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(57) ABSTRACT 
A method of installing support tendons in clay soil by 
thermally hardening a mass of clay soil and by anchor 
ing the tendons in the hardened mass. 

19 Claims, 8 Drawing Figures 
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3,807,182 1 
METHOD OF INSTALLING SUPPORT TENDONS 

BACKGROUND OF THE INVENTION 
The instant invention relates to a method of installing 5 

and anchoring tendons for supporting structures. The 
invention is particularly applicable to the support of 
sheeting walls used in building excavations and will 
therefore be shown and described in connection with 
such an excavation. However, the invention is not lim 
ited to sheeting walls and can be employed in connec 
tion with various other applications including, but not 
limited to, anchoring guy wires and cable ends of sus 
pension structures and tendons for supporting founda 
tion structures in tension. The invention is limited, 
however, to use in soils containing a substantial propor 
tion of clay or similar materials. 

In the prior art several methods of installing such ten 
sion-load-bearing tendons have been developed, both 
for supporting sheeting walls and for other purposes. 
One method is that of boring a hole of substantially 
larger diameter than the tendon into the soil behind or 
beneath the soil surface where the tensile support is de 
sired, and then inserting the tendon with an anchor 
plate at its innermost end into the hole and grouting 
about the tendon and anchor plate to fill the hole and 
bond the tendon to the surrounding soil. However, in 
cohesive soils, generally those comprising substantial 
proportions of clay or loess, the use of such tendon in 
stallations has found limited success due to the low 
compressive and shear strength of such soils. The prob 
lem resides in the low shear strength of such soils, 
whereby the anchored tendon tends to pull out of its 
installed position. 

In another field of art, that of constructing building 
foundations capable of supporting the compression 
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loads exerted on the earth by large structures, a tech 
nique has been developed to harden unstable loess 
soils. This technique is described in papers by I. M. Lit 
vinov, both in Highway Research Board Special Report 
60, Soil and Foundation Engineering in the Union of 
Soviet Socialist Republics, National Academy of 
Sciences- National Research Council, 1960; and in 
Volume 96, Number SM 1, Journal of the Soil Mechan 
ics and Foundations Division, American Society of 
Civil Engineers, 1970. Briefly, this hardening technique 
reduces the tendency for loess soils to settle when wet 
ted under load, and comprises the steps of boring 
spaced holes vertically into the earth, inserting a heat 
ing means into each bore and then heating the sur 
rounding earth while the heating means is being with 
drawn from the bore. By this technique a “column' of 
hardened earth is prepared which extends, necessarily 
for foundation construction purposes, from the lowest 
point of treatment to the surface whereon the founda 
tion is to be built. This technique has been developed 
to provide a load-bearing surface of greater compres 
sive strength, wherein theoretically a structure may be 
placed on top of such surface with less danger of de 
structive settling. However, settling still occurs because 
the clay soil between the hardened spaced areas retains 
its weak characteristics, and it is not practical to harden 
a sufficient area to bear the substantial compressive. 
loads of typical buildings. 

SUMMARY OF THE INVENTION 
It is a primary object of this invention to provide a 
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2 
method of installing support tendons, wherein the ad 
vantages found in the use of such tendons in favorable 
soil conditions may be obtained in clay bearing soils. 
An important object of the invention is to provide a 

method for supporting a wall reinforcing an upright 
earthen face of an excavation or land-fill, which 
method finds wide application and reduces the cost of 
such an excavation or land-fill. 

Briefly, the invention contemplates a method of im 
proving the tendon anchoring characteristics of a mass 
of clay soil and emplacing a support tendon extending 
from said mass to a structure which requires tensile 
support. Heat is applied to a location in the soil, spaced 
from the structure to be reinforced at a temperature 
and for sufficient time to harden a mass of the soil 
around the location of heating. A support tendon is 
then anchored to this hardened mass of soil and to the 
structure thus providing a tensile support for the struc 
ture. Preferably the heating is achieved by the local ap 
plication of hot combustion gases to the clay soil. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention having been generally described, a 

specific embodiment will be discussed in detail with 
reference to the accompanying drawings in which: 
FIG. 1 is a side sectional view of a sheeting wall sup 

porting an earthen face into which a casing is being 
driven. - 1 

FIG. 2 is a fragmentary top sectional view showing 
the apparatus for providing pressurized fuel and air to 
the burners, the casing and burner extracting mecha 
nism, and illustrating one embodiment of the subject 
method. 
FIG. 3 is a detail of the burner unit within the casing 

of FIG. 2. 
FIG. 4 is a fragmentary top sectional view showing 

the insertion of a tie-back support tendon through the 
casing. 
FIG. 5 is a fragmentary top sectional view showing 

the support tendon grouted in place in the hardened 
soil mass. 
FIG. 6 is a side sectional view showing two rows of 

the support tendons completely installed. .. 
FIG. 7 is a side sectional view showing the method of 

this invention applied to stabilize and support the foun 
dation of a radio or television tower or similar struc 
ture. 
FIG. 8 is a side sectional view showing the method of 

this invention applied to anchor the cable ends of a sus 
pension structure, such as a bridge, the roof of a build 
ing, or other structure. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS . 

As shown in FIG. 1, an earthen face 1 is reinforced 
by a conventional sheeting wall 2 which is to be sup 
ported by the method of this invention. In the descrip 
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...tion the earthen face 1 is discussed as resulting from the 
excavation of the earth 3 on one side of the wall leaving 
undisturbed earth on the other side of the wall. How 
ever, the invention is also applicable to an earthen face 
resulting from a partial or complete earth filling on the 
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earth face side of the wall. While only a single tie-back 
support tendon installation will be described, mani 
festly a plurality of such installations may, and likely 
would, be used in a typical sheeting wall installation. 
The term "clay soil" is used to indicate soil consisting 



3. 
of or containing a substantial proportion of clay or 
loess or any similar substance having the characteristics 
of clay and hardenable by heat. 

Essentially, the earthen face 1 is reinforced by a plu 
rality of side-by-side, horizontally spaced, upright sol 
dier piles 4 which may take the form of H-beams. The 
piles are: conventional and include flanges 5 to which 
are affixed studs 6 for attaching wooden lagging mem 
bers 7. Alternatively, the members 7 may be short sec 
tions of suitable length for fitting behind the flanges 5 
of adjacent piles 4 in the 'well known manner. This 
wooden lagging 7 supported by the piles 4 present a 
sheeting wall 2 which prevents slippage of the earth 
from the face 1 into the excavation 3. 
Without reinforcement, the earth 9 behind the face 

1 would tend to shear along some inclined plane of slip 
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page and fall into the excavation 3. Although the piles 
4 and the lagging members 7 present a sheeting wall 2 
which bears against the face 1, this wall alone does not 
provide adequate support against the horizontal forces 
produced by the adjacent soil. Therefore the sheeting 
wall must be further supported against such forces. 
The piles 4 are preferably interconnected by one or 

more elongated wales 10 which extend horizontally of 
face 1 outside of piles 4. The wales are constructed of 
steel or the like and are attached to piles 4 by welding 
or other conventional means such as bolts or rivets. 
At suitable, horizontally spaced positions along the 

wale 10 holes 11 are provided through both the wale 10 
and the lagging members 7 behind the wale. These 
holes 11 are of suitable diameter to permit the passage 
therethrough of boring casing 12 and its related boring 
point 13. This casing and its related boring tip 13 are 
rotatably inserted into the earth 9 by means of boring 
drive unit 14 carried by a suitable conventional mount 
ing and transporting means 15. 
When the casing 12, which, for example, may be a 

three-inch diameter pipe, has been inserted to a suit 
able depth, the boring tip 13 is disengaged by conven 
tional techniques, and the casing 12 is withdrawn a 
short distance by a conventional casing puller 16 (FIG. 
2). A heating unit 17 is then inserted into the exposed 
outer open end of the casing 12. One configuration of 
this heating unit. 17 comprises a burner 17A (FIG. 3) 
with associated fuel tank 18 and air compressor 19 po 
sitioned outside the exposed upper end 20 of the casing 
12. The fuel from the tank 18 is pressured by fuel com 
pressor 21 and is distributed to the various treatment 
locations from manifold 22. The pressurized fuel-air 
mixture preferably is supplied to the burner unit 17A 
for burning at a location adjacent to the innermost end 
23 of the casing 12, but alternatively may be burned in 
a unit at the outer exposed end 20 of the casing 12 with 
the hot gases of combustion 24 being conducted by the 
burner unit 17A to the innermost end 23 of the casing 
12, where they may contact the surrounding earth. The 
space between the casing 12 and the burner unit 17 is 
sealed, such that the pressurized products of combus 
tion 24 cannot readily escape up the casing 12 but in 
stead tend to be forced into the surrounding earth. 
Compressed air, preferably in excess of the require 
ments for combustion of the fuel and at a pressure 
above atmospheric pressure, may be supplied to assist 
in forcing these hot gases into the soil. A suitable pop 
off valve or other safety device may be installed at the 
top of the casing to bleed off excess pressure. More 
over, additional stabilizing chemicals may also be sup 
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4 
plied to the area of soil heating to further treat this 
area, making it more susceptible to thermal hardening. 

The effect of these hot gases on the clay soil is to 
harden and substantially increase the compressive and 
shear strength of a surrounding mass 25 of such soil. 
The strengthened area extends radially outward from 
the location at which the heat is applied, and the extent 
of this strengthened mass is dependent upon the tem 
perature of the gases supplied and the time duration of 
the heat treatment. Manifestly, the degree of strength 
ening will vary, depending upon the characteristics of 
the soil, and will decrease radially outward from the lo 
cation of the application of the heat, such that the outer 
portions of the strengthened mass will blend into the 
surrounding unaffected soil. Thus there may be no 
clearly defined boundary between the strengthened 
mass 25 and the surrounding soil, 26. 
While the heating and strengthening process is in 

progress, the casing 12 and heating unit 17 may be 
slowly withdrawn together from the original fully in 
serted position. The rate of such withdrawal and the 
temperature of the gases 24 are regulated thus to pro 
duce an extended mass 25 of treated soil, extending ra 
dially outward from the point of application of the heat 
and axially with the withdrawal of the heating unit 17 
and casing 12. This mass will be terminated at a point 
spaced well behind the face 1. 
When the desired mass has been sufficiently treated 

by this heating process, the heating unit 17 is then re 
moved and the casing 12 is again inserted substantially 
to its original emplaced depth. A tendon 27, with its as 
sociated earth anchoring means 28, is then inserted 
through the casing 12 to a position within the strength 
ened mass (FIG. 4). The tendon 27 may be a steel rod, 
cable, or any other well known structure. The casing 12 
may then be withdrawn by any conventional means. As 
the casing 12 is withdrawn, grout 29 may be inserted 
through the casing 12 around the tendon 27 to fill the 
space between the tendon 27 and the wall 30 of the 
bore. By grouting as the casing 12 is withdrawn, col 
lapse of the wall 30 of the bore is prevented, and this 
grouting firmly anchors the tie-back tendon to the 
strengthened mass 25 of earth (FIG. 5). This strength 
ened mass of earth, with its substantially improved 
compressive and shear strengths, thus supplies the nec 
essary support for the tensile stresses to be placed upon 
the tendon 27. 
At such time as the grout 29 has hardened and thus 

firmly anchored tendon 27 into the earth, the outer end 
27A of the tendon 27, which protrudes through both 
the sheeting wall 2 and the support wale 10, may be se 
cured to the wale 10 by any well known anchoring 
means 31 (FIG. 6), with or without pre-stressing of the 
tendon. Thus the tendon 27, in tension, provides the 
lateral support necessary for the sheeting wall 2. 
Whereas a tendon conventionally installed in such a 
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clay soil would have very little effective strength in ten 
sion due to the low shear strength of such soil, this 
treated soil installation provides substantial support for 
the tendon due to the improvement in shear strength 
from the process described above. 
The invention further includes the application of the 

method of anchoring tendons to other structures re 
quiring tensile support. For example, in FIG. 7, there 
is disclosed a tower anchored by tendons in tension 
which are installed by such method. FIG. 8 shows guy 



S 
wires or cable ends for a suspension structure anchored 
according to the invention. 

It is to be understood that the embodiment shown is 
illustrative of the present invention and is not to be a 
limitation thereof, as other embodiments and variations 
will occur to those skilled in the art. Such variations 
may include but are not limited to: use of electrical re 
sistance heating, application of heat to the soil through 
the walls or through perforations in the walls of the cas 
ing, and insertion of the tendon without use of the cas 
ing and then heating the surrounding soil through the 
surfaces of this tendon. The foregoing and other varia 
tions and substitutions may be made to the specific em 
bodiments disclosed herein without departing from the 
principles of this invention. Therefore, this invention 
includes all modifications encompassed within the 
spirit and scope of the following claims. 
What is claimed is: 
1. A method of installing support tendons in clay soil 

comprising the steps of: 
forming an opening in said clay soil, 
applying heat to a location adjacent said opening in 
said clay soil spaced from the surface of said soil at 
a temperature and for a time sufficient to harden 
a mass of said soil around said location, 

emplacing a support tendon extending from said sur 
face to said mass and anchoring said tendon to said 
mass and to a structure spaced from said location. 

2. The method of installing support tendons in clay 
soil according to claim 1 wherein said heat is applied 
by contacting said soil with hot gases at said location. 

3. The method of installing support tendons in clay 
soil according to claim 2 wherein said hot gases are 
produced by burning a combustible mixture at said lo 
cation. 

4. The method of installing support tendons in clay 
soil according to claim 2 wherein said hot gases are. 
produced by burning a combustible mixture at a posi 
tion removed from said location and conducting the 
products of combustion to said location. 

5. The method of installing support tendons in clay 
soil according to claim 1 further comprising emplacing 
a casing in said soil, the innermost end of said casing 
extending at least to the depth of said location of soil 
to be treated, said applying heat to said soil being from 
said casing, and said tendon being emplaced through 
said casing. 
6. The method of installing support tendons in clay 

soil according to claim 5 wherein said heat is applied 
to said soil by contacting said soil with hot gases ema 
nating from said casing. 

7. The method of installing support tendons in clay 
soil according to claim 6 wherein said hot gases are 
produced by burning a combustible mixture within said 
casing. 

8. The method of installing support tendons in clay 
soil according to claim 6 wherein said hot gases are 
produced by burning a combustible mixture adjacent 
the inner end of said casing. 

9. The method of installing support tendons in clay 
soil according to claim 6 wherein said hot gases are 
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6 
produced by burning a combustible mixture at a posi 
tion removed from the interior of said casing and are 
then conducted through said casing to said soil. 

10. The method of installing support tendons in clay 
soil according to claim 5 wherein said heat is applied 
to said soil while said casing is being partially with 
drawn. 

11. The method of installing support tendons in clay 
soil according to claim 10 wherein said heat is applied 
to said soil by contacting said soil with hot gases ema 
nating from said casing while said casing is being par 
tially withdrawn. 

12. The method of installing support tendons in clay 
soil according to claim 1 wherein the emplacement of 
said tendons comprises the steps of: 

inserting said tendon into said hardened mass, and 
grouting between said tendon and said mass. . 
13. The method of installing support tendons in clay 

soil according to claim 12 further comprising the steps: 

emplacing a casing into said hardened mass, said in 
serting of said tendon being through said casing to 
the innermost end thereof, and 

withdrawing said casing from said soil. 
14. A method of installing support tendons in clay 

soil located behind a wall which reinforces an upright 
earthen face, and method comprising the steps of: 
forming an opening in said clay soil, 
applying heat to a location adjacent said opening in 
said clay soil spaced behind said wall at a tempera 
ture and for a time sufficient to harden a mass of 
said soil around said location, 

emplacing a support tendon extending from said wall 
to said mass and anchoring said tendon to said mass 
and to said wall. 

15. The method of installing support tendons in clay 
soil according to claim 14 wherein said heat is applied 
by contacting said soil with hot gases at said location. 

16. The method of installing support tendons in clay 
soil according to claim 14 further comprising emplac 
ing a casing in said soil from said wall, the innermost 
end of said casing extending at least to the depth of said 
location of soil to be treated, said applying of heat to 
said soil being from said casing. 

17. The method of installing support tendons in clay 
soil according to claim 16 wherein said heat is applied 
to said soil while said casing is being partially with 
drawn. . 

18. The method of installing support tendons in clay 
soil according to claim 14 wherein the emplacement of 
said tendons comprises the steps of: 

inserting said tendon into said hardened mass, and 
grouting between said tendon and said mass. 
19. The method of installing support tendons in clay 

soil according to claim 18 further comprising the steps 
of: : 
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emplacing a casing into said hardened mass, said in 
serting of said tendon, being through said casing to 
the innermost end thereof and 

withdrawing said casing from said soil. 
sk k k : 
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