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Abstract

The modern concept of seismic and landslide processes relays mainly on the model of
frictional instability. Simple models of mass movement and seismic processes are important for
understanding the mechanisms for their observed behavior. In the present paper, we analyze the
dynamics of a single-block and Burridge-Knopoff model on horizontal and inclined slope. We
investigated stick-slip process: triggering of instabilities by recording acoustic emission,
accompanying the slip events. Also acceleration was recorded on each sliding plate using attached
accelerometer. In the case of the inclined slope experimental model, a seismic vibrator, which
produces low frequency impact (forcing) was attached to the sliding or/and immovable plate. We
can impose an external periodical mechanical loading to sliding plate and at several points of fixed
plate individually or together. Simple landslide model triggering effect is depend on inclination
angle, numbers of vibrators, distribution and triggering signal amplitude

Introduction

In the last years it has been shown that the triggering of dynamic events by weak external
forcing is ubiquitous and is observed in biological systems, lasers, electronic networks, etc. The aim
of the study was modeling landslides and landslides’ triggering processes. For many countries
around the world landslides are one the most severe of all natural disasters, with large humanitarian
and economic losses. The earth surface is not static, but dynamic system and landforms change over
time as a result of weathering and surface processes (i.e., erosion, sediment transport and
deposition). The fast mass-movement has a potential to cause significant harm to population and
civil engineering projects. Large-scale experiments and field observations show that the landslide
may reveal stick-slip motion [Helmstetter et al., 2004; Fabio Vittorio De Blasio, 2011]. Analysis of
the experimental data, obtained by investigating of spring-slider system motion has lead to
empirical law, named rate- and state-dependent friction law [Dieterich 1979, Ruina 1983].

To study the stick-slip process, a mathematical model, proposed by Burridge-Knopoff is also
used [Burridge R. and Knopoff L. 1967; Erickson et al., 2010, Matsukawa, H., Saito, T., 2007]
(Fig.1). Plates are arranged on a massive platform and pulled by the upper platform. The upper plate
moves with a constant loading velocity v. The blocks of mass m are connected to the upper plate by
linear springs with spring constant k,,. The blocks are also connected to each other by linear springs
with springs of natural length a and the constant k.. Frictional force acts between the lower plate
and each block.
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Fig.1. The schematic presentation of Burridge-Knopoff model
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The Burridge-Knopoff model is convenient, as it allows us to simulate many scenarios of
rupture without being too expensive in regard to computing time. Thus we have the ability to
explore the parameter space of the system more broadly and observe the emergent dynamics
introduced by the friction law.

Experimental setup

Experiments were conducted on a Burridge-Knopoff laboratory device for the models
consisting of one, two or three basalt plates (Fig.2). Registration was made with the help of
accelerometers and piezo sensors. In one plate model three accelerometers were attached on the
sliding plate, which recorded X, y and z components. Plates were pulled via the upper platform. The
experiments were also conducted for the model of the three plates. To each plate was attached one
accelerometer, which measures the x component of the acceleration. Was also recorded the pulling
force, using fabricated in our laboratory sensor (dynamometer). Accelerations, acoustic emissions
and pulling force recording are presented in Figure 3. Mass of the each sliding plate ~ 335 g ,

spring constants k. = 360% and k, ~ 155 % Dragging velocity was v = 1 mm/s.

Fig.2. The Burridge-Knopoff experiments with accelerations, acoustic emissions and pulling force
registration (with clean surfaces of plates and with a layer of sand between the plates)

Burridge-Knopoff stick-slip experiments were conducted for the horizontal position of fixed and

sliding plates with clean surfaces and with a layer of sand between the sliding plates (Figure 3 b, c).
The information was recorded on a 8-channel PicoScope 4824.
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B yellow — Acoustics1; violet — Acoustics2; grey - force on the dragging spring
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Fig.3. The Burridge-Knopoff experiments accelerometers, acoustic emission and pulling force data
recordings: blue and red curve — acceleration, yellow and violet acoustic emission and grey —
pulling force.

T

To study the phenomena of stick-slip and triggering of Burridge-Knopoff model under the
influence of gravitational forces we collected laboratory equipment with an inclined and horizontal
plane (Figure 6). These settings may help to learn the process of landslide stick-slip motion
triggering under different conditions on the sliding surface between basalt plates and under the
influence of gravitational forces. The acoustic emission and acceleration arising during sliding of
upper plate was recorded. To this goal piezo sensors were attached to the upper and lower corners
of the large (fixed) plate and accelerometer were attached to the sliding plate. At the critical angle
of inclination of the system triggering forcing was applied by a seismic vibrator attached to the
sliding or on the fixed (immovable) plate. On the fixed plate we have 8 seismic vibrator attached.
Seismic vibrators can have any configuration. The information was recorded on a 8-channel
PicoScope. In experiments the inclination slope of boards was measured.
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Fig. 4. Laboratory model for series of Burridge-Knopoff experiments under the influence of
gravitational forces. Middle figure shows the seismic vibrator attached to the sliding plate.

Experimental results for one- and three plate models under the influence of gravitational force are
presented in Fig.7. The critical angle of slip is different for one- and three plate models. Triggering
of sliding close to the critical slope, but still stable, is triggered by a seismic vibrator. Namely, the
system was left close to the critical angle for 45 minutes. Then, to the attached seismic vibrator a
forcing of 20 Hz frequency and 1.6 V intensity was applied. The information was recorded on a 8-
channel PicoScope. As can be seen from Fig.7 during the experiment several intermediate slips took
place. The beginning of sliding of system of plates was caused by influence of the seismic vibrator.
The seismic vibrator played the role of a trigger in slip.
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Fig.5. a) The record the acoustic emission occurred on the one-plate model, b), c), d) record the
acoustic emission, when sliding occurred on three-plate model.

We carried out experiments on the inclined plane. Periodic external impact is applied to fixed
(immovable) plate. Forcing performs seismic vibrators. For the external influence we arrange 6
different points on the external surface and 2 points on the rear surface of the fixed plate. We
carried out experiments on the impact, applied at different points of the fixed plate and also in the
some cases, on the standby time at the critical angle of the sliding.
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Fig.6. Triggering experiments on the inclined model. a.b.c.d.e.f.g.- seismic vibrator attached at
different points. h. experiments by the other critical slip angle.

Experiments, presented in Fig.6 a., b., c., d., e., f., were carried out by attaching seismic
vibrators on a upper surface of fixed plate at 6 different points. In all the experiments we changed
frequency on seismic sensor in 1,2,3,4,5 Hz range. Maximal voltage ~8V.

In a), b), c), d) experiments the upper plate starts slipping at the frequency of 5 Hz, from1 to 2
minutes after the switching seismic vibrator on. The longer is kept the upper plate, the longer must
operate a vibrator to start sliding. The tilt angle was 26.65".

In e), f) experimentis seismic vibrator is placed far enough from the sliding plate position,
therefore triggering period increased noticeably (5-10 minute range).

In g) experiments seismic vibrator attached to the back surface of the fixed plate could not
trigger plate even after a few tens of minutes in some experiments. When we switch the vibrator to
the c) or d) position slipping begins after 1-2 minutes.
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Fig. 7. Recordings of the accelerometer: a) seismic vibrator is placed on the outer surface of the
fixed plate according to “d” condition; b) the seismic vibrator is placed on the rear surface of the
fixed plate.

Figure 7 shows that when the vibrator is applied on the top and back surface of the fixed plate,
different perturbation amplitude reach the accelerometer attached to the moving plate. As can be
seen, high values disturbance causes in one case triggering sliding, in another case triggering is
absent.

h) A few days later, when it the environment humidity and accordingly, the plate surface moisture
was changed (increased), slip critical angle increased from 26.65° to 28.90°. Experiments results
were fundamentally the same, but slipping critical angle, probably, due to the additional force of
water surface tension between surface water on the fixed and sliding blocks, increased appreciably.

Conclusions

For each experiment we have files of large volume with records of accelerations and acoustic
data. Data recording in a digital form was made at the sampling rate 2 kHz. First gravitational
experiments taking into account a parking phase (prior to the impact of the seismic vibrator)
proceeded about 50 minutes. In gravitational experiments duration of the parking phase under the
external periodical influence depends on the location of the seismic vibrators, the frequency and
amplitude of the periodic signal, sliding plate delay time, moisture of the sliding surfaces. The
greater the distance from the vibrator to a sliding plate, the more activation time is needed for
triggering slip. Along with the growth of the sliding plate delay time increases triggering time. By
attaching seismic vibrator to the fixed plate rear surface triggering event does not occur at all. We
guess, that by attaching seismic vibrator on the upper surface, we arise surface waves, which (as in
the case of an earthquake) cause a sliding plate perturbation and triggering (slipping). By attaching
seismic vibrator to the rear surface of the fixed plate, to the small plate reaches only weak
perturbation (Fig 7), which can not cause slip triggering. Thus, more powerful impact (forcing) and
relevant experiments are needed.
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JlaGopaTopHoe Moe/IMPOBAHUE TPUTCPUPOBAHMS ONOJI3HEBBIX U
CeliCMUYeCKHUX MPOLeccoB

Honap BapamamBsuiu, Tamasz Yennaze, umutpu Amunaxsapu, JIeBan JBanu

Pe3rome

CoBpeMeHHasi KOHLEMIHS CEHCMUYECKUX M OMOJ3HEBBIX MPOIECCOB B OCHOBHOM CBsI3aHA C
MOJICIIbI0 HEeCTaOMIBbHOTO TpeHus. [IpocThie MO NBMXKEHHS MAacC M CEHCMUYECKUX IPOIIECCOB
AMEIOT Ba)KHOE 3HAYeHHE IS NOHMMAaHHWS MEXaHH3MOB HX HAOJI0JaeMoro ImnoseacHus. B
HacToAIIeH paboTe MbI aHATTM3UPYEM TUHAMHUKY MoJeNel npyxuHa-6mok u byppumka-Knonosa Ha
FOPU30HTAJIbHOW M HAKJIIOHHOM IJIOCKOCTH. MBI HCCIIE10BAJIM TPOLIECC CTUK-CIIUII, TPUTEPUPOBAHUE
HEYCTOMYMBOCTEHl IMyTeM 3aluCHh aKyCTUYECKOM HOMUCCHH, COIMNPOBOXAAIOIINE COOBITHS
CKOJIb)KEHMS. TakKe 3anuChlBAIM YCKOPEHHE KaXXJIOM CKOJB3SAIIEH IUIUTBI C IOMOUIBIO
MIPUKPEIJIEHHOTO K IUIUTE akcelepoMmeTpa. B cilyyae HaKkJIOHHOM 3KCHEPUMEHTAIBHOW MOJEIH
CEHCMUYECKHE BHOpPATOpPHI, KOTOPHIE TPOU3BOAAT HHM3KOYAaCTOTHOE BO3JICHCTBHE, ObLIH
MPUKPEIUVIEHBl K MOJBMKHOMY M HEMOJBH)KHOMY IUIMTaM. MBI MOKEM HaJO0XHUTh BHEUIHIOK
MEePUOANYECKYI0 MEXaHMYECKYI0 Harpy3ky, Ha TOJBIKHYIO W/WIM HENOABI)KHYIO IUIMTaM, B
HECKOJIBKUX TOYKAaX IO OTICIBHOCTH WM BMECTe. DPQPEKT TPUTSPUPOBAHUS IMPOCTON MOICIH
OTIOJI3HS 3aBUCHUT OT yrja HakKJIOHA, YKcia BUOPATOPOB, UX PaCHpe/leleHUs] U aMILTUTY/Ibl CUTHAja
TPUTE€PUPOBAHMUSL.
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