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UNITED STATES PATENT OFFICE. 
WILHELM BAUR, OF NEW YORK, N. Y. 

BULKSAID AND LIKE RETAINING-WALL. 

No. 907,441. 

To all whom it may concern: 
Be it known that I, WILHELM BAUR, a 

citizen of Germany, residing at New York, 
in the borough of Manhattan and State of 
New York, have invented new and useful 
Improvements in Bulkheads and Like Re 
taining-Walls, of which the following is a specification, 

This invention relates to the general class 
of excavating and particularly to the forma 
tion of bulk-heads and other retaining walls 
which are built in or under water or in water 
bearing soil, or in connection with both, the 
invention comprehending the use of certain 
freezing elements arranged in series to form 
substantially a skeleton frame-work about 
the part to be excavated, said freezing ele 
ments being constructed to provide for the 
circulation of a refrigerant through them for 
the purpose of freezing the water, or water 
bearing soil, or both, in situ, and thereby 
forming a water-tight retaining wall com 
posed of ice derived from the water in which 
the freezing elements have been driven. 
My invention consists, essentially, of a se 

ries of freezing elements sunk directly into 
the water and forming substantially a piling 
which surrounds the place to be excavated, 
and means for circulating a freezing medium 
or skeleton frame work through said ele 
ments to solidify the water about the ele 
ments and cause ice to be built up on the 
outside of said elements and to eventually 
form a retaining wall composed of ice. 
My invention also comprehends the em 

ployment of expanded metal or other reticu 
lated material positioned in the water and 
supported by the series of freezing elements, 
and forming an interior reinforce for the 
mass of ice. 
My invention also consists of the parts and 

the constructions, arrangements and combi 
nations of parts which I will hereinafter de 
scribe and claim. 

In the accompanying drawings forming 
part of this specification in which similar let 
ters of reference indicate like parts in the 
several figures, Figure 1 is a plan view of a 
bulk-head or other retaining wall showing 
the ice-walls built upon and around the 
freezing elements and showing, also, an ex 
terior shield to protect the assembled freez 
ing elements. Fig. 2 is a vertical sectional 
view of the line Y-Y in Fig. 1. Fig. 3 is a 
plan view showing the application of my in 
vention when the freezing elements have 
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been placed in an irregular position. Fig. 4 
is a sectional view of the line B-B in Fig. 3. 
Fig. 5 is a sectional view of the line AA of 
the freezing elements detached, showing the 
inlet and outlet headers connected there 
with. Fig. 7 is a detail of one of the guides for centering the inner tube of the freezing 
element. 

In carrying out my invention I employ a 
series of what I term “freezing-elements' 
which are in the nature of hollow piles adapt 
ed to he lowered into the water and driven 
into the soil of the bottom of the place to be 
excavated, whatever the character of the 
structure to be subsequently built thereon. 
These freezing elements are of tubular or any 
hollow form and each includes the outer tube 
B and the inner tube C, these tubes being of 
different diameters and the inner tube being 
of such diameter that an annular space is pro 
vided between the two tubes for the circula 
tion of a suitable refrigerant, as I will pres 
ently describe. The outer tube is provided 
at its lower end with a conical or other driv 
ing point P, and the inner tube has its bot 
tom terminating a sufficient distance above 
the lower end of the outer tube to permit the 
refrigerating material to freely circulate be 
tween the tubes. 
The upper portions of the freezing ele 

ments are herein shown as consisting of two 
tee-couplings F, F, the lower ends of these 
couplings being bolted or otherwise fastened 
to a flange or collar secured to the upper end 
of the outer tube B, said coupling Flhaving 
an opening through it of approximately the 
same diameter as that of the interior of the 
outer tube. The inner tube extends through 
the lowermost of the tee-couplings, F, and 
has fastened to its upper end a collar or 
flange, I, which is clamped or bolted between 
h adjacent flanges of the two tee-couplings 
F. 
Each tee-coupling has its lateral branch 

suitably coupled to a flexible or other pipe, 
O O", one end of which pipes is suitably 
coupled to an inlet header, H, which in prac 
tice will be connected to some suitable source 
of refrigerant supply, such as brine; the lower 
header H' connects through its pipe O with 
the lateral or branch of the tee-coupling F 
and is the outlet for the brine which has been 
circulated through the tubes or pipes consti 
tuting the essential parts of the freezing ele 
ments. These elements are arranged in se 

Fig. 6 is a sectional view of one of 
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ries in either a regular or irregular manner, 
and the headers substantially surround the 
series of freezing elements and are spaced 
therefrom a suitable distance and connect 
with each of said elements. In Fig. 1, the 
arrangement of the freezing elements is prac 
tically regular and the space included be 
tween their inner sides is of substantially rec 
tangular form. In Figs. 3, 4 and 5 the freez 
ing elements are of more or less irregular ar 
rangement and are shown as being driven 
into a slanting surface or bed of a river or 
other body of water. The exact arrange 
ment of the freezing elements is immaterial 
as they will operate with equal success in any 
position in which they may be placed, and 
upon any character of river-bed or body. 

In order that the inner pipe of the freezing 
elements may be properly positioned and cen 
tered within the other pipe B, I provide a se 
ries of guides G as shown in Fig. 7; and in or 
der that any one of the individual freezing 
elements may be cut out of the circuit or se 
ries of which it forms part, I provide a con 
trolling valve V in the nipples or pipe connec 
tions leading from and to the respective inlet 
and outlet headers. 

I have also shown in Figs. 1 and 2 an ex 
panded netal or other foraminous sheet of 
material surrounding the series of freezing 
elements and supported or backed thereby, 
which material p design as an interior rein 
force for the wall of ice which is to be built 
upon and about the freezing elements. I 
also show in Fig. 1 an exterior shield or cas 
ing W of planking, or other material, sur 
rounding the series of freezing elements and 
their headers which shield or casing need not 
necessarily be water-tight, and may be made 
of metal or wood. The purposes of this 
shield are to serve as a protection to the in 
closed freezing elements and to check and 
deflect the currents of water whereby the ice 
formed on the freezing elements will not be 
Worn away by the currents more rapidly than 
it can be formed by the freezing process. If 
desired, an inner shield may be employed. 

In perating the invention, the freezing 
elements are lowered into the water and 
driven through the soft mud, sand, earth or 
rock. When the elements have been prop 
erly positioned so as to substantially inclose 
the space to be excavated, I connect the sev 
eral elements to the respective headers by 
means of suitable nipples or couplings and 
the aforesaid pipes O, O', whereby the freez 
ing elements are connected in series. The 
upper or inlet header being connected to 
some suitable source of refrigerant supply, 
which may be the well known brine so ex 
tensively used in the manufacture of arti?i 
cial ice, I admit into said inlet header brine 
at a low temperature, say about 25 below 
Zero, and under such pressure that the brine 
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into the upper tee-coupling F and through 
the inner tube C of the freezing elements. 
The fluid escapes through the bottom of said 
tube and Pe. upwardly between the two 
tubes and thence passes into the outlet 
header through the connecting pipe O', and 
will be returned to a brine-cooler when it is 
again cooled. This circulation of the brine 
through the freezing elements causes ice soon 
to form in all directions outwardly from the 
outside pipes B, and this continues until the 
ice formed on each element meets and forms 
One solid mass of ice as shown at R-R, while 
the mud or earth into which the lower ends 
of the freezing elements have been driven 
will be frozen solid and made practically was 
ter tight. This freezing of the water and of 
the earth produces an inclosed chamber of 
ice as well as a chamber which is practically 
water-tight so that the water within the 
chamber can now be pumped out and the 
mud, sand, gravel, and earth can be exca 
vated by means of buckets or other methods 
until a solid body or foundation has been 
reached. After the ice wall has been formed 
to the desired thickness, the amount of brine 
allowed to circulate through the system of 
freezing elements may be reduced and only 
sufficient cold brine need be circulated to 
hold the frost and keep the frozen mass from wasting away or otherwise deteriorating. 
When the foundation of pier has been com 
pleted, the freezing will be discontinued, and 
if it is desired to remove the ice more rapidly 
than it would naturally melt, warm brine 
may be circulated through the system of ele 
ments before described which would soon 
thaw away the frozen mass, when the ele 
ments may be rapidly disconnected and with 
drawn and be ready for use again. 

It will be understood that the thickness of 
ice-walls will depend upon the time of freez 
ing and the temperature of the brine circu 
lated. If greater speed or excessive thick 
ness are needed, one or more sets of freezing 
elements could be used but as this would be 
but a duplication of what is shown in Fig. 1 
I do not deem it necessary to illustrate the 
two sets of freezing elements in the present 
drawings. It is also understood that the se 
ries of freezing elements will act as reinforce 
ments in connection with the expanded or 
other foraminous sheet, before described, 
which sheet operates substantially in the 
manner well known in the now commonly 
used reinforced concrete structures. It is 
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furthermore understood that it will only be 
necessary to check any currents of water 
around the elements and to provide for this 
an inner and an outer shield of any kind of 
material can be used. These shields do not 
need to be perfectly water-tight as long as 
they furnish practically still water around 
the elements when the freezing process com 

65 will be forced through the inlet header and mences. This refers also to the joint of the 
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shield to the bottom strata of the river bed, 
but the shield should be high enough to pro 
tect the water on the inside from waves 
Splashing over. In most cases the outer 
shield alone will be sufficient. Under favor 
able conditions and in still cold water the use 
of all shields may be safely abandoned. 
While the freezing elements shown in the 

drawings are of tubular form, it is evident 
that other suitable hollow sections may be 
used and of any desired size, without depart 
ing from the spirit of my invention. The re 
inforcement agency of these freezing ele 
ments is of great importance as said elements 
act as a girder or beam which serves as an 
internal reinforce for the vertical or other ice 
wall and also as a reinforce to preserve the 
joint between said wall and the ice wall 
which is formed in or on the water bearing 
strata at the bottom or side of the river bed. 
Any hollow girder or beam might be used as 
the outer casing of the freezing elements and 
whatever the character of pipe girder or 
beam used it is of great assistance in jointing 
the water-ice wall with the strata of water 
bearing mud, sand, gravel etc. 

Having thus fully described my invention, 
what I claim as new and desire to secure by 
Letters Patent, is:- 

1. An apparatus for constructing a water 
tight bulk-head and like structure, said appa 
ratus comprising a series of individual freez 
ing elements to be placed in the water and to 
Substantially inclose the area, to be exca 
vated, said elements having enlarged points 
by which they may be anchored in the soil 
underlying the water, and means for circu 
lating a refrigerant through said elements 
for the purpose of freezing the water on, siu, 
and to form a retaining wall of solid ice ex 
terior to each of said elements. 

2. In apparatus for forming a water-tight 
bulk-head, and like structure, the combina 
tion of a series of individual freezing elements 
adapted to be placed in the water and to 
substantially inclose the space to be exca 
vated, the lower ends of said elements having 
means by which they may be anchored in 
the soil underlying the water inlet and outlet 
headers, pipes connecting each of the freezing 
elements with said headers, and means where 
by the freezing elements may be individually 
coupled to and disconnected from the head 
ers, said headers and freezing elements form 
ing a circulatory system for the transmission 
of a refrigerant whereby the water surround 
ing the freezing elements is frozen in situ to 
form a water-tight retaining wall. 

3. In apparatus of the character described, 
the combination of a series of individual 
freezing elements adapted to be positioned 
in the water, or water bearing soil, to sub 
stantially inclose the space to be excavated, 
the lower ends of said elements having means 
by which they may be anchored in the soil 

underlying the water and means for connect 
ing the elements in series to allow for the cir 
culation therethrough of a refrigerating fluid, 
whereby the water surrounding the freezing 
elements is frozen to form a retaining wall of 
solid ice within which the freezing elements 
are embedded. 

4. In apparatus of the character described, 
the combination of a series of individual, im 
perforate, freezing elements adapted to be 
spaced apart and to jointly substantially in 
close the area to be excavated, the lower ends 
of said elements having means by which they 
may be anchored in the soil underlying the 
water and means for circulating a refrigerat 
ing fluid through said elements to freeze the 
water surrounding them and to connect the 
elements transversely by a solid continuous 
wall of ice, in which the elements are em 
bedded. 

5. In apparatus of the character described, 
the combination of a series of individual 
freezing elements consisting of inner and 
outer tubes spaced from each other, said 
elements adapted to be placed in position 
spaced apart and to jointly substantially in 
close the space to be excavated, said outer 
tubes having enlarged points forming anchors 
to engage the soil underlying the water to be 
frozen whereby the tubes are retained in 
position, and inlet and outlet headers and 
connections forming with said tubes a cir 
culatory system for the transmission of a 
refrigerating, fluid, whereby the water in con 
tact with the elements is frozen into a mass 
which connects and includes the elements. 

6. In apparatus of the character described, 
the combination of a series of freezing ele 
ments adapted to be placed in position to 
substantially inclose the space to be ex 
cavated, a reticulated sheet or member Sup 
ported proximate to the elements when in 
position, and means for circulating a freezing 
agent through the elements to cause the body 
of water in which the latter are placed to be 
frozen into a mass which connects the ele 
ments together and embeds them and the 
said reticulated sheet. 

7. In apparatus of the character described, 
the combination of freezing elements ar 
ranged in the water and water bearing strata, 
so as to substantially inclose the area, to be 
excavated, the lower ends of said elements 
having conical points whose upper ends are 
of larger diameter than the adjacent end of 
the element whereby said points serve to 
anchor the elements in the soil underlying 
the water to be frozen, means for circulating 
a freezing agent through said elements to 
form an ice-wall in the water and in or on 
the strata beneath, said freezing elements 
being embedded in and forming a reinforce 
for said first-named wall. 

8. In apparatus of the character described, 
| the combination of means for freezing water 
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and water-bearing strata in situ to form 
water-tight walls of ice about the area to be 
excavated, said means including tubes hav 
ing cone-shaped points the upper ends of 
which are of larger diameter than the ad 
joining ends of the tubes whereby the points 
anchor the tubes in the soil underlying the 
water to be frozen, and said walls of ice being 
arranged at an angle to each other and cer 

10 tain of said walls being reinforced to preserve 
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the joint between them and the water-bear 
ing strata wall. 

In testimony whereof I have hereunto set 
my hand in presence of two subscribing wit 
eSS6S. 

WILHELM BAUR. 
Witnesses: 

W. W. SCHRAMM, 
EDW. C. EPPLE. 


