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This invention pertains to the art of pile anchorages 
wherein the earth consists of a layer or strata bed-rock 
with air overburden of soil, and more particularly to such 
a pile anchorage which must resist both uplift and down 
ward-bearing forces. 
The invention is particularly applicable to earth pile 

anchorages where the anchorage is in the form of a ver 
tically extending concrete column in the over-burden of 
soil, and will be described with particular reference there 
to although it will be appreciated that the invention has 
broader applications. 

Such columns perform the function of transferring 
the uplift and downward-bearing forces in a uniformly 
distributed manner to the surrounding soil. As the forces 
to be resisted increase, it is normally conventional to in 
crease the diameter or the vertical height, or both, of the 
column so as to maintain the force on unit areas of the 
surrounding soil below a value which the soil can suc 
cessfully resist. 
Where the over-burden of soil is relatively thin, or 

of poor consistency, it is conventional to extend the col 
timin downwardly to the bed-rock in which case almost 
any downward-bearing force can be successfully sup 
ported. However, with such a thin or poor over-burden 
of soil, oftentimes the uplift force is greater than the 
surrounding soil can successfully resist with columns of 
any conventional diameter. In such cases, it would ap 
pear logical to use a nietalic tie member extending from 
a point above the column downwardly into the bed-rock 
with the thought that some of the uplift forces would be 
transferred to the soil and the remainder directly to 
the bed-rock. In this way it was thought the uplift forces 
should be proportiorately divided and the problems of 
anchoring to the rock or the size of the rod extending 
into the rock, or both, would be proportionately rediced. 

Experience indicated, however, that this was not the 
case. The rod, at points just above where it entered 
the rock, would fail at uplift forces substantially below 
the design uplift force. Analysis of the problem indi 
cated that the uplift force was inct dividing between the 
collinn and the bed-rock, but instead almost aii was be 
ing transmitted to the bed rock. 

Ainalysis of the reasons for this phenomena soon indi 
cated that the soil resists the shearing forces induced 
therein by the uplift forces by means of friction between 
the particles of soil, and in order for this friction to de 
velop, it is necessary that there be an appreciable move 
ment upwardly of the concrete column relative to the 
soil. Thus, before the soil had developed any appreciable 
resistance against uplift forces, the concrete column had 
moved upwardly a sufficient amount to place the tie rod 
under appreciabie tension forces. These tension forces 
all existed between the lowest point of fastering of the 
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tie-rod to the concrete and the bed rock, which of course 
is able to absorb the uplift forces without any appre 
ciable upward novement. 

in some instances the tie-rod was stressed beyond its 
yield point in which case the concrete column could 
move upwardiy a sufficient amount to thereafter trans 
Init a portion of the uplift force to the soil itself. Frac 
ture of the tie rod at the bed rock did not thus occur 
on the first such stress. The tie rod, however, was per 
manently elongated and actually, because stressed be 
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yond its yield point, necked in slightly just above the 
bed rock. Thereafter the same sequence of events would 
occ}r when an uplift force was exerted. The concrete 
column would move upwardly relatively freely and the 
tie rod, at the point where it extended into the rock, was 
again stressed beyond its yield point before the concrete 
coil in a would transfer any appreciable portions of the 
uplift force to the soil. Repeated applications of this 
uplift force ultimately resulted in the tie-rod breaking. 
The characteristic of the soil, that an appreciable move 

ment of the concrete column therethrough before the 
Soil accepts any of the uplift load, is somewhat similar 
to the elasticity in metals, and while not exactly accurate, 
will be referred to hereinafter as the elasticity of the soil 
which it will be appreciated is much greater than that of 
either the tie rod metal or the bed rock. 
The present invention contemplates a new and im 

proved pile anchorage of the general type described 
which overcomes all of these difficulties, and others, and 
provides a pile anchorage in thin over-burden of soil 
where the uplift forces can be proportionately distributed 
to both the soil and to the bed-rock without danger of 
the tie rod breaking upon repeated applications of the 
uplift force. 

In accordance with the broadest aspect of the inven 
tion, there is provided in combination with the earth's 
Surface, including a rock layer and a soil over-burden, 
a coincrete coilinn in the over-burden, a tie rod rigidiy 
fastened to both the column of concrete and to the bed 
rock, and resiliently extensible means between the points 
of fastening to the tie red and the rock whereby the 
coluinn may move upwardiy under uplift forces and such 
forces may be proportionately divided between the bed 
rock and the soil over-burden. 
The resiliently extensible means may be as desired but, 

in the preferred aspect of the invention, are comprised 
of a length of the tie rod itself effected by longitudinally 
spacing the points of fastening of the rod to the column 
and bed-rock. 

Further, in accordance with the invention, a method 
of forming earth pile anchorages in the earth comprised 
of a rock-strata and an over-burden of soil is provided, 
cornprising the steps of forming a plastic concrete col 
unin in situ in the over-burden, inserting a tie-rod through 
the column into the bed-rock fastening the tie-rod to 
the concrete coiunia at a point substantially spaced from 
a point of fastening to the bed-rock, the amount of spac 
ing of the fastening points being proportioned so that 
the tie-rod will be resiliently extensible in amounts suf 
ficient to enable the concrete column to move upwardly 
in amounts sufficient to transfer portions of the uplift 
forces to the soil over-burden. - 
The principal object of the invention is the provision 

of a new and improved pile anchorage which gives a 
maximum downward bearing and uplift force resistance 
for a minimum amount of materials. 
Another object of the invention is the provision of a 

iew and improved pile anchorage which is readily and 
easily positioned in the earth. 
Another object of the invention is the provision of a 

new aid improved pile anchorage particularly intended 
where the earth Surface is made up of a rock layer and 
an over-burden of soil which enables selective distribu 
tion of the uplift forces between the rock and the soil 
over-burden. 
Another object of the invention is the provision of a 

new and improved pile anchorage for thin layers of soil 
over rock layers which can resist repeated high uplift. 
forces without danger of breakage. 

Still another object of the invention is the provision of 
a new and improved method of positioning a pile an 
chorage in the earth which is simple, rapid, economical 
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and requires a minimum of men, equipment, and mate 
rials. 
The invention may take physical form in certain parts, 

combinations of parts, stcps and combinations of steps, 
preferred embodiments of which will be described in 
detail in this specification and illustrated in the accom 
panying drawings which form a part hereof and wherein: 
FIGURE 1 shows somewhat schematically a fragmen 

tary cross-sectional view of the earth's surface with a 
pile anchorage illustrating a preferred embodiment of 
the invention; and 
FIGURE 2 is a cross-sectional view thereof. 
Referring now to the drawings wherein the showings 

are for the purposes of illustrating a preferred embodi 
ment of the invention only and not for the purposes of 
imiting same, FIGURE 1 shows a layer of bed-rock 10 
and an overlying over-burden of soil 18 such as is con 
ventionally found generally throughout the world. A 
concrete structure 2 in the form of an elongated column 
extends vertically through the soil ii from a point close 
to or at the upper surface i3 downwardly to a point 
close to or at the upper level 4 of the bed-rock 10. 
A pipe S6 extends vertically and co-axially through the 
structure 52 from a point above the surface 13 to a point 
at the surface 54 defining a space E7 through the struc 
ture 2. Co-axially within the space i7, a tie rod ex 
tends from a point above the surface 3 downwardly to 
a point adjacent the plane of the surface 4 and is an 
chored to the bed-rock 50 by means of an anchor 21 
extending into an opening 9 in the bed-rock 19. 
The tie rod 18 is also anchored to the pipe 6 at a 

point spaced from the anchor means 2, the pipe 6 
in turn being firmly fastened to the concrete structure 12. 
The soil it may be of any known characteristics includ 
ing sand, clay, or a mixture of rock therewith, the only 
requirement being that it have a vertical thickness and 
consistency such as to be able to resist uplift forces if 
transferred thereto. 
The rock strata (; may be of any known characteristic 

or of any known thickness so long as its thickness in 
conjunction with that of the soil ii is sufficient to resist 
the uplift forces to be imposed thereon. 
The concrete structure 22 may have any desired verti 

cal height, either equal to or less than the vertical height 
of the soil i and may or may not extend downwardly 
to the rock layer 10 as desired, and depending upon the 
particular load requirements which it will be called upon 
to meet. The concrete structure may also have any 
desired horizontal width, thickness, or cross-sectional 
shape. 

Concrete, as used throughout this specification and 
claims, is made up of a mixture of a liquid vehicle, a 
cementitious material, and usually, but not necessarily, 
one or more granular materials. These granular mate 
rials may include without limitation, soil, sand, fly ash, 
or gravel rock, or aggregate of any desired size. The 
cementitious material may be any of the known cementi 
tious materials such as, without limitation, Portland 
cement or the like, which when mixed with or suspended 
in the liquid vehicle and upon being allowed to stand or 
cool, or both, will harden and bind the granular material, 
if any, into a solid rigid body. The liquid vehicle may 
be of a type such that when mixed with the cementitious 
material employed, will either evaporate or combine with 
the cementitious material, to leave the cementitious mate 
rial in a hardened state which will then bind the granular 
material, if any, into a solid rigid body. 
The concrete, unless otherwise stated, may be either in 

the plastic or hardened state, it being understood that 
plastic concrete when allowed to stand for periods of 
time, which may be referred to as the hardening time, 
will change to the hardened state. 
The term “vertical” as used throughout this specifica 

tion and claims, is used in the broader sense of being in 
any direction leading below the earth's surface as fitting 
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4. 
within the scrise of the particular requirements of the 
concrete structure being installed. 

By the term "in situ' is meant the forming of the 
concrete structure from a plastic concrete placed in the 
ultinate position of use of the structure, the concrete 
being allowed to harden prior to the placing of loads 
thereon. 
The concrete structure 2 may, in accordance with the 

invention, be formed in any known or desired manner. 
Preferably however, the concrete structure is formed "in 
situ' and waiic the concrete is still in the plastic state, 
it is placed under hydraulic pressure so that a plurality 
cf tiny fingers or protrusions 20 will extend horizontally 
and laterally into the soil 1 beyond the actual limits of 
the structure 2 itself. 

In order to obtain such fingers 20, the structure 12 is 
preferably formed as is taught in U.S. Patent No. 
2,729,057, issued January 3, 1956; or, U.S. Patent No. 
2,782,606, issued February 26, 1957, and both assigned to 
the assignee of this application. In the first of these 
patents, an auger having a holiow shaft, is screwed into 
th;2 Soil to the depth desired by the ultimate structure. 
The auger is then gradually withdrawn without rotation 
while simultaneously pumping concrete under pressure 
through the hollow shaft to the lower end of the arger, 

concrete under pressure forcing itself laterally into 
the scil if to form the fingers 26. In following this 
methcd, the concrete is mixed as desired above the sur 
face of the earth and is pumped downwardly through the 
shaft. 

in the Second mentioned patent, a hollow shaft having 
sidewardly projecting mixing arms is rotated vertically 
into the earth while simultaneously forcing concrete un 
der pressure into the earth in advance of the mixing arms. 
Normaily such concrete contains the same amount of 
liquid vehicle as conventional concrete and the arms 
Inix the soil with the concrete as the tool is advanced 
into the earth. In effect, the soil itself becomes part of 
the granular material in the concrete. The tool is ad 
vanced the desired depth of the concrete structure and 
is then withdrawn while continuing the rotation. The 
result is a thoroughly mixed sub-surface structure where 
in at least part of the granular material of the concrete 
is the Soil is broken into pieces by the action of the arms 
of the rotating tool. The concrete is forced through the 
hollow shaft under pressure and forces itself laterally 
into the crevices of the soil 1 to form the fingers 29. 
Obviously other ways of forming the concrete structure 
12 may be employed, for example, by forming a cavity 
and Subsequently pouring concrete thereinto, and its 
upper end may be above, beiow, or flush with the earth's 
Surface. 
A longitudinal passage through the structure 12 in 

which the rod member 23 may move relatively to the 
Structure i2 must then be provided. This may be done 
by coating the rod member 13 with anti-friction means 
and advancing it through the plastic concrete in such a 
raanner that the lower end of the rod member 23 will 
become firmly fastened to the bed-rock. In the pre 
ferred embodiment, and assuming that the structure 12 
is either cast in place or mixed in place, as above de 
Scribed, while the concrete is still plastic, the pipe 16 
is advanced longitudinally to the plastic concrete down 
to the bed-rock 16. Upward and outwardly diverging 
arris 23 on the lower end serve to locate this lower end 
relative to the sides of the structure 2. Alternatively, 
the concrete may be allowed to harden, and then a ver 
tical hole drilled therethrough. In such case, the pipe 16 
is obviously not required. 

Thereafter, conventional drilling tools are advanced 
through the opening 7 and the hole 9 in the bed-rock 
is drilled. It will be appreciated that if desired, a stopper 
in the lower end of the pipe A6 may be employed to 
prevent the plastic concrete from entering the space a 7. 
Alternatively, while the concrete is still plastic or even 
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after it has hardened, it may be drilled from the pipe 6 
to form the opening 17. 
The rod member 8 is then ready to be positioned. 

The anchoring means 2i are first fastened to the lower 
end. In the embodiment shown, these anchor means 
comprise a zigzag steel bar of high tensile carbon steel 
fastened to the lower end of the rod 18 by means of a 
collar 25 suitably fastened to both. Obviously any fas 
tening means may be employed. Either prior to the in 
Scrtion of the anchoring ineans 21 in the opening 19 
or afterward, concrete 26 is placed in the opening 9 
in such volumes that the upper surface 27 will be below 
the lower end of the pipe 16 or in the alternative, some 
means are provided for preventing the pipe i6 or any 
portion of the structure 2 from becoming permanently 
fastened to the bed-rock 10. Thereafter the upper end 
i8' of the tie rod 8 is suitably fastened to the concrete 
structure 12, the only requirement of the invention being 
that the point of fastening is sufficiently spaced from the 
point of fastening of the anchor means 21 to the bed 
rock ié that the portions of the tie rod 3 between such 
points of fastening are resiliently extensible in amounts 
sufficient to allow the concrete structure 12 to move up 
Wardly in the soil in amounts sufficient that the soil 11. 
has the proportionate amount of the uplift forces trans 
mitted thereto. 
The portion 8' of the rod 18 may be fastened to the 

structure 2 in any known or desired Inanner, but in the 
preferred embodiment, concrete is used. Thus, a packing 
of fibrous or other material 30 is placed in the space E7 
at a distance d above the surface 27, that is, the point 
of fastening of the anchor means 25 to the bed-rock 50. 
The distance d represents the length of the rod 18 which 
is free to resiliently elongate under uplift forces and thus 
permit movement of the structure 12 relative to the bed 
rock 10. After the packing 36 is placed, concrete 32 
is poured into the space between the portion of the rod 
18' in the pipe i5 to rigidly fasten the portion 18' to the 
pipe 16, and thus to the concrete structure 2. Obviously 
any other suitable fastening means may be employed. 

it will also be appreciated that once the concrete 12 
is hardened, the pipe 6 may be removed. Also, it will 
be appreciated that the space 7 may be suitably filled 
with a plastic composition such as grease or the like 
wihich will exclude moisture and prevent rusting of the 
rod 8. Obviously such material should be placed before 
the packing 38 is inserted. 

it will also be appreciated that the pipe 6 extends 
upwardly above the structure 2 and may be connected 
to above surface structures for the purpose of transmit 
ting uplift and downward bearing forces to the anchorage. 

It will be appreciated that, if desired, the tie rod 18 
imay be fastened to the concrete structure over its entire 
length and actual spring members be employed in place 
of the collar 25 for fastening the lower end of the rod 8 
to the anchor means 2:. 

It will also be appreciated that, if desired, the concrete 
structure 2 may be elongated in any one dimension and 
cine cr a plurality of rod members similar to those 
described may extend therethrough into the bed-rock i8. 

in operation, downward bearing forces are transmitted 
directly through the concrete structure 12 to the bed-rock 
1. No actual movement of the concrete structure occurs 
in the soil 1. 

However, when uplift forces are applied, the first thing 
that happens is the concrete structure 12 moves upwardly 
in the soil it with relatively little resistance. Substan 
tialiy all of the uplift force is transmitted to the bed-rock 
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20. However, the long portion of the tie rod 18 is free 
to elongate under such uplift forces and as the rod 8 
does eiongate and the structure 12 moves upwardly, the 
soil 11 begins to develop resistance against such upward 
movement and as the uplift forces increase, a greater and 
greater portion of such forces is transferred to the soil 
ii and this greater and greater proportion of the forces 

70 

5 

6 
will be transferred to the soil 12 until the soil it can no 
longer resist, in which case any increases in the uplift 
forces will then continue to be transferred to the bed 
rock 18. But in any event, the soil 1 is accepting a 
share of the uplift force which it would not accept if the 
tie rod 8 were fastened to the structure 12 over its entire 
length, that is to say, if no resiliently extensible means 
were provided between the points of fastening to the con 
crete structure 2 and to the bed-rock i0. 
The invention has been described with reference to 

preferred embodiments. Obviously modifications and al 
terations differing radically from the preferred embodi 
ments will occur to others upon a reading and under 
standing of this specification and it is our intention to 
include all such modifications and aiterations insofar 
as they come within the scope of the appended claims. 

Having thus described our invention, We cairn: 
1. An earth pile anchorage wherein the earth is com 

prised of a layer of bed-rock and an overburden of soil, 
a concrete structure in said overburden and bearing 
against said bed-rock, said concrete structure having an 
external surface provided with randomly arranged out 
wardly extending protrusions which key into said over 
burden, a load absorbing rod extending from Said struc 
ture into said bed-rock, means rigidly fastening said toad 
absorbing rod to said bed-rock, means rigidly fastening 
said load absorbing rod to said concrete structure at a 
point substantially spaced above the point of fastening 
to said bed-rock, said latter rigid fastening means trans 
Initting forces from said load absorbing rod to Said coin 
crete structure in both the upward and downward direc 
ticins, said load absorbing rod being free from restraining 
movement between said points and in a direction toward 
each of said points whereby said load absorbing rod may 
elongate under uplift forces to enable the concrete struc 
ture to move upwardly and transmit a portion of the up 
lift forces to said overburden. 

2. Ail earth pile anchorage wherein earth is comprised 
of a layer of bed-rock and an overburden of soil, a con 
crete structure in said overburden and bearing against said 
bed-rock, said concrete structure having an external sur 
face provided with randomly arranged outwardly ex 
tending protrusions which key into said overburden, a 
metal load absorbing rod extending vertically through 
said structure into said bed-rock, means rigidly anchoring 
said load absorbing rod to said bed-rock, means rigidly 
anchoring said load absorbing rod to said concrete struc 
ture, at a point substantially vertically spaced above the 
point of anchorage to said bed-rock, said latter rigid 
anchoring heans transmitting forces from said rod to said 
concrete structure in both the upward and downward di 
rections, and sleeve means surrounding said load absorb 
ing rod and located between said points of anchoring and 
preventing fastening of said load absorbing rod to said 
concrete structure between said points, said load absorb 
ing red being free from restraining movement by said 
sleeve means in a direction toward each point whereby 
said load absorbing rod may be elongated between said 
points under uplift forces to enable the concrete struc 
ture to innove upwardly and transmit a portion of the uplift 
forces to said overburden 

3. An earth pile anchorage for earth comprised of a 
layer of bed-rock in an overburden of soil, a concrete 
structure in said earth having a vertically extending open 
ing therethrough, said structure bearing against said bed 
rock and having an external surface provided with rain 
domly arranged outwardly extending protrusions which 
key into said overburden, an aligned opening in said bed 
rock, a load absorbing rod extending vertically through 
said openings, means in said bed-rock opening rigidly 
fastening said load absorbing rod thereto, plastic means 
Surrounding said load absorbing rod in the lower end of 
said concrete structure opening and preventing adhesion 
between said load absorbing rod and said concrete struc 
ture, said load absorbing rod being free from restraining 
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movement by the plastic means in a direction longitudi 
nally of said rod, and hardened concrete means adjacent 
the upper end of said concrete structure opening rigidly 
fastening said load absorbing rod to said concrete struc 
ture at a point substantially spaced from the point of 
fastening said load absorbing rod to said bed-rock. 

4. In combination with the earth wherein the earth 
consists of a layer of bed-rock and an overburden of soil, 
a hardened concrete column in said soil, said column 
having an axially extending opening therethrough, said 
column bearing against said bed-rock to Support down 
ward forces, said column having an external generally 
cylindrical surface provided with randomly arranged out 
wardly extending protrusions which key into said over 
burden, an eiongated tension and load absorbing member 
cxtending through said column opening into said bed 
rock, means rigidly fastening said tension member to said 
bed-rock and means rigidly fastening said tension mem 
ber to said hardened concrete column at only a position 
substantiaiiy remote from the lower portion of said open 
ing, said latter rigid fastening means transmitting forces 
froin said load absorbing member to said concrete column 
in both the upward and the downward directions, said 
tension and load absorbing member being free from re 
straining movement between said rigid fastening means 
in a direction longitudinally of said nember whereby 
said load absorbing member can move relative to said 
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hardened concrete column in the lower portion of said 
opening between said rigid fastening means. 
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