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57 ABSTRACT 

A foundation construction, particularly useful for 
buildings and other supported structures in Arctic re 
gions wherein a permafrost condition typically pre 
vails, is provided by a construction pad having at least 
one or more perforated and ventilated conduits posi 
tioned within a cushion of air-permeable particulate 
material, said cushion containing the perforated con 
duit being substantially thermally isolated from the 
supported structure by means such as encapsulating 
with an insulating material. Generally, the pad is over 
burdened with, or imbedded in, a suitable gravel fill 
material. The pad can substantially reduce, and in cer 
tain instances eliminate, the necessity of providing pil 
ing supports in Arctic regions and furthermore pro 
vides both a thermal barrier restricting heat flowing 
downward from the building to the frozen substrata 
and a type of thermal shunt blocking heat from the 
structure while admitting a certain amount of geother 
mal heat flowing upward from the ground to an ambi 
ent air heat sink. 

19 (Claims, 6 Drawing Figures 
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FOUNDATION FOR CONSTRUCTION ON FROZEN 
SUBSTRATA 

BACKGROUND OF THE INVENTION 

Regions of the Arctic and sub-Arctic wherein perpet 
ually frozen ground starts a few feet below the surface 
and extends downwardly are generally referred to as 
permafrost regions. Permafrost is permanently frozen 
ground and consists of mixtures of varying content of 
water, salt, sand and gravel. At the ground surface 
there is an active growth layer called the tundra which 
covers the permafrost and in the spring and summer 
thawing occurs to varying depths ranging from a few 
inches to several feet in an area between the tundra mat 
and permafrost zone which is called the "active layer.' 
Thaw converts the tundra and active layer into a soggy 
marsh having minimal load bearing value. Thus, any 
foundation will displace the mud causing the building 
structure to either sink or become unstable. 
Generally, foundations for such building structures as 

well as storage tanks, boiler houses and power plants 
are supported on the permafrost by pilings of steel or 
timber. The pilings are necessary to avoid excessive set 
tlement caused by repeated thawing and subsequent 
subsidence of the Arctic substrata. However, installa 
tion of pilings not only requires a substantial invest 
ment but pilings may not adequately protect the build 
ing from the vagaries of the active layer such as frost 
heave or "pole-jacking' due to freezing and thawing. 
Therefore, a more economical and efficient method for 
constructing building foundations would be an impor 
tant contribution to the technology of coping with the 
climate variations of northern regions where a perma 
frost condition prevails. 

It is known in the building of structures in permafrost 
regions that the foundation of the structures may be 
laid on gravel pads or sills. However, a gravel pad tends 
to function as too good a thermal conductor by permit 
ting heat from the building floor to reach the perma 
frost substrata and conversely the temperature of the 
permafrost will be conducted upwardly toward that of 
the building floor. Therefore, a gravel pad, by itself, 
fails to completely eliminate the cycle of heaving and 
settlement resulting from seasonal freezing and thawing 
and subsidence due to permafrost destruction. 

It is also known to place an insulating layer at some 
point between the building floor and the permafrost 
substrata; however, an insulating layer does not permit 
selective temperature control at the insulating layer en 
vironment such as to impede heat-input to the frozen 
substrata. Furthermore, an insulating layer functioning 
as the sole thermal barrier would be of substantial 
thickness and therefore economically expensive to in 
stall as well as be technically unsuitable. Likewise, 
other high thermal impedance systems such as gravel 
are similarly disadvantageous. 

SUMMARY OF THE INVENTION 
It is an object of this invention to provide a founda 

tion construction particularly useful as a foundation for 
building structures in northern regions wherein a per 
mafrost condition typically prevails. It is another object 
of this invention to provide a method of constructing a 
building foundation that will substantially reduce or 
eliminate the necessity of placing buildings on pilings. 
It is still another object of this invention to provide a 
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2 
foundation construction having a thermal barrier be 
tween the structure and the frozen substrata restricting 
heat flowing downward from the structure to the frozen 
substrata and providing a thermal shunt blocking heat 
from the structure while admitting some geothermal 
heat flowing upward from the permafrost substrata to 
an ambient air heat sink. A still further object of the in 
vention is to provide an efficient and simplified thermal 
barrier that may be employed in construction in north 
ern regions such as the Arctic and sub-Arctic 
These and other objects of the invention are accom 

plished by providing a thermal barrier between the 
structure and the substrata comprising at least one per 
forated and ventilated conduit positioned within a 
cushion of air-permeable particulate material, said 
cushion and perforated conduit being substantially 
thermally isolated from the ambient atmosphere by en 
capsulation within an insulation material. If desired, the 
conduit system may comprise communicating pairs of 
inlet and outlet conduits. 

DESCRIPTION OF THE INVENTION 

The advantages of the invention will become more 
apparent from the following description considered in 
conjunction with the accompanying drawings wherein: 

FIG. 1 is a cross section view of the foundation con 
struction illustrating one embodiment of the invention; 

FIG. 2 is a plan view of one variation of conduitar 
rangement within the cushion of particulate material; 

FIG. 3 is another plan view illustrating the communi 
cating pair arrangement of the conduits within the 
cushion of particulate material; 
FIG. 4 is a fragmentary cross section view of a second 

embodiment of the foundation construction in accor 
dance with the present invention; 
FIG. 5 is a fragmentary cross section view of a third 

embodiment of the foundation construction in accor 
dance with the present invention; and 
FIG. 6 is another fragmentary cross section view of 

a fourth embodiment of the foundation construction. 
Before giving detailed descriptions of the various 

views of the drawings, briefly stated in the foundation 
construction of the present invention requires a barrier 
that is thermally isolated from ambient air being, gener 
ally, in the form of a pad containing a perforated and 
ventilated conduit system embedded in a cushion of 
air-permeable particulate material wherein the perime 
ter of the pad is isolated from ambient air by encapsula 
tion. Generally, the ventilated and perforated conduit 
system draws air from an inlet source through the con 
duits by mechanical means such as an exhaust fan to an 
outlet point while the perforations permit air within the 
thermally isolated cushion of air-permeable particulate 
material to also be drawn to the conduit outlet. 
The perforated and ventilated conduit system is an 

essential feature of the invention and provides the 
means to move air within the air-permeable particulate 
material. For instance, during colder periods, ventilat 
ing means such as an exhaust fan placed at the outlet 
point of the conduit can be operated to draw cold am 
bient air through the particulate material and exhaust 
warm air transferred from the building floor to the 
cushion of particulate material. Therefore, the pad pro 
vides a means to intercept warm air flowing from the 
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building floor toward the frozen substrate and dissipate 
it by conducting the air to the outer ambient "heat 
sink.' At times when the ambient air is warmer than 
the desired temperature within the pad, the system may 
be shut down. Therefore, the pad functions in a differ 
ent manner than mere insulation material that is inca 
pable of dissipating heat but only serves to retard its 
passage to some degree. 
Another essential feature of the invention is to pro 

vide means of thermal isolation of the pad from the am 
bient atmosphere in order to permit the pad to function 
as athermal barrier so that temperatures within the pad 
are controllable. The pad may be thermally isolated by 
such means as encapsulation with an insulating mate 
rial or by combinations of encapsulating means utiliz 
ing insulating material, gravel, sand, the building itself, 
frozen substrata, or other suitable barrier materials as 
will be described in greater detail hereinafter. 

Referring now in greater detail to the various views 
of the drawings, in cross section view FIG. thermally 
isolated pad 10 comprises perforated and ventilated 
conduits 12 horizontally spaced and containing perfo 
rations 4 and wherein the conduits are cushioned on 
screened particulate material 16. For purposes of this 
invention the term "particulate material' designates 
air-permeable granules in the form of discrete particles 
as opposed to a mass of fines. Substantially all particles 
of air-permeable particulate material will have a diame 
ter greater than the diameter of the perforations of the 
conduit to prevent clogging of the conduit with particu 
late material. However, small amounts of fines may be 
present in the particulate material to provide stability 
in the cushion. Suitable particulate material include 
screened gravel, crushed rock, pulverized concrete, 
and the like. The cushion of air-permeable particulate 
material 16 and the perforated portions of conduits 2 
are encapsulated with insulation layer 18 to provide 
thermal isolation from the ambient air. Those portions 
of the conduit exposed to the ambient environment 
and/or are otherwise outside of the thermal barrier are 
solid (i.e., not perforated). Pad 10 is overburdened 
with granular fill material 20 that may be any conven 
tionally used fill of any desired particle size used for 
base construction of buildings, roads, etc., such as 
gravel, crushed rock, sand and the like. 

Ventilators 28 and 30 are provided at the conduit ex 
tremities to permit passage of air through the conduit. 
Motorized fans or blower arrangements 32 pull air into 
inlet ventillator 28 and through conduit 2 to exhaust 
ventilator 30. The fans or blowers may be provided 
with temperature control means such as thermostat 34 
to actuate the blower arrangement whenever it is nec 
essary to dissipate heat build-up or otherwise alter the 
temperature within the pad. 
Pat 10 is positioned beneath building floor 24 and 

rests on frozen substrata 22. Building floor 24 may be 
concrete, wood, metal or any suitable flooring material 
and rests on the granular fill material 20. Building load 
bearing supports 26 may also be of any suitable con 
struction material as well as building walls 36. 

Preferably, insulation layer 18 is a rigid synthetic 
foam insulating material such as any of the polyure 
thanes or polystyrenes capable of supporting a load in 
low temperature applications without over 
compressing or otherwise interfering with the thermal 
insulation properties. The thickness of the insulating 
pad may vary according to such parameters as the type 
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4 
of the insulating material used, the building design, en 
vironmental conditions, and the nature of the pad. In 
sulation thickness may be calculated from known equa 
tions which consider such variables as conductivity of 
the insulation, conductivity of the ground surface, ther 
mal history of ambient air and temperature of the 
ground surface. Synthetic polymeric foams such as 
polyurethane specifically designed for low temperature 
environments are particularly desirable. However, 
other insulating means to provide the thermal barrier 
such as conventional inorganic materials including as 
bestos, fiberglass, insulating concrete block and the 
like could be employed for a portion or all of the insula 
tion depending upon the building design and environ 
mental conditions. 
FIGS. 2 and 3 are fragmentary views illustrating vari 

ous placements of the conduits within pad 10. In FIG. 
2 conduits 12a, 2b, and 12c are distributed at longitu 
dinally spaced intervals 1A with each conduit having an 
air intake 2a, 2b and 2c and an air exhaust 23a, 23b 
and 23c. However, if desired, all or a portion of the air 
intakes may be connected to a common air intake and 
likewise all or a portion of the air exhausts may be con 
nected to a common air exhaust. The particular longi 
tudinal spacing 11 arrangement of the conduits or a de 
sired vertical spacing may depend upon the nature of 
the particulate material, the size of the foundation, the 
temperature within the building, properties of the insu 
lation, as well as other environmental considerations. 
Arrows A-1 through A-6 generally illustrate the air 
flow path within the thermally isolated pad and particu 
larly illustrate that the voids within the particulate ma 
terial permit air circulation within the thermally iso 
lated pad. 
FIG. 3 is another fragmentary view of the thermally 

isolated pad illustrating a conduit system wherein indi 
vidual conduits are employed for air intake and individ 
ual conduits employed for air exhaust. Conduits 12u, 
12v, 12w, 12.x, 12y and 12z are longitudinally spaced 
within the cushion of particulate material. Conduits 
12u, 2w, and 12y function as air intakes at 2d, 21e 
and 2f Conduits 2v, 2.x and 2z function as exhaust 
means at 23d, 23e, and 23f. For foundations of larger 
buildings the conduit placement of FIG.3 may be desir 
able to provide improved air circulation within the 
thermally isolated pad. Although the FIG. 3 conduits 
illustrate a horizontal arrangement, the conduits may 
be independently spaced vertically and horizontally 
within the air-permeable particulate material. Arrows 
A-10 through A-16 generally indicate the air flow path 
within the pad. If desired, the air intake points may be 
commoned as well as air exhaust points. 
FIGS. 4, 5, and 6 illustrate alternative means of pro 

viding the thermal isolation for the pad. In FIG. 4 the 
fragmentary view illustrates a system similar to FIG. 
with the exception the insulating layer between conduit 
2 and frozen substrata 22 is omitted. In this embodi 
ment thermal isolation beneath the conduit is provided 
by the combination of granular fill material and frozen 
substrata. Suitable thermal isolation means are pro 
vided at the sides of the pad and insulating layer 18 is 
a thermal barrier above the pad. 

FIG. 5 is similar to FIG. 4 but in this embodiment the 
separate insulation material above the conduit was 
omitted so that the insulating layer is provided by the 
building floor. Suitable insulating means substantially 
enclose the sides of the pad. 
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FIG. 6 is similar to FIG. 1 with the exception that the 
granular fill material was omitted so that the thermally 
isolated pad provides the entire foundation beneath the 
building. 

In a preferred embodiment of this invention, the 
foundation construction is generally provided in the 
following manner. If the pad will be substantially en 
capsulated with a synthetic foam insulating material, a 
layer of insulation will be placed on the ground surface 
occupied by the proposed pad and then a layer of ap 
propriate particulate material sufficient to support the 
conduit system placed on the insulation. After deter 
mining the pattern of placing the conduit system, i.e., 
to longitudinally and/or vertically space or a combina 
tion of both, the conduit system is laid and additional 
particulate material embeds the conduit system to pro 
vide the cushion. Then the remainder of the pad may 
be enclosed with insulation material to provide a ther 
mal barrier obtained by an encapsulated layer of insula 
tion. Installation of ventilating means such as motor 
ized fans will pull the air from an inlet source to an ex 
haust point. The pad may be overburdened with appro 
priate granular fill material conventionally used as a 
base for building foundations, roadways, etc. 
For purposes of this invention the term “thermally 

isolated' means that the cushion of air-permeable par 
ticulate material and perforated conduits, together with 
any required barrier material, create a thermal barrier 
so that substantially no significant uncontrolled amount 
of ambient air is permitted to enter the barrier, except 
that controlled amount entering the air intake distribu 
tion system, unless so desired. Although thermal isola 
tion is generally obtained by an encapsulating layer of 
insulation material, in some instances the building 
floor, frozen substrata, etc., provide a portion of the 
thermal barrier. In addition to synthetic foams, other 
inorganic insulating materials such as insulated con 
crete block, insulating boards, etc., may be used, in 
whole or in part, to provide a thermal barrier. 

In instances wherein the insulating material possesses 
water-absorbing properties, it is desirable to provide a 
hydrophobic or water impermeable layer to the foun 
dation substrate. Generally, this hydrophobic barrier 
layer or "precoat' would be applied while warm and 
thereafter a layer of polyurethane foam may be spray 
applied to the warm surface. The thickness of the bar 
rier layer may be in the range of from about 5 mils to 
30 mills. 

If the particular insulating material is a synthetic 
polymeric film such as a polyurethane, it is preferred to 
spray apply the foam in layers of about 3 to 8 per inch. 
in applying successive superimposed layers of foam to 
obtain cohesion between the layers, time should be al 
lowed for the formation of a skin so that it is uniform 
and free from discontinuities before the next layer is 
applied. In order to get chemical bonding and conse 
quently greater cohesion and strength, it is preferred to 
apply the next layer of foam before the skin layer on 
the layer of foam below has completely cured. In gen 
eral, the next layer of foam should be applied within 
1/2 to 30 minutes after the layer below it has completed 
foaming. This permits the lower skin layer to be com 
pletely formed without being completely cured and at 
the same time allows for variations in temperature. 

In the construction of a warehouse building in the 
Prudhoe Bay area of the Arctic on a frozen substrata 
wherein the area of the building floor measures approx 
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6 
imately 60 feet by 80 feet, a foundation pad for the 
building is provided as follows: A bituminous moisture 
barrier coating a petroleum residuum containing poly 
ethylene is applied to an area of approximately 65 feet 
by 85 feet and thereafter about 1% inches of a rigid 
polyurethane foam designed for low temperature appli 
cation is applied with a spray foam machine using di 
chlorodifluoromethane as the blowing agent. Gener 
ally, any lower layer of insulation will extend beyond 
the building perimeter so that any thaw under the edge 
of the insulation does not proceed too closely to the di 
rect load of the building. The foam has the following 
physical properties: A thermoconductivity of 0.13 
BTU/Hr./Ft./F/In. (k factor at 77 F. as determined 
by ASTM-D-2326-64T using the probe method), a 
compression strength at yield of 43-50 psi, and an 
over-all density of 2.7 lbs./ft. (as determined by 
ASTM-D-1622-63). 
Thereafter, Prudhoe Bay area gravel screened to re 

move particles of a size smaller than about 1/16 inch is 
placed over the entire foamed area to a depth of about 
12 inches. Three aluminum perforated conduits each 
having a diameter of 10 inches are horizontally spaced 
from each other on the screened gravel. The size of the 
perforations of the concrete conduit are about 1/16 
inch or smaller and the amount of perforated surface 
area of the conduit is about 5 percent. Thereafter, addi 
tional screened particulate material is poured over the 
duct so that the crown of the conduits are overbur 
dened with about 12 inches of screened gravel. Using 
the same spray foam machine and the same polyure 
thane insulating material, a layer of foam about 2 to 4 
inches in thickness applied in successive superimposed 
iayers of about 5 per inch is placed over the entire ex 
posed screened gravel surface on the top and sides and, 
together with the previously applied lower layer of 
foam, a thermal barrier is provided. Ventilators and ap 
propriate fans or blowers are installed together with an 
optional fan control system such as a thermostat de 
signed to actuate the fans when the temperature inside 
the thermal barrier is warmer than the outside ambient 
air. The thermal barrier pad is now covered with about 
1 foot of granular fill material to provide a complete 
foundation without the necessity of pilings; however, 
piling may be provided as supplemental foundation 
means at high load-bearing areas. 
During warmer months in the northern regions when 

the temperature of the ambient air exceeds the temper 
ature within the thermal barrier, it may be desirable to 
provide a refrigeration effect. One method of accom 
plishing this is by an atomizer water spray system to 
provide evaporative cooling. Such a system 38 may be 
provided at the air inlet of the conduit as shown in FIG. 
A and would function to conduct water saturated air 
through the pad. Such air moving through the conduit 
by forcing means such as an exhaust or blower system 
produces evaporation of the atomized moisture and a 
resulting refrigeration effect so that the temperature 
within the encapsulated pad would be significantly 
below the inlet ambient air temperature. When the am 
bient air temperature reaches a point where it exceeds 
the desired temperature within the encapsulated pad, 
the motorized exhaust or blower system will automati 
cally shut off if a thermostat is employed; however, the 
aforementioned atomizer water spray system would 
provide additional cooling means to dissipate heat from 
the thermal barrier pad. 
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As another alternative system to provide additional 
cooling within the encapsulated pad during warmer pe 
riods, the entire conduit system may be closed and con 
nected to a heat exchanger unit to provide further con 
trol of the temperature within the pad. 
Although this invention may obviate the necessity of 

pilings, in certain instances wherein the building load 
is concentrated at a particular point(s), it may be de 
sirable to supplement the foundation construction of 
this invention with timber, concrete or steel pilings. 
The moisture barrier coating is generally a bitumi 
OS composition, but other materials may be em 

ployed, such as plastic films and the like that act to sep 
arate surface moisture from any applied synthetic 
foams. Preferred as the moisture barrier is a crude oil 
residuum that may be extended with a synthetic poly 
meric material such as a low molecular weight polyeth 
ylene or styrene-butadiene rubber. 
The aforementioned conduit systems were described 

as being independently horizontally spaced; however, 
depending upon the height of the pad, it may be desir 
able to horizontally and vertically space the conduits or 
employ one or more conduits wherein each winds a tor 
tuous path within the thermal barrier. Similarly, 
branched pipeline systems may be designed. Fluid flow 
metering systems have been established for branching 
pipeline systems so that equal pressures and volumes 
can be controlled by determining the intake opening 
from the initial distribution system. Thus conduits lo 
cated at increasing distances from the source will re 
ceive the same pressure and volume as those nearest 
the source. 
Although the foundation construction of this inven 

tion is primarily intended for structures such as build 
ings, it may also be employed, either alone or together 
with pilings, as the foundation for drill rigs, water stor 
age facilities, fuel storage bladders, pipelines, exposed 
storage areas, and the like. 
Reasonable variations and modifications are possible 

within the scope of this invention, without departing 
from the spirit and scope of the claims. 
We claim: 
1. A thermal barrier capable of being employed in 

Arctic region construction comprising at least one per 
forated and ventilated conduit positioned within a 
cushion of air-permeable load-bearing particulate ma 
terial wherein said particulate material is substantially 
completely encapsulated with synthetic insulating load 
bearing material from ambient environment. 

2. The thermal barrier of claim 1 wherein said con 
duit is at least one pair of air conduits arranged to pro 
vide an air inlet conduit and a separate air outlet con 
duit. 

3. The thermal barrier of claim 1 wherein said insu 
lating material is a synthetic polymeric foam. 
4. The thermal barrier of claim 3 wherein said syn 

thetic polymeric foam is a polyurethane. 
5. The thermal barrier of claim 1 having means to 

provide evaporative cooling within the thermal barrier. 
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6. The thermal barrier of claim 5 wherein evapora 
tion cooling is provided by a water spray system at the 
air inlet of the conduit. 

7. A foundation construction, useful in Arctic regions 
wherein a permafrost condition typically pervails, ca 
pable of providing a thermal barrier between a struc 
ture and the substrata comprising a pad having at least 
one perforated and ventilated conduit positioned 
within a cushion of air-permeable particulate material, 
said cushion and perforated conduit being substantially 
completely encapsulated by synthetic insulating mate 
rial. 

8. A foundation construction according to claim 7 
wherein said pad is encapsulated with a foamed poly 
urethane insulating material. 

9. A foundation construction according to claim 7 
wherein said structure is a building. 

10. A foundation construction according to claim 7 
wherein said substrata is a frozen substrata. 

11. A foundation construction according to claim 7 
having mechanical means for forcing air through the 
perforated conduits. . 

12. A foundation construction according to claim 7 
wherein said insulation material is synthetic foam. 

13. A foundation construction according to claim 12 
wherein said synthetic foam is selected from the group 
consisting of polyurethanes and polystyrenes. 

14. A foundation construction according to claim 7 
wherein said perforated conduit is a series of conduits 
independently spaced and distributed within the cush 
ion of particulate material. 

15. A foundation construction according to claim 14 
wherein said series of conduits comprise at least one 
communicating pair of inlet and outlet conduits. 

16. In a building structure for northern regions hav 
ing a building supported on a foundation, the improve 
ment wherein a pad is positioned beneath the building 
floor, said pad being substantially completely thermally 
isolated from the ambient environment and having at 
least one perforated and ventilated conduit placed 
within a cushion of air-permeable particulate material 
said cushion being encapsulated in synthetic insulating 
material. 

17. The building structure according to claim 16 
wherein said conduit comprises at least one communi 
cating pair of inlet and outlet conduits. 

18. A method of thermally insulating a frozen sub 
strata from a structure located above said frozen sub 
strata comprising installing beneath the structure a pad 
of air permeable particulate material having at least 
one perforated conduit positioned therein, encapsulat 
ing said pad with a thermal insulating material and in 
termittently forcing air through said conduit. 

19. A method according to claim 18 wherein said 
thermal insulating material is a synthetic foam selected 
from group consisting of polyurethanes and polysty 
enes. 
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