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ABSTRACT: The Kamchatka area is one of the most seismically active regions of Russia
and the world. Most of the earthquakes in recent decades took place on the peninsula of Kam-
chatka and at Kuril Islands, moreover they often trigger tsunamis. The modern topography of
Kamchatka was created as affected by tectonic movements and faults, volcanic eruption, qua-
ternary glaciations, erosion activity. Territory of the Kamchatka region is characterized by
difficult soil conditions. In this article some results of current dynamic monitoring of buildings
and adjacent soils are presented. The purpose of the research was to determine the regional
characteristics of the spectrum of seismic effects in the Kamchatka region, the real dynamic
parameters of base isolated buildings of differently structural system and research soil-struc-
ture interactions.

1 INTRODUCTION

News about strong earthquakes, catastrophic collapses of buildings and deaths of people
shakes the world every year. About 20% of Russian territory is prone to earthquakes with a
magnitude of 7.0 or more. About 5% of Russian territory lies in areas where earthquakes can
reach a very destructive 8.0-9.0 magnitude.
Seismically dangerous regions of Russia include the territories of the Kamchatka peninsula,

the Sakhalin Region, the Far East, the Caucasus, the Black Sea coast, the southern part of
Eastern Siberia. Some of these territories are particularly attractive for their development as
they have rich reserves of natural resources, while the rest of the territories are the areas of
people’s productive leisure. Despite the inaccessibility, seismic hazard, difficult ground and cli-
matic conditions, the construction of buildings in seismically active regions is actively
developing.
Improving the theory of calculating buildings for seismic loadings and the use of seismic

isolation systems needs to be tested in practice, and therefore the issues of studying the behav-
ior of buildings under real seismic loadings remain relevant.
Monitoring buildings and adjacent soils in earthquake-prone areas is a task of major

importance both to ensure their structural integrity and to obtain the information about their
responses in case of an earthquake in order to mitigate urban earthquake risk by new, effective
seismic design provisions.

2 SEISMIC ACTIVITY IN THE STUDY REGION

Nowadays four active structural monitoring stations base in the Kamchatka region. The
Kamchatka seismic region includes the Kamchatka Peninsula, the Commander Islands and
adjacent Pacific Ocean areas. This is the most seismic region in Russia along with the Kuril
Islands. Kamchatka is a part of the Kuril-Kamchatka, and the Commander Islands are a part
of the Aleutian island arcs. Both of these structures are located at the junction of the Asian
continent and the Pacific Ocean. The area is particularly interesting for exploration because it
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is a part of high seismic activity area “Pacific Ring of Fire”. In the Kuril and Kamchatka
region occur 80% of the country‘s earthquakes and almost all of them with M ≥ 8. In the
region of the Kamchatka Peninsula and the Commander Islands, there is a junction between
the Kuril-Kamchatka and Aleutian island arcs, which is among the most important and inter-
esting tectonic nodes in the world. In the same area there is the sharpest intersection of deep-
sea trenches in the world, as well as one of the most powerful magmatic centers in the world -
the Klyuchevskaya group of volcanoes (Figure 1). Kamchatka contains about 30 active

Figure 1. The scheme of the main tectonic elements of the zone of the Aleutian island arc junction with

Kamchatka peninsula (source: Geophysical Survey of the Russian Academy of Sciences (GS RAS)). Sub-

duction zones: Kuril-Kamchatka trench (K) and Aleutian trench (A); transform faults (fault zones):

Bering (B) and Steller (S)

Figure 2. General Seismic Zoning of the territory of Kuril-Kamchatka zone
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volcanoes and hundreds of monogenetic vents. Most of the instrumentally recorded seismicity
in Kamchatka is related to the subduction of the Pacific plate at a present rate of 7–9 cm year
-1. Subduction earthquakes are the greatest hazard in the Kuril-Kamchatka zone. They have
the greatest recurrence.
The level of seismic hazard on the territory of the Russian Federation is characterized in the

charts of general seismic zoning GSZ-2016-A, B, and C. The charts reflect the seismic inten-
sity, and the probability that it can be exceeded within 50 years is 10% (GSZ-2016-A), 5%
(GSZ-2016-B), and 1% (GSZ-2016-C). According to the GSZ-2016 charts in the Kuril-Kam-
chatka zone, shocks up to grade 10 are possible (Figure 2).

3 EARTHQUAKE MONITORING OF STRUCTURES AND ADJACENT SOILS

This monitoring project designed to create a database of measurements before a large future
earthquake occurs in order to predict future earthquake building responses, to compare with
actual earthquake building responses, to detect soil-structure interactions during large earth-
quakes, and to detect significant nonlinearities in the system response from large earthquakes
to use in improving the building model and predictions of strong shaking.

Figure 3. Location of structural monitoring stations and instrumented buildings
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Structural monitoring stations were created in 2016. Four buildings selected for instrumen-
tation and are depicted in Figure 3. Buildings 1, 4 are situated in the Kamchatka peninsula.
Building 2 is located in the Bering Island and Building 3 is located in the Kuril Island.
Building 1 is reinforced concrete frame construction consisting of two blocks divided by a

seismic joint. The first block is 4-story and second block is 5-story. The building 1 is 19,2 х

90,5 m in plan, and 22,1 m high. Building 2 is a 3-story reinforced concrete cross-wall con-
struction. The building 2 is 12х15,6 m in plan, and 10 m high. Building 3 is a 3-story
reinforced concrete cross-wall construction. The building 3 is 14,8 х 29,2 m in plan, and 12,2
m high. Building 4 represents reinforced concrete cross-wall construction consisting of two
blocks divided by a seismic joint. The first block is 2-story and second block is 3-story. The
first block is 15,4 х 32,8 m in plan, and 10 m high. The second block is 15 х 26,6 m in plan,
and 10 m high. All buildings have seismic isolation rubber bearings.
In all buildings accelerometers were installed at four levels as shown in Figure 4a, b, c.

Instrumentation consisted mainly of triaxial and biaxial accelerometers.
Triaxial accelerometer was installed on the ground at the foundation base level (Figure 4a).

Biaxial accelerometers were installed on the bottom and on the top of the isolation bearing
(Figure 4b) and on the roof (Figure 4c).

4 GEOLOGICAL SITE CONDITIONS

At all sites instrumented buildings were carried out engineering-geological studies. Sites inves-
tigation was done by drilling borings to depths of 30 m.

Figure 4. Instrumentation of Building 2: (а) triaxial accelerometer on the ground; (b) biaxial accelerom-

eter on the bottom and on the top of the isolation bearing; (c) biaxial accelerometer on the roof; (d)

monitoring station
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Based on engineering-geological research of the site of building 1, three engineering geo-
logical element (EGE) were identified: EGE 1 - medium gravel with sandy clay aggregate;
EGE 2 – sandy cobble; EGE 3 - medium gravel with sandy loamy aggregate.

Based on engineering-geological research of the site of building 2, three EGE were identi-
fied: EGE 1 - top soil; EGE 2 – fine sandy loam, pulverescent, hard, the inclusion up to 10%
of granitic subsoil; EGE 3 – dark gray basalt moderate strength heavy cracked, with loamy
aggregate in cracks from 5 to 30%.
Based on engineering-geological research of the site of building 3, four EGE were identified:

EGE 1 - top soil; EGE 2 – medium-grained sand with impure of gravel, pebbles, break stone
up to 10%; EGE 3 – brown clay loam, pulverescent, low-plasticity, with impure of gravel, peb-
bles up to 5%; EGE 4 – gray andesine, moderate strength, tough, mouldy and pory.
Based on engineering-geological research of the site of building 4, three EGE were identi-

fied: EGE 1 - top soil; EGE 2 – semi gravel; EGE 3 – medium gravel with sand (29%).
The seismicity of the site all buildings, taking into account the results of geological surveys,

corresponds to intensity 10 on the MSK-64 scale.

5 MONITORING RESULTS

On July 17, 2017 at 23:34 pm UTC time (on July 18 at 11:34 am local time) an earthquake of
magnitude M7.8 (54°21'07''NS, 168°53'49''EW) was recorded off the coast of the Commander
Islands (Figure 5). This earthquake occurred as a result of a subduction process at the plate
boundary of the Pacific Ocean and North America in or near the northwestern Pacific Ocean.
The earthquake was preceded by the foreshock M6.3 approximately 12 hours earlier and 15
km to the northeast. Within 2.5 hours after the main earthquake M7.8, dozens of aftershocks
M4.4 were recorded (Chebrov et al. 2017). The epicenter was located about 200 km south-east
of Nikolskoye village, at a depth of 11 km. The effect of an earthquake in the Nikolskoye
village was 5 degree of the intensity scale MSK-64.
Earthquake recording was received at the structural monitoring station (building 2) in the

Nikolskoye village.
Prior to processing the measured structural accelerations, the data set was adjusted via fil-

tering with linear band-pass filters and baseline corrections to eliminate noise. The time series
were band-pass filtered for frequencies from 0.5 to 30 Hz and normalized to the maximum
acceleration in each trace. After filtering the time histories, a time-frequency analysis was con-
ducted to examine time-dependent signal properties and to select an optimal data length for
the analysis.
The peak ground accelerations (PGA) reached about 19.6 cm/s2 in NS and 21.1 cm/s2 in

EW direction. The structural accelerations measured in the building are presented in
Figure 5.

Figure 5. Map of approximate epicenter locations (source: Geophysical Survey of the Russian Academy

of Sciences (GS RAS)). Time histories of the earthquake ground accelerations
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Figure 6. Acceleration time histories for Building 2

Fast Fourier Transforms (FFT) was developed for EW, NS direction to identify the dynamic
parameters of the first and second modes of the structure. The Fourier amplitude spectra
recorded on the roof clearly indicate the main spectral features (i.e. resonance frequencies) of
the structure. In Figure 7 it can be seen that the first mode at 4.30 Hz (T = 0.23 s) is predomin-
antly EW directions and second mode in the NS directions appearing at 5.86 Hz (T = 0.17 s).
The seismic isolation at low amplitudes of acceleration levels operates in an elastic range,

therefore the building has a low oscillation period. Even at the low amplitude acceleration levels
exhibited in this set of sample data, the signal-to-noise ratio is satisfactory to indicate several
modal frequencies. It is expected that the coherency of motions between pairs of channels will
further improve when the signal-to-noise ratio is even higher during strong-shaking events.
Figure 8 shows the Fourier amplitude spectrum on the top of the isolation bearing from the

main earthquake in relation to oscillations from microseisms. The graphs show that during the
main oscillatory effects, there is a shift of the frequency peak to the left, in relation to the oscilla-
tory effects, from microseisms. The period of oscillation of the building increases. Despite the
insignificant amplitude of oscillations, seismic isolation includes in the operation of the system,
but it is rather difficult to estimate the effectiveness of operation at low oscillation amplitudes.
The maximum values of building acceleration are small. Accelerations of oscillations of this

level cannot cause the appearance of any damage in the construction of the building. Low
accelerations recorded at one of the research sites do not allow to evaluate and study soil-
structure interactions. Seismic effects of this level help to evaluate and adjust the operation of
the structural monitoring station. The data set of earthquakes recorded by the permanent net-
works installed in the buildings can be exploited in future studies to evaluate the importance
of the soil-structure interaction.

Figure 7. Fourier amplitude spectra recorded acceleration time histories for Building 2 in NS and EW

direction (left to right)
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6 CONCLUSIONS

Instrumentation of structures is very beneficial, as studies of this type will help to better pre-
dict the performance of structures in future earthquakes.
Dynamic monitoring stations allow solving the following main tasks:

– obtaining actual (experimental) instrumental data on the dynamic parameters of buildings
in different ground conditions;

– assessment of damage accumulation in load-bearing structures and clarification of the
reserve-carrying capacity of buildings after an earthquake;

– accumulation of a database of instrumental records of earthquakes;
– plotting of regional curves and regional accelerograms, taking into account local features

of seismic impact.
– the local effects, amplification of the ground motion for different frequencies, depending on

the geologic and topographic characteristics of the recording site.
– recordings of acceleration responses from instrumented structures will have been useful in

assessing design procedures, improving code provisions, and in correlating the system
response with damage.

Further detailed analyses of strong shaking data, the behavior of the base isolated buildings
and research soil-structure interactions during earthquake will be carried out when recorded
in the future.
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Figure 8. Fourier amplitude spectra for different seismic intensity in NS and EW direction (left to right)
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