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This invention relates to wall construction, and more 
particularly to a new and improved laminated retaining 
wall constructed along the berm line of a body of water 
such as a canal, and ‘a new and improved method of con 
structing such wall. 1 
The present invention is especially useful in construct 

ing canal bulkheads in the southern portions of the 
United States, speci?cally in States like Florida wherein 
swampy or low land is being reclaimed for both residen 
tial and business building purposes. In such areas it is 
common practice to form bodies of water such as canals 
by digging out the swampy or low land and using the dug 
out earth to build up dry land areas between such canals. 
Once this initial operation is completed, it is then neces 
sary to prevent erosion of the soil adjoining the canals 
by building retaining walis or bulkheads, and a primary 
consideration in constructing such retaining walls is cost, 
from both the material and labor standpoints. 
While this problem has been elfectively solved by con 

structing such retaining walls with corrugated sheets of 
economical, light weight and rigid material such as 
asbestos cement, as described in my related copending 
applications Serial No. 105,635, ?led April 26, 1961, and 
entitled Method of Constructing Retaining Wall; and 
Serial No. 116,241, ?led June 8, 1961, and entitled Re 
taining Wall and Method of Constructing Same, the 
thickness of such’ walls was preferably limited to the 
thickness of a single corrugated sheet, which inherently 
limited their strength. Under conditions of exceptionally 
heavy horizontal loads against the wall, such as when 
the back?ll behind the wall is soft ?owing mud, it has 
been found to be both necessary and desirable to provide 
a wall of greater inherent strength. 

Accordingly, it is a primary object‘of the present in 
vention to produce such increased strength by providing 
a new and improved laminated retaining wall, as well as 
a new and improved method of constructing the same. 
Another object is to provide such laminated retaining 

wall and method while still keeping material and labor 
costs low through the use of corrugated sheets formed 
of economical, light weight and rigid material such as 
asbestos cement. 

Still another object is to provide a new and improved 
- laminated wall section composed of such corrugated 

sheets, such section being primarily adapted for use in 
constructing such laminated retaining wall, but not neces 
sarily restricted to such use, as it can also be used to 
construct a load bearing foundation wall for structures, 
as well as piling ‘for reinforcing walls. 

Further objects and advantages of the invention will 
become apparent upon consideration of the following de 
tailed description and accompanying drawing wherein: 

FIG. 1 is a top plan view of a laminated wall section 
constituting an embodiment of my invention; 

FIG. 2 is a front elevational view thereof with a por 
tion broken away to decrease the overall height of the 
section; . 

FIG. 3 is a partial perspective view of a partially com 
pleted laminated retaining wall constructed along the 
berm line of a body of water in accordance with the 
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teachings of the invention and incorporating a plurality 
of sections shown in FIGS. 1 and 2; and 
FIG. 4 is a horizontal sectional view taken along line 

4-4 of FIG. 3 and illustrating the joint between adja 
cent sections of the wall. 

Referring to the drawings, and particularly FIGS. 1 
' and 2, the inventive laminated section generally indicated 
at 10 will now be described in detail. This section in 
cludes a pair of commercially available corrugated sheets 
11 and 12 which are formed of economical, light weight 
and rigid, mineral ?ber-cement material such as asbestos 
cement. 

Typically, each sheet, which is natural grey in color, is 
of elongated rectangular shape, varying in length from 
about 4 feet to about 12 feet measured longitudinally 
of the corrugations, and is usually about 42 inches wide. 
Depending upon the thickness of sheet desired, which 
usually varies from about 0.4 inch to about 0.610 inch 
(measured between the crest and vale of a corrugation), 
each such asbestos cement sheet varies. in weight from 
approximately 4.2 lbs. per square foot to about 5.8 lbs. 
per square foot, with the depth of a corrugation varying . 
from approximately 11/2 inches to about 1.6 inches, and 
the pitch of a corrugation, measured from center to cen 
ter, being about 4.2 inches. 
As for their pertinent strength characteristics, when 

saturated with'water and measured on a per foot width 
basis, each sheet has a modulus of elasticity varying 
from about 3.4><106 psi. for the thinnest sheet to about 
5.4 ><106 psi. for the thickest sheet. 
moment of inertia varies from about 0.764 in? to about 
1.26 in.‘‘; the section modulus from about 1.01 in.3 to 
about 1.58 in.3; the modulus of rupture or breaking stress 
from about 3380 p.s.i‘. to about 6000 psi. and a shear 
load perfoot width from about 2795 lbs. to about 5880 
lbs. Since these saturated strength values are approxi 
mately 80% of those for a completely dry product, and 
since these sheets have a high strength to weight ratio, 
their suitability for wall construction including the con 
struction of retaining walls, is evident. . 

Continuing with FIGS. 1 and 2, it will be noted that 
both sheet 11 and sheet 12 are illustrated as being of the 
same width, thickness and length. However, these rela 
tive dimensions can be varied as desired. For example, 
one sheet could be thinner and shorter than the other. 

Sheets 11 and 12 are arranged with their corrugations 
13 and 14 respectively extending parallel with each other 
and are laminated crest to crest. The crests of the cor 
rugations are indicated at CR while the Vales are indi 
cated at V, and the width of a corrugation, whether it be 
measured from the center of one vale or crest to the center 
of the adjacent vale or crest respectively, is indicated at 
w. The term “laminated” as used herein, preferably 
means that the sheets are rigidly secured together in any 
suitable manner, such as by an epoxy type resin adhesive 
indicated at 15, or by bolts (not shown) passing through 
the sheets. However, in some instances it may not be 
absolutely necessary to rigidly secure such sheets together, 
and therefore the term “laminated” is also intended to 
include an arrangement of the sheets without means rigidly 
securing the same together, and wherein the crests are 
either in abutting relationship or close juxtaposition. 
Nevertheless, by so laminating a pair of such sheets to 
form a section 10‘ to the pertinent strength characteristics 
of the section are signi?cantly increased over those speci 
?ed above for a single sheet. For example, when two 
corrugated sheets, each about 0.4 inch thick, are rigidly 
laminated together in accordance with the invention, such 
as by the adhesive noted above, these sheets produce a 
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laminated section having a moment of inertia of about 
7.55 in.4 and a section modulus of about 5.07 inf‘. These 
Values are respectively about ten and ?ve times as great 
as the corresponding values previously speci?ed for a sin 
gle sheet of such thickness. Thus, these sections are par 
ticularly adapted for use in forming retaining wall which 
are subjected to exceptionally heavy horizontal loads. 

It will also be noted that sheets 11 and 12 are offset 
laterally with respect to one another. Thus, at the left 
end of FIGS. 1 and 2, the end corrugation 13a of sheet 
11 is offset laterally beyond the adjacent end corrugation 
14a of sheet 12 by the full width of a corrugation meas 
ured from the center of a crest-to-crest lamination, while 
the opposite end corrugation 14b of sheet 12 is offset 
laterally beyond the adjacent end corrugation 13b of sheet 
11 the same distance. This offset relationship facilitates 
joining adjacent sections 10 together during construction 
of a wall by forming combined lap-butt joints between 
adjacent sections. 
As will be apparent from the foregoing, the laminated 

sections 10 provide .a much stronger structure than a single 
corrugated sheet. Further, while such sections are espe 
cially adapted for use in constructing retaining walls 
along the berm line of a body of water, as will be de 
scribed in detail below, their use is not necessarily re 
stricted thereto. For example, such sections 10 can be 
used as a load bearing foundation wall for various struc 
tures. In addition, such sections can be also used as pil 
ing for reinforcing a wall, in a manner similar to that 
described in my copending application Serial No. 116,241. 
Moreover, these laminated sections 10 could replace the 
single sheets employed in constructing a retaining wall on 
a footing, as disclosed in said application. 

Referring now to FIGS. 3 and 4, a preferred construc 
tion of a retaining wall W will now be described. As 
shown in FIG. 3, a body of water such as a canal is gen 
erally indicated at C, the berm or upper portion of the 
canal bed being indicated at B and the ground adjacent the 
canal at G. The juncture of the berm B with the surface 
of the. ground G constitutes the berm line which is indi 
cated at BL. 

In constructing a retaining wall along berm line BL, 
each section 10 is ?rst stood on edge along the berm line 
with the corrugations 13 and 14 extending upwardly. 
Next, the section 10 is partially sunk into the ground to 
the desired level by the well known jetting operation. In 
performing this operation, which is not illustrated, water 
pressure from the nozzle of a hose connected to a pump 
drawing water from the canal C is used to part the earth 
along the berm line BL and permit sinking of sections 
10 one by one. 

Once the ?rst section 10 is sunk to the desired level, 
the next section is arranged and sunk in the same manner, 
‘but, as clearly shown in FIG. 4, the olfset end corruga 

_ tions such as 13a and 14b of adjacent sections are arranged 
to overlap each other vale to vale, and to abut edgewise 
the adjacent end corrugations such as 13b and 14a respec 
tively. When the second section 10 is sunk to the same 
level as the ?rst section, these sections are locked together 
in any suitable manner in order to prevent the second 
section from sinking further than the ?rst, and thereby 
obtain a level wall. This locking operation is performed 
by fastening the overlapping corrugations such as 13a 
and 14b, and a preferred way of doing this is to loop a tie ' 
wire 17 through aligned holes 16 provided in the over 
lapping corrugations adjacent their upper ends, the ends 
of the tie wire 17 being twisted together in usual manner. 

Next, it is preferred that the spacing between the over 
lapping corrugations such as 130: and 14b of adjacent 
sections 10 be ?lled with suitable material .18 such as 
concrete or mortar, in order to provide a strong water 
tight joint. In addition, it is preferred that the joints 
between the abutting corrugations such as 14a, 14b and 
13a, 13b be further lapped with suitable water resistant 
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4 
material (not shown) such as tar, tar paper or mortar to 
further insure water tight combined lap-butt joints be 
tween adjacent sections 10. 
Once the desired number of contiguous upstanding 

sections 10 have been erected, the wall is completed in 
the usual manner .and provided with a concrete cap 20, 
such as described in my aforesaid copending applications. 

It will now be seen how the present invention accom 
plishes its various objects. For example, the light weight 
and rigid corrugated sheets of asbestos cement are easy 
to handle and erect, as well as being economical to manu 
facture, thereby keeping both material and labor costs low. 
Likewise, the sections 10 formed from the laminated 
sheets provide a muchstronger wall than one limited to 
the thickness of a single sheet, without impairing ease of 
handling such sections in erecting the wall. Further~ 
more, such sections have a wide range of applications in 
cluding use as load bearing walls for structures, and use 
as piling, as well as use in forming retaining walls, for 
which they are particularly adapted. 

While the invention has been described and illustrated 
herein with reference to» certain preferred embodiments, 
it is to be understood that various changes and modi?ca 
tions may be made in the invention by those skilled in the 
art without departing therefrom, and that the scope of the 
invention is to be determined by the appended claims. 
What is claimed is: 
1. A wall section for a laminated retaining wall con 

structed on ground along the berm line of a body of 
water and subjected to exceptionally heavy horizontal 
loads by the back?ll, said wall section comprising a pair 
of corrugated sheets of light weight and rigid, miner-a1 
?ber-cement material, said sheets being arranged with 
their corrugations extending substantially parallel and 
rigidly laminated together crest to crest, and with an 
end corrugation of each sheet offset laterally beyond an 
adjacent end corrugation of the other sheet by the full 
width of a corrugation measured from the center of a 
crest to crest lamination, in order to form combined lap-p 
butt joints with adjacent sections of the same construction. 

2. In a laminated retaining wall constructed on ground 
along the berm line of a body of water and subjected to 
exceptionally heavy horizontal loads by the b‘ack?ll, the 
combination comprising: a pair of upstanding contiguous 
sections, each section including a pair of corrugated sheets 
of light weight and rigid, mineral ?ber~cement material, 
said sheets being arranged with their corrugations extend 
ing upwardly, substantially parallel and rigidly laminated 
together crest to crest, and with an end corrugation of each 
sheet o?set laterally beyond an adjacent end corrugation 
of the other sheet by the full width of a corrugation meas 
ured from the center of a crest to crest lamination, and 
said sections being arranged with adjacent offset end 
corrugations overlapping each other vale to vale and with 
an offset end corrugation of each section abutting edge 
wise an adjacent end corrugation of the other section, to 
‘form a combined lap-butt joint between said sections. 

3. In a laminated retaining wall constructed on ground 
along the berm line of a body of water and subjected to 
exceptionallyiheavy horizontal loads by the back?ll, the 
combination comprising: a plurality of upstanding con 
tiguous sections partially sunk into the ground along said 
berrn_ line to the same level, each section including a pair 
of corrugated sheets of light weight and rigid, mineral 
?ber-cement material, said sheets being arranged with 
their corrugations extending upwardly, substantially paral 
lel and rigidly laminated together crest to crest, and with 
an end corrugation each sheet offset laterally beyond an 
adjacent end corrugation of the other sheet by-the full 
width of a corrugation measured from the center of a crest 
to crest lamination, said sections being arranged with 
adjacent offset end corrugations overlapping each other 
vale to vale and with an offset end corrugation of each 
section abutting edgewise an adjacent end corrugation of 
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each adjacent section, to form a combined lap-butt joint 
‘ between adjacent sections, and fastening means extending 
through said overlapping corrugations adjacent their upper 
ends and locking said sections together at said level. 
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