
    

 

       

 

 

 

 

             

            

                

              

         

 

            

               

                

            

               

        

 

               

               

           

            

               

             

               

           

 

              

               

              

            

 

             

             

        

 

Frost Depth Analysis Explanation 

Prepared by Structural TAG Panelist Mitch Okeson. 

7/23/24 

Background: 

The model building codes reference the ASCE 32-01 Design and Construction of Frost-Protected 

Shallow Foundations as an accepted standard for adequate frost protection of heated, semi-

heated, and unheated buildings. A proposal has been introduced to realign the required frost depth 

within the State of Minnesota based upon this analytical reference standard to replace the historic 

State requirements which were based upon more empirical information. 

The reference standard methodologies are straightforward with respect to heated buildings. 

Heated buildings in accordance with the standard are any structure in which the Minimum Average 

Monthly Indoor Temperature is equal to or greater than 63 degrees Fahrenheit. The commentary of 

the Standard indicates that “homes, businesses, and other buildings with year-round human 

occupancy are assumed to have an average monthly indoor air temperature of more than 63 

degrees and should be constructed as heated buildings”. 

The Standard states that “semi-heated buildings or parts of buildings are assumed to have an 

average monthly indoor air temperature between 41 degrees and 63 degrees Fahrenheit”. It further 

defines that semi-heated spaces “included are unconditioned spaces that receive significant 

indirect heat from conditioned spaces, such as unfinished basements, unvented crawlspaces, and 

buildings that are maintained during the winter season with reduced heating”. The standard also 

indicates that “approved attached garage designs may be classified as semi-heated, where heat, 

provided to the garage by thermal conditioning, or heat loss from the building, maintains a minimum 

monthly average temperature of 41 degrees Fahrenheit during the design winter”. 

The Standard states that unheated buildings are those in which the Minimum Average Monthly 

Indoor Temperature is less than 41 degrees Fahrenheit. It further indicates that “unheated buildings 

are typically detached storage structures or parts of structures that are unheated and thermally 

separated from the ancillary heat transfer from conditioned areas of the building”. 

The Standard states that “minor or temporary variations below the average monthly indoor 

temperature requirements are not detrimental to the performance of buildings classified as heated 

or semi-heated for the purposes of FPSF design”. 



        

         

      

 

 

 

 

            

           

          

      

 

 

         

              

          

          

            

             

            

           

 

 

 

               

            

          

                

           

  

 

 

AS. Minimum Thermal Resistance (R-Value) of Gronnd Insulation, Rg, and Horizontal Extension, D~, 
foi- Unheated Buildings 

Mean Annual Temperature ("F): 

F,co ("F-da;,s) D8 (inches) :532 36 38 40 ~41 

750 or fewer 30 5.7 5.7 5.7. 5.7 5-7 
1,500 49 13.l 9.7 8.5 8.0 6.8 
2,250 63 19.4 15.9 13.6 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 3l.8 

lmerpolation shall be permitted. 

Greg Metz prepared a Code Change Proposal for 1303.1600 which proposed minimum foundation 

depths for both heated and unheated structures based upon the ASCE 32-01 Standard. Excerpts 

from that Code Change Proposal will be used herein. 

Discussion: 

Heated Buildings 

The methods of the ASCE 32-01 can be followed to determine the required frost depth for heated 

structures. This work was completed as depicted in the Code Change Proposal and appears to 

correctly represent the minimum frost depth based upon the Air Freezing Index methodologies 

within the Standard for the given AFI F100 values utilized. 

Semi-Heated Buildings 

The ASCE 32-01 standard states that determination of frost depth of semi-heated heated buildings 

shall equal the frost depth for heated buildings plus 8” of extra depth. The performance of many 

attached garages of heated buildings, if built as insulated, could generally be considered semi-

heated buildings as the thermal performance within the enclosed space is often above the 41 

degrees monthly average. Of course, short term cold snaps occur wherein the average temperature 

may be lower than 41 degrees, but the standard acknowledges that that will occur. Clearly 

judgement herein is necessary, but simply because an attached garage, or crawlspace, or similar 

space is not conditioned does not automatically mean that it is excluded from being considered a 

semi-heated space. 

Unheated Buildings 

The ASCE 32-01 states that ground insulation Rg may be reduced by 0.3R for every 1-inch increase 

in soil cover thickness, above the 10-inch minimum, over the ground insulation. Accordingly, one 

can calculate the required burial depth of the foundation element whereas the required R-value of 

the insulation below the footing reduces to zero. The Mean Annual Temperature Table A8 from the 

ASCE 32-01, shown below for reference, is used to determine the R-value of the ground insulation 

below the footings. 
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A2, Continued. Mean Annual Temperatun (°F) Contour Map For The United States. 

AFI Mean Annual Temperature 

F100 32 36 38 40 41 44 

750 5.7 5.7 5.7 5.7 5.7 5.7 

1500 13.1 9.7 8.5 8 6.8 6.1 

2250 19.4 15.9 13.6 11.4 10.2 6.3 

3000 25 21 18.2 15.3 14.2 9.1 

3500 29.1 24.4 21.2 17.9 16.8 11.2 

3750 31.2 26.1 22.7 19.2 18.1 12.3 

4000 33.3 28.0 24.3 20.5 19.4 13.7 

4500 37.5 31.8 27.4 23.1 22.1 16.6 

Figure A2 from the ASCE 32-01 depicts the Mean Annual Temperature. 

The Mean Annual Temperature data suggests that the average value for Minnesota would be 

approximately 40.0 degrees. To get a better estimate of this Mean Average Temperature the NOAA 

Climate at a Glance County Mapping online service was utilized to obtain the Mean Average 



              

    

 

 

 

               

                

                

               

                  

               

                 

                 

                

                 

             

 

               

       

 

Temperature for each County in Minnesota. This data provides the average annual mean 

temperature measured from 1901-2000. 

https://www.ncei.noaa.gov/access/monitoring/climate-at-a-

glance/county/mapping/21/tavg/202406/60/value 

Using this data the average Mean Annual Temperature for each county was utilized to calculate an 

average for the three state zones suggested by the Code Change Proposal. The county separation 

line proposed in the Code Change Proposal appears to accurately follow the ASCE 32-01 Air Index 

contours. However, three counties within the state have large gradients across their broad size: 

Cook, Lake, and St. Louis. Much of these counties’ land mass is unpopulated with most of the 

population occurring along the North Shore. The average annual mean temperature for the land 

mass does not seem to accurately reflect the average mean temperature for the areas of populus. 

For the purposes of determining the average mean temperature for each of the zones it seems that 

the data for those three counties respectively should be used for the Zone 3 area and neglected for 

the Zone 2 area. Those three counties mean annual temperature is significantly less than the other 

Zone 2 counties and even less than most of the Zone 3 counties. 

Utilizing the NOAA annual mean temperature and the expanded ASCE 32-01 Table A8 generated the 

following results are determined for each zone. 

https://www.ncei.noaa.gov/access/monitoring/climate-at-a


       

   

 

  

 

 

 

 

  

   

   

      

  

  

     

   

   

 

   

 

  

   

   

      

  

  

     

   

   

 

   

   

 

 

  

   

   

      

  

  

     

   

   

 

Zone I - Mean Annual Temperature 

1901 - 2000 
County 

Mean 

Big Stone 42.4 

Lac qui Parle 43.2 

Yellow Medicine 43.6 

Lincoln 42.7 

Pipestone 43.1 

Rock 44.2 

Lyon 43.7 

Murray 43.2 

Nobles 43.8 

Swift 42.2 

Chippewa 43.0 

Stearns 41.2 

Kandiyohi 42.1 

Renville 43.5 Zone III - Mean Annual Temperature 
Redwood 44.0 

Brown 44.3 Zone II - Mean Annual Temperature 1901 - 2000 
Cottonwood 43.7 County 

1901 - 2000 Mean Jackson 43.9 County 
Watonwan 44.4 Mean Kittson 36.7 

Martin 44.3 

Meeker 42.2 Clay 40.1 Roseau 36.1 
Mcleod 43.2 Wilkin 41.0 Marshall 37.4 
Sibley 43.9 

Nicollet 44.4 Traverse 41.9 Lake of the Woods 36.1 
Blue Earth 44.6 

Ottertail 39.8 Koochiching 36.4 
Faribault 44.7 

Benton 41.2 41.0 37.1 Grant Beltrami 
Mille Lacs 40.5 

Douglas 40.1 Polk 38.7 Kanabec 40.5 

Pine 39.7 Stevens 41.6 Pennington 37.8 
Sherburne 42.1 

Isanti 42.1 Pope 40.9 Red Lake 38.3 
Chisago 42.4 

Hubbard 38.3 Clearwater 37.6 
Anoka 43.0 

Wright 42.5 Wadena 39.3 Norman 39.5 
Hennipen 43.5 

Todd 40.0 Mahnomen 38.2 
Ramsey 43.8 

Washington 43.6 Cass 38.6 Itasca 37.2 
Carver 43.6 

Scott 44.1 Crow Wing 39.5 St Louis 36.4 
Dakota 44.1 Morrison 40.5 Lake 35.9 

Le Sueur 44.1 

Rice 43.7 Aitkin 38.5 Cook 35.2 
Goodhue 43.6 

Carlton 38.2 Becker 38.7 
Waseca 43.9 

Steele 43.4 Average 40.0 Average 37.3 
Dodge 42.9 

Olmsted 43.2 

Wabasha 43.9 ASCE 32-01 F100: 3,500 ASCE 32-01 F100: 4,000 
Winona 44.0 

Freeborn 43.9 

Mower 43.1 ASCE 32-01 Table A8 17.9 ASCE 32-01 Table A8 25.6 
Fillmore 43.6 

Houston 44.8 

Average 43.2 
ASCE 7.1 Step 3 ASCE 7.1 Step 3 

ASCE 32-01 F100: 3,000 0.3 R per In Cover over 10" 60 0.3 R per In Cover over 10" 85 

10" Min Cover 10 10" Min Cover 10 

Total Depth, inches 70 Total Depth, inches 95 

ASCE 32-01 Table A8 10.46 

ASCE 7.1 Step 3 

0.3 R per In Cover over 10" 35 

10" Min Cover 10 
Proposed Heated Frost Proposed Heated Frost 

Total Depth, inches 45 44 60 
Depth, inches Depth, inches 

Proposed Heated Frost 
32 

Depth, inches 

Increase for Unheated, Increase for Unheated, 
Increase for Unheated, 26 35 

inches 
13 inches inches 
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The results of utilizing the ASCE 32-01 methodologies calculate an approximate foundation depth 

for unheated buildings as follows: 

Zone 1 = 1.0 feet extra 

Zone 2 = 2.0 feet extra 

Zone 3 = 3.0 feet extra 

Averaging these values would yield a 2.0 feet extra burial depth for unheated buildings over which 

would be required for heated buildings. 

Heated Buildings – Further Analysis 

The heated building analysis provided utilized an AFI F100 value of 3,000, 3,500, and 4,000 for the 

three zones. These values each represent the highest value within the proposed zone. The results 

are di erent if we used the average value within the proposed zones. 

• Zone 1 – Under 3,000 

o Assume Average AFI is 2,750 

o From Table A5: Foundation Depth at Corner w/o Wing Insulation = 27” 

o Foundation Depth for “Semi-Heated” would be approximately = 35” 

• Zone 2 – Under 3,500 but Above 3,000 

o Assume Average AFI is 3,250 

o From Table A5: Foundation Depth at Corner w/o Wing Insulation = 37” 

o Foundation Depth for “Semi-Heated” would be approximately = 45” 

• Zone 3 – Above 3,500 

o Assume Average AFI is 3,850 

o From Table A5: Foundation Depth at Corner w/o Wing Insulation = 54” 

o Foundation Depth for “Semi-Heated” would be approximately = 62” 

The “average” foundation depth required in the respective zone is less than right at the edge of the 

zone. Adding the ASCE 32-01 required extra 8” of depth for semi-heated places the average zone 

depth similar to the depth at the upper end of the zone northern border. 

Summary of Analysis: 

The ASCE 32-01 methodologies were followed by utilizing a more extensive temperature database 

as well as mathematically extrapolating the unheated ground insulation table. From this analysis 

the Standard would provide the following foundation depths for the Code Change Proposal zones. 

Zone 1 

Heated – Buildings conditioned to above 63 degrees = 2’-8” 

Semi-Heated – Buildings conditioned to between 41 & 63 degrees = 3’-4” 
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Unheated – Buildings conditioned to below 41 degrees = 3’-9” 

Zone 2 

Heated – Buildings conditioned to above 63 degrees = 3’-8” 

Semi-Heated – Buildings conditioned to between 41 & 63 degrees = 4’-4” 

Unheated – Buildings conditioned to below 41 degrees = 5’-10” 

Zone 3 

Heated – Buildings conditioned to above 63 degrees = 5’-0” 

Semi-Heated – Buildings conditioned to between 41 & 63 degrees = 5’-8” 

Unheated – Buildings conditioned to below 41 degrees = 7’-11” 

Opinion of Author: 

The State of Minnesota has specified a foundation depth for all structures for many years. To my 

knowledge and the knowledge of other structural engineer colleagues; frost heave of foundation 

elements has not been an issue which arises often. Frost heaving of slabs on grade, shallow 

thickened edge slabs, or similar construction has been observed; however, that is to be expected 

as that construction did not comply with the required frost depth. Accordingly, if we as design 

professionals are not seeing frost depth failures of heated, semi-heated, or unheated buildings with 

frost depth foundations meeting the current requirements of the State of Minnesota then I am 

hesitant to increase the foundation depth required. 

In my opinion I support the use of the ASCE 32-01 usage to determine the required foundation 

depths of heated and semi-heated buildings. I do not support the use of the ASCE 32-01 for 

mandating a minimum foundation depth for unheated structures by the State of Minnesota. 

Per the ASCE 32-01 unheated buildings are those which are not occupied by humans. Accordingly, 

these unheated buildings are nearly always utility/storage type facilities wherein I believe that the 

Owner of said buildings should be able to elect the degree of frost protection beyond the minimum 

required for heated buildings that they believe is su icient to protect their investment. Furthermore, 

the ASCE 32-01 states specifically: 

“The design provisions in the Standard are based on the following worst-case 

conditions to ensure adequate frost protection: 

• Use of a 100-year mean return period air-freezing index 

• A highly frost-susceptible soil (silt) with relatively high thermal conductivity 

and with su icient moisture in the soil to promote frost heave, but not so 

much as to resist the penetration of the frost line through latent heat e ects 

• No insulating ground cover from snow, turf, and so on 
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• Minimum indoor temperature conditions for “heated” and “semi-heated” 

building thermal classifications 

• No heat input to the ground from buildings classified as “unheated” 

Several of these conditions would need to be violated simultaneously for frost heave 

to occur on a site that actually had frost-susceptible soils of su iciently high 

moisture content. Thus, frost heave is highly improbable for buildings with 

foundations properly designed using the FPSF technology. The rare reported 

problems have typically been associated with designs or construction that are not in 

compliance with good design and construction practices.” 

The Standard clearly states that it is providing a worst-case scenario design, which clearly is not a 

minimum design standard. I do not think it is appropriate for the State of Minnesota to mandate 

the minimum standard of care to the degree of the most extreme worst-case scenario possible. 

In my opinion I believe that the State of Minnesota should specify an appropriate minimum frost 

depth for conditioned buildings and then let Owners and/or Design Professionals determine what 

methods are appropriate for addressing frost heave risk on unconditioned buildings. 

I support a three Zone system which specifies a required frost depth for conditioned buildings at 3.0 

feet, 4.0 feet, and 5.0 feet. I assume that conditioned buildings are all those which meet the ASCE 

32-01 definition for “heated” and “semi-heated”; thus, any building which is maintained above 41 

degrees average monthly indoor temperature. As indicated in the “Heated Buildings – Further 

Analysis” section above, the average frost depth for semi-heated buildings in the proposed zones is 

at the proposed depths that I suggested. 
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International Residential Code   NOT SUBMITTED 
2003/2004 Code Development Cycle 
Proponent:  Dick Morris, NAHB 
Prepared by: Jay Crandell, P.E. 
 
Revise footnote ‘b.’ of Table R301.2(1) as follows: 
 
b. The frost line depth may required deeper footings than indicated in Figure R403.1(1). 
The jurisdiction shall fill in the frost line depth column with the minimum depth of 
footing below finish grade as determined in accordance with Section R403.1.4. 
 
Revise Section R403.1.4.1 as follows: 
 
R403.1.4 Minimum Depth. All exterior footings shall be placed at least 12 inches (305 
mm) below the undisturbed ground. Where applicable, the depth of footings shall also 
conform to Section R403.1.4.1.  
 
R403.1.4.1 Frost Protection. Except where otherwise protected from frost, foundation 
walls, piers and other permanent supports of buildings and structures shall be protected 
from frost by one or more of the following methods: 
 

1. Extended below the frost line specified in Table R301.2(1) as determined using 
Table R403.1(2) and Figure R403.3(2). 

 
     (remainder of list unchanged) 
 
Renumber Table R403.1 to R403.1(1) and change table reference in Section R403.1.1 
accordingly. 
 
Add a new Table R403.1(2) as follows: 
 

TABLE R403.1(2) 
FROST LINE DEPTH 

(MINIMUM BOTTOM OF FOOTING DEPTH) 
100-YEAR AIR-FREEZING 

INDEX 
[Figure R403.3(2)] 

FROST LINE DEPTH 
(inches) 

≤ 350 
500 

1000 
1500 
2000 
2500 
3000 
3500 
4000 
4250 

12 
16 
24 
32 
40 
45 
52 
57 
62 
65 
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SUBSTANTIATION:   New climate studies, frost-depth data, and risk modeling efforts 
have improved the understanding of variation in normal and extreme frost depths in the 
United States.  These studies have been conducted by the National Oceanic and 
Atmospheric Administration and the NOAA Northeast Regional Climate Center at 
Cornell University under the sponsorship of the U.S. Department of Housing and Urban 
Development and the National Association of Home Builders. Current methods of 
establishing local frost line depths are generally consistent with trends in the newer data, 
but are often in disagreement with frost penetration data, variations in frost depth based 
on the Air-freezing Index, and results of updated climatic risk models.  This proposal 
calibrates the results of this newer data to closely match current design frost line depths 
used in the colder U.S. climates and correlates these depths to the air-freezing index in a 
risk-consistent manner to improve current practice throughout the United States.  The 
approach is equivalent to using an average frost penetration depth for bare soil multiplied 
by a safety factor of 2 as illustrated in the following graph:  
 

Local Footing Depth vs AFI

y = 0.0102x + 21.792

R2 = 0.9158

y = 0.2327x0.674

R2 = 0.9774
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The frost depths determined using the above approach do not explicitly account for the 
effect that occupied buildings (i.e., heated buildings) have on the frost line depth.  In 
some jurisdictions footing depths for “warm” foundations are decreased from that shown 
in the chart above.  For example, the depth for a residential building foundation is 
reduced from 60 inches to 42 inches in Palmer, Alaska and Anchorage, Alaska.  This is 
done along with the practice of requiring a minimum R10 insulation on the foundation 
wall which is similar to the frost protection requirements found in the ASCE 32-01 
standard referenced in Section R403.4.1 of the IRC and the frost protected shallow 
foundation requirements in Section R403.3 of the IRC. Thus, greater consistency in frost 
protection requirements across various accepted frost-protection methods is also achieved 
by this proposal. 
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