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Development of new-generation earthwork and quarry systems
powered by intelligent construction machinery
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Based on soil mechanics and geotechnical engineering, we are researching the development of earthwork and quarry systems based on sensing by
intelligent construction machinery by understanding the mechanical interaction between construction machinery and soil/blasted rocks. Specifically,
we are developing technology to estimate ground information while excavating or driving with construction machinery to improve effectiveness and
ensure safety in sediment disaster reconstruction and earthwork. We are also developing a technology to estimate the grain size distribution of blasted
rocks from scooping operations by construction machinery to achieve fully automated quarrying of crushed rocks, which is indispensable for transport

infrastructure and civil engineering structures.
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Estimation of ground strength
by bucket excavation

Unmanned work with construction machinery is indispensable to
sediment disaster recovery works, as the risk of secondary disasters is
high. However, it is not possible to estimate the ground strength, which
is essential for determining whether construction machinery can be
driven on the ground. As a result, construction machinery must be
operated carefully, and recovery work takes time. Therefore, it is
essential to develop a technology to estimate the ground strength.
Moreover, the Japanese Ministry of Land, Infrastructure and Transport
formulated i-Construction 2.0 in April 2024, aiming to accelerate
productivity improvements through automation of construction works.
To achieve this, sensing ground conditions is crucial, and ground sensing
will contribute to increased productivity and reduced environmental
impact. Just as we can judge which soil is easy to dig with a shovel and
which is not, we may be able to estimate the ground strength while
excavating with the construction machinery.

A patent for a method of estimating ground strength by excavating with
a hydraulic excavator bucket was filed. Toward the social implementation
of the estimation method, the scale effect on the mechanical interaction
between the bucket and the soil was investigated. Moreover, a discrete
element method simulation was conducted to investigate the mechanical
interaction between the bucket and the soil in detail from a numerical
analytical standpoint (Fig. 1).

Fig. 1 Ground excavation by DEM simulation
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Fig. 2 Sphere falling test from drone at field
simulating river channel blockage
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Fig. 3 Cone penetration test at actual river
channel blockage site

Fig. 4 Blasted-rock excavation by micro excavator

Estimation of ground strength
by sphere drop from a drone

We participate in the Moonshot R&D Project “Collaborative Al robots
for adaptation of diverse environments and innovation of infrastructure
construction”. Our aim is to develop a technology for estimating ground
strength to determine whether construction machinery can drive at
disaster sites. We developed a system that uses a sphere equipped with
an acceleration sensor based on drone technology to measure the impact
acceleration when the sphere hits the ground surface. The developed
method was demonstrated at a field simulating river channel blockage
constructed on the Ito Campus of Kyushu University (Fig. 2). In addition,
the developed technology was applied to an actual landslide site and
compared with the results of a cone penetration test (Fig. 3).

Estimation of grain size distribution of
blasted rocks by bucket excavation

At quarry sites, the bedrock is drilled, filled with explosives, and
blasted. When large blocks of blasted rocks are generated, the rocks are
broken into smaller sizes using a rock breaker. They are then scooped by
hydraulic excavators and transported by dump trucks. As the grain size
of the blasted rocks affects the work costs of breaking, scooping, and
transporting, blasting toward the optimum grain size is crucial.
Therefore, a blasting cycle of “blasting planning — blasting —
performance assessment based on estimation of grain size distribution”
can contribute to smooth and safe blasting operations and the transfer of
skills to unskilled operators.

The previous grain size estimation method used static images, which did
not dissolve the overlapping of blasted rocks; therefore, the edges of the
blasted rocks had to be detected by trial and error. A method of
estimating the grain size distribution of the blasted rocks by excavating
with a hydraulic excavator was developed, and then the patent application
was filed. For the social implementation of the developed method,
excavation experiments were conducted using actual excavators to
examine the scale effect on the grain size estimation of blasted rocks
(Fig. 4, Fig. 5).

Fig. 5 Blasted-rock excavation by mini excavator
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