fagid Insulation
[Eped or sealed joinis)

Sealan, adhesive or
gaskat
Adneshie

Floor assembly cantileversd
ower foundation wall o
account for Mickness of
exterior basament Insulation

Fiashing

Protective memi@ng ————
Ground slopes
away from _ .

Unfac=d balt Insuiation
Gypsum board with latex

_Mﬂﬂﬁfﬁ"

paint (semi-permaabie)
Sealant, adhesive or gasket
Sealant at corner of bothom

and subfioor or gasket
under botiom piate

Fiberglass batt Insulafion
Sealant

— Concrete foundation wall

dral
na g

ﬁ © Building Science Corporation. Reprinted with permission.



Fiberglass batt Insulation
Fedlant

Sealant, atheshe ar gasket

Sedlamt, adhasive or gasket

Interior ERTET | [ e
Foundation S e
|Insulation- Rigid

with taped or sealed |oints)
Insulation

+—— (Gypsum board thermal
—  bamler necessary when
_ rigid Irsulation |s nof raied
for exposed applcation

e—— GYpEUM Doard over
fieTing strips

i Seadlamt
| Gypsum board hel up from

gab

ranular
capillany break
and dralnage
pad {no fines)

Figure 13
Full height basement insulation
« Upper and lower portion of wall can dry to interior

ﬁ © Building Science Corporation. Reprinted with permission.



Wood = Damp spray celiuose or
ah:llrrg netted bown ﬂ[hEI?-E-E-E ar
Z* EPS rigld Insulation cellunss Insulation
(g2l joints with masic Polyethylene vapor diffusion
or adheshe) ratarder
- Alrspace — Gypsum baard with latex paint
FueTing {sami-permeaniz)
n e r I O r Sedlant, adhesive Sealant, aghesive or gaskeat
o gasket Sealant at comer of bottom
plate and susfioor or gaske
F S uridar battom plata
oundation e
2" EPS rigid insulation ;h:fﬂltﬁ batt Insulation
eaan
.
Fose — Wiond fller {draftsiop)

Sealant, agheshe or gaskat

Insulation —
Eround slopes away

from wall at 5% \\

{Gin. par 1Dt T

Rigid Insulation -
with fiberglass

SN gasket

Wiood frame wal

Gypsum board with latex
paint { semi-permeabiz)

Unfaced bad Insulation

Congrete foundation wall

2" EPS rigid Insulation
{52al joinis with mastic
or afnesha)

AR

OO

]

Treated wood bottom plate
Zealant, adhesive or gaskel

Sealant IH'QE-EIE-‘I under
bottom plate

Concrete slab
> EPS nigd
Insulation

Figure 14

A Aditinmal intarine haonmant incolatine

© Building Science Corporation. Reprinted with permission.




Spray foam

Sealant

-
[ Y

Interior
Foundation ;
Insulation — |
SDray Foam i EEEEEE i + Spray foam

-« 11/5" steel stud assembly

A

Concrete foundation wall

<— Gypsum board

Dampproofing < Bond break
— Sill seal thermal break and
/ capillary break

Filter fabric o r Concrete slab
Coarse gravel — . __ l ; T
(no fines) c-‘(: ,r' M
Perforated ‘ O /
drain pipe : } «

> e £

[~ 2ud P
Capillary break over footing — — Polyethylene
{dampproofing or membrane) vapor barrier

Granular capillary
break and drainaane

E © Building Science Corporation. Reprinted with permission.

Concrete footing



Slab Edge Insulation

—R-10 (typically 2 inches)

—extend downward from top of slab a minimum 4
feet

—Insulation can be vertical or extend horizontally
under the slab or out from the building

—Insulation extending outward must be under 10
Inches of soil or pavement

« An additional R-5 is required for heated slabs

Flashing
\

Protection
Boar

Slab

Slab




shallow footing with
insulation to raise
frost line.




Areas 1or Alr Leakage
(Infiltration)

Windows and doors
Sill plates

Floors and exterior
wall panels

Plumbing - RN
Electrical i

Service access doors
or hatches

Recessed light
fixtures

Rim joist junction

PLUMBING
STACK VENT l

755 & CRAWL SPACE

== pir leaking into the house

/:§>Air leaking out of the house

R [ [ 08 16 o A




Air Leakage Control

 Building thermal
envelope

— Durably sealed
 Caulked
» Gasketed
» Weather-stripped |

o AIr barrier
material

e Suitable film or
solid material




Heating Systems

Draft inverter furnace. High-efficiency furnaces



Floors over Unconditioned Space N1102.2.6

» Unconditioned space includes unheated basement,
vented crawlspace, or outdoor air

|[I  Insulation must maintain permanent
contact with underside of subfloor
ﬁ
l = Exception:
L] Climate Zones 4c¢-8

R-19 permitted if cavity completely filled
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Flooded House Clean-up

NDSU Extension Engineer Ken Hellevang shares information on how to clean a flooded
BT NDSU Extension home. Here he narrates the PowerPoints in five sections and provides the PowerPoint
= floodinfo slides as handouts. Image (optional)

You can upload jpg .png or .gif. Max size of 2MB
Ask and Expert! This tool is each.
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NDSU Extension Service and Protection from Hazards Narrated PowerPoint © PPT Slides
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Clean-up Process 1 Narrated PowerPoint © PPT Slides
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Case Managers are now available in Ward County to assist survivors of Flood 2011 through RAFT. The Resource Agencies Flood Aug 25, 2011

Team (RAFT) is a cooperative effort of faith-based and community-based agencies to assist disaster victims as they recover. You

may download and print the application here (PDF) or pick one up at our Ward County Extension office in the Ward County More... -
& €D Internet | Protected Mode: On fy v HI100% ~
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conditions from the U.S. Department of Energy Building Energy
Codes Program presentations available at

http://www.energycodes.gov/training/presentations.stm
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Questions?

Carl Pedersen
www.ndsu.edu/energy
www.ag.ndsu.edu/flood
Carl.pedersen@ndsu.edu
(701) 231-5833
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