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1. Introduction

Landslides are often occurred in mountainous areas with unstable slopes. Heavy rainfall, high
groundwater level and the occurrence of earthquake can be the results of this phenomena [1].

Drainage system is one of the conventional methods that can stabilize unstable slopes by lowering
groundwater level and reducing pore water pressure in the slope [2]. The main task of drainage system is
reducing the hydrostatic forces and the forces which are the causes of water seepage [3]. Vertical drainage
system used, when the soil layers are horizontal, the slope of the landslide is light and the landslide was in large
scale [4].

Now-a-days, the combination of the energy balance and Darcy equations used for assessing the distance of
vertical drains from each other. Energy balance equation for groundwater flow, was first proposed by
Oosterbaan and his colleagues in 1996 [5].

2. Methodology

If drainage conditions are considered as stable, it is assumed that the feed rate of the drainage of the aquifer
and the water table remains constant. So, Houghoudt and energy balance equations, are the methods that are
used for assessing the distance of two vertical drains [5-7].

The distance of two vertical drains can be estimated by Houghoudt equation (1).

__ 4k(H?*-h%+2dH-2dh)

s? ; M

S: The distance of the two vertical drains (meters)

k: coefficient of permeability (meters per day)

H: groundwater level between two drains from bottom of the drains (meters)

v: water flow rate (meters per second)

d: the distance from bottom of the drains to impermeable layer (meters per second)
h: ground water level from bottom of the drain (meters)

Now-a-days, drainage spacing can be calculated by combining of Darcy law with energy balance equations.

«_n

By assuming “c” as a diameter of the drains, the drainage spacing can be computed by equation blow (2).

h= f;[%]dx — [[[3dx )

K. —x

The parameters which is used in equation 2 are illustrated in fig.1.
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Figure 1 parameters of eq.2

In this research the data of Gale-Chai dam are used for studding the impact of vertical drain on stabilizing
the reactivated landslides.

3. Results and discussion

According to fig.2, it can be obtained that the landslide was in unstable condition and it's mean safety factor
is 0.92. This graph represented that the safety factor of this landslide followed two patterns:

:

resevior W.L (m)
ErERE
SF

600 BOD 1000 1200 1400 1600
time (day)
reservior W.L — . 5F

Figure 2 Changes of Static safety factor to the reservoir water level

The safety factor of landslide increased by increasing of reservoir water level at the first 200 days, after 200
days, the increase in reservoir water level causes the reduction of safety factor.

These two patterns mean that until above mentioned period of time, there is no connection between the
ground water in landslide and the reservoir water. So, this event causes the water of reservoir act like a
hydrostatic force in front of the landslide body and prevent landslide from moving. But after 200 days, the
connection between these two water levels causes the pore water pressure in landslide to be increased. So, by
increasing the reservoir water level the pore pressure in the landslide body will increase and this event will be
the result of safety factor reduction against the sliding.

As mentioned at the last part, we modeled drainage system in this landslide to study the effects of drainage
system in stabilizing of it.

14 1680 -E-
13 1660 &
12 . n 1540 —
Hegq PN A A1 620 8
W i T T WL —]
1 1500 =
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g
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= = = with drain — without drain reservior W.L

Figure 3 Changes of safety factor to the reservoir water level
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Figure 3 represented that using drainage system, causes that the safety factor of landslide always increased
by increasing of the reservoir water level. As you know, the drainage system collect the extra water that comes
from the dam reservoir. So, this phenomena made the pore water pressure to be constant. Therefor the
reservoir water, which is at the front of the landslide body, acts like hydrostatic force and prevent the landslide
from moving.

Figure 4 represented the results of the equations which were explained in part 2. It was illustrated that,
there were big differences between the results of these two equations.

E o

an

c 100 &

[¥]

m * 5 ®

& - . e # Houghoudt
u 1

an

o energy balance
™

b

[a]

recharge rate (meters per day)

Figure 4 The relation between drainage spacing to recharge rate

Figure 4 represented that the drainage spacing which is calculated from Houghoudt equation is bigger than
the one which is calculated from energy balance equation, and the difference of these two become stronger
when the feed rate rises. The reason of these differences is the assumption of Houghoudt equation which was
assumed in this equation. This assumption stated that the hydraulic gradient in one point is the same as the
hydraulic gradient in the points which are above that point. This assumption causes that the hydraulic gradient
which is related to feed rate is not computed exactly.

4., Conclusions

The results of this study can be concluded as follow:

- Static safety factor which was obtained from analysis was 0.92. This result has a good conformity with
the results of instrumentation.

- The results of analysis indicated that there were been two different patterns for changing landslide
safety factor due to reservoir water level fluctuation. First of all by increasing of reservoir water table,
the safety factor increased but after a special period of time this manner changed.

- The installation of vertical drainage system, causes the safety factor tends to change to a unique
manner.

- By installing the vertical drains, mean static safety factor increased from 0.92 to 1.07.

- By installing a drainage system, increasing of pore water pressure becomes insensible. In this case,
increasing of reservoir water level causing the hydrostatic forces to be increased against the sliding of
landslide body.

- As mentioned in Hooghoudt assumption, the hydraulic gradient in one point is the same as the
hydraulic gradient in the points which are above that point. This assumption causing that the hydraulic
gradient which is related to feed rate is not computed exactly. On the other hand, feeding rate of
landslide body dose not the exact value. So, we can not find the spacing of drains exactly.

- The reason of this difference in Hooghoudt and energy balance equations, is the way of assuming the
hydraulic feeding rate. The hydraulic feeding rate doesn't calculated exactly by Hooghoudt equation.

- Itis concluded that by installing vertical drains, the reactivated land slide will be stabilized.
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