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ABSTRACT

Earthquakes have long been feared as one of nature’s most terrifying and devastating events.
Although seismic codes clearly exist in countries with a high seismic risk to save lives and
human suffering, earthquakes still continue to cause tragic events with high death tolls,
particularly due to the collapse of widespread non-engineered buildings with non-seismic
resistance in developing countries such as Indonesia. The implementation of seismic codes in
non-engineered construction is the key to ensuring earthquake safety. In fact, such
implementation is not simple, because it comprises all forms of cross disciplinary and cross
sectoral linkages at different levels of understanding, commitment, and skill. This fact
~ suggests that a widely agreed framework can help to harmonise the various perspectives.

Hence, this research is aimed at developing an integrated framework for guiding and
monitoring seismic risk reduction of non-engineered buildings in Indonesia via a risk
management method.

Primarily, the proposed framework for the study has drawn heavily on wider literature, the
three existing frameworks around the world, and on the contribution of various stakeholders
who participated in the study. A postal questionnaire survey, selected interviews, and
workshop event constituted the primary data collection methods. As a robust framework
needed to be achieved, the following two workshop events, which were conducted in
Yogyakarta City and Bengkulu City in Indonesia, were carried out for practicality, validity,
and moderation or any identifiable improvement requirements. The data collected was
analysed with the assistance of SPSS and NVivo software programmes.

This research found that the content of the proposed framework comprises 63 pairs of

characteristic-indicators complemented by (a) three important factors of effective seismic

risk management of non-engineered buildings, (b) three guiding principles for sustainable
dissemination to the grass root communities and (c) a map of agents of change. Among the

63 pairs, there are 19 technical interventions and 44 non-technical interventions. These

findings contribute to the wider knowledge in the domain of the seismic risk management of

non-engineered buildings, in order to: (a) provide a basis for effective political advocacy, (b)

reflect the multidimensional and inter-disciplinary nature of seismic risk reduction, (c) assist

a wide range of users in determining roles, responsibilities, and accountabilities, and (d)

provide the basis for setting goals and targets.
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Disaster:

Earthquake:

Epicenter :

Fault:

Focal depth:

Intensity:

Isoseismal:

Magnitude:

GLOSSARY OF TERMS

A serious disruption of the functioning of society, causing widespread
human, material or environmental losses, which exceed the ability of
affected society to cope using only its own resources.

The shaking or vibrating of the ground caused by the sudden release of
energy stored in rock beneath the earth's surface.

The position on the earth’s surface above the focus of an earthquake

A crack or fracture in the earth's surface along which the two sides have
been displaced relative to each other. Active faults are assumed to be capable
of producing earthquakes.

The depth below the surface of the hypocenter or focus of an earthquake.

A measure of severity of shaking at a particular site. It is usually estimated

A contour on a map bounding areas of equal intensity for a particular
earthquake

A quantity characteristic of the total energy released by an earthquake, as

Non-engineered building: A building which is spontaneously and informally constructed in

Risk:

the traditional manner. House owner is very much involved, and skilled
technicians (engineers and architects) are generally not participated in their
design and construction. They almost certainly have not been designed and
constructed to resist earthquakes.

The possibility of suffering loss as the product of hazard and vulnerability
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Chapter I
Research Introduction

The principal aim of this chapter is to guide and familiarise the reader with the purpose and
the subject area of the research study. In order to identify the research problem statement, the
chapter begins with an explanation about global concerns, ranging from earthquake
implications to non-engineered buildings, as to the biggest cause of human deaths and
injuries during strong earthquakes. It then focuses on the description of the problem and its
context; this introduces the subject itself and also the importance of reducing seismic risk in
Indonesia, focusing on such non-engineered buildings. Subsequently, aim and objectives of
the project are outlined, together with the significance of the research and an overview of the
research methodology. The final section provides a guide to the thesis and the summary

section.

1.1 Research Focus

An earthquake is a sudden, rapid shaking of the Earth caused by the breaking and shifting of
rock beneath the Earth's surface. The National Earthquake Informafion Center (NEIC USA)
locates about 50 earthquakes each day or about 20,000 a year (USGS, 2004a). The infamous
Indian Ocean Indonesian Aceh’s Earthquake on 26" December 2004 (located off the West
-Coast of Northern Sumatra, Indonesia) was the 5™ largest earthquake recorded in the world
since 1900 (USGS, 2004c). At the present time, scientists cannot predict precisely when and
where an earthquake will occur (BSSC, 1995). Although earthquakes cannot be prevented,
modern science and engineering provide tools that can be used to reduce their effects, based
on the fact that much of the damage caused by earthquakes is predictable and preventable
(USGS, 2004b). Broadly speaking, predicting earthquakes may be difficult, but preparing for

disaster is not.



Several thousand ‘earthquakes have occurred throughout the world, and populations have
witnessed massive deaths and a series of costly and damaging outcomes. The Asian Disaster
P;eparedhess Center (cited by BAPPENAS, 2006) comments that, certainly over the past ten
years, such massive death tolls have not been necessary from a technical and scientific point
of view. These disasters include: the 1999 Turkish earthquake, with a death toll of 17,127
people; the 2001 Indian earthquake, with 20,005 deaths; the infamous Indian Ocean
Indonesian earthquake and tsunami in 2004, with more than 225,000 deaths across 12
nations (165,708 deaths in Indonesia alone); the 2005 Pakistani earthguake with 73,338
deaths, and again, in 2006, Indonesian Yogyakarta’s earthquake with 5,716 deaths. With
growing pdpulations and infrastructures (high-rise buildings, bridges, apartments, pipelines,
communication towers, and other utilities), earthquakes pose a greater hazard to people’s
lives and communities than ever before. A few hundred years ago, even large earthquakes

could go unnoticed but now even a small earthquake is often felt by thousands of people.

Based on such field investigations from past earthquakes, the majority of damage caused by
the ground shaking has been inflicted on buildings and houses, poor in design and
construction, in both developing and developed countries. Most earthquake-related deéths
and injuries have resulted from the collapse of such buildings. Almost all of them have been
non-engineered buildings, particularly in developing countries (Mansouri et al., 2002;
Sarwidi, 2001; and Blondet, 2003). In 2000, the Indonesian Bengkulu earthquake affected
42,342 houses, damaging around 1,386 (IUDMP, 2000). In 2004, the Indian Ocean
Indonesian Aceh earthquake (together with tsunami) caused around 127,000
buildings/housesv to be completely destroyed (BAPPENAS, 2005b). While the Indonesian
disaster manager was still sympathising with the Aceh survivors in a reconstruction process
following the Aceh earthquake, a second severe ground shaking hit Yogyakarta and Central
Java on 27 May 2006, and left 156,662 private houses totally destroyed and 202,031
damaged (BAPPENAS, 2006). Most of the collapsed or heavily damaged buildings and
houses were ﬁon—engineered, masonry constructions, with or without a reinforced concrete
frame, in particular, those built by medium-low income communities or medium-low cost
housing. On the other hand, the few buildings that were constructed according to seismic
codes were able to survive the earthquakes. This evidence is similar to the findings from

other developing countries (Mansouri et al., 2002).

The lesson learned from Yogyakarta’s earthquake in 2006 brings home very forcefully the
fact that a great disaster occurred in a densely populated area, which did not have

earthquake-resistant constructions. Based on the Indonesian Seismic Zonation, clearly



Indonesia has large cities located in high seismic zones. It is found that almost 60% of the
cities and urban areas are located in the relatively high to very high seismic zone, around 290
cities out of 481 cities in Indonesia (IUDMP, 2001). Constructions in these major cities are

not earthquake resistant, as reported by CEEDEDS (2004).

According to the huge number of earthquake occurrences, the large amount of building
damage after any quake and the concentration of population in cities in and around Indonesia,
it can be widely seen that cities in Indonesia face a great earthquake hazard, threatening all
elements of community life. As a result, earthquake disaster mitigation activities in the cities
should be strengthened immediately; there is no need to delay implementing comprehensive

earthquake disaster management plans in these cities. Tomorrow’s risk is today’s challenge.

1.2 Rationale for the Research Topic

A non-engineered building is an unsystematically designed, built, and supervised structure.
These buildings are usually constructed by traditional builders and/or building owners, using
common traditional approaches without intervention by qualified architects and engineers in
their design and construction. In Indonesia, non-engineered buildings dominate most
residential areés, are constructed of heavy materials such as masonry or multi-storey,
reinforced concrete, and are built up to two stories high (CEEDEDS, 2004). Most of the loss
of life in the past earthquakes has occurred due to the collapse of these buildings. It is well
accepted amongst many engineers that earthquakes do not kill people; it is unsafe

construction of buildings that kills people as a result of earthquakes.

Some of the evidence has shown that non-engineered buildings are still being constructed by
self-build owners, builders, and local engineers within medium-low-income populations in
Indonesia, due to demographic pressure (Sarwidi, 2001). Although these buildings will
slowly be replaced by those of more reliable construction, it is widely accepted that they will
remain the single greatest source of existing seismic risk for the foreseeable future. This
gives a stronger urgency to introduce seismic resistance for both existing and new buildings,

as it is imperative to reduce death tolls in future earthquakes.

In order-to introduce seismic features in buildings, seismic codes have been generally
developed and are mature and well-known in countries with high seismic.areas. Seismic

resistance in the codes helps to improve the behaviour of structures, so that they may



withstand earthquake effects at the appropriate levels of ground motion. Proper
implementation of seismic codes in structures created to be earthduake-resistant buildings
covers four virtues: good structural configuration, adequate lateral strength, adequate
stiffness, and good ductility. These standards and regulations do not ensure that structures
suffer no damage during earthquakes of all magnitudes, but, to the best possible extent, they
ensure that structures are able to respond to earthquake shakings of moderate intensities
without structural damage, and of heavy intensities without total collapse (IITK-BMTPC,
2003). In Indonesia, the seismic codes for practical implementation of residential houses
have been developed since 1978 (Boen, 1978). The newest formal seismic code for ordinary

buildings (SNI-1726-2002) was launched in 2002.

Although the seismic codes clearly exist in countries to save lives and human suffering,
earthquakes still continue to cauée tragic events with high death tolls (Comartin et al., 2004).
Obviously, it is widely accepted that there is a broad gap between the existence of seismic
codes and recent earthquakes with massive deaths. Many of the deaths could have been
reduced, even avoided, if the implementation of seismic codes had been properly employed.
The implementation of the seismic codes in actual construction is paramount as the key to
ensuring earthquake safety, particularly within non-engineered buildings, which are
responsible for massive death tolls during earthquakes (Shah, 2002 and IITK-BMTPC, 2003).

In fact, seismic risk reduction through the implementation of seismic codes in construction is
not simply physical and technical intervention (Petak, 2002); it comprises all forms of
activities, multidisciplinary stakeholders, and citizens of different levels of understanding,
commitment, and skill, including structural and non-structural measures. Broadly speaking,
Wenzel (2006) mentions that slow progress in disaster risk reduction is due to five main
impediments: (1) poor governance structures, (2) lack of a multi-sectoral, inter-disciplinary
work culture, (3) inefficient use of resources, (4) lack of awareness and poor knowledge of
risk, (5) poor professional standards and ethics. These are the most critical challenges facing
a community living in a high seismic hotspot. Based on good practice in countries, the
implementation of seismic codes can be achieved through an approach of seismic risk
management, which includes: (1) seismic hazard analysis, (2) seismic risk assessmént, and,
(3) economic and political actions (seismic response) within all aspects of community life

(SCEC, 2002).

Adopted from Charette (2002), seismic risk management can be described as a systematic

process of using administrative decisions, organisation, operational skills, and capacities to



implement policies and strategies for society and communities to lessen the impacts of
seismic hazards and related environmental and technological disasters. Seismic risk
management should be seen as advanced preparation and anticipation of possible adverse
future seismic events, rather than responding as they happen. Generally, seismic risk
managenient is pro-active. Some countries have employed integrated seismic risk
ﬁanagement, embracing multidisciplinary stakeholders, with successful results (SCEC,

2002; UNDP, 2004; DFID, 2004; EERI, 1999; and IDEA, 2005).

The view that disasters are temporary disruptions to be managed only by humanitarian
response, or that their impact will be reduced only by some technical intervention, has long
been replaced by the reéognition that they are intimately linked with sustainable
development (UNDP, 2004 and UN-ISDR, 2002). Clearly, physical exposure itself as a
result of development does not explain, nor automatically lead to, increased risk. If urban
growth in a hazard-prone location is accompanied by adequate building standards and urban
planning that takes into account risk considerations, disaster risk can be managed and even
reduced. Therefore, seismic risk management should be factored into everyday decision-
making in development planning; a shared responsibility and shared efforts are needed to

reduce the impact of future earthquakes.

At present, disaster management programs in Indonesia are mostly oriented to provide
response actions during disasters, are hardly ever involved in risk management actions, and
furthermore, are not connected to an integral paradigm of sustainable development
(Ngoedijo, 2003). Obviously, recognition of seismic risks as part and parcel of development
plénning can address some seismic risk management problems in Indonesia. At the same
time, the full range of technical, social, cultural, and political consideration is evolving, and
links with different fields and various stakeholders introduce new challenges. Each multi-
sector stakeholder apparently approaches the issue from a different perspective, brings new
practices, and has certain aspirations, which need to be harmonised to create the right
mixture of seismic risk management initiatives. At the moment, current advances in
information technology provide timely access to, and ease in transmission of, information
within the systems, and significantly increase the range of interactions among individuals,
within organisations, and between sets of organisations in reference to a common event or
problem (Comfort, 2002). Dissemination of good practices and results can also encourage
more commitment to seismic risk reduction; however, what has been achieved is not
systematically assessed, recorded, and monitored (ISDR, 2003). As a result, the outcomes

from seismic risk reduction are not yet supported by hard evidence. Furthermore, “what



works and what does not work, and why” are not adequately known for informed advocacy,

policy decision, or strategic planning.

These facts suggest that a widely agreed framework for guiding and monitoring seismic risk
reduction can help to harmonise and systematise the field of integrated seismic risk
- management in order to implement seismic codes for non-engineered buildings in actual
construction. Such a framework could also constitute the necessary backbone to collect
information and data and .capture good practices. It could also help to analyse trends in
seismic risk reduction practices, and identify gaps and constraints for informed decisions
(ISDR, 2003). The importance of developing an integrated framework for seismic risk
reduction is also emphasised by Shah (2002), Petak (2002), and IDEA (2005).

It is definitely true for Indonesia that there appears to be a notable absence of any attempts to
gﬁide and monitor seismic risk reduction of non-engineered buildings in the integrated
framework, at either a national or local level. The framework development could be a first
step towards an integrated seismic risk management approach to reduce risk
comprehensively in Indonesia. The proposed framework as a risk management tool offers a
powerful means of changing policy and practice for Indonesian communities exposed to
seismic risk; this is a new research area in Indonesia and will also contribute to the seismic
risk management practices in developing countries. Moreover, the framework development
is also in response to "the Istanbul Declaration on Human Settlements" (Habitat II) drafted
on 14 June 1996, which underscores ‘the right for everyone to adequate housing and the

universal goal to provide safer, healthier, and sustainable human settlements’.

It must be emphasised, however, that the proposed framework is not the ultimate solution to
all problems related to the .implementation of seismic codes in the domain of non-engineered
construction. Nevertheless, it is a tool or stepping stone which can be used to streamline
individual, organisation, and agency involvement objectives, to make them more productive,
efficient, and effective for all elements of shared responsibility and shared efforts to reduce
seismic risk. The framework may be seen as a living document to be regularly reviewed and
modified as issues emerge, knowledge expands, and capacities change. Furthermore, it is
very important to disseminate the value of the framework as a tool benefiting all parties to
achieve change permanently. Above all, the ultimate goal of this research project is to save
lives and prevent human suffering due to the collapse of non-engineered buildings during

strong earthquakes in the future.



1.3 Research Aim and Objectives

The principal aim of the research is to develop an integrated framework for guiding and
monitoring seismic risk reduction of non-engineered buildings in Indonesia via a risk
management approach. A key advantage in using a risk management approach in relation to
seismic risk is that it ensures seismic risk reduction of non-engineered buildings is managed
as part of wider decision-making. In sequence with the aim of the research, the objectives of
the research are as follows.
to study and list some seismic features in building;
b. to study and analyse good practices of seismic risk management in specific countries;
c. to perform an in-depth evaluation of the implementation of disaster management
activities in Indonesia;
d. to study, analyse, and evaluate three existing frameworks in disaster reduction around
o the world;
e. to develop a novel framework for guiding and monitoring seismic risk reduction of non-
engineered buildings in Indonesia;
f. to review and validate the proposed framework for its application in two Indonesian

cities, located in high seismic areas.

In line with ISDR (2003), genefally, the proposed novel framework is expected to (a)
provide a basis for effective political advocacy, (b) reflect the multidimensional and inter-
disciplinéry nature of seismic risk reduction, (c) assist a wide range of users in determining
réles, responsibilities, and accountabilities, and (d) provide a basis for setting goals and

targets. Chapter IV will explain this matter in detail.

1.4 Significance of the Research

Many integrated seismic risk management activities have already been deliberately studied
and employed in countries with excellent achievements (SCEC, 2002; UNDP, 2004; DFID,
2004; EERI, 1999; and IDEA, 2005). In contrast, unsystematic disaster management in:
Indonesia commonly exists (Ngoedijo, 2001), even-in seismic risk management areas.
Therefore, this study, which aims to develop a novel framework for guiding and monitdring
seismic risk reduction of non-engineered buildings, is currently one of novel research,
combining a seismic risk and integrated risk management approach in Indonesia. The

proposed framework differs from existing frameworks in other countries because it



comprehensively identifies the core issues that underpin the understanding and practice of
séismic risk reduction in Indonesia specifically; it: (a) focuses on non-engineered buildings,
(b) involves many Indonesian active and multidisciplinary stakeholders in order to represent
shared risk and adopt or adapt to their specific circumstances, (c) uses methodologies based
on local resources so that the approaches are common and the solutions are local, providing a
new form of solidarity and respecting cultural differences, (d) incorporateé the poverty factor,
as a common problem in developing countries. Accordingly, the proposed framework will be

based on true and authentic Indonesian resources.

Moreover, the findings of this work may be useful in considerably assisting communities to
reduce seismic risk of non-engineered bhildings against future earthquakes in Indonesia.
Here, the term ‘community’ means a broad audience composed of both those who have little
specific knowledge about building regulations, seismic phenomena, design, and engineering
and also those who are .somewhat familiar with these concepts. This research refers to a
critical investigation and evaluation, which has extended and led to a significant independent
and original contribution to wider knowledge in the seismié risk management research area
in developing countries by theory'deVelopment sections, as presented in Chapters VII and IX.
Furthermore, it could also be used to effectively mitigate the possible consequences of
eérthquakes by presenting balanced information in order to introduce seismic features on

non-engineered buildings.

1.5 Overview of the Research Methodology

Generally, based on the absence of an integrated framework for disaster management in
Indonesia, the principles within the proposed framework were drawn heavily from wider
literature, the existing frameworks in other countries, and from the contributions of those
who took part in the study; these contributions reveal the current conditions in Indonesia and
are tailor-made for the needs and requirements of the multidisciplihary stakeholders. A brief

research methodology is simply presented in Figure 1.1.
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Figure 1.1 A brief research methodology

Firstly, a review of literature related to: earthquake definitions, lessons learned from past
earthquakes in both developed and developing countries, frameworks of seismic implications,
and the situation in Indonesia was carried out to gain a clear understanding of the causes of
high death tolls during past earthquakes. The review encompasses literature from reference
books, project reports, seminar proceedings, and journals on web-sites, which provide up-to-
date information describing (1) why non-engineered buildings suffered most during past
earthquakes, (2) the implementation of seismic risk management approaches around the
world, and (3) the implementation of disaster management in Indonesia. These issues were
explored to satisfy research objectives a, b, and c. The literature review mentioned above
was intended to demonstrate a comprehensive grasp of existing knowledge in relation to the
research subject. Furthermore, in addition to the categories of literature already mentioned,
existing frameworks in disaster management around the globe were studied, analysed, and
evaluated to fulfil the research objective d. These steps were able to list some emerging
issues for primary data investigation; this was then called ‘the first draft of the proposed

framework’.



Following the desk-based analysis of the literature and the existing frameworks, research
methodology was elaborated, and then a pilot study was carried out. The pilot study was
‘conducted in order to refine the data collection plans as described in the research
methodology section. The next phase was primary data collection. The method of data
collection was justified primarily by the findings of the pilot study. The first and foremost
data collection plan was a postal ‘questionnaire survey, which was conducted by circulating
the questionnaire to multidisciplinary stakeholder representatives who live in high seismic
areas in Indonesia. Furthermore, an interview data collection method was conducted in order
to find the causality behind the postal questionnaire findings. Combining the questionnaire
survey and interviews generated 'the second draft of the framework'. Next, the final
framework as the aim of the research (as precisely described in objective e¢) was achieved
through a- r;lultidisciplinary stakeholder workshop event. In order to achieve a robust
framework, the following two workshop events were held to review and validate the
proposed framework developed in the previous stages in order to accomplish objective f. The
final stage of the research was to draw some conclusions. The data collected was analysed
with the use of a computer aided software programme i.e. SPSS. Specifically fér qualitative
data, NVivo software was utilised. Details of the research methodology are covered in

Chapter VL

1.6 Guide to the Thesis

This thesis is organised into eleven chapters, which correspond with the research process

stages. A brief guide from Chapter II to Chapter XI is as follows:

Chapter II presents a comprehensive description about earthquake activities, their
implications, and the current situation in Indonesia. This involves critically appraising what

other people have written about earthquakes, from both developing and developed countries.

Chapter III focuses specifically on the relationship between non-engineered buildings and
the existence of seismic codes, beginning with a definition of a non-engineered building. It is
followed by a description of building behaviour during an earthquake then moves on to
elaborate some seismic features in building. The final section of the chapter presents the

wide gap between massive deaths and the existence of seismic codes.
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Chapter IV covers many aspects of the integrated seismic risk management approach and
good practice in certain countries. An in-depth evaluation of current disaster management
programmes in Indonesia is given in the middle of the 'chapter, and then the final part
presents the importance of developing an integrated novel framework for guiding and

monitoring seismic risk reduction of non-engineered buildings (SRRNEB) in Indonesia.

Chapter V describes the evaluation of three existing frameworks in disaster management
around the world, and emergent issues arising from the review of literature and existing

frameworks, referred to as ‘the first draft of the proposed framework’.

Chapter VI outlines the research methodology adopted for the project. Selected methodology
is based on research objectives and issues, which are identified from the literature and world-
wide exiéting frameworks. It covers in detail the research process, different methodological
concepts and approaches and the strength, and weakness of different methods. Based on the
comprehensive introduction, the chapter then outlines the methodological framework for this
project and justifies the methods selected. The research design section of the chapter presents
the structure of the data collection plans and analysis phase of the project and covers in detail

the procedures and the criteria for various choices made.

Chapter VII outlines the pilot study for the research in order to refine the data collection

plans, with respect to both the contents of the data and the procedures.

Chapter VIII reports on the data gathered from multidisciplinary stakeholders and examines
their views and perspectives. The foremost data collection method is via a postal
questionnaire survey and series of interviews. This is followed by data analysis, for refining

‘the first draft of the proposed framework’ into ‘the second draft’.

Chapter IX elaborates the data collected from the workshop event and its analysis in order to
refine ‘the second draft of the proposed framework’ into ‘the final framework’. This chapter
constitutes the final stage of the primary data collection phase in the thesis. The result
analysis of the workshop constitutes a major part of the chapter.

Chapter X performs the validation of ‘the final framework’ presented in-Chapter IX.

Chapter XI presents the conclusions drawn from the research work, which covers all the

phases including the thorough review of literature and existing frameworks, data collection,

11



and its analysis. The chapter also identifies the limitations of the research based on the fact
that, despite an attempt to provide a full perspective on most of the more important issues,
coverage cannot be exhaustive in a single study. Finally, a recommendation for further

research in the area of integrated seismic risk management is presented.

1.7 Summary

This chapter presents a strong rationale for, and the direction of, the research project.
Beginning with the definition of an earthquake and the massive death tolls during past
earthquakes and based on lessons learned over time, it was followed by the definition of a
non-engineered building. Next, it went on to introduce an integrated risk management
approach in order to reduce seismic risk and describes the importance of developing an
integrated framework for guiding and monitoring SRRNEB as a starting point to reduce
seismic risk in Indonesia, since in Indonesia, there appears to be a notable absence of any
attempt in the integrated framework to reduce seismic risk of non-engineered buildings. The
aim and objectives of the research were covered in the middle of the chapter as a guide to the
research direction. The significance of the research, the overview of the research
methodology, and the gﬁide to the thesis were described at the end of the chapter. As
outlined above, the following chapter will present a thorough review of literature in relation

to the research project.

12



| Chapter IT
Earthquake Activities, Their Implications, and
Situation in Indonesia

This chapter provides extensive facts and figures about earthquakes, their implications, and
the current situation in Indonesia through an in-depth review of existing literature. This study
will explore current opinion that earthquakes are natural, devastating phenomena and their
impact remains a significant challenge to all community life. This understanding excludes
the view that earthquake disasters are ‘acts of God’ or external forces beyond any sort of
possible human control or mitigation and praying to God is the primary solution to
catastrophic hardship. The next section of this chapter introduces the definition of an
eérthquake, earthquake facts and statistics, and an earthquake implications framework.
Lessons learned from past earthquakes are also covered in detail. The chapter concludes with

an outline of the high seismic areas of Indonesia.

2.1 What is an Earthquake?

For hundreds of millions of years, the forces caused by the movement of tectonic plates have
shaped the Earth. These tectonic plates are the large, thin, relatively rigid plates that move
relative to one another on the outer surface of the Earth (see Figure 2.1). Tectonic plates
form the Earth's surface and move slowly over, under, and past each other at different speeds
from those of the neighbours. Sometimes the movement is gradual. At other times, the plates
are locked together, unable to release the accumulating energy. When this energy grows
sufficiently strong, the plates break free, causing the ground to shake, which is usually called
an earthquake (FEMA, 2004). Broadly speaking, an earthquake is a sudden, rapid shaking of
the Earth caused by the breaking and shifting of rock'be‘neéth the Earth's surface. They may
occur at any time of year, day or night, with sudden impact and without any warning sign.
Extensive research has been conducted in recent decades but there is no accepted method of
pfedicting when and where an earthquake will occur (BSSC, 1995). Most occur at the
boundaries where the plates meet; however, some earthquakes occur in the.middle of plates.

Most upheavals occur at depths of less than 80 km (50 miles) from the Earth's surface.

13
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Earthquakes are often classified into different groups based on their size; the annual average
number of earthquakes across the Earth in each of these groups is shown in Table 2.1. It

indicates that, on average, one ‘great earthquake’ occurs each year.

Table 2.1 Global occurrence of earthquakes (USGS, 2004d)

Group Magnitude | Annual average number
Great 8 or higher 1
Major 7-179 18
Strong 6-6.9 120
Moderate 5-59 800
Light 4-49 6200 (estimated)
Minor 3-39 49000 (estimated)
Very minor <3.0 M2-3: ~1000/day;
M1-2: ~8000/day

Large eérthquakes at great distances can produce weak motions that may not damage
structures or even be felt by humans; yet, sensitive instruments can still record them. From
an engineering viewpoint, however, only actual shaking at a particular location that could
possibly damage structures is of interest. This can happen with earthquakes in the vicinity or

even with large earthquakes at reasonable medium to large distances.

. Intensity is a qualitative measure of the actual shaking at a location during an earthquake,
and is assigned as Capital Roman Numerals. This value does vary according to location and
the motion at any site on the ground is random in nature. There are many intensity scales;
one commonly used is the Modified Mercalli Intensity (MMI) Scale. The scale ranges from I
(least perceptive) to XII (most severe). The intensity scales are based on three features of
shaking — perception by people and animals, performance of buildings, and changes to

natural surroundings.

Intensity of earthquake waves at a particular building location depends on a number of
factors, including the magnitude of the earthquake, the earthquake distance, and the type of
ground that the earthquake waves travelled through before reaching the location of interest.
Shaking is more severe (about twice as much) at the Earth's surface than at substantial depths.
This is often the basis for designing structures buried underground for smaller levels of
acceleration than those experienced above the ground (IITK-BMTPC, 2002).
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2.3 Earthquake Facts and Statistics
2.3.1 Earthquake Occurrences

The United States Geological Survey (USGS) estimates that several million earthquakes
occur in the world each year. Many go undetected because they hit remote areas or have very
small magnitudes. The National Earthquake Information Center (NEIC) USA now locates
about 50 earthquakes each day or about 20,000 a year. Table 2.2 shows the 10 largest

recorded earthquakes in the world from 1992; two of them occurred in Indonesia.

Table 2.2 The 10 largest recorded earthquakes in the world from 1900 to 26 Dec 2004

(USGS, 2004c)
Location Date Magnitude| Coordinates

1. Chile 22 May 1960 9.5 38.24S | 73.05 W
2. Prince William Sound, Alaska 28 March 1964 9.2 61.02N |147.65W
3. Andrean of Islands, Alaska 09 March 1957 9.1 51.56 N | 17539 W
4. Kamchatka 04 Nov 1952 9.0 5276 N | 160.06 E
5. | Off West Coast of Northern Sumatra, Indonesia | 26 Dec 2004 9.0 330N 95.78 E
6. Off the Coast of Ecuador 31 Jan 1906 8.8 1.0N 81.5W
7. Rat Islands, Alaska 04 Feb 1965 8.7 5121N | 17850 E
8. Assam — Tibet 15 Aug 1950 8.6 28.5N 96.5E
9: Kamchatka 03 Feb 1923 8.5 540N 161.0 E
10. Banda Sea, Indonesia 01 Feb 1938 8.5 5.05S 131.62 E

2.3.2 Earthquake Implications

Ground shaking from earthquakes can collapse buildings and bridges, disrupt gas, electric,

and phone services, and sometimes trigger landslides, avalanches, flash floods, fires, and -
 huge destructive ocean waves (tsunamis). Buildings with foundations resting on

unconsolidated landfill and other unstable soil and homes not tied to their foundations are at

risk because they can be shaken off their mountings. When an earthquake occurs in a

populated area, it may cause deaths and injuries and extensive property damage. Earthquakes

have long been feared as one of nature’s most terrifying and devastating phenomena (BSSC,

1995).

Earthquake damage to the built environment is caused by a number of factors. FEMA (2001)

has developed a framework of earthquake effects, specifically inland. The framework starts

with ground shaking (see Figure 2.4). Then, ground shaking can generate ground failure such
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as landslides and liquefaction (a process by which sediments below the water table

temporarily lose strength and behave as a viscous liquid rather than a solid (EERI, 1999)).

Ground Motion Ground Failure
Direct Physical Damage  __ _ _ L | |
| |
l JH\ Py ¥ Py l
| L |
: Y v Y v Y v A v :
1| General Building Essential and High Lifelines-Transportation| | Lifelines-Utility | |
! Stock Potential Loss Facilities Systems Systems |
| |
| A |
| J |
o | e ____ e _l____ |
I\ :;
S v T L 2 Y U UYwW UUYNTTTTTTYwW T
I i
Inundation Fire HazardP us Debris | i E Casualties Shelter Economic | |
Material [ !
o |
P :

Induces Physical Damage ___________ HE T Direct Economic/Social Losses | _____ !

Indirect
Economic Losses

Figure 2.4 The framework of earthquake effects inland caused by both the ground shaking
and ground failure (FEMA, 2001)

~ Both groﬁnd shaking and ground failure can cause direct physical damage to buildings,
facilities, and lifeline systems. The direct physical damage can then induce other physical
damage such as fire, inundation, hazardous material, and debris and can cause direct and
non-direct economic and social losses. The indirect economic losses might be an additional
cost due to damage or collapse of buildings, such as the cost of shelter, broken property, and

major fire.

Ground movement during an earthquake is seldom the direct cause of death or injury. Most
earthquake-related deaths and injuries result from collapsing walls and falling objects as a
result of the ground shaking. Although earthquakes cannot be prevented, modern science and
eﬁgineering provide new ways of tackling them and limiting their effects, based on the fact

that much of the damage in earthquakes is predictable and preventable (USGS, 2004b).
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The main concern caused by earthquakes is the number of deaths. There are several thousand
earthquakes throughout the world, and people have witnessed massive deaths and a series of
costly and damaging outcomes. The Asian Disaster Preparedness Center (cited by
| BAPPENAS, 2006) highlights thgt, over the past ten years, it has not been necessary from a

technical and scientific point of view to see such massive death tolls, as presented in Table

2.3:

Table 2.3 International comparison of earthquake disasters, over the past ten years

Country Disaster Date Number] Damage & losses | Damage & losses
event killed | (USS million) (US$ million, 2006

constant prices)
Turkey Earthquake | 17 Aug 1999 | 17,127 8,500 10,281
India Earthquake | 26 Jan 2001 20,005 2,600 2,958

(Gujarat)
Indonesia |Earthquake &| 26 Dec 2004 {165,708 4,450 4,747
(Aceh) tsunami
Pakistan Earthquake 5 Oct 2005 73,338 2,651 2,947
Indonesia Earthquake | 27 May 2006 | 5,716 3,134 3,134
(Yogyakarta &
Central Java)

Sources: Asia Disaster Preparedness Center, Thailand; ECLAC, EM-DAT, World Bank (cited by BAPPENAS, 2006)

2.4 Lessons Learned from Earthquake Damage

Every year, people around the globe can see the increasingly lethal effects of earthquakes.
Because of the growing increase in the population and hence, infrastructure (high-rises,
bridges, apartments, pipelines, communication towers, and other utilities), earthquakes pose
a greater hazard to people’s lives and communities than ever before. A few hundred years
ago, even large earthquakes could go unnoticed, but now even a small earthquake is often
felt by thousands of people. A major earthquake in a sparsely populated area, for example, is
a'natural‘ phenomenon, not a hazard. Yet, when this natural ground shaking interacts with
vulnerable man-made buildings and fragile infrastructures, this disruption. of normal

activities due to the natural strong jolting has the potential to cause widespread damage.

The earthquake engineering profession has learnt more from the performance of man-made
structures during earthquakes than from laboratory tests or from analytical studies.
Damaging earthquakes provide excellent full-scale test results on real-life structures; such

results involve no modelling errors or approximations. Moreover, the results are for
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everyone to see and no sophisticated interpretation of results by the “experts” is required.
Lessons learned from earthquake damage will present many explanations for damage regions,
such as Indonesia, Iran, and Philippines, which represent developing countries, and Taiwan

and USA, which represent developed countries.

The Indonesian Bengkulu earthquake took place on 4 June 2000. The earthquake affected
42,342 houses, 711 school buildings, 325 government offices, 3 university buildings, and
357 places of worship. The damage caused to the buildings varied from total collapse

(around 1,386), heavy damage, and light damage (IUDMP, 2000).

| On 26™ December 2004, an earthquake and tsunami - the world’s worst natural disaster at
the dawn of this new century - struck the Indian Ocean region, killing more than 165,708
people in Indonesia alone, made almost a million people homeless, and sent a wave of shock
across the globe, resulting in an outpouring of sympathy and worldwide offers of assistance.
Indonesia bore the brunt of the disaster, concentrated in the Provinces of Aceh and North
Sumatra. Hundreds of communities were washed away. In many cities and villages, the
tsunami painted a line of destruction across the landscape. But the wounds on the other side
were devastating as well, as the people of Aceh and North Sumatra were severely
traumatised by the scale of the tragedy. The total estimated damage and loss amounted to
97% of Aceh Province’s GDP/Gross Domestic Product. The highest damages and losses
wére in the building/housing sector. Around 127,000 buildings/houses were completely
destroyed, leaving around 600,000 people homeless. Furthermore, about 152,000 housing
units suffered damage estimated at 50% of their value. Private/residential houses suffered
most, with damage 500 times higher than buildings in the public sector (BAPPENAS,
2005a).

While the Indonesian nation was still grappling with widespread demands for reconstruction
following the Aceh earthquake, a second major earthquake struck Yogyakafta City on Java
island (the most densely populated island in Indonesia) and its surrounding éreas, on 27"
May 2006. Private homes were the hardest hit, i.e. 156,662 totally destroyed and 202,031
damaged (Figure 2.5). This figure was far beyond the Aceh earthquake. Due to the series of
disasters occurring around Indonesia, the area has faced situations whereby limited resources
earmarked for development projects have had to be diverted to aid recovery and
construction. Does this indicate that currently Indonesia is living in a constant state of

recovery and reconstruction instead of development?
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and built by private homeowners, carpenters, and other non-professional builders. A large

majority of those structures were residential buildings (Corpuz, 1990).

On 21* September 1999, the "Chi-Chi" earthquake struck the central region of Taiwan with a
magnitude of Mg = 7.6 (Richter scale). A large percentage of buildings that collapsed due to
the main shock or strong aftershocks were non—engineefed, -one-to-three §tories reinforced
concrete frame structures constructed with brick in-fill partitions and exterior walls. Many
_collapsed buildings had a pedestrian corridor and an open front at the ground floor, and only
one wall at the back of the building along the direction of the street. This type of damage
accounts for the majority of the complete building collapses near the epicentre due to severe
ground shaking. However, in the "Chi-Chi" earthquake, more than 7,000 damaged buildings
that were constructed according to the building code were able to survive the earthquake

(Figure 2.7) and remained standing in and around the epicentre (Bruneau and Tsai, 2003).

Figure 2.7 A building in the epicentral area, built with better construction techniques,
after the "Chi-Chi" earthquake

On the morning of the 20® April 2002, an earthquake struck at 6:50 a.m., approximately 15
miles southwest of Plattsburgh, New York. The USGS reported a preliminary magnitude of
5.1. Plattsburgh is located in New York State's Adirondack Mountain region, an area of
relatively frequent seismic activity. There were reports of minor damage in the epicentre area.
A bridge was damaged in Jay, New York, and road damage was reported in Keeseville, New
York. A chimney was reported damaged in Lake Placid, and a window and foundation were
cracked in Au Sable Forks, New York (USGS, 2004f).
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Based on such field investigations above, it is clear that buildings and houses, which are poor
in design and construction, suffer the majority of damage ‘caused by the ground shaking in
both developing and developed countries. Most earthquake-related deaths have resulted from
the collapse of such buildings. Almost all were non-engineered buildings, which are
spontaneously and informally constructed in the traditional manner. House owner is very
much involved, and skilled technicians (engineers and architects) are generally not
participated in their design and construction. They almost certainly have not been designed
and constructed to resist earthquakes. The detail definition of non-engineered building will
be presented in Chapter III. On the other hand, the few buildings that were constructed

according to seismic codes were able to survive the earthquakes.

In conclusion, it is widely agreed that there is a strong correlation between loss of life and
the céllapse of non-engineered buildings around the world. Non-seismic resistance of non-
engineered buildings is the underlying cause for the increase in losses from earthquake
disasters. Hence, this research will focus on the risk posed by and to non-engineered
buildings in earthquakes and the steps that can be taken, through building regulation and
voluntary design education, to reduce this risk. Beyond the risk to life is the economic and
social disruption caused by an earthquake; even moderate earthquakes can result in the loss

of many homes, jobs, investments, and community resources.

2.5 The Situation in and around Indonesia

Tectonically, the Indonesian ‘archipelago is one of the most active areas in the world,
cbmmonly called as ‘The Ring of Fire’ (see Figure 2.3). It has a typical four junction plate
convergence (Australian plate in the South, Eurasian plate in the Northwest, Philippine plate
in the North, and Pacific plate in the East) .]eading to the complicated geological and tectonic
mechanisms of the region (see Figure 2.1). In addition, Indonesia suffers the highest number
of potential volcano eruptions. Taken from earthquake data recorded by USGS (2004¢) USA,
earthquake occurrences in and around Indonesia (Indonesia, Philippines, Australia, and New

Zealand) are depicted in Figure 2.8:
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Table 2.4 continued

2003

18

7.2

SOUTH ISLAND OF NEW ZEALAND

Minor damage in Otago and Southland. Chimneys fell and walls cracked at Dunedin,
Invercargill and Te Anau. More than 200 landslides were observed and minor damage
occurred to park infrastructure in Fiordland National Park.

2002

16

7.7

SOUTH OF THE FIJI ISLANDS
Felt at Suva. Also felt in the Auckland area, New Zealand.

2001

20

7.5

a. MINDANAQO, PHILIPPINES
Felt at Butuan. Felt (I!l) on Temate and at Manado, Sulawesi, Indonesia.

b. BANDA SEA, INDONESIA
Felt (IV) at Kendari and Raha, Indonesia.

2000

33

6.8

SOUTHERN SUMATRA, INDONESIA

Atleast 103 people killed, 2,174 injured, extensive damage (V1) and landslides in the
Bengkulu area; minor injuries and damage on Enggano. Felt (IV) in Lampung
Province and at Palembang. Felt (1Il) at Jakarta, Jawa. Felt in much of southem
Sumatra. Felt throughout Singapore. Also felt at Johor Bahru, Kuala Lumpur

1999

23

6.5

a. LUZON, PHILIPPINE ISLANDS.

One person killed at Masinloc. Four people died from heart attacks and 40 injured on
Luzon. Damage to structures (VIl RF) at Santa Cruz; (VI RF) at Iba, Manila and
Masinloc. Felt (VI RF) at Clark Air Base, Olongapo and San Femando; (V RF) at
Dagupan, Pasig, Quezon and Taguig; (IV RF) at Baguio, Lucban, Malolos,

b. TAIWAN.

Atleast 2,297 people killed, 8,700 injured, 600,000 people left homeless and about
82,000 housing units damaged by the earthquake and larger aftershocks. Maximum
intensity (VI JMA) in Nan-tou and Tai-chung Counties. Half of a village was lost by
subsidence into the Ta-an Hsi and landslides blocked the Ching-shui Hsi, creating a
large lake. Two other lakes were created by substantial ground deformation near the
epicenter. Surface faulting occurred along 75 km of the Chelungpu Fault. Felt (V JMA)
at Chia-i and I-lan; {IV JMA) at Kao-hsiung, Taipei and Tai-tung.

¢. NEW BRITAIN REGION, PAPUA NEW GUINEA
Felt on New Britain. Also felt at Port Moresby, New Guinea.

1998

29

6.6

MINDANAO, PHILIPPINE ISLANDS

Items knocked from shelves (IV RF) at General Santos. Felt (IV RF) on Samal; ([l
RF) at Butuan, Davao and Kidapawan; (Il RF) at Bislig, Cagayan de Oro and
Cotabato; (| RF) at Zamboanga. Felt in much of Mindanao. Two events about 2.5
seconds apart.

‘1997

17

6.7

SOUTH OF FIJI ISLANDS
Felt at Wellington, New Zealand. Complex earthquake, with
Two events occurring about 6 and 12 seconds after the onset.

1996

23

6.6

FLORES SEA, INDONESIA
Some damage at Kupang, Indonesia. Felt at Larantuka and
Maumere, Indonesia. Also felt in the Kota Kinabalu area,Malaysia. Complex event.

*)in 20086, the most tragic earthquake event was in Yogyakarta, Java on 6.3 Richter. At least 5,749 people were killed, 38,568 were injured
and as many as 600,000 people were displaced in the Bantul-Yogyakarta area. More than 127,000 houses were destroyed and an
additional 451,000 were damaged in the area, with the total loss estimated at approximately 3.1 billion U.S. dollars. Felt (1X) at Bantul and
Klaten, (VIII) at Sleman and Yogyakarta, (V) at Surakarta, (V) at Salatiga and Blitar and {Il) at Surabaya. Felt in much of Java. Also felt at

. Denpasar, Bali.

From Table 2.4, it can be assumed that the significant earthquakes in and around Indonesia

were in the range of 13 to 33 occurrences, with an average of about 25 per year. It can be

seen that there were many people killed, injured, missing, or homeless after the quakes.

Many buildings were damaged or destroyed, and landslide and ground cracks were reported

at several locations in the affected areas. The Bengkulu, Aceh, and Yogyakarta earthquakes

clearly demonstrated the seismic vulnerability of Indonesia areas. Yet, there are many
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seismic zone map is not the final word on the seismic hazard of the country, and hence, there

can be no sense of complacency in this regard.

The national Seismic Zone Map presents a large-scéle view of the seismic zones in the
country. Local variations in soil type and geology cannot be represented at that scale.
Therefore, for important projects, such as a major dam or a nuclear power plant, the seismic
hazard is evaluated specifically for that site. Also, for the purposes of urban planning,
metropolitah areas are microzoned. Seismic microzonation accounts for local variations in

geology and local soil profile.

As shown in Figure 2.11, there were 12 national capital cities in 2001 that had a high level of
earthquake hazard, in which it was possible for the ground to shake on a scale of more than 6
MML. In Figure 2.11, the zones are indicated by the colour red. The cities are Yogyakarta,
Mataram, Banda Aceh, Manado, Gorontalo, Bengkulu, Kupang, Padang, Ternate, Palu,
Ambon, and Jayapura. Among the 12 cities, the inost'densely populated city is Yogyakarta
(BPS, 2003). It is also indicated that there are high concentrations of buildings and
infrastructure at Yogyakarta City. In other word, Yogyakarta poses the greatest risk to its
pbpulation in the event of a strong earthquake because of high population density and a high

level of earthquake hazard.

Obviously, according to the map, the high seismic exposure of cities in Indonesia has been
fully recognised by key government staff in GRDC, a few researchers, and specialists since
1998, but it is not widespread among local practitioners or community members as a whole.
It would seem that the persistence of Bengkulu, Aceh, Yogyakarta, and other Indonesian
communities not to implement strategic measures to cope with the existing huge seismic risk
was because critical information and knowledge about earthquake data and its seismic map
remained in the hands of a few experts and was never disseminated to all community
member, agencies, and organisations in those affected areas. The public institutions, the
people and the whole community seem to have a low awareness of that risk and of affordable
means to reduce it and neglect the risk, leading to unpreparedness toward disaster. As a
result, the outcome of the Aceh earthquake and tsunami in 2004 was unnecessary: 165,708
people dies and around ‘127,000 houses totally collapsed. Again, the Yogyakarta earthquake
in 2006 tragically caused a further 5,.716 unacceptable deaths and destroyed 156,662

residential houses and other constructions.
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In conclusion, earthquakes are a real fact and also a threat for most Indonesian communities.
This threat is inherently related to Indonesian geology; therefore, Indohesians should realise
that the existence of seismic risk is unavoidable, and they should learn to live harmoniously
with the risk in their everyday lives because a’m earthquake may happen at any time without
any warning. As both people and seismic risk become attached to a place, Indonesian
communities should be able to develop a sense of belonging and feel at home there, with the
place being an anchor for his or her identity; this is inextricably linked to lives and activities.
It is a very basic human need to feel attached to the lahdscape and community, to feel valued
by friends and family, and to feel secure in all the things that make life truly meaningful.
This term of sense of place is referred from Covenry and Dutson (2006) and Lynas (2007).

Moreover, it would be ideal if there was enough historical data about earthquakes and
existing conditions in the cities to fit a model and its parameters in order to estimate the
probability of losses if the big ones come. Unfortunately, such data exists only in the hands
of a very few key government staff or experts. Therefore, the availability of current
earthqhake data and the geology profile in Indonesia should be soon disseminated to the
local communities in order to enhance their awareness and encourage their active

participation in local decision making.

2.7 Summary

An earthquake is a sudden, rapid shaking of the earth caused by the breaking and shifting of
rock beneath the earth's surface. Earthquakes have long been feared as one of nature’s most
terrifying and devastating events. Although earthquakes cannot be prevented, modern
seience and engineering provides tools that can be used to reduce their effects, based on the
facts that much of the damage caused by earthquakes is predictable and preventable. The
main concern caused by earthquakes is the number of deaths and injuries caused by the
collapse of buildings, which are poor in design and construction in both developing countries
and developed countries. Almost all of them are non-engineered buildings. Conversely, the
few buildings that were constructed according to the modern building code were able to

survive the earthquakes.
On account of its geological conditions, the Indonesian region is highly prone to earthquakes,

one of the most destructive natural hazards, with the potential to inflict huge losses to lives

and property. Earthquakes pose a real threat to Indonesia, with almost 60% of cities and
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urban areas located in the relatively high to very high seismic zone. The Bengkulu, Aceh,
and Yogyakarta earthquakes clearly demonstrated the seismic vulnerability of Indonesian
areas. Findings from many of CEEDEDS’s investigations around Indonesia into earthquake
damage occurring after the jolts showed that non-engineered buildings dominated in number
and always suffered most. Casualties and damage to property were mostly caused by the
failure of non-engineered residential buildings. This situation is very similar around the

globe, particularly in developing countries.

As Indonesia is an earthquake country, earthquake events are a real fact for Indonesian
communities. Therefore, they should be able to live harmoniously with the event by
developing a sense of place and incorporate the risk into everyday decision making. In
addition, the availability of current 'earthquake data and the geology profile of Indonesia
should soon be disseminated to local communities in order to enhance their awareness and
encourage their active participation in local decision making. The next chapter will describe

many aspects of non-engineered buildings and the existence of seismic codes.
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‘ Chapter I11
Non Engineered Buildings and Seismic Codes

" Based on lessons learned from past earthquakes, Chapter II explained that the non-seismic
resistance of non-engineered buildings is the weakest link amidst the urban landscape during
the strong, sudden onset of a quake. The aim of this chapter is to comprehensively examine
existing literature on non-engineered buildings and seismic codes. It begins, by explaining
precisely that non-engineered buildings are the biggest cause of high death tolls during
earthquakes. In order to broadly understand such buildings, the following section presents
non-engineered construction practice and general information on building behaviour during
earthquakes, followed by the seismic design philosophy for buildings, building ductility, the
effect upon non-engineered and engineered buildings during earthquakes, and the existence
of seismic codes. Furthermore, this chapter summarises a list of seismic features in buildings,
based on the explanation mentioned above. Finally, this chapter will elaborate on the wide
gap between massive deaths and the existence of seismic codes. The summary concludes this

chapter.

3.1 Non-Engineered Buildings and High Death Tolls During Earthquakes

Recently, strong earthquakes have occurred throughout the world. These earthquakes led to
several early developments in earthquake engineering. Some developed countries have an
excellent tradition of scientifically studying earthquake shaking. Referring to the
,pgrformance of buildings during earthquake effects, man-made buildings can be classified
into two extreme groups, éngineered and non-engineered. The engineered building is
systematically designed, built, and supervised using engineering approaches with the
participation of competent professionals (Sarwidi, 2001). Conversely, the non-engineered
building is an unsystematically designed, built, and unsupervised structure. Those non-
engineered buildings are usually built by traditional builders and/or building owners using
common, traditional approaches. GREAT (2001) refers to non-engineered buildings because
often little or no engineering has gone into their design, and they almost certainly have not
been designed and constructed to resist earthquakes. Moreover, NICEE (2004) mentions that

non-engineered buildings are buildings which are spontaneously and informally constructed
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in the traditional manner without intervention by qualified architects and engineers during
their design and construction, but which may follow a set of recommendations derived from
the observed behaviour of such buildings during past earthquakes and trained engineering
judgement; Between the two extreme groups, there are buildings classified as semi-
engineered; however, people usually incorporate semi-engineered building into non-
engineered building (Sarwidi, 2001). Therefore, the non-engineered buildings mentioned in

this study are buildings other than those conforming to the engineered definition.

Non-engineered buildings are usually constructed from traditional materials such as stone,
brick, adobe, and wood. Most of these buildings are identified as low-rise buildings, up to
two storeys plus attic (GREAT, 2001). In Indonesia, non-engineered buildings dominate
most residential areas; houses are constructed of one brick thick masonry without
reinforcements and half brick thick masonry, with or without reinforced concrete, up to two
storeys. Over the past 30 years, the latter has developed as ‘a new culture’ all over Indonesia:
i.e. half-brick thick masbnry buildings, built with reinforced concrete framing, consisting of
the so called “practical columns and beams” (Sarwidi, 2001 and Boen 2006). The driving
force behind the common use of heavy materials is the high price of appropriate wood, as the
cost of light weight material is now increasing significantly. However, Boen highlights that
if the new cultures of heavy vnon-engineered buildings were built with good quality materials
af;d good workmanship, they would probably survive the strongest earthquakes in
accordance with the Indonesian seismic hazard map. In fact, the Bengkulu and Yogyakarta
earthquakes demonstrated that the majority of buildings constructed under the new culture
were still not appropriately built for earthquake resistance, and only a very few were

constructed according to advisable seismic resistance procedures.

Due to the rapid economic growth in Indonesia as a developing country, it is clear that many
new buildings in cities are still needed to accommodate the large and increasing population.
This indicates that non seismic resistance of non-engineered buildings is still being practised
by self-build owners, builders, and local engineers. Although these buildings will slowly be
replaced .by those of a more reliable construction, they will remain the majority of total
building stock and will be the single greatest source of existing seismic risk for the
foreseeable future, especially those masonry houses of questionable structure, which are

mainly occupied by medium-low income families in Indonesia (IUDMP, 2002).

Statistically, the number of non-engineered buildings is enormous. More than 95% of

buildings, the existing as well as new constructions in Nepal, including those in urban areas,
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are built by owners using small-medium contractors who do not have any knowledge on
earthquake-resistance construction. In Manila, Philippines, more than 90% of the buildings
are non-engineered (Corpuz, 1990). Studying the quantitative number of non-engineered
buildings at Yogyakarta City just before the 2006 earthquake, Sarwidi and Winarno (2006)
déscribed that 93.5% of Yogyakarta City residential housing stocks were non-engineered
structures (see Figure 3.1). The percentage of non-engineered houses made of heavy
materials, i.e. one or half-brick thick masonry buildings, was 84.8%, of which 1% were the
very old houses without reinforcement and proper maintenance and the remainder seemed to
be ‘the new culture’ buildings. The percentage of non-engineered houses built with
lightweight materials such as teak wood in tfaditional and historic houses, or other
lightweight materials elsewhere, was 8.7%. Some of them belong to the poorest of the poor
and are made from very lightweight materials that, perhaps, rhay be able to resist strong
ground shaking and would also be less deadly if they collapse. The remaining 6.5% are the

engineered houses, which definitely belong to wealthy people.

Explanation in Chapter II has shown that the true nature of the seismic risk has shown that
most of the loss of life in past earthquakes has occurred due to the coi]apse of those non-
seismic resistant buildings made of heavy materials, in both developing and developed
countriés, as described in Chapter II, Section 2.4 (Mansouri et al., 2002; Ellull et al, 2004;
Blondet, 2003; Corpuz, 1990; Lee et al., 2003; Sarwidi, 2001). Hence, this research will
focus on 'the new culture' non-engineered buildings made of heavy materials, which tend to

be the majority of building stock in Indonesia.

The strong correlation between the large number of deaths and injuries and the collapse of
non-engineered buildings suggests it is imperative to introduce seismic resistance for both
existing and new non-engineered buildings in order to reduce death tolls in future
earthquakes. The ground shaking when earthquakes strike will not become a disaster if
communities have such measures to reduce the risk beforehand. The following section
mentions some understanding of the building behaviours during earth-quake, seismic codes,

and other relevant issues compiled from many healthy literature. -

3.2 Construction Practice in Non-Engineered Construction

~ In a simplified version of the process, the management of construction moves from the

investment appraisal study and then goes to design and planning stage. The last stage is the
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construction process. Progression through the above construction stages is complex,
requiring a wide range of interrelated activities. Such complexity is, in fact, amplified by
many external factors. Better management of the first stage will contribute to improvement
in the execution of the next stage. In engineered constructions such as high rise buildings, the
above stages are usually carried out in detail. The construction risk is already analysed from
the very Beginning of the whole process. Because the stages are usually developed within a
period of time, the decision can therefore be determined from a comprehensive point of view.
The advancement of information technology and the utilisation of many experts and
professionals maintain the quality of the product they create. Moreover, government decision
makers "are likely to arrange the policy and regulation in accordance with this high

investment in engineered construction.

On the other hand, construction practice on non-engineered buildings is totally different to
engineered ones. Usually, non-engineered buildings include the simple houses or low rise
buildings, where local builders, foremen, masons, carpenters, and small-medium contractors
are the main actors. In certain cases, the house owners act as the builders as well. Design and
planning stages are very rarely conducted in a systematic way. Sometimes, the construction
risk is considered as the process is going on. Lack of training, standards, access to
information, and less attention to strict regulations are part of this practice; most residential
houses in developing countries are built this way. Wealthy people, however, can hire
professional actors to build their houses, so the quality and structural integrity of their
buildings can stay at a high level. Figure 3.1 describes a charaéteristic comparison between

non-engineered and engineered houses.
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