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PREFACE

Ladies and gentlemen,

First of all, T would like to say thank you for all
involved and related parties, especially the steering
committees who have spent their times and energy,
and even their money for the success of this event:
International Conference on Construction Industry,
Facilities and Asset Management (ICCIFAM). We are
also proud of the job done by the Faculty of
Enginecring, Andalas University who have succeeded
to invited some other countries to participate in the
event.

| would also say thank you for attending and
participating for this program, especially all speakers
who will contribute their views, thoughts, and ideas
on the topic of this conference.

This event is held as a part of our programs in
celebrating 56" anniversary of Andalas University.
We plan to hold this event every year. I hope the
conference is getting better over time. And many
related parties related to the topic get involved and
participated in this event. Even though, we would like
to develop more to any discipline or field of studies
existing in Andalas University.

Last but not least, thank you for your participation and
contribution. And happy conference. Hope the
conference generates positive inputs for all of us.

Dr. H. Werry Darta Taifur. SE, MA
Rector of Andalas University
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'GALODO' PADANG 2012:
CAUSES AND PREVENTION

Abdul Hakam, Febrin A Ismail and Fauzan
Disaster Study Centre of Andalas University

ABSTRACT

The Galodo Padang 2012 that has taken the lives is caused landslide in catchment area of Batang
Kuranji river. The land slide it self is triggered by the heavy rain in few hours before. The slope of
Batang Kuranji river catchment area is located in hilly terrain. The physical changes of the soil caused
the loss of slope stability. To determine the cause of the Padang landslide 2012, the ficld investigation
was conducted. The physical and mechanical properties of the soil in the area are examined. The
research of physical properties is especially useful for understanding the behaviour of soil in the
change of water content. The type of soil that dominates the catchments area is fine grained soil. This
type of soil will change the mechanical behaviour with the change of the water content. Protection
should be taken to avoid the similar phenomenon in the same place and in the same area.

KEY WORDS: Landslide, Mitigation, Remedial action

1. BACKGROUND

In the Minangkabau land, mud flows, landslides
and similar disasters are named as Galodo,
There is proclaimed that galodo is an
abbreviation of words means the wave of sins.
So with natural disasters, Minang people take
lessons for themselves on what they have done
in the past that cause sin to the God, sin on
humanity and sin against the natural
surroundings. So the sin or mistake should be a
lesson that the same mistake should not be
repeated again in the future.

Figure 2. People crossing the unsafe bridge in
Galodo 11 [1]

On Thursday afternoon 13 September 2012, the
city of Padang hit by flood again which is
named as Galodo by the local people. This is the
second time the Galodo happened in Batang
Kuranji river which divides the Padang city into
two from east to west. This deadly flood is
almost the same as a big flood on 24 July 2012,
The first flood occurred in the same watershed
that is in Limau Manis watershed. But the
second Galodo was followed by landslide in the
area around of the Batu Busuk river. Both
; " : Limau Manis river and Batu Busuk river come
Figure 1. Scouring or.l.thc the river bang of together the form of a big river named Batang
Batang Kuranji due galodo | Kuranji. In this paper we will discuss the
technical issues that caused landslides in Batu
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Busuk l_hat has destroyed a few houses with the
People in them. Then also it is delivered one of

the prevention methods for stabilizing the slope
using trees.

Figure 3. Evacuation process in galodo II

In general, the scale of the damage caused by
the both Padang Galodo 2012 was about the
same, but the second Galodo has casualties of 8
people. In addition it has flashed several homes.
The heavy rain in that day also has triggered
landslides at three points in the Batu Busuk. At
the time of the Galodo in the region, hundreds
of residents have been evacuated to the safer
place after they were temporarily isolated in
a few hours. It is more difficult condition to
safe the people since the only access to location
has to pass through an old bridge that built
in the Dutch era. The bridge is already in an
unsafe condition, but there has not
planned a replacement bridge yet.

2. METHODOLOGY

In order to find out technical things that cause
the landslides in Batu Busuk, the field
investigations have been conducted in the
location. The field survey in the field has
carried out the geometry of the landslide area.
In addition, the soil samples have been taken
from the location in some point. The soil
samples then were taken into the laboratory for
physical and mechanical parameters tests.

The loss of stability of slopes in Batu Busuk is
mainly caused by the presence of intrusive
water due to the rain. The tests of the soil
samples were carried out also in associated with
soil behavior related to its interaction with
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For that purposes, the experiment

on soil samples mainly are as fol)qy,. .
a.  Sieve analysis  for soil _
composition. The test 1s aimed 1 dm-nrpl.:”'\.:
composition of the grain size tha d..nmll_'r..r the
the soil structure of Batu Buygy) Ihl_"l"l-;-
performed using the sieves 1o separate ”‘_‘_ Uy
of the soil in certain sizes 'I”H}IL‘”'-.L_;.“:
amount of grain that passes throy,}, :Il-,'.. ."..“L
was plotted in a graph 1o dl”“”1:;f|..;“:_"'
dominant soil particle size In genceral, g )
classified into two main groups, those .-1:“ 1
grained soil and coarse grained <o) TS

l‘jzl'_[.-.

b. The Atterberg limits tests. Theee L6 avs
aimed to obtain data of the water conyen, i
soil that can change the consistency of ;1,.‘.'.‘_"
in the terms of plastic limit and hquid limy .
fact that if a soil has a moisture content '1;--"
exceeds its liquid limit, then the soil macc will
be easy to transform from a solid 10 :
form. The soil mass that has excessive war.
content in it, can flow as the h:h.r-s-.vql.‘;'
|IQLIId.S In nature, this ﬂu\\m'i.'_ so1l mass
usually move together with the other ohiecr

LR

and is known as the mud flow or debris flow

a liquud

¢. Shear strength testing. This teu
performed to determine the technical values of
soil samples in terms of shear strengt
parameters. In general, soils have the shee
strength that contributed by the adhesne
(cohesion) and internal ce
(friction). The cohesion is trigerred by the
chemical behavior of the soil particles and
the shear resistant is affected mainly by the
shape and size of soil particles. Coarse- graimed
soils have very little the adhesion between the
grains, the shear strength of these soils are
determined by the inter- particle friction
resistance. The measurement of soil intern:
shear parameter values can be done by dire!
shear tests on soil samples both in the I_lc'.J
and in laboratory. Meanwhile for the fne
grained soils, the shear strength 1s contrlbu""‘f
mainly by cohesion between soil particles The
value of the cohesion parameter of these B¢ “j
soils can be easily done by unconfin
compression shear test (UCST)

shear  resis

d. The other physical parameters 1csmllg-1_1[:;
tests are performed to obtain the values © anc
natural water content, the specific £rat ﬂ."-
the unit weight of the soil. These paramete®

elveness




required to identify soil types and also needed
as the input data for the slope stability analysis.

Once the results of the soil parameters tests for
soil samples are collected, analyses of the slope
stability can be performed. The slope stability
analyses are conducted with the moisture
conditions variations. The stability analysis
considers also by assuming that the failure
surface in the slope that has the same direction
with the surface slope. The linear type of failure
surface in slope is more suitable compared to
the actual events in the landslide site. The
depths of failure surfaces in the slope are
determine the stability of the slope.

Finally, the critical depth of failure surface
on the slopes is determined. The critical depth
is the depth of potential failure in slope that
greatly affected by changes of the water
content. The changes in water content for the
uncovered slopes are strongly affected by the
weather (rain and drought seasons). Since the
cover of the slope has been opened by landslide,
the best remedial method on the slope of the
Batu Busuk is the reforestation. The special
plants to be planted on the slopes. The plant
roots must increase the stability of slopes even
for the weakest soil shearing resistance. The
roots of selected plants should be able to reach
the base area of erosion under the surface of
the slope that determined as the critical depth.

3. RESULTS AND DISCUSSION

The slope geometry data has been taken
from the location of Padang Galodo II (Figure
4). The undisturbed soil samples was also has
been brought from the landslide area on 2
points. Based on survey data on location the
slope representation is then performed on the
slopes (Figure 5). Batu Busuk hillside is
categorized as a steep slope since the slopes
have average angle more than 45 degrees.

Although the actual location there are many
large rocks (boulder), but the behavior of
the soil dominates the slope stability. During the
landslide the boulders were moving together
with the mudflow.

Table 1. The test results of soil samples | and 2
S01l san R b
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The laboratory test results of the two soil
samples are shown in Table 1. From these
results it can be seen that the hill of Batu Busuk
are made of fine grain soil. The soil sample has
approximately 50% of fine content. This
indicates that the behavior of the slopes are
following the behavior of fine-grained soil.
Generally soil deposit has fine soil particle
content of 30% and over, the mechanical
behavior will be dominated by the fine-grained
soil contains.

Based on the test result in terms of the water
content at plastic limit and liquid limit, the fine
grain soil can be classified as silt soil.
Meanwhile the test results of natural water
content, the soil is classified as having a very
high water content. The natural water content of
the soil in location is excess its liquid limit. This
condition indicates that slope will be
casily changing the consistency to liquid
form. It means that the slope move down like
a liquid due to a sufficient interference.
Based an the internal friction angle that about
30 degrees, the slope will quickly move down if
the is rain fall wetting the soil and the soil
loss its cohesion. The reason is that the sloped
of the hillside arc lager than the average of
internal shear angle of the soil.
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can be done by planting both tall trees 4 |

plants. Types of trees will be planted Nhnuf_
have a root to reach the depth exceeding | |u ]
Technically, in order to maintain safer,
heavy rain conditions that can lead ':

reduction in soil strength, the recommendgy s
3¢ 3 roots is one and a half times that of the cnuu}
35.2 depth that about 1.6m from the ground surfy,

SF

2.) -
Vv

1.5 4

- -
e s 1.3 4 .—-"/
Figure 5. Slope geometry (units in m) and
sampling points

0.5 4
Based on the slope geometric and soil
parameters obtained, it can be seen that the 0.] 2 2 o=
biggest of slope angle is 60 degrees. The related 0 5 10 15
soil parameters is taken from the soil samples 1. L(m:

Those soil data then are used to simulate the flat .
failure surface in slope stability analyses. The a. Direct shear Test daa
results show that the slopes are still in a actually
location in a critical condition, with the lowest ST
safety factor of about 1 (Figure 6). This 7.0 -
indicates that the slopes have potential to 60 4
slide down. 5.0 -
Furthermore, to determine the critical depth of 4.0
the slope failure surface by assuming to be 30 4
parallel to the surface, the critical depth of 20 d
failure is calculated as follows [2]: :
- 1.0 - —
¢ H+LI 0.0 : . —
i e (1) 0 : I

L{m)

- The critical depth also calculated by assuming _
~that the slope behaves completely dominated by ~ b. Unconfined Compression et data
cohesion. The result shows the depth of

Ilm.g; Figure 6. The value of the safety factor for the
i it ) length of the different collapse

4. CONCLUSIONS -
Galodo Padang in 2012 has occurred U
The first Galodo took place in July ““dl oo
- second in September 2012. The second GO
~ has caused fatalities due to InndShdcs'dsh
results of the study conducted in the 1" fine-
ea showed that the soil is dominated by lt
ained soil, The soil in the landslide are h
ar resistance that can decrease as the ™
creases. In normal condition. I can
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concluded that the slopes of the Batu Busuk
area are in fairly stable condition, but on wet
slopes become unstable and lead to landslide.

To prevent the disaster of the same event, then
the slopes of Batu Busuk should be
reforested by planting trees with strong and
deep enough roots. To maintain the stability of
slopes in the rain season, the planted trees
technically advisable to have roots that can
penetrate the soil to a depth of more than 1.6
meters from the ground surface.
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