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This laboratory aims to develop an eco-friendly construction system for development machinery and is engaged in the recycling of construction by-
products, the development of intelligent development machinery, and the development of technology for acquiring ground information at landslide
disaster sites. To acquire ground information at landslide disaster sites, we have participated in the Moonshot Project (Goal 3, collaborative Al robots
for adaptation of diverse environments and innovation of infrastructure construction) since 2021 and have begun a study on estimating ground strength
using excavating resistive force. In 2023, we conducted the excavation experiments on sandy and clayey soils, and a demonstration experiment based
on our findings was shown to the public. We also conducted a fundamental study on development of a hand-guided sludge recovery machine and
estimated the grain size of crushed rocks using images through bucket excavation.
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A public demonstration of ground strength estimation was conducted
TETE. MBEARICEIZIIZVaNIOBET—IDSME 4 field in Sanbongi, Osaki City, Miyagi Prefecture. In the
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Estimation of ground strength using
excavating resistive force

resistive force. We conducted the following studies:

failure pattern (Fig. 1).

ground strength was derived (Fig. 2).

Fig. 1 Bucket excavation experiment

Fig. 2 Blade excavation experiment Fig. 3 Public demonstration
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Fig. 4 Micro excavator equipped with various sensors Fig. 5 Mud recovery with blades and vanes

data of a mini-excavator during excavation and displayed in color on a
monitor. The demonstration was covered by four construction trade
papers, and the achievement was publicized (Fig. 3).

(4) Excavation experiment using a micro excavator:

We conducted excavation experiments using a micro-excavator, which is
smaller than a mini-excavator, equipped with a hydraulic pressure
sensor and a distance sensor. We conducted these experiments to
investigate the scale effect of bucket volume. Based on the results of
excavation tests using a model micro-excavator and mini- excavator, we
will develop a scale-up rule (Fig. 4).

Development of a hand-guided
mud recovery machine

A large amount of soft mud is generated at disaster sites, and mud
deposited on private houses and roads is removed by hand. Since 2022,
we have been conducting a fundamental study to develop a hand-guided
mud recovery machine. The handling performance of mud needs to be
improved for mud recovery, and this study assumes the use of water-
soluble polymers. The amount of the polymers added is determined by
the mud liquidity index. Based on the resistive force acting on a blade
and the torque acting on a vane, a study was conducted to estimate the
liquidity index of soft muds. A method for automatically classifying
mud properties as plastic and liquid was proposed, and equations for
estimating the liquidity index for each property were derived (Fig. 5).

Estimation of grain size of crushed rocks
using images during bucket excavation

At crushed-rock and limestone quarries, the bedrock is drilled, explosives
are loaded, and then blasting is performed. The crushed rocks’ grain size
affects the blasting operation’s performance. Therefore, the crushed
rocks’ grain size is important information for the next blasting plan. As
the previous method used a static image of the surface of crushed rocks,
problems arose, such as the inability to determine the grain size of the
inside of the crushed rocks and the inability to eliminate overlapping of
the crushed rocks. From a new viewpoint of “estimating the grain size of
crushed rocks during bucket excavation,” laboratory model experiments
showed that the new estimation method is effective (Fig. 6).

Fig. 6 Crushed rocks excavation experiment by bucket
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