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9 Cairns. (C. 6-) 

This invention relates to ice protection and more par 
ticularly to improved method and apparatus for prevent 
ing the formation of damaging ice on piles, boats and 
other partially immersed objects normally exposed to 
damaging naturalicing conditions. . . . . 
Where boats, piers and the like are subjected to severe 

ice conditions costly damage can result unless suitable 
precautions are taken before the onset of the ice period. 
in tidal areas, when ice forms tightly about piles, on 
each rise of the tide the ice clamped about the piles raises 
them an increment and while they are thus Suspended 
by the ice partly cut of their original holes in the bot 
tom, sand or mud fills in the holes beneath the piles so 
that when the tide fails the piles cannot return to their 
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original position. Thus, the piles are, in effect, jacked 
upwardly by each rising tide until they are entirely free 
whereupon any structure supported on the piles collapses. 

25 in certain northern areas of the United States heavy 
icing conditions are normal events and in those areas, ob 
jects which would be exposed to damaging ice are gen 
erally removed bodily from the water; for example, boats 
are hauled clear of the water and structures, such as piers 
and the like which are supported by piles, are dismantled 
and the piles jetted out and placed in storage for replace 

on the bottom and are supplied with compressed air to 
create air bubbles throughout the area to be maintained 
ice-free. The air bubbles as they ascend towards the Sur 
face act to drive upwardly warmer water which co 
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ment after the icing season. In more temperate parts of 
the United States severe icing conditions occur at inter 
vals of several years and in these areas annual precall 
tions against ice are not normally taken but when a severe 
icing condition does occur, damage to boats and destruc 
tion to piers can run into millions of dollars. One means 
for preventing ice damage in both northern and temperate. 

- areas has been by the use of a network of tubes which lay 
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ingles with cold water at the surface to elevate its tem 
perature to a level above its normal freezing temperature. 
The so-called bubble system is effective but it is also very 
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expensive and subject to corrosion and other derange 
ments resulting from polonged submergence, particu 
larly in highly saline Waters. - ... . . . . . . . . . . ; 

it is known that as water cools its density decreases 
until it reaches 4°C. whereupon as cooling continues the 

2 
taining the temperature of this surface Zone above the 
freezing temperature thereof. 

More particularly it is the object of the invention to 
provide means which accomplishes the foregoing object 
while at the same time it insulates the aforementioned 
Zone which is to be maintained ice free. 

Still another object of the invention is to provide method 
and means of the foregoing nature wherein the insulating 
means in addition serves as a float for the heat conduct 
ing unit so that the entire ice preventing structure main 
tains the same relative position with respect to the water 
surface regardless of the rise and fall of tide. 

Still another object of the invention is to provide ice 
prevention means which accomplishes all of the foregoing 
objects by a structure formed of elongated, heat conduct 
ing material having a length capable of extending from 
the surface of a body of water well downwardly into the 
strata of warmer waters with the surface end of the ma 
terial having bonded to the outer side thereof flotation 
material which serves not only to support the heat con 
ducting material but also serves as an insulator against 
ice formed outside of the zone to be protected. 

Yet another object of the invention is to provide struc 
ture of the foregoing nature which may be either pre 
fabricated in sleeve-like form so as to slide over the upper 
end of individual piles and the like or may be fabricated 
in substantially flat sheets which are capable of being cut 
to the proper size and formed as a sleeve around piles or 
other structures whose upper ends are not free. 

Other objects and their attendant advantages will be 
come apparent as the following detailed description is read 
in conjunction with the accompanying drawings wherein: 

FIG. 1 is a vertical cross-sectional view illustrating one 
form of the invention as it may be applied to an individual 
pile having a free upper end; - 

FIG. 2 is a top plan view of the arrangement of FIG. 1; 
FiG. 3 is a perspective view showing one manner 

whereby the invention may be constructed in elongated 
sheet-like form; 

FEG. 4 is a vertical cross-sectional view showing one 
manner in which the structure of FIG.3 may be arranged 
for the protection of a pile whose upper end is not free; 

FIG. 5 is a schematic side elevation showing how the 
structure of FIG. 3 may be utilized for the protection of 
a boat; . . . . . . . 

FIG. 6 is a vertical cross-sectional view taken substan 
tially on the line 6-6 of FIG. 5; . . . . . . . 

FIG. 7 is a partial vertical cross-sectional view showing 
, a modified construction of the invention; and ... . . 
50. FIG.8 is a view similar to FIG. 7 showing yet another 

modified construction of the invention. 
water expands so that the colder water floats above the 
warmer strata below and it is this well recognized phenom 
enon which causes water to freeze from the surface down 
wardly. Obviously, the water in the lower strata must be 

Referring now to the drawings and particularly to FIG. 
1, the numeral 8 designates-a conventionally driven pile 

55 
at all times above freezing or otherwise this water would 
freeze in the same manner as the surface water, and it is 
a recognition of the relative warmth of the lower strata 
tem of ice prevention. i. 
which is made use of in the above mentioned bubble Sys: 

It is the broad object of the present invention to pro 
vide novel method and means for preventing ice forma: 
tion against partially immersed objects without requiring 
the use of expensive, derangeable mechanical equipment. 

. It is a more specific object of the present invention to 
provide novel method and means for the prevention of 
ice formation on water immersed objects, such as piles, 
boats and the like, which means takes advantage of the 
higher temperature of water below the freezing layer and 70 
conducts the heat thereof into the surface Zone immedi 

60. heat insulating, buoyant material such as a foam of poly 

located in waters subjected to destructive icing condi 
tions. Ice protecting means constructed in accordance 
with the invention is designated by the numeral 50 and 
comprises a tubular sleeve 12 slightly larger in diameter 
than the pile 8. Bonded to the upper outer end part of 
the sleeve 12 is an annular ring 14 of water impervious 

styrene, polyethylene, rubber having closed, gasified cells, 
, or other suitable substance. The ring 14 is bonded to 

ately surrounding the object, thereby continuously main 

the sleeve 12 in such a position with respect to the upper 
end of the latter that when the assembly is floating in 
water the upper edge 15 of the sleeve is disposed at or 
slightly above the surface of the water for reasons that 
will become apparent. Further, the ring 14 of insulating . 
material should have a vertical dimension such that when 
the assembly is in the water the upper and lower sides 
i6, 18 of the ring are respectively disposed at least slightly 
above the surface of the water and at a depth beyond the 
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expected lower surface 19 of the ice 20; that is to say, 
when the protector assembly is in its position of use the 
ring should extend above and below the ice layer suffi 
ciently far so as to prevent exterior ice from touching any 
part of the sleeve 12. The sleeve 2 should be of a 
material having high thermal conductivity, such as copper 
or aluminum, and should extend freely below the lower 
edge of the ring and well into the warmer strata of water 
beneath the ice layer. 
As should be apparent from an inspection of FIG. 1, 

when the structure of the invention is in its position of 
use, the lower end of the metallic sleeve 12 is totally sub 
merged in water all of which is at a temperature above 
freezing, thus heat from the lower strata will be conducted 
through the sleeve wall toward the region of lower tem 
perature at the upper end of the sleeve in accordance with 
the well known law of heat conductivity. Because the 
exterior of the sleeve in the region of greatest cold is in 
sulated by the ring i4 from ice or freezing surface water, 
the annular ring of water 21 within the sleeve surrounding 
the pile has its temperature raised to a level which may 
approximate the temperature level of the warmer strata 
beneath the ice but in any event the temperature is raised 
to a level above freezing. 

FIG. 4 illustrates an arrangement particularly Suited 
for the protection of piles which support structures pre 
venting a prefabricated sleeve from being lowered over 
the top of the pile as in the embodiment of FIG. 1. The 
structure of FIG. 4 may be identical to the structure of 
FIG. 1 except that the user would be required to first cut 
the sleeve 12 and the plastic ring 14 along a line 22 where 
upon the user would spread the sleeve to an open position 
so that it could, in effect, be snapped around the pile 
below a horizontal support member, such as the stringer 
24 illustrated in FIG. 4. A suitable plastic which has a 
sufficient degree of resiliency to permit such spreading is 
polyethylene foam plastic which upon being released, 
elastically springs back to its original shape and aids in . 
retaining the structure in its sleeve-like form around the 
pile. In addition metallic strapping 26, 28 of the same 
material as the sleeve 12 may be utilized to retain the 
structure in its proper shape. The strapping may be of 
a construction substantially similar to strapping used to 
retain insulating material around pipes, that is to Say, one 
end of the strap may be provided with a buckle or bail 
through which the free end of the strap is passed and 
merely bent back upon itself. 

In lieu of slitting the structure of FIG. 1 to provide pro 
tection for piles of the type illustrated in FIG. 4, the ice 
protector of the invention is susceptible of fabrication in 
substantially flat elongated composite sheets 29 as illus 
trated in FIG. 3. As shown the metalic part 30 of the 
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4. 
time. The structure of FIG. 3 is particularly suited for 
the protection of boats against losses of the foregoing na 
ture as well as against other damage produced by ice. As 
illustrated in FIGS. 5 and 6 an elongated composite sheet 
29 of the type illustrated in FIG. 3 is placed around the 
entire vessel as close inwardly to the water line as can be 
arranged. The surrounding sheet may be supported from 
the vessel by the means of lines 34 as illustrated and if 
necessary in order to draw the material into the sides of 
the vessel as closely as possible a suitable fore and aft line 
36 may be wrapped around the entire periphery of the 
sheeting material to insure that only a minimum marginal 
band of water contacting the sides of the vessel need be 
raised to an above freezing temperature as explained here 
in before. 
Where the sheeting of FIG. 3 is to be used primarily 

for the protection of vessels, it may be desirable to con 
struct the plastic material as shown in FIG. 7 wherein thc 
upper edge 38 thereof extends over the upper edge of the 
metallic member 40. With this arrangement it will be 
noted that the extending edge part 38 of the plastic ma 
terial serves as a fender to prevent the upper edge of the 
metallic member from scarring the sides of the vessel. 

In FIG. 8 a further modification of the invention is 
shown wherein the upper edge 42 of the heat conducting 
member 44 extends slightly above the upper edge of the 
plastic material 46. This arrangement may be useful for 
taking advantage of the heat of the sun as an aid in retain 
ing an area ice free. 

In addition to utilizing the conductivity of the metallic 
sleeve to maintain an ice-free zone about immersed ob 
jects, in tidal areas it is believed that the sleeve may also 
serve as a fluid conduit to direct flowing, warmer waters 
up into the sleeve where it co-mingles with the cooler sur 
face water. Also as the sleeve ascends and descends with 
the tide there may be an action somewhat similar to pump 
ing whereby as the sleeve moves vertically there is a degree 
of turbulence set up within the confines of the sleeve which 
causes a certain amount of mixing of cold and warmer 
waters. - . - 

The use of the invention should be apparent from the 
foregoing description. It is contemplated that the ice 
protecting means of the invention will be placed in its 
position of use only just before the onset of icing con 
ditions and will be removed as early as possible after 
the danger of ice is over. During the winter months ima 
rine growth is dormant and the structure will remain in 
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sheet 29 may be corrugated, and preferably of aluminum .. 
or copper, to which there is bonded or cast at the upper 
end of the outer side thereof a continuous strip 32 of flo 
tation plastic material which is desirably flexible, as for 
example, foam rubber of the type having closed gasified 
cells. - 

With the above arrangement it will be apparent that the 
user would cut of lengths as necessary for the intended 

For example, if a pile is to be protected the user . 
would measure the circumference of the pile and would 
Sc. 
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cut off a length of the composite sheet 30 which is some 
what greater than the measured circumference and he 
would then bend the sheeting around the pile-and-apply. 
suitable fasteners such as the strapping 26, 28 to produce 
a structure which has an appearance similar to that shown 
in FIG. 4. - 

Boats which are subjected to ice are vulnerable for a 
variety of reasons but primarily because the ice freezes on 
any, almost imperceptible, projecting fibres or caulking 
material and starts a chain reaction which may ultinately 
cause a substantial part of the caulking being withdrawn 
from underwater seams resulting frequently in the unex 
pected sinking of a vessel as the ice retreats in the spring 

a maximum heat-conducting condition free of growth if 
timely placement and removal is adhered to. 

It will be apparent from the foregoing description that 
the method and apparatus of the invention provides a rela 
tively inexpensive, continuously re-usable, non-derange 
able means for protecting partially immersed objects from 
ice damage. Tests during icing conditions utilizing poly 
styrene foam, which is a crumbly, quite brittle substance, 
established that the invention is effective to accomplish 
its intended purpose. It was particularly noted that even 
though the polystyrene was firmly locked in a thick ice 
layer which presumably expanded radially inwardly dur 
ing periods of extreme cold, after the ice had departed 
no deterioration of the foam could be detected, and dur 
ing icing conditions there was no apparent tendency of 
the test model to be collapsed inwardly by the pressure 
of the ice. . . . . . . 

It will be apparent to those skilled in the art that the 
structure of the invention is subject to a variety of modi 
fications suited to prevailing conditions. For example, 
the metallic member may be pleated or corrugated so as 
to afford a maximum heat conducting area exposed to the 
warm strata of water. The plastic material may be 
bonded to the metallic material in any of a variety of 
iways; for example, foam-rubber might be vulcanized di. 
rectly to the upper side of the metallic sheet material and 
other plastics may be bonded by the use of suitable adhe 

5. sives as for example, epoxy adhesive and the like. These 



insulating 

S. 
and other materials may be utilized and other changes 

spirit of the appended claims. . . . 
What is claimed is: 

may be resorted to without departing from the scope and 

1. Means preventing the formation of ice upon an 
object partially immersed in a body of water subject to 

... natural icing conditions comprising metallic sheet material 
continuously surrounding said object in closely spaced 

i. relationship with ice-free water therebetween, waterim 
pervious, heat insulating material extending continuously 
around the outer face of said metallic sheet material and 
fixedly secured in heat insulating relationship therewith, 
said heat insulating material having continuous closing 

ision therebetween being greater than the thickness of ice 
resulting from said natural icing conditions, the lower end 
of said metallic: sheet material extending substantially be 

... yond the lower edge of said insulating material, and means 
supporting said metallic sheet material in said water with 
its upper edge at least at the surface of the water in its 
ice-free condition, and its lower end depending into heat 

... conducting relationship in allower strata of warm water 
beneath a layer of ice resulting from said natural icing 
conditions, said insulating material being so positioned 
on said metallic sheet material that with the latter in said 
supported position the upper edge of said insulating ma-. 
terial is at least not below the surface of the water in its . 
ice-free condition and the lower edge thereof terminates. 
at a depth no less than the bottom surface of the layer of 
ice resulting from said natural icing. conditions, said 
when it passes through said ice layer. 

2. Means maintaining an ice-free zone in a body of 
water subject to natural icing conditions comprising a 
metallic heat conducting member marginally and con 
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thereof terminates at a depth. no less than the bottom sur 
face of the layer of ice resulting from said natural icing . . . 
conditions, said insulating material completely covering 
the sheet material when it passes through said ice layer. 

3. The means according to claim 2 wherein said insu 
lating material and said support means are combined in 
a unitary flotatable substance having high heat insulating properties. 

0. 

20. 

25. 

30 
material completely covering the sheet material 

35 
:tinuously surrounding said zone, water impervious, heat; 
insulating material extending continuously around the "... 
outer face of said heat conducting member and fixedly 
connected in heat insulating relationship therewith, said ao 
heat insulating material having continuous closing upper 
and lower terminal edges with the vertical dimension 
therebetween being greater than the thickness of ice re 
sulting from said natural icing conditions, the lower end. 
of said heat conducting member, extending substantially 
beyond the lower edge of said insulating material, and 
means supporting said heat conducting member in said 
water with its upper edge at least at the surface of the 
water in its ice-free condition and its lower end depend 
ing into heat conducting relationship in a lower strata 
of warm water beneath a layer of ice resulting from said 
naturalicing conditions, said insulating material being 
so positioned on said heat conducting member that with: 
the latter in its supported position the upper edge of said 

is insulating material is at least not below the surface of 5 s 
' ' ' ' ' ' . . . . .-- po the wa 'er its ice-free condition and the lower edge. 

45 

Modern Plastics, pages 103, 104 and 105, May 1954, 
(copy in Scientific Library). . . . . . . . . . . . . . . . . ; 
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being flexible so 
form. 

9. The means according to 
material is corrugated. . . . . 

Plástics, pages 18 and 21, A 
...tific Library). 

4. The means according to claim 3 wherein said insu 
lating material comprises flotation-plastic foam material. 

5. The means according to claim 4 wherein the upper 
side edge of said plastic foam material overlaps the upper s 

m . . . . . . . horizontal edge of said sheet material to serve as a fender : 
upper and lower terminal edges with the vertical dimen- . . for the edge of said heat conducting member. . 

5. 
horizontal edge part of said sheet material projects above . . . 
6.The means according to claim 2 wherein the upper 

the adjacent edge of said heat insulating material so as . 
to be exposed in heat. conducting relationship with the 
atmosphere. . . . . . . . . . 

7. The means according to claim 2, wherein said sheet 
material is in substantially tubular form, said material 

as to enable it to be folded into said 
8. The means according to claim 7 including fastening 

claim 7 wherein said sheet 
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