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Pre-stressed concrete (PC) bridges in Japan are progressively aging, and as of 2023,
approximately 36% of PC bridges are at least 40 years old since their construction. Some
previously constructed PC bridges exhibited poor filling of PC grout due to poor materials,
machinery, and design. PC cable breakage in PC bridges results in decreased load-bearing
performance, so it is essential to investigate the filling status of PC grout that protects PC cables
for the maintenance and management of existing PC bridges. Surveys on the filling status of PC
grout in the sheath placed inside concrete members are limited to micro destructive testing
involving drilling or non-destructive testing. Among these, non-destructive methods that do not
cause damage to structures are desirable for surveying. The main non-destructive testing
methods for PC grout filling include X-ray transmission, impact elastic wave, impact echo (IE),
and wide-range ultrasonic testing (WUT). Each of these non-destructive testing methods have
their advantages and disadvantages, and it is not possible to select a single method as the best.
Nevertheless, WUT has the widest range of application among these testing methods. Improving
the measurement accuracy of WUT is expected to significantly contribute to the maintenance
and management of PC ridges. Therefore, the main purpose of this study was to improve the
accuracy of PC grout filling status surveys. I analyzed the behavior of elastic waves emitted from
a WUT probe that propagated through concrete in order to determine a more appropriate probe
spacing and propose a new evaluation method in an attempt to improve the accuracy of PC grout
filling judgment. This paper is a summary of these experimental studies and comprises five
sections. A summary of each section is provided below.

In Section 1, I summarize the history of PC bridges and stress the issues and points of focus
regarding the maintenance and management of PC bridges. The necessity of surveying PC grout
filling using non-destructive testing is demonstrated, and the purpose of this study is clarified.
In Section 2, I review previous studies and summarize the characteristics of the main
non-destructive PC grout testing techniques currently in use.

In Section 3, I analyzed the elastic waves emitted from the WUT probe, revealing their
approximately flat frequency characteristics below 240 kHz. Subsequently, a triangular
prism-shaped specimen with a right isosceles triangle cross-section was employed to validate
prior research. I found that the optimal probe spacing is twice the sheath covering depth. These

results indicate that the waves emitted by the WUT do not propagate concentrically but in a
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straight line. Following this, the directivity of the incident elastic waves was investigated using a
semi-cylindrical specimen and a laser Doppler vibrometer, demonstrating the high straightness
of the waves emitted by the WUT. Additionally, measurements were conducted by making cuts in
the concrete specimen to examine the propagation path of sheath-reflected waves and the
influence of surface waves. The results confirmed the occurrence of sheath longitudinal reflected
waves when the reflection angle was less than 27°. It was also found that the influence of surface
waves can be disregarded when the probes are placed close together. These results show the
efficacy of placing WUT probes in close proximity and assessing sheath longitudinal reflected
waves.

In Section 4, I describe how the elastic wave propagation characteristics of WUT established in
Section 3 formed the basis for measurements with probes positioned close to each other. The
objective was to obtain the average voltage across the time series wave until the arrival of the
sheath-reflected wave. Subsequently, a novel method was introduced for assessing the PC grout
filling status. This method relies on the average voltage difference between the area directly
above the sheath and the reference cross-section with the sheath removed. Measurements were
taken before and after filling a PC bridge under construction with PC grout, employing the new
evaluation method to examine the structure. The results revealed a discernible difference in the
average voltage values with and without PC grout, thereby validating the proposed method.
Furthermore, a full-scale specimen of a post-tensioned PC-T girder, manufactured over 15 years
ago and featuring a partially unfilled section with PC grout, was utilized to detect unfilled areas
using the new evaluation method. The point at which a sharp change in the average voltage
difference occurred was identified as the boundary of the unfilled PC grout section. Comparison
with the design documents indicated general agreement, suggesting the practical utility of the
new evaluation method in detecting unfilled PC grout sections.

In Section 5, the conclusions of the study are summarized, and future research is described.
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