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ABSTRACT

Every year all over the world many lives and properties are lost due to many geological catastrophes like,
landslide or landslip. Manual and electronic monitoring systems are used for predicting the landslide. The
manual monitoring system is laborious and not practical. And most of the electronic systems are complex and
expensive. A wireless sensor network in conjunction with an underground pretension cable with a strain gage
sensor attached at one end is proposed for a simple landslide monitoring system. A mathematical model has been
developed for the system and the model is verified by simulation. The result shows that an early prediction of the

landslide is possible by using the developed system.
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INTRODUCTION

Worldwide, landslides cause about 1,000 deaths
per year and property damage of approximately US$
4 billion [1]. Existing manual solution is insufficient
and sometimes it is costly for landslide prediction
and detection. Installing a single sensor for
monitoring a wide hilly target area is not sufficient.
Most of the cases, the property of the hill is changed
in about every 10-15 meters distance. Wiring with
multiple sensors to a central data logger is also not
reliable and practical as well since it requires
frequent maintenance. Therefore, wireless sensor
network system is used for real-time landslide
monitoring. Thin film strain gage pressure sensor
with high accuracy pressure measurement is clamed
in the system [2]. A simple pretension underground
cable attached with a strain gage at one end can be
easily used to measure the pressure of the soil as
shown in Fig. 1.
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Fig. 1 Basic arrangements of the proposed wireless
sensor network system for landslide monitoring.

The measured pressure can be used to calculate
the landslide prediction and detection. A number of
same kinds of sensor setup can be used for
monitoring a wide land area. In this case, each
sensor is defined by a unique number within a
wireless network. This ID number can be easily used
to locate the landslip zone. A majority of the
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wireless sensor network arrangements [3], [4] are
mainly data collection networks. The wireless sensor
network recurrently collects the respective data and
collaboratively processes the measurements from the
field under study before forwarding them to the
central monitoring station. The central monitoring
station executes more computationally-intensive
algorithms such as finite element modeling and
parameter identification [5], [6] and acts as the
expert interface to the system. A wireless
communication system can be used to transmit the
sensors sampled data and relevant information to a
distant central database server computer for analysis
purpose. The instant conveyed information would
allow us to implement instant disaster rescue
measures and to notify the land user to protect the
people’s lives and properties.

SENSOR MODELING

A simplified force diagram of the proposed
landslide pressure sensor that is, pretension cable
with strain gage is shown in Fig. 2. Assume that a
pre tensioned still cable length of L is attached at
two end supports under the soil. If the linear
expansion coefficient of the cable is a. and the
surrounding temperature of the cable is changed AT
degree Kelvin then the change of cable length AL+
can be calculated as follows:

Fig. 2 Simplified force diagram of the proposed
landslide pressure sensor.
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When the land is slightly moved S distance from
its initial position then it creates a force F on force
plate as well as on the cable. If the Yang’s modulus
of the cable is E then at force equilibrium condition,

F/A

Where, A is the cross section area of the cable
and AL is the change in length of the cable due to
force.

By considering the temperature effect, Eq. (3)
can be rewritten as,
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The work Ug done by the soil movement can be
calculated by Eq. (5).
Ug=FS (5)

The potential energy Uw stored in the cable can
be calculated as follows:

AL
Uy = f FdAL (6)
0

From Eq. (4) and Eq. (6),
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From Eq. (5) and Eq. (7), the potential energy Us
stored in strain gage substrate is calculated as
follows:
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Again, if the Yang’s modulus of the strain gage
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substrate is Es then at force equilibrium condition,

Fg
EgAg ALg
2727 9
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Where, As and Ls are the cross section area and
length of the substrate respectively. Fs is the force
on the substrate and ALs is the change in length of

the substrate due to force.

From Eq. (9),
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By combining Eqg. (8) and Eq. (10)
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If the gage factor and the temperature coefficient
of the strain gage are G and « respectively then the
change of resistance AR of the strain gage with
respect to the initial resistance R is calculated as
follows:

AR
GALg

B R( Lg
+ aT) (12)

By combining Eqg. (11) and Eg. (12)
AR=R| G 2F S AL

- LSESAS( B 7)

+aT (13)

From Eq. (4), if the Yang’s modulus E of the
cable is very large then AT= 0 and Eq. (13) can be
rewritten as Eq. (14).
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Eq. (14) indicates that the change of strain gage
resistance is directly proportional to the squire root
of the force and displacement of the land.

RESULT AND DISCUSSION

A PSPICE simulation is studied for the proposed
landslide sensor for monitoring system. The result is
shown in Fig. 3. In this simulation, it is considered
that the Yang’s modulus E of the cable is infinity
and the temperature coefficient of the strain gage is
very low. In Fig. 3, it is noticed that a very slow
landslide effect is present at the beginning and about
four months later, the effect is more visible. The
sensor ID number 001 shows that its resistance is
changing exponentially; it means a massive
landslide would be happened within short time in the
region under the sensor.
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Fig. 3 Change of strain gage resistance with time.
CONCLUSION

A pretension cable and a strain gage sensor can
be used for landslide prediction and detection
purpose. The change of strain gage resistance is a
direct indication of the landslide effect and no need
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to measure the exact value of the force or
displacement of the soil. This principle can help to
develop a simple and low cost real-time landslide or
landslip monitoring system. According to the
mathematical model, Eq. (13), for an efficient
system, the Yang’s modulus of the cable must be
very large. Since, the still and carbon fiber cable
have very large Yang’s modulus; they can be used in
this development.
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