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Highly complex engineered materials, such as concrete, exhibit a systematic evolution of their elastic proper-
ties when subjected to the effects of static and dynamic loads. Such systematic evolution can be observed in
phenomena like the acoustoelastic effect, when analysed as a function of stress, and in the slow dynamics—
the fast softening and log-time relaxation processes—when examined as a function of time. The physical and
theoretical description of such behaviour is rooted in nonlinear elasticity paradigms. Although the underly-
ing physical mechanism responsible for this behaviour remains an open research area, it has been observed
in laboratory experiments that such stress and time dependencies are majorly present in flawed materials.
As a result, there is a growing interest in studying construction materials from the perspective of nonlinear
elasticity for the development of damage assessment practices.
In this work, we investigate the time and stress dependence of the elastic properties of an outdoor-conditioned,
two-span reinforced concrete test bridge across different temporal scales. We also explore the potential re-
lationship between this behaviour and the physical state of the structure, with particular attention to the
possible presence of imperfections. We monitored changes in the dynamic elastic properties on the bridge
subjected to the effect of dynamic impulsive excitations superimposed on five different compressive forces
using high-frequency embedded ultrasound sensors and low-frequency conventional seismic equipment.
The high-frequency data enable investigations into the stress dependency of impulsive-source-induced slow
dynamics in concrete at four locations on the bridge using relative velocity changes and the energy content
of the ultrasound signals. We observed that the elastic softening and relaxation processes are accompanied by
energy dissipation, both of which occur at different magnitudes on both spans of the bridge. Those differences
in magnitude are correlatable with ultrasound velocity values, which suggest relatively different integrity lev-
els on both spans of the bridge.
The low-frequency data allow for the estimation of stress-dependent modulus changes of the fundamental
standing wave of the bridge. We characterised this classical nonlinear effect using the acoustoelastic effect,
and according to these results, subtle differences can be observed between the two spans of the bridge, which
correspond to the results obtained from the high-frequency data.
This investigation led us to conclude that there is a relationship between nonlinear elastic phenomena and the
relative integrity level of an in-situ concrete structure, allowing for the identification of soft microstructures
within the concrete structure’s composition, potentially affecting its performance.



Figure 1: Nonlinear elastic behaviour in the bridge at different frequencies (a) High-frequency analysis
showing three consecutive impulsive-induced slow dynamics effects, with relative velocity changes
and energy content measured at two locations on the bridge with differing structural integrity. These
estimates were obtained under a compressive force of 280 kN. (b) Low-frequency analysis showing
relative velocity changes in the fundamental vibration mode of the structure as a function of stress
along the bridge.
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