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Modular expansion joint are commonly used for larger expansion joint movement. Because of the several
advantages over other types of expansion joint, use of modular expansion joint has been increased. However,
the noise generated and radiated from the modular joint has been a regional environmental problem in Japan
and elsewhere. Understanding of noise generation and radiation is important from noise control point of view.
Noise from the modular expansion joint is mainly generated and radiated from the joint top on road surface
and from the bottom part of the joint which has a cavity beneath it for the maintenance purpose. From the
previous studies noise generation and radiation mechanism inside the cavity beneath the joint is not fully
understood. There have been no reported.studies on the noise radiation from the joint to the environment which
is necessary to be understood to control the noise. The modular expansion joint which is a heavily loaded
structural component in the bridge and have high vibration level which can be transmitted to the connected
bridge. No reported studies were found on possible vibration flow from the joint to the connected bridge and
noise contribution from the bridge in addition to the noise from the joint itself. The objectives of this study
have been: (i) to understand the noise generation and radiation mechanism inside the cavity; (ii) to understand
the characteristics and mechanism of noise radiation to the outside environment and (iii) to understand the

possible vibration flow from the joint to the bridge and noise radiation from the bridge.

A full scale model of modular expansion joint was considered to fulfill the first objective. Vibro-acoustic
ahalysis was conducted by considering the joint and cavity which was underground as one system. Finite
element method (FEM) - boundary element method (BEM) approach was used for the analysis. FEM was
utilized for the dynamic response estimation of the joint structure and BEM was used to analyze the sound

field inside the cavity of the joint-cavity system in the frequency range of 20-400 Hz. Modal analysis was also



conducted to identify the acoustic properties of the cavity beneath the joint. Impact testing experimental results
of noise and vibration were used to discuss the numerical results. It was concluded that dominant frequency
, componenté in the sound pressure response inside the cavity was due to vibration modes of the joint structure
and/or acoustic modes of the cavity. In lower frequencies peaks in the sound pressure response inside the
cavity beneath the joint was mainly due to the vibration modes of the joint structure with possible interaction
with acoustic modes of the cavity. At higher frequencies where the modal density of the acoustic modes was
high, effect of acoustic resonance of cavity on sound pressure response was significant.

A modular expansion joint installed between prestressed concrete (PC) bridges was considered to fulfill the
second objective. The cavity beneath the joint had openings at both ends along its length. Noise generated and
radiated inside the cavity could radiate to outside environment from these openings. FEM-BEM approach as
in the previous study of full scale model joint was utiliied to analyze the sound field inside as well as outside
of the joint-cavity system. Modal analysis was also conducted to identify the acoustic properties of the cavity
beneath the joint. Measurement of noise and vibration of expansion joint during vehicle pass-bys were also
carried out. Sound field was analyzed in the frequency range of 50-400 Hz. It was concluded that the noise
from the bottom side of the joint was caused by the excitation of structural modes of the expansion joint and/ |
or acoustic modes of the cavity beneath the joint, which is consistent with a conclusion derived in a previous
study with a full scale model of modular expansion joint. The sound radiation efficiency of the joint-cavity
systerﬁ appeared to be high at natural frequencies of vibration modes of the joint with significant vertical
vibration of middle beams and support beams (coupled modes). Sound radiation efficiency of lateral modes
of the joint appeared to be low. Noise from the joint-cavity system may be propagated at radiation angles
of acoustic modes of the cavity. For the frequency range of interest, the noise radiated from the joint-cavity
system was directional and significant sound radiation was away from the longitudinal axis of the cavity. The
sound field around the joint-cavity system investigated in this study could be considered near field within 35

meters from the joint-cavity center and far field at farther distances.

A modular expansion joint installed in a steel-concrete non-composite bridge was considered to fulfill
the third objective. A simplified analytical approach using FEM and statistical energy analysis (SEA) was
considered. Finite element model of the expansion joint was used to estimate the dynamic response of the joint.
SEA was used to estimate vibration response on the bridge by considering its different structural components
as subsystems. Measurement results of noise and vibration of expansion joint and bridge during vehicle pass-
bys were used to discuss the analytical results. It was found that this simplified approach was able to predict
the flow of vibration energy from the expansion joint to the bridge and noise radiation from the bridge during
vehicle pass-bys. The strong vibration coupling between the different subsystems of the bridge was observed.

This approach can be utilized to reduce the vibration flow from the joint to the bridge.
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