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Shear modulus of the
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Poisson's Ratio v N/A 0.3 0.3 0.3

Table 2. Material properties of the layered soil
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Abstract

This paper investigates mitigating vibrations in grounds subjected to dynamic loads using soft and hard wave
barriers. In order to consider the real problems, layered grounds are also modeled in addition to homogenous
grounds. An important factor that needs to be considered in the groud vibration analysis is the effect of the
groundwater table. Within this context, different levels of groundwater levels are considered. Due to the
difference between the impedance values at the interface of the dry and saturated parts of the ground, the
upcoming incident waves experience a refraction phenomenon, in which part of the wave reflects back to the
medium from which it is propagated, while the other part transmits to the medium on which it impinges on.
The amplitude of the applied loadings is small, so the assumption of linear material behavior holds on. Biot's
poroelastodynamic theory and advanced finite element models are used to simulate the wave propagation
phenomenon in saturated soil. Soft wave barriers are considered open trenches, while hard barriers are filled
with concrete. Considering the very large number of solution space for finding the position and geometry of
the soft and hard barriers, CMA-ES optimization algorithm is used. To find the optimization function, the
poroelastodynamic finite element model is coupled to the optimization algorithm. This is performed using
developed robust scripts by which the whole finite element model, including the geometry, loading, boundary
conditions, and assigning poroelastodynamic constitutive relation parameters, are defined, at each step of
optimization, without implementing a graphic user interface (GUI). The soil domain is considered as
homogeneous and layered unbounded half spaces. Low reflecting boundary conditions are applied around the
model to model the unbounded soil medium in finite element simulations. One of the important parameters
that affect the wave barriers' properties is the loading frequency. This is related to the dimension of the
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wavelength generated by the dynamic loading at a specific frequency. To consider this effect, the optimizations
are performed for dynamic loadings with two different frequency values of 10 and 20 Hz. The obtained results
indicate that open trenches are more effective than concrete barriers. This is attributed to the huge impedance
mismatch between the soil and air. The shape of optimal barriers is different in homogeneous and layered
grounds, and the water level table significantly affects the optimal barriers' shape. In addition, in the
homogenous ground, optimal trenches sometimes take a slab-like geometry, while in the layered ground, these
barriers have a vertical column geometry and intersect the boundary between the two upper soil layers. All
optimizations are performed by assigning a constraint for the maximum allowable volume to the barrier. This
is performed by defining an appropriate penalty function. It is found that optimal barriers do not necessarily
occupy the whole allowable barrier volume, and in some cases, their volume is less than the defined maximum
constraint. This observation indicates that there is always no need to make the barriers as large as possible,
which helps save construction material and reduce the amount of earthwork.

Keywords: Wave barriers; vibration; layered ground; saturated soil; optimization; finite element method.
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