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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) evaluation of strength
characteristics of Fiber-cement-stabilized soil by using granular materials, (2) development of banking materials, (3) evaluation of shear strength parameters
of Fiber-cement-stabilized soil and (4) development of placing-type Fiber-cement-stabilized soil method were conducted. As for the study on intelligent
excavation by the bucket/blade, (1) soil excavation in water by the bucket and (2) acquisition of ground information for automatic bucket excavation were
investigated. Furthermore, the empirical equation for estimating ground strength (cone index) by using UAV (Unmanned Aerial Vehicle) was developed.
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Advanced study of Fiber-cement-stabilized
soil method

We conducted the following studies to advance the development of a
method for Fiber-cement-stabilized soil.

(1) Evaluation of strength characteristics of Fiber-cement-stabilized soil
using granular materials: Using the unconfined compression test on
several kinds of soil samples, we were able to determine the additive
amount of granular materials that would satisfy the target values for failure
strength and strain while adding the minimum additive amount of paper
debris (i.e., 25 kg/m?; see Fig.1). Moreover, we confirmed the durability of
Fiber-cement-stabilized soil using granular materials against drying and
wetting.

(2) Development of banking materials: We created a flowchart for the use
of fiber-cement-stabilized soil to recycle unused, high-water-content mud
as a banking material (Fig.2).

(3) Evaluation of shear strength parameters of Fiber-cement-stabilized
soil: We obtained the shear-strength parameters (cohesion and internal
friction angle) of Fiber-cement-stabilized soil using the box-shear test in
the unconsolidated and undrained condition. We thus examined the effect
of shear-strength parameters on the additive amounts of paper debris and
cement.

(4) Development of placing-type Fiber-cement-stabilized soil method: We
created placing-type Fiber-cement-stabilized soil method for use as
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backfilling materials. The flow value, the bleeding rate and strength
characteristics of modified soil were evaluated (Fig.3).

Study on intelligent excavation
by the bucket/blad

We conducted the following studies to achieve intelligent excavation by
bucket.

(1) Excavation of soil in water by the bucket: We carried out tests for
excavating silica sand on land and in water by the bucket. The results
confirm that the resistive forces in water are much lower than those on land
because the shear forces of soil decrease as the saturation increases (Fig.4).
Based on these results, we investigated a method for estimating ground
strength (i.e., the cone index) based on resistive forces.

(2) Acquisition of ground information for automatic bucket excavation: We
used 3D cameras to measure the shape of the ditches created during soil
excavations using a bucket and using an actual hydraulic excavator. We
estimated the excavated soil volume and the excess soil volume from the
bucket method using image analysis. The measured excavated volume was
similar to the estimated volume. Moreover, we measured the resistive
forces acting on the bucket during the soil excavation (Fig.5).

Study on acquiring ground information through
the use of UAV (Unmanned Aerial Vehicle)

Researchers have confirmed that UAV can effectively measure the
geographical features of landslides from the disaster area. Therefore, to
achieve advanced utilization of such vehicles, we conducted a fundamental
study to estimate the cone index based on the measured impact acceleration
of dropping to the ground. In 2018, we estimated the ground strength (i.e.,
the cone index) using a wireless measuring system. Based on the
experimental results of the time-series tests on the impact of dropped
weights, we developed an empirical equation for estimating ground
strength using the maximum impact acceleration, the time before the
acceleration peak, and the time from that peak to zero acceleration (Fig. 6).

L1
Fig.2 Sampling of high water content sludge

Fig.1 Development of ground materials from the
mud using granular materials

Fig.3 Flowability test (left) and bleeding test (right)

Fig.4 Bucket excavation experiment
of the soil in water

Fig.5 Excavation experiment using actual power shovel

Fig.6 Drop weight impact
time series test
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