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Executive Summary 

Indonesia was identified by the World Bank (WB) as a country for Arup to 
provide technical support to the WB country task team to inform the development 
of a GPSS TA program.  The aim of this study is to get an informed 
understanding of the structural vulnerability of Indonesia’s existing public schools 
facilities and contributing factors of risk.  The observations made in this report are 
the result of an 8 week study carried out by Arup which included a desk study, 
field mission and analysis of findings and documentation. 

Indonesia is an archipelago in South East Asia comprising more than 6000 
inhabited islands covering 800,000 square miles of land with a variety of different 
geographies, cultures, construction materials and school building typologies.   It is 
in a multi-hazardous region with frequent earthquakes and a history of tsunamis, 
volcanoes, landslides and flooding which affect school infrastructure in different 
ways.  The WB Safe Schools Pilot Project estimated that 75% of school buildings 
in Indonesia are in a hazard zones.   

With over 300,000 schools in Indonesia there remains a severe shortage of 
capacity which is not being addressed by the current supply.  There was evidence 
of overcrowding in both rural and urban schools, some of which had temporary 
classrooms funded and built by parents and teachers to cope with the demand. 

A total of 21 schools were visited which can be categorised into five construction 
typologies; Unreinforced Masonry; Confined Masonry; Concrete Moment Frame; 
Timber Haunched Frame; Lightweight Steel Frame.  Although all were found to 
have some vulnerabilities, unreinforced and confined masonry were most 
vulnerable.  This is further compounded by poor quality construction, site 
selection and physical planning.  

Five funding streams for delivering new school infrastructure and repairing 
damaged school infrastructure in Indonesia were identified; the most common 
being through national funding from the Ministries of Education and Culture, 
Religious Affairs, and Finance.  There are various challenges in these 
implementation processes, which include planning, design and construction of 
new schools and assessing and repairing existing school infrastructure.   

AusAid have provided technical assistance to the construction of approximately 

1200 new schools.  Various INGOs are also active players in the implementation 

of school infrastructure but with limited impact at scale.   

In order to achieve a large scale solution which has a short, medium and long term 
strategies we recommend developing a National Strategic Plan for Safe Schools 
(NSPSS) which addresses the following; 

1. Existing schools;  

o in a state of repair or damaged from disasters and  

o those that are in good condition and  

2. New school construction 
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1 Introduction 

Each year, natural disasters result in school buildings being destroyed or severely 

damaged leading to loss of life, injury and disruption to education.  Global efforts 

to make schools more resilient have largely focussed on improving awareness and 

preparedness, so that teachers and children are better placed to take appropriate 

action in the event of a disaster.  Less attention has been paid to the physical 

performance of school buildings, which is the focus of a new initiative by the 

Global Facility for Disaster Risk Reduction (GFDRR) - the Global Program for 

Safer Schools (GPSS).  This is being designed as a technical assistance (TA) 

program targeting countries where there is on-going or proposed investment in 

school infrastructure.  The WB had carried out an existing Safe School Pilot (TA) 

Project in Indonesia that integrated DRR in to school infrastructure in 2012 as 

there was recognition of the risk imposed by natural disasters and that more 

efforts are required to make schools resilient to these disasters. Following this and 

the new government administration is promoting education as a priority Indonesia 

was identified by the World Bank (WB) as a country for Arup to provide technical 

support to the WB country task team to inform the development of a GPSS TA 

program. 

The aim of this study is to get an informed understanding of the structural 
vulnerability of Indonesia’s existing public schools facilities and contributing 
factors of risk.  

The objectives are: 

1. To understand the range of hazards and drivers of risk that may compromise 

the planning, design, construction, repair and retrofitting, and operation of 

school infrastructure projects. 

2. To understand the number and construction typology of existing schools in 

Indonesia (including the number of damaged schools) and those that will be 

constructed.  

3. To understand the current safe school practices in Indonesia which relate to 

in disaster preparedness, repair, rehabilitation and retrofitting. 

4. To understand the institutional environment and regulatory framework 
within which school infrastructure is planned, designed, constructed, 
operated, maintained, repaired and retrofitted in Indonesia. 

5. To make recommendations to the WB country task team to prioritise the 

GPSS investment for a structural resilience program of construction and 

rehabilitation for public schools facilities.  
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2 Context 

Indonesia is an archipelago in South East Asia comprising more than 6000 
inhabited islands covering 800,000 square miles of land with a variety of different 
geographies, cultures, construction materials and typologies.  It is the fourth most 
populous country in the world with a population of 252 million which is growing 
quickly at 2% per year.  60% of the population is concentrated on the Island of 
Java which has a population density of nearly 2,500 people per square mile 
making it the most populous island in the world.  Urbanisation has been 
increasing steadily since 1970s and there are now 11 cities with a population 
greater than 1 million, with 10 million people living in the capital Jakarta. 

Indonesia is located on the edges of the Pacific, Eurasian, Philippine and 
Australian tectonic plates and is extremely hazardous.  There is a long and tragic 
history of earthquake and tsunami events culminating in the 9.2 magnitude 
earthquake in 2004 off the coast of Sumatra which generated a large tsunami and 
killed 225,000 people.  More recently earthquake events in 2006 in Java and 2009 
in Sumatra have resulted in more than 1,000 deaths, and other earthquakes 
exceeding 8.0 magnitude have been recorded in 2007 in Sumatra and 2012 off the 
coast of Sumatra. There is now an increasing recognition of the risk to school 
infrastructure posed by natural disasters.  

Indonesia has a decentralised governance system that has evolved since the 1990s 
consisting of 34 provinces, each with its own legislature and governor.  These 
provinces are subdivided into administrative District and Cities resulting in more 
than 500 decision makers at local level.  A new president was elected in 2014, and 
the new government administration has identified education as a key priority.  The 
education budget is currently earmarked in the Constitution as 20% of annual 
budget and so there is an opportunity for the World Bank to align a GPSS TA 
program with existing investment in school infrastructure. 

The national Inpres school building program was initiated in the 1970s and 
continued to the 1990s.  This responded to the rising demand for school places, 
driven by compulsory education being was introduced in 1980s, initially for 6 
years and then increased to 9 years; rather than providing quality resilient school 
infrastructure.  Since decentralisation the implementation of school infrastructure 
has become the responsibility of the Districts and Cities who are still playing 
catch up with the demand for school places.  There is now an aspiration in the 
new Government to increase compulsory education to 12 years.   

 

 
Figure 1  Timeline showing school infrastructure programs, the introduction of 
compulsory education, the decentralisation process, and major hazard events 

The scale and variety of contexts presents a formidable challenge for Indonesia to 

meet the increasing demand for school places whilst also ensuring schools provide 

a safe environment in the event of the extreme hazards they face.  
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3 Methodology 

The observations made in this report are the result of an 8 week study carried out 
by Arup which included: 

 Desk Study 

 Field Mission 

 Analysis of findings and documentation 

Desk Study 

Arup carried out a review of available documentation (Appendix A), and 
undertook a hazard study (Appendix B) to identify the range and intensity of 
hazards facing schools in Indonesia.  This focussed on the areas visited during the 
field mission; in and around Padang, Sumatra and North and West Lombok.   

Field Mission 

A 10 day field mission was carried out by Arup Consultants, Hayley Gryc and 
Joseph Stables, from 1

st
 to 10

th
 December 2014.   

Key stakeholder consultations included national and district government 
departments, school teachers, engineers, contractors, academics, donor 
organisations and INGOs.  A full list of key stakeholder meetings is shown in the 
Mission Schedule in Appendix C.  

During the mission a total of 21 schools (Appendix D1) were visited in order to 
gain an understanding of the different construction typologies and vulnerabilities; 
9 schools around Padang (Kabupaten Padang Pariaman and Kota Padang, see 
Figure 2) and 12 schools around Lombok (Lombok Ultara and Lombok Barat, see 
Figure 3).  These schools were selected by the WB country team in coordination 
with the Education District Offices and the Ministry of Religious Affairs.  The 
schools were chosen to represent a variety of typical school facilities in terms of 
the school size, construction typology, building condition and exposure to 
hazards.   

The data collected during the school visits (Appendix D2) was used to conduct a 
rapid visual assessment using FEMA 154 (Appendix D3) on at least one building 
from each school.  The purpose of this assessment was to obtain a high level 
understanding of the vulnerability of school infrastructure in Indonesia to 
earthquake risk. 
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Figure 2  School locations around Padang Figure 3  School locations around Lombok 

Initial observations and recommendations were shared with the WB country task 
team at the end of the field mission.  Feedback was provided and incorporated 
into a final presentation which was issued following the field mission (Appendix 
E).   

Analysis 

An analysis of the key findings, including review of further documentation 
obtained, was carried out following the field mission, and summarised in this 
report. 
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4 Key findings 

4.1 Hazards 

Indonesia is in a multi-hazardous region with frequent earthquakes and a history 
of tsunamis, volcanoes, landslides and flooding (refer to Appendix B) all which 
affect school infrastructure in different ways.  The WB Safe Schools Pilot Project 
estimated that 75% of school buildings in Indonesia are in a hazard zones

1
.  

Earthquake hazards pose a critical risk to school safety. There is a high earthquake 
hazard over 70% of the country affecting the majority of school infrastructure, 
which includes megathrust earthquakes that are caused by the Sunda fault line in 
the sea that runs in parallel to the west coast of Sumatra and Java.  Through 
quality design and construction, the vulnerability of school infrastructure to 
earthquakes can be significantly reduced.   

Land-sliding and liquefaction, in response to earthquake-induced ground shaking, 
are also significant hazards across Indonesia, particularly around the mountain 
ranges that run through many of the islands.  Vertical displacements of the sea 
floor during megathrust earthquakes can also generate devastating tsunamis.  The 
Sunda megathrust caused the 2004 tsunami and recent studies suggest sections of 
this system of faults are likely to generate the next major earthquake resulting in a 
high tsunami hazard along much of Indonesia’s coastline; particularly along the 
west coast of Sumatra and Java and around the islands of the eastern provinces of 
Sulawesi, Moluccas and Papua

2
.  Furthermore, Indonesia has 127 active 

volcanoes.  The most effective means to reduce risk from landslides (and 
liquefaction), volcanoes and tsunamis is to minimise the exposure by locating 
schools away from these hazards.  With 5 million people living within the volcano 
danger zones

3
 and significant numbers living in tsunami zones it is recognised that 

this is not always possible.  Early Warning Systems (EWS) can be effective in 
reducing the loss of life but not in reducing the risk to physical assets.     

Indonesia’s tropical climate is characterized by heavy rainfall causing frequent 
flooding especially in low-lying communities.  The hazard level is medium to 
high

4
 along the eastern side of Sumatra, the south west side of Kalimantan, and 

around the low lying areas of Java and Papua.   Risks associated with low flood 
hazard level and localised flooding can typically be mitigated through appropriate 
design and construction of school infrastructure, whereas larger scale level 
flooding, for example due to storm surges, should be controlled by careful 
consideration of the site selection or disaster risk management strategies.   

Hazard Awareness 

The frequency, intensity and consequences of recent earthquakes and tsunamis 
have led to awareness of these hazards within communities and at district and 

                                                 
1
 Safe School Pilot Project in Indonesia, Survey of Preliminary Impact and Recommendation, Tata 

Mustasya 
2
 http://geospasial.bnpb.go.id/wp-content/uploads/2012/10/2012-10 

16_Hazardmap_Tsunami_risk_assessment_2011.pdf 
3
 http://en.wikipedia.org/wiki/List_of_volcanoes_in_Indonesia  

4
 http://geospasial.bnpb.go.id/wp-content/uploads/2012/10/2012-10-

16_Hazardmap_Flood_risk_assessment_2011.pdf 

http://geospasial.bnpb.go.id/wp-content/uploads/2012/10/2012-10
http://en.wikipedia.org/wiki/List_of_volcanoes_in_Indonesia
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national level.  Earthquake engineering has been taught at universities for a long 
time and Indonesia is becoming a hub for international research.   

Education Policy and disaster response planning respond well to both Pillar 2 
(School Disaster Management) and Pillar 3 (Risk Reduction and Resilience 
Education) of the Comprehensive School Safety Framework

5
.  The National 

Board for Disaster Management (BNPB) have developed national  hazard and risk 
maps for Indonesia for earthquake, tsunami, volcano, landslide, and flood hazards.  
These were developed for disaster risk management purposes in order to develop 
national response and recovery plans.  There was evidence in Padang of an 
established Tsunami EWS and a school designed and built as a tsunami shelter 
(JICA SND 23, 24 Kota Padang).  We also witnessed well-rehearsed earthquake 
evacuation drills in many of the schools visited.   

School infrastructure in Indonesia remains vulnerable, presenting a risk to lives 
and hampering the recovery of education following a hazard event.  Pillar 1 (Safe 
Learning Facilities) requires more attention to improve the safety of school 
facilities at scale.  The District Board for Disaster Management (BPBD), with 
guidance from the National and Provincial level, are responsible for the 
preparation of more detailed hazard and risk maps for each District but these do 
not appear to have been developed yet in the districts visited.  The Arup hazard 
studies (Appendix B) of Padang and Lombok have shown that the national scale 
mapping does not identify local hazards in sufficient detail to inform site selection 
and planning to mitigate hazards and identify the most exposed schools.   

Opportunity 1 

More detailed hazard/ risk maps for each District are required for spatial planning 
purposes. Once local hazard maps have been produced, there is an opportunity to 
map the school locations against the hazard zones to quickly identify the most 
exposed schools.  The production of district level hazard mapping requires 
coordination, GIS mapping, and some expertise and expense.  An alternative 
option which may be more achievable in the short term would be to carry out site 
specific hazard assessments for particular school locations.  For example, a flood 
study based on the surrounding land contours could be carried out to determine 
the flood hazard level.  There is a rapidly developing global library of geospatial 
data which includes Indonesia and much of this is freely available.  Accessing and 
interpreting this data requires expertise which could be provided through training 
and education : 

 Digital topography and optical satellite imagery is available through 
http://earthexplorer.usgs.gov/ and 
http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp 

 http://www.gebco.net/data_and_products/gridded_bathymetry_data/  
 Earthquake data is available through http://earthquake.usgs.gov/earthquakes/ 

and http://ds.iris.edu/ieb/ 
 Remote sensing software is available commercially (ERDAS Imagine, ENVI, 

ARC GIS), and also for free (GRASS, QGIS) 

                                                 
5
 Comprehensive School Safety, A global framework in support of The Global Alliance for 

Disaster Risk Reduction and Resilience in the Education Sector and The Worldwide Initiative for 

Safe Schools, UNISDR 

http://earthexplorer.usgs.gov/
http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp
http://www.gebco.net/data_and_products/gridded_bathymetry_data/
http://earthquake.usgs.gov/earthquakes/
http://ds.iris.edu/ieb/
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4.2 School Capacity 

Ministry of Education and Culture (MoEC) informed us that there are over 
300,000 schools in Indonesia, including public schools, private schools, and 
Madrasah – religious schools provided by the Ministry of Religious Affairs 
(MoRA).  These are typically split into primary (first 6 years), junior high (next 3 
years), and senior high (last 3 years).   The MoEC also revealed that there is a 
severe shortage in classroom capacity with 4,700 new junior high schools needed 
over the next 5 years.  During our school visits there was evidence of 
overcrowding in both rural and urban schools, some of which had temporary 
classrooms funded and built by parents and teachers to cope with the demand.  
The shortage of school classrooms appears to be driven by: 

1. The introduction of compulsory primary and junior high school education in 
the 1980s, combined with steady population growth, has led to increasing 
demand for school places, particularly primary and junior high school.  This is 
expected to be exacerbated by the extension of compulsory education to 12 
years. The current national plan is to provide 200 new junior high schools 
each year for the next 5 years resulting in a shortfall of 3700 new Junior High 
schools. 

2. The lack of investment in maintenance over the last 30-40 years has led to 
school buildings in a state of disrepair.  The MoRA estimate that 22.5% of 
Madrasah school buildings are heavily damaged and a further 35% in poor 
condition

6
.  In 2010 the MoEC created an on-going special allocation fund 

(DAK) to address the maintenance issues across the country.  This is focussed 
on repairing existing damaged school infrastructure back to their original 
condition, not necessarily strengthening them to be safer.   

3. Damage from previous disasters has led to many school buildings being unfit 
for use.  The Ministry of Finance (MoF) created an Endowment Fund to 
respond specifically to schools affected by disasters and in need of 
reconstruction.  However there was no evidence that this is being used, and in 
the areas visited it appeared that the hazard damage was repaired using the 
DAK fund.   

There is currently limited understanding of the vulnerability of existing schools 
(both damaged and undamaged schools) and no budget for a national retrofitting 
(strengthening) program.  The MoECplan to develop a Revitalisation Pilot Project 
for 25 schools nationwide, budgeting 2 billion Indonesian rupiah per school to 
either repair, retrofit, or change the function of other buildings into school 
classrooms.  

Opportunity 2 

There is an opportunity to find creative short term solutions to help address the 
classroom shortage challenge.  For example, in Ulaanbator (Mongolia) classes are 
operated in daytime shifts to enable more classes to use the same buildings at 
different times.  There is also an opportunity to develop a model design for 
affordable and safe temporary (designed with a reduced lifespan to make them 
cheaper to build) classrooms to help address the shortfall. 

                                                 
6
 Mapping of Education, Madrasah Building Analysis, MoRA, June 2012 
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Opportunity 3 

There is an opportunity to develop a nationwide retrofitting program, to make 
existing school infrastructure safer to natural hazards, which identifies the most 
vulnerable schools to be included in the government Revitalisation Pilot Program.    

4.3 School Infrastructure 

Construction Typology 

The 21 schools visited (Appendix D1 & D2) can be categorised into five 
construction typologies 

 Unreinforced Masonry 

 Confined Masonry 

 Concrete Moment Frame  

 Timber Haunched Frame  

 Lightweight Steel Frame 

Schools constructed by the national MoEC Inpres program from the 1970s were 
typically built using unreinforced masonry.  SND 3 Kedaro, in rural Lombok 
Barat, was built as part of the Inpres program using a light gauge steel frame with 
corrugated asbestos shear panel walls.  It is likelylikely that this was a standard 
model constructed in some districts where availability of materials or accessibility 
issues rendered the masonry model unviable.  The oldest school visited, SND 1 
Kebon Ayu, Lombok Barat, was built in the 1940s during the Japanese occupation 
using a haunched timber frame.  

With a greater understanding of earthquakes in recent years and the importance 
for school infrastructure to be resistant to earthquakes, the construction typology 
has developed and most schools are now constructed using confined masonry, or 
to a lesser extent concrete moment frame. 

 

Figure 4  Timeline showing changes in building typologies, decentralisation, and 
recent major hazard events 
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Details of each of the different construction typologies and key observations that 
affect the vulnerability are highlighted in Table 1 and described in more detail 
below. 

Table 1 Construction typologies of schools visited 
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Unreinforced Masonry 

Unreinforced Masonry is the most vulnerable construction typology seen during 
the field mission.  Many of the unreinforced masonry schools visited were more 
than 30 years old, and were not adequately maintained or repaired following 
damage.  This increases their vulnerability to future events; for example, cracked 
walls have less capacity and are less stable during subsequent earthquakes.  

Confined Masonry 

Confined masonry consists of masonry wall panels (unreinforced) anchored into 
reinforced concrete stiffener columns at regular intervals with a concrete ring 
beam at the top of the wall.   

Confined masonry is more complicated to build than unreinforced masonry as it 
introduces reinforced concrete into the masonry wall panel.  The reinforced 
concrete elements are often small and can be difficult to achieve good quality 
workmanship as seen on some sites during the school visits.  The concrete can be 
difficult to compact, often resulting in air voids and exposed reinforcement which 
compromises the durability and capacity of the building structure. 

Best practice seismic design details for confined masonry construction were often 
found to be neglected in the schools visited, including: 

 Providing lintels or reinforced tie 
beams over large window openings 
to prevent the brickwork above 
from loosening  

 

 Providing seismic reinforcement 
details such as, 45 degree hooked 
leg on shear links in concrete 
column and beams. 

  

No lintel or tie 

beam provided 

No 45
o
 hook provided 
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 Using deformed reinforcement.  
Smooth reinforcement is widely 
used for single/ two storey 
buildings.  Whilst this is not 
international good practice for 
seismic design, it may be adequate 
for single storey buildings if 
engineering checks have been 
performed. 

 

Concrete Moment Frame 

Two of the schools we visited had buildings constructed using reinforced concrete 
moment frames with infill masonry wall panels.  SND 23, 24, Kota Padang, was a 
3 storey tsunami shelter built by JICA (Japan International Cooperation Agency) 
on the coast of Padang.  Another double storey classroom block was seen under 
construction in Padang. 

Moment frame construction is often more expensive to build than unreinforced or 
confined masonry, and requires a high level of quality control to ensure the 
concrete frame is constructed with special seismic and moment connection 
reinforcement detailing, which is often unfamiliar to local construction teams.  
The infill wall panels are not required to provide stability which means larger 
window openings can be provided.  However, the wall panels must be detailed to 
prevent them falling out during a seismic event.  This is often overlooked and 
poses a significant risk to users of the building. 

Timber Frame  

The timber frame school we visited was constructed using an engineered 
haunched frame with low level masonry infill walls allowing for large window 
openings.  This lightweight frame performs well in a seismic event because there 
is little mass to excite, and the structure can accommodate movements without 
being damaged.  The building was generally in good condition for its age (over 70 
years old), although some of the timber elements had degraded significantly from 
insect attack, and these should be removed and replaced with new treated timber.  
It was not clear if the masonry infill panels were connected to the surrounding 
timber frame (e.g. through protruding nails or similar).  If not, there is a risk of 
local collapse of the masonry infill panels in a seismic event. 

Steel Frame 

Similar to timber frame buildings, this lightweight form of construction is less 
excitable during an earthquake and therefore less vulnerable to damage than a 
heavier masonry building.  The steel sections were badly corroded due to the age 
of the building and lack of maintenance and treatment.  The panel walls were 
asbestos which can be extremely hazardous to health if the dust from the material 
is inhaled.   

Smooth reinforcement with no 

“ribs” 
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Opportunity 4 

There is an opportunity to develop engineered model school designs for different 
construction typologies to provide a consistent and safe set of construction details.  
This could include a reinforced masonry option which is inherently easier to build 
than confined masonry.  When considering what construction typology to use, it is 
important to consider the materials and skills available locally, as well as how to 
make it safe and durable.  In Indonesia this is likely to vary considerably in 
particular areas so there is unlikely to be a one size fits all solution. 

Other Building Elements 

Foundations 

Foundation settlement was observed in a handful of the schools visited.  This can 
be avoided by designing foundations which are specific to the ground conditions 
found on site.  For very soft ground in low lying areas school buildings may 
require larger pad/ strip foundations or deeper foundations that are founded on 
harder soil, such as piled foundations.  

Roof Structure 

Older roofs were typically made using timber trusses with tiles or corrugated 
sheeting.  With timber becoming scarce in Indonesia due to deforestation, it is 
being replaced by light gauge steel roof frames.  The construction details of the 
steel frames do not appear to be well understood with several of the schools we 
visited reporting roof coverings being blown off in the wind.  Adequate 
connections using J-hooks or nuts and bolts should be used for steel connections 
rather than nails.  Additionally the light gauge steel roof elements often struggle to 
support the load of construction or maintenance workers without being damaged.  
Thicker gauge steel elements should be used or a construction and maintenance 
strategy should be developed to ensure people don’t climb over the roof.  

Non-Structural Elements 

It is important to consider the non-structural elements (finishes, furniture and 
fixtures and fittings) within the school building and ensure that they are 
adequately fixed to the structure so they are not at risk of falling and injuring 
someone in the event of a seismic hazard.  Asbestos was used for the ceiling 
cladding in a number of schools we visited and was often severely damaged, 
potentially posing a health risk to the building users.   

Asbestos 

Asbestos is a brittle material and does not perform well in an earthquake.  
Asbestos is no longer permitted to be used in many countries as respiratory 
problems can develop later in life and can even result in death.  Care should be 
taken when dismantling existing asbestos buildings to avoid inhalation of fibres. 
New school and rehabilitated schools were seen to be replacing this material with 
non-hazardous plasterboard.  It was not clear if the risks associated with working 
to remove the asbestos were well understood or whether the right safety 
precautions were in place to handle and dispose of it. 
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Construction Quality  

The quality of workmanship largely depended on the skills of the labour force 
which varied widely depending on the availability and procurement of labour. 
Sufficient resources should be dedicated to ensure the recruitment of competent 
labour or provide the required training. 

The quality and strength of materials was typically not known.  Care should be 
taken to ensure the materials used are consistent with the design assumptions as 
outlined in the specifications.  The labourers we spoke to confirmed that material 
checks and testing were not typically undertaken on site.  

Construction drawings are not typically communicated appropriately for the level 
of capability and experience of the labourers and end users.  This often led to the 
construction not being built as pre the design intent.  This included critical seismic 
details not being built properly which undermined the durability of the building. 

Poor quality construction was further compounded by the lack of appropriate 

quality assurance procedures.  Site supervision by an appropriate technical expert 

is a good way to check quality of materials and workmanship and to advise on 

corrective action early to avoid having to carry out extensive remedial works and 

excessive maintenance further down the line. 

Opportunity 5 

There is an opportunity to improve the way in which design information is 

communicated to community builders through more engaging and understandable 

drawings and specifications.  E.g. using 3D colour with simple explanatory text to 

illustrate good construction details and explain their importance. 
 

Site Exposure 

Site selection or physical planning of the school site does not appear to be 

undertaken.  In the areas visited it was observed, and confirmed by the District 

Governments, that there was a shortage of suitable sites in many of the 

communities where schools are required.  Land that is exposed to hazards, such as 

flooding or landslides, is often used for school buildings.  Several of the schools 

visited during the field mission were disrupted by flooding and also had evidence 

of erosion around the foundations caused by water run-off.  Three schools stated 

that flooding contributed to the loss of between 3 and 5 school days per month 

during the rainy season.   

When the choice of sites is limited site appraisals should be carried out to identify 

key risks and where mitigation measures may be necessary to reduce the exposure 

to acceptable levels; 

 Flooding can be mitigated by developing a drainage system for the site, 

collecting rainwater from the roofs and elevating the school building above the 

above the flood level. 

 Landslides can be prevented by developing a drainage system and installing 

retaining walls or stabilising the slope to prevent erosion. 

At many of the schools we visited, a lack of site planning in terms of building 

layout was observed.  School buildings were often constructed very close to each 

other, or in one continuous long line.  Buildings that are close together are 

susceptible to pounding during an earthquake.   
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4.4 Infrastructure Vulnerability Assessments 

Vulnerability assessments were carried out on the schools visited in order to 
provide a quantitative analysis of the vulnerability of the different building 
typologies.  FEMA 154

7
 is an internationally recognised rapid visual assessment 

tool used to determine the vulnerability of buildings to earthquakes, and it was 
used in Indonesia to test whether it would be an appropriate assessment tool for 
planning a national retrofitting programme. 

The assessments were (Appendix D3) were undertaken on at least one building in 
each of the schools visited.  A score is assigned to each building to identify 
whether it is vulnerable to potential seismic hazards.  Only three (15%) of the 
school buildings visited met the safety threshold (>2) that determines the seismic 
safety of the building.  The construction typology of these three school buildings 
were the Concrete moment frame, timber haunched frame and light steel frame 
buildings.  Buildings receiving a low score require further detailed evaluation, 
undertaken by a professional engineer with specific expertise in seismic design to 
the need for rehabilitation.   

The results of the FEMA rapid visual assessment highlighted that confined 
masonry construction and unreinforced masonry construction are both vulnerable 
to seismic events.  Unreinforced masonry construction should not be used in 
high earthquake zones because it is heavy and sensitive to movement which 
means it is damaged easily.  FEMA 154 is based on the American Codes

8
 which 

do not recognise confined masonry construction as a construction typology.  To 
obtain a score for these buildings an “approximation method” was used which 
took an average of the final scores for the construction methodologies which most 
closely resemble confined masonry; reinforced masonry construction and concrete 
frame with unreinforced masonry infill.  Furthermore, as the Indonesian Building 
Code

9
 is a direct translation of the America Code ASCE 7-10

10
 and does not 

recognise confined masonry construction, the FEMA assessment penalises the 
building for not being code compliant.   

Generally all the unreinforced masonry and confined masonry buildings visited, 
which rely on full height shear wall panels to provide lateral resistance to 
earthquakes (and wind), were penalised further for having an irregular shape on 
plan.  The maximum building width to length ratio 1:4 was typically exceeded 
and/ or the buildings had a lack of adequate stability system (e.g. shear wall panel) 
along the length of the building due to large window openings, refer to Figure 5.   

                                                 
7
 http://www.fema.gov/media-library-data/20130726-1646-20490-8071/fema_154.pdf 

8
 American Society of Civil Engineers (ASCE) 

9
 Indonesian Standards – Seismic Design for Buildings (SNI 1726:2012) 

10
 Minimum Design Loads for Buildings and Other Structures (ASCE/ SEI 7-10) 

Opportunity 6 

The focus on Disaster Risk Management and safe building practices is on 
Earthquakes (and Tsunami) with limited information on planning and designing 
buildings for flooding.   There is an opportunity to develop guidance for site 
selection, site assessment and mitigation measures through site planning to reduce 
the exposure of school building especially at risk to flooding and landslides. 
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Figure 5  Large window openings are typical and present a weakness for the stability of 
the building for masonry shear wall construction 

Although not recognised by the American (and Indonesian) Codes, confined 
masonry can be a seismically resistant form of construction if detailed and 
constructed properly (e.g. it is recognised by Eurocode

11
).  Due to the quantity of 

schools found to be constructed using confined masonry in Indonesia, FEMA 154 
may not be the most appropriate rapid visual assessment tool to identify, 
catalogue, and prioritise buildings that are potentially vulnerable to seismic 
hazards. 

UNESCO are currently developing a building vulnerability assessment tool 
(VISUS

12
) to characterise schools based on their construction typology.  This 

includes site exposure, structural elements, non-structural elements (such as doors, 
chairs and cupboards) and functional issues (such as emergency access).  It is 
intended to be used as a planning tool to prioritise which schools need 
interventions.  It currently focusses on seismic hazards and it would be more 
useful as a multi-hazard evaluation tool.  It seems to be very detailed and relies on 
expert judgement which may not be appropriate for a high level nationwide rapid 
vulnerability assessment of school infrastructure.    

Opportunity 7 

There is an opportunity to develop an appropriate rapid visual assessment method 
which is specific to the Indonesian context to identify, catalogue, and prioritise the 
vulnerability of school infrastructure to multiple hazards.  There is an opportunity 
to review, test and adapt the VISUS tool to the Indonesian context to include 
multiple hazards, construction typologies and materials.  This could provide a 
rapid visual assessment tool to compile a comprehensive GIS database of schools 
across Indonesia.  This would enable schools to be ranked by vulnerability and 
prioritised accordingly for repair, retrofitting or reconstruction. 

Opportunity 8 

There is an opportunity to review and update the Indonesian Code to incorporate 
common construction typologies such as confined masonry. 

                                                 
11

 Eurocode 8: Design of structures for earthquake resistance (BS EN 1998) 
12

 VISUS-Method Handbook V1.0, December 2013 
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4.5 Institutional Environment and Regulatory 
Framework 

Five funding streams for delivering new school infrastructure and repairing 
damaged school infrastructure in Indonesia, have been identified; 

1. MoEC National Funds 

2. Special Allocation Fund (DAK) from Ministry of Finance (National) 

3. Endowment Fund from Ministry of Finance (no evidence of schools hav8ing 
received money from this fund) 

4. Provincial and District Level Funding 

5. Ministry of Religious Affairs (National) Funds - provides religious education 
infrastructure centrally.   

Refer to diagrams in Appendix F highlighting the responsibilities of different 
parties in each of the funding streams. 

Responsibilities 

School infrastructure is typically funded through the national government (except 
Option 4 above which is funded through local government).  Typically the 
Education District Office highlights the need for new schools and proposes the 
school locations, which are then submitted to the MoEC for approval.  The 
religious school needs and location are identified by the community and then 
funded by MoRA (Option 5).   

Since the 1990s the MoEC government policy has shifted from a national school 
building program towards school managed construction.  A school construction 
committee made up of teachers and parents, is designated as the Project 
Implementing Unit in the Government's budget execution system..  National funds 
(Option 1, 2 &5) are provided directly to a school construction committee, who 
are ultimately responsible for the procurement of a design consultant and 
contractor, and the delivery and maintenance of school infrastructure.  The school 
construction committee typically appoints local labour directly as the budget 
provided often precludes the use of small contractors or results in buildings 
remaining unfinished. Whilst having a school construction committee creates 
community ownership there are challenges that arise when untrained people with 
little or no experience or knowledge find themselves in charge of construction 
management.  This can lead to inefficient practices and inappropriate appointment 
of labour and a lack of understanding in dealing with issues.   

Supervising consultants are hired by the school construction committee to oversee 
the quality of construction on site.  However, the Public Works District Office is 
ultimately responsible for the quality of school infrastructure; they issue Building 
Permits prior to construction and Building Certificates on completion.     

District officials appear to rotate roles regularly between different departments to 
reduce the risk of corruption.  This results in people taking roles without the 
appropriate skills or qualifications.  It also makes it difficult to retain knowledge 
and build capacity within the departments because experience is not shared and 
relationships are not developed.   



Global Facility for Disaster Risk Reduction Global Program for Safer Schools 

Indonesia Mission Report 
 

238204-01 I R01 | Issue | 6 March 2015  

 

Page 18 
 

Implementation Process 

There are weaknesses in the implementation process of new school infrastructure 
(planning, design and construction) and assessing and repairing existing school 
infrastructure.  

Planning and design  

The building codes and regulations are provided and enforced by the Ministry of 
Public Works (MoPW), however there does not appear to be any planning 
regulations or approval process in place.     

The BNPB has produced high level national education guidelines
13

 that highlight 
the design requirements including that school buildings should be designed and 
built in accordance with the Indonesian Building Code (SNI 1726-2012).  This is 
a robust Code, geared towards large buildings and can be overly complicated 
when applied to low-rise school buildings.  The current 2012 seismic code has 
~20% higher ground accelerations and more onerous detailing requirements than 
previous codes which means existing buildings designed to previous codes may 
no longer comply.  It is unlikely that recent school buildings comply as most 
schools visited are construction using confined masonry (which isn’t covered by 
this code), and during our interviews with key stakeholders it became apparent 
that the Building Code was not readily available and didn’t appear to be enforced.  

The MoEC have also produced model school designs which are generic across 
Indonesia and cover architectural requirements for school buildings. It is unclear 
whether engineering blueprints for model schools exist as they were not obtained 
during the field mission.  Local consultants are responsible for adapting the model 
school designs to develop an engineered design in accordance with the national 
guidelines and local by-laws, to suit the local context.  There was no evidence that 
local by-laws existed in districts visited which meant the design consultant has 
little guidance on hazards and materials relating to a specific area.  Furthermore, 
the budget allowance for a new classroom is standard across the whole of the 
country and doesn’t allow for a variation in costs to allow for more onerous 
requirements.  

Opportunity 9 

There is an opportunity to establish local by-laws that can be used to adapt the 
model school designs for the local context.  

Approval 

Public Works engineers are responsible for approving the designs, but they are not 
required to be professionally qualified.  Professional qualification, through the 
National Association of Engineering Consultants (INKINDO), is benchmarked 
against other ASEAN countries and involves a thorough assessment process and 
regular refresher assessments.  Public Works engineers may therefore lack the 
skills to carry out their responsibilities.  Additionally, there is limited capacity in 
the Public Works District Office so detailed checks of building designs are not 
always carried out, especially for single storey buildings.   

                                                 
13

 Manual for Keeping Schools and Madrasahs Safe from Disasters, BNPB, 2012 
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ConstructionQuality assurance on site is ultimately the responsibility of the 
Public Works District Office, due to their lack of capacity they often rely on 
supervising consultants (who are not held accountable) to oversee quality and then 
sign off key stages of the works based on cursory checks and often in hindsight.  
Supervising consultants are not required to be degree qualified and can lack the 
understanding of safe school construction as it is not typically included in the 
curriculum for vocational schools.  

Opportunity 10 

There is an opportunity to develop a quality assurance methodology in the 

delivery of school infrastructure to clarify role and responsibilities and introduce 

checklists and audits.  A suite of quality assurance tools and check lists will 

provide a clear understanding of what needs to be done, who is responsible, and a 

clear audit trail for all parties involved.  This will improve quality of construction 

and reduce the opportunities for corruption. 

Maintenance  

The DAK fund is currently attempting to address the history of neglect to school 
infrastructure.  A damage assessment can be carried out by the school to identify 
maintenance requirements which is verified by the District Office.  The 
assessment is based on a percentage of damage to building elements which are 
weighted to give an overall percentage of damage for each classroom.  These are 
categorised into light (<25% damage), medium (<45% damage), heavy (<65% 
damage) and total collapse (new classroom required).  A budget is provided based 
the percentage of damage as a proportion of the cost of building a new classroom.  
This assessment methodology does not differentiate between superficial damage 
and structural damage and does not highlight the vulnerability of the building to 
future hazards.  DAK funds are typically spent returning school buildings to their 
original condition, rather than strengthening or improving them to make them 
safer.  The WB Safe School Pilot Program (refer to Section 4.6) aimed to improve 
safety through retrofitting and reconstruction.  However there are no baseline 
criteria for retrofitting, it is unclear who is responsible for defining the scope of 
any retrofitting required or undertaken, and there is no evidence of guidelines for 
this. 

Opportunity 11 

There is an opportunity to review and improve the existing damage assessments to 
better understand the vulnerability of school infrastructure to natural hazards. 

Opportunity 12 

There is an opportunity to introduce safe school construction practices into the 
DAK program by providing a baseline criteria for repair and retrofitting works 
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4.6 Work By WB and Others 

WB Safe School Pilot Project 

In 2012, the World Bank undertook a Safe School Pilot Project
14

 to provide 
facilitation, awareness, campaign and advocacy for 180 schools in three provinces 
utilising the DAK fund.  This identified insufficient capability in the school 
construction committee and provided financial, social, and engineering facilitators 
to support the implementation.  This facilitator model was based on the successful 
and well established National Program for Community Empowerment (PNPM) to 
support community managed rehabilitation of infrastructure.   

The WB Safe School Pilot Project also introduced seismic safe school 
construction training into a vocational school in Lombok by training the teachers.  
The graduates and teachers of this course are now site supervision consultants to 
local school construction projects.  This helps builds local capacity to improve 
quality assurance on site.  

Opportunity 13 

There is an opportunity to develop “training for trainers” on safe school 
construction that can be replicated at vocational schools nationally. 

As part of this project the WB has produced a series of documents which include 
awareness of and preparedness for hazard events and simple guidance to assess 
the safety of school infrastructure

15
.  This is well illustrated and includes some 

good seismic construction and retrofitting details for confined masonry.  
However, some aspects such as the building configuration and opening locations 
do not correspond to what was constructed at the pilot schools visited.  

A practical guideline for school principals and school committees
16

 has been 
developed using these documents.  An Arup review of this document (Appendix 
G) highlights the importance to communicate appropriately to the target audience 
and to provide clarity of the purpose and intended use of the document.   

AusAid 

AusAid (now Department of Foreign Affairs and trade – DFAT) have provided 
technical assistance to the MoEC school building program for approximately 1200 
schools since 2010.  They are in the process of completing this technical 
assistance program and do not intend to continue.  AusAid identified quality of 
design and construction as their key concern and centred their technical assistance 
on the provision of a quality assurance team.   

AusAid developed a checklist and guidance
17

 of information to be gathered of the 
proposed site for a new school.  Whilst this is an important tool it does not appear 
to include guidance on how to interpret the information gathered to assess whether 
a site is appropriate or how to mitigate the risk from specific hazards.  The visit to 

                                                 
14

 Safe School Pilot Project in Indonesia, Survey of Preliminary Impact and Recommendation, 

Tata Mustasya 
15

 Amankah Sekolah Kita, GFDRR 
16

 Making Schools Safe from Natural Disaster, WB Indonesia Task Team, 2014 
17

 Verification Guidelines 2014, Australian Aid 
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AusAid School SMPN 4 Batang Anai, Padang, illustrated potential issues with 
their site selection due to evidence of foundation settlement and regular flooding. 

They also developed thorough quality assurance checklists
18

 containing well 
illustrated seismic construction details.  This guidance appeared to be used 
exclusively on the AusAid supported schools but could also be used to improve 
the quality assurance at larger scale. 

Consultants  

Construction guidelines for single storey masonry housing to resist seismic 
hazards have been developed by Teddy Boen in partnership with local and 
international experts for both new construction

19
 and retrofitting existing 

buildings
20

.  These were provided by the MoPW as an example for safe school 
construction and whilst they contain well-presented best practice seismic 
construction details, they are not necessarily appropriate for use on school 
infrastructure.  School buildings have a different configuration to residential 
buildings as they are typically large open plan rooms with few internal walls and 
therefore require different design considerations.  

INGO’s 

PLAN International and Save the Children are involved in school safety initiatives 
targeting pillars two and three

21
 – school disaster management and risk reduction 

and resilience education areas.  Other NGOs and INGOs continue to be involved 
in education infrastructure in Indonesia, but the MoEC have indicated that their 
potential impact at scale is typically fairly limited. 

Opportunity 14 

There is an opportunity to review the existing documents that have been 
developed by various parties to produce specific guidance for the planning, 
design, construction of new schools and retrofitting of existing schools. These 
should be incorporated into the regulatory framework and enforced. 
  

                                                 
18

 Instrument Monitoring & Quality Checklist 2014, Australian Aid 
19

 Membangun Rumah Tembokan Tahan Gempa, Teddy Boen & Rekan, 2005 
20

 Perbaikan dan Perkuatan Bangunan Tembokan Sederhana, MoPW, 2012 
21

 Comprehensive School Safety, UNISDR 
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5 Conclusions 

There is a significant shortage of school classrooms and the demand for school 
places is increasing faster than the supply.  This is compounded by lack of 
maintenance of school infrastructure and in many Districts damage to schools 
from previous disasters. 

There is an increasing risk to school infrastructure due to the high exposure to 
hazards combined with the high vulnerability of both new and existing school 
buildings. 

Existing schools that are in a state of disrepair or damaged are currently being 
addressed as part of the DAK Rehabilitation Program, but this currently does not 
reduce the vulnerability of existing schools.  The various retrofitting guidance 
documents vary in quality and appropriateness, and they are not used widely 
because they are not included in the regulatory framework.  There is an 
opportunity in the short term to integrate safety in to the existing DAK program 
by building on the work already undertaken by the WB Safe School Pilot Project. 

The nature and extent of existing vulnerability of the 300,000 schools across 
Indonesia is currently unknown.  A nationwide vulnerability assessment to assess 
the scale and extent of vulnerable schools by construction typology could inform 
both the prioritisation and type of intervention required to reduce the vulnerability 
of the Indonesia’s school stock at national scale.  

There is an existing shortage of classrooms which needs to be addressed as well as 
building new schools to address the anticipated long term increase in demand for 
school places.  When constructing new schools (for both temporary and 
permanent classrooms), it is important to avoid building in future vulnerability 
through inappropriate site selection, design, or poor quality construction.   

There is a lack of detailed hazard information available for effective site selection 
and site planning.  The Government model schools cover the architectural aspects 
only and are required to be engineered locally for each school.  A lack of local b-
laws has resulted in inappropriate designs that are not communicated effectively 
for the school managed construction teams.  The Indonesian building code is a 
robust international code, but it does not recognise confined masonry, and it can 
be overly complex when applied to single story school buildings.   

The fragmented policy / planning and building regulations associated with schools 
and implementing organisations has led to a lack of accountability and 
enforcement of quality controls on site.  There is also a lack of capacity and 
expertise in the quality assurance process which has contributed to poor quality 
construction and vulnerability school infrastructure.  

 
  



Global Facility for Disaster Risk Reduction Global Program for Safer Schools 

Indonesia Mission Report 
 

238204-01 I R01 | Issue | 6 March 2015  

 

Page 23 
 

6 Recommendations for GPSS TA 

In order to achieve a large scale solution which has a long term impact we 

recommend developing a National Strategic Plan for Safe Schools (NSPSS) 

which addresses the following; 

 Existing schools;  

o in a state of repair or damaged from disasters and  

o those that are in good condition and  

 New school construction 

It is recommended that TA should be provided to; 

1. Review and improve the existing guidelines to develop retrofitting 

guidelines that are specific to the existing school construction typologies.  

They should provide guidance on how to identify the type and extent of 

retrofitting required to reduce the risk to future hazards.   

2. Undertake damage and loss assessments and rapid visual vulnerability 

assessments to identify and prioritise the most vulnerable schools and 

whether they require repair, retrofitting or reconstruction to be able to 

design a comprehensive retrofitting program.  These assessments should be 

software based to enable an online GIS database to be populated.  The new 

MoEC Revitalisation Pilot Programme may present an opportunity to trial the 

vulnerability assessments to identify the first 25 most vulnerable schools and 

test the retrofitting guidance information developed.  

3. Review and optimise the existing national school models and produce 

efficient, affordable and safe engineering blueprints that can be adaptable 

for each district and enforced through national and district regulations. 

Guidance for new school construction should also cover site selection and 

planning guidelines, which include site assessment and site specific design to 

mitigate the risk of local hazards.   

4. Introduce improved quality assurance tools in to school construction, 

repair, and retrofitting implementation processes. The fragmented policy / 

planning and building regulations associated with schools and implementing 

organisations should be streamlined by introducing quality assurance tools to 

improve the quality of construction on site and reduce the risk of corruption 

undermining the process.  A clear delineation of responsibilities is required 

with quality checklists, audit processes, and local by-laws to enforce the use of 

model designs and retrofitting guidance material. 

5. Develop "training for training modules" that may include; repair, 

retrofitting, reconstruction and a variety of different construction 

typologies.  The capacity and capability of supervising consultants (and 

facilitators) should be developed by providing “training for trainers” on safe 

school construction.  There is potential to collaborate with the National 

Association of Indonesian Engineering Consultants (INKINDO) and/or 

university institutions in providing the training and development of industry 

skills and capacity.   
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A summary of Geohazards affecting Padang and Lombok, 
Indonesia 

 

1 Tectonic Setting 

Indonesia is a highly seismic country located in SE Asia, where the Indo-Australian plate collides with 

Eurasia (Sunda plate), forming a classic island-arc convergent setting. Indonesia is made up by over 17,000 

islands (6,000 inhabited), many of which are volcanically active – a consequence of melt production as the 

Australian plate heats up with continued subduction of the Australian plate beneath the Sunda Plate. 

Indonesia has 127 active volcanoes, with some 5 million people having activities within the danger zone. 

The various islands forming the southern margin of Indonesia all lie within 200 km of the subduction 

megathrust, and are therefore prone to significant ground shaking from very large thrust earthquakes. 

Furthermore, vertical displacements of the sea floor during megathrust earthquakes can be large enough to 

generate devastating tsunamis, which have affected coastal settlements throughout recent and historical 

times. Land-sliding, and liquefaction, in response to earthquake-induced ground shaking, are also significant 

hazards throughout Indonesia; especially given that many settlements are located on floodplains comprised 

of soft sediments, and the weak volcanic ash-fall deposits are commonplace throughout the region. These 

problems are further exacerbated by Indonesia’s tropical climate, characterized by heavy rainfall, which also 

creates additional flood hazard for low-lying communities. 

 

We further summarize the various geo-hazards below for two separate locations in Indonesia: Padang City, 

on the island of Sumatra, and the western region of Lombok Island (Figure 1). 



File Note  

   

238204-01 18 December 2014  

 

Page 2 of 18 Arup | F0.15  
 

 
Figure 1  Tectonic setting of Padang (Sumatra Island) and Lombok Island within Indonesia. 

 

2 Padang 

2.1 Seismotectonics 

Padang City (pop. 1 million) lies on the SE-coast of Sumatra (Figure 1), just over 200 km from the 
Sunda trench. The city lies on the west coast of Sumatra, on a strip of low-lying coast, made up of 
Quaternary sedimentary deposits laid down by rivers draining west from the Tertiary-Quaternary 
volcanic highlands (1 km high), which surround the city to the south and east. 

The subducting Australian plate extends to depths of ~100 km beneath Padang city. Earthquakes are 
very common in this area, occurring on both the Sunda subduction zone interface (which 
accumulates 5.5 cm/yr elastic strain each year), and within the subducting slab itself.  

On the 26th December 2004, a huge Mw 9.1 earthquake (max. fault flip 20 m) broke a 1,600 km 
section of the Sunda megathrust near Bandah Aceh, ~750 km NW of Padang (Figure 1). A few 
months later, on 29th March 2005, a second large Mw 8.6 earthquake (max. fault flip 12 m) 
ruptured the adjacent section of the subduction interface to the south, near Nias Island, ~450 km 
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north of Padang. On the 12th September 2007, a Mw 8.5 earthquake (max. fault flip 8 m) ruptured 
the subduction interface offshore of Bengkulu, ~350 km south of Padang. An earlier Mw 7.9 
earthquake occurred immediately south of the Bengkulu section on 4th June 2000 (see Figure 1 for 
summary of subduction interface earthquakes up to 2007). Therefore, a seismic gap exists between 
the Nias and Bengkulu segments of the subduction zone interface, offshore from Padang city. The 
last earthquake to break the Padang section of the Sunda megathrust occurred in 1797. Since this 
time, 181 years have elapsed, and ~10 m of elastic strain has accumulated on the locked fault zone, 
equivalent to a Mw 8.1 earthquake (based on a 200 km segment length, and fault scaling relations 
of [1]). Furthermore, the 2005 and 2007 events will have further loaded this segment with stress, 
edging it closer to failure. A large earthquake on this fault is therefore expected, and could occur at 
any time. 

 
Figure 2  Location map of Padang City. 

 

On 30th September 2009, a Mw 7.5 earthquake broke the subducting Australian plate ~50 km NW 
of Padang. The deeper source for this event indicates it was an intraplate event, with slip on a pre-
existing fault within the subducting slab, rather than rupturing the subduction zone interface.  In 
general, the largest intraplate earthquakes in subducting slabs are much smaller (Mw < 7.8) than the 
largest earthquakes on subduction zone interfaces (which can reach Mw 9.2). Furthermore, 
subduction intraplate earthquakes are typically deeper than subduction zone interface earthquakes. 
Therefore, the damage resulting from the 2009 earthquake was significantly less than for the 2004 
Sumatra-Andaman earthquake (in large part because the earthquake did not produce a tsunami). 
Nevertheless, due to the close-proximity of the epicentre to Padang, widespread structural damage 
occurred in the city from ground shaking, liquefaction and land-sliding, resulting in 1,195 deaths, 
and significant damage to 140,000 homes and 4,000 other buildings [2]. Figure 2 shows the recent 
and historical earthquakes occurring in the Padang region. 

An additional earthquake hazard posed to Padang City comes from the Great Sumatran fault, which 
is a major NW-SE striking strike-slip fault running along the SE margin of Sumatra (Figure 2 and 
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Figure 3). The oblique NNE convergence direction of the Indo-Australian plate with respect to the 
Sunda megathrust has resulted in partitioning of displacement onto separate thrust and strike-slip 
faults. This fault bears many similarities to the San Andreas Fault in the western US both in 
dimension (~1,500 km long), slip-style (right-lateral strike-slip) and slip-rate (~23 mm/yr). The 
Great Sumatran fault lies only 20 km east of Padang city, and therefore poses a major ground 
shaking hazard in the event of a large earthquake. This fault has experienced no very large 
earthquakes (Mw > 7.0) in recent times, although several Mw 6-7 events are known along its 
length. Compared to the San Andreas Fault, relatively little is known about the historical seismicity 
on the Great Sumatran fault. 

 
Figure 3  (left) Tectonic map of Sumatra, with locations of recent earthquakes and their respective fault slip 
patches (from Tectonic Observatory, Caltech). (right) map of the Padang region with recent and historic 
earthquake rupture locations. Black focal mechanism is for the 2009 Padang earthquake (from [3]). 

 

2.2 Volcanic Hazard 

Talang is the closest volcano to Padang, lying ~30 km east of the city. Talang is an active strato-
volcano, capable of periodic explosive and effusive eruptions (Figure 1). The Smithsonian 
Institution Global Volcanism Program reports eight confirmed eruptions between 1833 and 1968. 
All historical eruptions have involved small-to-moderate explosive activity from craters on the NE 
flank. It is thought an eruption in April 2005 was triggered by the 2004 earthquake.  

Although Padang is not in direct danger of erupted material, or pyroclastic flows from the flanks of 
Talang, a hazard may exist for any buildings with inadequate strength to support heavy loads of 
ash-fall, which can be significant at distances of 30 km. 

Figure 4 shows the volcano risk map for the Padang region, produced by BNPB. Padang city is 
classified as low risk, although it lies adjacent to a high risk zone immediately to the east. 
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Figure 4  Volcanic disaster risk map, published by the Badan Nasional Penanggulangan Bencan (BNPB). 
Padang is in a low risk zone, which is bounded on its eastern side by a high risk zone (where Mt Talang is 
located). 

 

2.3 Tsunami hazard 

The Sumatra coast is at high risk from tsunamis generated offshore by slip on the Sunda 
megathrust, which in turn produces large vertical displacements of the sea floor in the offshore 
region. The slip gap offshore from Padang city is currently loaded, and will likely generate a large 
earthquake in the near future. The last subduction zone interface earthquake to affect Padang city 
occurred in 1797. Simulation of ground motions for this earthquake may give an indication of 
possible wave heights for future tsunamis affecting Padang (Figure 5, see also [4], [5]). Wave 
heights may reach up to ~6 m in height, which could inundate the coast by 4 km in the northern part 
of the city. Tsunami hazard is highest towards the coastline, and along river banks. High ground to 
the south and east of the city offers protection during a tsunami. However, the evacuation times 
from the worst tsunami-affected areas in NW Padang are significant (>40 minutes), while access to 
the high-ground south of the city is limited by bridges crossing the river Arau. 
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Figure 5  (a) Maximum simulated inundation map for Padang city (from scenario SID-08 of [5]). (b) Water 
level time history for the river mouth of the Arau River. 

 

2.4 Liquefaction 

Padang was badly affected by liquefaction during the 2009 earthquake. Loose sandy soils coupled 
with a shallow water table characterize the sub-surface on which Padang is built. Figure 6 shows a 
liquefaction susceptibility map for Padang city [6]. 

 

2.5 Slope failure, mud and debris flows 

In the 2009 earthquake, slope failures caused extensive damage of roads in the mountainous region 
east of Padang city. Slope failures in the loosely packed volcanic ash deposits were initiated by 
ground shaking associated with the earthquake, and further enhanced by the high water content of 
the deposits, their lack of cohesive force, and the dip of bedding towards the slope direction 
(Aydan, 2009). Figure 7 shows damage to roads in Padang Alai. Some damage also occurred to 
roadways resulting from rock falls; blocks more than 5 m in diameter were observed along the 
Padang-Bukittinggi Highway and Padang-Bungus [7]. 

Northeast of Padang and east of Pariaman city, hundreds of people were buried by landslides and 
mud flows in Lubuk Lawe village, and at least five other villages were demolished [8]. 
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Figure 6  Liquefaction susceptibility map of Padang City [6]. 
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Figure 7  Roadway damage due to slope failures in Padang Alai (on the southern margins of Maninjau 
caldera, ~30 NNE of Padang city), from [7]. 

 

 

3 Lombok 

3.1 Seismotectonics 

In comparison with Padang, Lombok Island has experienced few destructive earthquakes in recent 
times. Nevertheless, Lombok is also located on an ocean island overlying the Sunda subduction 
zone, which therefore presents a major seismic hazard to the island. The last significant earthquake 
to rupture the Sunda subduction zone interface in this region occurred on 2nd June 1994 (Mw 7.2), 
which the subduction megathrust south of East Java (400 km SW of Lombok, see Fig. 1). An earlier 
earthquake also broke the megathrust 380 km SE of Lombok on the 19th August 1977 (Mw 7.9). 
No earthquakes larger than M7.0 have been recorded on this section of the Sunda subduction zone 
over the last 50-100 years. Therefore, a seismic gap may exist on the subduction megathrust 
immediately south of Lombok Island.  

Little is known regarding the historical record of seismicity in this region of Indonesia. The only 
significant event in the area is the 20th January 1917 Bali earthquake, which killed 1,500 people on 
the neighbouring island of Bali. Ground shaking was strongly felt in western Lombok. This event 
produced a small tsunami, which did little damage. Therefore, it is likely this earthquake did not 
break the Sunda megathrust.  


