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Abstract: In this paper, different types of landslides and the importance of their controlling in a multipurpose
project is investigated. Site mobilization duty includes managing the facilities placement to keep risks down
using the best arrangement of facilities. This duty can be assisted by computer programs. A landslide is a
geological phenomenon which includes a wide range of ground movement. Results show that landslides occur
when the stability of a slope changes from a stable to an unstable condition. Even though there are many
different types of landslides but, main landslides in dam construction projects are earth flow, debris flow and
debris avalanche.
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INTRODUCTION primary driving force for a landslide to occur, there are

Generally, risk controlling is the process of stability [9-11].
measuring, or assessing risk and then developing Landslide is one the most important problems that
strategies to manage the risk. It is followed by can harm site mobilization. That's why it should be
coordinated  and  economical  application  of  resources identified in a large project such as dam construction.
to minimize, monitor and control the probability and/or Thus, in this paper site mobilization and its landslide risk
impact of unfortunate events [1] or to maximize the controlling is presented. Also, different landslide types
realization of opportunities. Risks can come from affecting site mobilization are presented.
uncertainty in project failures, accidents, natural causes
and disasters [2, 3]. Once risks have been identified and Site Mobilization Management: Site mobilization
assessed, all techniques to manage the risk fall into one or management is an interdisciplinary field primarily devoted
more of four major categories: Avoidance, Reduction, to optimize facility placement. Risk reducing can be
Sharing and Retention [4]. achieved by optimizing facilities placements such as

Megaprojects   are   extremely   large  scale batching plants and crushing plants, having harmful
investment projects. Megaprojects include bridges, effects on workers noise health. The duty includes
tunnels, airports, power plants, dams, etc. Megaprojects managing the facilities placement to keep risks down
have been shown to be particularly risky in terms of using the best arrangement of facilities. This duty can be
finance,  safety  and  social  and  environmental  impacts. assisted by computer programs.
Risk   management   is   therefore   particularly   pertinent
for megaprojects and special methods and special Risk Management: Risk management is very often
education have been developed for such risk management applied in engineering, but all sciences have risk
using different methods such as information technology management. In ideal risk management, a prioritization
[5-8]. process is followed whereby the risks with the greatest

A landslide is a geological phenomenon which loss and the greatest probability of occurring are handled
includes a wide range of ground movement, such as rock first and risks with lower probability of occurrence and
falls, deep failure of slopes and shallow debris flows, lower loss are handled later [12].
which can occur in offshore, coastal and onshore There are different methods to control a project risk
environments. Although the action of gravity is the as follows [13-15]:

other contributing factors affecting the original slope
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Risk Avoidance: Includes not performing an activity that
could carry risk. An example would be not placing a
facility in a risky zone. Avoidance may seem the answer
to all risks, but sometimes avoiding risks also means
losing out on the potential gain that accepting (retaining)
the risk may have allowed.

Risk Reduction: Involves methods that reduce the
severity of the loss. This method may cause a greater loss
by choosing a wrong reduction method and therefore may
not be suitable.

Risk Retention: Involves accepting the loss when it
occurs. True self insurance falls in this category. Risk Fig. 1: A multipurpose project
retention is a viable strategy for small risks where the cost
of insuring against the risk would be greater over time Negatives: They lead to the displacement of human,
than the total losses sustained. All risks that are not plants, animals, chiefly from small tribal communities;
avoided or transferred are retained by default. This disrupt downstream fisheries; increase the risk of
includes risks that are so large or catastrophic that they earthquakes;  submerge  forest   land;   increase  the
either cannot be insured against or the premiums would spread of insect-borne diseases; and threaten the fragile
be infeasible. regional ecosystem through reducing, the flow of water

Risk  Transfer:  Means  causing  another   party to devastate human  lives  and biodiversity by inundating
accept the risk, typically by contract. Insurance is one thousands of acres of forests and agricultural land. They
type of risk transfer. Other times it may involve contract degrade the fertile agricultural soils due to continuous
language that transfers a risk to another party without the irrigation (rather the seasonal irrigation which is
payment of an insurance premium. Liability among dependent on the monsoon) and making the soil toxic to
construction or other contractors is very often transferred many plant species.
this way.

Mega Projects (Multipurpose Projects): A multipurpose Loss of arable land
project  is  a large scale hydro project often including Salivation of irrigated land
dams for water retention, canals for irrigation, water Damages river ecologies
processing and pipe lines to supply water to cites and May damage river and estuary fisheries
power generation. These often include transportation Reduces water flow and thus may impede down river
improvements and industrial growth. They are also simple irrigation
developed to reduce the dangers of flooding. Figure 1 May increase pollution
shows a multi purpose project.

Positive:

Eliminates or reduces flooding Provides water for human and industrial consumption
Impounds water for later use-irrigation, human Helps to prevent flooding 
consumption, industrial consumption Provides lake fisheries 
Lake fisheries Provides infrastructure for many purposes 
Power generation Provides electric power or cooling for nuclear power
Transportation plants
Recreation Improved transportation

from the rivers into the seas. These projects initially

Displaces many people

Other Positives:

Provides water for agriculture 
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Other Negatives:

Displaces many people
Destroys prime agricultural lands 
Destroys river ecologies and habitat
Destroys historic and archaeological sites
May damage downstream ecologies including
estuary fisheries
Disrupts existing infrastructure
Can increase the needs for fertilizers and thus
increasing the incidents of pollution.

Landslide: Humans have historically used soil as a
material for flood control, irrigation purposes, burial sites,
building foundations and as construction material for
buildings. First activities were linked to irrigation and
flood control, as demonstrated by traces of dykes, dams
and canals [16].

Landslides occur when the stability of a slope
changes from a stable to an unstable condition. A change
in the stability of a slope can be caused by a number of
factors, acting together or alone [17]. Natural causes of
landslides include, groundwater pressure acting to
destabilize the slope, erosion of the toe of a slope by
rivers or ocean waves, weakening of a slope through
saturation by snowmelt, earthquakes adding loads to
barely stable slope, earthquake caused liquefaction
destabilizing slopes, volcanic eruptions and loss or
absence of vertical vegetative structure, soil nutrients and
soil structure [18].

Landslides are aggravated by human activities,
Human causes include, deforestation, cultivation and
construction.  Main human causes include: vibrations
from machinery, blasting, earthwork which alters the
shape of a slope, removal of deep rooted vegetation and
construction.

Landslide Types: Multipurpose projects construction
sites are usually involved in three different types of
landslide. They are listed below.

Debris Flow: Slope material that becomes saturated with
water may develop into a debris flow or mud flow. The
resulting slurry of rock and mud may pick up trees,
houses and cars, thus blocking bridges and tributaries
causing flooding along its path.

Debris flow is often mistaken for flash flood, but they
are entirely different processes. Muddy-debris flows in
alpine areas cause severe damage to structures and
infrastructure and often claim human lives.  Muddy-debris

Fig. 2: A debris flow landslide

flows can start as a result of slope-related factors and
shallow landslides can dam stream beds, resulting in
temporary water blockage. As the impoundments fail, a
"domino effect" may be created, with a remarkable growth
in the volume of the flowing mass, which takes up the
debris in the stream channel. The solid-liquid mixture can
reach densities of up to 2 tons/m  and velocities of up to3

14 m/s. These processes normally cause the first severe
road interruptions, due not only to deposits accumulated
on the road (from several cubic meters to hundreds of
cubic meters), but in some cases to the complete removal
of bridges or roadways or railways crossing the stream
channel. Damage usually derives from a common
underestimation of mud-debris flows: in the alpine valleys,
for example, bridges are frequently destroyed by the
impact force of the flow because their span is usually
calculated only for a water discharge (Figure 2).

Earth Flow: Earth flows are down slope, viscous flows of
saturated, fine-grained materials, which move at any
speed from slow to fast. Typically, they can move at
speeds from 0.17 to 20 km/h. Though these are a lot like
mudflows, overall they are slower moving and are covered
with  solid material carried along by flow from within.
They are different from fluid flows in that they are more
rapid.  Clay, fine sand and silt and fine-grained, material
are all susceptible to earth flows. The velocity of the earth
flow is all dependent on how much water content is in the
flow itself: if there is more water content in the flow, the
higher the velocity will be.

Earth flows occur much more during periods of high
precipitation,  which  saturates  the ground and adds
water to the slope content. Fissures develop during the
movement of clay-like material creates the intrusion of
water  into  the earth flows. Water then increases the
pore-water pressure and reduces the shearing strength of
the material (Figure 3).
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Fig. 3: An earth flow landslide

Fig. 4: A debris avalanche landslide

Fig. 5: Landslide in a sample dam project

Debris Avalanche: A debris avalanche is a type of slide
characterized by the chaotic movement of rocks soil and
debris mixed with water or ice (or both). They are usually
triggered by the saturation of thickly vegetated slopes
which results in an incoherent mixture of broken timber,
smaller vegetation and other debris. Debris avalanches
differ from debris slides because their movement is much
more rapid. This is usually a result of lower cohesion or
higher water content and commonly steeper slopes
(Figure 4). Different landslides are shown in a sample dam
construction (Figure 5).

CONCLUSION

A multipurpose project is a large scale hydro project
often including dams for water retention, canals for
irrigation, water processing and pipe lines to supply water
to cites and power generation. These often include
transportation improvements and industrial growth. They
are also developed to reduce the dangers of flooding.

The landslide frequently poses challenges in areas of
engineering. Landslide hazard analysis and mapping can
provide useful information for catastrophic loss reduction
and assist in the development of guidelines for
sustainable site mobilization planning. The analysis is
used to identify the factors that are related to landslides,
estimate the relative contribution of factors causing slope
failures, establish a relation between the factors and
landslides and to predict the landslide hazard in the site
mobilization future based on such a relationship.

Risk controlling is the process of measuring, or
assessing risk and then developing strategies to manage
the risk. It is followed by coordinated and economical
application of resources to minimize, monitor and control
the  probability and/or impact of unfortunate events.
Thus, landslide risk controlling should be done in
projects. The findings show that there are 4 main types of
risk controlling for landslide management methods for
landslide in a multipurpose project. Also, results show
that main sources of landslides in a construction site are
debris flow, earth flow and debris avalanche.
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