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Abstract: A brief description is given of the in-situ technique of drilling a long curved
hole under the ground. As an example of utilizing this method, a conduct of in-situ pilot
test in Japan is introduced in which jet-grouted column were installed in the horizontal
direction in a saturated sand deposit. This example indicated viability and applicability of
the technique for improving soil deposits in curved alignments.
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1. INTRODUCTION

The permeation grouting has often been used in Japan for stabilizing sand-rich deposits
against liquefaction during earthquakes. Also, of frequent use is the jet grouting which
is effective for any type of soil materials. The grouting technique has been implemented
by first drilling a vertical hole and then lifting the jet monitor gradually from the bottom
of the drilled hole while ejecting cement slurry. Over a period of the last decades, there
has been a growing demand to reinforce soil deposits underneath existing structures such
as oil tanks, buildings and underground viaducts. In response to such needs, techniques
for drilling curved holes have been developed and the advances in this technique made it
possible to implement a horizontal array of the jet grouting. In this paper, the method to
drill a curved hole will be briefly described first and an example of its installation will be
given for jet grouting by making use of the curved boring.

2. METHOD OF DRILLING A CURVED HOLE

The drilling is performed by advancing a cylindrical steel tube 65 to 90 mm in diameter
which is equipped with a brim-shaped cutting edge as shown in Fig. 1. More detailed set-
ting of the cutting blade with the drill rod is illustrated in Fig. 2. If the drill rod is rotated
continuously using drilling mud, a hole is guided to advance straightforward as illustrated
in Fig. 2(a). If the hole is to be curved, the brim should be first rotated statically to a tar-
geted direction through remote control from the entrance of the hole on the ground surface.
Then the operator pushes forwards the drilling rod. When the rod does not advance, it is
moved back and forth while ejecting the drill mud from the end of the drill rod. For the soft
deposits with a SPT N-value less than about 30, this operation can be done without diffi-
culty. Even for stiffer soil deposits, the same operation can be worked out without much
difficulty. The angle of curvature is controlled manually by the operator by adjusting the
force of pushing the drill rod. If the hole is to be curved sharply, i.e., at a large angle, the
pushing force should be stronger and via versa. The location of the bored hole is checked,
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Figure 1. Brim-shaped cutting bit for curved drilling.
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Figure 2. Illustration for straight-forward and curved boring.

as necessary, by once taking out the dill rod and by inserting a gyroscope-equipped flex-
ible rod into the drill rod. When pulling out the gyroscope-rod, the continuous records
are obtained on the angle of the already-drilled curved hole at many points at some inter-
vals. Using these data, a complete trace of a curved bored hole can be established in the
three-dimensional manner. After the curved portion has been advanced through a targeted
distance, the phase of continuous rotation may be resumed, if the hole is to be guided
straightforward. In case the hole is to be curved again, the direction of the brim is changed
again by the remote control, and the phase of static pushing is implemented.

By combining the two phases of operation as above, that is, continuous rotation and
static pushing with shifted direction of the brim, curved drilling towards any direction
and distance can be executed. To demonstrate how the rotation of a long curved rod could
be worked out within the curved narrow hole, a curved rod was placed on several sup-
ports on the ground as shown in Fig. 3 and then it was rotated. The rotation could be
performed without any difficulty. It may be difficult to understand, by intuition, how con-
tinuous rotation of a long curved rod can be managed by an operator at one end on the
ground surface, but it can indeed be feasible even in the long hole. The machine in oper-
ation for the inclined drilling is shown in Fig. 4. The curved boreholes can be utilized for
multiple purposes. Examples of using the curved hole for jet grouting will be described in
the following.
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Figure 3. A long curved rod to drill a hole in the ground.

Figure 4. Inclined drilling in operation.

3. CURVED JET GROUTING

In the normal practice of jet grouting, a vertical hole is first drilled and then the monitor
rod is lowered to a targeted depth. Then, jet grouting operation is conducted upwards. It
is to be noticed here that the direction of grout advancement is from the farthest end of the
hole towards the hands of the machine operator which may be called “pulling operation”.
This is necessitated to facilitate easy discharge of the cuts-containing debris or spoils to
open space on the ground surface without clogging the annular space between the drill
rod and the surrounding drainage pipe (spoil vent pipe).

In the case of the curved jet grouting, the free outflow of the debris slurry as above must
be worked out as easily as intended. Thus, in order to achieve the pulling operation in
the curved jet grouting, the curved hole is drilled first until it reaches the ground surface
on the opposite side which is located at some distance from the starting point of drilling
operation. This is indicated in Fig. 5 as Step 1 operation. After the brim-shaped cutting
edge has appeared on the ground surface, the cutting bit is removed and the jet grout rod
is fixed to the end of the drill rod together with a flexible long pipe such as poly chlorinated
biphenyl pipe which is going to be used as a spoil-vent pipe. The jet-grout rod enclosed
by this spoil-vent, both attached to the end of the drill rod, is pulled back to the machine
position through the hole already drilled as shown as Step 2 in Fig. 5. Note that when the
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Figure 5. Steps for implementing jet-grouting through a curved hole.

jet grout rod is pulled back to the position of the machine, the jet monitor is still attached
to the other end of the jet-grout rod. Then, the drill rod is removed.

The jet monitor and jet grout rod is again inserted in the hole together with the spoil
vent pipe to a target place. Then, the jet grouting is started in the same usual fashion as it
is done upwards in a vertical hole. Step 3 in Fig. 5 indicated the completed state of setting
of the jet monitor and spoil-vent pipe from where the jet grouting starts back towards the
machine from the target position. Step 4 simply shows the change of operating machine
from drilling to jet grouting. Step 5 in Fig. 5 shows the state of jet-grouting in progress and
Step 6 indicates a final completed state of grouting.

4. PILOT TEST OF CURVED JET GROUTING IN TOKAI, JAPAN

To verify how well the above procedure could work in the field, a series of pilot installa-
tion was attempted recently at a test yard in Tokai, Ibaragi Prefecture in Japan. A section of
an open yard was excavated to a depth of 3.1 m as illustrated in Fig. 6. The native ground
consists of clay and loam of volcanic origin and the ground water level is 1.1m below the
surface. Then, the open pit was backfilled with a fine to medium sand which was com-
pacted by hydraulic filling so as to have a SPT N-value of about 10. On top of the backfill,
cohesive soils were piled up to a height of 1.6 m as a surcharge. Then, the curved drilling
was conducted until the end of the drill rod came out on the ground surface 338m dis-
tant from the place of the drilling machine as illustrated in Fig. 6. Jet grouting was then
conducted in the middle of the excavated pit at a depth of 3.6 m towards the operator as
indicated in Fig. 6. In installing the jet grout, water jet was first ejected for cutting the soil
and then cement slurry without water wrapping was jetted to solidify the soil. Three hor-
izontally jet-grouted columns each having a diameter of 1.5 m were installed so that there
is a overlapping of 20∼30 cm between two neighbouring columns as indicated in Fig. 7.
Note that the jet grouting was conducted in the saturated compacted sand deposit below
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the ground table. After installing the horizontal jet grout, the pit was excavated to examine
how well the columns had been formed under the ground. Fig. 8 shows the horizontally
laid-down columns indicating that the technique had been implemented to a reasonable
level of satisfaction.

Figure 6. Pilot test site at Tokai for horizontally laid jet grouting.

Figure 7. Cross section of the horizontally jet-grouted columns in Tokai, Japan.

Figure 8. Horizontally laid jet-grouted columns at the test site in Tokai after excavation.
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5. CONCLUSIVE REMARKS

The technique of drilling curved holes in the ground in three-dimensional manner is a new
aspect of development which could be applied for multi-purposes such as soil investiga-
tion, improvement of soils under existing facilities, and so on. In this paper, outcome of
pilot tests was first introduced for installing horizontal jet grouting using the technique of
the curved hole drilling. Exposure of the jet-grouted columns by excavation of the test pit
disclosed that in-situ formation of the improvement had been conducted with a reasonable
of accuracy.
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