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Abstract

Indonesia has begun the construction of new Moto GP circuit in Mandalika region, Lombok, West Nusa Tenggara. The
Mandalika circuit will be the only street circuit of Moto GP and will start hosting Moto GP races in 2021. The circuit is
located in a scenic Indian Ocean beach resort area in Lombok. Considering that Lombok is situated near earthquake
sources in the form of the sub-duction due to convergence of two major tectonic plates of Indo-Australia and Eurosia, and
several active faults in the island and ocean, the earthquake and tsunami mitigation plan of circuit infrastructures and
facilities needs to be handled. Even though racing event is not a daily activity, the management wants the circuit arena to
be also used as pilot project for natural disaster mitigation that is combined with educational tourism. As part of mitigation
plan, seismic micro-zonation was specially conducted for the site so as to get more accurate earthquake load to be used
in the design of buildings and infrastructures in and around the circuit. In addition, the latest earthquake resistant building
technologies were incorporated into the design. Tsunami simulation was conducted based on earthquake sources potential
of subduction in Indian Ocean that was propagated to Mandalika beach and then employed to develop mitigation plan in
Mandalika circuit area. Mitigation plan in the forms of evacuation area plan, evacuation route plan, and evacuation
protocol plan was designed as tourist attraction. The overall earthquake and tsunami mitigation plan will be packaged as
educational tourism so that it can change the people’s view on that natural phenomenon from threat to business potential.
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1. Introduction

Mandalika, located in a scenic Indian Ocean beach resort area in Lombok Island, West Nusa Tenggara Province,
is one of new tourist destinations in Indonesia. As such, Indonesian Government wants to maximize
Mandalika’s potential as a tourist attraction. One of the efforts by government is to build Mandalika MotoGP
circuit and host the event of MotoGP race starting on 2021. Mandalika MotoGP circuit will be the only street
circuit in MotoGP series. Figs 1(a) and 1(b) show map and construction progress of Mandalika MotoGP circuit.
The event is expected to boost tourism industry in the surrounding areas. The economy, employment
opportunities and the utilization of natural resources are expected to improve.

Fig. 1- (a) Map of Mandalika MotoGP circuit, Lombok, (b) Construction progress of Mandalika Moto GP
circuit, Lombok

In developing Mandalika tourism area, a sustainable development strategy taking into account the
environment and natural disaster risk, is employed. This strategy is carried out so that the buildings and
infrastructures constructed in the area do not impact the environment negatively and are able to withstand any
anticipated natural disaster. This study mainly focuses on the disaster mitigation plan against earthquake and
tsunami.

Geographically, Mandalika is located near the coastline and at the sub-duction zones due to convergence
of two major tectonic plates of Indo-Australian and Eurasia plates and resulted in the formation of the Sunda and Banda
island arcs. Thus, the region is prone to earthquake and tsunami threats. Any buildings and infrastructures built in the
region must be designed against earthquake and tsunami. In addition, for the safety of population in the region, tsunami
disaster management plan must be prepared and implemented.

2. Earthquake and Tsunami Hazard

Earthquake and tsunami have been identified as two forms of natural disasters that threat Mandalika resort
area. As such, they both will be described herein.

2.1 Earthquake

Indonesian archipelago is located on subduction zones of three main active tectonic plates, namely the Eurasian
Plate, Pacific Plate, and Indo-Australian Plate as shown in Fig. 2(a). Indo-Australian plate moves to the north
direction with the rate of 50-70 mm per year and slides down below deep sea bed of Sumatra, Java and Timor
(at East Nusa Tenggara) islands. As a result, and due active movement of the plates, the country is frequently
struck by major earthquakes. The major earthquakes normally occur at the areas near the boundaries among
the 3 plates and along the lines of active faults formed at the plate interior part of Indonesian archipelago as
shown in Fig. 2(b). Sub-duction zones located in south of Lombok island as well as active faults located in
Lombok and Bali islands contribute to the level of earthquake hazard in Mandalika resort area, Lombok.
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(a) (b)
Fig. 2 — (a) Map of Indonesia active tectonic plates and (b) Map of Indonesia active tectonic plates and
earthquake records since 1973 [7]

Since the Mandalika area is located in a high-risk seismic zone, the impact of earthquake needs to be
taken into consideration when designing buildings and infrastructures in the area. In general, earthquake can
result in disaster due to soil deformation along seismic fault and, depending the magnitude of the earthquake,
the seismic ground motion can spread to the surrounding areas with radius up to hundred kilometers. In
addition, seismic shock wave can cause further disaster in the forms of soil sliding and settlement. And if the
earthquake source is located beneath the ocean, the seabed movement can trigger tsunami.

To determine the level of seismic hazard of a region in relation to structural design of building, a
parameter, named Peak Ground Acceleration (PGA) is normally used. Seismic ground motion analysis is
carried out using method called Probabilistic Seismic Hazard Assessment (PSHA). In this study, the required
parameters for earthquake hazard analysis are adopted from Indonesian Seismic Hazard Map 2010 (published
by Ministry of Public Work and Housing), a part of design code used for designing earthquake resistant
structures.

For designing a structure in a region, designed lateral base shear force due to seismic ground motion
must be determined based on requirements set by government body in Indonesian National Standards (SNI).
The design standard provides guidelines to design earthquake resistant structures that are able to prevent loss
of life and global collapse. According to SNI 1726:2002, seismic design load is determined based on the return
period of 475 years, or has 10% probability of exceedance in 50 years. Maps of PGA developed by Ministry
of Public Work and Housing using either probabilistic or deterministic method are presented both in 10% and
2% of probability of exceedance in 50 years as shown in Figs 3(a) and 3(b), respectively.

A

KEMENTERIAN PEKERIAAN UMUM

(a) (b)
Fig. 3 — Peak Ground Acceleration (PGA) seismic hazard map at bedrock (Sg) for (a) 10% probability of
exceedance in 50 years, (b) 2% probability of exceedance in 50 years
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Based on the result of PSHA above, it is found that Mandalika resort region has a quite high PGA at
bedrock of 0.250 g for 10% probability of exceedance in 50 years (return period of 475 years) and of 0.375 ¢
for 2% probability of exceedance in 50 years (return period of 475 years) as summarized in Table 1.

Table 1 — Hazard level of coast line towns against earthquake

Location Order Coordinate PGA Hazard
Name District Province Latitude | Longitude | 10% 2% Level
PE50 PE50
Selong Lombok Timur NTB 2 116.538 | -8.652 0.150 0.225 HIGH
Mataram Mataram Town NTB 1 116.139 -8.583 0.250 0.375 HIGH

2.2 Tsunami

The word tsunami has the origin from Japanese language and consists of two syllables, “tsu” meaning wave
and “nami” meaning harbour, and thus has the overall meaning of harbor wave. Tsunami is normally triggered
by sudden change of large volume of water in the ocean or lake caused by natural disasters. One of natural
disasters that often causes tsunami is an earthquake.

The two recent large tsunamis that are caused by the earthquake are 2011 Tohoku Tsunami, Japan and
2004 Aceh Tsunami, Indonesia. These two tsunamis and also other large tsunamis in the past had a very
devastating impact to man-made environment and lives. The destruction caused by tsunami’s massive flooding
to the coastal area include:

i.  Destroy wooden houses except their foundations.

ii.  Destroy non-structural elements of houses and buildings made of reinforced concrete and steel
structures. The structural elements are normally still intact.

iii.  The destruction force of tsunami increases with the increased amount of rubbles (from destroyed
buildings, vehicles, ships, etc.) floating in tsunami wave

iv.  Broken-down of reinforced concrete wall due huge horizontal force coming from tsunami current,
lifted building floor due buoyancy force of water or trapped water

v.  Rolled building because lifted pile foundation due to loss of friction resistance of sandy soil because
of liquefaction.

vi.  Secondary effects such as fire and explosion of power plants

Distribution of wave height along the coastal line at Mandalika Moto GP circuit region and its
surrounding area (KMPL), as shown in Fig. 4, are between 5 meters and 10 meters for return period of 500
years while energy distribution and Estimated Tsunami Arrival (ETA) of 38 minutes at KMPL is shown in
Fig. 5.

Based on the result from DTHA, the city of Denpasar has maximum tsunami amplitude of 9.3 m with
ETA of 38 minutes, while the city of Mataram of 6.3 m and ETA of 28 minutes as summarized in
Table 2. Considering that position of city of Denpasar is relatively the same to Mandalika Moto GP circuit
region in term of position from sub-duction zones in the south of Bali and Lombok Islands, thus the maximum
tsunami amplitude of about 10 m with ETA of 38 min. can be taken.

Table 2 — Tsunami hazard level for coastal line cities in Bali and Lombok

Location Order Coodinate HMAX | TMAX Hazard

Name District Province Latitude | Longitude (m) (min.) Level

Selong East Lombok NTB 2 116.538 -8.652 6.6 20 HIGH

Mataram | City of Mataram NTB 1 116.139 -8.583 6.3 27 HIGH
4
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. 4 — Tsunami hazard map of maximum tsunami amplitude (m) at Coastal line with return period
of 500 years [7]

11.54°s[

12.37°s|

Simulasi menit ke-38

2 45 - 05 ° [ 1 15 2

Pr_ |

Fig. 5 — Distribution of tsunami amplitude and ETA at KMPL [7]

Based on the history of Banyuwangi Tsunami 1994 run-up with maximum tsunami amplitude of 13.9
average amplitude of 5-8 m at Pancer bay, and of Pangandaran Tsunami 2006 with maximum tsunami

amplitude of 17 meter and average amplitude of 5-8 m at Nusa Kambangan Island, the maximum tsunami
amplitude at Mandalika Moto GP circuit can reach 15 m inside the bay with average amplitude of 5-10 m
along KMPL with ETA of 38 minutes.

3.

Implementation of Tsunami Mitigation System

Based on assessment of tsunami hazard and risk and several guidance [1-3] and previous studies [4-8], several
tsunami mitigation measures have been implemented in the forms of structural and non-structural measures.
The physical measures that have been implemented include:
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a) Constructions of coastline protection system (breakwater, seawall, river gate),
b) Plantation of mangrove forest, and
¢) Taking care of sand dune and coral reefs.

On the other hand, the non-structural measures include:

a) Tsunami hazard assessment,

b) Real time monitoring of tsunami early warning system,

c) Tsunami friendly spatial planning,

d) Improving building code,

e) Educating local population about tsunami awareness, preparedness including tsunami drill, and
f) Building TES and evacuation signs

3. Design Tsunami Temporary Evacuation Shelter (TES)

Tsunami evacuation shelter is designed based on earthquake and tsunami probability maps. For Mandalika
circuit Moto GP area, the following data are used:

e Tsunami height at coastal line is 15 meters
e Estimated Tsunami Arrival (ETA) is 40 minutes

These data are used to design some facilities as part of tsunami mitigation system.

Evakuasi
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Fig. 6 — TES height
3.1 Evaluation of TES height
TES height, as illustrated in Fig. 6, can be determined using Eq. (1) below:
H= Hi + Hf (1)

where
H = TES height from the ground surface (m),
Hi = Inundation height of tsunami wave (m) and
H¢ = freeboad height (3 m + 30% H;).

For example, if design parameter for the tsunami height is 10 m, then the TEST isH =10 + (3 + 0.3 x 10) =
16 m.

3.2 Evacuation Time

Time needed by tourists and local people in Mandalika and its surrounding area to evacuate can be determined
by considering the following factors:

a) Estimated Tsunami Arrival, ETA, and
b) Time for Early Warning, TEW.

The critical time to evacuate safely before tsunami arrival can then be evaluated using Eq. (2). Critical time
(ETE, Evacuation Time Estimate) is time difference between ETA and TEW.
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ETE > ETA - TEW )

When an earthquake takes place, the estimated time to prepare tsunami early warning time, To, for Mandalika
resort area is about 5 minutes or less (I.a TEWS, BMKG, 2012. Estimated time required to spread the news
from local government to people in the impacted area is about 5 minutes (T1). Reaction time for people to
prepare evacuation is about 5 minutes (T2). Thus, Tew = To + T1 + T2 = 15 minutes. Taken ETA = 40 minutes,
then ETE = ETA - TEW = 25 minutes.

3.3 Location of TWE and TEA Tsunami

For designing the location of TES and TEA, it is necessary to consider the longest distance that can be reached
by weak people with physical limitation. There are two methods that can used to determine optimum distance
and location as follows:

a) Empirical calculation developed by FEMA
b) Calculation based on physical field condition
Table 2 presents calculation location distance radius of TES and TEA using field condition calculation method.

Table 3 — Calculation distance radius TES at Mandalika Moto GP circuit region

Effective Evacuation Walk Speed of people | Travel Distance to TES Maximum Distance
Time (ETE) (Weak) between 2 TES
Locations
25 minutes 2 mph (3.22 km/hour ) 1.34 km 2.68 km

From radius distance calculation, the minimum numbers of TES can be determined. Eleven TES
locations are selected over Mandalika Moto GP circuit region as shown in Fig. 7. Distance between TES is
adjusted based on other factors to improve TES effectiveness as explained in Figs 8 (a) and 8 (b).

PETA RENCANA
PEMANFAATAN RUANG
(ALTERNATIVE 1)
MANDALIKA RESORT
LOMBOK - NUSA TENGGARA BARAT Rendsh

Fig. 7 — Distribution of planned TES locations in Mandalika resort region

In determining distribution of TES locations, simulation of tsunami propagation and water coverage
modeling must be performed. In addition, tsunami hazard assessment takes into account vulnerability built up
at Mandalika resort region. With this hazard analysis, it can be determined the evacuation route and the
minimum width of footpath that can be used to evacuate mass population from danger tsunami region.

© The 17th World Conference on Earthquake Engineering - 6h-0003 -



6h-0003

The 17th World Conference on Earthquake Engineering

17" World Conference on Earthquake Engineering, 17WCEE
Sendai, Japan - September 13th to 18th 2020

17WCE$

Sendai, Japan
2020, [/

(a) (b)

Fig. 8 — (a) Topography map of TES locations at Mandalika resort region, (b) Distribution map of tsunami
flooded area and depth in Mandalika resort region [7]

From Fig. 8 (a) one can see that the land topography in Mandalika resort region has natural hills near
the coastal area. It is also known that selecting evacuation place at higher ground is important aspect that must
be taken into account. Therefore, higher grounds or hills are selected to be the 11 TES locations covering all
areas in Mandalika resort region. Meanwhile, flooded area and depth due to tsunami wave can be seen in Fig.
8 (b) and are influenced by land topography in Mandalika Moto GP circuit region. It can be seen that area
along coastal line and around downstream of Batang River will be the areas that flooded deepest.

3.4 Calculation the Area of TES

International standard for required area per person for tsunami evacuation is still not available. Therefore, in
designing building capacity for TES, one can consider the requirement for comparable natural disaster such as
international standard for tornado disaster evacuee (International Code Council/National Storm Shelter
Association) that has almost similar requirement characteristics for short term period at the time of disaster or
for long term period after disaster (FEMA P-464, 2012). Considering that tsunami is temporary building for
emergency situation, and there is still no specific standard of requirement area per person for TES, then, for
this study, we adopt emergency situation due to tornado published by FEMA P-646, 2012 (Table 4).

Table 4 — Recommendation space area per person inside TES facility

Temporary Evacuation Situation In Hours Room Standard per Person
(Max. 24 hours) (m?)
Standing or Sitting 0.5
Wheelchairs 1
With Bed Care 2.8
Evacuation Situation Have To Stay In Days Room Standard per Person (m?)
Staying In Short Term (Couple Of Days) 2
Staying In Long Term (Couple Of Weeks) 3.7

From Table 4, standard space of TES is (0.5-1) m?%person, in which 1 m?/person for comfortable
condition while 0.5 m?/person for standing condition. Calculation of minimum area for each TES and TEA is
carried out with consideration of the numbers of evacuee, evacuation duration and standard space requirement.

© The 17th World Conference on Earthquake Engineering - 6h-0003 -



The 17th World Conference on Earthquake Engineering

6h-0003

17" World Conference on Earthquake Engineering, 17WCEE
Sendai, Japan - September 13th to 18th 2020

Table 4 — Proposed location and name of TES and TEA

No Location Name Minimum Area Notes
of TES (m?)

TES1/F West Zone The Breeze Kuta 3962

TES2/D West Zone The Breeze Seger 3453

TES3/B West Zone The Lagoon 6421

TES4/A West Zone The Serenity 1793

TES5/C West Zone The Scenery 1560

TES6/H | Middle Zone The Hills 1 1840

TES7/G | Middle Zone The Hills 2 2186

TES8/1J East Zone The Rainbow 5325

TES9/I East Zone The Sanctuary 6602
TES 10/E | Middle Zone The West Circle Hub 3055 TES and TEA
TES11/K East Zone The East Circle Hub 4649 TES and TEA

3.5 Design of TES

TES built for Mandalika Moto GP circuit region is also intended as tourist attraction that take advantage of
beautiful scenery and interesting culture in Lombok. As such, prize contest to design architectural concept for
TES facility for Mandalika Moto GP circuit region was held.

W

06 EVAKUASI

Fig. 9 — Location of TES B in Mandalika MotoGP circuit region and Evacuation Routes

The TES location is selected for the contest is at TES B (shown in Fig. 9), which has hilly topography
contour and protrudes to the sea. This becomes the main parameter in the design because from tourism
perspective the location is close to the sea and has beautiful scenery. The winner of contest is shown in Fig.
10. In addition, evacuation path to TES B located on top of the hill must be designed in detail so that it will be
easy to be accessed whether there is disaster or not.
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Figure 10 — The Winner Of Architectural Contest For TES Design

The theme of TES building architecture concept was named ‘Nibing Sasak’, which means to be
protected in one. That is reflecting the function of Temporary Evacuation Shelter (TES). The iconic shape of
its rooftop reflecting the importance of ‘Bale Lumbung’ (Rice Storage Building) for the people of Lombok.
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Fig. 11 — Front view of TES buildings

In addition to its function as temporary evacuation place, TES is also designed to have restaurant and
viewing station as new tourism objects. Clinics and rest rooms, as shown in Fig. 11, are also provided to
support evacuee that have to stay a long period of time in TES during tsunami disaster.
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Fig. 12 — Sections of TES buildings
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3. Conclusions

Mandalika Moto GP circuit region is located in high level of earthquake and tsunami hazard area. As such the
development of the area must be planned and designed against earthquake and tsunami.

Buildings and infrastructures in the areas must be designed to be earthquake resistant by adhering to
structural and seismic design code applicable in Indonesia. In relation to tsunami, mitigation system has been
developed to minimize the impact of tsunami disaster. Included in tsunami mitigation plan are:

a) Develop building code requirements that implement natural disaster mitigation plan.

b) Design evacuation path, muster point, TES.

c) Implement coastal line protection along 100 m or adjusted with tsunami hazard level at that
location.

d) Community preparedness program against natural disasters.

Finally, in addition to its main purpose, mitigation plan for natural disaster management is also designed
as a tourist attraction and a natural disaster education. The facilities built for mitigation plan is specifically
planned and designed to fulfill those intended purposes.
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