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The research activities of this laboratory are as follows. As for the measurement of ground information at the 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, and we have begun research on estimating ground strength using excavating resistive force. As for the advanced development
of the fiber-cement-stabilized soil method, the present study evaluated (1) the strength characteristics of the fiber-cement-stabilized soil using waste
gypsum board paper and (2) the strength characteristics of the fiber-cement-stabilized soil using empty fruit bunches (EFBs). As for the advanced
study of construction machinery, fundamental studies on development of a hand-guided, sludge-recovery machine and estimating grain size of crushed

rocks using images through bucket excavation were conducted.
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Study on estimation of ground strength
using excavating resistive force

We have participated in the Moonshot R&D Project Goal 3 (collaborative
Al robots for adaptation of diverse environments and innovation of
infrastructure construction) since 2021, and we have begun research on
estimating ground strength using excavating resistive force. The
following studies were conducted:

(1) Strength estimation of clay soil using excavator bucket: The excavating
resistive force acting on a bucket was measured for clayey soil mixed
with silica sand #6 or decomposed granite soil and Kasaoka clay. The
relationship between the average excavating resistive force and the cone
index was evaluated (Fig.1).

(2) Strength estimation of clay soil using a blade: The same clayey soil as
in (1) was excavated using a flat blade, and the excavating resistive force
was measured. The relationship between the average excavating resistive
force and the cone index was evaluated (Fig.2).

(3) Strength estimation of sandy soil using rotating torque acting on
crawler during turning: The torque during the rotation of a newly
produced crawler model was measured for sandy soil. The relationship
between the average rotating torque and the cone index was evaluated
(Fig.3).
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(4) Field experiment using a mini-excavator: Clayey soil excavation
experiments using a 3-ton mini-excavator were conducted in the field
located in Sanbongi, Osaki City, Miyagi Prefecture. In addition, blade
excavation experiments were carried out using a newly produced blade.
Furthermore, the process of remotely operating the mini-excavator to
excavate the ground and estimate the ground strength was examined
(Fig.4).

Advanced study on
the Fiber-cement-stabilized soil method

The following studies were conducted to achieve advanced development
of the fiber-cement-stabilized soil method as a new recycling method for
unused mud with high water content:

(1) Evaluation of the strength characteristics of fiber-cement-stabilized
soil using waste gypsum board paper: The compressive strength of the
fiber-cement-stabilized soil using waste gypsum board paper was
evaluated. The results showed that waste gypsum board paper can be an
alternative to paper debris conventionally used (Fig.5).

(2) Evaluation of shear strength characteristics of the fiber-cement-
stabilized soil using empty fruit bunches (EFBs): The result of slope-
stability analyses showed that the fiber-cement-stabilized soil with
EFBs improves the safety factor of a slope compared to the original soil.

Advanced study on construction machinery

(1) Elemental research on the development of a hand-guided, sludge-
recovery machine: A large amount of weak mud is generated at disaster
sites, whereas mud deposited on private houses and roads is removed by
hand. In 2022, fundamental experiments were carried out on blade design
in the mud collection section and on the estimation of the water content of
the mud (Fig.6).

(2) Study on estimating grain size of crushed rocks by using images:
Conventional methods only used the surface image of the crushed rocks,
making it difficult to determine the grain size inside the deposits. A
fundamental study on estimating the grain size by bucket excavation was
conducted for full automation of mining.

Fig.1 Apparatus for bucket excavation

Fig.2 Blade excavation experiment

Fig.3 Apparatus for crawler turning

Fig.4 Filed experiment using mini-shovel
board paper

Fig.5 Modified soil by waste gypsum

Fig.6 Experiment to measure water content in the soil
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