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DEVELOPMENT OF STABILITY CRITERIA FOR RISK REDUCTION IN THE
SIANOK CANYON IN BUKITTINGGI INDONES A

BAMBANG ISTIJONO and ABDUL HAKAM
Civil Engineering of Andalas University, Padang 25163, Indonesia

Email: bistijono1452@yahoo.co.id, ahakam2008@yahoo.com

Abstract:

The development of Sianok Canyon area as a tadesination in Bukittinggi - Indonesia also
needs a disaster risk reduction to be includedle. city already has land use plan that restricts
the development around the upper part of the Canybis restriction is not equally effective
because it has no consideration based on the abioking. The study that provide a scientific
consideration is needed since the city has linlgdad. Then, the geological study and geotechnical
investigation was done to obtain required dat. fibllowed by the potential landslide analyses of
the Canyon area. Furthermore, based on the resiuttsee analyses the safety factor and safe
distance criteria are proposed for consideratiotihéndevelopment plan of the city as well as to
reduce the disaster risk.

Keywords: landslide, land use, risk reduction

1. Introduction

Sianok canyon is one of the most popular tourism
destination in Indonesia. There are two well known
theories adopted ‘why this canyon is exist'. Fedteve
that this canyon is made by erosion of water fldang

the river and second one say it is made by Suméirtdin
Both need advanced investigation to prove the thsor
Whatever the nature made it, the Sianok Canyon can
stand up to 9which become a dramatically seen that
attractive for tourists (Figure 1). The Canyon wéhgth

of 15 kilometer passes through Bukittinggi city ainhas
more than 3,300 population per square kilometer.

In the past the Sianok Canyon area of plantatiodgiae
fields. Since it has beautiful scenery, then itdmee very ; R
popular for tourist visits. The development of 8ianok Figure 1. Sianok Canyon wall can stand up td 90
Canyon then becomes quite rapid. However, withtéchi
land this area is also developed to build tourisippsrt
facilities like culinary shop and stay houses. Late
residential houses also exist at both under anti@top
of the Canyon wall (Figure 2 and 3). The developnoén

the township above the Sianok Canyon are now irg v
dangerous situation where the distance between the
building with the edge of top side of the Canyoril yuest

in a matter of less than 5 meters. The investigatiothis
area is needed to reduce the disaster risk as hdyapen

in the other place (Hakam et al, 2013).

#02080410 Copyright ©2016 CAFET-INNOVA TECHNICAL SOCIETY. All rights reserved
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Itis very concern that this development does nasider
the danger in behind the Canyon wall. In fact, fribre
experience the earthquake in 2007, the Canyon wa
suffered from landslide. This concerns about thegda
seems has been defeated by the needs of everyeay
Then the people in the Sianok Canyon live in a Vegh
risk especially due to landslide.

Even worse is the regional land use plan of Siand
Canyon can not be complied with. In the land use® 2
declares the area with a distance of 100m fronetiteof &
the Canyon must be free of construction developme
This restriction is certainly a thing to devastatgural
resources because it is not based on scientifignjieaht. o -

The regulations to control the land use developratsit ~ Figure 3. Houses and business building development
has not already exist (BAPPEDA, 2007). Then it sthou under the canyon

be a scientific consideration for safe developniEsted 5 Geological and geotechnical overview

on the knowledge as described in this paper. ) . ) o
The Sianok Canyon is located in Bukittinggi - West

In order to protect people and environment in imdals  symatra Province, Indonesia. This area is geografi
field it has been introduced a Safety Integrity @&8IL)  |ocated in the west-central side of the Sumatrants|
to include risk reduction action to a tolerabledevihe  (Figyre 4). The Sianok Canyon is in the middle itif h
SlL is proposed to help companies to specify blo¢trisk  5req that lay from the north to the south as pathe
assessment and the measures to be taken in tigg @€si gkjt Barisan hill. The Canyon may be geologically
safety for emergency shutdown in hazardous comditio formed due to the existence of the Semangko fahiltiw
(Gathur, 2013). In this paper the landslide safeitgria jyides the Sumatra Island into two parts, eastvaest.
are developed for risk assessment based on thedngh Ajong the Semangko fault there are some activenand
the distance from the canyon edge. active volcanoes which create soil deposit in suding

The geotechnical behavior of the Sianok Canyoieihjt areas.
must be explored from the field. A laboratory testies
were included to have specific data that neededlégpe
stability analysis. The numerical simulations tiveere g
conducted to develope risk disaster criteria basethe
hight and the distance. B

Pad‘;ang

Sumatralsland
INDONESIA

Figure 4. Geography and geology map of Sianok
Canyon

Soil deposit that make up the Sianok Canyon isvedri
from ancient volcanic eruption in past. This depbgie
is a Pumiceous Tuff with color of pinkish grey tigktly
brown (Kastowo et al, 1996). The soil deposit tlien
compacted naturally that makes a layer of soil jpies a
¥R cohesion like effect.

Figure 2. Township on the edge of the canyon  In order to investigate the geotechnical behaviocthe
Sianok Canyon walls then the soil sample is codiéct
from the field. Soil samples were then tested ia th
laboratory to obtain physical and technical paramset
The laboratory experiment performed include grain

International Journal of Earth Sciences and Enginge
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gradation, unit weight, soil consistency, uncondinein a very critical condition with the safety facequal to
compression and direct shear tests. one.

The soil deposit is made of non-plastic particldthw

liquid limit water content of 27% and plastic-indek

only 1.4%. The soil contents 50% of sand and teeise _ Safe Distance
the silt particle. Based on those data the soit ten be

categorized into inorganic silty-sand (ASTM, 198H)e

soil mechanical data from the laboratory teststaeaunit A 1
weight of 16.7 kN/ry, the unconfined compression ,'
strength of 150 kN/fhwith sensitivity of 18 (Figure 5) 1
and the internal friction angle of 33Figure 6). § ,'
=
1.8 | T 'g ,l o
1.6 original o I a’y
g i 4 D —. ) ’,$
b 1.2 / bE) 7 $
¥ LT/ i #*
£ 08 el
% 06 - s ’
E 04 / — -7
0.2 f remolded |
e ——4—4-— 4 Figure 7. Definition of term in simulations
0% 2% 4% 6%
axial strain Based on the safety factor criteria for slope éitgbi

analyses (PU, 1987) as shown in Table 1, the sketiyr
of the Canyon wall around residential areas in cdisa
earthquake is at least 1.8. The height of the Caivyall

Figure 5. Unconfined compression test results

1.00 1 A ;
/ to meet that criterion is about 90m. The heighthef
- Canyon Wall to meet the criterion of moderate teslel
e C/g\ o=33° is about 120m, that is for access road use. Irtiaddhe

area around the Canyon with the height of 150nais s

= 2
Shear stress (kgfem’)

e enough for farm field (Figure 8).
025 //
Table 1. Safety Factor Criteria for Slope Stability
0.00 various risk level
0 025 05 075 1 125 15

Ultimate Shear

Normal stress (kg/cm’) Risk level | Analysis Type strength of soil

Figure 6. Direct shear test results

High earthquake 1.50
(residential) [gatic 1.80

3. Landslide hazard simulation

Based on geotechnical data from the soil sample teg
results, then the landslide analyses of the Si@akyon Moderate | €arthquake 1.30
were conducted. This landslide analyses were pagdr

X . ) . L ) X Access road i
by numerical simulations with variations in heigiithe ( )| static 150
Canyon wall. The_ simullaltion results are jn termshef Low earthquake 1.10
safety factor against sliding along the failurenglaand
the safe distance on the top of the Canyon as et&fim (Farm) static 125

Figure 7.

The landslide simulation is conducted in the Canyon
height variations. The results in the term of safattors
shows that the Canyon wall can stand safely up to a
height of 150m. The wall with 200m of vertical hieigs

International Journal of Earth Sciences and Enginge
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Factor of Safety

150
Height (m)

Figure 8. Simulation results in term of factor afety
The area on the top of the Sianok Canyon that @n

developed must also meet the safe distance fromdhe
as shown in Figure 9. The Canyon height of 90ress |

seem to be safe to be developed for residential, are
however the safe distance must also be met suelt as
least 70m for the edge of the Canyon wall. Then tHé)

existing residential areas that do not meet thteréai of
safe height and distance are in very high risk ttamd

120

100 ~

80 +

60 -

40 +

Safe Distance on Top (m)

20 A

0

150
Height (m)
Figure 9. Simulation results in term of safe dis&on
top
4. Conclusions

still to be developed safely for access roads.drka that
safe for residence is the canyon with the heightes$
than 90m and it is at least 70m from the edge ef th
canyon.

Based on the development and designation of thekia
Canyon area in the land use plan, it is recommentaed
socialize the risk reduction in development. Theiest
way of that action is by providing warning signs in
associate with the height of the Canyon wall. The
residential houses on the dangerous area thattdoe®t
safe criteria are suggested to be relocated sloviig
public roads that are under the Canyon wall of 126m
more also should be relocated to avoid casualties i
future earthquake.
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The Sianok Canyon and surrounding area have behutif

scenery and also hide a very high risk againstsliztel
The factor of safety of the Canyon is vary accaydio
the height of its canyon. The safety factor valfrem
analysis results start from less than 1 for heafhhore
than 200m to more than 3 for the height less tHam.5

The Canyon area with a height of 150m to 200m which

is categorized as critical level still can be uded
agriculture development. While height of less thafm
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