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to the wale. 

United States Patent 2,865,180 
Patiented Dec. 23, 1958 Office - 

2,865,180 
SHEET PLLING WALL STRUCTURE 

Fridtjof G. Nielsen, Chicago, Ill., assignor to Great Lakes 
Dredge & Dock Company, Chicago, Ill., a corporation 
of New Jersey 
Application December 23, 1953, Serial No. 480,08: 

7. Claims. (C. 6-49). 

This invention relates to wall structures made of inter 
locked sections of sheet piling such as used, for example, 
to form the walls of a dock, or a breakwater or the like. 
More particularly, the invention...relates to improvements 
in a batter beam anchored wall of the aforementioned 
type. 

Batter beam anchored dock walls have been in general 
use for many years. As is well understood, the wall it 
self is formed from elongated generally channel-shaped 
sheet metal pilings having interlocking slip joints along 
their side edges, so that the pilings or sheetings can be 
driven vertically into the ground one-by-one, each suc 
cessive sheeting being slidably joined with the preceding 
sheeting so as to form a continuous wall. Heretofore, 
the anchorage-for such a sheet piling wall has consisted 
of a wale in the form of a transverse or horizontal beam 
which is rigidly connected along one side thereof: to the 
sheeting and is rigidly, secured along its opposite side to 
the ends of a plurality. of angularly extending so-called 
batter beams. The wale is located somewhat below the 
top of the sheet piling wall, and the batter beams are 
first driven into the earth, so as to slant downwardly, and 
outwardly from the upper portion of the wall, the upper 
ends of the batter beams.thereafter being rigidly secured 

wall, the wale, and the batter beams have been by bolts. 
As will hereinafter appearin greater detail, I have found 

Most often the connections between the 
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that the wall anchorage just described has certainstruc 
tural disadvantages in that the soil pressure acting on the 
wall causes an extra bending moment, which is cumulative 
with respect to the deflecting forces constituting the pri 
mary load on the wall. As a result, the wall is: Subjected 
to a greater, degree of deflection and bending stress than 
is... accounted for by the primary load alone thereby re 
ducing the ultimate load, which the sheeting would other 
wise be able to withstand. Furthermore, the numerous 
bolt connections heretofore-commonly used in batter, beam 
dock, walls are not only expensive but also represent: a 
substantial limitation on the life. expectancy of the struc 
ture because of corrosion difficulties. 

Accordingly, a primary object of the present invention 
is to provide a novel and improved sheet.piling wall struc 
-ture of the batter. beam type which is...not subject to the 
aforementioned disadvantages. . ... . . . . . . . . 
A further objects of the invention is to provide anim 

proved anchorage means for a sheet piling wall. . 
Another object of the invention is to provide means 

for, eliminating avoidable deflecting tendencies-in a batter 
beam dock wall or the like. . . . . . 

Still another object of the invention is to provide a 
novel sheet piling wall and anchorage structure which is 
particularly adapted for the utilization of welded connec 
tions between the wall and the anchorage. - 
An additional object of the invention is to provide a 

novel method of constructing a batter beam wall of the 
sheet piling type. 
A more specific object of the invention is to provide 
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a novel method of installing batter beams in the anchor 
ing of a sheet piling dock wall or the like. 

Other objects and advantages of the invention will be 
come evident from the subsequent detailed description 
taken in conjunction with the accompanying drawings, 
wherein: 

Fig.1 is a diagrammatic view illustrating the disad 
vantageous force relationship characteristic of the batter 
beam dock wall constructions heretofore used; 

Fig. 2 is a diagrammatic view similar to Fig. 1 but 
illustrating the principles of the present invention; 

Fig. 3 is a top plan view. of a section of a dock wall 
constituting one specific embodiment of the present in 
vention; - 

Fig. 4 is a fragmentary vertical sectional view, on an 
enlarged scale showing the details of the anchorage con 
nection in the structure illustrated in Fig. 3; 

Fig. 5 is a sectional view taken along the line. 5-5 
of Fig. 4; 

Fig. 6 is a sectional view. taken along the line 6-6 
of Fig. 4; 

Fig. 7 is a transverse sectional view taken along the 
line 7-7 of Fig. 4; 

Fig. 8 is a view similar to Fig. 4. but showing a modifi 
cation of the invention; 

Fig. 9 is a sectional view taken along the line 9-9 of 
Fig. 8: 

Fig. 10 is a sectional view.taken along the line 10-10 
of Fig. 8: 

Fig. 11 is a transverse sectional view taken along the 
line 1-1 of Fig. 8: 

Fig. 12-is a view similar to Figs. 4 and, 8 but showing 
still another modification of the invention; 

Fig, 13 is a view at the earth side of the structure as 
seen along the line: 3-23 of Fig. 12; and 

Fig. 14 is a transverse sectional view as; taken along 
the line. 4-24 of Fig. 13. - 

In the drawings, Figs. 1 and 2 are schematic diagrams 
illustrating the forces which act upon a batter beam dock 
wall both in connection with the construction heretofore 
used and also in connection with my improved construc 
tion. Thus, in Fig. 1 the previously used construction 
has a wale 22 which is rigidly secured to the sheeting 
or piling indicated in its original position in full lines, 
as at 22: The: batter beams designated at 23 are also 
rigidly secured, as at 24, to the wale 21. The bed of 
the stream or body of water is; represented at 26 and the 
top of the dock is shown at 27, it being understood that 
the space at the right-hand side of the piling 22 is filled 
with earth or other fill as is customary in a dock con 
struction of this type. 
The pressure of the soil or fill on the earth side of 

the sheeting 22 tends to cause the sheeting to deflect out 
wardly to a bowed condition indicated by the dotted line 
28. Such deflection of the sheeting also causes: the wale 
2i to tilt downwardly to the dotted line position indicated 
at 29 since the wale is rigidly secured to the sheeting. At 
the same time, the outward pressure of the earth against . 
the piling causes a longitudinal pull or tension on the 
batter beam 23 and there is consequently a corresponding 
reaction.or force exerted by the batter beam, as indicated 
by the arrow 3. This reaction, in the batter beam re 
sults in a still greater twisting tendency on the wale 21, as 
indicated by the arrows 32. This supplementary... twisting 
or bending moment is directionally parallel with the 
moment induced by the primary load, or soil pressure and 
is, therefore, cumulative with the result that the piling 
tends to be deflected still more: until it assumes a position 
of even greater deflection, as indicated by the outermost 
dot-and-dash line 33. Consequently, it will be seen that 
in the batter beam dock walls heretofore known the fact 
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that the batter beams are connected to the wale results 
in a substantial increase in the deflection or bowing of 
the sheeting which would otherwise be caused merely by 
the pressure of the earth. . . - 

Fig. 2 illustrates how this condition is corrected by 
the principles of my invention. In this case, the wale 
is again indicated at 21 and is rigidly secured to sheeting 
represented in its initial undeflected position at 34. The 
batter beams, indicated at 36, are rigidly connected di 
rectly to the sheeting 34 is spaced relation below the 
wale 21. The soil pressure acting on the sheeting 34 
tends to deflect the latter outwardly to the bowed posi 
tion indicated by the outermost dotted line 37. How 
ever, as will hereinafter appear in greater detail, the 
batter beams 36 are preferably connected only to alter 
nate or selected sections of the piling 34 so that the soil 
pressure acting on the unanchored piling sections tends 
to deflect the upper portions thereof outwardly as indi 
cated by the arrow 38. The anchored and unanchored 
piling sections being interlocked along their edges and 
the wale 21 being rigidly secured to all of the piling sec 
tions along the wale side of the wall, it follows that the 
outward force 38 is transmitted to the anchored piling 
Sections and the result is a counter-moment acting pri 
marily on the anchored piling sections but also, through 
the interlocks, on all of the sections comprising the sheet 
ing 34 which tends to deflect the lower part of the sheet 
ing inwardly and oppositely to the pressure of the earth 
against the sheeting. As a result, the ultimate deflec 
tion of the sheeting is minimized as indicated by the in 
termediate dot-and-dash line 39. Thus, by reason of the 
present construction, the ultimate bending stress and de 
flection in the sheeting is substantially less than would 
otherwise be caused by the soil pressure. 

In Fig. 3 the general arrangement of the sheeting, wale, 
and batter beams is shown in accordance with one specific 
embodiment of the invention. The sheeting comprises 
a plurality of interconnected sheet piling sections desig 
nated generally at 41 and 42. These sheet piling sec 
tions are of a generally channel-shaped type well known 
in the art, each having a central web portion 41a or 42a 
and a pair of angularly extending side portions 41b and 
42b. The edges of the respective sheet pilings are 
joined together by interlocking slip joints 43 in a manner 
well known in this art, the sections being driven ver 
tically into the earth one by one and with each suc 
cessive section being slidably interlocked with the preced 
ing section. Moreover, adjacent piling sections are 
reversely disposed as clearly seen in Fig. 3, so as to form 
a continuous wall with the web portions 41a being dis 
posed in a vertical plane at one side of the wall and the 
web portions 42a of the opposed piling sections being 
arranged in a parallel spaced vertical plane at the op 
posite side of the wall. A wale 44 in the form of an 
elongated I-beam or other suitable section extends hori 
Zontally along the wall below the top thereof and is 
rigidly secured to each of the web portions 42a at the 
earth side of the wall. A plurality of batter beams also 
in the form of I-beams, as at 46, are secured to alter 
nate piling sections at the earth side of the wall, i. e. 
in this case to every fourth piling section in the wall. 
As described in more detail below, the batter beams 46 
slant downwardly and outwardly from the sheeting into 
the earth and are rigidly connected at their upper ends 
to the selected piling sections in spaced relation below 
the wale 44. 

Referring now to Figs. 4 to 7, the details of the batter 
beam connections will now be described. As mentioned, 
the wale 44 is in the form of an I-beam having a hori 
zontal web portion 47 and upright flange portions 48 
and 49. The flange portion 48 is welded, as at 5, 
along its upper and lower edges to the web portions 42a 
of the sheet piling sections. To strengthen the attach 
ment of the wale 44, the web portions 42a are provided 
with holes 52 to permit welding around the edges there 
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4. 
of, as at 53, to the wale flange 48. The web portion 
47 of the wale has a plurality of spaced holes or open 
ings 54 for drainage and also for preventing voids in the 
fill or earth during filling in of the space at the earth side 
of the dock wall. In addition, the wale 44 also has a 
plurality of spaced transverse partitions or braces 56 
which extend between the flange portions 48 and 49 for 
strengthening purposes. 
For installing the batter beams 46 after the upright 

piling has been driven into position, each of the web por 
tions 42a of the selected piling sections has cut out of 
it a rectangular window or opening 57 which is of suffi 
cient size to receive the corresponding batter beam 46, 
the latter also being in the form of an I-beam. The 
batter beam 46 is then inserted angularly through the 
opening 57, as indicated in broken lines at 58, and is 
driven downwardly therethrough into the soil at the earth 
side of the wall. After the batter beam 46 has been 
driven into position in the ground, its upper end is cut 
off by a cutting torch or the like so that the batter beam 
terminates on the inside of the sheeting, as indicated at 
59. The plate which was previously cut out of the web 
portion 42a to provide the window 57 is then replaced in 
the opening and welded around its entire periphery, the 
plate being indicated at 61 and the peripheral welding 
at 62. Thus, the window or opening 57 is now com 
pletely closed. Obviously, the closure plate 61 may com 
prise either the portion of metal originally cut out of the 
web 42a or it may comprise a separate and independent 
plate member. 

Next, the free upper end of the slanting batter beam 
46 is rigidly connected to the adjacent piling section by 
means of a pair of connecting plates 63 which in this 
case have the general shape of a parallelogram. As best 
seen in Fig. 7, these connecting parallelogram plates 63 
are rigidly secured to the sheeting by being welded, as 
at 64, along their front vertical edges to the angular side 
portions 42b of the piling section and at opposite ends 
of the web portion 42a. The connecting plates 63 ex 
tend outwardly in generally parallel relation with the 
respective channel sides 42b and converge at their op 
posite vertical edges against the upright central web por 
tion, indicated at 66, of the I-beam constituting the batter 
beam 46. These rear or outer edges of the connecting 
plates 63 are welded, as at 67, to the batter beam web 
66 thereby providing a rigid welded interconnection be 
tween the batter beam and the piling section but with 
out any direct connection with the wale 44. For 
strengthening the connection of the batter beam to the 
piling, a small top plate or strip 68 is disposed flatwise 
against the upper flange portion, indicated at 69, of the 
batter beam 46 and is welded thereto, as at 71 (Fig. 4). 
The plate 68 is also welded along its opposite edge, as 
at 72, to the web portion 42a of the piling section. Al 
though not always necessary, an upright brace 73 may 
extend between the wale 44 and the batter beam 46 for 
the purpose of imparting lateral rigidity to the structure, 
but it will be apparent that the brace 73 cannot result in 
imposing any detrimental reaction from the batter beam 
46 to the wale 44 but may to some extent resist the 
tendency of the wale 44 to twist. 

In Figs. 8 to 11 a modified construction is shown which 
is particularly applicable in the case of other types of 
channel-shaped piling sections, particularly those having 
a relatively wider central web portion as compared with 
the channel sections in Figs. 3 to 7. In this instance, the 
wale is in the form of a box beam 81 of generally rec 
tangular cross section which is welded, as at 82, to the 
earth side of the channel web portions 42a. As in the 
previously described form of the invention, the batter 
beam is installed by first cutting a window or slot 83 in 
the web portion 42a and thereafter the batter. beam, 
which is in this instance also an I-beam 84, is driven 
angularly through the window 83 into the ground. After 
the batter beam 84 has been driven into position, its upper 
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end is cut to partially remove, the upper, and lower flange 
portions, indicated at 86 and 87 respectively, of the 
I-beam. However, the remaining web portion, indicated 
at 83, of the I-beam is permitted to project outwardly 
through the window 83, as shown at 89. A rectangular 
plate 91 larger than the window, 83 is then provided with 
a narrow vertical slot 92 of sufficient width to accom 
modate the projecting end 89 of the batter, beam 84. 
This slotted plate 91 is then. seated flatwise against the 
central web portion 42a of the piling section and is 
welded around its entire periphery, as at 93, to the web. 

The plate 9 is also welded completely around: the 4.2a. 
slot 92 to the projecting end, portion 89 of the batter 
beam web, as shown at -94. In this manner, the upper 
end of the batter beam 84 is rigidly welded to the web 
portion 42a of the corresponding piling section. For 
further strengthening this welded connection a short bar 
96 may also be welded, as at 97 and 98, to the plate 91 
and to the upper flange 86 of the batter-beam 84. For 
imparting additional lateral rigidity to the wall con 
struction, I may also interpose a rigid brace 99 between 
the Wale, 81 and the batter beam 84, but again this is 
merely optional and cannot result in interposing detri 
mental twisting reaction on the wale 81 and may to some 
extent resist such twisting action. 

in Figs. 12 to 14, I have illustrated still another em 
bodiment of the invention which is useful in connection 
with another type of sheet. piling having a generally 
Z-shaped. Cross-section. In this instance, each batter 
beam is an elongated I-beam 101 and the wale is also in 
the form of an I-beam 102. The batter beams 101 are 
driven angularly into the ground and when they are in 
place their upper ends are cut off, as by burning, in a 
vertical plane. The Z-shaped sheet piling sections, desig 
ilated at 93 are then driven into the ground in substan 
tially upright position with the usual sliding connections 
therebetween, as at 04. After the sheet piling is in 
place, the Wale 162 is secured horizontally across the pil 
ing structure by welding, as at 106. Finally, the upper 
ends of the batter beams E 01 are welded, as at 107, 
to the piling sections below the wale 102 as clearly 
seen in Fig. 12. A vertical brace 108 may also be pro 
vided between each of the batter beams 101 and the 
wale 02 in much the same manner as hereinbefore de 
scribed in connection with the embodiment of the inven 
tion shown in Figs. 4 to 7. As will be evident from the 
drawing, the batter beams 101 and the wale 102 are 
welded to the web portions of the sheet piling wall struc 
ture at the earth side of the wall, these web portions being 
formed by the connected end portions 109 of adjacent 
piling sections. 
As will be understood from the foregoing description, 

in each of the illustrated embodiments of the invention, 
the batter beams have rigid connections at the upper ends 
to selected sheet piling sections of the dock wall and 
these rigid connections are in all cases disposed in spaced 

In other words, there 
are no rigid reaction-transmitting connections between 
the batter beams and the wale with the result that there 
is no tendency for the reaction forces in the batter beams 
to impose a cumulative twisting or bending moment on 
and through the wale which would result in added deflec 
tion of the sheeting in the manner illustrated in Fig. 1. 
On the contrary, the construction of the present invention 
permits exertion of a counter-moment by soil pressure 
acting on the upper ends of the sheet piling sections which 
is transmitted through the piling connections and through 
the horizontal wale to all of the piling sections and 
which partially counteracts the primary deflecting pres 
sure of the earth. In addition, the constructions herein 
illustrated and described lend themselves readily to the 
use of welded connections throughout between the sheet 
piling, the wale, and the batter beams. This welded con 
struction is not only less expensive as compared with the 
bolted constructions heretofore used since less accuracy 
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6 
of alignment is required, but also has a greater life ex 
spectancy because of the elimination of corrosion diffi 
culties encountered when a nultiplicity of bolts are used. 

Although the invention has been described with par 
ticular reference to certain specific structural embodi 
ments thereof, it will be understood that various modi 
fications and equivalent arrangements may be resorted to 
without departing from the scope of the invention as 
defined in the appended claims. - 
I claim: 
1. A wall structure of the class described comprising 

sheet. piling, a wale rigidly secured across said piling at 
one side of the wall structure, and a plurality of batter 
beams slanting downwardly from said piling at said one 
side of the wall structure for anchoring the same, said 
batter beams having rigid sheet deflection-resisting con 
nections below said wale only with said piling whereby to 
avoid excessive.twisting of said wale, and consequent in 
creased deflection of said piling under soil pressure. 

2. A wall structure... of the class described comprising 
a plurality of upright. generally channel-shaped sheet pil 
ing members interlocked at their vertical edges to define 
a. continuous wall of generally channel-shaped sections 
with adjacent sections reversely disposed and having the 
web. portions of alternate sections located in spaced 
vertical planes at opposite sides of the wall, a wale ex 
tending across said wall at one side thereof and rigidly 
secured to each of the piling sections at said one side of 
the wall, and a plurality of batter beams slaiting down 
wardly, and outwardly from said one side of the wall and 
having rigid sheet deflection-resisting connections at their 
upper ends solely with selected piling sections at said one 
side of the wall, the rigid connections of said batter beams 
with said selected piling sections being located below said 
wale. 

3. The structure of claim 2 further characterized in 
that said batter beams are rigidly connected only to alter 
nate ones of the piling sections at said one side of the 
wall. 

4. A wall structure of the class described comprising 
a plurality of upright generally channel-shaped sheet 
piling sections with adjacent sections reversely disposed 
and interlocked at their vertical edges to define a coin 
tinuous wall having the web portions of alternate piling 
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sections located in spaced vertical planes at opposite sides 
of the wall, a wale extending across said wall at one side 
thereof and rigidly secured to each of the web portions 
at said one side of the wall, and a plurality of batter 
beams slanting downwardly and outwardly from said one 
side of the wall and having rigid sheet deflection-resisting 
connections at their upper ends solely with selected piling 
sections at said one side of the wall, the rigid connections 
of said batter beams with said selected piling sections be 
ing adjacent the web portions thereof and being located 
below said wale. 

5. A wall structure of the class described comprising 
a plurality of upright sheet piling sections interlocked 
at their vertical edges to define a continuous wall, each 
of said piling sections being generally channel-shaped 
with a centrai web portion and a pair of opposite side 
portions extending outwardly at an angle frcin said web 
portion, the adjacent piling sections of the wall being 
reversely disposed so that the web portions of alternate 
piling sections are located in spaced vertical planes at 
opposite sides of the wall, a wale extending across said 
wall at one side thereof and rigidly secured to the web 
portions at said one side of the wall, a plurality of batter 
beams slanting downwardly and outwardly in spaced rela 
tion along said one side of the wall for anchoring the 
same, and means providing rigid sheet deflection-resist 
ing connections at the upper ends of said batter beams 
solely with selected piling sections at said one side of the 
wall, said means comprising a pair of connecting plates 
welded to each of said selected piling sections at op 
posite ends of the web portions thereof and below said 
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Wale, said plates extending angularly in converging rela 
tion to the upper end portion of the corresponding bat 
ter beam and being welded thereto. 

6. A wall structure of the class described comprising 
a plurality of upright sheet piling sections interlocked at 
their vertical edges to define a continuous wall, each of 
said piling sections being generally channel-shaped with a 
central web portion and a pair of opposite side portions 
extending Gutwardly at an angle from said web portion, 
the adjacent piling sections of the wall being reversely dis 
posed so that the web portions of alternate piling sections 
are located in spaced vertical planes at opposite sides of 
the Wall, a wale extending across said wall at one side 
thereof and rigidly secured to the web portions at said 
one side of the wall, a plurality of batter beams slanting 
downwardly and outwardly in spaced relation along said 
one side of the wall for anchoring the same, and a pair of 
connecting plates welded to selected ones of said piling 
sections at said one side of the wall and below said wale, 
said plates being welded at their inner ends to the angular 
side portions of each of said selected piling sections and 
extending outwardly in respective parallel relation with 
said side portions, and said plates also converging at their 
opposite ends beyond said one side of the wall at the 
correspondnig batter beam and the converging ends of 
said pair of plates being welded to the batter beam. 

7. A wall structure of the class described comprising a 
plurality of upright sheet piling sections interlocked at 
their vertical edges to define a continuous wall, each of 
said piling sections being generally channel-shaped with 
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tions extending outwardly at an angle from said web por 
tion, the adjacent piling sections of the wall being 
reversely disposed so that the web portions of alternate 
piling sections are located in spaced vertical planes at op 
posite sides of the wall, a wale extending across said wall 
at one side thereof and rigidly secured to the web por 
tions at said one side of the wall, a plurality of batter 
beams slanting downwardly and outwardly in spaced rela 
tion along said one side of the wall for anchoring the 
same, said batter beams each comprising an I-beam hav 
ing an upright web portion and upper and lower flange 
portions, and a pair of connecting plates extending an 
gularly from selected ones of said piling sections at said 
one side of the wall and below said wale, said plates being 
welded at their inner ends to the angular side portions of 
each of said selected piling sections and extending in 
between the flange portions of the corresponding batter 
beam, the opposite ends of Said plates converging against 
opposite sides of the upright web portion of the batter 
beam and being welded thereto. 
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