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Development of Automatic Casting System for Tunnel Lining Concrete
- Verification of Usability Based on the Full-Scale Casting Experiments -
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Method for Renewing Precast Prestressed Concrete Slabs Applicable to Highways
- A New Joining Method for Improved Efficiency vs. the Loop Joint Method -
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Development of Automated Excavation System Based on Tiltrotator-Equipped Hydraulic Excavator
- System Overview and Verification -
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Experimental Study on Rationalization of Design for Pile Cap Using Precast Pile Embedment Method
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Recycled Concrete Aggregate Incorporating Blast Furnace Slag
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Design and Construction of Large Timber Structure
- Experiments of CLT seismic walls and Verification of Constructability -
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1. Development of Automatic Casting System for Tunnel Lining Concrete
- Verification of Usability Based on the Full-Scale Casting Experiments -

Ryutaro Matsumoto, Naoko Gokitani, Biswas Rajib Kumar, Takahiro Saito

The development of new construction methods in mountain tunnels has emerged. At the same time, such
construction typically involves a series of repetitive tasks, leaving room for automation and other labor-saving
measures.

Based on the previously-reported height control technology based on pressure gauges, we developed an
automatic pouring system that incorporates control of concrete pump pressure and formwork vibrator
operations. The results of full-scale construction experiments confirm that automatic control of pump pressure
and formwork vibrators based on pouring height is possible from the start to the completion of the pouring
process, contributing to labor-savings and ensuring construction quality after the formwork is removed.

Keywords: mountain tunnel, labor-savings, concrete pump, mold-type vibrator,
medium fluidity concrete

2. Method for Renewing Precast Prestressed Concrete Slabs Applicable to Highways
- A New Joining Method for Improved Efficiency vs. the Loop Joint Method -

Shohei Kawaguchi, Hiroshige Moriya, Shinsuke Fujii, Takashi Misawa

To reduce the time required to work with precast PC deck slabs for road bridges, we developed a new
joining method that provides performance equivalent to the conventional loop joint method. The new method
involves restraining the reinforcing bars of the joints of the PC deck slabs with rectangular spiral bars. While
the loop joint method requires the insertion of reinforcing bars perpendicular to the bridge axis (i.e., the length
of the bridge) from the sides to inside the loop bars, rectangular spiral bars can be inserted from the upper
surface of the deck slab, a significantly more efficient approach to reinforcement.

We performed static bending loading tests and running wheel load tests for the new joining method,
confirming load-bearing performance and fatigue durability against traffic loads adequate for 100 years of use.
We also performed a construction test involving a full-scale test specimen, confirming that this method can
reduce the time required to perform joint reinforcement by 75% compared to the loop joint method.

Keywords: precast PC deck slab, joining method, running wheel load test, fatigue durability,
partial-width construction
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3. Development of Automated Excavation System Based

on Tiltrotator-Equipped Hydraulic Excavator
- System Overview and Verification -

Kana Fujinuma, Takashi Misawa, Yuma Kawasumi, Kengo Matsuda

To improve productivity, the construction industry in recent years has energetically pursued the
development and implementation of construction automation. We have developed an automated excavation
system using a hydraulic excavator equipped with a tiltrotator, which allows for efficient construction.

This system creates an excavation plan by generating an excavation trajectory that leverages the
tiltrotator's features based on the planned excavation shape. Based on this plan, the system executes automated
excavation via remote control.

The software for this system utilizes the Open Platform for Earthwork with Robotics and Autonomy
(OPERA), an autonomous construction technology platform developed by Japan’s Public Works Research
Institute (PWRI). We undertook demonstrations for three varying planned excavation shapes, including
varying slope arrangements, and confirmed that the system is capable of performing automated excavation
almost exactly as designed.

Keywords: hydraulic excavator, tiltrotator, automated excavation, OPERA, 3D-LiDAR

4. Experimental Study on Rationalization of Design for Pile Cap Using Precast Pile
Embedment Method

Yuki Wada, Satoshi Yamagami, Takeshi Kishimoto, Atsushi Sorimachi

The width of precast pile caps is typically set at 2.5D (where D = pile diameter). Numerous experiments
on specimens with 2.5D have also been reported in previous studies. Furthermore, according to the literature
from the Architectural Institute of Japan, shear reinforcement effects cannot be considered in design formulas
for the pile head embedded portion.

In this study, we performed bending shear experiments using specimens with a pile cap width of 2.0D to
present the damage process of the pile caps and the effects of various parameters on the results. Additionally,
we considered shear reinforcement effects to propose a formula for evaluating the maximum strength of the
pile head embedded portion.

Keywords: precast pile, pile cap, pile head embedded, bending shear experiment, shear reinforcement
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5. Recycled Concrete Aggregate Incorporating Blast Furnace Slag
Atsushi Ito, Masanori Kono

The recycled aggregates produced from concrete blocks remaining after the demolition of a structure
absorb and immobilize CO; during the re-resourcing process. Concrete made with blast furnace slag cement
type C equivalent and recycled aggregate allows the production of concrete that combines low-carbon
characteristics and resource circulation. We performed practical studies of recycled concrete aggregate
incorporating ground granulated blast furnace slag, confirming quality in terms of fresh properties and
compressive strength. We also estimated the CO, emissions generated by this recycled concrete aggregate and
the reduction in CO; emissions achieved. As a result, the fresh properties and the required quality standards
were satisfactorily met. It was also confirmed that a CO» reduction effect of 65 to 71% can be expected
compared to ordinary concrete.

The concrete we developed meets JIS standards for recycled concrete aggregate. Based on the results of
this study, we established manufacturing and quality control standards for recycled concrete aggregate. In
collaboration with a ready-mix concrete plant, we obtained performance evaluations from a third-party
organization and certification from the Ministry of Land, Infrastructure, Transport and Tourism (MCON-4754
and 4755).

Keywords: recycled aggregate concrete, blast furnace slag, CO, emissions

6. Design and Construction of Large Timber Structure
- Experiments of CLT seismic walls and Verification of Constructability -

Naoki Tomita, Taiki Sato, Yasutomo Kozuma, Hajime Yamagiwa, Masaya Akitake, Atsushi Ito

We designed and constructed a large timber structure of eight stories. The building structure consists of a
combination of timber and reinforced concrete elements. The timber structure is comprised of a frame of
timber columns and beams, along with cross laminated timber (CLT) seismic walls. Connections to the frame
were formed from combinations of commonly used steel plate inserted drift pin connections and a
newly-devised shear cotter joint, resulting in high initial stiffness.

A performance evaluation was carried out based on the results of structural performance tests conducted
on the joining method. We reduced construction times by simultaneously constructing the reinforced concrete
and timber structures on each floor. The construction process of the timber structure was verified using a
mockup. The approximately 208 m* of timber incorporated into the structure corresponds to the sequestration
of about 148 tons of CO,, and the use of 214 m?® of environmentally friendly concrete to construct the
foundations enabled a reduction in CO» emissions of approximately 45 tons, enabling to reduce the building’s
environmental impact.

The results of this study will help build knowledge and understanding in this field, in particular when
designing and building large timber structures.

Keywords: large timber structure, mixed structure, cross laminated timber (CLT) seismic walls,
mockup, environmentally friendly concrete
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7.  System for Selecting and Positioning Disaster Waste Treatment Machinery
- Multi-objective Optimization Based on Genetic Algorithms -

Hiroomi Habuchi, Ryosuke Imai, Shoji Suzuki, Fujiko Osumi

Several large-scale natural disasters, including the Nankai Trough earthquake, Nemuro Peninsula
offshore earthquake, and eruptions of Mount Fuji, are anticipated in the relative near future. Many local
government and construction company staff stationed on the front lines of disaster waste disposal after such
disasters are likely to face unprecedented circumstances. As a result, during the disaster, they will spend effort
on unfamiliar processing plan development, leading to delays in action, increased processing costs, and
prolonged processing periods. It is essential to establish a framework and response strategies that can be
effective in the next disaster while in normal times, as this will contribute to the promptness and
appropriateness of initial response efforts.

To facilitate the rapid selection and placement planning of optimal processing machinery for disaster
waste disposal, we have developed a system that confirms the optimization of processing period, costs, and
CO; emissions as the three objectives.

Keywords: temporary storage areas, sorting, processing period, processing costs, CO, emissions

8. Research on Intellectual Productivity and Environmental Satisfaction
in Innovation Hubs
- Methods for Wellness Design in Offices -

Kaori Yano, Koichi Inadome, Yuko Sakuno, Yoko Ogawa, Yuma Jincho

In recent years, wellness offices that consider the comfort and psychological health of office workers
have attracted attention for their potential to enhance productivity and employee engagement. Our company
has established the X-Innovation Center, which serves as a hub for promoting innovation. At the same time, we
incorporated various design strategies aimed at contributing to the improvement of employee well-being.

This study was conducted to investigate how the office environment we designed affects wellness,
satisfaction, and productivity. A questionnaire survey revealed that more than 75% of office workers were
satisfied with the office environment, confirming the success of our efforts to create a positive office space.

Furthermore, the correlation between the CASBEE-WO (Comprehensive Assessment System for Built
Environment Efficiency — Wellness Office), an objective evaluation, and the CASBEE-OHC (Office Health
Checklist), a subjective evaluation, was consistent with previous studies. In addition, it

was confirmed that the X-Innovation Center generates higher levels of satisfaction compared to our
other office facilities.

Keywords: Wellness, Comprehensive Assessment Systemwellness,
comprehensive assessment system for Built Environment Efficiency,
Intellectualbuilt environment efficiency (CASBEE), productivity,
office environment satisfaction
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