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FROST ACTION

*Frost Heave — Soil under foundation
freezes

Frost heave
- T B -I-__-_ -

__._ | ,,—},—Ice lenses
. Em——

*Water Expands 9% of volume
*Ice lenses form from capillary action

*Capillary action - pulls water up
from water table and then it freezes

*|Ice Segregation
e Separation of ice lenses and dry soil

*Thaw weakening
* Significant reduction in soil bearing
e Cause of potholes in roads
* Foundation Settlement




SOIL TYPES

Clay - 80” capillary rise , ,
Table 1: Frost-susceptible soils

Silt - 40” capillary rise
Fine Sand - 20” capillary rise Fros!:- _ Soil Types

. . . susceptiblity
Medium Sand - 10” capillary rise
Coarse Sand - 6” Capillary Rise Low Clean gravels and washed sands
Gravel — 3” Capillary Rise Medium Unwashed sands with moderate amounts of
Rise relates to smallest particle size, even silty fines
if it is a small percentage _ _
of soil composition (>6%) High Dirty gravels and pure clays
Large distance to water table lowers frost Verv High Silts and silty materials (including most
susceptibility y i materials called clay in New York State)




AIR FREEZING INDEX (AFI)

AIR-FREEZING INDEX
(°F Days)
A simplified analysis of the 100 year return period

* Frost depth & insulation
requirements depend on AFlI

* Highest accumulation of daily mean
temperatures below 32 degrees F
during cold season

i
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The amount of insulation needed to protect a building foundation is
determined by the Air-Freezing Index.
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LOCAL FROST PENETRATION DEPTH

Determined from Air Freezing Index

Ground cover affects frost depth Comél
Trees & Vegetation
Snow cover Clay
Paved Surfaces {gs :é | §now / Road

House

Foundation/Buildings e SRS

Gravel or

Soil type affects frost depth Sand

Higher in gravel/sand
BETTER CONDUCTORS

i

e s TN
Humusj zﬁ_ F'\

Frost Depth
Line




FROST DEPTH MAP

 PRIMARILY DRIVEN BY AFI

* LOCAL CODES MAY REQUIRE
DESIGNS FOR HIGHER
FROST DEPTH




FROST ACTION

In heated buildings with perimeter insulation, it is common to crack along perimeter of grade beam
Heat loss through floor keeps soil below slab from freezing

Result of insufficient perimeter insulation

In unheated buildings, frost heave can happen at foundation edges or in middle of the building

I

~ FROST HEAVE AT PERIMETER FROST HEAVE AT INTERIOR




CAUSE OF FROST ACTION

Needs three things:
1. Water

2. Frost-susceptible soil
3. Freezing temps

Remove any one of these things, frost
action is not possible




Code Requirements

International Building Code : Chapter 18 Section 1809.5

1809.5 Frost protection.

Except where otherwise protected from frost, foundations and other permanent supports of buildings and structures
shall be protected from frost by one or more of the following methods:

1. Extending below the frost line of the locality.
2. Constructing in accordance with ASCE 32.
3. Erecting on solid rock.

Exception: Free-standing buildings meeting all of the following conditions shall not be required to be protected:

1. Assigned to Risk Category |.

2. Area of 600 square feet (56 m<) or less for light-frame construction or 400 square feet (37 m?) or less for
other than light-frame construction.

3. Eave height of 10 feet (3048 mm) or less.

Shallow foundations shall not bear on frozen soil unless such frozen condition is of a permanent character.




CONVENTIONAL FOUNDATIONS
TO FROST DEPTH

Embedded posts are not shallow foundation

Posts are designed to extend below frost line and main structural
components are frost protected

Concrete foundation walls to below frostline (Frost Walls)

Concrete floors in bldgs. w/ embedded posts

May be treated as shallow foundations or they can heave
independently from main structure

Isolate slab from posts if not frost protected
Keep end use in mind and impact of frost action on building use
Local building official may require slab to be protected

Post-frame building with trusses supported
directly by embedded posts.
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SHALLOW vs. CONVENTIONAL

Conventional Foundations
Extend below frost line to avoid frost action

Shallow Foundations
Above frost line
Less excavation & concrete expense

Use other methods to prevent frost heaving
Insulation - FPSF
Non-frost-susceptible subgrade to frost depth
Erecting on solid rock
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Shallow

Frost-Protected

-—-.-._-.--_-_-
2in.
Perimeter
Insulation

12in. wide

4 in. Concrete
Slab

Frost Wall

2 in. Thermal

Break

12 in. wide
20 in. deep
8in.
wide
48 in.
deep
2 in. Expanded 4 in. Expanded
Polystyrene on Polystyrene on
Vapor Barrier Vapor Barrier

Capillary Break

k’\«

-—-.._______‘_.

2in.
Perimeter
Insulation,

Perimeter
Drain

16 in. 8 in. \

wide | deep .




Non-Frost Susceptible Soils

Per ASCE 32: NFS SOILS ARE

Soils containing < 6% particles passing #200 sieve (0.075mm)
Less than 6% silt or clay

It only takes a small amount of fine-grained soil to greatly increase
soil frost susceptibility

GW, GP, SW, SP are acceptable as NFS Soils

Building on NFS Soils at depth to frost line is adequate frost
protection

Determine percentages of sand and gravel from grain-size curve, Depending
on percentage of fines (fraction smaller than Mo, 200 sieve size),
coarse-grained soils are classified as follows:;

Lass than & ParBnl s crcrcrmsmrsraman e s WGP SW, 5P
More tham 12 Percent .. ... ieeeciasesorasansnannns GM, GC, SM, 5C
S0 12 PEICENT « e ernrsrnnns. .. BOMderline cases requiring dual symbols
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UNIFIED SOIL CLASSIFICATION AND SYMBOL CHART

COARSE-GRAINED SOILS
(mare than 50% of material is larger than No. 200 sieve size.)
Clean Gravels (Less than 5% fines)
=
G,
b GW Well-graded gravels, gravel-sand
(-t ] P i
- mixtures, little or no fines
GRAVELS a1 |
Moare than 0% S ap Poarly-graded gravels, gravel-sand
of coarse e miktures, littlle or no fines

fraction larger Gravels with fines (More than 12% fines)
than Ma. 4 THTE
JeE
sieve size  [oH GM | Silty gravels, gravel-sand-silt mixtures
S

';';;_-g:' ae Clayay gravels, gravel-sand-clay
\E,,g mixtures

__. Clean Sands {Less than 5% fines)

Rah W Well-graded sands, gravelly sands
o little or no fines
SANDS o |

50% or more sp I_“u:u:uﬁy graded sands, gravelly sands
of coarse . little or no fines
fraction smaller Sands with fines (Mare than 12% fines)
than Mao. 4 T
sieve size 1 SM Silty sands, sand-silt mixtures

i SC Clayey sands, sand-clay mixlures

FIME-GRAINED S0ILS
(50% or more of material is smaller than No, 200 sieve size.)

| Imorganic silis and very fine sands, rock
| ML flour, silty of clayey fine sands or clayey

5;";;"“5 | silts with slight plasticity
CLAYS Inorganic clays of low o medium
Liquid limit CL plasticity, gravelly clays, sandy clays,
less than silly clays, lean clays
oL Organic silts and organic silty clays of
low plasticity
Inorganic sills, micaceous or
MH diatomaceous fine sandy or silty sails,
SILTS alastic silts
AND
CLAYS cH | 'morganic clays of high plasticity, fat
Liquid limit days
50%
or greater % qn | Organic clays of medium to high
: plasticity, organic sills
HIGHLY ) .
ORGANIC | PT Peat and other highly crganic soils
S0ILS







Shallow Foundations

Foundations that do not extend
below the frost line

Examples: |
Slab on grade BT
Monolithic Slab Sl ]
Grade Beam o {*LE'n'_._';F' F- L,f',' \ K -
Stem Wall e SSSSY
Trench Footings e < N
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FROST PROTECTED SHALLOW FOUNDATIONS
HOW DO THEY WORK? Heat Transfer & Storage

Energy travels from high energy areas to low
energy areas in the form of heat

* Building Heat Loss 7"
through the Floor
COLD AIR
 Geothermal Energy
* Heat below surface a few feet stays =
relative constant g5, UM .= HRN 1
* Insulation helps retain heat below SEHSEN
foundation NS
* Heat loss from building to soil
* Building heat flows to ground, preventing
freezing temperature Geothermal Heat
(Warm Soll) _
e Controlling heat flow raises the frost depth O T T e Latent Heat of
heat flow to the foundation, and more Freezing (H:0 in Soil)

around building foundation

perimeter insulation is required.

. Frost Line
2025 NFBA EXPO — KNOXVILLE. TN



DIFFERENCES IN FPSF SYSTEMS

* HEATED BUILDINGS USE BUILDING HEAT AND GEOTHERMAL HEAT
* PERIMETER INSULATION

* UNHEATED BUILDINGS RELY SOLEY ON GEOTHERMAL HEAT
* INSULATION UNDER COMPLETE SLAB

_..._7/_...—
Foundation
ol wall Heated T Foundation Unheated
| space =i — wall space
— ‘ ; Slab foundation Compacted, non-

Rigid insulation i \ frost-susceptible fill
ISR 7\
).:fj AN | / .

\__. Y \fre: 7

.' ""i'-ﬁiéatﬂow.’ \ Z G Heat flow




HEAT LOSS VARIES BY LOCATION IN

HEATED BUILDINGS

Heat Loss at Corners (3D)

*Corners have greater surface area to lose ~ Horizontal Insulation
heat to surrounding soils >
: \
Foundation
Perimeter

*Required horizontal insulation width is
increased for a distance from corners

*Shape and size of building can greatly

. B
influence heat loss T A
B

k- C -

3D heat transfer at outside corners is greater than 2D heat transfer along wall®



Foundation Insulation

DUAL PURPOSES:
1) FROST PROTECTION

2) ENERGY CONSERVATION

XPS — Extruded Polystyrene Board
R-5 perinch
Less permeable
High Compressive Strength (ideal for load bearing)
Higher cost

EPS — Expanded Board (Bead Board)
R-4 perinch
More permeable
Lower cost

ICFs — Insulated concrete forms

All need to be ?‘rotected from UV degradation, termite/pest
damage, and physical damage. (Weed whackers)




INSULATION CONFIGURATIONS

Higid insufation

Pobymear modilied —s
{PM} or ragitonal
opmeEnt shuccn

Ceawity insulabon
T Gypsuen Board
Ladh
Sill paskal

Soalant, adbesive or gasket

Prodecing mamrane also BSls
as capillary braak

Drainage planae

Weap soreed

1 I g
S kit bodith

3 g [iEarcemant -
baand; all suracas I: L
coabe) B AT LD P T et S b
& L"l o _E'_._ |'-\-'I b 1K
Grourd slopes away -
from wall &l 5% : - 4~ granular capillary
(& in, par 10 #.) braak and dranege
pad {no finas)
- 4" pencrede slab
FAigid insulation —— & et
TTU- Camomele prade beam
k
‘— Polyethylens vapor bamer
axiended under grade beam
whane i also acks as a capliary
Braak

Vertical Insulation Only - HEATED BUILDINGS w/ AFIl < 1,500
(WARMER CLIMATES)




INSULATION CONFIGURATIONS

* Unheated Buildings (unconditioned <41°F)

UNHEATED SPACE

Non-frost

Susceptible Fill ——
' .,l v .\
|

\_ Ground Insulation, Ry \— 6* minimun y
Gravel/Sand layer

HORIZONTAL INSULATION ONLY
USED IN UNHEATED BUILDINGS — NOT MANAGING HEAT LOSS FROM BUILDING




INSULATION CONFIGURATIONS

— Vertical & Horizontal Insulation
Wing insulation should slope away for drainage

VERTICAL RICID BDARD INSULATION '
HORIZONTAL RICIE BOARD INEULATION — “d .
SLOPED AWAY FROM BUILDING o a
— i

L .
- h MIN. &" OF COMPACTED DRAINABLE SUBGRADE
) ST Frost Protected Grade Beam
MIN. 4" OF COMPACTED DRAINABLE
SUBCRADE LUMDER HORIZOWTAL IMEULATION L WOl TAL | LTl 'TH " W/unheated slab

TOROF e

BACKFIL

= VERTICAL RIGID BOARD INSULATION —_
o, HORIZONTAL RIGID BOARD INSLLATION —. -
SLOPED AWAY FROM BULDING .

. h \
L N e e s e L SUECRADE Frost Protected Grade Beam
w/heated slab

g
M. 4" OF COMPACTED DRAIMAELE —
SUHCRADE UMDER HORIZONTAL IMEULATION Hool Tol 1o LT 1TH




INSULATION CONFIGURATIONS

X-;::;;E X -
-l = g
R
o _ : |
TS SLAB RIGID BOARD INSULATION ‘ | |
|| s
1l E
|
RS
I
Column In-Ground Column In-Ground Column In-Ground
Frost Protected Unheated Slab Frost Protected Heated Slab Frost Protected Unheated Slab
Vertical & Wing Insulation Vertical & Wing Insulation Horizontal Wing Insulation

- SLAB IS NOT FROST PROTECTED!




HEATED, UNHEATED, or SEMI-HEATED?

Determined by monthly average indoor temperature
HEATED : GREATER THAN 63°F
UNHEATED : LESS THAN 41°F

SEMI-HEATED : BETWEEN 41°F & 63°F




- Horizontal Insulation

SIMPLIFIED METHOD i

y 2 Foundation
* FOR HEATED BUILDINGS ONLY > 63 DEGREES Perimeter
e Limited to foundations up to 12” above grade :
C
« TABLES FOUND IN ASCE 32-01 & REVISED BUILDERS GUIDE ' ' _ . r
TO FROST PROTECTED SHALLOW FOUNDATIONS 3t - |
- C
B
« BASED ON AFI ONLY I
1 /' Permanent Wood
1 - Foundati Cod
A = HORIZONTAL INSULATION WIDTH ALONG WALLS AWAY °"P°“°:F'E:S'tf'"9 NN V. el
FROM CORNERS 1°Max.| Frotection \
:

B = HORIZONTAL INSULATION WIDTH AT CORNERS

C = LENGTH OF CORNER INSULATION

Granular Base W\ oD e Vertical
D = FOOTING DEPTH BELOW FINISH GRADE (As Req'd) Insulation

Horizontal Insulation /

(As req'd)




SIMPLIFIED METHOD

« DETERMINE AFI: (100 year)
* https://www.ncei.noaa.gov/sites/default/files/20

Table 3.

Minimum Insulation Requirements for FPSFs in Heated Buildings?

-~ Simplified Method

21-09/Air-Freezing-Index-Return-Periods-and-
Associated-Probabilities.pdf
* National Center for Environmental Information

 EX. WISCONSIN (TYP AFI 2,500 Degree Days)
From Table : Vertical Insulation R-6.7
A= Horizontal R-1.7 along walls 12”"wide
B=Horizontal R-4.9 at corners 24” wide for
40” (C) from corners
Minimum footing depth 16” (D)

e EX. KNOXVILLE — (AFI 1,500 Degree Days)
R-4.5 Vertical only, 12” Footing Depth

Air Freezing Vertical Horizontal Horizontal Insulation Minimum
Index Insulation Insulation Dimensions Footing
(°F,,)* R-Value®# R-Value®® per Figure 5. Depth
(in inches) (in inches)
Along At A B c D
Walls Corners
=1,500 4.5 MR MR MR MR MR 12
2,000 586 MR MR MR MR MR 14
2,500 6.7 1.7 4.9 12 24 40 16
3,000 7.8 6.5 8.6 12 24 40 16
3,500 9.0 8.0 1.2 24 30 60 16
4,000 10.1 10.5 1341 24 36 60 16
4,500 12.0 12.0 15.0 36 48 80 16

' Insulation requirements are for protection against frost damage in heated buildings. Greater values may be required to
meet energy conservation standards. See Appendix V.

# See Figure 4 for Air Freezing Index valuas.
? Insulation materials shall provide the stated minimum R-values under long-term exposure to below ground conditions in

freezing climates. MR indicates that insulation is not required.
4 Vertical insulation shall be expanded polystyreng insulation or extruded polystyrene insulation.
# Horizontal insulation shall be extruded polystyrene insulation.

¢ |nterpolation between values is permissible.
" Portions of Table 3 reprinted with permission from SEVASCE 32-01, American Society of Civil Engineers, “Design and

Construction of Frost-Protected Shallow Foundations,” 2001. http./fwww. PUBS ASCE. org
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SIMPLIFIED METHOD

MORE CONSERVATIVE THAN DETAILED METHOD

e Detailed method may provide more efficient
insulation R-values and configurations (common
thickness and flexibility in widths to use common
board sizes)




DETAILED DESIGN METHOD

ASCE 32-01

STEP 1: DETERMINE AFI (100 year) - LOOKUP TABLE
https://www.ncei.noaa.gov/sites/default/files/2021-09/Air-Freezing-Index-Return-Periods-and-Associated-Probabilities.pdf

Example: 3,000 degree days

Air Freezing Index- USA Method (Base 32° Fahrenheit)
Air Freezing Index Return Periods ["F-Days] & Associated Probabilities (%)
_ staion  Lat | Long. | . alean 44|12 | 2 | 25|33 | 5 |10 | 20 | 25 | 50 | 100
State and Station Name Number  'De9--| (Deg.- (feet) Tem Year | Year | Year | Year | Year | Year | Year | Year | Year | Year | Year
Min.) Min.) ¢ HF' (10%) | (20%) | (50%) | (60%) | (T0%) | (80%) | (90%) | (95%) | (96%) | (98%) | (99%)
Minnesota
FOSSTON 212916 N4735| W08545| 1299 40.0 1911 | 2155 | 2584 | 2702 | 2823 | 2957 | 3131 | 3266 | 3304 | 3409 | 3499
GRAND MARAIS 213282 N4745|W09020| 688 38.7 1365 | 1547 | 1869 | 1958 | 2050 | 2151 | 2284 | 2386 | 2415 | 2495 | 2563
GRAND MEADOW 213290 N4342 | W09234 | 1348 43.1 1262 | 1467 | 1840 | 1946 | 2055 | 2178 | 23309 | 2466 | 2501 | 2601 | 2687
GRAND RAPIDS NC SCHOOL 213303 N4714 | W09330| 1310 39.5 1881 | 2087 | 2440 | 2536 | 2633 | 2740 | 2879 | 2986 | 3015 | 3098 | 3168
GULL LAKE DAM 213411 N4625| W09421| 1215 41.3 1638 | 1852 | 2229 | 2332 | 2439 | 2557 | 2711 | 2830 | 2864 | 2956 | 3036
HALLOCK 213455 N4846 | W09657| 813 377 2348 | 2647 | 3174 | 3319 | 3467 | 3632 | 3846 | 4011 | 4058 | 4186 | 4297
HINCKLEY 213793 N4601 | W09256| 1035 40.8 1639 | 1848 | 2216 | 2317 | 2421 | 2536 | 2685 | 2801 | 2833 | 2923 | 3000
INTNL FALLS WSO I 214026 N4834 | W09323| 1179 36.4 2436 | 2684 | 3106 | 3220 | 3336 | 3463 | 3627 | 3752 | 3787 | 3884 | 3966
ITASCA STATE PARK SCH 214106 N4T713| W09512| 1490 389 1976 | 2199 | 2586 | 2691 | 2798 | 2917 | 3070 | 3188 | 3221 | 3312 | 3390
JORDAN1 S 214176 N4439| W09337| 755 439 1198 | 1398 | 1764 | 1868 | 1976 | 2097 | 2257 | 2382 | 2417 | 2516 | 2602




Building Material R-Values

Table 9. Nominal Thermal Resistance of Common Materials

Description Density Nominal R-value D ETAI LE D D ES I G N
(Ib/ft™ (per inch)

BUILDING MATERIALS
Plywood/OSB/Subfloor 34 1.25 M ETH O D
Particleboard, Low-Density a7 1.41
Particleboard, High-Density 62.5 0.85
Particleboard, Underlayment 40 1.31
:r:::s iz Z: STEP 2: Determine R-value of complete floor
-~ oo 2 (including coverings)
8" Concrete Masonry Unit (CMU) _ 21 Total R-value is insulation value of each component
with Perlite Fill added together
Cement Mortar 120 0.15
PE— e e Although higher floor R-value conserves building heat
P—— ~ — loss, less heat goes to soil below foundation and
R 13 20 increases insulation for frost protection
EPS Insulation, Type IX 18 42 If average floor exceeds R-28, treat as unheated
XPS Insulation, Types IV, V, VI, VII 16-3.0 5.0
FINISH FLOORING MATERIALS
Carpet and Fibrous Pad 208 Example —2” R-10 XPS (2” x R-5/inch) = R-10
Carpet and Rubber Pad 1.23

2025 NFBA EXPO — KNOXVILLE. TN



DETAILED DESIGN METHOD

Table 4. Minimum Thermal Resistance of Vertical Wall Insulation (R )

AFI Slab or Floor Assembly R-Value (R))
(*F oo 0.0 <R, <6.0 6.0<R,<15.0 15.0 <R, < 28.0 STEP 3: Determine Vertical Insulation R-
h<12in | h=24in | h<12in h=24in h<12in h=24in value

=375 0.0 3.0 4.5 5.7 5.7 8.5 Ex (3,000 degree days) & R-10, h<12”

™ 30 4.6 5.7 5.7 8.5 14 Vertical wall R-value = 6.8

1,500 45 57 5.7 5.7 8.5 11.4

2,250 5.7 5.7 5.7 7.4 8.5 14.2

3,000 5.7 5.7 6.8 8.5 9.7 15.3

3.750 57 6.8 8.0 0.7 14 17.0 STEP 4: Determine Insulation Thickness
4,500 6.8 8.0 10.2 11.9 13.6 19.3 From Step 3

Depends on type of insulation (XPS or EPS)
Ex: 6.8/(5/in) = 1.36” XPS

2025 NFBA EXPO — KNOXVILLE. TN



Table 6. Minimum Thermal Resistance of Horizontal Insulation along Walls (R, )’

DETAILED DESIGN METHOD .
(°F ) Width of Horizontal Insulation, D, Depth
(ininches)
STEP 5: DETERMINE R-VALUE AT WALL AND o :}20 187 | 247 | 307 | 7 | 47 | & .
CORNERS ‘2,;25 e -
Table 6 (Along WaIIs) 3,000 65 | 61 | 53 | 45 16"
Table 7 (Corners) 337 82 | 74 | 65 e
. . . . . . 3,750 9.1 85 7.7 16"
Options for different insulation configurations 125 > T702 T os | o5 -
4,500 12.3 11.4 10.7 | 10.0 16"

STEP 6: Determine Wing Insulation Thickness

' Design parameters are identified in Figure 6.

EX. 12” Wide R_6.5 along wa" (1.3” XPS) Table 7. Minimum Thermal Resistance of Horizontal Insulation at Corners (R, )’
AFI L R:flall-llfr?z:tn‘t":lrilemgrs Footing
Ex. 16” wide R-9.6 at corners (1.92” XPS) (Fud | (inches) [ ~wiom of Horizontal Insuiation at Gomars, | DePth
D,_(in inches)
Lc =40 inches 16 |2 |30" | 36" |4z | 45"
< 2,250 0.0 0.0 16"
16" Footing Depth 2,625 40 65 |49 |40 16"
3,000 40 9.6 86 8.0 7.4 16"
3,375 60 1.1 10.5 9.8 9.1 16"
USE DIMENSIONS PROVIDED (SIMILAR VARIABLES AS 3,760 60 131 126 [120 |12 [108 16"
SIMPLIFIED METHOD, JUST LABELED DIFFERENTLY) 4128 &0 45 137 1130 ]125 d
4,500 80 15.9 |151 14.8 16"

! Design parameters are identified in Figure 6.




DETAILED DESIGN METHOD

Solution:

R-6.8 VERTICAL SLAB INSULATION (1.36” XPS)
16” FOOTING DEPTH

12” wide R-6.5 along wall (1.3” XPS)

16” wide R-9.6 at corners (1.92” XPS)

Lc = 40 inches

Practical Solution for common XPS thicknesses
1) 1.5” R-7.5 vertical insulation and 12” wing at walls
2” R-10 x 16” wide wing at corners for 40”
-Most material efficient

2) 2” R-10 vertical and 12” wing at wall and 16” wide corner
wings for 40”
-Less detailing and one material

o
s

/L

T o5

“0-0-0-00-0-0-0-0-
INSULATION AT WALL

INSULATION AT CORNERS FOR 40” FROM CORNER




DETAILED DESIGN METHOD

+  OPTIONAL TABLE TO ELIMINATE OR LIMIT Table 8. Foundation Depthe’

Foundation Foundation Depth Foundation Depth at
HORIZONTAL INSULATION Depth along at Corners Corners with
‘:F ! Walls (No Horizontal R - 5.7 Horizontal
(°F 100) (No Horiz_onlal Insulation) Insulation at Corners, only
* INCREASED FOUNDATION DEPTHS AT WALLS Insulation)
1 2 3 4 5 6
AND CORNERS - - = 5 = -
(inches) (inches) (inches) (inches) (inches) (inches)
* CAN BE USEFUL FOR CERTAIN PROJECTS 1,500 or less 12 - 12 - 12 -
2,250 14 — 14 — 14 —_
2,625 16 40 24 40 16 20
-EX. - 6” deeper foundation along perimeter 3,009 2 i - b 2 2
or 16” deeper at corners 2378 - = 2 © 2 =
3,750 30 60 51 60 30 24
4125 36 60 63 60 36 32
4,500 43 80 71 80 43 32

' Without horizontal insulation or with horizontal insulation at corners only.
Design parameters are identified in Figure 6.




UNHEATED DETAILED DESIGN METHOD

ASCE 32-01
BUILDINGS MAINTAINED < 41 degrees F

Use AFl and Mean Annual Temperature to
complete tables

Rely on conserving geothermal energy only

Continuous insulation under entire slab
and beyond

Non-frost susceptible layer requirements:
1) Insulation on top of min. 6” NFS base
OR
2) Min. 12” NFS base on top of insulation

Table 8. Minimum Values for Design of FPSFs in Unheated Buildings

Mean Annual 32 36 38 40 =41
Temperature, MAT (°F)'
AFI IZln Minimum Thermal Resistance of Horizontal
(°F, ;) (inches) Insulation, R
a
<750 30 5.7 5.7 5.7 5.7 5.7
1,500 49 13.1 9.7 8.5 8.0 6.8
2,250 63 19.4 15.9 136 11.4 10.2
3,000 79 25.0 21.0 18.2 15.3 14.2
3,750 91 31.2 26.1 22.7 - -
4,500 108 37.5 31.8 - - -

"See NOAL website for MAT. hitp/dwww node.noaa.govoalclimate/researchicagdicag3.html




UNHEATED DETAILED DESIGN METHOD

Same insulation width at side walls and corners
NO BUILDING HEAT LOSS, GEOTHERMAL HEAT ONLY

UNHEATED SPACE
Insulation must have 10” soil cover on perimeter Non-frost
Susceptible Fill
{ 1 i : - &

Dg (width from foundation) may be reduced by 1.25 inches for every inch ——— %,
the insulation is buried beyond the 10-inch minimum cover Miinin NNE

10" | D -,
Rg (required R-value) may be reduced by R-0.3 for every 1" the underlying LB A H S A S S
nﬁnl-(frost susceptible layer is increased beyond the 6" minimum :; gaﬁ%ﬁﬁm? e
thickness. AT AAN '

" Ground Insulation, Ry “— 6" minimum

Gravel/Sand |
Rg may also be reduced by R-0.25 for every 1-inch increase in soil cover it o sl

over the ground insulation, above the 10" minimum

Incireasing soil cover can help optimize for common board widths and R-
value




UNHEATED DETAILED DESIGN METHOD EXAMPLE

Table 8. Minimum Values for Design of FPSFs in Unheated Buildings

Example: Wisconsin : Mean Annual 32 36 38 40 >41
. . Temperature, MAT (°F)"
2500 degree F days (will need to interpolate from table) — _ _
AFI _ I'.'I1II Minimum Thermal Ras!stameufHurlzuntal
Mean Annual Temperature 40 degrees F (°F 100) (inches) Insulation, R,
=750 30 5.7 5.7 5.7 5.7 57
) ) 1,500 49 131 a7 85 8.0 6.8
From Table interpolations: ye pos Toa PP PP s 03
Rg = Insulation R-value= 7.9 ~ R-8 3,000 79 25.0 21.0 18.2 15.3 14.2
Dg = insulation width beyond perimeter = 68” 3,750 91 312 26.1 227 i -
4,500 108 37.5 31.8 - - -
Concrete DeSign . 16” Grade Beam "See NOAA webszite for MAT. httpi/iwww.nede.noaa govioalclimate/researchicag3/cag3.htmi
. . . 16 | UNHEATED SPACE
12” Perimeter Soil Cover (2” more than min.) g
Non-frost
8” Drainable Subgrade below insulation (2” more 5, Susceplible Fil

than min.)
Dg=68"-2x1.25" =65.5”"
Rg=79-(2x0.3)-(2x0.25)= R-6.8
Final Design : R-6.8 under complete slab and 65.5” extension width

" Ground Insulation, Ry "— 6" minimum

ALTERNATE W/ 2” MORE SOIL COVER. Dg = 63", R=6.3" Gravel/Sand layer




SEMI-HEATED FROST PROTECTION

 DESIGN AS HEATED BUILDING per ASCE 32-01
 SIMPLIFIED OR DETAILED METHOD

e ADD 8” INCREASE TO VERTICAL INSULATION DEPTH
* Less heat loss from building to the soil




Thermal Bridging & Other Considerations

Thermal Bridging

Gap between insulating materials allows rapid heat

transfer
Can Greatly Reduce Building Efficiency
Similar effect as air leakage above grade heat slab
THERMAL BRIDGERS ARE NOT PERMITTED IN ASCE 32 loss -
I = rigid
: insulation

Excavation: Consider how the insulation —
configuration area will be excavated :
If embedded posts, when is floor going in?
Will you be able to compact sufficiently?




Thermal Bridging

Use different insulation configurations
and thermal breaks to avoid thermal
bridges

Concrete piers should have thermal
breaks between piers and slab

flashing | -~ Figure 2

protection

board —

1 % s

in an

s ——

Figqure 3

1 byl cut

Figure 3

slab

_'-:'

insulation

Figqure 6

rigid insulation
as bond break
rriaterial

Figure 7

| 2"x 8" pressure
| treated mud sill




SMALL UNHEATED AREAS IN HEATED BUILDINGS

* TREAT AS BOTH HEATED. USE CORNER
INSULATION VALUES FOR UNHEATED AREA

* BUILDING HEAT LOSS WILL STILL HELP RAISE
SOIL TEMPERATURE IN UNHEATED AREA

e SIZE LIMITATIONS: SEE TABLE

* Greater areas permitted at interior as
building heat will flow into soil from
three sides — highest length

e Corners have building heat from two
sides

* Edges have building heat from just one
side — smallest lengths

[~ 1 Unheated Area [ | Healed Area
Ii_.___ __;,J._ ——— 1
E >6.5—‘ } 13" J’
e | |
fem=ma] |2g 5 ! - |
orITLod i Lo ! [
i ] b | =2 ] :
_Ib A+ A, 3 A e — A —p
=5.5' {|_1 =6.5 =13 -::LE =13 'l‘-'.|_3
Maximum o
Size Limit Fioo (F-days)
< 2,250 2,251 to 3,000 3,001 to 3,750 ~3,750
L 13-0" I1'-6" 10-0" 06"
L, 9'-9" 8-8" 7'-6" 4-11"
Ls 6'-6" 510" 5-0" 3-3"

FIGURE 8. Definition of a Small Unheated Area of a Floor Slab




LARGE UNHEATED AREAS IN HEATED BUILDINGS

o

UNHEATED
SPACE

STEP PORCH [DOwn k" &

SLOPE AWAY FROM BUILDING

BEVELED VERTICAL RICI B0ARD INSULATION — ™ _@H + DOWEL @ 2 0.0
B'%5" THICKENED SLAD EDGE il oo

Al />v|_

: . e & k I A I
FOPOSOLOSOCHCOLOSOCOCOSOSOCOCOCOSUSOCOCOLOR
S0-0-0.0-0-0-0-0-0.0.0-0-0-0.0.0-0.0-0.0.0.

DAL TAL I A

 TREAT AS SEPARATE BUILDINGS. FOLLOW UNHEATED DETAILED METHOD FOR UNHEATED SPACE & HEATED
SIMPLIFIED OR DETAILED METHOD FOR HEATED PORTION
* AREA TOO LARGE TO ASSUME BUILDING HEAT LOSS WILL INCREASE SOIL TEMP ENOUGH TO PREVENT FROST ACTION
e SECTION 8.2 OF ASCE 32
« Commonly found at house and garage connection — often misdetailed




Interior Footings

HEATED BUILDINGS— FROST PROTECTION AT SLAB EDGES ONLY, NO FROST PROTECTION ON
INTERIOR FOOTINGS IS REQUIRED. BUILDING HEAT LOSS THROUGH SLAB IS SUFFICIENT

UNHEATED BUILDINGS — NO HEAT LOSS FROM BUILDING TO SOIL, STILL PRONE TO FROST
ACTION, MUST HAVE FROST PROTECTION

~ Non-frost susceptible
[ backfill adjacent to

[ i column

i __ Mon-trost susceptible o

i }"'_ backtill adjacent to wall o0 Zomae = Column B
Foundation Wall T v

o W= Footing
— Footing (as required)
Ground Insulation, Ry / (as required)
| 4

R R
(M R R

e s T
Og \ Dy

Mon-frost susceptible layer . Non-frost susceptible layer

above or below insulation with (@) Plan View above or below insulation with

drai Fi 5 and Sec 4.1.2)
(a) Plan View ) Cross. S;:i:l_lgg (see Hlgure s an drainage (see Figure 5 and Sec 4.1.2) (b) Cross-Section
a an

. . - FIGURE 7. Column Foundation (Unheated Buildin

FIGURE 6. Continuous Foundation Wall (Unheated Buildings) ' ( g)

Dg from both sides and ends Dg from all four sides




ADDITIONAL FROST PROTECTION TIPS

Place foundation on non-frost susceptible soils bases — well-draining
Foundation drainage below grade

Site grading away from building

Overhangs shed water away from buildings

Gutters with downspouts discharging away from building

EVEN IF ASCE 32 PROVISIONS ARE NOT COMPLETELY FOLLOWED, THESE
FEATURES CAN GREATLY REDUCE FROST ACTION POTENTIAL.

NO WATER = NO FROST POTENTIAL



ENERGY CONSERVATION

Marine (C) Dry (B) Moist (A)

Heated buildings in IRC/IBC must meet thermal
performance

Frost protection insulation often not enough

Minimizing heat loss through foundation

Driven by temperature difference from soil to indoor

Warm-Humid
below white line

Need to know climate zone
Determine insulation requirements

. All of Alaska is in Zone 7 except for
F—Factor ReqUIrementS the following boroughs in Zone 8: 1
Bethel, Northwest Arctic, Dellingham,
Southeast Fairbanks, Fairbanks N. Star, Zone 1includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and
North Slope the Virgin Islands




Table 10. Insulation Requirements for FPSFs vs. Insulation Requirements for Energy
Conservation in Heated Buildings’

FPSF vs. Energy Code Roquirementfor FPSF Design Roquiroment o Energy

Air Vertical Horizontal Heating Nominal
Freezing Insulation Insulation Degree Vertical Insulation
Index R-Value** R-Value*s Days (HDD)® R-Values
BF 3
« PRESCRIPTIVE CODE IN TABLE FOR = - T T o
Walls Corners ment @ space
COM PARISON Requirement is less than
1,500 4.5 NR NR <2,000 or approx. equal to FPSF
2,000-2,999 6 4 7
 UA TRADEOFF - COMCHECK/RESCHECK 3,000-3,999 8 5 10
. 4,000-4,999 9 6 17
* More flexible 1,500 45 NR NR 5,000-5,999 10 9 19
* Can add wall/attic insulation in 5,000.6,899 1 1 20
. . 7.000-8,499 1 13 20
exchange for lower slab insulation 5000 56 NR \R 6,000-6.999 1 1 20
. . ’ 7,000-8,499 11 13 20
(FPSF must still be met) & vice versa 7000-5.499 T 3 50
2,500 6.7 1.7 4.9 8.500-8,999 18 14 20
9,000-12,999 19 18 20
7.000-8,499 11 13 20
° FPSF INSULATION MAY NOT BE 3,000 7.8 6.5 8.6 8.500-8,999 18 14 20
9,000-12,999 19 18 20
SUFFICIENT FOR ENERGY CODE > 0008498 |7 T 2
3,500 9.0 8.0 11.2 8.500-8,999 18 14 20
9,000-12,999 19 18 20
7.000-8,499 11 13 20
4,000 10.1 10.5 13.1 8.500-8,999 18 14 20
9,000-12,999 19 18 20




HEATED SLAB

 Minimum R-5 Under Slab
* To meet prescriptive code
maximum F-factor from tables

* Rule of Thumb : Add 5 to R-value
prescribed for non-heated slabs

e R-10 under slab insulation
recommended
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