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The research activities of this laboratory are as follows. For the advanced study of the fiber-cement-stabilized soil method, (1) an evaluation of the
unconfined compressive strength of fiber-cement-stabilized soil with perlite by-products, (2) an evaluation of shear strength parameters of modified soil,
and (3) an estimation of optimum mixing conditions of fiber-cement-stabilized soil using artificial intelligence (Al)—specifically, a multilayer neural
network—were conducted. For the study on advancement and intelligence of construction machinery, (1) an estimation of grain size of crushed rocks using
excavating resistive force by excavator bucket, (2) an estimation of soft ground strength by excavator bucket, and (3) an evaluation of excavating resistive
force on soil mixed with gravel by excavator bucket were conducted. Furthermore, for the acquisition of ground information and soil sampling using an
unmanned aerial vehicle (UAV), an estimation of ground strength using fall cone penetration depth and impact acceleration and fundamental studies for
developing an auger-type soil-sampling device were conducted.
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Advanced study of the fiber-cement-stabilized
soil method

The following studies were conducted to achieve advanced development of
the fiber-cement-stabilized soil method.

(1) Evaluation of unconfined compressive strength of fiber-cement-
stabilized soil with perlite by-products: As perlite by-products (Fig.1) have
small particle sizes and porous structures, it is possible to reduce the
apparent water content by mixing them with high water content mud. In
2020, the effectiveness of mixing perlite by-products was confirmed
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through measurement of the unconfined compressive strength of modified
soil with perlite by-products. The results were presented at the International
Symposium on Earth Science and Technology 2020 held at Kyushu
University, and the best paper award was received.

(2) Evaluation of the shear strength parameters of fiber-cement-stabilized
soil: Continuing from 2019, the shear strength parameters (i.e., cohesion
and internal friction angle of fiber-cement-stabilized soil) were obtained
from box shear test. In addition, unconfined compression tests were
conducted, and the estimation of shear strength parameters from the
unconfined compressive strength of modified soil was investigated.
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(3) Estimation of optimum mixing conditions of fiber-cement-stabilized
soil using artificial intelligence (AI): As the mixing conditions of fiber-
cement-stabilized soil were determined by trial and error, the work
efficiency was low. In 2019, the fundamental study on estimation of
optimum mixing conditions of modified soil using a multilayer neural
network was conducted. In 2020, additional datasets were collected
through unconfined compressive tests to increase the amount of teaching
data (Fig.2).

Study on advancement and intelligence
of construction machinery

The following studies were conducted to achieve intelligence of the bucket
excavation work.

(1) Estimation of grain size of crushed rocks using excavating resistive
force by excavator bucket: Blasting performance was evaluated by the
grain size distribution of the crushed rocks. The resistance force of crushed
rocks during bucket excavation was measured to develop an automatic
evaluation system for blasting performance (Fig.3).

(2) Estimation of soft ground strength by excavator bucket: The excavating
resistive force on soft ground was measured through bucket excavation
experiments, and the estimation method of ground strength was
investigated.

(3) Evaluation of excavating resistive force on soil mixed with gravel by
excavator bucket: The excavating resistive force on soil mixed with gravel
was measured through bucket excavation experiments, and the shear
strength parameters were evaluated (Fig.4).

Study on acquisition of ground information
and soil sampling using unmanned aerial
vehicle (UAV)

A cone with an impact accelerometer was dropped from the air to the
ground, and the estimation method for the cone index of soil from the cone
penetration depth and the impact acceleration were investigated (Fig.5).
Furthermore, to develop an auger screw-type soil-sampling device, the
device developed in 2019 was modified (Fig.6). The results confirmed that
the screw could penetrate to a 30-cm depth and sample the soil. In addition,
a method to obtain the reaction force was investigated.

Fig.1 Perlite by-products

Fig.2 Unconfined compression test of modified soil

Fig.3 Bucket excavation experiment of crushed rocks

Fig.4 Box shear test of soil mixed with gravel

Fig.5 Cone with impact accelerometer

Fig.6 Auger screw-type soil sampling device
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