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Load vs. Strain of corroded steel
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Nondestructive strain distribution measurement of corroded
steel using the DIC method

Metallic corrosion manifests in various forms, influenced by
the morphology of the metal and the exposure environment.
Among these, localized pitting corrosion is particularly
prevalent on steel surfaces in environments with high airborne
salt levels. Strain, which is the deformation that occurs when a
force is applied to an object, is typically evenly distributed across
a flat steel surface. However, the presence of irregular pits due to
corrosion results in an uneven distribution of strain.

Traditionally, strain measurement has been conducted using a
strain gauge—a sensor that measures strain by detecting changes
in electrical resistance caused by the metal’s expansion and
contraction. This method, however, only measures the average
strain within the area to which the gauge is attached (see Figure
1). AtiMaRRC, our research is centered on the application of the
Digital Image Correlation (DIC) method to assess its
effectiveness in detecting temporal changes in uneven strain
distributions caused by corrosion. The DIC method allows for
the nondestructive visualization of a broad strain distribution by
initially creating random patterns on the object’s surface using
paint or similar substances, and then analyzing the pattern
changes before and after force application.

Figure 2 presents the results from using the DIC method to analyze
strain distribution while applying a tensile load to corroded steel. The
analysis, captured using a high-resolution digital camera (concurrently
with Figure 1), revealed that plastic strain tends to localize in areas
where corrosion is more advanced, with the magnitude of strain
varying according to the degree of corrosion progression. Moving
forward, we aim to further explore how surface irregularities influence
the development of strain concentrations, which can lead to steel
fractures and the propagation of ductile cracks.
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Figure 3. Schematic of a SBR cycle in the HiCS process. Operational

parts are highlighted in red (P: Pump, B: Blower, M: Mixer)
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Toward practical application of a wastewater treatment process
for organic matter recovery

Sewage systems are crucial for improving public health and
maintaining the quality of public waters. However, wastewater
treatment plants (WWTPs) and pumping stations consume
substantial amounts of electricity,. WWTPs offset some of this
consumption by generating electricity through the anaerobic
digestion of sludge, which is produced during the removal of organic
matter from wastewater. The methane produced during this process
is bumed to generate electricity, which can either be used on-site or
sold externally, thus reducing the net electricity consumption of the
WWTP. Traditional wastewater treatment processes, however,
oxidize the majority of organic matter, which results in minimal
recovery as wastewater sludge.

Looking to the future and the goal of achieving a decarbonized
society, there is a growing need for wastewater treatment systems
that can recover organic matter with high efficiency. At iMaRRC,
we are exploring the High-rate Contact Stabilization (HiCS)
process, which retains shudge in the system for less than two days.
The HiCS process is divided into three phases: stabilization,
contact, and sedimentation (Figure 1). A bench-scale test plant,
installed at a municipal WWTP, is currently used to treat real
wastewater (Figure 2). The sludge recovered from this process
undergoes anaerobic digestion tests to evaluate the rate of methane
gas production. Preliminary results indicate that sludge and
methane gas production rates using the HiCS process are superior
to those observed with the conventional activated sludge process.
Future studies will focus on assessing the impacts of water
temperature variations on shidge and methane gas production
rates, as well as on the quality of the treated water and overall
energy efficiency, including posttreatment stages. These findings
will be compiled and shared in forthcoming technical reports.
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Photograph 1. Fiber reinforced concrete

water-filled precast slabs joints
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Study on renewal and repair of road bridge decks
using fiber reinforced concrete (FRC)

In Japan, the primary cause of damage to highway
bridge reinforced concrete (RC) slabs has traditionally
been attributed to fatigue deterioration from the
repeated traffic of heavy vehicles. However, recent
reports have highlighted several instances where RC
slabs beneath asphalt surfacing have disintegrated.
Typically, these areas are repaired using a patching
method, but it has been observed that such repairs are
not permanent, with the slabs often deteriorating
rapidly after repair.

In response to these challenges, new renewal and
repair technologies utilizing fiber reinforced concrete
(FRC), which boasts greater strength and durability
than ordinary concrete, have been developed
(Photograph 1). Nonetheless, the effectiveness of these
technologies remains uncertain. Therefore, in 2020,
CAESAR and iMaRRC initiated joint research to
explore technologies that enhance the durability of
highway bridges using FRC slabs.

This research examined renewal technology and top
surface repair technology involving FRC slabs. The
renewal technology emphasizes the importance of
preventing water infiltration at the joint interface of
precast slabs to enhance durability (Photograph 2), and
a verification method was proposed accordingly. In the
repair technology, experiments were conducted to
understand the behavior of the bonding surface
between the repair material and the concrete from a
structural (Photograph  3).  These
experiments have led to a summary of key

perspective

considerations for applying top surface repairs.
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Photograph 3.  Loading test applying negative bending to the
bonding surface of concrete
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Joint Research Report on Recycling of Asphalt Mixtures
for Sustainable Practices

In recent years, there has been a growing use of recycled
aggregate in asphalt mixtures. While many advocate for higher
mix ratios of recycled aggregate to promote a recycling-
oriented society, concermns persist about the potential
deterioration of recycled asphalt properties through repeated
cycling, which could shorten pavement lifespan. This poses a
challenge to advancing toward a recycling-oriented society. To
address these concemns, this study investigated the effect of
recycled aggregate mix ratios on asphalt mixture properties. We
also examined the applicability of warm mix asphalt
technology for recycled mixtures, aiming to define optimal
ratios of recycled aggregate and clarify their quality and scope
of application. Additionally, we propose to improve the
accuracy of splitting tests used to determine the recycled
aggregate properties. Our approach involves proposing test
conditions and evaluation methods that are easy to implement
in laboratory settings.
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Announcement of upcoming events
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The 6th iMaRRC Seminar (webinar) is scheduled for
the moming of August 2, 2024. The theme for this
session is "Contribution to a Carbon-neutral Society
through Local Biomass: Cross-sectoral Utilization of
Biomass in Wastewater Treatment Plants and Its
Challenges." We encourage the participation of all
interested parties in this seminar. Detailed information is
available on the PWRI and iMaRRC web pages.
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Ms. Chika Abe was appointed as Chief Researcher at iMaRRC in
April 2024. She began her career with the former Ministry of
Construction, now the Ministry of Land, Infrastructure, Transport
and Tourism (MLIT), in 1994. Over the years, Ms. Abe has held
various positions within MLIT and related organizations, primarily
focusing on sewerage. She was amember of the Water Quality Team
at PWRI from 2005 to 2006. During this period, she commuted from
Tokyo, navigating the challenges of early childcare. Despite the less
supportive environment for work—life balance at the time compared
to today, she expresses deep gratitude toward her supervisors and
colleagues for their substantial support, which helped her manage
her responsibilities.

Ms. Abe’s current research primarily involves the evaluation of
materials such as anticorrosion coatings and the use of sewage
sludge and local biomass for fertilizer and energy. Her work is crucial
in advancing the recovery of resources and energy from sewage.
Given the importance of these research topics, she is committed to
collaborating closely with her team to drive these initiatives forward.

Additionally, for about 10 years, Ms. Abe has engaged in activities
aimed at achieving a “diaper trash stress-free” environment,
collaborating with women across various fields. This initiative is part
of her lifelong commitment to fostering a fulfilling life in a super-
aged society.
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Ms. Aya Nakagawa joined the Materials and Resources
Research Group of iMaRRC as an exchange researcher in April
2024. She majored in organic chemistry in graduate school,
focusing on biofunctional molecules. Her career took a tum when
she developed an interest in a field different from her academic
resecarch and joined a pipeline rehabilitation materials
manufacturer in Osaka. For 12 years, she was involved in the
development and evaluation of pipe rehabilitation materials
critical for maintaining vital infrastructures like water and sewage
systems, particularly focusing on FRP materials that incorporate
thermoplastic and thermosetting resins with fibers. Recently, Ms.
Nakagawa transitioned to the Public Works Research Institute,
expanding her expertise to include “‘corrosion-resistant resin” and
“metal components,” along with her continued work in “sewer
pipe rehabilitation materials.”
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In her personal life, Ms. Nakagawa is an avid cat enthusiast, a
passion ignited by owning a cat. She enjoys unwinding by
watching cat videos at the end of the day and is keen to connect
with fellow cat lovers. If you know someone who shares this
interest, she would be delighted to engage with them.
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Mr. Hironori Nakano also joined the Materials and
Resources Research Group of iMaRRC as an exchange
researcher in April 2024. Previously, he was involved in tasks
related to concrete work, including construction management
and technical support for constructing new concrete
structures, such as highways. At iMaRRC, he is now
researching technologies aimed at enhancing the productivity
of concrete work, which includes innovations in high-flow
concrete and ICT technologies. Although he continues to
work with familiar materials, his new role offers a fresh
perspective and invigorating challenges. Moreover, Mr.
Nakano appreciates the dynamic environment at iMaRRC,
where research across various fields is conducted on the same
floor, facilitating interesting interactions with diverse
professionals. With this secondment, he not only aims to
broaden his knowledge and skills but also to actively engage
with colleagues from the Civil Engineering Research Institute
and other exchange researchers to foster substantial

professional growth.
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