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Construction of retaining walls on a steep slope by Gyropress Method
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ABSTRACT

Road widening works were planned for a highway running through mountainous areas to alleviate traffic congestion. The
region is characterized by mountains, with the existing road flanked by steep slopes on both sides. This situation made it
challenging to secure construction yards and access roads for the project. To address these difficulties, the press-in piling
method, especially in conjunction with the GRB System™, was considered highly advantageous as it does not require
extensive construction yards. For this particular site, the construction of two rows of steel pipe retaining walls was
planned and executed using the Gyropress Method™ to create the construction access roads. The pair of column-row
continuous walls constructed with a total of 274 steel tubular piles was completed in approximately 6 months. This paper
describes the details of construction using the Gyropress Method, along with examples of high-precision quality control
utilizing Implant NAVI™. Additionally, it introduces innovations such as the construction of safe working scaffolds

synchronized with the progress of the construction.
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1. Outline of the project
1.1. Place

The Kobotoke Tunnel, the site in question, is located
at the western edge of Hachioji City in Tokyo and serves
as the border with Kanagawa Prefecture. It is located

approximately 50 km west of the Tokyo city center.

1.2. Background and objectives of the project

The Chuo Expressway is a highway that runs from
Tokyo to Nagoya, passing through Kanagawa, Yamanashi,
and Nagano prefectures in the west direction from Tokyo.
In the vicinity of the Kobotoke Tunnel on the Chuo
Expressway, this road always becomes a site of long traffic
jams during weekends and tourism seasons. The road
widening works were planned to alleviate this frequent
traffic congestion. The area is a mountainous region, and

the existing road has steep slopes on its sides.

Consequently, it was challenging to establish construction
yards and access roads for the project. To address these
difficulties, the press-in piling method, especially when
combined with the GRB System, was deemed highly
favorable as it does not require extensive construction
yards. For this particular site, the construction of two rows
of steel pipe retaining walls was planned and executed
using the Gyropress Method to create the construction

access road.

2. Structural type and piling method
2.1. Site condition

This project involves constructing an access road on
the slope of the valley side of a highway running through
the mountains, intended for highway widening works. The
uphill lanes and shoulders of the operational highway are

on steep slopes, where it is impossible to install large-scale
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work platforms. To establish the access roads in this area
through embankment and excavation, it was necessary to
construct a retaining wall for the embankment on the

valley side of the access roads.

2.2. Ground condition

Fig. 1 shows the soil profile and SPT N-values at the
site. The soil up to a depth of 9 m consists of silt and gravel
fill, containing angular cobbles with a maximum diameter
of about 110mm. From a depth of 9 m to approximately
13m, the material is a talus deposit of silt and gravel,
primarily composed of angular cobble with a maximum
diameter of about 80 mm. Both strata indicate SPT N-
values of about 10 to 20. Below this lies a layer of shale,
with an extrapolated SPT N-value exceeding 1500.
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Fig. 1 Soil profile together with SPT N-values
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Fig.2 Layout of the tubular piles

2.3. Structural type
Fig. 2 shows the layout of the site. To construct two
access roads, steel pipe piles are installed into the slope on

each side of the valley for retaining purposes. The piles,
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steel pipe piles with a diameter of 800 mm, are installed at
a pitch of 1000 mm. The length of the piles for A-Line
ranges from 12.5 m to 14.1 m, and for B-Line, it ranges
from 7.0 m to 23.5 m. B-Line includes support piles that
will serve as the foundation for a platform to be
constructed later. From the ground surface to the top of the
pile, there is a protrusion of 4 to 6 meters. Later, to prevent
backfill material from spilling out between the piles, steel
angles are inserted into the ground for more than 500 mm
between the piles, and the upper part of the angle is welded
to the steel pipe.

Due to the slope rising from right to left in the figure,
the initial design had the pile heads positioned according
to the slope of the road surface. However, due to the
specifications of the piler and the clamp crane, it was
necessary to reduce the inclination of the pile head levels
to stay within the limit values of step construction and to
raise the pile head on the starting side during construction.
This problem was adjusted by cutting the pile heads after
construction.

On the terminal side of B-Line, bearing piles for the
structure were also installed because the access road
connects to the platform. The section beyond the
breakpoint consists of steel pipe piles used for installation
of the bearing piles, and these bearing piles were installed
to the shale layer. Piles used for moving the piler, other
than the bearing piles, were extracted while retreating and

later reused as piles for A-Line.

2.4. Piling method

As mentioned earlier, the top 9 meters of the
geological strata of this area were formed by backfill
during the construction of the expressway, and there were
concerns about the presence of cobbles and boulders larger
than those shown in the borehole log. The Gyropress
Method, a rotational cutting method capable of dealing
with these obstacles, was adopted. Additionally, because
the site is located on a slope and there is insufficient

working area, the use of the GRB System was essential.

3. Press-in piling
3.1. Layout

Fig. 2 also shows the layout of the piling work. The
platform where the crane is installed is also used as a

stockyard and workshop for materials, where pipe

Table 1 Specifications of theSILENT PILER, F401

Max. Press-in Force* 1500 kN
Max. Extraction Force* 1600 kN
Chuck Rotation Torque 900 kNm
Max. Chuck Rotation 11.0 rpm
Velocity

Chuck Stroke 1000 mm
Press-in Speed 0.7 to 4.9 m/min

Extraction Speed 0.7 to 3.5 m/min

* for gyration use

processing and unloading of materials were conducted.
The delivery of materials was managed by temporarily
regulating the uphill lanes of the operational expressway
and stopping the delivery vehicles in the lane for
unloading.

On the starting side, the range in which alternate
operation of the crawler crane was possible involved the
installation of steel pipe piles using the same crane.
Beyond that point, a clamp crane was installed, and
construction was carried out GRB
System (Fig. 3).

For this project, GYRO PILER F401, UNIT
RUNNER UR5, CLAMP CRANE CB3 and PILE
RUNNER PR2 were used. The specification of the F401

is as shown in Table 1.

using  the

NV AN 6 S SRR
Fig.3 Setting of GRB System (B-Line)
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3.2. Piling data

Fig. 4 shows an example of the press-in data obtained

Table 2 Example of cycle time table (B-Line)

Cycle Time
during the operation of Pile B103. This pile was used as a Project: | Chuo Express way Kobotoke tunnel \ Pile B2
. . Date time Start: 2022/3/25 13:20 End: 2022/3/25 17:53
bearing pile for the platform and was embedded 3.2 meters comaer | 00w [ rwe] © [mek [ omm
il’ltO the shale layer’ Wthh serves as the bearing layer. Pile length 17.6m  |(Lower : 13.1 m + Upper : 4.5 m) Press-in length 142 m
Designed 308.678
From the diagram, it can be observed that both the Pile top level =
pressing force and the extraction force increase upon Equipment: Fa0t e | Shll Furuno, SATO U Core.
. Date Time Duration :mS: Toe level Procedure
entering the shale layer. The extrapolated SPT N-value L S
2022 /3/25| 13:20 ~ 13:31 11 11 Installation Lower Pile
was 1500, but this did not significantly hinder the rotary 1331 ~ 1400| 29 40 | 0.0 |implant Navi, Pile Center setting
. 15:15 ~ 15:28 13 53 6.5 |Gyration Press-in
cuttlng process. 15:28 ~ 15:50 22 75 Upper pile installation
15:50 ~ 16:00 i0 85 Pre-welding inspection
16:00 ~ 16:18 18 103 Welding
16:18 ~ 16:35 17 120 Penetrant Test
Press-in Data 16:35 ~ 17:00 25 145 | 12.5 |Gyration Press-in
Project : Chuo Express Way Kobotoke Tunnel | Pie No. 8103 17:00 ~ 17:08 5 153 Follower
Dume:’:f 900 m:‘m : S Pie .e..;?:“ = 2 ge,mmmm“imess): p— 17:08 ~ 17:22 14 167 | 14.2 |Gyration Press-in
Pile toe level : TP 290.045m Pietoplevel : TP 311128m | Max Pressin Force : 50 X10KN 17:22 ~ 17:33 11 178 Pile top plate welding
Bearingstrata © TP 203270 m Press-in length 15.868m | Max. Extraction Force: 50 x10 kN 17:43 ~ 17:49 6 184 Moving forward
Designed embedment depth : 3.135m 1 Operator: Furuno, SATO JUKI Corporation 17:49 — 17:53 4 188 Follower removal
Measured embedment depth Jzsm ] Pler: P01 Total duration 188 min Welding Time 18 min
X 10kN, X 10kN-m SPT-N
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Fig. 4 Press-in data obtained from Pile B103

3.3. Productivity

Table 2 presents an example of the record of pile
construction procedures and the required time. At this site,
the average 2 to 3 piles were installed per day. Including
the days for staging, it took 7 months to construct all
274 piles.

3.4. Encountered difficulties

In this project, high-level construction was one of the
challenges. Normally, reaction frames are fixed by
installation of steel sheet piles on both sides and attaching
the reaction frame to the top of the steel sheet piles with
bolts and welding. However, at this site, the top end height
exceeding 5 meters from the ground level was considered
too high for steel sheet piles to provide sufficient rigidity.
Therefore, instead of steel sheet piles, four 400H H-

shaped steels were driven into the ground on each side

Fig. 5 Reaction frame set on the H-shaped beams

using a vibratory hammer, and the reaction frame was
attached to these, enabling stable initial pressing (Fig. 5).

In the high-level construction, securing safe access
paths for workers to the operation points can be difficult.
Therefore, a method was adopted where brackets were
welded near the top of each pile after installation, and safe
pathways were extended as construction progressed.
These created safe pathways could be used as secure
working platforms for transporting piles with the GRB
System and working with the clamp crane, providing
convenience to subsequent workers as well. By modifying
parts of the piling stage, innovative solutions were also

applied to welding work at the base of the scaffolding (Fig.
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Fig.7 Looking up at the work passage

In the Gyropress Method, it is common to install
internal piping to deliver lubricating water to the tip of the
pile. Typically, the connection of the pipes is done through
welding work. At this site, which is adjacent to the
expressway, care was taken to prevent any fire or smoke
from posing a danger to passing vehicles. A method of
connecting pipes pre-threaded and using sockets was
adopted. This approach not only shortened the time
required for piping work but also received positive

feedback for its safety aspects.

4. Additional data
In the quality control and conformance management
of piles at this site, the Implant NAVI system (Fig. 8) was

used to measure and record data for all piles. This system

likely facilitated precise tracking and management of pile
installation parameters, ensuring that each pile met the
specified requirements and standards for the project. The
usefulness of the Implant NAVI system was particularly
appreciated in this project due to the high elevation points
of the piles and the steep slope of the site, which allowed
for measurements to be taken from a distance. This
capability is crucial in challenging terrain, where direct
access to the pile points may be difficult or unsafe,
demonstrating the system's adaptability and effectiveness
in ensuring quality control under such conditions.

The measurements indicated that all the piles
installed in this project had an inclination within 1/300 and
the eccentricity did not exceed 10 mm as shown in data
sheets (Figs. 9, 10, 11). The acceptable values for this
project were 1/200 and 80 mm, respectively. The ability to
monitor these parameters during installation contributed
significantly to the construction of high-quality piles. This
level of precision ensures structural stability and longevity,
demonstrating the effectiveness of using real-time
NAVI in
maintaining strict quality control during pile installation.
(Fig. 8)

monitoring technologies like Implant

- seraCoUTIIG

Fig. 8 Monitoring using Implant NAVI

Figs. 12, 13, 14 are photographs of the construction
progress. They show the operation status of the GRB
System, the delivery of piles, the completion of B-Line
pile installation. And as seen in Fig. 15, the completion of

the construction.
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Fig. 9 Result from measurement using Implant NAVI.
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Fig. 10  As-built drawings using Implant NAVI.
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Fig. 11  Steel pipe pile eccentricity measurement diagram, Implant NAVI.

5. Concluding remarks

The Gyropress Method was employed to install steel
pipe pile retaining walls on a steep slope.

The construction of all 274 piles was completed in
7 months, including the time spent on ancillary tasks.

The use of the GRB System enabled construction in
areas where securing a work area was not possible.

By utilizing the Implant NAVI system, high-
precision quality control and the visualization of results
were achieved, enhancing the overall efficiency and

reliability of the project.

Fig. 13 Material delivery

Fig. 12 Pile conveyed by Pile Runner Fig. 14 Completion of piling of B-Line
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Fig. 15 Completion of access road
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