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This invention relates to earth excavating and more 
particularly to the reinforcing of the sides of deep earth 
excavations to support the surrounding ground. 

This application is a continuation in part of my pend 
ing application Serial No. 854,316 ?led November 20, 
1959. 
The invention is particularly applicable to building ex 

cavations and it will therefore be shown and described 
in connection with such excavations. It will be appreci 
ated, however, that the invention is not limited to build 
ing excavations and can be employed in connection with 
various other types of excavations. The invention is lim 
ited, however, to deep, as distinguished from shallow, ex 
cavations. So-called “deep” excavations usually are re 
garded as being greater than about ?fteen feet in depth. 

In most deep excavation work, particularly in connec 
tion with the construction of foundations or the like in 
the building trade, it is the usual practice to excavate so 
as to form vertical sides and support such sides by means 
of sheeting and bracing disposed in a vertical plane. 
Many methods are currently used to form this earth re 
straining vertical sheeting or bracing, such as, for exam 
ple, wooden boards driven vertically in a row, interlocking 
steel sheet piling driven vertically, vertical steel soldier 
beams (rolled steel shapes such as bearing piles) driven 
into the earth at spaced intervals with horizontally ex 
tending wood lagging engaged to such beams restraining 
the earth therebetween, or holes angered in the earth and 
?lled with concrete so as to form a rough vertical con 
crete or reinforced concrete wall. In such cases, usually 
it is still necessary to provide additional support such as 
horizontal braces in the form of beams extending between 
opposite sides of the excavated hole and engaged to the 
vertical sheeting. As is understood, such horizontal braces 
impair and increase the expense of further excavating or 
other operations. 
When providing vertical sheeting for a deep building 

excavation by current practices, the ?rst step typically is 
to drive steel beams, for example, 12 inch bearing piles 
weighing 53 pounds per lineal foot, the beams being 
driven vertically and horizontally spaced about 6 to 10 
feet on centers. The excavation is then coordinated with 
the placing of horizontal wooden boards, commonly 3 
inches thick, so that the earth face between vertical 
beams is restrained by the boards. Conventionally, the 
boards are arranged behind the flanges of adjacent beams, 
or they are anchored to the beams by suitable means, 
such as bolts and nuts. In any case, pressure acting 
against the boards is transmitted to the vertical beams. 
Horizontal braces are then placed directly against each 
soldier beam, or a wale is placed horizontally along the 
sheeting, and braces are positioned against the Wale. Such 
braces, in most instances, extend transversely between 
opposite sides of the excavation, crossing each other, and 
hence, they present obstacles to further excavation. These 
braces may be made of steel, wood or similar material, 
and are designed to resist large, essentially horizontal 
forces which are caused by the earth pushing against the 
sheeting. For an excavation approximately 30 feet in 
depth with vertical sides, this force might be calculated 
to be about 18,000 pounds per lineal foot of wall, with 
a maximum pressure of 750 pounds per square inch of 
sheeting. 
The present invention has, as its main objective, sim 
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plifying and improving current practices, such as those 
referred to, whereby excavation, material and other costs 
involved in the construction of earth-restraining walls in 
deep excavations will be substantially reduced. It is pro 
posed to provide novel methods, techniques and structures 
for erecting earth-restraining walls, as referred to. More 
speci?cally, it is an object of the invention to provide 
earth-restraining walls inclined from the vertical direction 
so that the total force and pressure acting against the 
earth-restraining wall will be greatly reduced, thereby 
making it possible to construct such walls with less mate 
rial and at appreciable savings in cost by reducing the 
required strength for both sheeting and bracing. 
Where two such inclined walls are installed on two 

adjoining sides of an excavation with a corner between 
the sides, a particular problem arises because of the dou 
ble inclination at the corner. Consequently, it is a fur 
ther object of this invention to provide a method and 
structure whereby inclined supporting walls may be in 
stalled to adjoining sides of an excavation and bridging 
the corner between such sides with the ?nished structure 
being characterized by great strength and supporting ca 
pacity and the installation being rapid with a minimum 
of ditiiculty and expense. 

In general, the temporary earth restraining wall or 
sheeting of the present invention comprises generally up 
right piles which are driven into the earth at some pre 
determined batter or angle to the vertical with elongated 
narrow sheeting members engaging and extending trans— 
versely of the piles. More particularly, the invention 
relates to a method of producing a reinforced deep exca 
vation which comprises inserting in the ground a plurality 
of generally upright piles at spaced intervals in two inter 
secting planes de?ning a corner of an area to be excavated 
and inclined from the vertical away from said area with 
two of said piles in different ones of said planes adjacent 
said corner having their upper portions spaced apart 
further than their lower portions, excavating only from 
the area inside of said planes to provide a deep excavation 
having its bottom intermediate the length of ‘said piles 
while leaving the ground outside of said planes substan 
tially undisturbed, and progressively engaging to said 
piles from the top down as the excavation proceeds a 
plurality of elongated narrow sheeting members extending 
transverse to said piles along the ‘sides of the excavation 
and bridging said corner between said two sides with the 
lengths of the members bridging said corner between said 
two piles being progressively shorter toward the bottom 
of the excavation, said progressive engagement being ac 
complished ‘at a rate relative to said excavating to retain 
the ground outside of said planes in a substantially un 
disturbed condition. 

Further objectives and advantages of the invention will 
be in part obvious and in part pointed out hereinafter. 
The novel features of the invention may be best made 

clear from the following description and accompanying 
drawings in which: ' 

FIGURE 1 is a fragmentary vertical sectional view 
taken along line 1—-1 of FIGURE 3 and illustrating an 
earth-restraining wall or sheeting constructed in accord 
ance with the invention; 
FIGURE 2 is a fragmentary plan view of the wall 

shown in FIGURE 1; 
FIGURE 3 is a fragmentary front elevational View of 

the wall of FIGURE 1; 
FIGURE 4 is a View corresponding to FIGURE 1 and 

showing another embodiment of the invention; 
FIGURE 5 is a view corresponding to FIGURE 1 

and showing still another embodiment of the invention 
with the sheeting installed on two adjoining sides of an 
excavation; 



8,248,963 
3 

FIGURE-<6 is. a top plan view of the embodiment of 
.HQURE. 5.; . . 

FIGURE 7 is a top plan view of yet another embodi 
ment of the invention; and 
FIGURE 8 is a-top, plan view of still another embodi 

ment of the invention. 
Referring, now to the drawings, there is illustrated in 

FIGURES 1—3 an exemplary earth-restraining sheeting 
or wall 20 Constructed in accordance with the invention. 
This’ wall is shown as comprising steel piles or soldier 
beams 21, arranged at an angle A to the vertical, elon 
gated narrow wood sheeting members or wood lagging 22, 
av steel wale 24 and a steel brace 26 suitably secured to 
geth‘er, as will ‘be explained in more detail hereinbelow. 
The sheeting 29 slopes downwardly and away from the top 
surface 28 of the earth, as indicated, and operates to re 
strain or hold back the earth 29 between top surface 28 
and lower surface 30, as will be apparent. The size of 
angle A may vary, depending on various conditions, such 
as. the character of the earth, the strength of the wall 2%), 
etc. An illustrative, although not limiting, range for 
this angle would be from about 5° to about 20°. The 
lower surface 30 will be intermediate the lengths of piles 
.21 to afford the latter a substantial penetration into the 
ground below the surface 39 for strength purposes. 
The invention has special application to building exca 

vations, and hence, an exemplary method for the construc 
tion of wall 20 in connection with building excavations 
will now be described. 

, Assuming that all or most of the earth, in the proposed 
building site, isapproximately at the level of surface 28, 
the steel beams v‘21 will initially be driven into the earth 
at spaced intervals in a common plane at a predetermined 
angle A‘ to the vertical and to a predetermined depth. 
,The number of and spacing between these beams 21 will 
vary according to the particular job requirements, as will 
be evident as the description proceeds. Usually the beams 
21- will be situated parallel to each other in their common 
plane.- . 

_ The. earth will then be excavated in the region of the 
tops- of; these beams, and the ?rst or upper horizontal row 
of woodlagging 22 may then be engaged to these beams 
21 andiabu't or press against the sloped surface of the 
earth. Any- suitable means may be utilized for securing 
the wood lagging to the beams 21. For example, they 
may be disposed to the rear of the front flange 32 of the 
beams and held in secure engagement therewith by the 
pressure of the earth. 

‘ As the excavation proceeds, additional horizontal rows 
of thewood lagging may be similarly arranged in engage 
ment; with the beams 21 and abutting the earth, until 
the desired depthis reached. It will be appreciated that 
each’ successively lower horizontal row of wood lagging 
22 maybe secured to the beams 21 in step-by-step fashion 
coordinated. with the progress of the excavation. The 
depth of excavation below the top of the original ground 
or the lowermost lagging 22 is limited to that depth at 
which'tbe surrounding ground will remain in a substantial 
ly. undisturbed‘ condition. without caving. However, the 
excavation may proceed, to a substantial, suitable depth 
before any additional rows of lagging 22 are installed, 
since, by reason of‘ the fact that the face of the earth 29 
will be sloped during the excavation, the earth will stand 
for. a greater timexand to a greater depth Without any 
danger of collapsing. Thus, a larger portion, if not all, 
of the excavation near the sheeting or wall 26 may be 
done cheaply by machine. This is in sharp contrast to 
present practices in building excavations wherein it is 
necessary to perform an undesirably large part of the 
excavating work by hand, thereby adding considerably to 
the time and expense necessary to complete the job. 

Inasmuch as the earth pressure acting on the sheeting 
2tl-will not be as great as if'the sheeting were vertical 
or substantially vertical, it will be possible to use the same 
size boards '22 when the spacing between beams 21 is in 
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creased, or to reduce the thickness of the boards if beam 
spacing» is maintained, or sheet metal tension members of 
approximately the same length and width as the boards 
22 may be used in lieu thereof, if preferred. Obviously, 
if the pressure acting per linear foot of wall is reduced 
by the inclining of the face, the wales and braces may be 
reduced in size or spread out. 
A space 4!) may be provided between adjacent rows of 

lagging 22, as shown, to allow ground water to seep into 
the excavation, and the size of this space may be increased 
or decreased, as desired, so long as adequate support will 
be provided for the earth. Vertical planks 42 may be 
suitably attached to the lagging 22, adjacent the beams 21, 
as shown. 
The steel wale 24 is shown as extending across the front 

?anges 32 of beams 21, and it may be secured thereto in 
the position shown by any suitable means, such as by 
welding. Wedges 44 may be used between the wale and 
the'?anges, 32 of the beams 21 in order to mount the wale 
in the position shown. These wedges may be welded or 
otherwise secured to both the beams 21 and the wale 24. 
The steel brace 26 is shown as being engaged to the 

'wale, as by welding, and extending downwardly therefrom 
to the surface 36. In some cases, the wales 24 and. braces 
26 may be omitted or reduced in size. 

It will be appreciated that sheeting similar to sheeting 
.20 may be similarly erectedv around the peripheral sides 
of a building excavation as will be hereinafter described. 
FIGURE 4 illustrates an arrangement utilizing tie-back 

cables 50 of suitable construction, such' as rope or metal, 
secured to the tops of beams 21 and extending rearwardly 
to an anchor 52. There may be provided one anchor 52 
for each cable 55}, or one anchor may be provided for all 
of the cables. Anchor 52 may, for example, be in the 
form of a concrete post or a steel beam set in a drilled 
hole and concreted in; There preferably will be one 
cable 50 for each beam 21, and these cables will be appro 
priately lashed thereto and to the posts 52. 
As previously indicated, one of the outstanding virtues 

of the present invention is that it enables earth-restraining 
walls to be constructed in deep excavations with consider 
able savings in time, materials, and cost as a result of the 
reduction in earth pressures occasioned by arranging the’ 
‘wall at an angle to the vertical, as described. 

Illustrated in FIGURES 5 and 6 is another embodi 
ment of the invention similar to that of FIGURE 1 ex 
cept that the wooden sheeting members or lagging 22 are 
not spaced apart vertically but are stacked directly on top 
of each other. Moreover, FIGURES 5 and, 6 illustrate 
a particularly advantageous facet of the invention which 
facilitates installation of the inclined sheeting around a 
corner of an excavation. 
Asbest shown in FIGURE 6 the piles-21 are installed 

at spaced, preferably parallel locations in each of two 
planes which de?ne the sides of the excavation and, inter 
sect at a corner. As previously described, each of such 
planes are inclined from the vertical away from the ex 
cavation. The two piles 21' which are nearest the cor 
ner of the excavation havetheir upper portions spaced 
apart further than their lower portions as a result of their 
different inclinations in different planes. As a conse 
quence the piles 2'1. de?ne a triangle or a trapezoid be 
tween them. The corner ‘between thetwo piles 21'v may 
be bridged by inserting between the ?anges of such piles 
a pluralityof wood lagging or. sheeting members 21’ 
which extend directly between’ the two piles 21' across 
the two planes in which the piles lie. Further, the length 
of the members 22.’ becomes progressively‘ shorter’ toward 
the bottom of the excavation. Using the method of the 
present invention, it is a relatively simple matter to pro 
gressively insert the increasingly shorter members 22' as 
‘the excavation proceeds. Any attempt to bridge the'cor 
ner by a solid'member such as sheet piling or the like, 
however, would pose a substantialif not insurmountable 
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problem. In that case a triangular or trapezoidal solid 
member which ?lls the corner space would have to be 
driven into the ground in such a manner that would per 
mit connection to the piles 21’. If it could be done, at 
all, it would require a highly precise operation which 
would greatly increase the cost of the project. In con 
trast the corner structure of the present invention can 
be easily and quickly installed by relatively unskilled 
laborers. 
A variation of both the manner of connection of the 

sheeting members to the piles and the corner construc 
tion is shown in the embodiment of FIGURE 7. In such 
embodiment the sheeting members 22 extend continuous 
ly across more than two piles and are engaged to the 
front face of the piles by suitable connections 51. In 
FIGURE 7 the sheeting members 22 are shown in verti 
cal spaced relation. As previously stated, such spacing 
could be varied or eliminated entirely. 

In the FIGURE 7 embodiment the sheeting members 
22 are extended toward the corner beyond the piles 21' 
along the same plane in which the sides of the excavation 
and the piles 2]. lie. Thus, the sheeting members 22 
from the two adjoining sides of the excavation meet 
along the intersection of the planes which de?ne such 
sides. A corner pile 22” may be driven with a double 
inclination to make it lie in both such planes along the 
intersection between the planes. Then the ends of the 
sheeting members 22 may be connected to each other 
and to the pile 22". 

If desired, the corner pile 22" may be eliminated as 
illustrated in FIGURE 8. The driving of such a pile 
with the exact double inclination required necessitates a 
egree of precision which cannot always be justi?ed. 

Where no corner pile is used, the ends of the sheeting 
members, which meet along the intersection of the two 
planes which de?ne the sides of the excavation, may be 
connected together as by nailing or the like. 

In the embodiments of both FIGURE 7 and FIGURE 
8 the corner sheeting along one side is preferably passed 
beyond the ends of the comer sheeting along the other 
side with the latter butted against the face of the former. 

It will be understood that the wales, bracing and any of 
the other speci?c features described with respect to FIG 
URES 1-4 may be employed with the embodiments of 
FIGURES 5-8. 
The present invention will thus be seen to completely 

and e?ectively accomplish the objects enumerated here 
inabove. It will be realized, however, that various 
changes and substitutions may be made to the speci?c 
embodiments disclosed herein for the purpose of illus 
trating the principles of this invention without departing 
from these principles. Therefore, this invention includes 
all modi?cations encompassed within the spirit and scope 
of the following claims. 
What is claimed is: 
1. In a method of producing a reinforced deep excava 

tion, the combination of steps which comprises 
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inserting in the ground a plurality of generally upright 

piles at spaced intervals in two intersecting planes 
de?ning a corner of an area to be excavated and in 
clined from the vertical away from said area with 
two of said piles in di?erent ones of said planes adja 
cent said corner having their upper portions spaced 
apart further than their lower portions, 

excavating only from the area inside of said planes to 
provide a deep excavation having its bottom inter 
mediate the length of said piles while leaving the 
ground outside of said plane substantially un 
disturbed, and 

progressively engaging to said piles from the top down 
as the excavation proceeds a plurality of elongated 
narrow sheeting members extending transverse to 
said piles along the sides of the excavation and 
bridging said corner between said two sides with the 
lengths of said members between said two piles be 
ing progressively shorter toward the bottom of the 
excavation, said progressive engagement being ac 
complished at a rate relative to said excavating to 
retain the ground outside of said planes in a sub 
stantially undisturbed condition. 

2. A method according to claim 1 wherein said mem 
bers bridging said corner extend from said two piles in 
said planes and meet at the intersection between said 
planes. 

3. A method according to claim 2 wherein a corner 
pile lying in both of said planes is driven along said 
intersection and the ends of said members are engaged to 
said corner pile. 

4. A method according to claim 1 wherein said mem 
bers bridging said corner extend across said planes di 
rectly between said two piles. 
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