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Experimental Study on Rationalization of Design for Pile Cap Using Precast Pile Embedment Method
- Structural Experiment Assuming Steel Foundation Beams -
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Research on the Seismic Performance of Structures with Graphite-Lubricated Sliding Mechanisms
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Aging Characteristics of Natural Rubber Bearings in a Base-Isolated Building after 40 Years of use
- Survey Results of a Monitored Specimen and Validation of Long-Term Trend Forecasts for Natural Rubber Bearings -
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Development of Wooden-Based Hybrid Floor for Sound Insulation
- Study of Floor Impact Sound Reduction Measures in a Full-Scale Timber Structure Building Specimen -
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1.  Effects of Introducing a Concrete Placement Management System
and Suggestions for Improvements

Takehiro Misaka, Tetsuya Hironaka, Atsushi Takao

Around a quarter of all workers in the construction industry are 60 years of age or older; those 29 or
younger account for only about 12% of the total. This has led to challenges such as shortages of skilled
workers and the transfer of technical skills.

One solution to these challenges is to digitalize construction sites. With the intention of reducing
workloads, a concrete placement management system was developed and deployed at seven construction sites.
We then undertook surveys at these sites to evaluate and improve the system.

The survey results showed that introducing the system reduced workloads for construction managers by
approximately 23%. However, challenges such as increased workloads for plant employees were also
identified.

Keywords: digitalization, concrete placement management, transportation time, labor saving, survey

2.  Development of Low-Carbon Sprayed Concrete
- Evaluating the Quality and Constructability of Concrete Mixtures
Incorporating Fly Ash and High-Early-Strength Portland Cement -

Naoko Gokitani, Takahiro Saito, Biswas Rajib Kumar, Tetsuya Hironaka

Reducing CO: emissions from concrete production is an important challenge for achieving carbon
neutrality in the construction industry. The authors developed an environmentally-friendly sprayed concrete
that balances environmental performance with the strength and workability required for tunnel construction.
The proposed concrete mixture reduces cement consumption by partially replacing cement with fly ash, an
industrial byproduct, and combining it with high-early-strength Portland cement.

Since substitution with fly ash typically reduces early-age strength, particularly under low-temperature
conditions, maintaining the performance required for tunnel support throughout the year poses a key challenge.
In this study, the rapid hydration characteristics of high-early-strength Portland cement were utilized to
improve early-age strength development. Full-scale spraying tests with actual spraying equipment were
conducted in both summer and winter to evaluate the applicability of the mixture under different seasonal
conditions.

The results showed that the sprayed concrete developed by the authors achieves the early-age strength
required for tunnel support in winter while maintaining adequate pumpability in summer. In addition, the study
confirmed reductions in rebound rate, indicating improved material utilization efficiency. The proposed
concrete mixture also reduces the CO- emissions associated with cement use. These findings demonstrate the
feasibility of applying environmentally friendly sprayed concrete year-round while contributing to
lower-carbon tunnel construction.

Keywords: mountain tunnel, high-strength sprayed concrete, fly ash, low carbon
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3.  Evaluation of Geological Conditions Ahead of the Tunnel Face
Using Image Analysis of Drill Cuttings
- Comparison with Drilling Energy and Tunnel Face Evaluation Scores -

Koji Tsukamoto, Kohei Yamada

In the construction of mountain tunnels, ascertaining the geological conditions ahead of the tunnel face
in advance is critical both for safety and efficiency during construction. One method of making such
predictions is drill logging, in which ground properties are evaluated based on indicators such as drilling
energy, which is derived from analyzing data including drilling speed and hydraulic pressure obtained from a
hydraulic rock drill during ground excavation. Traditionally, assessments of the drill cuttings discharged
together with the drilling water have relied on visual and tactile inspections, introducing the issue of evaluator
subjectivity.

Therefore, our study assessed the utility of image analysis as a potential alternative, which involved
comparing and verifying tunnel face evaluation scores against measurements of particle size and color
obtained through image analysis of the cuttings, in addition to using drilling energy data. The results confirm
that this is an effective approach for evaluating ground conditions ahead of the tunnel face.

Keywords: drill logging, drill cuttings, image analysis

4. Experimental Study on Rationalization of Design for Pile Cap
Using Precast Pile Embedment Method
- Structural Experiment Assuming Steel Foundation Beams -

Yuki Wada, Satoshi Yamagami, Takeshi Kishimoto

The authors subjected five specimens to bending-shear experiments to assess the applicability of a pile
cap using an embedded precast pile connection to a steel foundation beam system and to verify the proposed
equations for obtaining the design limit values of the pile head embedment.

The results clarified load-deformation relationships and the pile cap failure process. Additionally, they
confirmed the adequacy of the proposed equations for evaluating the maximum strength of each specimen with
reasonable accuracy.

The results also suggest that the design can be rationalized by, for example, reducing the size of the pile
cap. Based on the structural performance of each specimen, the authors present findings regarding the
application of this system to a steel foundation beam system and the establishment of a corresponding design
method.

Keywords: precast pile, pile cap, pile head embedment, bending-shear experiment, foundation beam
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5. Research on the Seismic Performance of Structures
with Graphite-Lubricated Sliding Mechanisms

Sei Sugama, Yoshiki Koyama, Satoshi Yamagami, Kenji Yasui

The authors have pursued research on structures designed to achieve both cost-effectiveness and high
seismic performance by incorporating a sliding mechanism with graphite lubrication. This method makes use
of inexpensive, widely available materials such as steel, concrete, and graphite. However, while theoretical
studies, including numerical analysis, have demonstrated that such structures can effectively improve seismic
response, their real-world characteristics have not been sufficiently verified experimentally. In particular,
seismic response characteristics and long-term changes in the sliding interface have yet to be fully clarified.
Our study investigated the seismic response characteristics of steel-frame structures with graphite-lubricated
sliding surfaces in shaking table tests. The results show that vertical ground motion has little effect on the
sliding behavior of the structures. Additionally, they show that the rubber restoration spring in the sliding layer
effectively suppresses residual sliding displacement. Furthermore, the response of the superstructure under
biaxial horizontal excitation was generally smaller than that observed under uniaxial excitation.

Keywords: free-standing structure, shaking table test, graphite lubrication

6. Aging Characteristics of Natural Rubber Bearings
in a Base-Isolated Building after 40 Years of use
- Survey Results of a Monitored Specimen and Validation
of Long-Term Trend Forecasts for Natural Rubber Bearings -

Satoshi Yamagami, Hidetaka Funaki, Sei Sugama, Kenji Yasui, Yoshiki Koyama

Age-related change in the horizontal stiffness of natural rubber bearings (NRB) is a critical concern in
seismic isolation design. Increasing horizontal stiffness over time can generate greater seismic response
acceleration in the superstructure, potentially affecting structural safety and performance. However, the rates of
change in horizontal stiffness assumed at the design stage are typically based on accelerated thermal aging
tests. Limited data is available regarding the aging characteristics of NRB installed in actual buildings.

To address this issue, we conducted investigations of a base-isolated building approximately 30 years
after its completion, examining both the overall isolation layer and individual NRB. The consistency of the
observed aging characteristics was confirmed by comparing the results obtained at each NRB site. Additionally,
we compared the measured changes in horizontal stiffness with the design predictions and with the results
obtained by current aging prediction models, followed by an additional survey after 40 years of use.

The results indicate thermal aging tests provide relatively accurate forecasts for NRB. Additionally, we
found that the equations for forecasts changes in the horizontal stiffness of bearings currently proposed by the
Japan Society of Seismic Isolation (JSSI) provide conservative estimates.

Keywords: natural rubber bearing (NRB), aging, thermal aging test,
equation for forecasting bearing stiffness
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7. Development of Wooden-Based Hybrid Floor for Sound Insulation
- Study of Floor Impact Sound Reduction Measures
in a Full-Scale Timber Structure Building Specimen -

Kazuki Sakamoto, Koichi Inadome

This study concerns a method for improving the heavy-weight floor impact sound insulation
performance of timber flooring through the development of a high-stiffness hybrid panel consisting of carbon
fiber reinforced plastic (CFRP) and wood-based materials. This panel is intended to be incorporated into the
upper layer of a floating floor system.

We propose a floating floor system that mitigates the heavy-weight floor impact sound of timber
flooring by distributing impact forces across the floor structure rather than them being concentrated directly at
the point of impact. The panel, consisting of laminated CFRP sheets and plywood, exhibits a bending stiffness
approximately seven to eight times greater than that of the upper layer of a conventional floating floor.
Experimental results obtained using a full-scale timber structure building showed that the panel effectively
redistributed impact forces and improved the heavy-weight floor impact sound insulation by a reduction of
approximately 22 dB at 63 Hz compared to before the improvement measure. The study also found that sound
measurement points must be randomly distributed to minimize any measurement bias caused by room modes.

To verify effectiveness under real-world conditions, our company plans to incorporate these panels into a
floating floor system in an actual timber building.

Keywords: timber structure, floating floor system, floor impact sound, impact force
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Dr. Eng. Kyoto Institute of Technology
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Development of Low-Carbon Sprayed Concrete
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Aging Characteristics of Natural Rubber Bearings

in a Base-Isolated Building after 40 Years of use
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