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ABSTRACT
This work corresponds to the first experimental research related to transmission of vibration due to impact of sea waves
in the ground. Several measurements were made on the beach ground near breaking waves zone. These measurements
were made during winter of 2011 in the north of Algarrobo, V region of Chile. In this area there are a lot of apartment
buildings, where residents have reported vibrations during periods of strong swell. The analysis of the measured
accelerations were performed considering the records with its full length and also segmented by independent wave
impacts. The latter allows estimating, for each wave impact, maximum acceleration, predominant frequencies and
acceleration response spectrum for damping structures with from 2% to 20%. From the maximum accelerations recorded
at each measurement point, parameterization attenuation curves of these quantities is proposed, based on the distance to
breaking waves zone.
Keywords: vibration due to waves, strong waves, shock waves, acceleration attenuation curve, breaking waves zone.
Introduction
Beginning with a series of observations made during a series of visits to coastal buildings in the V Region of Valparaiso,
central zone of Chile, it was observed that structural and non-structural elements such as slabs and windows,
respectively, experienced perceptible vibrations due breaking waves. This phenomenon is particularly noticeable when
the strong wave season due to extreme weather conditions affects the coastal zone. These vibration conditions are not
dependent on other natural sources of generation, such as wind that can affect structures.
It is important to mention that during this study time period; there are no reports of investigations dedicated to the
situation presented. In addition, there are no references to recommendations for the design of buildings that consider the
vibrations due to wave impacts.
This study presents a report on the effect of vibration in the ground for the area of interest. For this, the study of the
transmission of vibrations consists in measurements throughout the beach areas near breaking waves zone. In order to
detect the vibrations, accelerometers of high sensitivity were used.
The interaction process considers that the impact of waves induce accelerations in the ground, which are transmitted in
the three-dimensional space through particles as a series of compression waves to the base of the structure.
It is assumed that the ground stratigraphy is similar between breaking waves zone and the base of the structure, meaning
that there are no abnormalities which could affect or induce alterations in the signals records obtained.

Description of zone and types of breaking waves
The experimental research was conducted on a beach next to a housing complex in the north of Algarrobo, V Region of
Valparaíso. Chile. The beach is located between the breaking waves zone and a perimeter wall of the complex. Between
these two points the difference in the ground level is about 2 and 4 meters, which means a slope between 1:30 to 1:15,
respectively.

According to Galvin [7], the classification of breaking waves is divided into four groups: Spilling, surging, plunging and
collapsing. These are differentiated by the type of wave slope, profile or wave slope, turbulence, decline and impact on
the coast, among others.
For this experimental study, it was observed that plunging wave has greater presence and influence, due to the height of
waves and the impact they make on the beach sand. This type of breaking waves is characterized by tubular shaped
waves, with defined frontal and vertical slope. The crest of the wave has a horizontal tilt ending with a sharp end.
Because of the height reached by the wave, there is a high impact on the sand and a strong turbulence.
Measurement Methodology
There were six measurement campaigns in the north beach of Algarrobo, between June and September of 2011. In each
of these campaigns, records were obtained from measurements made on the beach, installing sensors at a depth of 60 and
100 cm from the ground surface. From these campaigns, two are distinguished, detailed below:
Campaign 1: June 2011. In this campaign, records have maximum ground accelerations because corresponded to one of
the days with more sea wave activity able to record on the beach edge. This campaign contains three measurement
points, indicating its coordinates in Table 1.
Table 1 Experimental campaign n° 1 June 26, 2011. Point coordinates

Coordinates
Record N°

Latitude (S)

Longitude(W)

1

33°21'3.27"

71°39'15.67"

2

33°21'3.44"

71°39'15.16"

3

33°21'3.55"

71°39'14.77"

Campaign 5: August 2011. In this campaign, nine points were measured on the beach from breaking waves zone, to a
distance of approximately 200 meters, corresponding to a normal distance from the buildings close to beachside. The
measurement points are referenced in Table 2.
Table 2 Experimental campaign n° 5 August 29, 2011. Point coordinates
Coordinates
Record N°

Latitude (S)

Longitude (W)

1

33°20'43.64"

71°39'8.36"

2

33°20'43.73"

71°39'7.73"

3

33°20'43.84"

71°39'6.91"

4

33°20'43.83"

71°39'5.67"

5

33°20'43.74"

71°39'4.40"

6

33°20'43.69"

71°39'3.37"

7

33°20'43.66"

71°39'2.21"

8

33°20'43.65"

71°39'1.29"

9

33°20'43.60"

71°39'0.41"

At each point defined in the beach area, it was use a sensor triaxial equipment PCB. This configuration allows to collect
information for three definite directions, which have been labeled with an allocation based on the orientation of the
sensor according to the coastline. These directions are: i) Orthogonal to the coast (OC), ii) Parallel to the coast (PC) and
iii) Vertical (VE). These directions are shown in Fig 1.

Fig 1 Disposition of triaxial accelerometer system

At each location, the measuring instruments were placed at a depth from 60 to 100 cm, keeping a horizontal leveling for
a supportive sensor metal plate. After starting the capture of data into a computer fitted with specialized software,
acceleration records were taken in periods from 3 to 7 minutes. The shortest distance location of the sensors with respect
to breaking waves zone is approximately 20 m. The sampling frequency used for each sensor is 2000 Hz.

Analysis Methodology
For each record in each campaign were analyzed in the first instance the time series of the records obtained.
From these graphs are recognized accelerations due to sea wave impacts, it is. This event repetition period, corresponds
to the moment of wave arrival, which varies between 7 and 18 seconds.
In all records it is necessary to discard signal frequencies because of electrical machinery. These correspond to frequency
values around 25, 50 and 75 Hz, mainly. Moreover, when studying the results of frequency analysis by Fourier
Transform and subsequently power spectra, the bulk of the energy associated with the signal is between 0 and 40 Hz.
Therefore, for all records have been applied frequency filters of signals type Butterworth with low-pass filter according
to this last frequency. An example is shown in Fig 2.

Fig 2 Time series. Record 1 campaign Nº 1 June 26, 2011

The spectrogram of accelerations allows to observe that the predominant frequencies of the ground due to wave impacts,
are essentially in the range of 7 and 15 Hz, this frequency range depends on the ground properties, such as for example
granulometry. A spectrogram figure is shown en Fig 3.

Fig 3 Spectrogram. Coast-orthogonal axes. Record 1 campaign Nº 1 June 26, 2011

Then, considering the separation time of wave impact, each record is divided into segments by waves. Fig 4 shows a
zoom of record 1 for a period containing the acceleration solicitations due to the impact of a wave. Furthermore, the
maximum amplitudes of acceleration (PGA) are evaluated of each individual record and the demands that induce,
through the preparation of acceleration spectra for different levels of damping. In particular the results mentioned herein
for damping structures  = 5%.

Fig 4 Time series zoom. Record 1 campaign Nº 1 June 26, 2011

Results
We have determined the higher acceleration magnitudes of the ground (PGA) due to breaking waves. In addition the
average value and standard deviation for all waves of each record was estimated. With this it is possible to construct
graphs showing the variations of these acceleration magnitudes as a function of distance of the breaking waves zone.
Below, a box plot graph display the statistical spread of the maximum impact of each wave. The goal is recognize the
trend of decreasing amplitudes of acceleration versus distance from the breaking waves zone. And although there is a
high dispersion of the maximum ground accelerations in each wave impact, given the periodicity of the problem, it is
convenient to work with maximum values. Result is shown in Fig 5 and 6.

Fig 5 Distribution of maximum accelerations in the ground of each wave impact. Experimental Campaign No. 5 August 29, 2011

Fig 6 Maximum ground accelerations in each record. Experimental Campaign No. 5 August 29, 2011

As first approximations to investigations of explanation of the phenomena, in this study, it is considered that the
amplitude of the acceleration (A) varies only according to the position of the distance to the impact area of waves, ie A =
A (x). Thus, being the CO axes which presents the greatest magnitude of acceleration, a curve is defined for the base 10
logarithm of the ground acceleration depending on the distance to breaking waves zone (normalized curve from the first
serial value dataset). The curve is shown in Fig 7

log10 ( A)  4.05  10 2  x  2.22  10 1  log 10 ( x 2  10.4 2 )  2.17  10 5  x 2  2.26  10 1

Fig 7 Fitting curve of maximum ground accelerations, coast-orthogonal axes. Campaign No. 5 August 29, 2011

Known acceleration demands in the ground, acceleration spectra are built for different degrees of damping. From each
division record for wave impacts interval, a demand curve is determined. It displays the following normalized curve of
PGA value associated with each record, the average curves and an average curve plus one standard deviation are
estimated. Fig 8 shows the result due to a single wave impact. Average curve and envelope curve are shown in Fig 9 and
10.

Fig 8 Acceleration response spectrum for four damping ratio values. Record 1 wave impact n° 14, Campaign No. 5 August 29, 2011

Fig 9 Acceleration response spectrum for damping ratio value =5%. Average curve. Record 1, Campaign No. 5 August 29, 2011

Fig 10 Acceleration response spectrum for damping ratio value =5%. Envelope curve. Record 1, Campaign No. 5 August 29, 2011

Conclusions
We performed a study of ground vibration associated to sea wave impacts in the area of Algarrobo, V region of Chile.
The behavior of the waves present in the study area has been characterized using available historical records of the zone.
According to studies of the types of breaking waves, it was determined that the plunging breaking waves is associated
with increased demands for acceleration by wave impact in the ground. This type of breaking waves occurs all the year in
the measured area, therefore the problem can be continually perceived under the study, intensifying its magnitude during
the winter season, between the months of May to September.
Records were obtained from measurements made on the surface of the beach, between the months of June and September
2011, they were conducted in parallel and orthogonal to the coast. These registers allowed to develop an initial
methodology for analysis of the vibrations in the ground induced by wave impacts.
For locations of buildings present in the area, the attenuations of the accelerations in the ground correspond to reductions
of up to 21% of the measurements in the areas close to the source.
For the maximum demands record obtained for the measurement orthogonal axes to the coast, a setting curve was
estimated for the attenuation of the accelerations in the ground depending on the distance of the breaking waves. The
proposed expression reaches a 94% of approximate value.
Depending on the demands of the recorded wave impact at each serial time, accelerations spectra were constructed for
the periods range from 0 to 1 seconds.
According to what was observed in these spectra, the greater demands are expected for rigid structures with fundamental
period between [0.05, 0.4] secs. For damping ratios of 2 or 5%, the period value for 90% of accumulated demand
corresponds to 0.35 [sec] on average. For structures with damping ratios of 10 or 20% reaches 90% of the accumulated
demand for 0.4 [sec] on average.
Periods are similar for the three reference axes, being the orthogonal axes to the coast (OC) which contains slightly
higher magnitudes of solicitation than other axes.
The highest spectral acceleration values correspond to 6 times the value of PGA of that record.
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