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Chapter 1: Introduction

Seismic waves, machine foundation, traffic or blasting generate waves that can adversely affect nearby
structure and operation of sensitive equipments. Various countermeasures have been advised to reduce the
ground-transmitted vibration, conventionally the installation of trench, base isolation or active mass driver. In any
vibration reduction problem, one needs to clarify the desired frequency to be cut, This can be done by
identification of the source, propagating path or the structural vibration characterization. To clarify the structure
vibration characteristics, calculation method based on the structure physical member can be done, but more
reliable values can be obtained by vibration test. Using such test, natural frequency and damping of the system
can be obtained. Several methods have been applied for structure vibration test such force vibration using exciter,
microtremor and earthquake observation data. The use of wide frequency range exciter, that can reproduce the
same load, looks important for this purpose. It will be shown that the Land Air Gun Impactor, which is commonly
used in geological reflection survey, can be applied for generating the dynamic load. The wide frequency range
and reproducibility of generated wave make it a right tool for vibration test. The problem of screening of the
incident wave by deep trenches, canyons or rock zone was observed in the past by the seismologists and
earthquake engineers. These natural phenomena lead to the use of wave barrier (open or in-fill) to control the
propagating waves due to the vibration or seismic incident wave. In the recent years, extensive numerical
researches have been done to study the effect of single wave barrier on the reduction problem. In all this studies,
no attention was given to the possibility of screening of the waves by periodic wave barriers. A periodic system,
which consists of number of identical element joint together in an identical manner, is well known for its filtering
effect. The filter action in a periodic system is caused by the destructive interference between the incident waves
and their reflected components. The propagation cannot be done in certain frequency ranges known as attenuation
zone or stop band. Using the vibration characteristics information obtained form vibration test, a periodic system

can be designed to cut the unwanted waves in the attenuation zone of its periodic element.
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The aim of this study is to present a new method for structural vibration test using land air gun impactor and to

introduce a passive device to isolate the unwanted waves transmitted in the ground and controls the structural

vibration.

Chapter 2: Application of Impulsive Load on Structural Vibration Characterization using Land Air Gun
Impactor

The purpose of this chapter is to introduce a new device to investigate the vibration characteristics of the actual
building. Different ways exist to get a dynamic load, namely seismic waves, microtremor and vibrator. The
dynamic behavior of the structures needs to be considered when special loads, like earthquakes or collisions or
explosions, may be expected on a structure. Through measurements, we can access to the vibration
characterization of the structure or whether the structure is damaged and harmed. In this study a Land Air Gun
Impactor machine, which is commonly used in geological reflection survey, is used to generate the dynamic load.
The nine-story steel-reinforced concrete (SRC) building of the department of Architecture and Buiiding Science
of Tohoku University at Aobayama campus is selected to confirm the new device. The results of the previous test
and vibration test done after the completion are used to show the applicability of this device. By using this
machine, the structure vibration characteristics can be obtained and based on the results, a suitable
countermeasure to reduce the unwanted frequency can be decided, which will discuss in the next chapters. The
building is extensively instrumented for the test in order to clarify the possible motions. The scope of this study is
limited to the significant findings in data analysis. A brief discussion is also done for historical changes of the

fundamental frequency of the building.

Chapter 3: Parametric Study of One-Dimensional Periodic Wave Barriers

Many types of structures are built up of an assembly of nominally identical or repeated elements, couple
together in an identical manner to form the whole structure. A structure of this type forms a periodic structure.
Wave motion and propagating wave in such a system is possible only in certain frequencies band, known as
propagation zones and the frequencies which the waves can not propagate are known as attenuation zones, In this
chapter, first the theory of the propagating wave in such a system is discussed. Then a one-dimensional periodic
wave barrier is parametrically investigated. The effects of barrier’s width, spacing, contrast and numbering are
discussed. From 1-dimensional model, it is shown that low velocity barrier is effective in lower frequency range,
while a high velocity one can be used to reduce the higher frequency range. Although a single barrier can reduce
the ground-transmitted wave’s amplitude, but the use of periodic wave barriers can be more effective in the
attenuation zone of the periodic system. The screening effect can increase by increasing the number of barriers.
By changing the barrier’s material property, width or spacing one can define the desired frequency range to be

reduced in ground response.

Chapter 4: Ground Transmitted Wave Reduction using Periodic Wave Barriers

The ground transmitting wave’s reduction by means of periodic wave barriers is investigated for vertical and
horizontal barrier in a simple 2-D model. Plane surface wave (Rayleigh) and vertical point load are applied for
vertical periodic barrier and vertically propagated shear body wave for the horizontal barrier. It is shown that the

periodic wave barriers can be a proper device to control the ground-transmitting wave. This passive device can
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reduce the wave’s amplitude in the attenuation zone of the periodic element. It is also shown that in lower
frequencies, a deeper wave barrier is more effective than a shallower one. For layered half-space model, although
reduction occurs in attenuation zone of the periodic element but amplification around airy-phase of surface wave
is observed, which is due to constructive interference of surface wave and diffracted waves. Reduction of 50-90%
is observed in the screening area. For the vertical point load, however the screening occurs, but due to circular
nature of the wave, some amplified regions appear. This may be due to the multi-diffracted wave and the critical
angle problem in the layer haif-space. The horizontal barrier can also be used to reduce the incident body wave.

This periodic barrier can reduce wave’s amplitude in a wide frequency range.

Chapter 5: Structural Response Reduction using Periodic Wave Barriers

The structural response reduction using periodic wave barriers is analytically investigated due to
ground-transmitted waves, such as traffic-induced wave. The structure model has been made based on the actual
building investigated in chapter 2. Using the frame elements, the reduced model has been made considering only
the horizontal motion in NS direction (transversal). The frequency dependent soil springs, horizontal and rocking,
are calculated and added to the model. The driving forces are calculated for line source away from the structure.
The response of the structure is compared for the cases with and without the periodic barriers. It is shown that the
periodic wave barriers can reduce the structural response in the range of attenuation zone of the periodic system.

An amplitude reduction of 70% is obtained in the investigated model.

Chapter 6: Concluding Remarks

The idea of the filtering effect of a periodic system, which can filter the waves in the attenuation zone of the
periodic element, is used in this study. Although a single infill trench can reduce the amplitude of the
ground-transmitted waves, it is shown that the periodic wave barriers can be used as a passive isolation to reduce
the ground-transmitted waves in the attenuation zone of the periodic system. In any vibration reduction problem,
one needs to clarify the desire frequency to be cut, that can be done by the identification of the source,
propagating path or structural vibration characterization. A new device is introduced for structural vibration. The

Land Air Gun Impactor, which is commonly used in geological reflection survey, is used for this purpose.
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