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CFRP laminated specimens

Concrete plates with CFRP laminates

Photograph-1 FRP specimens in the long-term exposure test
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Taking the advantage of its lightweight and high
strength, fiber-reinforced polymer (FRP) is used in
structures  for
primarily for repair and reinforcement. Even in the

construction various — purposes,
most corrosive environments, FRP will not corrode.
However, this does not mean that FRP will not
deteriorate in various environments that construction
structures used. Therefore, the durability of FRP in
various environments of construction structures
should be investigated. iMaRRC has conducted
various studies on the long-term durability of FRP
used for construction structures.

Photograph-1 shows the specimens in the long-
term exposure tests of FRP sheets for concrete
structures. These tests are continued for several
decades to obtain the basic data on the durability of
FRP or adhesive properties between FRP and
concrete.

Figure-1 shows an example of the results of the
exposure tests of carbon fiber-reinforced polymer
(CFRP) sheets. The y-axis shows the retention ratio of
the tensile strength of the CFRP sheet after the
exposure tests at three locations with different
climates. These results suggest that the tested
materials, fabricated under the appropriate conditions,
exhibit good durability of tensile properties even after
ten years in various climate locations.

Because there are still some unknowns about the
long-term changes in the properties of FRP, we will
conduct additional research in the future to develop
more reliable and effective utilization technology.

- —-
= b

=1
i

o
=

i 5 e 1 o
—O— Trukuba
== Dogimi

Tensike streng th/Initial values
=1 = o =

[

Figure-1 Example of the results of the
exposure tests of CFRP sheets

(I. Nishizaki, P. Labossiere, K. W. Neale, M. Demers and T.
Tomiyama, Proceedings of CDCC 2011, pp.91-99, 2011)
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Photograph-2 Precast concrete Photograph-3 Example of steam

product  deteriorated by DEF curing facility
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Important considerations for preventing delayed
ettringite formation

Precast concrete products are generally
manufactured through steam curing to gain strength
at an early stage, but if the temperature is not properly
controlled during this process, there is a risk of
delayed ettringite formation (DEF), a deterioration
mechanism that causes concrete to expand over a
long period after curing (Photograph-2).

Although there are still many unknowns regarding
the mechanism of DEF, it is believed that the
deterioration can be controlled by keeping the
concrete temperature below approximately 70°C
during curing. Because it is impossible to confirm
whether DEF is present in a product at the time of
shipment, the temperature of products during the
steam-curing process should be properly controlled.

However, specific methods for controlling the
temperature of products from the viewpoint of
preventing DEF have not been reported. Thus,
iMaRRC collaborated with the Road Precast
Concrete Association to investigate appropriate
temperature control methods during steam curing.

First, a survey was conducted on approximately 90
plants that manufacture precast concrete products to
clarify the actual conditions of steam-curing facilities
(Photograph-3) and the locations where the ambient
temperature to control steam was measured. Based on
the survey results, we then experimented to reproduce
actual production at a precast factory and found that
the ambient temperature varies considerably
depending on the measurement position (Figure-2).

Based on these results, we proposed considerations
for preventing DEF, such as the measurement
position of temperature to control the steam and the
distance to be secured from the steam outlet to the
precast products. It is expected that manufacturers of
precast concrete products will use this knowledge to
prevent DEF.
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Figure-2 Ambient temperature during steam curing
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Announcement of an upcoming event

The 2nd iMaRRC lecture meeting will be
held in Hitosubashi Hall in Chiyoda-ku,
Tokyo, on November 8, 2022. This lecture
meeting presents an outcome of the 4th
medium to long-term plan of PWRI
(2016FY-2021FY) and a vision of the next
medium to long-term plan. Keynote
addresses will also be held by researchers in
the fields of materials and resources.

We look forward to many people joining
this lecture. For more information, please see
the PWRI and iMaRRC websites.
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Mr. Yuichiro Ota joined the Materials and Resources
Research Group of iMaRRC as an exchange researcher
in April 2022. He is a salesman at Harima Chemicals,
Inc. He is in charge of marketing for new business
entries. He has been seconded in iMaRRC to learn
technology in the field of road paving. While in
university, he was involved in structural analysis
through ultrasound spectroscopy, and at the company,
he was involved in the development of coating agents
and papermaking agents, fields unrelated to civil
engineering. Therefore, he has leamed many new
things.

In particular, he is engaged in research on asphalt,
which plays an important role in road paving,. Asphalt is
very interesting because it has unique properties. On the
other hand, it is also a tough material, and he had some
difficulty removing asphalt stains from his clothes. By
the time he returns to Harima Chemicals, Inc., he will
do his best to get along with asphalt as much as possible.
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Mr. Ryotaro Takayama joined the Materials and
Resources Research Group of iMaRRC as an exchange
researcher in April 2022. He researched organic
synthesis while in university, and then he joined a
chemical company and developed a resin used for
various products.

At the moment, he has a valuable opportunity to
work for Public Works Research Institute to research
asphalt pavement materials. This work is new and
challenging for him; he has little knowledge about the
field. However, he enjoys studying and researching
with PWRI staff and other collaborating researchers.

He likes watching movies. He frequently goes to a
cinema located near his home. Recently, he watched the
same movie three times, and he may do so again.
Although his research period is limited, he will do his
best to contribute as much as he can and to learn and

grow by interacting with different people.

Mr. Naoya Tsuda joined the Materials and Resources
Research Group of iMaRRC as an exchange researcher in
April 2022. He majored in civil engineering while in
university, and in 2015, he joined a chemical
manufacturing company, which is his organization. After
joining the company, he was assigned to the product
development department and engaged in the development
of new products. Currently, he is researching on
developing performance evaluation methods and design
methods for issues such as organic acid resistance and
creep for corrosion protected materials and liner pipes,
which are made of resins and used in sewage facilities.
During his time in iMaRRC, regardless of his research
theme, he would like to broaden his horizons as a civil
engineer by interacting with people in a wide range of
fields and exchanging information. In private, he enjoys
band performances. He used to live in the Kansai area, so
he was saddened to leave the members he used to play
with, but on the other hand, he was able to come here and
have the opportunity to work with new people. He looks
forward to meeting new people and enjoying his life in
Tsukuba, both at work and in private.
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