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The research activities of this laboratory are as follows. As for the advanced study of fiber-cement-stabilized soil method, (1) development of placing-type
fiber-cement-stabilized soil method, (2) evaluation of shear strength parameters of modified soil, and (3) estimation of optimum mixing conditions of fiber-
cement-stabilized soil using artificial intelligence (Al), specifically, a neural network, were conducted. As for the study of intelligent excavation by the
bucket/blade, (1) soil excavation in water by the blade, (2) acquisition of ground information for automatic bucket excavation, (3) estimation of soft ground
strength through soil excavation by bucket, and (4) evaluation of excavating resistive force on soil with gravel by bucket were conducted. Furthermore, as
for acquisition of ground information and soil sampling using an unmanned aerial vehicle (UAV), cone rod falling test was carried out and fundamental
study on the development of soil sampling device was conducted.
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Advanced study of the fiber-cement-stabilized
soil method

The following studies were conducted to achieve advanced development of
the fiber-cement-stabilized soil method.

(1) Development of the placing-type fiber-cement-stabilized soil method:
The placing-type fiber-cement-stabilized soil was created to use the
modified soil as a back-filling material. A flowchart for producing
modified soil that satisfies the target flow value, breathing rate, strength
characteristics, and density was developed (Fig.1).

(2) Evaluation of the shear strength parameters of fiber-cement-stabilized
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Fig.1 Specimens after 20th cycle of drying
and wetting cyclic test (Left: without fiber,
right : with fiber)

Fig.2 Box shear test machine

soil: Continuing from 2018, the shear strength parameters (i.e., cohesion
and internal friction angle of fiber-cement-stabilized soil) were obtained
from box shear test. The effect of the shear strength parameters on the
additive amount of paper debris and cement was discussed. The results
were presented at the International Symposium on Earth Science and
Technology 2019 held at Kyushu University, and the best paper award was
received (Fig.2).

(3) Estimation of optimum mixing conditions of fiber-cement-stabilized
soil using Al: Since the mixing conditions of fiber-cement-stabilized soil

Fig.3 Measuring experiment for ground
shape due to bucket excavation
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Fig.4 Bucket excavation
experiment of the soil in water

predict ground strength

were determined by trial and error, the work efficiency was low. In 2019, the
fundamental study on estimation of optimum mixing conditions of fiber-
cement-stabilized soil using Al (i.e., a neural network) was conducted.

Study on intelligent excavation
by bucket/blade

In construction and resource development sites, ground excavation by
heavy machinery is indispensable. In particular, intelligent excavating
methods such as remote operation or autonomous heavy machinery are
indispensable in an extreme environment (e.g., restoration work at a
disaster site, development of seabed resources, space development). The
following studies were conducted.

(1) Soil excavation in water by the blade: Blade excavation experiments
with various blade angles were conducted, and the soil failure process and
pattern were observed. Moreover, the excavating resistive force was
investigated at a theoretical level.

(2) Acquisition of ground information for automatic bucket excavation:
Continuing from 2018, the shape of the ditch after the bucket excavation
was measured using a 3D camera throughout the laboratory soil excavation
experiments (Fig.3).

(3) Estimation of soft ground strength through soil excavation by bucket:
The excavating resistive force on soft ground was measured through
bucket excavation experiments (Fig.4).

(4) Evaluation of excavating resistive force on soil with gravel by bucket:
The excavating resistive force on soil with gravel was measured through
bucket excavation experiments.

Study on acquisition of ground information
using a UAV

To achieve advanced utilization of UAV, a fundamental study on estimating
ground strength from the penetration depth when a cone rod was dropped
from the UAV has being conducted. The relationship between the penetration
depth and the ground strength (i.e., cone index) was experimentally evaluated
(Fig.5). Furthermore, to develop a screw-type soil-sampling device, a device
consisting of a casing and a screw was devised, and soil sampling experiments
were carried out (Fig.6).

Fig.6 Screw type soil sampling device

Fig.5 Cone falling experiment to
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