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Notice

The U.S. Government does not endorse products or manufacturers.
Trade or manufacturers' names appear herein solely because they are
considered essential to the object of this report. ‘

The contents of this report are the views of the contractor and do not
necessarily reflect the views or policies of the U.S. Depariment of Housing
and Urban Development or the U.S. Government.



Foreword

It is a rare occurrence for an innovative building technology to offer both lower initial costs and
increased energy savings. The frost-protected shallow foundation technique (FPSF) outlined in
this document is such a technology. Although the technique is new to United States builders and
code officials, it has been used effectively in Scandinavia in more than one million homes.

Until now, U.S. home builders have placed their foundations below the frost line established by
the local building department. As a result, in many regions of the country, deep crawl spaces
and basements have become the norm adding significantly to the cost of construction. The frost-
protected shallow foundation technology offers builders an opportunity to excavate less earth,
use less material, and build homes more cost effectively. ‘

This design guide presents an FPSF design procedure for slab-on-grade buildings and
demonstrates the procedure with design examples. It is the result of nearly 10 years of research
on the subject in the United States, as well -as more than 40 years of research in Scandinavia.
In addition, a simplified design method is presented in a form suitable for adoption by the major
model building codes.

The Design Guide For Frf)st-Protected Shallow Foundations provides residential builders
throughout cold-region communities with technical information that can reduce the cost of
housing and thereby expand housing affordability and opportunity.

Michael A. gtegman %/

Assistant Secretary for Policy
Development and Research
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INTRODUCTION

A frost protected shallow foundation (FPSF) is a practical alternative to deeper, more-costly
foundations in cold regions with seasonal ground freezing and the potential for frost heave.
Figure 1 shows an FPSF and a conventional foundation. An FPSF incorporates strategically
placed insulation to raise the frost depth around a building, thereby allowing foundation depths
as shallow as 16 inches, even in the most severe climates. The most extensive use has been in
the Nordic countries, where over one million FPSF homes have been constructed successfully
over the last 40 years!. The FPSF is considered standard practice for residential buildings in
Scandinavia. The objective of this design guide is to assist U.S. builders, designers, code
officials, and others in employing the technology.

Conventionali

Figure 1. Schematic of FPSF and Conventional Foundation Systems

In northern U.S. climates, builders mitigate the effects of frost heave by constructing homes with
basements, slabs, or crawlspaces with perimeter footings below the frost line. Other construction
methods include:

« Piles or caissons extending below the frost-line

» Mat or reinforced structural slab foundations to resist heave
» Non-frost susceptible fills and drainage

+ Adjustable foundation supports

! Morris, Richard A., Frost-Protected Shallow Foundations: Current State-of-the-Art and Potential Application
in the U.S. Prepared for the Society of Plastics Industry, Inc., NAHB Research Center, Upper Marlboro, MD, August
1988.



INTRODUCTION

The FPSF allows builders to construct a structurally sound foundation at a lower cost than
associated with these practices. Although this document is limited to slab foundations, the
technology may also be used with crawlspace construction when ventilation is properly
controlled. In addition to substantial initial cost savings, FPSFs provide an opportunity for
increased energy savings because of their insulation requirements. These minimum insulation
requirements for frost protection generally exceed existing energy code requirements (i.e., the
CABO Model Energy Code) for foundation insulation.

The frost protected shallow foundation technology recognizes the thermal interaction of building
foundations with the ground. Heat input to the ground from buildings effectively raises the frost
depth at the perimeter of the foundation. This effect and other conditions that regulate frost
penetration into the ground are illustrated in Figure 2.

It is important to note that the frost line rises near a foundation if the building is heated. This
effect is magnified when insulation is strategically placed around the foundation. The FPSF also
works on an unheated building by conserving geothermal heat below the building. Unheated
areas of homes such as garages may be constructed in this manner.

Forest
Clay L.
Snow l Road
_______ —— 71
- T o
Humus |
Gravel or Frost Depth Line
Sand

FIGURE 2. Frost Penetration into the Ground Under Various Conditions.

Figure 3 illustrates the heat exchange process in an FPSF, which results in a higher frost depth
around the building. The insulation around the foundation perimeter conserves and redirects heat
loss through the slab toward the soil below the foundation. Geothermal heat from the underlying
ground also helps to raise the frost depth around the building.

FPSFs are most suitable for slab-on-grade homes on sites with moderate to low sloping grades.
The method may, however, be used effectively with walk-out basements by insulating the
foundation on the downhill side of the house, thus eliminating the need for a stepped footing.
FPSFs are also useful for remodeling projects in part because they minimize site disturbance.
In addition to residential, commercial, and agricultural buildings, the technology has been applied
to highways, dams, underground utilities, railroads, and earth embankments.
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FIGURE 3. FPSF Heat Flow Dlagram for a Heated Building with
Optional Floor Insulation.

FPSFs have seen notable technological development and increased application in Europe over the
past 40 years. Their most practical advancements in the understanding and application have
come from the Nordic countries.

In the United States, slab-on-grade houses were constructed around the turn of the century in cold
climates near Chicago. During the Depression, Frank Lloyd Wright designed and built a type
of FPSF to meet affordability needs and used FPSF techniques in his ""Usonian" style homes with
shallow slab-on-grade foundations.

In the 1950s, Swedish and Norwegian researchers constructed the first experimental houses using
insulated shallow foundations. These demonstration sites provided practical experience and
empirical data on the FPSF technology. By 1972, nearly 50,000 slab-on-grade foundations had
been built in Sweden, and the FPSF technology had gained wide acceptance. The Norwegians
also recognized the need to address design recommendations for unheated portions of buildings
such as air-lock entries and exterior stairways.

In the 1970s, the Scandinavian nations consolidated their research efforts in an attempt to address
the FPSF technology. In 1972, the Royal Norwegian Council for Scientific and Industrial
Research appropriated the equivalent of $10-million? for the compilation and advancement of
the. Scandinavian work to date. The effort led to the 1976 publication, Frost I Jord ("Frost
Action in the Ground"). Scandinavian engineers consider Frost I Jord a reliable guide for design
against frost action in soils. Based on the resuits of the Frost I Jord Project, the Norwegian
Building Research Institute started publication in 1978 of "Building Details" related to FPSF
design and construction.

1988 exchange rate.



INTRODUCTION

In the United States, FPSF technology has been used in engineered structures and is common
practice for residential construction on crawlspace foundations in areas of Alaska. However, the
major model building codes do not specifically recognize the FPSFs equivalence to footings
placed below a prescribed frost depth. Recent amendments to the CABO One- and Two-Family
Dwelling Code and the BOCA National Building Code recognize performance-based criteria for
frost protection but do not specifically mention FPSFs. Consequently, widespread use of the
technology in residential buildings has not yet occurred. Efforts are underway to obtain U.S.
building code approval.

This document, based on the European standards, presents an FPSF design procedure for slab-on-
grade buildings, demonstrates the procedure with design examples, answers common questions
about FPSFs, and recommends specific construction methods and details. Additionally, a
simplified design method is presented in a form suitable for adoption by the major model
building codes.




FPSF DESIGN PROCEDURE

APPLICATIONS/LIMITATIONS

This procedure addresses the design of frost-protected shallow foundations which use insulation
to prevent frost heave in cold climates. It is specific to slab-on-grade foundations on residential
homes but may also be used on commercial and agricultural structures. This design procedure
does not apply to buildings on permafrost, to areas with mean annual temperatures less than 32°F
(0°C), or to crawl-space construction.

The proper specification of insulation products is paramount to the success of an FPSF
application. Few insulation products are able to maintain a dry R-value in a moist, below-ground
environment over any great length of time. Insulation products specified for an FPSF must be
rated with an effective R-value that can be maintained in such an environment for the expected
life of the structure. Because some insulation materials resist water absorption less effectively
than others, which in turn degrades their thermal resistance (R-values), insulation material should
be specified carefully. The reader is directed to references listed in the bibliography for
additional information on this issue.

Polystyrene insulation for below-ground, frost-protection applications in the U.S. must comply
with the only available U.S. standard, ASTM C 578-92 for Rigid, Cellular Polystyrene Thermal
Insulation. Although this standard does not provide for adjustment of thermal resistance in
potentially moist, below-ground conditions, appropriate adjustment factors for EPS and XPS have
been determined based on international knowledge and experience. The reader is referred to
manufacturers for product-specific information.

This design procedure specifies insulation and foundation depths which ensure protection against
frost heave damage for all types of soils. The procedure is conservative in that it assumes a
100-year return winter and no insulating ground vegetative or snow cover. The designer assumes
responsibility for compliance with all local building and energy codes. This document addresses
heated, unheated, and semi-heated structures as based on the expected average indoor monthly
temperature range of the building from Table 1.

Table 1. Classlification of bullding based on Indoor air temperature, T.

AVERAGE MONTHLY INDOOR CLASSIFICATION TYPICAL TYPE OF - |
TEMPERATURE, T STRUCTURE
T > 63°F (17°C) Heated Homes, Ofﬁces
41°F (5°C) < T < 63°F (17°C) Semi-heated Agricultural, Seasonal Use |
T < 41°F (5°C) Unheated . Garages, Exposed Slabs |




FPSF DESIGN PROCEDURE

This design guide contains two approaches: a simplified design and a detailed design. The
simplified method streamlines the design process of FPSFs for heated buildings. The procedure
is in a form suitable for adoption by the major model building codes and is intended to promote
widespread acceptance and use of the technology. In consolidating the design steps for the
simplified method, R-values for the vertical insulation were established so that the performance
level of various conditions, including slab surface temperatures, were conservatively
accommodated. Therefore, more economical construction costs may be obtained when the
detailed design procedure is followed. The detailed design procedure must be used when
buildings include unheated areas such as attached garages.

SIMPLIFIED FPSF DESIGN METHOD

To use the simplified approach, the air freezing index (AFI) for the site location must be known.
An AFI contour map is provided in the Appendix to assist in establishing this value. Insulation
R-value and dimensions, and the depth of the footings are then determined from Table 2 and
Figure 4. Horizontal insulation shall be bedded firmly on smooth ground or granular base.
When foundation depths greater than 12 inches are required by Table 2, the increase in depth
may be satisfied by substituting compacted gravel, crushed rock, sand, or approved non-frost
susceptible materials.

Table 2. MINIMUM INSULATION REQUIREMENTS
FOR FROST PROTECTED FOOTINGS
IN HEATED BUILDINGS'

Horizontal Insulation Minimum

Air Freezing Vertical H°"‘";“$LII“S,“,"’“°“ Dimensions Fg°t't'l‘lg

Index Insulation -value per Figure No. 16 (inches) i e::l )

(°F days)* R-Value** | - Inches
along walls | at corners A B C D
1,500 or less 45 - NR NR NR NR NR 12
2,000 5.6 NR NR NR NR NR 14
2,500 6.7 1.7 49 12 24 40 16
3,000 78 - 65 8.6 - 12 24 40 16
3,500 9.0 8.0 11.2 24 30 60 16
4,000 10.1 10.5 13.1 24 36 60 16

! Insulation requirements are for protection against frost damage in heated buildings. Greater values may be required to meet energy conservation
standards. Interpolation between values is permissible.

? See Appendix for Air Freezing Index values. -

? Insulation materials shall provide the stated minimum R-values under long -term exposure to moist, below-ground conditions in freezing climates.
The following R-values shall be used to determine insulation thicknesses required for this application: Type II expanded polystyrene - 2.4R per
inch; Types IV, V, VI, VII extruded polystyrene - 4.5R per inch; Type IX expanded polystyrene - 3.2R per inch. NR indicates that insulation
is not required.

* Vertical insulation shall be expanded polystyrene insulation or extruded polystyrene insulation.

* Horizontal insulation shall be extruded polystyrene insulation.
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FLASHING

INSULATION PROTECTION
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Figure 4. FPSF design parameters for heated buildings using the simplified

design procedure.



FPSF DESIGN PROCEDURE

DETAILED METHOD FOR HEATED BUILDINGS

In practice, there are many different combinations of vertical and horizontal insulation details,
R-values, and footing depths that can be used in an FPSF. The detailed design approach is a
flexible approach that allows the designer to utilize experience and select the preferred method
of construction for a given site. For example, the designer may opt to provide vertical wall
insulation only, wing insulation only at the corners, or provide wing insulation around the entire
building. The designer also has the flexibility to step the footing to increase foundation depths,
add wing insulation to reduce required foundation depths, or select the width of wing insulation
in meeting the minimum requirements in the design process.

Figure 5 illustrates the variables for FPSF design. The Appéndix contains figures and tables for
determining and selecting the detailed design variables. The following steps outline the detailed
design approach for heated buildings.

Herizontal wing insulation, Apyor Ape
as required

Plan View

Figure 5. FPSF design parameters for heated buildings.

Determine the Site’s design Air Freezing Index, F,

Select the 100-year return period design air freezing index, F,, from Figure Al or Table A3. This information was
prepared by the National Oceanic and Atmospheric Administration’s National Climatic Data Center specifically for
use in FPSF design. The F, values are conservative because they are not adjusted for the insulating benefit of a
normal snow cover on the ground. A lower return period value may be used for less important structures or those
that are resilient to infrequent ground freezing. See Table 3 for F, values at return periods less than 100 years.

alculate the R-value for the Floor Slab Cross Section, R,

Calculate the thermal resistance of the design floor slab, R,, considering all insulating materials in the cross-section
including any floor coverings. When determining Rf, dry condition R-values, as presented in Table A2, shall be used






















































































































