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ABSTRACT OF THE DISCLOSURE 

A method and structure for shoring a lateral face of an 
excavation which face is defined partially by an earthen 
Overburden and partially by a rock underlayer and is sup 
ported by a sheeting wall of soldier beams and lagging 
members reinforced by tie back, with vertical support 
members smaller than the soldier beams connected to and 
extending downwardly from the bases of the beams and 
anchored in the rock underlayer to permit transfer of load 
to such members thereby preventing failure of the rock 
underpinning the wall. 

BACKGROUND OF THE INVENTION 
Field of the invention 

This invention relates to structures for shoring the 
lateral faces of excavations. Specifically, the invention 
concerns a structure for shoring the lateral face of an 
excavation, wherein the face is partially defined by an 
earthen overburden and partially defined by a rock under 
layer. 

Description of the prior art 

Structures for shoring the lateral faces of excavations 
are well-known and particularly for shoring such faces 
which are entirely defined by earthen material. Frequently, 
however, an excavation must be extended downwardly 
into a layer of rock underlying an earthen overburden, so 
that the lateral faces of such an excavation are partially 
defined by the overburden and partially defined by the 
underlayer. The portions of the lateral faces defined by 
the rock underlayer generally do not require shoring as 
do the earthen overburden portions of such faces. Usually, 
therefore, sheeting walls are installed along the overbur 
den portions of the faces with the bases of the walls abut 
ting the upper surface of the underlayer. 
A structure of this type of illustrated in White Pat. 

3,226,933, and includes a plurality of vertically extending 
Soldier beams which are horizontally spaced apart along 
the overburden portion of a lateral face of an excavation. 
A plurality of lagging members are associated with the 
soldier beams and bear against the overburden portion of 
the face. To counteract the inwardly directed force ap 
plied to the sheeting wall by the overburden, a plurality 
of downwardly and outwardly extending tie-backs are se 
cured between the wall and the underlayer, and placed 
under tension. The tie-backs thus apply a downwardly and 
outwardly directed force to the wall, the outwardly di 
rected component of which opposes the inwardly directed 
force applied to the wall by the overburden. The down 
wardly directed component of the force applied to the 
wall by the tie-backs is transmitted into the underlayer 
through the bases of the soldier beams. 

After the sheeting wall and tie-backs have been in 
stalled, the excavation is extended downwardly into the 
underlayer, resulting in the removal of rock a short dis 
tance inwardly from the base of the wall and thus forming 
a rock shelf. The bases of the soldier beams abut the 
upper surface of the underlayer a short distance outwardly 
from the edge of this shelf. The downwardly directed 
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component of the force applied to the wall by the tie 
backs is thus supported by a relatively narrow column of 
rock underpinning each soldier beam. This loading condi 
tion frequently causes such underpinning rock columns to 
fracture sufficiently to cause rock to spall away from the 
portion of the face defined by the underlayer and fall into 
the excavation, thus destroying the underpinnings for the 
soldier beams. Obviously such an occurrence is not only 
dangerous to personnel and equipment, but necessitates 
time-consuming and expensive repairs to re-establish such 
underpinnings. 
One possible method of obviating this problem would 

be to insert the soldier beams into the underlayer so that 
the bases thereof are positioned below the upper surface 
of the layer. However, in order to insert the beams into 
the underlayer, holes would have to be drilled therein for 
accommodating the beams, and due to the size of the 
holes that would be required for accommodating conven 
tional soldier beams such a procedure would be prohibi 
tively expensive. 

SUMMARY OF THE INVENTION 

The present invention offers an economical solution to 
the problem of spalling associated with the prior art meth 
ods and structures for shoring the lateral faces of exca 
Vations. 
The structure of the invention is adapted to be used for 

shoring the lateral face of an excavation, wherein the face 
is partially defined by an earthen overburden and partilly 
defined by a rock underlayer, and generally comprises; 
a sheeting wall bearing against the portion of the lateral 
face defined by the overburden and including at least one 
substantially vertically extending soldier beam having the 
base thereof abutting the underlayer; at least one tie-back 
extending downwardly and outwardly from the wall 
through the overburden into the underlayer and being se 
cured at one end to the wall and anchored at the other 
end in the underlayer, the tie-back being tensioned for ap 
plying a downwardly and outwardly directed force to the 
wall, the outwardly directed component of the force ap 
plied to the wall by the tie-back opposing the inwardly 
directed force applied to the wall by the overburden; and 
at least one support member extending downwardly from 
the base of the soldier beam into the underlayer and 
being secured at one end to the base of the soldier beam 
and anchored at the other end in the underlayer so that 
downwardly directed force applied to the wall by the tie 
back may be borne by the support member to deter the 
rock from spalling away from the portion of the lateral 
face defined by the underlayer, the area of the smallest 
circle which will enclose the cross-section of the support 
member being substantially less than the area of the 
smallest circle which will enclose the cross-section of the 
soldier beam. 
The method of the invention is adapted to be employed 

for shoring a lateral face of an excavation, said face being 
partially defined by an earthen overburden and partially 
defined by a rock underlayer, the portion of the face de 
fined by said overburden being laterally supported by a 
sheeting wall bearing thereagainst and including at least 
one substantially vertically extending soldier beam having 
the base thereof abutting said underlayer, and at least one 
tie-back extending downwardly and outwardly from said 
wall through the overburden into the underlayer and being 
secured at one end of the wall and anchored at the other 
end in the underlayer, said tie-back being tensioned for 
applying a downwardly and outwardly directed force to 
the wall, the outwardly directed force applied to the wall 
by the tie-back opposing the inwardly directed force ap 
plied to the wall by the overburden, and basically com 
prises; forming adjacent the base of the soldier beam a 
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hole extending downwardly into the underlayer and hav 
ing a cross-sectional area substantially less than the small 
est circle which would enclose the cross-section of the 
soldier beam; inserting an elongated support member 
downwardly into said hole; anchoring one end of the Sup 
port member in the underlayer; and securing the other 
end of the support member to the base of the soldier beam 
so that downwardly directed force applied to the wall by 
the tie-back may be borne by the support member to deter 
rock from spalling away from the portion of the lateral 
face defined by the underlayer. 

Preferably, the sheeting wall is a conventional sheeting 
wall comprising a plurality of vertically extending soldier 
beams and a plurality of lagging members associated with 
the beams. Also, preferably, a plurality of conventional 
tie-backs are employed. 
One of the support members preferably is secured to 

the base of each soldier beam. The support members will 
thus support the downwardly directed component of the 
force applied to the wall by the tie-backs should the rock 
columns underpinning the soldier beams begin to fracture. 

Preferably, the support members comprise high 
strength metallic rods which are anchored in the rock 
layer, and are most effectively used by extending the 
members downwardly from the bases of the soldier beams 
into the rock underlayer beneath the level of the bottom 
of the excavation. 

Also, if desired, and as a further deterrent to spalling, 
wale members may be secured across the portion of the 
lateral face of the excavation defined by the underlayer. 
With the foregoing in mind, it is an object of the present 

invention to provide an improved method and structure 
for shoring the lateral face of an excavation which face 
is partially defined by an earthen overburden and partially 
defined by a rock underlayer underlying the overburden. 

It is also an object of the invention to provide a method 
and structure as described in the preceding object in which 
tie-backs are used for applying a downwardly and out 
wardly directed force to a sheeting wall bearing against 
the portion of the lateral face defined by the overburden 
and in which means other than the rock underpinning the 
wall, are provided for assuming support of the down 
wardly directed component of such force, to thereby pre 
vent spalling of the rock. 

It is a further object of the invention to provide a 
method and structure as described in the preceding object 
in which the support assuming means comprise support 
members extending downwardly from the base of the 
sheeting wall into the underlayer. 

It is an additional object of the invention to provide a 
method and structure as described in the preceding object 
in which the support members are capable of assuming 
support of the entire downwardly directed component of 
the force applied to the sheeting wall by the tie-backs and 
are economical to install. 
These and other objects of the invention will become 

apparent upon a consideration of the detailed description 
of a preferred embodiment thereof given in connection 
with the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a sectional view through the lateral face of an 

excavation, showing the structure of the invention; 
FIG. 2 is a front vew of the structure shown in FIG. 1; 
FIG. 3 is a sectional view taken on line 3-3 of FIG. 1; 
FIG. 4 is a side view of a portion of the structure of 

the invention; 
FIG. 5 is a sectional view similar to FIG. 1, showing 

an optional structural feature that may be employed with 
the structure of the invention; and 

FIG. 6 is a front view of the structure shown in FIG. 5. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 
Frequently the excavation for a building foundation or 

the like must be extended downwardly into a rock under 
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4. 
layer underlying an earthen overburden. Such an excava 
tion is shown in FIG. 1, wherein an excavation 10 
extends downwardly into an underlayer of rock 12 under 
lying an earthen overburden 14. Excavation 10 has a 
lateral face 6 which is partially defined by the earthen 
material comprising overburden 14 and partially defined 
by the rock comprising underlayer 12. 

Usually the interface between overburden 14 and un 
derlayer 12 is neither compositionally nor geometrically 
as well defined as is shown in the drawings. An abrupt 
planar dichotomy between the overburden and underlayer 
has been shown in the drawings for the purpose of avoid 
ing the showing of geological details which are unneces 
sary to an understanding of the invention. 

Rock underlayer 12 is composed of a relatively hard 
material which is substantially self-supporting, such as 
granite or limestone. Therefore, generally no external 
means are required for shoring the portion of face 16 
defined by underlayer 12. Overburden 14, however, is 
composed of relatively discrete earthen particles which 
are not self-supporting; the term earthen as used herein 
being intended to mean all types of earthen material such 
as clay, sand, humus, mixtures of such materials, and 
mixtures of Such materials and particles of rock. There 
fore, external means, such as a sheeting wall 20, are 
required for shoring the portion of face 16 defined by 
overburden 14. 

Sheeting wall 20 includes a plurality of vertically ex 
tending, horizontally spaced soldier beams 22 (FIGS. 1 
and 2). Prior to the removal of any substantial amount 
of earthen material from excavation 10, soldier beams 
22 are driven to refusal against the upper surface of un 
derlayer 12. A plurality of lagging members 24 (FIGS. 1 
and 2) are then associated with soldier beams 22 as 
earthen material is removed from the excavation. Con 
Veniently soldier beams 22 are H-beams permitting 
lagging members 24 to be easily positioned between the 
flanges of the beams. Alternatively, the lagging members 
may be longer than the spacing between adjacent soldier 
beams and Secured to the outer faces of the inner flanges 
of the beams, i.e., the flange faces nearest excavation 10, 
by Suitable connectors. 
Means are provided for applying an outwardly directed 

force to Wall 20 to counteract the inwardly directed force 
applied to the wall by overburden 14. Such means com 
prise a plurality of tie-backs 26 and 28 (FIG. 1), which 
extend downwardly and outwardly from wall 20 through 
overburden 14 into underlayer 12. Each tie-back is 
Secured at one end to wall 20 and anchored at the other 
end in underlayer 12. The number and location of tie 
backs 26 are determined by the magnitude of the out 
wardly directed force required. Tie-backs 26 are installed 
after the bottom of the excavation adjacent wall 20 has 
reached the level at which the tie-backs are to be secured 
to the Wall. Tie-backs 28 are installed and secured to wall 
20 near the base thereof after the bottom of the excava 
tion adjacent the wall has reached the upper surface of 
underlayer 12. 
The tie-backs each include a tendon 34 which extends 

outwardly and downwardly from wall 20 through over 
burden 14 into underlayer 12. Any conventional process, 
such as drilling, may be used for positioning tendons 34. 
The outer end of each tendon is anchored in underlayer 
12 by a suitable anchoring means, such as by grouting 36. 

Pluralities of wale members 30 and 32 are provided 
for Securing tendons 34 to wall 20. The wale members 
are horizontally disposed across the outer faces of the 
inner flanges of Soldier beams 22 and connected thereto, 
as by welding. 

After the outer ends of tendons 34 have anchored in 
underlayer 12, the inner ends of the tendons are attached 
to Wale members 30 and 32 by suitable connectors 38. The 
tendons are then placed under tension for applying a 
downwardly and outwardly directed force to wall 20; the 
magnitude of the outwardly directed component of which 
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is sufficient to counteract the inwardly directed force ap 
plied to the wall by overburden 14. 
The structure described above, including sheeting wall 

20 and tie-backs 26 and 28, is a conventional structure 
for shoring the lateral face of an excavation. 

As will be apparent, the downwardly and outwardly 
directed force applied to wall 20 by tie-backs 26 and 28 
also includes a downwardly directed component, which 
in the absence of other means, is transmitted into under 
layer 12 through the bases of soldier beams 22. After wall 
20 and tie-backs 26 and 28 have been installed, excavation 
10 is extended downwardly into underlayer 12 forming a 
rock shelf. The bases of Solder beams 22 abut this shelf 
near the edge thereof so that the downwardly directed 
component of the force applied to wall 20 by tie-backs 26 
and 28 is supported by a relatively narrow column of 
rock underpinning each soldier beam. 

Generally, the outwardly directed component of the 
force applied to wall 20 by tie-backs 26 and 28 must be of 
a substantial magnitude in order to effectively oppose the 
inwardly directed force applied to the wall by overburden 
14. Thus, the downwardly directed component of the 
force applied to the wall by the tie-backs is also usually 
of a substantial magnitude, frequently being as great as 
200,000 lbs. at the base of each soldier beam, and im 
poses severe compression loads on the rock columns 
underpinning the soldier beams. As a result of this loading 
condition, the underpinning rock columns frequently frac 
ture sufficiently to cause rock to spall away from face 16 
and fall into excavation 10, thus destroying the under 
pinnings for the soldier beams and permitting the beams 
to slide downwardly. Obviously such an occurrence pre 
sents a hazard to both the personnel and equipment within 
the excavation and necessitates time-consuming and ex 
pensive repair procedures to reestablish sound underpin 
nings for the soldier beams. 
The structure of the invention is designed to obviate 

the foregoing problem and includes means other than the 
rock columns underpinning soldier beams 22 for assuming 
support of the downwardly directed component of the 
force applied to wall 20 by tie-backs 26 and 28. Such 
means comprise a plurality of support members extending 
downwardly from the base of wall 20 into underlayer 12, 
and preferably into the underlayer beneath the level of 
the bottom of excavation 10. 

Conveniently the support members comprise high 
strength metallic rods 40 (FIGS. 1-4), such as steel rein 
forcing rods of the type employed in reinforcing concrete. 
Each of the rods is secured to the base of one of the 
soldier beams by a relatively short T-beam section 42, 
with the upper end of each rod 40 being welded to the 
central flange of a section 42 and the peripheral flange 
of the section being welded to the outer face of the inner 
flange of one of the soldier beams. 

Holes 46 are formed in layer 12 slightly inwardly from 
the bases of Soldier beams 22, by any conventional proc 
ess, such as by drilling, for accommodating rods 40. The 
rods are anchored in holes 46 by any convenient means, 
Such as by grouting 47. Rods 40 may be installed either 
before or after tie-backs 28 have been installed. 
The downwardly directed force component may pro 

gressively fragment the rock columns underpinning the 
soldier beams, particularly at the upper ends thereof, and 
if such fragmentation is permitted to continue unchecked, 
the columns could become sufficiently fractured to cause 
rock to spall away from the portion of face 16 defined by 
underlayer 12. However, when rods 40 are installed, the 
downwardly directed force component is transferred pro 
gressively from the rock columns to the rods as the column 
fragment to any small degree and thus begin to yield. The 
rods preferably are designed to bear 100% of the force 
component with a reasonable safety factor. Thus, before 
the rock columns have fractured sufficiently to cause rock 
to Spall away from the portion of face 16 defined by layer 
12, all of the downwardly directed force component will 
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6 
have been transferred to rods 40; the latter thereafter act 
ing as columns to transmit the force component into 
underlayer 12, preferably beneath the level of the bottom 
of excavation 10. As will be apparent, the quantity of . 
rock underpinning the bases of rods 40 beneath the level 
of the excavation bottom is sufficient to support the force 
component transmitted through the rods without frag 
menting. In this manner the integrity of the portion of 
face 16 defined by underlayer 12 is maintained, thus main 
taining sound underpinnings for the soldier beams. 

Moreover, the area of the smallest circle which will 
enclose the transverse cross-section of one of rods 40, and 
thus the cross-sectional area of each of the holes 46, is 
substantially less than the area of the smallest circle which 
will enclose the transverse cross-section of one of soldier 
beams 22, i.e., the area of a circle generated by rotating a 
line which extends from the geometric center of the trans 
verse cross-section of one of rods 40 to a point on the 
periphery of the cross-section furthest form the geometric 
center, about the longitudinal axis of the rod which passes 
through the geometric center, is substantially less than the 
corresponding area of one of the soldier beams. Thus, al 
though the soldier beams themselves might be inserted 
into the underlayer for accomplishing the function of rods 
40, the expense of drilling holes therein large enough to 
accommodate the beams would be prohibitive. The sub 
stantially smaller holes 46, however, within which rods 40 
are accommodated may be formed in layer 12 at a rea 
sonable expense. 
AS described above, tie-backs 28 are secured to wall 

20 near the base thereof. This arrangement insures that the 
base of the wall will not slide inwardly toward the edge 
of the rock shelf formed in underlayer. 

If desired, and as a further deterrent to spalling, a plu 
rality of wale members 58 (FIGS. 5 and 6) may be se 
cured to the portion of lateral face 16 defined by the un 
derlayer. Wale members 48, only one of which is shown 
in the drawings, are horizontally disposed along face 16, 
and are secured thereto by rock ties 50. The rock ties are 
structurally similar to tie-backs 26 and 28 including ten 
dons 52 which are anchored in underlayer 12 by a suit 
able anchoring means, such as by grouting 54. 

Preferably, wale members 48 are formed in relatively 
short sections, the medial portion of each of which is 
aligned with one of rods 40, with a rock tie 50 being dis 
posed at each end thereof for securing the wale member 
to face 16. Tendons 52 need not be placed under as great 
a tension as are tendons 34 of tie-backs 26 and 28, since 
the portion of face 16 defined by underlayer 12 is essen 
tially self-supporting. 
The desirability of employing wale members 48 is deter 

mined by several factors including, the composition of 
underlayer 12, the magnitude of the downwardly directed 
force component, and the depth to which excavation 10 
extends below the upper surface of the underlayer. 
The method of the invention will be apparent from the 

foregoing description of the structure thereof, and in 
cludes forming holes 46 in underlayer 12 adjacent the 
bases of soldier beams 22, after wall 20 and tie-backs 26 
have been installed and either before or after tie-backs 28 
have been installed. Rods 40 are then inserted into holes 
46 and one end of each rod is anchored in underlayer 12. 
The other end of each rod is thereafter secured to the 
base of one of the soldier beams so that the downward 
ly directed force component will be transferred to the rods 
from the rock columns underpinning the soldier beams 
before the columns have fractured sufficiently to cause 
rock to Spall away from the portion of face 16 defined by 
underlayer 12. 

Although the foregoing constitutes a detailed descrip 
tion of a preferred embodiment of the invention, it is rec 
ognized that various modifications thereof will occur to 
those skilled in the art. For example, means other than T 
beam Sections might be used for securing the support 
members to the bases of the soldier beams. Therefore, the 
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scope of the invention is to be limited solely by the scope 
of the claims appended hereto. 

claim: 
1. A structure for shoring the lateral face of an ex 

cavation said face being partially defined by an earthen 
overburden and partially defined by a rock underlayer 
underlying said overburden, said structure comprising: 

a sheeting wall bearing against the portion of the lateral 
face defined by said overburden, and including at 
least one substantially vertically extending soldier 
beam having the base thereof abutting said under 
layer; 

at least one tie-back extending downwardly and out 
wardly from said wall through the overburden into 
the underlayer and being secured at one end to the 
wall and anchored at the other end in the under 
layer, said tie-back being tensioned for applying a 
downwardly and outwardly directed force to the 
wall, the outwardly directed component of the force 
applied to the wall by the tie-back opposing the in 
wardly directed force applied to the wall by the over 
burden; and 

at least one support member extending downwardly 
from the base of the soldier beam into the under 
layer and being secured at one end to the soldier 
beam and anchored at the other end in the under 
layer so that downwardly directed force applied to 
the wall by the tie-back may be borne by said sup 
port member to deter the rock from spalling away 
from the portion of the face defined by the under 
layer, the area of the smallest circle which would 
enclose the cross-section of the support member 
being substantially less than the area of the smallest 
circle which would enclose the cross-section of the 
soldier beam, 

2. A structure as recited in claim 1; wherein said 
sheeting wall comprises a plurality of said soldier beams 
horizontally spaced apart along the lateral face and a 
plurality of generally horizontally extending lagging mem 
bers associated with the beams; and including a plurality 
of said support members, each of said support members 
being Secured to the base of one of said beams. 

3. A structure as recited in claim 1; further compris 
ing at least one wale member secured to the portion of 
the lateral face defined by the underlayer to further deter 
rock from spalling away from the portion of the face 
defined by the underlayer. 

4. A structure as recited in claim 3; wherein said wale 
member is secured to the lateral face by at least one 
rock tie extending from the wale member into the un 
derlayer and being secured at one end to the wale mem 
ber and anchored at the other end in the underlayer. 

5. A structure as recited in claim 1; including a plural 
ity of said tie-backs, one of which is secured to the lower 
portion of the sheeting wall to prevent the base of the 
wall from sliding inwardly. 

6. A structure as recited in claim 1; wherein said 
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Support member extends downwardly into the underlayer 
beneath the level of the bottom of the excavation. 

7. A structure as recited in claim 1; wherein the upper 
end of said support member is spaced inwardly from the 
base of said soldier beam; and further comprising a con 
necting member interposed between and fixedly attached 
to said support member upper end and said soldier beam 
base. 

8. A method for shoring a lateral face of an excava 
tion, said face being partially defined by an earthen over 
burden and partially defined by a rock underlayer under 
lying said overburden, the portion of the face defined by 
Said overburden being laterally supported by a sheeting 
Wall bearing thereagainst and including at least one sub 
stantially vertically extending soldier beam having the 
base thereof abutting said underlayer, and at least one 
tie-back extending downwardly and outwardly from said 
wall through the overburden into the underlayer and 
being Secured at one end to the wall and anchored at 
the other end in the underlayer, said tie-back being ten 
sioned for applying a downwardly and outwardly directed 
force to the wall, the outwardly directed force applied 
to the wall by the tie-back opposing the inwardly di 
rected force applied to the wall by the overburden, said 
method comprising: 
forming adjacent the base of said soldier beam a hole 

extending downwardly into the underlayer and hav 
ing a cross-sectional area substantially smaller than 
the smallest circle which would enclose the cross 
Section of the soldier beam; 

inserting an elongated support member downwardly 
into said hole; 

anchoring one end of said support member in the 
underlayer; and 

Securing the other end of said support member to the 
base of the Soldier beam, so that downwardly di 
rected force applied to the wall by the tie-back may 
be borne by the support member to deter the rock 
from Spalling away from the portion of the lateral 
face defined by the underlayer. 

9. A method as recited in claim 8, wherein said hole 
is formed and said support member is inserted down 
wardly into the underlayer beneath the level of the bot 
tom of the excavation. 
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