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The research activities of this laboratory are as follows. To measure ground information at landslide disaster sites, we have participated in the Moonshot
R&D project “Collaborative Al robots for adaptation of diverse environments and innovation of infrastructure construction” since 2021. We have begun
research on estimation of ground strength using excavating resistive force, as well. Next, we are interested in the advanced development of a fiber cement-
stabilized soil method. We have evaluated (1) strength characteristics of the fiber cement-stabilized soil using perlite byproducts, and (2) strength
characteristics of fiber cement-stabilized soil using empty fruit bunches (EFBs). We have also conducted soil sampling using an unmanned aerial vehicle
(UAV). We developed a device to sample soil with a screw penetration depth of 30 cm while applying a reaction force, and we tested its effectiveness
through indoor and outdoor experiments.
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Estimation of ground strength using
excavating resistive force

We participated in the Moonshot R&D project “Collaborative Al robots for
adaptation of diverse environments and innovation of infrastructure
construction” beginning in 2021. We have also begun research on estimation
of ground strength using excavating resistive force. The following studies
were conducted:

(1) Strength estimation of sandy soil using excavator bucket: Sandy ground
(silica sand #6, #9, and decomposed granite soil) was excavated using a
bucket, and the excavating resistive force was measured. We investigated
the relationship between the average excavating resistive force and the cone
index (Fig.1).

(2) Strength estimation of sandy soil using a blade: The same sandy soil as
in (1) above was excavated using a flat blade, and the excavating resistive
force was measured. Once again, we investigated the relationship between
the average excavating resistive force and the cone index (Fig.2).

(3) Strength estimation of sandy soil using rotating torque acting on crawler
during turning: The crawler model was rotated on the same sandy soil as in (1)
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(A—vEH) coBFRICOVWTERE U (Fig.3),

Fig.1 Apparatus for bucket excavation

Fig.2 Apparatus for blade excavation

above, and we measured torque during rotation. We determined the
relationship between average rotating torque and the cone index (Fig.3).

Fig.3 Apparatus for rotation torque
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Fig.4 Filed experiment using mini-shovel

Fig.5 Modified soil by EFB

(4) Field experiment using a mini-excavator: We conducted soil excavation
experiments using a 3-ton mini-excavator in a field located in Sanbongi,
Osaki City, Miyagi Prefecture. Pressure and stroke sensors were installed
in the excavator’s cylinder to measure the pressure changes caused by
excavation. We investigated a method for estimating ground strength from
the force acting on the cylinder (Fig. 4).

Advanced study on fiber cement-stabilized
soil method

We conducted the following studies to achieve advanced development of
the fiber cement-stabilized soil method to recycle unused high water
content mud.

(1) Evaluation of strength characteristics of fiber cement-stabilized soil
using perlite byproducts: Last year, we confirmed that mixing perlite
byproducts with mud could reduce the additive amount of paper debris
required for the fiber cement-stabilized soil method. This year, we
developed an inexpensive neutral solidifying material by mixing perlite
byproducts with a water-soluble polymer and confirmed its effectiveness.
(2) Evaluation of strength characteristics of fiber cement-stabilized soil
using empty fruit bunch (EFB): The strength characteristics of the fiber
cement-stabilized soil with EFB (a typical agricultural waste product in
Indonesia) were investigated with the aim of applying the fiber cement-
stabilized soil method to landslide disaster sites in Indonesia (Fig.5). The
results were presented at the International Symposium on Earth Science
and Technology 2021, and we won the best paper award there.

Development of soil sampling device
using UAV

We have conducted research and development of a screw-type soil sampling
device since 2019. This year, we conducted a screw penetration experiment
using a device that can penetrate a screw to a depth of 30 cm while applying
a reaction force (Fig. 6). As a result, the screw can penetrate to the target
depth of 30 cm and sample soil. The experiment was also conducted on an
actual seashore to confirm that the device could operate outdoors.

Fig.6 Screw type soil sampling device
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