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Abstract 

 

 

Earthquake is recognized as a natural environmental process. Effects of strong 
earthquake may cause severe damage on building. Impact on human society 
may be enormous since people become homeless, temporarily displaced and 
lack adequate shelter. The very specific problem of post-disaster 
reconstruction housing fits in broader overall topic of this work, i.e. the risk 
management of post earthquake reconstruction housing. During a disaster, the 
vulnerability and the exposure of people and the community to adverse risks 
are increased. Several project types successfully built the collapsed houses, 
but some were failed in term of building the resilience community in the 
future.  

Indonesia in particularly Nias and Yogyakarta are taken as case study. Both 
locations had subjected to severe damage after earthquake in the 2004 and 
2006. Several reconstruction housing programs after earthquake had been 
done to provide adequate housing for victims. Focus on post earthquake 
reconstruction housing is rebuilding the collapsed houses and preparing 
community for further development. Field study results brought information 
from recent situation after victims resettle to their new reconstruction 
housing. Site observation and interview with the beneficiaries were done. 
Measuring and drawing the houses were conducted to get data on floor-plan, 
spatial arrangement, construction and material used.  

Findings show that transitional shelter in the post-disaster housing provision 
is avoided for the purpose of efficiency. There are typical provision shelter and 
housing from emergency to permanent housing. The process has improved to 
have more focus on victim. Modular house has been found in the field study. It 
is seen as a debatable solving, but for some cases and social background that 
can be satisfactory and successfully applied. The good point of basic design 
has options to be self-developed by homeowner based on the modular unit. 
However, in the development process the homeowner must be supported with 
knowledge on how to build a safe construction to do self-modifications. Finally 
a development model based on community participation can be proposed to 
be a guidance on the pre-disaster preparation to other regions especially in 
building safer construction with spatial arrangement based on modular 
model. Cooperation with different stakeholders is valuable capital so that 
preparation can be continually done by community. 
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Chapter 1   Introduction 

CHAPTER 1 

INTRODUCTION 

 

1.1. Background  
Today, society has more awareness than a few decades ago that sudden earth 
movements might happen without any warnings. Several tools and 
applications have been developed to monitor some events. Earthquakes were 
received as unexplained natural phenomenon before. With the advances of 
science, research and technology, people have become well informed about 
the origin of earthquakes and have learned how to handle such natural 
phenomena. However, learning from the past experience, there has not been 
one identical earthquake case. Cases never happen with the same 
requirements, conditions and effects.  

Recent study and research have been collecting information related to 
disasters by recording and collecting data including on origins, sources, 
intensities and effects of such occurrences.  A preliminary study, included 
recorded information, is useful for preparing a mitigation system and disaster 
management. Today, an earthquake is perceived as a natural environmental 
process (McDonald, 2003) and categorized as a natural regular cycle; once the 
earth is doing its movement (McDonald, 2003; Quarentelli, 1985). Although 
only in few seconds, the quake movement can cause a high level of destruction 
in human society. At certain levels of magnitude, building collapses cannot be 
avoided, which can ruin human lives, livelihoods and properties in further 
ways. This uncertainty combined with the shocking sensation of earth 
movement creates the fundamental fear of earthquakes.  

Unfortunately, in the Indian Ocean earthquake and tsunami in December 2004 
in Aceh, Nias, and several countries surrounding it, more than two hundred 
thousand people were officially reported dead or missing. Further, it displaced 
five hundred thousand people including the loss of 110,000 houses (BBC, 
2005; BRR, 2006). Though that event caused many death tolls, the fact is that 
the earthquake itself rarely leads to direct fatalities. The impact of broken 
constructions can cause more death and devastation than the earthquake 
itself.  

The level of danger and the effects can vary from the type of disasters, for 
example in the case of tsunami and drought. Tsunamis can kill people quickly 
because they get dragged down by the high waves into the ocean and drown, 
whereas drought a cause catastrophe only after a long-term period because of 
insufficient food and water supplies. Earthquake damage effects on buildings 
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and housing causes people to become homeless, temporarily displaced and 
lack adequate shelter. In 2008, International Federation of Red Cross and Red 
Crescent Societies (IFRC), estimated that about three and quarter million 
people were left homeless by natural disasters (Ferrer, Serra and Ashmore, 
2009).  

In the emergency phase of disaster, reaching sufficient shelter may be a key to 
survival. Furthermore, a shelter is essential for providing security and safety 
during the evacuation period; subsequently it may also have to protect the 
survivors against extreme climate conditions. The Homeless people suffer if 
the disaster happens in the winter. Otherwise, adequate shelter helps to 
protect people from diseases, illness and human health problems during the 
displacement. The next phase after the survivors have obtained adequate first 
aid is, usually to start building shelter. Survivors will construct modest shelter 
using the remaining materials they find under the ruins. Rather than waiting 
for the provision of tents or emergency shelter solutions, they usually decide 
to deal with any materials saved from the damaged houses and finding any 
working tools they can from surrounding areas. Relief items such as tarpaulins 
or plastic sheets in addition to basic tools will be valuable work aids, but the 
household tools can also be first work tools. Besides building individual 
shelter solutions, they attempt to repair the damaged houses to make them 
more habitable. 

1.1.1. Shelter provision after disaster 

This present work deals with the topic of post-earthquake disaster 
reconstruction housing. The case study is in Indonesia, located in the seismic 
tectonic plate known as the Ring of Fire. People in the seismic-prone areas 
have to consciously adapt the location as well as to have high awareness 
regarding the geological setting. Further on, the ability to adapt to every 
natural phenomenon must be high, when potential hazards become a disaster. 
The fact is, in a disaster situation the vulnerability and the exposure of people 
and their community to adverse risks increase.  

The discussion of vulnerability and exposure will be examined to identify the 
advantages and disadvantages of its aspects relating to direct and indirect 
impacts on building and construction, which endanger the inhabitants. The 
study in the earthquake-safe construction has potential to deliver innovative 
concepts to increase the building resistance to the earthquakes. The term 
building resistance will be more discussed. Analyzing the common failures in 
earthquake building damage gives some guidance in the development of post-
earthquake disaster housing. However, in practice, provision of post-disaster 
housing gets less assistance in long-term development plans. In some cases, 
emergency and temporary shelters are transformed directly into permanent 
dwellings, without any modifications. The discussion of shelter and housing 
are critical issues for homeowner.  
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In a occupancy phase, permanent houses can develop faster than expected. It 
is surprising that there are many findings regarding space growing in this 
phase. In addition, in the same period, several problems arise related to house 
owner’s improvements and thermal comfort. In areas with a tropical climate, 
certain requirements have to be considered in material selection. Particularly, 
at the beginning of reconstruction project, the comfort factor has less 
attention. More important is the cost and the speed of construction. This work 
looks at options discussing the problems associated with a tropical climate.  

1.1.2. Space development after Post Earthquake Reconstruction Housing 

The aim of reconstruction work is not only to successfully achieve all physical 
targets, but also satisfy beneficiaries. However, this does not directly mean the 
speed of the whole process. One of the most challenging and at the same time 
most important tasks in post-disaster reconstruction is to manage the building 
process and the related procedures (Davidson, 2010; Bolton, 1996). According 
to Davidson, the success of the project is an extending relationship between 
some actors that are involved in the post-disaster reconstruction project. The 
actors include the affected people, local authorities, non-governmental 
organisations, professionals such as architects and engineers, and skilled and 
unskilled labourers.  

Designing and understanding the role and the responsibilities of each actor is 
a challenge for several reasons in this particular context. In many cultural 
backgrounds, building a house is a whole-life process. Frequently, the process 
will follow the family’s growth. This self-managed model is probably one of 
the suitable approaches in several reconstruction projects. Otherwise, a 
human-centred approach puts the disaster-affected victim as an active actor, 
not as a passive beneficiary (Birkmann, 2010).  

In many disaster cases, shelter provision after disaster does not follow the 
narrative stages from emergency-and transitional shelters to permanent 
housing (Quarentelli, 1985). The situation in affected developing countries, 
post-disaster runs slowly, and the government cannot obtain  -all the adequate 
shelter it requires, because of shortages of construction resources, financial 
support, transportation, infrastructure and organisational planning in disaster 
management (Boano and Hunter, 2012).  

Other evidence has shown that transitional shelter stage in the post-disaster 
settlement and shelter provision is avoided for the purpose of efficiency. The 
argument is to skip the stage in order to save money, later on investing the 
funds to build a permanent house as soon as possible. Having the permanent 
house earlier, they feel more secure and can re-establish their life. In 
humanitarian practices, the organisational relation between local 
governments, donors, and beneficiaries requires synergy. There are still some 
limitations on disaster relief related to housing provision and associated social 
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concerns (Steinberg, 2007). There is a gap in the perceived understanding of 
the longer-term impacts of post-disaster reconstruction. This is not only in the 
construction management of the damaged housing, but also in the building of 
resilience people and community. The program can take several years, and it 
takes longer than building the physical structures. The work has a basic 
interest to transfer good knowledge and examples of some reconstruction 
projects, proposing a model of disaster preparedness program for other 
regions. Of course, the background of culture and social aspects can be 
converged with the results of the study analysis.  

In post-disaster reconstruction housing, a modular unit plan is often proposed 
by government or donor-driven schemes. This concept includes not only 
design and implementation, but also involving community participation. The 
production of local knowledge through community agreements during the 
project implementation is interesting as a case study. The practical facts 
confronting with the theory in reconstruction might provide interested 
findings.  

Participation in the post-disaster reconstruction program is one of the key 
concerns that have been mentioned by many humanitarian programs in 
disaster response (Davidson, 2010:93; Boano and Hunter, 2012). Here, two 
important locations with four different case studies are selected, explored and 
observed to refresh the idea behind reconstruction work. The stages in the 
decision process of each case can be diverse and local government policy and 
donor policy probably influences and change the whole project.  

1.2. Aims of study 
The ultimate objective of this work is to deliver a contribution in the 
development concept of post-earthquake reconstruction housing. A research 
in the occupancy phase after handing over supports the aim of this study. This 
study is expected to deliver useful ideas in constructing and developing a 
sustainable model for post-disaster housing reconstruction especially among 
vulnerable rural communities. Using the beneficiaries’ satisfaction and 
expectation, the project can be evaluated from the point of view of the user.  

Regarding the seismic hazard in the intended research locations, post-disaster 
reconstruction housing has been recognized for raising a secure community in 
seismic-prone areas such as in Indonesia. Major disaster risks for Indonesia 
are earthquakes and volcanic eruptions because the country is located in one 
of the most seismic regions in the world. It is commonly believed that 
reconstruction re-establishes normal life after a disaster occurs.  

Concerning the long-term goals of reconstruction, the rebuilding project 
comprises actions for not only reconstructing the houses and building new 
infrastructure systems, but also for preparing the resilient futures. 
Specifically, the study highlights the spatial development of post-disaster 
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reconstruction housing that was built to adjust the situation after the disaster 
hit.  

The post-earthquake reconstruction process is different. Some literature 
states that post-disaster is not a normal situation for constructing a house, 
which is a cultural and social dynamic process in some rural traditions. From 
the case studies on post-disaster reconstruction housing, the (end-) 
permanent house was initially designed with options for self-developed by the 
homeowner based on the modular unit. Other cases found that, some people 
have limitations on developing adequate permanent housing after several 
years. As a consequence, many temporary houses built in the transitional 
stage are completely transformed into permanent housing. According to 
Barakat (2003); Zetter and Boano (2010), many permanent houses provided 
by non-governmental-organisations fail to fulfil the expectations of 
beneficiaries. As a result, they remain in bad condition and unoccupied or are 
even sold on the market. This research will study evidence from the fieldwork 
through observations and interviews. It looks at ideas on the difficulties of the 
reconstruction process, by understanding it as a whole process chain 
involving many actors and challenging tasks.   

1.3. Procedure of research 

1.3.1. Research plan 

In the course of the study, there are multi-disciplines subjects related to the 
topic. Architecture, sociology and anthropology support diverse perspectives 
useful for deepened learning. That is to say, skilful competence is examined in 
the course of the research.  In addition, the research work applies various 
approaches: from selecting literature research, selecting case studies and 
interviewing people. Significant questions are written and put into semi-
structure questionnaires to use on the target groups (humanitarian workers, 
project architects, local authorities, households and house beneficiaries).  

This research was managed by a three-stage research plan. The first stage was 
focusing on the study of secondary materials of post-disaster housing and 
earthquake disaster. After secondary literatures learning, the next step was 
selecting appropriate case studies. Case studies were prepared within certain 
criteria. People were contacted related to their professional background, and 
the field research was scheduled. The second stage was doing the field survey. 
The field survey was done three times between 2011 until 2013. One survey 
was a preliminary study to get an informal introduction to the key people of 
projects in 2011, and two phases in 2012 and 2013 for survey activities. Field-
surveys collected qualitative and quantitative data. The activities included in-
depth interviews, beneficiary observation, and object surveying: measuring 
and taking photographs and documenting related information. The final stage 
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was data verifying, digitalising the qualitative and quantitative information, 
drawing the information  from field and preparing data into diagrams.  

The study in disaster topic starts with exploring secondary literatures related 
to the weakness of disaster-victims. Victim weakness is identified as a result of 
a combination of vulnerability and exposure. It is underlined by the 
occurrence of crisis, following a study on the root causes of homelessness and 
shortage of housing after disasters. A study of typical shelter and housing after 
disaster is presented. This research is supported by further studies on the 
related of post-disaster housing provision. It consists of the discussion on 
housing provision purposes, the importance of periods and timing and the 
significance of housing stages to victims. The discussed elements aim to 
understand: 

− Sheltering stages from emergency shelter to transitional shelter  
− Transformation development from emergency shelter to permanent 

housing. Some literature describes permanent housing as post-
disaster reconstruction housing (Johnson, 2010; Zetter and Boano, 
2010; Lizzaralde, 2010). Furthermore, some reconstruction projects 
selected housing-provision scheme by omitting transitional housing. 

− The existing problems of beneficiaries during their stay in transitional 
shelter before they move into permanent house. 

− Problems raised during installment of shelter and housing provision. 

Under the belief that external help can greatly contribute to post 
reconstruction process, they promote ready-to-used housing units. 
Furthermore, ready-for-use modular units are still implemented, even though 
NGOs and local authorities repeatedly call attention to the importance of 
community participation in post-disaster interventions (Boen, 2001).  

Instead of implementing ready-used modular units, some projects initiated 
core-modular house concepts that aimed for self-managed homeowners, that 
trying to combine the modular unit and involving community participation. 
Field studies related to core modular houses are identified from two projects 
in Nias and Yogyakarta, which were proposed as one housing solution. This 
work will discuss more adjustments of this model and identify the potential 
problems associated with the project in the post-occupancy period using the 
research findings from case studies.  

Post-disaster reconstruction housing has been frequently built with limit time 
and budget. These limitations let to the abandoment of the basic concepts of 
comfort, socio-cultural significance, and local climatic and physical conditions. 
The significance is finding out the strength of the local culture and people’s 
concept about housing and their environment, and to discuss the possibilities 
for further development of the current standards and techniques. 
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Though this research focuses on housing provision, social and cultural aspects 
of the existing indigenous community cannot be ignored. There are two 
critical concerns regarding socio-cultural issues:   

− Whether the existence of post-disaster reconstruction housing will 
increase the social and spatial limitations of the house owners or 
instead gives opportunities for further development.  

− Whether the post-disaster reconstruction housing design can develop 
the personal identity of the occupants and expand consciousness of 
earthquake-safe construction and preparedness for the future. 

Some studies on post-disaster reconstruction housing have focused on the 
emergency shelter phase, but this study does not deal with this stage. Some 
problems are still worsening in the emergency period, as well as in the post-
disaster reconstruction process. There are some methods used in rebuilding 
damage houses. Self-help housing is noted as one of the most appropriate 
options for reconstruction housing provision, even though this option has 
probable limitations that must be intensively observed.  

In addition, there is also a demand in the future to develop and to transform 
the idea of successful rebuilding projects adapted to other communities under 
related requirements. The core modular house is frequently selected to 
accommodate the homeowner-expectations particular in creating personal 
value, identity, and flexibility for making adjustments. On the other hand, it 
may be reveal that the idea of a core-house for providing the minimum 
standard of living has failed. This means that there is no minimum standard 
size for post-disaster reconstruction housing provision.  

To date, there is some evidence that rural communities have stronger internal 
ties than urban communities. People in rural areas live in a closed social 
relationship such as a family system, with local values. Certain rebuilding 
methods during the reconstruction process can force them to shift their local 
knowledge, and this is not desirable (Boen, 2001; Dikmen, 2010; Johnson, 
2010).  

This research aims to answer the question of how socio-spatial interests can 
be integrated into reconstruction planning to be the optimal solution for the 
future. 

1.3.2. Selection of case studies 

There are connections between reconstruction practices and its outcomes, 
and the policy-decision making. Some actors are encouraged to voice their 
needs and demands: structural organisations from national to local 
government, community groups, and humanitarian agencies. There is need to 
consider the dynamic interests of public and private actors, the amount of 
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funding, and the abilities of individuals and communities (Srinivas, 1979; 
Tauber, 2014).  

The case studies focus on reconstruction housing initiated by communities 
with different levels of participation. The projects represent reconstruction 
housing provision built recently. Post-disaster reconstruction housing has 
delivered collective character and social properties of communities to achieve 
greater agreement. In order to achieve homogeneously or collective 
agreements, people in the community sometimes do not hesitate to neglect 
their individual identity. For the field survey with Srinivas’ statement, it is 
very important for the researcher to be involved in the site to open 
perspectives on what is found there. It is the idea of the open-ended quest 
which permits a fieldworker to collect unexpected material pertaining not 
only to his chosen theme of research, but also to other themes as well 
(Srinivas, 1979:8 in Tauber, 2014). 

In the selection of case studies, the problem was not in the identification of the 
projects, but more on the criteria of the selected projects. Burgess et al. (1994) 
and Tauber (2014) shared similar insecurity issues and mentioned two 
important questions in selecting the projects. The difficulty is in the 
consideration of the project selection and comparison of the appropriateness 
aspects. As a series of disasters has affected Indonesia in the last seven years, 
there are a large number of reconstruction projects visit. The key criteria for 
selection depended on the availability of secondary materials (project reports, 
published papers and articles) and the ease of contacting persons within the 
allocated time.  

Based on secondary materials  it was evident that the selected case studies did 
not speak for the number of projects carried out in the region. However, the 
projects might deliver diverse approaches, characters and results, within their 
respective socio-cultural contexts and policies.  

For this reason, the selection requirements were as follows:  

− Located in a rural area 
− Projects built to respond to the same disaster type earthquakes 
− Selected study object  is permanent housing or post disaster reconstruction 

housing  
− Community participation drives method of housing provision  
− Duration of stay after handover is more than five years 

 
The criteria limited the various potential projects as case studies in proposed 
regions. The study is supported further with detailed information gathered 
from interviews with key people (NGOs-and participant workers). I had to 
clarify if the projects met the criteria before the fieldwork started.  The 
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minimum five year period was chosen as it is long enough for the household to 
settle in the new unit, to feel safe in the new house, and to feel bonded in the 
new environment. The duration of stay can also verify if they are leaving the 
units for any reason.  

1.4. Dissertation structure  
In the Figure1-1 shows the dissertation flow of this research. The research 
consists of three main activities: literature study, field study and writing.  The 
research begins with selecting several sources, which consist of books, 
scientific journal, working reports, year report of related themes. The focus 
theme starts with the disaster definition (Fig1-1. Step:1) following with the 
function and the problems found in the shelter and housing provision in 
disaster situation. To get more focus in the general situation of earthquake 
case, a general explanation to earthquake resistant construction and general 
building guidelines will be discussed following with description of after 
earthquake disaster in Indonesian case after 2004 and 2006 disasters (Fig1-1. 
Step:2). With the provided background of studies, field study can be done with 
the main purpose to study from the field practices (Fig1-1. Step:3). The field 
study is to collect empirical data from site, interview with the 
homeowner/user, redrawing the recent situation and new measurement of 
the houses. After field study, the research continues with the data processing 
and writing process (See Step:4). The final is to understand the effectiveness 
of shelter and housing provision after studying the cases in order to view 
more research that is challenging in the theme of post-disaster earthquake 
housing (Fig1-1.  Step:5).  

The dissertation consists of five chapters. The chapters are following the 
above steps (Dissertation flow: Fig1-1). The first chapter is an introduction to 
the whole dissertation, background study, aims, stage of methodology and 
research structure. Some facts related to topics are valuable to understand 
and give perspective to the whole of dissertation flow.  

The second chapter is a literature review on disasters, earthquakes, and the 
shelter crisis in a disaster situation. An outline study relating to the 
occurrence of the settlement crisis in disaster is presented including the 
process of sheltering and housing to advance the understanding in the 
sheltering provision theme.  Exploring the vulnerability and exposure aspects 
in a disaster situation also involves the quality assessment of building and 
construction (Fig.1-2). Further research from Bolton (1996:166) highlighted 
the requirement for applying earthquake-resistant construction for the long-
term planning of reconstruction.  

In the third chapter, an overview of the common failures of earthquake-
affected housing is presented. The categories of non-engineered and 
engineered buildings are presented with a focus on damage and failures 
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against seismic forces. The chapter highlights the influence of earthquake 
construction on building configurations. According to the focus of this work on 
spatial development, there are some important considerations for better 
seismic performance of buildings. The study continues to the safe-earthquake 
constructions that particularly will focus on single-storey and two-storey 
housing. These typical buildings are frequently found in rural areas.  

In chapter four, after doing field studies several interesting findings can be 
presented. The findings are divided into several aspects: a general overview of 
the housing reconstruction, the social aspect, building constructions, 
construction methods and development. Regarding the development of 
housing after occupancy evaluation, some aspects are interesting to study 
including space growing, building configuration, and modification strategy. 
The observation methods are a combination of interviews, visual observation, 
measuring objects and redrawing existing housing samples. An investigation 
based on beneficiary expectations is important for the qualitative evaluation 
(Fig.1-3). The study want to observe that the level of satisfaction from the 
beneficiaries included some important aspects: time, interest, and future 
planning. Their expectations are probable influenced by some local factors, 
such as existing society, socio-culture background and the environment. Based 
on the literature study and observation research, the advantages and 
disadvantages in the post-earthquake reconstruction housing provision are 
evaluated to find the critical aspects for development.  

Chapter five is a summary of the previous field studies. Concerning 
observation and findings, research on a provision model for long-term 
planning is needed. Conclusions and new insights regarding the study will be 
presented. 
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Figure 1-1. Dissertation flow
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Figure 1-2. Conceptual framework of theoretical study 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1-3. Conceptual framework of field study 
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Glossary: 

The Ring of Fire  is sometimes called the circum-Pacific belt. The Ring of Fire is an area 
in the basin of the Pacific Ocean where a large number of earthquakes and 
volcanic eruptions occur. 
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CHAPTER 2 

DISASTER AND POST DISASTER SHELTER PROVISION 

 

 
 
2.1. Disaster terms 
As a starting point, an overview of disaster terms is important to understand 
the occurrence of post-disaster provision for disaster victims. Hence, it 
becomes obvious that this does not happen without any evidence (Quarentelli, 
1985). Previous research has confirmed that a natural phenomenon becomes 
a disaster because of several factors. The geographical setting is one natural 
factor, which can indirectly worsen the impacts of an event. Concerning 
sheltering and housing after a disaster, such impacts can affect human life and 
furthermore lead disaster victims to a complicated crisis and or to become 
homeless.  

In this work, the discussion of the disaster term will be limited to natural 
disasters, and in particular the earthquake disaster type. Natural disasters 
include earthquake, tsunami, flood, hurricane and landslide, resulting 
damages on landscape, the environment and construction. Furthermore, the 
discussion on shelter and disaster will consider understanding the terms of 
vulnerability and risk. In the situation of losing shelter, victims frequently 
have few options for protecting themselves against adverse weather 
conditions. Vulnerability and risks theories try to explain why many disaster 
victims are more vulnerable compared to other group of people.  

Disaster risk management is a consequence of disaster recovery work, and the 
types of the shelter are discussed. Post-disaster housing is a type of shelter in 
the reconstruction housing phases. It is useful for this work to understand 
post-disaster housing from a case study to follow the process of re-sheltering 
and re-housing after housing damage in the affected community.  

Discussing disasters is a critical issue. We are all conscious of all the affects of 
disasters. With the advanced of technology in media, we can experience the 
situation of a disaster event from another part of the world live. We can also 
see the significant impacts people and their entire environment, which can 
change lives after the event. At the beginning of the study in disaster, such 
events are frequently claimed as natural phenomena. But not every natural 
phenomenon is defined as a disaster. In the disaster and health conflict 
studies, (Quarentelli, 1985:41-45) introduced a significant argument about the 
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conceptualisation of disaster, after his experience with a major flooding on the 
banks of the Colorado River in 1983.  

There is no self-evident definition of disaster. It is also emphasised that there 
is no ideal system to prevent the damage and loss caused by hazardous 
phenomena. If the system works, the event cannot be defined as a disaster. It 
highlights the condition that comes out of the ability to self-recover, and then 
it can be described as “disaster”. The important discussion of disaster 
causality is that the phenomena are either God’s work or the results of human 
action. The causal concepts then became the basic idea to specify disaster 
occurrences (Quarentelli, 1985).  

The term of disaster-agent is presented: natural agents, also called the actions 
of God; and man-made agents, which is human action (Quarentelli, 1985, 
Dynes, 1976). By describing disaster agents clearly, scientists and 
governments expect to develop a system to handle such events and impacts. A 
coherent statement regarded this issue came from former UN Secretary-
General, Kofi Annan. He underlined the fact that hazards only turn out to be 
disasters when people’s lives and the livelihoods are swept away (Birkmann, 
2006; Annan, 2003). Annan’s statement was in contrast with former research 
results and development strategies that were often purely hazard-oriented 
(Lewis, 1999).  

Following the IFRC (2013:27) of public awareness and public education for 
disaster risk reduction, some important terminologies are described to 
broaden understanding as follows: 

− Hazard expresses a dangerous phenomenon, substance, human 
activity or condition that may cause loss of life, injury or other health 
impacts, property damage, loss of livelihoods and services, social and 
economic disruption, or environmental damage. 

− Mitigation is the lessening or limitation of the adverse impacts of 
hazards and related disasters.  

− Preparedness is a set of knowledge and capacities developed by 
governments, professional responders and recovery organizations, 
community and individuals to effectively anticipate, respond to, and 
recover from the impacts of likely, imminent or current hazard events 
or conditions. 

Following the preparedness term, advance research in disaster preparedness 
aims to build a response to and recovery from unexpected situations. The 
research involves scientists from different subjects. Meanwhile, 
implementation of modern technology through digital information is used to 
support the disaster research work through recording disaster events onto a 
database. The Centre for Research on the Epidemiology of Disasters (CRED), 
which is actively involved in international disaster and conflict studies 
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developed and maintains a database system known as Emergency Events 
Database (EM-DAT). EM-DAT records disaster events at several country levels.   

EM-DAT defines a disaster as “a situation or an event, which overwhelms local 
capacity, necessitating a request to a national or international level for external 
assistance, an unforeseen and often sudden event that causes great damage, 
destruction and human suffering”. 
 
EM-DAT records an event as a disaster if at least one of the following criteria 
apply: 10 or more people killed; 100 or more affected people; and a 
declaration of a state of emergency from the affected country/government or 
a call for international assistance. By using the database during some 
periodical disasters, such as registered earthquakes from 1900-2000, a related 
mitigation system and research has been developed. According to IFRC 
(2011), the concept and practice of reducing disaster risks can be done 
through systematic efforts to analyse and to manage the causal factors of 
disasters. It includes reducing the exposure to hazards and minimizing the 
vulnerability of people and infrastructure. It also relates to land management 
and the environment, and improving preparedness for adverse events.  

Disasters are the convergence of hazards and vulnerable conditions (UNISDR, 
2009). In fact, disaster cases reveal underlying social, economic, political and 
environmental problems, and unfortunately, disasters contribute to 
worsening further problems. Disasters have created serious challenges for 
development, destroying hard-earned gains in several areas such as, politics, 
economics, social rights and education, and lowing the growth of high-
investment infrastructure system and technology.  

United Nations International Strategy for Disaster Reduction (UNISDR) uses a 
definition of vulnerability that may represent varying conditions, such as 
physical, social, economic and environmental factors. Those factors have 
certain impacts on susceptible communities. As suggested by the United 
Nations Development Programme (UNDP) vulnerability is recognized as a 
human condition or a process (Birkmann, 2006). The human-centred 
condition is closely related to the exposed people who get further impacts; in 
broader meaning, the number of homeless people brings attention to the 
aspect of the vulnerability.  

Regarding the UNDP’s definition of vulnerability, the affected people and 
communities are strongly connected with homeless people and the situation 
of losing homes after a disaster hits. So, a disaster event is not the only factor 
that can lead people to losing homes, but also adverse situations before a 
specific trigger occurs. Location and geological facts enhance the 
understanding of disaster risk. Some locations in seismic areas are more 
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prone than other areas through periodic seismic activities. Those regions must 
be aware of the potential of earthquakes.  

2.2. Defining vulnerability, coping capacity, hazard and risk 
The risk and the vulnerability of a person or a community to disaster are 
closely associated with the frequency and the probability of disaster 
occurrences. Essentially, disasters are the realisation of risks. The risks are 
calculated to minimize fatalities and and other losses: environmentally, 
economically or politically (Birkmann, 2006; UNISDR, 2004). Birkmann 
expressed there is an obstacle to calculating it before the definition has been 
exactly identified. Deaths, injuries, loss of property, economy degradation and 
poverty are all examples of disaster loss and destructions. Risks can be natural 
states and man-made activities. Certain communities are at risk from floods, 
hurricanes, and tornadoes, and others are at risk of social conflict and war.  

Disasters alone are not enough to cause widespread destruction. This is why 
an assessment of vulnerability is included. Next, the discussion will turn to 
how to achieve resiliency by understanding the connection between 
vulnerability and capacity. Resiliency is the betterment of conditions after 
surpassing the ‘normal’ state. This term is one of the basic requirements to 
define the reconstruction or recovery process after a disaster. 

2.2.1. Vulnerability 

Vulnerability in the context of a disaster is often identical to diminished 
capacity condition (IFRC, 2013)1. Vulnerability is not a static concept. It 
develops over time and depends upon certain aspects. Vulnerability changes 
over time and is driven by physical, social, economic, and environmental 
factors (Birkmann and Wisner, 2006). Today, most people still live in poor 
situations. The situation forces them to inhabit unsafe areas, such as 
surroundings of garbage disposal area, railways, illegal ground along 
riverfronts, areas on the slope of volcanoes or under highways. In 
humanitarian organisations, it is commonly known that: “vulnerability is the 
characteristics and circumstances of a community, system or asset that make 
it susceptible to the damaging effects of a hazard” (UNISDR, 2009). Some 
conditions potentially endanger by unexpected events: eruptions, floods or 
earthquakes. Moreover, certain people are exploited and discriminated 
against because they are part of minority ethnic groups or religious affiliations 
unprotected by the majority. These people are more vulnerable in their 
society.  

1The International Federation of Red Cross and Red Crescent Societies (IFRC) publishes a definition 
of vulnerability online. Vulnerability closely relates to disaster and crisis management, which are the 
important aspects in disaster mitigation. Available: http://www.ifrc.org/en/what-we-do/disaster-
management/about-disasters/what-is-a-disaster/what-is-vulnerability/  
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There will be a consequence when attempting to perceive a catastrophic event 
only in terms of causality. Further, to focus only on the causes obstruct us 
from identifying undefined factors, such as vulnerabilities. Wisner et al. 
(2004:4) put the main emphasis on the various ways in which social systems 
operate to generate disasters by making people vulnerable. Some aspects are 
identified in the raising of the extent of vulnerability: physical, social, 
economic and environmental. Some reasons for higher vulnerability are 
inappropriate design and construction, inadequate protection of assets, lack of 
public information and awareness, limited official recognition of risks and 
preparedness measures, and disregard for wise environmental management.  

Vulnerability varies significantly within a community and over time. The 
strength of a community means human beings, and the focus on over time 
means something always changes and flows. It can be appreciated that the 
situation will never be the same since communities develop and grow better 
and stronger, or worsen. It is recognised that the vulnerability is a 
characteristic of the element of interests (e.g. community, systems or assets) 
that are not affected by exposure. However, in literature and in practice, the 
concept of vulnerability is commonly used more broadly to include the 
element of exposure. Physical, socio-economic and environment aspects have 
led the community to a certain level of weakness. Hazardous conditions lead 
to huge destruction from which a community cannot recover without external 
intervention (Lizarralde et al., 2010). 

According to Davis (1978), the vulnerability characteristic mentions that 
disaster situations are affected by the humanitarian actions or in the 
development of knowledge. The fact is that not all natural phenomena lead to 
a disaster. They only become disasters through dangerous and hazard 
situations that endanger the human life and the community.  

From the studies of several academics, the common aspects of vulnerability 
are as follows: 

− Multi-dimensional  
Vulnerability is related to a number of elements: human beings, as well 
as physical, environmental, social, economic, political, cultural and 
institutional factors.  

− Dynamic  
Vulnerability changes over time and development of preparedness 
systems for adverse situations should take this into account.  

− Scale and scope management 
Vulnerability scales may vary from individual and families/-
households to neighbourhoods and small town areas.  

− Specific to every case and site  
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Each case of disaster and site need specific approaches.  
 
In common, there are some potentially vulnerable groups (IFRC, 2013) that 
suffer more in a hazard situation: 

− Displaced populations are groups of people who leave their homes 
collectively due to a sudden-impact disaster such as an earthquake or 
a flood, as a coping mechanism. They have the intention to return. 

− Migrants who leave or flee from conflict areas or their habitual 
residence to go to new places, to look for better and safer perspectives; 

− Returnees – former migrants or displaced people who want to return 
to their homes; 

− Specific groups within the local population, such as marginalized, 
excluded or destitute people; 

− Children, pregnant and breastfeeding women, unaccompanied 
children, widows, elderly people without family support, disabled 
people.  
 

In general, it is accepted that the characteristic of vulnerability is not static 
and changes over time. Some people may be included as potentially vulnerable 
based on such criteria and their coping capacity when facing hazards, but 
generally it depends on triggers, exposures, location, culture, prosperity and 
preparedness.  

The level, criteria and characteristics of vulnerability must be defined and 
developed continuously and it can develop alongside the growth of families 
and communities.  

2.2.2. Capacity and human resilience 

The definition of vulnerability refers to the ability of the human being to 
confront the hazard condition. This ability is defined as a capacity. The 
ProVention Consortium describes the potential capacity to suffer harm or loss, 
which is also related to anticipating a hazard, coping with it, resisting it and 
recovering from its impact (IFRC/ProVention Consortium, 2007). In broader 
meaning, it involves managing resources in normal situations, as well as 
during adverse conditions such as after disasters. Some examples of capacity 
components are as follows: 

− Social and cultural systems supporting in the crisis 
− Food, water, and energy reserves and resilience  
− Good governance, leadership and management, included disaster 

management 
− Land and housing ownership 
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− Financial reservoir and regulations, for paying the damage for 
instance (e.g. insurance repayments) 

− Protection of the most vulnerable people (pregnant mothers, 
children, elderly, people with disabilities) 

 
Further, according to Thywissen (2006), resilience is a more comprehensive 
term than addressing capacity. If capacity rises to cope with adverse 
conditions, resilience to the effects of hazards will be created. 

 

Figure 2-1. Identification of coping capacity  
 

In Fig.2.1, the concept of coping capacity is applied to analyse the 
reconstruction project after 2006 earthquake in Ngibikan Yogyakarta, 
Indonesia, one of study location for this research. In the after disaster 
reconstruction project in Ngibikan, the components of leadership and 
community ties are included as significant requirements for success. Good 
knowledge to understanding the resources and capacities of every community 
(coping capacity) is the most important keyword in designing the whole 
process, with short-term and long-term planning. In the village, a community 
agreement is essential to force community participation. Once society has the 
same understanding of the aims of the project, it is easier to get community 
involvement. The win-win agreements they decided for examples proposed 
four categories of beneficiaries. They identified the most vulnerable victims 
and from the identifications, they decided to build modular housing for the 
beneficiaries (Further discussion in Chapter 4). Understanding capacity will 
increase community resilience. 

2.2.3. Hazards, exposure, and disaster risk 

Earthquakes and other natural disasters cause construction damages and 
fatalities. Until now, early response has focused on rescuing victim’s lives and 
providing emergency assistance for survivors. For the survivors, their life has 
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not been safe after the first hit. They still must struggle living in risky 
conditions, especially when there are several secondary events that follow 
(hazards). After a disaster, survivor frequently faces a subsequent danger of 
unpreventable illness, lack of medical assistance, limited access to food supply, 
and violent conflicts associated (exposures). The exposures and hazards 
strongly influence the disaster risk level. 

 

 

Figure 2-2. Cycle of disaster victims after earthquake  
 

The terms of hazard, exposure and disaster risk that have been already 
presented from Davidson (1997) and Bollin et al. (2003). The ideas explain 
that the main aspects in disaster risk strongly influenced by exposure and 
hazard. The diagram (Fig.2-2) shows that earthquake-disaster victims will 
suffer from not only the main hit, but also their last will be greater in case they 
are not much prepared for struggling through next hazards and adverse 
exposures.  

In addition to a hazard, vulnerability to natural phenomena must be present 
for an event to cause a natural disaster. A hazard is a result from physical, 
social, economic, and environmental factors or processes, which increase the 
susceptibility of a community. It is a combination of probability and severity 
(Davidson, 1997; Bollin et al., 2003). Fig.2-2 illustrates a situation of disaster 
victims after major earthquake, with the adverse situation continuing after the 
major tremor. After a major disaster, people continue their life. That is a hard 
situation living with fears, limited medical help and in adequate food and 
water, but also lack of habitable places. 

Defining of risk associated with a disaster means separation between people 
who live at risk from natural hazards and other dangerous built-in 
components of the normal life. However, disaster risk analysis requires us to 
not segregate disaster conditions from everyday living. This is supported by 
the fact that the occurrence of a disaster is always associated with some 
internal and external factors in the environment and people's lives. The 
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vulnerability is formed in the process of human existence, and the risk 
involved in disasters can be connected with daily living.  

The major hazard is commonly the first earth movement.  However, there are 
some possibilities for further hazards, for examples aftershocks, landslides, 
rockfalls, floods, and lack of access to safe shelter and food. Exposure is 
another component of disaster risk, and refers to that which is affected by 
natural disasters, such as structures, population/people, and the economy 
(production, distribution, and consumption). The combination of hazards and 
exposures can endanger the situation of the survivor if they do not get 
adequate help quickly.  

In general, “risk” is defined as the probability of losses (deaths, injuries, 
property losses, etc.) that would be caused by a hazard. Disaster risk can be 
perceived as a function of the hazard, exposure and vulnerability as follows:  

 

Growing exposures and delays in reducing vulnerabilities result in an 
increasing number of disasters and greater levels of loss. Some researchers do 
not state exposures as a relevant factor (Wisner, et al.,2004 and Blaikie et al., 
1994). Davidson (1997) and Bollin et al. (2003) recognize exposure as one 
independent factor. The whole concept of disaster risk identification includes 
four factors:  

− Vulnerability consists of physical, social, economic and environmental 
factors. 

− Exposures are all significance aspects regarding structures (physical and 
system), population and economy. 

− Hazards include the period of disaster and its severity. The consequences 
of further risks, even relatively minor, will lead to increased impacts and 
exposures. The impact is hardest on the poor, and reduces their ability to 
withstand and recover from disasters. This is because the assets of the 
poor’s livelihoods are damaged by severe weather events. 

− Capacity and measures include physical planning, social and economic 
capacity and management. In the end, the whole aspects are summarized 
into a conceptual framework of disaster risk management.  
 

 

The connections between people, risks and reasons for their vulnerability to 
hazards are, therefore, interesting to identify. The crucial point to understand 
is when,  disasters happen it is not merely a natural event, but also the product 
of social, political and economic environments.  

Disaster Risk = function (Hazard, Exposure, Vulnerability) 
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There is a danger to generalize in treating disaster because evident shows 
there are no identical disasters. It also risks separating disasters from the 
social frameworks. Disasters should be perceived within the broader patterns 
of society, in order to develop disaster mitigation policies to reduce hazards, 
whilst simultaneously improving living standards and opportunities for 
people and making the system better prepared.  

 

Figure 2-3.Earthquake impacts in populated and unpopulated areas  
 

In the context of the effects on human lives, geographical location influences 
the disaster impact (Davis, I., 1978:10-11). There are some natural disasters 
associated with geographical location, e.g. earthquake, tsunami, landslide, 
windstorm or tornado. A quake rarely has a major impact on the human 
beings if the affected area has no population. In the instance, it might be more 
suitably classified as a natural phenomenon, even though it causes serious 
damage to the landscape, such as landslides and land degradation (Davis, 
1978; McDonald, 2003:2-3). Looking at things solely from human being’s point 
of view neglects other negative impacts of such events to our environment, 
which over time can also affect society. Of course, when the earthquake strikes 
a densely populated neighbourhood with minimum infrastructure, it can 
easily cause fatalities, damaging the livelihoods as well breaking the 
infrastructure. Therefore, it becomes a massive disaster.  

In earthquakes, Davis, I. (1978) describes that the risk settings such as 
landscape, buildings and infrastructures will increase during and after the 
event. Davis explained the different situation between the populated and 
unpopulated site, with modern constructed buildings and infrastructure 
systems and limited supporting infrastructure. He compared the situation of 
well-constructed and badly constructed-cities that suffered from the same 

− No population 
− No building and construction 
− Natural landscape 
− Minimum risks to fatalities 

and infrastructure damage 
− At risks to ecosystem damages Unpopulated areas 

EARTHQUAKE 

Populated areas − Dense population 
− Bad quality building 

and construction 
− At risks to infrastructure 

and ecosystem damages 
− Endanger the livelihood and 

human fatality 
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disaster. In a well-constructed city, buildings have been constructed to be 
earthquake-resistant and the infrastructure system has been closely 
connected. When the earthquake strikes, it probably causes some damage, but 
does not result in destruction of the whole system. Conversely, a rapidly 
populated city with low building standards, the destruction effects are 
extensive and can be multiplied. People living in those areas are vulnerable to 
aftershocks. Fig.2.3-gives more explanation how populated areas are at risks 
for human being than unpopulated areas. In the populated areas, disaster 
risks can be greater without appropriate support systems.  

According to Khan (2008), natural disasters not only cause economic loss for 
the affected countries, but also causing damage to the ecosystem and lead to 
short-and long-term crisis. Environmental damage is triggered by extensive 
landscape damage through seismicity activity. It leads to the loss of many 
species in the ecosystem and contribute to climate change. Even worse, 
earthquakes may destroy roads and public services as well as trigger 
industrial or nuclear accidents as in 2011 with the earthquake and tsunami in 
Fukushima, Japan. This has multidimensional devastation such as 
contamination or air, water (marine and coastal environment), and soil 
ecosystem in countries far away (McDonald, 2003; Rafferty, 2013). In Japan, 
several nuclear power stations are located in the Tohoku region. Concerning 
the possibility extended radiation exposure, the Japanese government 
established a 30 km prohibited flight zone around facility (Rafferty, 2013).  

The rising cost of natural disaster mitigation is not in doubt, because of the 
extreme natural events. The Indian Ocean Tsunami 2004 had a global impact 
and killed over 250,000 people. Then in October 2005, the South Asian 
Earthquake epicentred in Kashmir killed tens of thousands and left over 3 
million homeless. All these events reconfirm a relatively clear picture of 
disaster impacts: human suffering, people affected, and spiralling financial 
costs (Edward Clay and Charlotte Benson, ODI, 2005).  

2.3. Disaster losses 
Disasters affect human lives and the environment. The discussion focuses on 
disaster aspects in populated areas to understand how the phenomena can 
lead to the need for shelter. The United Nations International Strategy for 
Disaster Reduction develops indicators or indicator systems to reduce 
disaster loss. The Hyogo Framework for Action (2005-2015) underlines the 
fact (Tab.2-1) that disaster impacts socio-cultural, economic, and 
environmental aspects and leads to fatalities. The aspects are examined in 
considering how to reduce disaster losses when hazards strike. There are 
many different types of losses that must be assessed. These can be divided 
into direct and indirect losses, and commonly related to the human life point 
of views, such as social and cultural, physical, economic, and environment 
aspects.  
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Table.2-1 gives us an explanation of typical losses after earthquake-disaster, 
described as direct and indirect losses. Direct losses are the immediate impact 
of an event. Direct losses in socio-cultural point of view include death and 
injuries people, missing people, disabilities victims, displacement and 
homeless society (See Tab.2-1 (i)). In physical aspect, people suffer from 
losing building and infrastructure. Structural building can be damage and 
collapse. Non-structural and infrastructure are damage and broken, so that 
several aspects will be disrupted (See Tab.2.1 (ii)). 

Table 2-1. Typical of losses after earthquake disaster  
Typical of 
loss 

Direct loss Indirect loss 

Socio-
cultural 

− Death and injuries  
− Missing people 
− Disabilities 
− Displacement 
− Homelessness (i) 
 

− Cultural and social heritage 
degradation 

− Permanent disabilities 
− Poverty and lack of social 

capital 

Physical − Building damage and 
collapse (ii) 

− Non-structural damage (ii) 
− Infrastructure broken (ii) 
 

Progressive damage if several 
disasters happen following major 
event 

Economic − Loss of properties 
− Loss of jobs  
− Economic paralyzed 
− Interruption of access for 

marketing 
 

− Under development 
progression 

− Long term economic losses 
− Loss of investments and income 

from agricultural, industrial 
and tourism sectors 

Environment − Soil damage, landslides, 
rock falls 

− Loss of biodiversity: animals 
deaths, endangered and -or 
destroyed plant species 
diversity 

− Loss of agricultural crops, 
paddy field, and plantation  

 

Progressive loss of biodiversity  
and-or massive soil-damage  

 
Indirect losses happen after a time as a situation worsens. Some examples give 
a perfect explanation about the terms. The table also shows us if the cause of 
the housing crisis was included in the direct impact of the disaster after a 
number of buildings collapse. The occurrence of homelessness (i) and other 
human losses (deaths, injuries, missing and displaced persons and disabilities) 
are closely related to the amount of broken buildings and infrastructure (ii), 
for example housing, public buildings and transportation. Under the 
subheading of 2.4.1., disaster effects on settlements and human life will be 
explained in more detail. 
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2.3.1. Disaster effects on settlement and human life  

When a disaster strikes, the impact on people and the neighbourhood is 
assessed. Disaster concepts usually relate to physical impacts on people and 
their subsistence. The Deutsche Gesellschaft für Technische Zusammenarbeit 
(GTZ) Working Concept in Disaster Risk Management (Garatwa and Bollin, 
2002:8) declares the incidence of natural disasters indicates the increasing 
loss of life and damage to property.  

The risk of disasters is predicted to rise in the future, specifically for 
developing countries with huge populations and limitated preparedness. 
According to UN’s Indicator of Sustainable Development, Guidelines and 
Methodologies 2007 (UN Publications, 2002:59), the number of deaths, 
missing and injuries are the direct effects of a disaster involving natural 
hazards. Several disaster cases left people homeless and displaced because of 
the destruction of infrastructure systems. In 1997-1998, El Niño events 
affected Eastern Africa, which left people there in drought but also with 
unusually high rainfall. Then, the hazardous conditions were followed by 
varied impacts: more than 24,000 people died, and no less than 110 million 
people were affected. After that, the windstorms led to six million people 
being displaced as community infrastructures, included housing, food storage, 
transport and communications were broken up during the storms (FAO, 1998; 
Rojas et al.-FAO, 2014; UNEP, 2013).  

2.3.2. Socio-cultural aspect 

The physical damages of a disaster such as infrastructure, construction, and 
houses are also included as physical losses. The material losses are most 
obvious and are reported by the media. Nevertheless, what TV audiences see 
and hear on the news and what victims experienced is different. For example, 
socio-cultural aspects are not easy to report on. The reports may be only 
limited to the ways deliver better food and enough water to the victims, 
providing a safe shelter and supplying tents.  

Boano and Hunter (2012) said that the cultural uniqueness of housing and its 
rooms has been seen as a connection. It is important to recognize that the 
everyday practices and material cultures that form a house including 
construction and social relations, resonate far beyond the household. Indeed, 
temporary displacement after disaster and disaster destructions often prolong 
forms of homelessness and poverty (Table.2.1 on “Socio-cultural” section 
under “Typical of loss”).  

Relating to the concept of home and space in a cultural sense makes housing 
provision more complex. For some socio-cultures, it is not about the simple 
presence or absence of a home. Residing does not mean living in an adequate 
shelter, but arises from a complex relationship between home as a meaning 
and homelessness meaning no physical house (Kellet and Moore, 2003).  

27 

 



Chapter 2  Disaster and Post Disaster Housing Provision 

According to Sadiqi et al. (2012), some housing designs in the reconstruction 
programmes after the 2004 tsunami in Sri Lanka and Aceh-Indonesia did not 
respect local culture and hygiene norms. For example, indoor toilets and 
indoor kitchens were not common in the local culture. The basic requirements 
in housing planning, such as doors, windows, walls and roofs following local 
traditions and norms got little attention. Similar findings were made from a 
field study in Nias - Indonesia after 2004 Indian Ocean earthquake and 
tsunami. Because of space limitations, some homeowners have transformed 
some indoor kitchens into storage spaces.   

Lessons can also be learnt from field finding of the Dome Housing in 
Yogyakarta, Indonesia, after the 2006 earthquake. The dome house is 
designed as a two storey house, but the second floor units do not really work 
as rooms, so were also changed into storage rooms. In this case, the 
malfunction of the second floor is caused by the design and material selection. 
The design of the house was not adapted to the tropical climate, so the room 
on the second floor gets heated after 9:00 a.m. in the morning but then it will 
be colder after 3:00 p.m. Such situations show that that some reconstruction 
projects fail to meet beneficiaries' requirements. According to Marcillia and 
Ohno (2012), housing reconstruction without cultural sensitivity results in 
rejection of the ill-designed settlements. In broader development, it is feared 
causing lack of design on a wider scale and repetition the same mistakes 
towards the disaster resilient community. 

2.3.3. Economic impacts 

The short-term and long-term disaster impact on economic growth can be 
detected. In the short-term, the direct impact is, for example, loss of properties 
and broken access to markets. This has negative effects on the development 
progress of the country. For the same reason, the disaster impacts on the built 
environment can be so profound as to devastate years of development and 
investment (Bosher and Dainty, 2011:2). The major natural disasters can and 
do have severe negative short-run economic impacts which need to be 
distinguished from physical damage (ODI, 2005). However, there is a debate 
between some economists if the natural disaster events are harmful to the 
economic development. Some even argue the opposite: that disasters can 
accelerate the pace of growth in the construction sector, because of post-
disaster reconstruction with upgraded infrastructure and technology (ODI, 
2005:1).  

Collins (2010) implies that the negative impact of disasters on development is 
quite clear. They are seen as an interruption to development and a 
degradation to improvements. Collins' perspective is based on the disaster 
and development issues, where development is commonly described as a 
process of improvement and the occurrence of the disaster leads to previous 
development achievements being broken. 
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On the contrary, for a small-scale area in Bantul sub-village Indonesia, the 
disaster brought positive trends for some construction workers. They 
suddenly got many job offers as building workers for other neighbouring 
villages because they had been trained in previous reconstruction work. 
Nevertherless, on a macro-scale, the broken infrastructures and the damaged 
houses are large capital losses.  

2.3.4. Environmental damage 

Disasters such as earthquakes, landslides and floods potentially cause a lot of 
soil damage (UN-IDSR, 2014; Collins, 2010; UNDP, 2004). Regarding to 
sustainable-development issue related to disaster impacts; UNISDR2 stated 
that “Disaster can derail hard-earn development plans and progress”. Based on 
this projection, there were several progress on the human or country welfare, 
but disaster destructed all of that achievements. In contrast Pierre Perrin from 
International Committee of the Red Cross used different description on 
environmental damage as modification of environment. 

 
Through its destructive act, some disasters significantly result in attrition of 
the ground surfaces. Other impacts are likely for agriculture and changing land 
use. These causes of disaster vulnerability relate to land use, planning and 
tenure in a number of respects. The damaged soil and changing land use as a 
result of earthquakes are shaped by the nature of vulnerability within a land 
governance context. Addressing land issues after a natural disaster can 
promote disaster resilience by providing: (1) secure access and rights to land, 
especially land for shelter and livelihoods; and (2) effective land use and 
settlement.  

In the discussion of disaster risks in practice, there are no specific 
requirements to pursue. So how safe is safe enough? In other words, what 
risks are we confronted with from disasters and how does this compare with 
other risks? A physical vulnerability assessment has been also described in 
Tab.2.1 on Physical section under Typical of loss. A physical vulnerability 
assessment aims to observe buildings most at risk to disaster.  

In order to reduce losses, both tangible and intangible measuring vulnerable 
elements are evaluated in Tab.2-2-p.33 (Coburn et al., 1994). Tangible 
elements are in general can be measured using quantitative data and method. 
Otherwise, the tangible elements are relating to the physical factors. In the 
opposite, the intangible elements are more identified using qualitative 
assessment. The direct impacts of intangible elements are commonly difficult 

2Source: http://www.unisdr.org/we/advocate/sustainable-development 
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to measure in numbers, but people and society can experience the 
degradation.  

Table 2-2. Tangibles and intangibles measuring vulnerable  

 
 

Using Tab.2-2 more detailed parameters to assess buildings at risk in 
earthquakes can be developed. FEMA gives four categories of building 
damage: slight, moderate, extensive and completely collapsed. It generally said 
that buildings in slight and moderate states of damage can be repaired. 
Occupants can still stay safe under the construction, as long as there are no 
other further hazards or aftershocks. In the case of extensive damage, 
occupants are not safe living under the construction, because the damage is to 
structural elements. The last state is completely collapsed; in other words, 
building that has fallen down. Intensive assessments are needed to prove if 
some parts of structures are still safe to reuse. In general, an expert is needed 
to do the investigation. 

Disaster 
types 

Vulnerable elements 

Tangibles Intangibles 
 
Earthquake 

− Weak buildings, heavy roofs, 
loose structures/joints and the 
occupants 

− Contents of weak buildings 
− Machinery and equipment 
− Infrastructure 
− Livestock 

− Social cohesion 
− Cohesion 
− Community structures 
− Cultural artefacts 

Floods − Everything located in flood 
plains or tsunamis areas 

− Weak buildings 
− Crops 
− Livestock 
− Machinery and equipment 
− Infrastructure  
 

− Social cohesion 
− Cohesion 
− Community structures 
− Cultural artefacts 

Strong 
winds 

− Lightweight buildings and roofs 
− Trees, signs, fences 
− Coastal activities, boats fishing 

− Social cohesion 
− Cohesion 
− Community structures 
− Cultural artifacts 
 

Land 
instability 

− Anything located on or at base 
of steep slopes or cliff tops 

− Roads and infrastructure 
− Construction on the shallow 

foundation 

− Social cohesion 
− Cohesion 
− Community structures 
− Cultural artifacts 
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FEMA’s four categories for damage to light-frame wood buildings are given in 
more details here (FEMA: section 2-73 and EERI, 1994): 

a. Slight 

Small plaster cracks at corners of doors and window openings and wall-ceiling 
intersections, small cracks in masonry chimneys and masonry veneers. Small 
cracks are assumed to be visible with a maximum width of less than 1/8 inch = 
0.3175cm (cracks wider than 1/8 inches are referred to as large cracks). 

b. Moderate 

Large plaster or gypsum board cracks at corners of door and window 
openings; small diagonal cracks across shear wall panels exhibited by small 
cracks in stucco and gypsum wall panels; large cracks in brick chimneys; 
toppling of tall masonry chimneys. 

c. Extensive 

Large diagonal cracks across shear wall panels or large cracks at plywood 
joints; permanent lateral movement of floors and roof; toppling of most brick 
chimneys; cracks in foundations; splitting of wood sill plates and/or slippage 
of structure over foundations. 

d. Complete 

Structure may have large permanent lateral displacement or be in imminent 
danger of collapse due to cripple wall failure or failure of the lateral load 
resisting system. Some structures may slip and fall off the foundation; large 
foundation cracks. On average, three per cent (3%) of the buildings with 
complete damage are expected to collapsed. 

After identifying vulnerability elements and conducting building risk analysis, 
advance management can be performed to reduce the vulnerability elements 
in order to minimize the effects of the disaster in the near future. In order to 
eliminate the vulnerability in the built environment, risk assessment should 
be integrated with the risk management. Hayes et al. (1986) imply that every 
potential risk-community must consider several potential disasters. Risk 
management needs long-term investment, even several years after the 
disaster, to consider the benefits achieved and the cost required to repair the 
losses.  

Some benefits gained from disaster risk management from a government's 
point of view are as follows (Hayes et al., 1986): 

− Building facilities for the expected and the unexpected. 

3 Source http://www.fema.gov/media-library-data/20130726-1749-25045-
0147/hazusmr5_eq_aebm_um.pdf        
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− Strengthening and enforcement of building codes. The evaluation and 
measurement can prevent the collapse of buildings; protect life and 
reduce injuries. 

− Standards and guidelines can protect the community infrastructure 
from complete destruction. 

− Citing criteria for land use will avoid surface fault rupture, soil failure, 
and soil structure resonance. 

− Relocation and rerouting can prevent the likelihood of damage to 
important facilities. 

− High-risk buildings / constructions can be eliminated, thus avoiding 
potential loss of life through collapse. 

− Retrofitting, strengthening, upgrading, and rehabilitation can prevent 
collapse, eliminating vulnerabilities, and reducing damage. 

Some options for reducing vulnerability are based on several experiences in 
developed countries and must be selected and implemented in developing 
countries. Location and cultural background are important supporting factors. 
The acceptability of each option in a certain community depends upon the 
capacity of this community to understand or to translate the options and to 
consider its benefits.  

2.4. Shelter provision and safe construction principles 
The basic definition of shelter is a habitable covered space providing a secure 
and healthy environment with privacy and dignity for those residing in the 
dwelling (UN, 2008; IFRC, 2011).  Shelter is critical for survival. Housing 
provision in the emergency phase must ensure security. In uncertain situation 
after disaster, survivors lack access to essential amenities, but shelter protect 
them from the climate and diseases. At the same time, the aspects of humanity, 
supporting human dignity, family and community existence should be 
integrated, especially if people have to be displaced from their homes for a 
siginicant amount of time.  

In situation of devastations mixed with hazard threats, survivors face 
uncertain situations. The possibility of obtaining protection/safe place in the 
emergency is not easy coupled with the fact that the destruction of 
infrastructure has completely hampered the humanitarian assistance reaching 
the damaged regions. The scope of shelter-associated disasters is much wider 
than simply exposure to the elements and includes a significant social 
dimension. IFRC (2011) has developed a strategy for provision of shelter and 
safe construction, which aims to: 

1. Save lives, protect livelihoods, and strengthen recovery from disasters 
and crises 

2. Enable healthy and safe living 
3. Promote social inclusion and a culture of non-violence and peace 
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There are some general principles to be considered for safe shelter. These are 
not limited to new shelters; existing shelters can be improved too. In 
modifications, the location and layout of settlements as a whole are respected. 
The land issue, site, location and orientation of individual shelter involves a 
socio-cultural approach, meeting the community. 

Shelter options deliver understanding of how people and community in a 
disaster situation obtain a safe place for living. Where it is not possible to have 
contact and ask for humanitarian help, disaster victims cannot recover from 
hazard condition. 

To understand the relationship between people's vulnerability and the need 
for adequate homes in a disaster, Davis (1978:26-30) assumed some 
situations and compared with real conditions for people. He took studies 
based on past earthquake disasters in Turkey in 1975, Guatemala in 1976, 
Italy in 1976 and Greece in 1965 in order to research the relation between 
people and the need for shelter provision after an earthquake. The findings 
show that most affected families only go to official shelters provided by 
governments and humanitarian institutions if they have no more alternative 
places to live (Davis, 1978 and Lizarralde et al., 2010). Victims will start to 
repair the damage immediately after a disaster. But if several ways fail, and 
hazards still exist, they will try to find some temporary shelters with relatives 
or go to public buildings, such as offices, schools, mosques, churches, or 
temples.  

We now compare case studies from the Yogyakarta earthquake in 2006  and 
Mount Merapi eruptions  in 2005 and 2010. Merapi is one of the most active 
volcanoes in Indonesia and the mountain is located to the north of Yogyakarta 
city.  

Affected families in a disaster feel more comfortable if they can stay in 
evacuation places where are not far from their homes. It is understandable as 
they still want to protect their properties (house and land). At the time of 
writing this work, a super typhoon Haiyan had occurred in the region of 
Philippines in 2013. The first week of emergency response was inevitable 
chaotic because airports in the region were damaged, and local governance 
structures shattered . By listening to the news from television and following 
the press media are described that the serious obstacle relief actions are 
delivering humanitarian aid and set up the emergency tents amongst the 
ruins. Although, there are amount of humanitarian helps ready distributed to 
the affected regions, but the difficulties are the geographical location and the 
hard-to-reach areas caused the typhoon had cut off access to these regions, 
and it hampers the aircraft carriers to deliver the aid.  

33 

 



Chapter 2  Disaster and Post Disaster Housing Provision 

Davis (1978) observed that the actual situation in the affected regions is told 
by news reporters giving updates. It is important to get facts from the disaster 
field to deliver appropriate assistance for victims.  

There are some assumptions in a disaster situation that contrast with 
realities: vulnerability, social attitudes, shelter needs, reconstruction and the 
provision of aid (Davis, 1978:25-32). 

According to Haas, Kates and Bowden (1977), The reconstruction process is 
ordered, knowable and predictable. They divided the reconstruction process 
into four stages: an emergency period, a restoration period, a reconstruction 
period I, and a reconstruction period II. They assigned these stages definite 
durations. A study by Quarentelli (1982), by contrast, placed more emphasis 
on the victims. His study showed the recovery stages did not have the 
sequential orderliness as Haas et al. (1977) proposed. Quarentelli proposed 
four phases of sheltering and housing. Some phases can be implemented 
simultaneously or in parallel (See Figure.2-4) in a reconstruction program or 
recovery process:  

• Emergency sheltering: housing disaster victims temporarily, such as in 
stadiums and schools;  

• Temporary sheltering: temporarily shelter, but designed for more longer 
duration time or prepared to fight against the climate hazard as long as the 
victims stay in the shelter, for example, in winter time, e.g., winterized 
tents, barracks;  

• Temporary housing: temporarily housing e.g., trailers, temporary 
housing unit; 

• Permanent housing: new or reconstructed housing units built for 
disaster victims, which are well designed regarding building codes, for 
example by applying concept of earthquake-resistant buildings. 

 
Based on the figure (Fig.2.4), Quarentelli highlighted that the sequel process of 
(1) Process from ER to PR - can start following emergency phase – transitional 
phase and will end up in permanent housing. But, every stage can be 
paralleled at the same time (2) Process ER to TR-parallel to (2) Process TR to 
PR. For example, in the emergency stage, the government, NGOs and 
communities can plan for the next steps at the same time. Using this concept, 
the term of duration and speed should not an debate again, because each case 
must follow its own process. However, the psychological aspect of victims 
must be counted in the project planning. 
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(1)Process ER to PR 

 

Key: 
ER Emergency response 
TR Transitional shelter 
PR Permanent 
(1)Process ER to PR: a sequel process from emergency response to transitional ended-up to 
permanent housing  
(2)Process ER to TR: a process from emergency response to transitional shelter or housing 
(2)Process TR to PR: a process from transitional to initiating and implementation of permanent 
housing  
 
Figure 2-4. Parallel process of recovery phases after disaster 
  
 
The post-disaster earthquake reconstruction housing as the main topic of this 
work is a similar term to the permanent housing in disaster recovery phase 
referred to by Quarentelli. The term shelter frequently means a temporary 
place, compared to the term housing, which means a permanent place.  

In humanitarian practices, each project is different and may require special 
approaches. In 1999, Turkey faced two earthquakes, on 17 August and 12 
November 1999. The Duzce province is one of the affected regions that 
suffered from the devastations. In the emergency phase, 26,665 tents donated 
by humanitarian organisations had to serve the emergency shelter needs of 
112,000 victims (Arslan and Cosgun, 2008). In the post-disaster housing 
process in Duzce, victims should have been relocated to state buildings but, 
unfortunately, were relocated to other provinces. At the beginning of the 
process, the victims refused the plan because they preferred to live near their 
relatives and stay in the collapsed and ruined buildings. However, temporary 
housing projects had to provide a temporary solution. The project was 
conducted by the Ministry of Public Works and Settlement. Whilst victims 
were living in some temporary housing sites, the permanent houses were built 
close to the temporary houses. The temporary houses are not designed for 
permanent use. However, because of the lack of physical infrastructure in the 
Gumuspinar region, the temporary housing site had to be used for the long-
term (Arslan and Cosgun, 2008; Johnson, 2010).  

(2)Process ER to TR (2)Process TR to PR 

Emergency response shelter Temporary/transition PERMANENT 
HOUSING 

Disaster 
Recovery process 
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Decision-makers in post-disaster planning have to take into account the social, 
cultural, economic, and political backgrounds of the affected regions. The 
following example of the two severe earthquake events of the Aceh-Nias 
earthquake 2004 and Yogyakarta 2006 in Indonesia were in regions with very 
different socio-cultural factors, infrastructures and economic conditions. 

Once the earthquake struck in the Indian Ocean in 2004, the most affected 
regions of Indonesia were Aceh, Padang, Nias and many small islands 
surrounding Aceh-Nias. The region mostly consists of islands connected by 
certain transportation. On Nias Island, there are weekly ships from Jakarta to 
Gunungsitoli and daily ferries from Sibolga to Gunungsitoli, Teluk Dalam 
(Southern Nias) and Lahewa (Northern Nias). Before the massive earthquake, 
the airport of Binaka in Gunungsitoli was not important. There was only a 
daily flight from Medan to Nias, but this became less frequent after the 
earthquake.  

Table.2-3 gives an overview of two earthquake-disasters affected Indonesia 
namely Indian Ocean earthquake-tsunami in 2004 and Yogyakarta earthquake 
in 2006. The overview shows that different geographical settings can influence 
in disaster response actions. The Indian Ocean quake in 2004 effected several 
countries. The epicentre was located in Northern of Sumatra Island, undersea 
with a big intensity, so that the quake had been potential followed by tsunami.  

Comparing to Yogyakarta, the quake affected regional areas surrounding 
Yogyakarta. Yogyakarta was a big intensity quake with the epicentre in 
shallow land. Because Yogyakarta and surrounding areas are located in an 
island, supported with well-prepared infrastructure, the response and 
mitigation actions relatively functioned well. In the opposite of Indian Ocean 
case, the affected regions were located in scatter locations; Sumatra as the big 
island and many small islands (Nias islands, Sinabang islands, Hinako islands). 
With the difficult geographical setting of the affected regions, the government 
and humanitarian help had difficulties to reach the hard-regions and to count 
the affected victims. In the emergency phase, victims prefer to find the most 
safety buildings which are still remained. They will go to public building, for 
example school or mosque.   
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Table 2-3. An overview of Indian Ocean earthquake 2004 and Yogyakarta 
earthquake 2006 

4 See. Glossary : Semi-permanent  

Descriptions Indian Ocean (2004) 
 

Yogyakarta (2006) 

Natural events Earthquake following tsunami  Earthquake  

Geographical 
locations 

Island regions with difficulty in 
early warning system 

Small part of Java Island, but with 
extensive support systems and 
infrastructures 

Epicentres Undersea (subduction-plates) in 
northern Sumatra  

On the southern side of the Java 
island, at the depth of 33 km 

Disaster Status A calling for international 
assistance 

National disaster 

Early response 
problems 

− Hard reached locations 
required helicopters/boats for 
transport 

− Scattered locations hampered 
the helps-distribution  

− Devastated buildings obstructed 
evacuations  

− Scattered population but ease 
access  

− Unevenly distributions because of 
social and political issues 

− Hard rescuing the victims under 
the ruins 

Emergency 
shelter 

− People had no preparations  
− People found emergency shelter 

in raised public buildings 
(mosque and schools) 

− Preserved materials from the ruins 
for built shelter/shadings 

− Self-managed shelter built by 
community 

Temporary 
phase 

− Temporary shelters and 
temporary houses  

− Humanitarian organisations 
provided the temporary shelter  

− Communities proposed permanent 
housing while living in tents 

− Government reconstruction plan 
followed the stage transitional 
housing during the permanent 
housing in progress 

Reconstruction 
housing 

− Long-term stages 
− A donor driven project, 

empowering community 
participation but difficulty 
awaken community working 

− Some beneficiaries got more 
than one houses 

− Faster, house-owner participation 
in the process and community 
working groups 

− Permanent housing using semi-
permanent4 form (brick walls 
combined with wooden walls). 
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2.4.1. Emergency shelter  

In emergency situations, to meet enormous housing demands, many experts 
and policy-makers no doubt propose home solutions that seek technical 
efficiency for rapid mass production; ready and easy to install. The situation of 
chaos and devastation after a disaster leads to innovative forms of emergency 
shelter: light structures, foldable and transportable units, improved tents, etc. 
These are temporary solutions that aim at providing shelter while permanent 
rebuilding takes place (Lizarralde et al., 2010). Barakat (2003) reported that 
there are also questions of cost, because it is commonly believed that 
providing emergency shelter can be as expensive as permanent housing, and 
spending funds on emergency provision is likely to reduce the amount 
available for more permanent solutions.  

Traditionally, emergency shelter has taken the form of plastic sheeting, tents, 
barracks, or emergency centres set up in communal buildings or relief camps. 
Emergency shelters are designed for use in the early months following 
disaster and before people can move back to their homes. However, there are 
several cases, e.g. Marmara earthquake in 1999, where emergency and 
temporary shelters were installed in utilities, shops and public transport and 
then inhabitants feel a sense of bonding and start to modify their shelters 
(Barakat, 2003).    

Some requirements and problems must be acknowledged when providing 
shelter: 

i. Challenges 
− According to David, shelter must be recognized as a process, not as an 

object (Davis, 1978:33). His statement was a response to what he 
found in his study of several earthquake events: Greece in 1965, 
Guatemala in 1976, and two cases in Turkey, in 1975 and 1976 
respectively. Davis highlighted the distinction between Western and 
Eastern views. The Western view saw shelter after a disaster as a 
solution only based on material terms/terminology, but Eastern 
people or those from developing countries appreciated shelter in term 
of appropriateness and valuable solution depending on social 
articulation. 

− As people may live in emergency shelters for up to 6 months, the need 
for safety and privacy must be included.  

− Emergency solution should be used for a short time solution only. 
Transitional or permanent solutions must be arranged at the same 
time. 

ii. Weakness 
− Imported ideas, frequently, local people may not be accustomed to the 

ideas, design and imported technology or materials. 
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− Difficulties in finding substitutes if there are lack of spare parts, e.g. for 
tents or mobile home units and other imported technology.  

− Difficulties (in terms of competency, time and capability) in learning 
the instruction of installation.  

iii. Perceptions 
− Rapid solutions and must be suitable for habitable culture, but in 

practice, to transport and to store will take time.  
− Considering the climate 
− Easy to install and also to move 

  

2.4.2. Temporary shelter and housing 

People who are homeless due to disasters need places to stay while the 
situation improves. Before they are ready to rebuild the damaged houses, they 
need a transition place to live.  As already discussed, what is essential in 
sheltering after a disaster is not about following the stages and the time frame, 
but providing good shelter for the disaster victims and helping them rebuild 
their lives. The provision of shelter and reconstruction are better happening in 
parallel, rather than sequentially. It is acknowledged that the reconstruction 
process may take years, usually between two and five years, and living under a 
tent continuously seems inappropriate for more than a year.  

A transitional-shelter programme in Padang was proposed by the Indonesian 
Red Cross (PMI), supported by IFRC and other different national partners, in 
its response to the West Sumatra earthquake that occurred on 30 September 
2009 (IFRC, 2009). While emergency relief activities were prioritized, longer-
term recovery activities were also developed, so that T-shelters were built as 
transition settlements for victims. In general, temporary settlements are 
designed for use in the early months following disaster. For ease of 
transportation and installation, they are usually prefabricated, imported and 
intended for use throughout the world regardless of culture or climate 
(Barakat, 2003:15-18). To avoid undesirable problems, some considerations 
must be met before applying transitional shelters and housing: 

i. Challenges 
− Provide shelters in relatively short time 
− As likely alternative of host families/rented housing options 
− Usually supported by adequate service and maintaining social 

networks 
− It is to be expected to include the transitional shelter in an overall 

reconstruction planning. 
− Advanced design has been completed with winterized equipments. 
− Some useable materials can be applied for the new reconstruction 

house. 
ii. Weakness 
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− Unknown construction method; and possibly unsuitable for the local 
culture 

− May become permanent; but in case of relocation strategy, the 
beneficiaries will not leave the T-shelter complex. 

− Because of industrial products and imported, it can be unsuitable to 
the local climate. 

− The locations are usually far away from affected areas so that victims 
cannot continue working in the field or taking care their cattle 

− The cost can be as expensive as permanent housing. 
− Limited participation, since temporary shelter materials are imported. 

There is no chance for the local supplier to participate. 
iii. Perceptions 

− Because of prefabrication and modular preparation, the speed of 
provision can be fast, but, in fact, several problems are likely to be met 
during transport, storage and distribution stages.  

− The beneficiaries assume that the typical shelter is only for a transition 
period. In reality, people can live in the transitional location for more 
than a year, so to feel at home they should make some arrangements in 
the unit. 

− During transport, the product can be damaged. 
− Because of the modular unit, it must be easy installed. Advanced 

technology can be alien to local people. 
 

In some instances, another option to provide adequate shelter for survivors 
with minimum costs and quick construction is repairing damaged houses. This 
method is particularly effective for certain disaster types, e.g. earthquake. 
Living as survivors in communal shelters or public buildings is not problem-
free, because there is no privacy for each family, and the victims feel more 
trauma. But repairing and stay around their housing and site seems to give 
them more hope. Depending on the degree of damage and construction skills, 
victims can start repairing the damage.  But, before this can happen, it is 
necessary to ensure that the damage houses are safe and habitable.  

Repairs are frequently limited to some essential works such as slight 
structural failures (roofing and frame structures), sanitation facilities and 
kitchens. House and landowners who are not willing to displace in the public 
shelters may be required to repair their houses. Obviously, this requirement 
can be implemented more easily when allowance is made for property 
improvements (Barakat, 2003:18). If repair is a desirable option for survivors 
to restore their housing, governments and humanitarian agencies may provide 
necessary construction tools and materials for non-food items (NFI). However, 
toolkits must be familiar to locals and the building materials must be easily 
accessible in a difficult situation.  
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2.4.3. From temporary to permanent housing 

The sequence from shelter to housing or from tents to adequate shelter is not 
as significant as the need of the survivors to 'get back' their normal life before 
the disaster occurred. Some researchers assert that an essential aim in post-
disaster housing provision is providing safety places, given the necessity. 
Besides that, staying in communal shelter for a significant amount of time 
does not provide as much privacy for survivors as desired. During their stay in 
emergency or temporary shelters, victims begin to arrange their lives. They 
expect to return to their damaged houses relatively quickly. Some essential 
considerations must be addressed to begin the rebuilding process: 

The selection site must be safe (for displaced community). To avoid potential 
environmental degradation, clearing the site and landfill disposal management 
are critical aspects. 

Construction methods and materials selection must be suitable to local 
construction workers' skills. The choice of certain methods may be associated 
with appropriate construction training for local builders to improve their 
skills. 

Homeowners can culturally accept the design proposal. The choice of 
traditional methods has some limitations in terms of compatibility with 
earthquake-resistant design and materials.  

In some cases, traditional techniques are seen as a lack of modernity (Barakat, 
2003:20), and people assume buildings made using modern techniques are 
safer. Perhaps for economic reason, at a certain point homeowners will reduce 
their investment to improve their home, even if they understand how to build 
safer homes. Without any control of the structure quality from the authorities, 
housing development becomes more vulnerable. Evidence reveals that some 
cultures have developed adequate and affordable housing solutions for 
disaster response. This is valuable knowledge as a starting point to plan 
disaster-resistant design. Appropriate housing will be easier and cheaper to 
be provide, with expectations more suitable for inhabitants. 

2.4.4. Community participation 

The research includes some interviews with NGO staffs and studying working 
reports. An NGO named Yakkum Emergency Unit (YEU ) is one of the 
contacted institution for doing research activity. YEU is actively involved in 
carrying out reconstruction and rebuilding as well as community assistance. 

Based on many parctices and studying working reports, there are three 
different reconstruction methods can be distinguished: 

1. Community participation  
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This method of construction solely involves people in the community from the 
beginning of the process. Community participation is possible for relatively 
small-scale projects. The community must have enormous trust in the lead 
actors, enough resources, and skilled and unskilled labours who willing to 
work in a group.  

A reconstruction team is established to organize the program. The team will 
select the construction worker, to train them and to ask them into group 
working. The team also arranges the materials' distribution, storage, 
preliminary preparation and transport to the construction site. In the 
relocation case, the roles and functions of the team can be extended, and the 
team may hire external persons or involve local government   

In this method, the planning and the implementation can be self-managed by 
community. Therefore the role of external parties can be limited.  

 

Figure 2-5. Scheme 1: Community participation  
 
2. Limited Participation  

The method gives the possibility for local participants (suppliers, NGOs, and 
untrained or trained labourers) to take part in the project. Accordingly, the 
reconstruction team can delegate some roles and responsibilities to other 
partners. The team can also select the best quality and price so reduce the 
budget. Another benefit for the beneficiary is that the duration of the process 
can be shortened because when local authorities are responsible, the 
programme speed can be increased. Some unskilled and skilled workers who 
are experienced in construction can take part. This method offers a solution to 
the unavailability of or limits on local workers by bringing them in from other 
regions. Finally, to control the whole process and to assure the quality and 
standards, a reconstruction team can build other functions for examples a 
monitoring team that has a role monitoring and ensuring every participant is 
fulfilling his or her responsibilities.  

 

Stake holders 
(Optional) 

 

Resources: 
1. Land 
2. Building materials 
4. Workers 
5. Financial support 
6. Leadership 

Beneficiaries  
(Community agreements) 

Reconstruction team 
  Organising,  

monitoring  
and controlling 
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Figure 2-6. Scheme 2: Limited participation 

 

3. Contractor Methods  
 
Contractor methods will be applied if there are limited resources (materials, 
people, affordable land, legalities) and few people who are willing and/or 
ableto take part as construction workers. Generally, victims are displaced 
from other areas to a new relocation site.  

This method is appropriate if a large number of houses must be provided in a 
limited amount of time. It is frequently applied in government reconstruction 
programmes. But the process is often seen as a mass product of delivering 
houses, because the developed unit is relatively small and uniform. There is a 
lack of participation of the house occupant and the community as the target 
group have only limited power to express their needs. The monitoring team is 
frequently appointed by government and responsible to them too.  
Beneficiaries cannot act much, and they are in the position of audience.  

Figure 2-7. Scheme 3: Contractor method  

 
The method has some potential problems in quality and standard. With the 
huge number of houses, construction may take time. Otherwise it cannot be 

Stake holders: 
1. Donor 
2. Local authorities 
3. NGOs 
4. Local workers 
5. Supplier 
6. University 

 
 
Resources: 
1. Land 
2. Building materials 
3. Workers 
4. Financial support 

Need new houses 
after disaster Beneficiaries  

Contractors  

Monitoring team 
(Stake holders) 

Ordering, monitoring and 
controlling 

Beneficiaries (community 
agreements) 

Stake holders: 
− Supplier 
− Local authorities 
− NGOs 
− Local workers 
− University 

Reconstruction team 
Monitoring and controlling 

Resources: 
− Land 
− Building materials 
− Workers 
− Leadership 
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finished at the same time for all families. Tenure and land title issues may exist 
in the future. The regulations for the maintenance and sustainability of public 
facilities, such as toilets, public baths, waste disposal management systems, 
must be managed at project initiation. Where corruption and fraud is a 
national issue, controlling and evaluation are crucial to ensure the project 
runs within the framework (Barakat, 2003).   

The reconstruction aim is significant to understand for this research. 
Following the subject of field study research in Indonesia, detailed 
observation will be presented with a focus on housing reconstruction after the 
earthquake in Nias and after the 2006 Yogyakarta earthquake in Java. The 
findings from the field studies are classified as housing typologies, describing 
the current situation of the post-earthquake reconstruction housing in the 
selected locations. Relating to the housing unit, some problems are identified, 
including space growing, building configuration and modification in the 
expanding houses, used materials, adapting to climatic requirements and 
homeowner satisfaction.  

The improvement of pre-disaster conditions is the most challenging aim of 
post-disaster reconstruction, and the long-term plan is an extension of the 
whole development process (Lizarralde et al. 2010:5). One of the crucial 
problems after disaster situation is disconnected access to resources. There is 
difficulty accessing adequate shelter, food, medicine and water in an 
emergency situation. Problems arise after damaged infrastructures disconnect 
people in the affected field from outer areas. It is also a critical problem for 
delivering aid to people in a disaster area. Lizarralde asserts that fixing the 
obstacles can raise resistance to the adverse situation. Moreover, it is 
understandable that the reconstruction phase is recognised as an act to 
upgrade the resiliency, through reducing weakness factors.  

According to Lindell (2013:812-824), disaster reconstruction or recovery has 
three main goals. It starts in the victims' mind to achieve the situation of 
normal routines as before the disaster hit (people expectation). The second 
goal of recovery begins in the emergency response and ends up after people 
return to their homes and restart their normal life. Recovery is the duration of 
time when people have success achieving the whole goal and after that, they 
are in the middle of stabilization and develop further. The last goal describes a 
more unfinished state where development takes time.  

The concept of reconstruction is still involved whether the reconstruction 
phase aims to build back to the levels before disaster or to reach a higher level. 
Some researchers suggest criteria to evaluate a reconstruction project. Bolton 
(1996:166) classifies the criteria for duration and socio-cultural adaptation to 
ensure the project is suitable for the local community and for the future 
development.  Bolton says the goals of housing reconstruction and recovery 
should meet the following criteria: 
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− Being quickly available to survivors; 
− Being socially habitable, that is, be consistent in type and location with 

social and cultural identities, and permit people to maintain prior 
social interaction patterns; 

− Being sustainable, in terms of costs to live in and maintain in a 
habitable condition; 

− Being safer in future earthquakes 

Johnson (2010:70-87) indicated the key concerns for planning temporary 
housing after disaster period in her study on post-earthquake temporary 
housing in Turkey. In her work, the discussion begins with an overview of 
temporary housing typology that was found following the earthquake disaster 
in Turkey, especially in 1999. She classified the temporary housing based on 
the speed of provision: “existing” and “must be built”. Staying with family, 
rented apartments and public facilities are included in existing building 
provisions. These do not need new construction, and the victims can directly 
access the buildings, but of course costs money. The second classification 
covers self-built shelters and tents, shipping containers or mobile homes and 
temporary housing units. These all take time and so depend on other help for 
providing tents and toolkits.  

Providing temporary and permanent housing need big investment. 
Afterwards, the attached infrastructures and facilities for supporting 
temporary housing are often neglected. However, it has been shown that some 
temporary housing is continually installed after a disaster. In responding to 
this issue, Johnson (2010) suggested some strategic planning to improve 
temporary housing planning. According to Johnson, the key concerns for this 
planning are:  

− Time of delivery  
− Approaches to provide housing and/or enable families to build their 

own housing 
− Cost and the design of the temporary housing units 
− Location of the housing complex 
− Access to services and maintaining social networks 

Because the term of temporary housing can be understood as the immediate 
period after disaster or for the long-term, Johnson decided to make a 
distinction between these two phases.  

Both ideas clearly mention that the speed of a project should meet community 
expectations. Uncertainty is not comfortable for affected victims, and this is 
why post-disaster shelter and dwelling require secure conditions for 
survivors.  
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Bolton implies that post-disaster reconstruction and routine development 
housing as the long-term goals of fostering community resilience can be 
integrated. Because of uncertainty, the situation after a disaster in every place 
seems chaotic and provokes fear. In Yogyakarta, public protection after the 
earthquake worsened, as happened in Aceh in 2004 after the tsunami. People 
believe that after a huge earthquake a tsunami usually follows, so the situation 
turns to disorder. People living in the southern part of Yogyakarta city 
received several poor pieces of information about tsunami and flood. 
Consequently, people started going in droves to the northern part of the 
region. They were afraid of the tsunami, and at that time, the local government 
had given no official announcements to explain the situation. The society got 
limited information about the earthquake and tsunami. The bad experience in 
the Aceh case had been taken as a misguided reference to the similar situation. 
Besides the broken communication infrastructures, for example damaged 
electricity and telephone connections, the condition was getting worse. 
However, once people could access the local radio channel, the local 
government gave official information about the current status. Since the 
update situation and news can be reported directly from the source, people 
can get more reliable information so the chaotic situation can be handled 
properly. Official information from the government can be broadcast through 
the radio sender to citizens.  

There was a different background situation in Nias. Before the disaster in 
2004, there were no striking socio-economic and political conditions on the 
island of Nias. In contrast to Banda Aceh, the main city of the North Sumatra 
Province, Nias is only a small region. Nias has a less advanced and a 
predominantly semi-subsistence economy. Because there is little trade 
between Nias and other regions and its contribution to the provincial 
economy is very small, Nias belongs to the under-developed regions in North 
Sumatra. A lack of infrastructure is frequently cited as the common reason for 
the underdevelopment of this region (ADB, 2007). The infrastructure restrains 
the connections across the island to other parts of the province and isolates 
the villages from outer markets. The immediate physical impact of the 
disasters in 2004 in Aceh and 2005 in Nias were huge. However, in Nias the 
2004 tsunami caused few deaths than the March 2005 earthquake.   

Numerous constructions were devastated after the 2005 earthquake in Nias.  
Many people died when the event occurred, since most people were asleep. 
Many houses collapsed, and the sleeping inhabitants were buried inside. The 
typical house construction in urban areas in Nias increased the number of 
collapsed buildings and caused fatalities. In general, the typical urban houses 
in Nias are made of bricks and this construction has mostly substituted the 
previous wooden structures. The foundations for these buildings are 
frequently not sufficiently strong for a brick structure. Indeed, some 
homeowners build two storey houses on inadequate foundations. Ignoring the 
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building codes was the main reason why four out of five houses in Nias broke 
(BRR Nias, 2005; ADB, 2007). Even though earthquakes come without 
warning and most people cannot avoid it, long-term planning can make people 
and the city systems (urban, suburban, and rural) more resistant. The 
geographical situation and barriers to accessing the site can be crucial in 
affecting the transport of emergency aid and helping people in the affected 
regions. Until now, the terms of disaster and mitigation have been critical for 
avoiding damages, transporting help, and saving victims, but problem 
mapping of each stage has not been completed. This must be done. 

2.4.5. Changes and continuity in housing provision after disaster 

Though the meaning of the word “rehabilitation” in the case of a disaster 
victim is not like in medical care, the significance is to restore the well-being of 
people, communities and livelihoods as much as possible. According to 
rebuilding and rehabilitation action, the affected regions after the earthquake 
and tsunami hit in Aceh and Nias in 2005, the government of Indonesia stated 
a set of guidelines summarized as the Master Plan for Aceh and Nias (Nazara 
and Resosudarmo, 2007). The guidelines involved significant principles in 
how the rebuilding and rehabilitation processes are to be done, what the main 
objectives of the programme to be considered are, and what are the first 
priorities.  

The nine points of guidelines considering BRR Aceh and Nias 2005 can be 
described as follows: 

1. Community oriented approach and community participation 

2. Sustainable development: set the priority in balancing of economic 
stability, social acceptance, and environmentally sustained aspects. 

3. Holistic approach: includes all aspects must be handled equal and 
comprehensive strategies.  

4. Integrated approach: the strategies must be followed by the governments 
of local - regional - national levels and for all stakeholders involved.  

5. Efficiency, transparency, and  accountability 

6. Efficient monitoring and evaluation 

7. Compliance with provincial autonomy: some regions / provinces have 
been recognized for special autonomy.  

8. Priority for the most vulnerable means the priority actions to give care, 
protection, and assistance to the most vulnerable community members, 
particularly children, pregnant mothers, widowed, elderly and to people 
who lost their houses and property, and people underprivileged 
communities. 

9. Priority for the affected areas  
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The guidelines are in line with the project implementation. In the 
implementation, the focus is quite a lot of on social, cultural, behavioural, 
economic and environmental aspects that are involved in the decision-making, 
besides the established guidelines above.  

The main priority in the early phase was providing the housing, and the 
second priority was rebuilding the livelihoods. Otherwise in Aceh, a serious 
problem would have arisen after the tsunami hit the region. The impact would 
not only have been disappearing houses, but also vanishing land boundaries. .  

The land title problems in Aceh were more serious than in Nias and 
Yogyakarta. In many reconstruction cases, the land rights topic has potential 
to generate  conflict between individuals and/or community groups. For some 
individuals and families, losing a land legacy is as tragic as losing family 
members. Concerning the future protection of land rights becomes 
significance for determining the spatial planning in an area after a devastating 
tsunami, to reach the long-term economic development (Nazara, S. and 
Resosudarmo, B.P., 2007:15-20). So the first stage of project implementation 
in Aceh was the rearrangement of the regional land mapping. In this aspect, 
the high priority was to give back the land rights for affected individuals and 
families who occupied the land titles before the tsunami and to protect 
vulnerable groups, for example orphans, women/widows and children.  

Another aspect is that there is a high demand to accommodate and integrate 
beneficiaries' expectations, local government policy, local contractors' roles, 
and local economic actors' functions, so that they can actively participate in 
the reconstruction and rebuilding process. This challenge is an expectation 
from the disaster victims’ point of view, and they imply not only receiving new 
housing but also being involved in the reconstruction activities from the initial 
process. However, some expectations are not satisfactory for all parties. There 
are some projects cannot meet the beneficiaries' expectations. Some actors 
(e.g. local construction workers, contractors and active market actors) cannot 
fulfil the requirements.  

People in Nias were without shelters and homes suffered after the earthquake 
and tsunami on 26 December 2004 and the following earthquake on 28 March 
2005. In such situations, the most pressing need was to provide adequate 
temporary shelters for the homeless people. The displaced community, the 
climate and the weather, the broken infrastructures, the landscape and the 
difficulties for accessing regions were barriers in verifying the number of 
victims and determining the number of shelter’s needs. In Nias, around 
600,000 people were displaced, and the initial response from the government 
only provided camps with tents and barracks for 65,000 people (UN Habitat, 
2009). Although the camps had facilities, some survivors just stayed briefly, 
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while more than 150,000 people tried to arrange their own temporary 
shelters using debris materials and fixing quick tents using tarpaulins or 
plastic sheets, usually near their ruined house. Furthermore, some of them 
moved to hosting families and relatives, depending on their financial 
situations.  

For some reconstruction programmes like in Nias, it was confirmed that there 
were some individuals and families without land rights or house ownership 
before the disaster occurrence. Land rights and housing ownership are 
significant data in the beneficiaries survey to meet the housing demands after 
the emergency phase enters into the next reconstruction planning. Resettling 
people and families who have no houses (homelessness) and land 
(landlessness or having no land rights) before the disaster, and comparing 
with those who lost their own land and/or housing during the disaster is a 
complicated theme in post-disaster management. It was surprising in the Nias 
case when the Indonesian Government stated it could not resettle families and 
individuals who had rented housing before the tsunami (UN-Habitat, 2009). 
People who had rented had no right for a free-plot land in the new settlement.. 
This policy had negative impacts, forcing the landlessness and homelessness 
to occupy lands illegally and the result is a changing policy on land use zones. 
The  squatters could potentially result in problems for future development.  

Amongst community practices and local governments,  the discussion on land 
rights and rebuilding were highly sensitive. The situation got worse as the 
landlessness were not allowed to join in the village meetings and further they 
had no rights to give contributions, ideas and opinions regarding 
reconstruction planning. This topic garnered attention because it had 
delivered problems on how to provide housing for people and families with 
landless status.  

As a rapid solution was known from past Indonesian national housing policy, 
the Government provided rental accommodation in flats for these former 
renters. However, in late 2005 this issue was raised again, with other 
suggested solution for the poorest and the landlessness families in order to 
achieve secure and adequate housing. Finally, a potential solution was 
submitted by BRR for achieving secure settlements for the poorest and the 
landlessness through providing small plots and building simple housing in the 
resettlement locations with a kind of leasing proposal (UN-Habitat, 2009).  

From this case, the lessons can be learnt for the poorest and the landlessness 
families. It seems that there are not many options for them due to financial 
situations, wealthy, social system, and legal issues for assessing adequate 
housing after emergency stage or transitional shelter. The idea to relocate 
families and people into rental accommodation provide for more adequate 
and permanent housing.   
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Without a cultural approach, there were only novel ways for pushing people to 
stay in a kind of housing typology with different form and culture that they  
knew, that they called “home”. Another problem is living in rental flats bring 
the consequences of paying the monthly costs and for most renters it can be a 
heavy burden in the beginning of post-disaster life. The families needed 
further policies to support the following step, for example reducing the 
monthly rent costs. Furthermore, for a significant amount of time, they did not 
have any occupations because the disaster had swept away their livelihood 
and properties (yard, boats for fishing and agricultural land), so that they 
could not go fishing or workin agriculture. To start a new life they were likely 
to need new working tools and other equipment. Those could be valuable 
supports for victims to rehabilitate their economic situation.  

In the urban context in Indonesia, the housing policies after disaster indicates 
that the State encouraged more poorer families to move away in the suburban 
areas where they can rent low-cost land or afford small house to secure their 
living. However, this policy needs to be evaluated, because it seems to shift the 
main problem of the provision of adequate housing to other areas. Handling 
the housing topic is never easy, especially after disasters. In order to realize 
disaster-resilient communities, it is necessary to manage the preparedness for 
future disaster response. Furthermore, providing affordable and durable 
settlement in the long-term planning for renters and landlessness people 
through redefining renter rights can be considered.  
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Glossary: 

The Centre for Research on the Epidemiology of Disasters (CRED) has been maintaining 
an Emergency Events Database (EM-DAT) since 1988. For more info: http:// 
http://www.emdat.be/ 

Emergency Events Database (EM-DAT) contains essential data on the disaster’s 
occurrence and effects in the world from 1900 to present. The database is 
compiled from various sources, including UN agencies, non-governmental 
organisations, insurance companies, research institutes and press agencies. 
For more info: http:// http://www.emdat.be/ 

The Overseas Development Institute (ODI) is the UK's leading independent think tank on 
international development and humanitarian issues. 

Semi-permanent term from the perspective of local it refers to the temporary 
construction (but it is not the same term of temporary housing). They use that 
term to define a construction which is not built using brick walls. People 
opinion was strongly influenced by the colonialism time that houses were 
frequently built using solid, bulky and permanent building materials as brick, 
stones, concrete in bulky dimension (height and thickness). After that period, 
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in general local people tend to name all constructions using bamboos and 
woods included as low-tech and unfinished housing. 

UNISDR. http://www.unisdr.org/we/advocate/sustainable-development: “Disaster can 
derail hard-earn development plans and progress”, based on this projection 
there were several progress on the human or country welfare but disaster 
destructed all of that achievements. In contrast Pierre Perrin from 
International Committee of the Red Cross used different description on 
environmental damage as modification of environment. 
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CHAPTER 3 

NATURAL HAZARDS AND EARTHQUAKE RESISTANT 
BUILDING  

 

 
3.1. General overview  of geological hazards  
We are just sitting on a sofa with family or friends, watching television or 
chatting, and suddenly we realize that we are hearing a remarkable sound, 
something likes light cracks or shifts. It may be very subtle. Then our balance 
is disturbed, and we feel a slight queasiness and dizziness. As we look at the 
room, we see that the hanging lamp in the living room is tilts. What's 
happening? That could be a slight earth movement, yes; you are just 
experiencing an earthquake. Compared to the films you have seen about 
disasters, earthquake may not always be something fierce, and it can only take 
five seconds. However, these five seconds could be the most  frightening 
experience of your life.  

This chapter gives an overview of the earthquake phenomenon and its 
influence on building damage. However, firstly it is important to understand 
the phenomenon. Based on the theory of tectonic plates, plate movements 
cause this natural phenomena. It gives an indication on the earth surface, and 
the impacts affect all elements above its surface, e.g. soil, the human being and 
construction.  

The focus here is how constructions in seismic-prone areas must be built by 
considering the seismicity. Seismicity is the occurrence or frequency of 
earthquakes in a region. The knowledge about seismic activity in some 
locations must be comprehended. The location and building construction have 
a close correlation in building codes and standards. What aspects should be 
taken into account? Traditional building culture of indigenous architecture 
had adapted to seismic activity by experiencing the phenomena. By learning 
from past experience and repairing damaged constructions, several 
adaptations were made to traditional houses.  

The principle of traditional earthquake-adapted architecture is still relevant to 
learn. Most people believe that making constructions earthquake-resistant is 
expensive. But ignoring the risk aspect will be dangerous for user. So it is 
valuable to understand and to follow the building safety. Other side, losses and 
deaths cannot be minimized when the safe construction is not applied. 
Considering the devastation due to earthquake impacts, the building must be 
designed to deal with the risks. Earthquake-resistant buildings have structural 
systems that resist earth movements in the expected tolerances.  
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The chapter highlights the influence of earthquake construction on building 
configurations. As the focus of this work is on spatial development, there are 
some important considerations for better seismic performance of buildings to 
be learned from case studies.  

Advanced research on earthquake science has led to new knowledge. 
Earthquakes are a natural environmental process (Arnold, 2006). Human 
beings can feel the ground shake, followed by strong movements, and fall 
down and undulate back and forth as if floating on the ocean waves. It may 
result in buildings falling and bridges and roads fail.  

An earthquake is a sudden activity with movement on the Earth's surface 
caused by the unexpected release of energy that is stored in rocks. Before the 
advance study in plate tectonics theory was developed, geologists recognized 
that earthquakes frequently occur in some regions and infrequently in others, 
but they did not understand why. Modern geology had found that most 
earthquakes occur along plate boundaries, where huge tectonic plates 
separate, converge, or slip past one another (Thompson and Turk, 1997).  

Unfortunately, the possibility to predict earthquakes is limited. Scientists are 
unable to determine if and when an earthquake will occur, where the 
epicentre will be locate and what the magnitude will be. Over the past century, 
geologists have measured the size of earthquakes by measuring the energy 
released after a quake occurs. Studies have also tried to research why some 
buildings were more damaged by than others (Arnold, 2006). These studies 
aimed to evaluate on the basis of structural damage, before the invention of 
seismographs. However, the method cannot bring absolute results because of 
the structural damage depends on the distance of its location to the epicentre, 
the rock, and the soil structure.  

The case of the earthquake and tsunami disaster in 2004 in Sumatera and 
surroundings caused huge suffering. A magnitude of 9.1 was reached on the 
Richter scale during the Sumatra-Andaman earthquake in December 2004, 
which made it one of the strongest earthquakes ever recorded. The Sumatra 
region is prone to earthquakes because the island is located on a fault line. 
Earthquakes occur when the rocks slip along established faults. A fault is 
defined as an opening between two plates caused by plate pressure that builds 
up until the surrounding rock cannot take it anymore and splits. Tectonic plate 
boundaries are huge faults that move several times in the past steadily and 
constantly in the future. A geological plate is a layer of rock that drifts slowly 
over the supporting and the upper mantle layer below (Arnold, 2006).  

Plate boundaries are the locations where major geological activities frequently 
occur, and  where the tectonic plates converge and interact (Williams, 2004; 
Thompson and Turk, 1997:18-25). Plate interactions create volcanic mountain 
ranges.  Plate tectonics theory is described as the formation and the 
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movement of ocean and continental plates. The plate’s movements have 
different types. The movements are caused by the magma movement in the 
earth layers; thus the plates move apart.  

The Sumatra-Andaman (Indian Ocean) earthquake in 2004 was caused by the 
activity of subduction zones mostly found in the Pacific Ocean, on the edges of 
the Pacific plate. One of these zones is the Java Trench, also known as the 
Sunda Trench (Williams, 2004). The trench is located in the Indian Ocean, 305 
km from the coasts of the islands of Sumatra and Java, Indonesia. The trench is 
2600 km long and is the deepest point in the Indian Ocean. It has been the site 
of massive earthquakes and tsunamis, killing over 200,000 people.  

3.1.1. Earthquake effect 

The sudden shift in the Earth's surface moves elements above it (Williams, 
2004). Humans can notice these movements when they are a certain 
magnitude, but not all earthquakes have such violent effects. The following 
section presents the earthquake effect on the ground surface and the 
devastation it causes.  

Earthquake effects can be classified into two stages: primary and secondary 
effects. Primary effects are the direct impact of the earthquake on soil and 
buildings on the ground surface. Secondary effects are the hazardous 
conditions that arise after an earthquake, such as  tsunamis, fires, floods, 
landslides and epidemic.  

Ground movements have different forms of ruptures and faults. There are four 
typical secondary effects on landscape, following the primary effects of the 
first ground movement, that can trigger hazards (Bothara, et al, 2002; 
Williams, 2004). There are namely ground cracking, soil liquefaction, landslide 
and rockslide, and rockfalls. Each event has a different level of hazard and risk, 
which can be described as follows: 

i. Ground cracking 

The ground cracking begins with small faults along kilometres of the Earth’s 
surface, with a depth ranging from centimetres to metres. Building and 
construction are possibly in a danger condition, because the rupture 
movements can be horizontal, vertical, or both. The San Francisco 1906 
earthquake ruptured the upper 430 km of the San Andreas fault from 
northwest of San Juan Bautista to the junction at Cape Mendocino. The 
earthquake was surprising because of the size of the quake, the size of its 
horizontal displacements and the great rupture length.  

ii. Soil Liquefaction 
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Soil liquefaction is the loss of strength in saturated soils. The earthquake 
shaking reduces the strength and stiffness of soils. During the shaking, the 
surface can tilt or slide. Liquefied soil causes higher pressure on retaining 
walls. Constructions built on the retained soil area, for example, on a slope, 
will be in danger. This phenomenon threatens all constructions on its surface. 
The buildings located on this ground may easily move and then collapse. 

iii. Landslide and rockslide 

When unstable soil structure, loose materials and cracked rocks move, it can 
strike a secondary disaster. The unstable soil structure, loose materials and 
cracked rocks turning into small particles can trigger landslide and rockslide. 
The condition is going to worsen, if the particles such as soil, sand and gravel 
runs with water. The danger is more pronounced in the rainy season 
comparing in the dry season.  

iv. Rockfalls 

Rockfalls are no less dangerous for building and human life than the other 
phenomena discussed above. Cliffs and steep slopes are disrupted by the 
ground shaking due to earthquakes, which causes rockfalls as a hazardous 
side effect. Heavy rain and fractured rock are impairing factors. 

Site evaluation and planning become critical for the hazard impacts of seismic 
activities. In site selection and planning, several considerations must be made. 
There are two main considerations for the site selection:  

1. Organizational aspects    

2. Physical aspects  

Organizational aspects include building performance, building programme 
and mitigation. Location, site characteristics, regional planning and access are 
considered as physical aspects. In the case of areas at risk of the earthquake 
damage, it covers the entire regions, not just the areas adjacent to faults. 
Consequently, at the onset of a project, selection of a site will be necessary to 
examine the minimum disruption and continued impacts. While avoidance is 
one of the best solutions to reduce the damage impacts, it is sometimes not 
possible.   

The major challenges in post-disaster reconstruction involve several actors. 
The roles and responsibilities must be well organised. In the design and 
planning of reconstruction housing, there are debates about whether the 
house must be traditional or modern. What are the significance aspects for 
consideration? Is it the speed of the construction, or must the house be 
suitable for the beneficiaries?  
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Vernacular or local architecture has a stronger character than modern 
architecture. Vernacular architecture represents the close connection between 
buildings and human life (Davis, H. 1999:154-156). In this form of 
architecture, buildings are not seen only as a tool to make life easier, but an 
expression and an interaction of living in a profound sense: births, marriages 
and deaths. The building processes are closely related to those phases.  

Marcus (1985) wrote that a home is not only a literal place but also a place of 
deep contentment in the innermost temple of the soul. Modern building 
culture fails to connect people to their background. As a result, modern 
architecture does not profoundly touch us.  

The post disaster reconstruction process offers the difficult situation in the 
context of connecting the past and the place as the whole process. Post 
disaster reconstruction itself is seen as a continuation process of the broken 
path after a collapse. In addition, the situation after disaster is depressing and 
makes people rush. The victims want to return to normal life as soon as 
possible. Therefore, the most challenging aspect is to make appropriate 
decisions. There are two issues in choosing the most appropriate building 
types to meet expectations: 

− The required building/construction functions 

− Cultural (local) context  

According to Davis (1999:157), user-friendly buildings are not only functional, 
but also a continuity of local preference. Historical continuity traditionally 
may help to ensure this. In a rushed situation, post-disaster housing tends to 
fulfil the definable needs, but the unspoken connection to memories is often 
not found. Participation of the victims/beneficiaries is seen as a sensible way 
to realize the unspoken needs.      

3.1.2.  Building damage cases 

The 1976 Guatemala earthquake had very surprising impacts. Many people 
died, and numerous houses were destroyed. At first, it was assumed that the 
earthquake alone was responsible for the destruction of the traditional clay 
buildings. But after detailed observations it was found that lack of building 
quality caused several faults during the construction process (Mahlke, 2007). 
The indigenous architecture in Guatemala is clay building. The quality of clay 
construction is also responsible as the cause for the level of destruction.  

Traditional building is often categorized as non-engineered construction 
(Anand, 2000). Non-engineered construction can be regarded as the result of 
cognitive learning that develops through competencies and skills building of 
the construction labourers after such events. The study of earthquakes and 
building damages are established as part of scientific knowledge in 
construction. Therefore, the engineered building is the product of the engineer 
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through engineering or technical stages. The study of engineered and non-
engineered construction aims to understand the safety concept of the existing 
constructions and to strengthen the non-engineered construction in terms of 
safety. Nowadays, architects and engineers can study more reliable 
quantitative knowledge concerning the earthquake hazard at a particular site. 
This relates to the pattern and the intensity of the earthquakes that are likely 
to shake the structure (Bolt and Dreger, 2006). The aim is to provide some of 
the latest knowledge about earthquakes that may be most relevant to 
architectural design. 

In general, the distribution of the engineered and the non-engineered 
buildings are quite dissimilar in developed, developing, and underdeveloped 
countries. In Indonesia, most earthquake-affected buildings are located in 
small towns and rural areas. There are limited resources, and society applies 
learning and doing process in building a house traditionally. The non-
engineered construction often includes the indigenous construction or 
vernacular architecture that follows the indigenous tradition and cultural 
ways. Further, traditional labourers learn from their mistakes only if a failure 
occurred during a certain event. The ability to develop new building methods 
is relatively limited, and the learning process can be as long as the society’s 
existence (Boen, 2001).  

In addition, non-engineered building refers to spontaneous and informal 
construction that is built in the traditional way with restricted interventions 
from qualified architects and engineers in the whole of design and 
construction process (Arya, 2000). Buildings are usually made using local 
materials such as natural stone, fired brick, concrete blocks, adobe, rattan and 
wood or a combination of these. For mortar, the most common materials are 
cement, pulverized limestone and clay mud. The typical non-engineered 
construction requires skilful construction workers. Today the preservation of 
traditional building is threatened by the limitation of local materials and the 
quality of construction labours. For example several traditional “Omohada” 
houses in the Bawomataluwo heritage village in Nias Island in Indonesia have 
been proven to be earthquake-resistant buildings. But their existence is 
threatened by the limitation of materials, e.i. the specific timber sort for the 
main structure cannot be supplied from the inner Nias Island anymore.  

Today, modern reinforced concrete is commonly used by non-engineered 
building worker for constructing schools and public facilities, but here a 
simple system is frequently adopted, for example, the typical post-beam. 
However, the post-beam connection is less stable under horizontal seismic 
forces.  

A simple analysis of the post-beam connection is shown in Fig.3.2. The figure 
shows the common failures in structure stability confronting seismic forces. 
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Loose and/or extreme weight loads on the horizontal beams (see connections 
1 between A1 and A2) will be adverse to all horizontal forces during ground 
movements. With quite thin vertical support, the weight loads beams will fail 
or fall down, leaning and completely broken. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 
Key: 
A1 Horizontal beam 
A2  Column 
A3 Horizontal forces  
A4  Foundation 
1 Connections of A1 and A2 
2 Connection point of A2, A4 and lower beam 
 
The results are a collapsed roof construction. After the shake, some 
connection points are possibly loosed and failed. The size and proportion of 
the beam or the roof (A1) and (A2) column are too extreme and risky for 
cracking on the vertical support system. The connection between the vertical 
column and the foundation frequently fail. This failure causes broken stability 
of the structure system, and all components of the building can fall.  

Generally, faults in buildings are caused by: 

1. Magnitude and intensity; in a certain limit, buildings cannot resist the 
natural forces (See further on the MSK Intensity Scale in Appendix C) 

A2 

A1 

 1 

2 

 

A3 

A4 

Figure 3-1. Ngibikan village after 2006  
Earthquake © Eko Prawoto 

Figure 3-2. Instability structure  
in construction during earthquake 
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2. Common error for planning and design (architectural, structural or 
detailing) 

3. Lack of knowledge of the construction worker on building construction 
4. Inaccuracy control of the implementation process (quality and control in 

the process) 

Error in planning and detailing, lack of knowledge and inaccuracy in 
implementation  can be avoided by following building guidelines, applying 
conscious earthquake design and good management in construction 
implementation. During earthquake event, housing and building are shaken 
and moved in all possible directions. The shaking effects untie the joints of 
building elements at different places. Dwellings with heavy walls and roofs, 
therefore, run the greatest risks (Schilderman, 1990). Masonry house is a 
common construction. Applying stone, unfired bricks, sand and lime, 
traditional construction workers build houses. The roof structure uses timber, 
but in practice, the important point to earthquake resistant may pay less 
attention, for example applying anchors for the edge of connections/joints.  

The following sketch shows typical connection faults in the masonry buildings 
that are frequently seen in rural areas: 

 

Key:  
a. Openings (windows and doors) 
b. Edges-walls   
c. Between roof frames and wall connections 
 
Figure 3-3. Failure points in the housing construction 
 
Faults are particularly located at roof and wall components in the damage 
houses:  

a. Openings (doors and windows) 
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Designing openings on the walls (e.g. doors, windows) will probably decrease 
the capacity of masonry walls if receiving forces. It is recommended that 
openings should not be wider than 1.2 m of the normal wall surface, and 
bearings of lintels are required at least 50 cm either side of the opening 
(Schilderman, 1990). For preventing deformation, the openings must be 
supported by reinforced elements and framing. It is important to avoid the 
small area from window frames to the edge of intersection walls. The 
openings must not take any forces to protect from cracks and failures.   

 

Figure 3-4. Fractures around windows or doors   
 
b. Walls 

Varying damages in walls is frequently seen in earthquakes, from light to wide 
cracking. Damage and failure occur to the house with and without reinforced 
concrete ring beams.  

 

Figure 3-5. Cracks at the wall connection 
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Masonry panels failing outwards are exacerbated by the heavy mass of the 
masonry gable wall. Other problems associated with the size of openings are 
the lack of stiffness and confining elements to restrain during shaking. To 
avoid collapse, long walls should be supported in the intermediate position 
and connected to the walls at the top, as well as to the roof construction.  

c. Roof 

Several earthquake cases reveal falling of the parapet brace, ridges, rafters 
and purlins and untied cantilever constructions. It is dangerous for 
inhabitants staying inside unsafe constructions during the shaking. The risk is 
that the occupant does not have time to escape from the inside of the house to 
avoid the broken construction elements falling. Falling and displacement of 
roof materials, and cracked and broken roof tiles are risky. Collapse of heavy 
roofs because of insufficient supporting against the horizontal force can 
threaten human life.  

 

Key: 
(a) Falling or broken ridge  
(b) Fracture in the wall surface, varying from slightly, moderate or heavy fractures 
(c) Broken point in the vertical columns or rafters 
 
Figure 3-6. Cracks on the roof positions 
 
Failures of damaged housing depend on the magnitude and intensity of the 
quake (Dowrick, 1997). There is some evidence that destructions are caused 
by lack of construction and design planning (IAEE, 1986 and NICEE, 
2001&2004). In these studies, general problems are:   

1. Construction process  

The process of construction has an important role in achieving good quality in 
construction. Some workmen have limited awareness of and skills in making 
earthquake-resistant buildings. Therefore, the supervision of construction 
work is necessary to ensure the quality of the building, conforming to codes 
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and regulations. Apart from the material characteristics, skilful construction 
workers are important. A handicap on building quality can be discontinuities 
in funding, which make the construction process run slowly.  

2. Material selection 

A better quality of materials also increases resistance. Rounded stones must 
be avoided, and crushed stones are preferable, because crushed stone 
considerably increases the internal bond in a wall.  Applying flat stones are 
preferable as long as they are not placed on their side because the stones will 
crush, and the quality will decrease. Good mortar can also improve the 
bonding value. What is particularly important are the connection points of the 
corners and intersections and also around openings. The best is to use cement, 
lime or gypsum mortar. Solely in terms of earthquake resistance, the best 
materials have the following characteristics: ductility, strength and 
homogeneity. Precast concrete systems are less appropriate for earthquake 
resistance. Timber performs better for simple (low storey) buildings because 
of its strength, but it must be good in detailing (Dowrick, 1977).   

3. Design, configuration and layout 

The design of the building itself can influence the failure level when the 
earthquake strikes. Long walls without sufficient reinforcements are not 
recommended. Building blocks should be separated. The separation sections 
can be filled with weak or elastic materials (rubber or bitumen), which will 
accept swaying during the earthquake and prevent cracking.      

4. Structural failures 

At the beginning of the structural plan, some failures exist. The elements of the 
building do not well connect. Several fatal failures are loose connections 
between the walls and the roof; they are not tied together in an integrated unit 
and resist the movements. During earth shaking, forces are transferred 
through the connections before going to foundations. Well-connected joints 
prevent the building becoming separated or broken.  

3.2. General concept of earthquake resistant design 
For the purpose of construction strengthening, buildings should be classified 
under some criteria. Earthquake cases provide evidence that public buildings 
must be confined more than other functions. The reason is that public 
buildings are the centre of human activities and must be earthquake resistant. 
If the quake hits, it is a high priority to protect people inside for some duration  
so they can exit the buildings and find a safe place. According to the 
International Association of Earthquake Engineering (IAEE) in 1986 in Japan 
there are two main categories of building protections that should be 
reinforced: 
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1. Important buildings are hospitals and clinics, schools, shopping centres, 
and those with cultural heritage, such as temples, traditional and religious 
buildings. Buildings under this category are centre of human activities, 
have historical meaning for the civilization and culture, and also risk 
causing high numbers of fatalities. 

2. Common buildings are housing and accommodation buildings. Buildings 
are unit of human activities, but the degree of functions is lower than 
category 1. 

The seismic resistance for building is created by applying strengthening to the 
construction. Referring to the MSK Intensity Scale  for buildings, there are four 
seismic zones based on damage impact of seismic activity. IAEE 1986 refers to 
MSK intensity scale (I-XII) to describe the effect to buildings as follows (Tab.3-
1.):  

 
Table 3-1. Seismic zones on The basis of seismic intensity scale (MSK) 

Categorization  Indication MSK (XII-I) 

Zone A Risk of severe damage and destruction MSK IX or greater 

Zone B Risk of heavy damage and collapse 
buildings 

MSK VIII or similar 

Zone C Risk of minor to heavy damage MSK VII or similar 

Zone D Risk of slight/minor damage Maximum of MSK VI 

 

The main purpose of earthquake strengthening refers to buildings with the 
great risks (zone A and B). But for economy reasons, the strengthening 
approaches can be reduced for buildings included in Zone C, which can apply 
relatively minimum reinforcement (IAEE, 1986). However for achieving good 
construction, buildings in Zone D should also apply reinforcements and follow 
building guidelines for avoiding damage failures (in Appendix C). 

General concepts of earthquake design include considering the design layout 
and configuration. Forms and building layout give influences to the resistance 
of the building against the ground shaking (Dowrick, 1977; IAEE, 1986; NICEE, 
2001&2004). There are four aspects must be considered: 

− Symmetrical form is more stable during earthquake than asymmetrical form 

Rigid and symmetrical forms show good resistance. On the symmetry, layout 
form demonstrates the greatest chance of survival during the quake. The 
building axes stays stable comparing the asymmetrical configuration that 
produces torsions and change the axes balance. Torsion effects are obvious on 
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the long narrow walls with no reinforcements. Cross walls and diagonal 
bracings respond better against torsions.  

− Simple and regular forms behave satisfactorily in an earthquake 

There are two main categories of irregularity, horizontal plan and vertical 
irregularity. Horizontal irregularity can cause torsion and will tend to building 
and structural twist as well as deflection in a horizontal plan. Discontinuity 
irregularity of vertical level - when the vertical elements of structure’s 
seismic-force-resisting system such as walls and braces have different 
vertical-align or has a significant setback. 

− Large building is better to be separated to avoid cracking and collapse  

Blocks should be divided into several masses that allow them to respond the 
movements and avoid the hammering. Separation may not possible to the 
blocks with the same functions because it can be not convenient. However, 
separation can be achieved by adding relatively minimum gap between two 
blocks (3-4cm). In principle, during an earthquake the blocks move and 
crashing must be avoided for long and complicated building forms. The gap 
can be filled with rubber and other materials that will easily crush during 
earthquake.  

− Close structural design functions to prevent structure instability  

Small rigid box behaves stable during earthquake. The torsion force gives no 
significant influence to the structural form. But, the strength of long walls will 
decrease without reinforcements. Long cantilever, disclosed structure and 
open areas give behaviour prediction problems. 

According to the principles, building blocks design can be classified as follow: 

1. Applying desirable plans/forms: preferable regular forms  

2. Unsymmetrical and long blocks are undesirable forms, and they have 
potential problems for analysis and detailing 

Figure 3-7 shows a torsion during earthquake because of its working forces. 
The building or building blocks should be kept symmetrical about the two 
axes. Asymmetry building blocks can cause torsion and it is dangerous to 
building configuration. It may cause building damage or collapse.  In Fig.3-7 
first building has asymmetry formation, torsion will shift the centre of 
building balance (see 3 is the torsion/inertia force).   Figure 3-8 explains the 
principle of symmetrical and unsymmetrical building blocks. Regular forms 
are preferable comparing to unsymmetrical and long blocks, because of its 
behaviour during earthquake. 
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Figure 3-7. Torsion on building plan during earthquake.  
Adapted from IAEE Manual 2001 and 2004 

 

Figure 3-8. Plan of building blocks 
Adapted from IAEE Manual 2001 and 2004 
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In low-storey housing and composed building masses, the principles are 
valuable guidelines to be considered. In several earthquake cases, damage 
houses have been caused by unrestricted building guidelines, especially for 
housing located in rural areas. The main issue regarding earthquake-resistant 
design is that applying earthquake-resistant design for housing is seen as 
difficult, expensive and requiring advanced technology. People in rural areas 
are afraid of the consequences if applying earthquake-safe design is hard and 
requires high-cost building technology.  

So based on limited knowledge and consciousness, homeowners prefers to 
build their homes by not following some principles, in order to save money. 
This of course compromises safety and quality. In rural areas like in Indonesia, 
several local houses are built following the concept of growing houses or a 
core-house (rumah tumbuh-Ind). The core is family possessed grounds and 
fields in their village. After several years, the family will grow, one family 
becomes two or three extended families, but they still living together in the 
same land-parcel. At a certain point, the main house no longer fits the spatial 
need of growing family.  

In general, the number of immigrating families in rural areas is less than in 
urban areas. One reason for migration in rural areas is marriage. The new 
families will still live in the parent’s house, and then they build several 
housing units nearby the main family house. As a result, cluster and organic 
forms are frequently found in the vernacular and local architecture.  

a. Cluster forms and separation  

 

 

 

 

 

 

 
 
Figure 3-9. Cluster formation and separation in building configurations 
 
In a cluster form, the main house in common can be identified which is the 
biggest or the highest house. Sometimes the main house is not the biggest, but 
it is located in the middle of the development of other buildings. For example 
in the Fig.3-9, the main house-masses is in the left side of the cluster. In Fig.3-
9., the main house orientation may be newly interpreted, as it depends on the 

Key:  

 Building mass 

 Open space/separation 

 Building orientation 
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development of the families. In the future, spaces between houses become the 
connection from main house to other houses, for example, from father's house 
to daughter-and-son-in-law's house. This organic development can be seen in 
rural areas. It is difficult in urban areas, because of the land issues and 
building regulations. 

b. Cluster with patio in the centre 

   

 

 

 

 

 

Figure 3-10. Cluster and organic shape in building configurations  
 

A patio can be a yard by leaving the space open for certain function or not 
building on it. In some regions in Java, where the primary occupation is 
farming, they use the open spaces in the centre or in front of their house to dry 
the crops (rice/corn). A patio is also useful for cooling the indoor temperature 
by achieving cross ventilation. In humid climates it is rather difficult to get 
cooler air if the indoor room temperature increases. Leaving the space open 
and planting trees around the area can put the soil in the shadow and reduce 
the direct heat gain in the soil around the houses. Temperature differences 
between outdoor and indoor can lead to air flow (Lippsmeier, 1980).  

c. Separation/disjunction between buildings 

Regarding the study on building configuration following the earthquake 
resistant concept, some complex and long blocks must be improved using 
separation (S), dividing the main blocks into regular forms. The concepts of 
separation and disjunction may provide safety in case of a quake and building 
collapse. It protects the blocks broken in irregular cracks and prevents this 
happening all at one.  The principle can be seen in Figure 3-10. 

  

Key: 
 Building mass 
 Open space / separation 

Building orientation 
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Example of separations between building blocks 

 

 

 

 

 

 

 

 

 
Figure 3-11. Simplicity of a long-block building configuration 
 

With rectangular forms, torsion force L is less than B. A separation prevents 
cracking and collapse in complex configurations. Complex building blocks can 
be simplified by making disjunction using insulation or separating open 
spaces between units. During the vibration, building has different responses: 
leaning; swaying/swinging; and repeatedly shaking. In a complex or tall 
building, these movements must be carefully anticipated (Fig.3-12). 

 

 

 

 

 
 
Key: 
 (a) leaning; (b) swinging; (c) shakes repeatedly 
 
Figure 3-12. Building swinging 

Adapted from McDonald (2003) 

(a) (b) (c) 

Option 1 

Case 1 

Option 2 
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Figure 3-13. Enclosed area forming in box unit for stability  
Adapted from IAEE and NICEE (2004) 

 

Figure 3-13, shows the difference stability of simple box, i.e. simple box with 
cross wall, without cross wall or small box with framing. A simple box without 
framing or cross wall, are the more vulnerable to crack or damage during 
shakes, because connections between walls and openings are easily loose. The 
long walls are the most weak elements, that can be possible fallen down 

iii. Wall with framing elements, 
usually used reinforced 
concrete/wooden frames in rural 
areas. 

 
Key: 
A    Collar beams 
B    Column/buttress  
C    Foundation 

t 

t 

a 

a 
a 

a 

i. Using cross walls, small boxes, and 
seismically stable 

 
Key 
(t) thickness f walls 
(a) Should be  a/t ≤ 40 
 
Otherwise it is better applying framing 
(See iii)  

ii. No cross wall, large box, and 
seismically weak 

A 

B 

C 
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during the earthquake activity. So that it is suggested to construct walls with 
framing. Concrete is commonly used for reinforcing the masonry walls. 
Otherwise, to divide the long walls into several small sections are 
recommended.  

The behaviour of a building's movements are influenced by several factors: 
magnitude, intensity, wave types (deep and surface; horizontal or vertical), 
soil types, and the strength/weight ratio. Accordingly, different soil types can 
give different responses. When vibrations in the ground are amplified in the 
soil, soft soil amplifies it in many times more than hard soil (McDonald, 
2003:32-33). Basically, soft soil such as black cotton soil, clay and fine silt has 
much less bearing capacity, i.e. when subjected to load it fails to carry the load.  

The height and proportions determine the vibration period in the building 
structure. The response of tall buildings is more intense than low-rise 
buildings. For example, a 40-storey building sways every 7s and a single 
storey only 0.1s, when the foundation is soft soil. The foundations must be 
designed based on the type of structure being constructed: RCC, load bearing, 
with or without basement, etc. There are various types of foundations for soft 
soil such as pile foundation, raft foundation and combined foundation 
systems. Depending on the soil investigation and soil classification report, the 
groundwater table also plays an important role in the structural 
consideration.  

Ductility and stiffness of buildings are different issues in seismic resistant 
design, but the main aim is a building must provide good connections of its 
parts, so that it can avoid the dislocation that causes collapse. Bracings or 
shearing walls in the appropriate locations will provide the necessary 
resistance against lateral forces such as earthquakes. Wall constructions in 
rural areas often apply masonry walls or clay walls without framed brace. In 
an earthquake, this construction is very vulnerable to collapse, so that an 
addition structural consolidation must be applied to achieve a flexibility of the 
brick masonry through the insertion of reinforced grout web or composite 
reinforced masonry.    

3.3. Adaptation traditional architecture to earthquake  

3.3.1. General Overview  

Selected examples of earthquake approach to architectural research in the 
traditional architecture found in Nias will be presented. Together, Nias 
architecture shows the diversity of possible applications. The traditional 
housing has survived for several decades, and now the heritage housing faces 
crucial struggles for existence.  
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Normally, construction materials applied in local houses in the region are 
timber, bamboo, concrete, brick, cement plaster, plaster stone, mud, clay tile, 
sun-dried reeds, and corrugated metal for roofs.  

In general, these are the types of construction systems found in the region: 

• Traditional housing timber-framed structures with wooden board 
attached (stilt houses) 

• Timber structures  
• Bamboos and timber structures 
• Reinforced concrete structures with brick and/or stone walls 

(masonry walls) 

The stilts house is common construction in Nias, together with wood/timber 
construction. In local architecture, bamboo house is not as high as valuable 
comparing the timber structure or the modern brick or stone walls. They use 
local material for building the house.  

 

 

 
Figure 3-14. Traditional timber house in Nias Central 

 
Traditional housing timber-framed structures called “Omohada” have nearly 
vanished in the region. The traditional housing signifies the valuable Nias 
culture and its architecture in the past. Currently, it is likely to be difficult for 
people to build a new traditional house as a dwelling because of limited 
resources (building materials, workmanship, and the cost of restorations and 
maintenance).  

The traditional house is an interesting study object for research because of its 
sustainability through many earthquakes in this region. The house does not 
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apply any other materials except timber. Wooden nails are used as 
conjunctions for the timber-joins.  

Viewing in the roof forms and shape floor plans, there are three typical types 
of traditional housing in Nias. These can still be found in the northern Nias, in 
central Nias and southern Nias. In general, these houses are stilted houses, 
although there is only a one-storey building for living. The ground has service 
spaces such as animal pen/stall, kitchen, and storage. During fieldwork, it was 
fascinating to visit the traditional architectures in central and southern Nias. 
The house in Tumeri village is one of the heritage houses that still stands 
intact, and the Bawomataluo kampung is in southern Nias.  

 
Figure 3-15. Stilts and foundation system  

 

3.3.2. Traditional housing in Bawomataluo Village (South Nias) 

The Bawomataluo architecture in Southern Nias is one of the ancient 
traditional village had brought to the attention of worldwide. Because of the 
tectonic activity and motions in the island are relatively intensive, and those 
heritage houses had survived. According the survival can be intended that the 
building possibly skewed or sloping, but the community constructed the 
houses with improvements to anticipate the earth movements. However, the 
evidence suggests amazingly that the traditional architecture of Nias had 
proven to be earthquake-proof buildings. In contrast to the newly constructed 
buildings, the traditional architecture had shown more resist along with the 
events. Houses in this village were still standing after the 2005 earthquake in 
Nias. The traditional Bawomataluo settlement is located in the Bawomataluo 
Village, in the Teluk Dalam district. The area covers around 5 hectares as it 
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270 metres above sea level. The village is located in the hills and 4km away 
from the sea, so that the village is relatively safe from the threat of a tsunami. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key: 
1 Bawomatoluwo traditional village – South Nias 
2 Tumeri traditional village – Nias Central 
 Location of Nias Island 
 

Figure 3-16. Indonesian Archipelago and Nias Island

2 

1 
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To enter the complex, a visitor must first go up the concrete stairways that 
resemble a terraced cemetery with steps (Fig.3-19). After the last step of the 
stairways, it is the gate to enter the traditional village Bawomataluwo and 
from above, it can be seen other settlements surrounding the hill-village and 
the sea view in the South-East direction (Fig.3-18).  

The village houses face each other, 8 metres apart, with an open space in the 
middle of the row of houses (Fig.3-20). The open space functions as a place for 
children to play, to dry crops and to host other social activities. There are 
megalith stone-hangs located in front of the Custom house. An open space 
surrounding the megalith stone is commonly used for cultural ceremonies and 
rituals. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
The village is good maintaining and relatively clean. The paths are covered by 
stones. The electricity has been provided for the village. The row housing is 
the ordinary houses of villager.  In the left side is located the highest house, 
namely the Custom House. In the right side, exact at the edge is a community-
house which has different form with the custom house and village houses. The 
roof of the community-house is circular, with a rectangle floor plan. A 
respondent said that the meeting house has been renovated. With the 
geographical setting, it is difficult to enter the village using car or motorcycle. 
However, during the field observation it is also found motorcycles parking. In 

Figure 3-17. Down stair view  
 

Figure 3-18. View to village from main 
gate 
 

Figure 3-19. Main access to 
village (the gate) 
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general visitor can enter the village only from the main gate, but for the 
residents, they may use other paths.  

In general, traditional houses have close connections to the nature and have 
bonding with the society members, local religions and beliefs. The space and 
usage are considered communal influences. In this village, an expression of the 
order can be seen from public or ordinary places, ordinary housing, 
community building, custom house (house for the village's head) and the holy 
place for worship (megalithic stone in front of communal meeting building 
and custom house).  

The custom house or Omosebua has the highest order amongst other function. 
In general the communal function is locates in the middle of the village layout 
(Fig.3-20). The layout of the village describes the housing formation. In 
general the village is divided by two main axes. The siteplan layout shows the 
same space and ordering system. The custom house and the community house 
are the centres of activities in this culture.  The ordinary houses of villager or 
Omohada are in a row. The houses have almost similar facades and the high 
are also the same, so that the Omosebua house looks the highest house in this 
community. 

The position is locates in the centre of the axis. It is an intersection of the 
accesses from the outer environment entering the village. The size of the 
parcel presents a person's order in the hierarchy. The highest house in this 
traditional village has the symbolic meaning as the power and majesty of the 
chief/king of its clan. Gruber (2011) implied that it was not common that 
housing does not fit its surrounding. It has to match to its context in order to 
exist. In Hilimondregeraya, the former chief house is locates on top of the hill 
and zoning of height identify the hierarchy and privacy, in public as well as 
inside the houses. In Bawomataluwo, the chief house is the highest building 
and takes the view of interest in its environment. The house orientates to the 
intersection, and it is the focal point of cultural activities like “Lompat Batu” or 
jumping stone attraction. In general, hierarchal order will decrease with the 
distance from the centre of activities:  chief building and meeting house 
(diagonally opposite the chief house). In the foreground, there are megaliths 
in front of the meeting house as well the chief house. Other part area in Nias, it 
can be found the megaliths stones. People still have belief to have connection 
to the dead ancestor.  
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Figure 3-21. Bawomataluwo village block plan 
   
 

 

 

 

 

 

 

 

 

 

 

Figure 3-22. Floor plan layout, façade and section of Omohada house 
 

This village consists of almost 600 houses. The chief house or custom house is 
located on the south-west side. The entrance gate is on the left side and at the 
corner. This house is the largest and highest one in the complex (3-21). 

N 

Key: 
Custom House 
Village-Meeting House 
Villager House 
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Figure 3-23. Front facade of 
custom house   

Currently, the heiress to the fourth generation of the Laowo clan occupies the 
house. Though no written notes recorded the built date, it is estimated that the 
house was built in the 18th century.  

During fieldwork, there was an interesting experience having a conversation 
with one of Laowo family members. The man revealed much about the 
difficulty in preserving, conserving and maintaining their family heritage 
house. Even though in the southern Nias it is easy to find good traditional 
carpenters who have the skills to build the traditional Omohada, there are still 
problems of financial and material resources. Wood, the main material for 
construction, must be transported from other regions or islands outside of 
Nias Island e.g. Kalimantan or Sulawesi Islands. This means additional costs 
for transportation. Recently, the local government in Southern Nias has given 
funds to support the preservation of the heritage houses in the region and the 
Laowo family received a grant for specifically repairing the broken 
construction. However, the amount of the fund did not cover restoration and 
preservation of the damaged construction. In fact, with that amount, they 
cannot even buy new big timber. 

Initially, restoration may not only mean repairing the broken parts, but 
sometimes the other parts that support the broken parts need to be 
disassembled. For this reason, restoration programme needs huge funds. 
Besides the limited support from government, the heir tries paying for the 
additional costs on his own. The interview suggests that even though the 
Laowo family is of limited means, they have great awareness of the need to 
preserve and conserve their family heritage house.  

 

 

         
Ordinary people have their houses style (Fig.3-25), that are not higher than 

Figure 3-24. Community house (rumah 
adat-Ind) 
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the custom house. The height is similar and the layout of the houses is in a 
row, following the axis of the settlement. The house only have a façade excepts 
the house which is located at the corner (Fig.3-26). The “Omohada”, a 
traditional house in Nias for common people, is built regarding the customary 
law. In Nias, one house is provided to one family household and the whole part 
of the house is made of wood. Traditionally, the roof is made of coconut leaves 
(dried webbing palm leafs). 

 

 
 
 
The “tripartite structure” of the Omohada can be easily recognised. The main 
structures are composed of foot or skeleton, body and the head (3-22). An 
important adaptation to climate and natural context is the stilted house. The 
stilted construction is placed not directly on the ground but placed on a stones 
foundation. In the field research, the soil was not handled before the 
constructions started. The structure offers great flexibility and resistance 
against the shaking movement in the earthquake. That is one of the lessons-
learned concepts of the traditional adaptations to housing. The separation of 
the body of the house from the ground gives protection from the natural 
disadvantage due to tropical region, e.g. high humidity, flood and unwanted 
insects, and allows a breeze to flow from the side and bottom part of the 
house. 

Figure 3-26 show the adaptation to the climatic condition by applying long 
overhang to protect the façade. The long overhang in the custom house is 
more  useful to protect the second floor/the room with openings blinds. 
Traditionally the openings are completed with window swinging or not at all. 
Because of the long overhang is wide two long timber columns must be 
constructed to support the horizontal beams (Fig.3-26 and Fig.3-27).  

 

 

Figure 3-26. A house at the corner Figure 3-25. Omohada houses in 
Bawomataluwo  
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Figure 3-29. Front column detail 
(view from below)  

Figure 3-30. A detail connection of 
the column (left-side view) 

Figure 3-28. Front column supporting roof 
overhang  
 

Figure 3-27. Custom house with 
wide roof overhang 
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In general, the height differences are also aimed for the spatial formation in 
the village. In interior, the living room (main room) in the interior layout of 
the chief house is separated from the public area by changing the height and 
using separate wooden walls. In Fig.3-29 and Fig.3-30, the connection of joints 
is designed for easy to be dismantled. The horizontal and vertical beams are 
connected without any nails. To provide sun shading, the house needs wide 
roof overhang. The front column aims to support the wide beam of extended 
roof(Fig.3-28). That is a successful strategy for providing comfort in the 
interior.  

Though it is not easy to understand the connections of overhang and column 
(Fig.3-29 and Fig.3-30). It consist of vertical and horizontal joints and locked 
with wooden pegs. The new and the old timber can be identified from the 
picture. Usually tenon and mortise joints are fastened using wooden 
pegs/bolts. In general, horizontal and vertical beams are connected without 
any metal nails. Some connections are not easy to understand because of their 
complexity. 

The large opening and window flaps are placed along the front facades at the 
tilt wall to ensure good air circulation. This also has great functions to control 
the view contact between inside and outside spaces (see Fig.3-32 and Fig.3-
33). The interior is sparsely furnished, but in the main room several unique 
ornaments can be found, carved in the walls or attached to the rounded 
columns. Entire ornaments are symbolisation of the nature and environment 
(plant and animal patterns). Especially in Omosebua (the chief house) in 
Bawomataluwo, there are some animal bones found for the interior 
ornaments hanging on the horizontal beams.  

It is a masterly work that the structure of the traditional housing does not 
apply metal pieces for the joints. The involution of tenon and mortise joints 
are locked using hardwood pegs, from simple ones to advanced connections. 
Dismantling and rebuilding the house is possible. From oral observation with 
the heir of Laowo, to preserve and repair the minor-broken parts of the 
Omosebua roof, several of its supporting parts had to be disassembled. This 
was difficult. 
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Figure 3-31. Window screen view from outside 
 

 

 
In South Nias, the diagonal bracing is the obvious feature of the structure 
system, which is an adaptation detailing for earthquake resistant forces. The 
“V” formation (two diagonally bracings), is clearly found in the facades, and 
different features are applied to the “/ formation” (applying one diagonal 
bracing) or the “crossed X” formation between columns in the middle of the 
supported floor beams. As a building system, tension in the substructure 
cannot be avoided by only applying diagonal bracings. The built spaces 
between the diagonal bracings in North Nias are filled in with huge stones and 
heavy wooden beams to reduce the tension. The diagonal bracings transmit 
forces only to the floor beams and not to the main structure. As a result, the 
upper floors (body part) tilt.  

 
Figure 3-33. Diagonal bracings supporting floor beams 
  

Figure 3-32. Window screen 
view from inside 

85 

 



Chapter 3  Natural Hazards and Earthquake Resistant Building 

3.5.3. Traditional Nias house in Tumeri Village (Central Nias) 

Tumeri is a small village in the near of Gunungsitoli city. Today there are no 
more than 20 traditional houses remaining in this village. Some ordinary 
people, not nobles or rich, owned these traditional houses. For them, financial 
reason made maintenance difficult and so many houses become weathered 
and damaged. The maintenance cost and the interest in building a new 
modern house forced them not to continue the conservation plan. The owners 
decided to build new houses Their poverty and the lack of knowledge in 
conservation and preservation of the traditional house become another 
reason for maintaining the heritage wooden house.  

 
Figure 3-34. A traditional house in Tumeri  
 

 

 
  

Figure 3-36. Opening on the upper floor  
(second floor) 
 

Figure 3-35. Staircase 
from ground floor 
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A staircase connects the ground floor to enter the house. The construction is 
unique, but simple which connects the ground floor to the second floor with 
slopped stair and the door/opening is located exact at the upper floor. 

Local climate aspects have been considered and well applied to the traditional 
housing in Tumeri. The field research in Tumeri visited two traditional houses. 
The first visited house was not occupied; the owner preferred staying in the 
new house, built in the backyard of the old one. So the traditional housing was 
operated as a storage room. The second visited house was a family house, and 
it was at a time when improvements were taking place. They admitted guests 
to visit the interior rooms. When we entered the main house from the 
staircases, it felt cool and comfortable. The interior of the house was relatively 
cool and dark. The windows are completely different to in modern houses. 
Openings are located on rooftops and function as an inlet for breezes. Sloping 
walls are completed with wooden louvers. Small and regular size opening of 
the louvers connect the inside with the outer environment. The advantage of 
the big roof overhang (about 1-1.5 metres) and small windows is that they 
protect the house from rain splashing during rainy days.  

 

Figure 3-37. Interior layout 

 
 
The room layout shows the current situations of the remaining traditional 
housing (Fig.3-38). All rooms have probably different functions as before. This 
house has been preserved, but not occupied, and now the house functions only 
as storage places for the yields. The owner of this house had built a new house 
next to the old ones. Along with the time, there is a demand to build and to 
have newly modern house so that keeping and conserving the traditional 
house is no longer in trend and has been abandoned.  
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Key: 
         Main columns (timber) 
(diagrammatic is not to scale)  

 
Figure 3-38. Floor plan layout in second floor  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
Figure 3-39. Section of the house  
Diagrammatic is not to scale 

The roof of the house is a circle, the form is like a cone with a flat roof line and 
the floor layout is an oval. The interesting finding is about the entrance to this 
house. A vertical timber staircase connects the ground to the inner spaces on 
the upper floor and an opening on the floor functions as the door. The height 
of the stilts is about 2-3 metres and the house consists of two rooms: one 
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Room 

Hall/Multiuse room 
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closed storage room and a multipurpose room;. The larger room is 28 m2. The 
house is more open when applying big openings without window sheets.  

Section shows us that the house is supported by many vertical columns and 
every column seat above a stone foundation. Regarding to earthquake forces, 
the house are reinforced by diagonal bracings, which aims to balancing the 
earth movements during earthquake. However, in the observation found that 
the homeowner cannot explain since when their house had been applied those 
wooden braces, but they realize that the braces are essential supporting 
system for the house against earthquake. One uniqueness of the house is the 
roof material. The original roof material comes from local resource. They 
make Coconut-tree leafs or Pandan-leafs webbing for the cover material and 
then webs are dried before used. Since the material comes from local region, it 
does not cost much likewise the material is relatively light. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Timber/bambu pins 

Flaked Coconut wood 

Coconut-leafs webbing 

Figure 3-41. Detail of coconut leafs webbing for roofing 
 

Figure 3-40. Coconuts leaf webs  
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The roof material uses tied or webbing coconut leafs, attached using ropes and 
sharpened pins. Dried coconuts tree leafs are bonded and by using bamboo 
splits the bonded leafs are hung. In the side of the sloping surface, there is an 
opening to get airflow through cross-ventilation. The window flap is manually 
operated while people sit along the window side banks; they can open the flap 
by pushing the long wooden beam. It is clamped to a horizontal wooden board 
at the roof.  

Considering earthquake response, the structure of the house is resistant. In 
some joints of the vertical stilts, we can find diagonal beams balancing the 
force to the earth movements, which are received in the vertical supports. As 
with other traditional structures, vernacular architecture is usually learnt 
from experience. It is likely that the diagonal beams are an additional 
response due to earthquake damage to the house structure. The evidence 
shows that the fixing beams have no regular order, and are a learning process 
from previous events. 

3.5.4. Adaptation to earthquake and environment 

Traditional buildings commonly have low energy use (Gruber, 2011:167). This 
is true in Nias, where various passive energy systems are used to provide 
comfort in the house. The stilted housing is an incredible adaptation to the 
humid climate, as the air breezes from below between the wooden boards of 
the flooring. As well as a cultural expression of belief and emotion, the method 
is smart adaptive architecture. It works especially well in a tropical humid 
climate, but will work anywhere as long as the urban/macro scale is 
promising. The discussion on natural ventilation has been intensified by 
increased air pollution.  

The reaction or adaptation of architecture is often called context. The process 
of the reaction to the environment is a result of observation. The reactions can 
have different guises, e.g. movement, pattern, learning or innovation. They can 
be described as individual, typological, or urban/communal reactions.  

Regarding seismic phenomena, human beings long ago realized the need to be 
adaptive (cognitive aspect). In the architecture, human beings have made 
various adaptations to handle sudden events (action aspect). Traditional 
buildings resistant to seismic events followed the adaptive process and made 
actions as a result of the learning process. Houses in Nias provide some 
knowledge of the traditional ways of reacting to nature and location. Even 
though there was no documented information to explain the Bawomataluwo 
Village, its location on a hilltop describes a learning process according to the 
earthquake and tsunami events. Building houses along the rivers in Nias was 
usually avoided. 
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According to Gruber (2011), an old settlement in Siwalawa village was built on 
a stable site, but a landslide in 2004 swept out the relatively new development 
settlement in the old village. The changing land use and natural ground 
deformation might result in adaptation. The most challenging thing is that the 
medicine for one phenomenon might involve a whole system. To understand 
the scale observation as a connection of the whole system may bring about 
more responsible decisions. Earthquake and location have necessary links 
with building damage. The theory of plate tectonics provides important 
understanding of the occurrence of the earthquake. Tectonic activity is 
responsible for seismic activities, i.e. volcano eruptions and  tsunamis after 
quakes.  

Ancient building cultures and qualities should not be ignored as they are a 
valuable source of knowledge. They have to be identified, investigated and 
documented to deepen learning and bring a new interpretation of the future 
challenges. Traditional houses have rarely failed to connect to their 
environment. This knowledge remains hidden till this day.  Several natural 
phenomena i.e. earthquakes, tsunamis and heavy rainfall - had been adapted 
to and answered by construction and detailing. Applying passive strategies for 
comfortable lighting provision,  breeze ventilation circulation, and earthquake 
structure system are precious facts about sustainable concepts in indigenous 
ways.  

Of course, important actions must be planned to preserve traditional housing 
in several places in Nias, as well as in Bawomataluwo and Gomo (both are 
located in South Nias). Though there is limited budget for preservation and 
conservation plans, research show be developed in the following aspects: 

− Documentation and measurements of the remaining houses to make 
valuable archives for the owners so they to preserve them. 

− Research on the wooden joints to enlarge knowledge of earthquake 
resistant design. Preserve the building culture and skills for architects, 
engineers and labourers. 

− Aesthetic aspect of the current condition is also important particularly in 
roof material. Such light roofing materials, which are not only visually 
acceptable and natural elements but also affordable to the homeowner, 
needs to be researched.   

For lessons learnt, some adaptations can be transformed into new forms in the 
new design. The following aspects are necessary to be carried out from the 
case studies:  

− Climate adaptation (regarding tropical requirements): the local architecture 
integrates the local climate to the design as an adaptation to adjust to the 
environment.  
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− Secure issue (in earthquakes and natural phenomena). Traditionally, there 
is no measuring instrument to record natural phenomena, so people used 
all human senses as receptors to record and to analyse changes in their 
environment.  

− Infrastructure (site selection and community design as the whole system). 
Based on experience and sensing of their environment, people traditionally 
selecting their living environment, The whole environment is an integration 
of life and living. 

− Sustainable concept through energy efficient strategy and material 
selection.  

− The material selection and techniques are urgent issues because many 
hardwood types, the primary materials for traditional housing, are scarce. 
In the reconstruction after the 2004 and 2005 earthquakes in Nias that was 
difficult and it had to be imported from outer islands.  

The term enclosure is an important element of architecture to distinguish how 
the open or closed parts of architecture appeal to humans (users). According 
to Gruber (2011), this has the following implications: 

− In the design planning, a significance acceptance and user perception must 
be encouraged. 

− Openness and clarity in building influence on the conflicting basic 
requirements of enclosure and openness. It exists in the architecture design 
and must be fulfilled.  

− The degree of openness has a close relationship to orientation, hierarchy, 
visibility, and material selection. 

− Accessibility is another issue in terms of how architectural objects can be 
easily accessed or otherwise.  
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Glossary: 
 
Rumah Adat(Ind.) is a custom house. It is the centre of traditional activities or the core of 

cultural activities in a tribe, ordinarily built as vernacular it is adapted local 
knowledge, material and built by local people.   
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Rumah inti tumbuh (Indonesia) or core house is a house unit with aim to be developed in 

future. The concept was introduced by Indonesian Government as a 
responsibility to build affordable housing for family. The regulation define 
standard minimum size for simple housing especially in urban areas for one 
family is 36m2 or less with possibility to be developed.  

Pandan (pandanus) leaf is a plant/grass with long green leafs. There are palm-like. 
These plants grow in tropical coastal area.
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CHAPTER 4 

CASE STUDIES 

 

 

4.1. Reconstruction Housing After Disaster 
Post-disaster reconstruction housing provision is achieved through several 
methods, which apply different approaches. Common methods include 
governmental programs, self-managed housing by homeowners, and donor-
driven housing reconstruction. Official government schemes provide formal 
reconstruction of housing supported by the authority.  Self-managed housing 
is a provision housing method which involves homeowners, the community, 
and other interested actors working in cooperation and with different roles 
and responsibilities and levels of participation. Actors or stakeholders may 
consist of local authorities, community leaders, and national and international 
Non-Governmental Organizations (NGOs). Literature and previous research 
undertaken by the Indonesian government has suggested that participants 
should consider the interests of the following nine groups of stakeholders 
(Winarno et.al. 2010): 

1. Researchers/scientists 

2. Small and medium contractors 

3. Construction supervisors 

4. Government officials 

5. Business leaders 

6. Academics/educators 

7. NGOs 

8. Community leaders 

9. Media reporters  

Each actor has their own interests and, therefore, the level of participation 
from outside agencies, as well as the beneficiary, can vary based on the 
applied method. Some donor-driven housing organised by NGOs may 
constrain beneficiary participation. It usually provides a huge number of 
houses in a restricted time, so that the beneficiary participation may be seen 
as an obstacle rather than a supportive element. However, further research 
into humanitarian practices expresses that every approach has its own 
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benefits and that these benefits depend upon particular cases and problems 
(Johnson, 2010; Davidson, 2010).  

Government policy stated that every broken and damaged house would be 
strenghthened and rebuilt using public funds. However, due to the number of 
damaged house and limited financial resources, the process ran slowly. The 
success of the emergency recovery process was started by Indonesia’s 
communities and supported by national solidarity initiatives. Research has 
described reconstruction phases in detail (Davidson et al., 2007; Davidson, 
2010; Tauber, 2014), and the following phases can be identified: 

Phase 1: Program Initiation 

Program policy is discussed by related authorities (governments, local 
authorities, and NGOs) that have roles and responsibilities in the 
reconstruction policies stage. The community has relatively limited access to 
discussions during this phase and so their level of participation is low. In this 
phase, damage assessments and preliminary studies on devastation and 
targeted beneficiaries are identified. 

Phase 2: Project Formulation 

After the program policy is legalised, the next step is to detail approaches to 
the building construction process. The roles of responsibility are defined, and 
the results of preliminary assessments are finalised and organised into 
structured information. The information related to the beneficiaries, the 
damage levels, the reconstruction methods, materials, technology, the number 
of houses to be reconstructed, and the number of houses to be repaired must 
first be recorded. This information is needed for the next phases 

Phase 3: Project Planning  

In the case of relocation, the scenario of providing temporary shelter for the 
victims has been previously developed. The drawing up of a master plan in 
preparation for future plans has been completed. In-situ planning of proper 
house design has been discussed with the beneficiaries. It is suggested that 
socio-cultural aspects are considered in order to avoid a shock for the 
inhabitants and to optimise the usefulness of the housing project. This is one 
of the important recommendations in the successful implementation of a 
reconstruction project; the house must be culturally habitable for the 
inhabitants (Bolton, 1966).  

Phase 4: Construction Implementation  

Phase 4 construction implementation formulates the construction method 
selection and how the project will be implemented. It consists of related topics 
on construction management in general, as well as a planned schedule for the 
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construction stage, and issues relating to materials and logistics storage, 
qualification of the construction workers and quality control of the housing 
units. Regarding participation in the project process, Barensteine (2010) has 
had experience, based on the Gujarat earthquake of 2001, and recommended 
the reconstruction methodologies that qualify as participatory,  in which 
NGOs, aided by local workmen (skilled and unskilled), take a leading role.  
Participatory methods do not involve professional contractors; work can be 
outsourced to a private contractor by the NGO in cooperation with the house 
owner.  The beneficiaries are involved at all levels, from the initial 
consultation over planning and design, to construction. 

Phase 5: Occupation 

Phase 5 is the phase of handover of the unit to the house owner, and it sees the 
beginning of the modifying process considering the beneficiary’s expectations 
and financial means. This phase can last the duration of the user’s occupancy. 
Their efforts are identified as a process of adaptation to the new house and 
living space to the suit their needs. 

Table 4-1. Summary of project phases 

 
4.2. Field Studies 
The following field studies will analysed based on the previously described 
phases with specific focus on spatial development in the post-occupation 
phase. The field studies represent project practices in reconstruction after 
earthquake disasters in Indonesia.  For this work, selection of case studies was 
important in order to follow the rebuilding stages in detail.  These projects 
represent the current reconstruction situation after earthquake disasters in 
Indonesia. Good contact with people in the reconstruction process in both 
Nias and Yogyakarta brought advantages in terms of curtailing the 
administrative process and of obtaining information from different sources. 
The research includes objective observation and empirical interviews with the 
beneficiaries and key people, and produces a list of analysis and indicator 

POST-DISASTER RECONSTRUCTION PHASES 

Phase 1: Program Initiation Policy on reconstruction 

Phase 2: Project Formulation Beneficiary profiles identification, preliminary 
assessment, etc.  

Phase 3: Project Planning Typical reconstruction planning including site 
survey. 

Phase 4: Construction 
Implementation 

Details on construction methods: project 
management and construction methods. 

Phase 5: Occupation Handover unit to house owner, further 
development by owner. 
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performance. The observation process involved selection indicators combined 
with the following categories:  

i. Physical aspects  

ii. Cultural and social background 

iii. Demographic  

iv. Beneficiary perceptions 

Physical aspects include housing and its environment. Various aspects closely 
relate to site position and dimension and size, unit size and height, units with 
different uses and functions, construction material, building methods, building 
orientation and access, and connection to its surroundings and infrastructure. 

However, regarding research schemes and the durations, different approaches 
varied from one study location to the other.  But, in general, the previous four 
aspects are considered as a set of common aspects that assisted the tentative 
cluster observation. The clustering assists in selecting the two main study 
locations in Java and Nias; both are in Indonesia and meet the following 
criteria:  

• The study locations were affected by the same disaster type, namely 
earthquake. The study locations have different socio-cultural 
background, but in implementation phase the commonly used 
construction was one or two storey housing. Several investigations 
before project implementation included socio-cultural, economy, 
demography, human and natural resources, local architecture and 
construction. In terms of project implementation, the case studies had 
different approaches in the reconstruction process to achieve the 
reconstruction aims of providing adequate housing.   

• People’s characters resulted in a different strategy in reconstruction, 
particularly in the project formulation and planning phases.  

• Each region and culture expressed distinctive community agreements 
and experienced different levels of access to urban facilities.      

• The characteristics of each location are different. Nias is located on a 
small island off the coast of great Sumatera and is surrounded by other 
small islands. It is in the western part of North-Sumatera Province. 
This location exposes Nias to potential tsunami danger. On the other 
hand, Yogyakarta Special Province is located in the middle of Java 
which is 22 times bigger than Nias. (Java 129,400 km2: Nias 
5,625km2; accessed from BIS PU, 2013). 
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• The project studies were carried out in rural regions, where, in 
general, the inhabitants are occupied as farmers, land workers, 
fishermen, and informal workers. In general, the informal workers  
occupy  the informal sector, such as crafts and small business and 
cottage industry.  Less than 5% of the inhabitants work in 
governmental institutions.  

 

 

 

 

 

 

 
 
 
 
 
Key: 
A Nias island 
B Yogyakarta special province 
 
 
Figure 4-1. Indonesia archipelago and field study locations   
 
The field studies are located in Indonesia. Indonesia is an archipelago and 
consists of more than 18,000 islands. The capital city of Indonesia is Jakarta. 
The major islands are Sumatra in the west part, Java, Kalimantan, Sulawesi 
and Papua in east part. Nias island (A) includes to North Sumatra Province and 
Yogyakarta Special Province (B) is located in Java island (See Fig.4-1). In Nias 
island,  three object studies are visited, Lahewa in North Nias, Gunungsitoli 
and Bawomataluwo in South-Nias. In Yogyakarta Special Province, there are 
two study cases visited: New Ngelepen and Ngibikan sub-village.  

Table 4-2 is a summary of the field studies in Nias island and Java island 
(especially in Yogyakarta Special Province) Indonesia. Tureloto and Moawo 
are in Nias island, while New Ngelepen and Ngibikan are located in Java island, 
in the province of Yogyakarta.   
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4.3. Field Research in New Ngelepen Village 

4.3.1. Project outline  

Table 4-3. Project outline of New Ngelepen Village  

Name of the hamlet New Ngelepen 

Name of old hamlet Sengir 

Principle Community 
Occupation  

Farmer, land worker, informal worker 

Country Indonesia 

District  Prambanan, Yogyakarta Special Province 

Provider Emaar, WANGO and Dome for the World 
Foundation5 

Type of project relocation  

Number of houses constructed 71 units 

Size per house   38 m2  

Type of construction concrete, dome monolithic (in situ), φ 7m 

Built by contractor and 370 trained local people 

Cost   US dollar 200 per square meter,including  all 
infrastructures or other source wrote as amount 
of IDR 30 million6  

Commencement of the project October 2006 

Occupation by the villagers April 2007 
      

4.3.2. Location of research 

Yogyakarta Province, known as Yogyakarta Special Province is located in the 
southern part of Central Java Island or in the middle of Java. Java is one of the 
major islands in Indonesia with the provincial capital in Yogyakarta City. 
Yogyakarta Special Province is directly bordered by Central Java Province and 
the Indian Ocean to the south. The southern part of Yogyakarta Special 
Province is Bantul Regency, which has a coast on the Indian Ocean. To the 
North of Yogyakarta City is an active volcano called Mount Merapi. Directly 
adjacent to Mount Merapi is Mount Merbabu, another active volcano. Standing 
at 3,145 m,  Mount Merbabu has had two recorded eruptions; one in 1560 an 

5 World Association of Non-Governmental Organizations (WANGO) source of http://www.dftw.org 
6 Source Kompas newspaper,  June 2, 2007 
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one in 1797.  Mount Merapi is the most active volcano in Indonesia. It has 
erupted regularly since 1548. It has an elevation of approximately 2,930 m 
and the last large eruption was in 2010. The Center for Volcanology and 
Geological Hazard Mitigation, Geological Agency registered that last recorded 
eruption of Mount Merapi was in March and April 2014.  

The province occupies 3185 km2 and consists of one city region and four 
municipalities.  The city and municipalities are divided into 78 districts and 
438 sub-districts. The population is 3.4 million inhabitants and has a density 
of 1067 people/km2 (BPS, 2010). The composition of the population of men 
and women is 1,705,404 men and 1,746,986 women. Yogyakarta province has 
a special place in Indonesian history because it was the capital city of the 
Indonesian Republic from 1946-1949.  

 

The heritage city of Yogyakarta was an imperial city under the Sultan of 
Yogyakarta Palace. Yogyakarta province is held in esteem as a special 
province. The climate in Yogyakarta and surrounding regions is similar to 
most regions in Yogyakarta and is tropical and equatorial; Yogyakarta lies at a 
latitude of 6° south. Tropical rainforest climate is a type of tropical climate in 
which there is no dry season; every month has mean precipitation values of at 
least 60 mm. There is no summer or winter in tropical humid climates; it is 
typically hot and wet throughout the year and precipitation all year is both 
heavy and frequent. One day in an equatorial climate can be very similar to the 
next, while the difference in temperature between day and night is relatively 
small7.  

The Köppen Climate Classification subtype for this climate is "Af", standing for 
tropical rainforest climate. The yearly average temperature in Yogyakarta is 
25.6°C. October is the warmest month, with an average temperature of 26.7°C. 
The coolest month on average is July, with an average temperature of 25°C. 
The highest recorded temperature in Yogyakarta is 38°C (BMKG-DIY8, 2013), 
which was recorded in October. The lowest recorded temperature in 
Yogyakarta is 16.7°C, which was registered in June 2013.  

  

7 Source http://www.weatherbase.com 
8 Source Online.bmkg.go.id, Yogyakarta climatic data.  
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Figure 4-2. Yogyakarta Special Province  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key: 
1. New Ngelepen hamlet is located in Sleman region. 
2. Ngibikan village (hamlet) is located in Bantul region. Both regions are part of Yogyakarta 

Special Province. 
 
Figure 4-3.Location of two case studies in Yogyakarta Province 
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The average amount of precipitation for the year in Yogyakarta is 2181.9 mm. 
The month with the most precipitation on average is January with 353.1 mm. 
The month with the least precipitation on average is August with an average 
of 25.4 mm. In terms of liquid precipitation, there is an average of 52.1 days in 
which the most rain falls, mostly occurring in the month of November, with 
the least rainy days occurring in January. The tropical climate, with its high 
humidity and consistent sunlight levels has consequences for buildings and 
construction. Traditional vernacular, local architecture has adapted to this 
climate by utilising light-weight and breathable walls to provide adequate 
ventilation, and even employing structures with the fewest possible partitions.  

4.3.3. Typical building structures  

There are three commonly used building construction systems mostly in 
Yogyakarta or Central Java regions that can be known as (a) Masonry 
structures: Stone masonry buildings and Fired bricks and blocks masonry 
building, (b) Frame or skeleton structures, and (c) Hybrid structures.  

(a). Masonry structures : 

• Stone masonry buildings 

There are some examples for stone masonry buildings, such as rubble 
stones and massive stones in mud/lime mortar or without mortar, which 
are still found in Yogyakarta province and almost all rural areas in 
Indonesia.  The building has been usually applied light roof, e.g. timber 
blades roof, grass leaves, but partly applying fired roof tiles. 

• Fired bricks and blocks masonry building 

Nowadays, the fired bricks and blocks masonries are the commonly used 
walls for housing construction in the rural and urban area, though the 
traditional reference was the timber structures and walls. However, most 
of the walls have been built using fired bricks and blocks as a sign of 
permanency and socio-culturally status massive walls are more 
established in comparing with timber or bambus webbing walls as wall 
partitions only. 

(b). Frame or skeleton structures 

Normal masonry walls are not very stable against seismic tremors. Thus, 
the masonry walls are framed by skeleton structures to add the strength 
and also flexibility. Frame structures can be divided mainly into two types: 
timber frame and reinforced concrete.   

(c). Hybrid structures 
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The hybrid structure is a combination of at least two structure types. It can 
frequently be found in the development progress of the module house in 
post disaster reconstruction housing after handing over or occupancy 
period. In the self-manage housing, homeowner combines skeleton 
structures and masonry wall. Today, the frame structure is more familiar, 
easy and more economic for housing in rural areas. 

4.3.4. The Project  

The study location in New Ngelepen village is a relocation housing complex 
built after the earthquake disaster of 2006 in Yogyakarta. The affected people 
came from the areas neighbouring the new location, such as Sengir, Dayakan, 
Pantuk and Wunut (Pandelaki and Shiozaki, 2008).  The old villages had been 
confirmed as unstable areas after the quake, meaning the reconstruction 
project could not be built on the same sites. Dome for the world (DFTW) 
partnered with the World Association of Non-Governmental Organizations 
(WANGO) and Emaar Properties to build housing for the affected communities 
in Prambanan, part of Sleman Region in Yogyakarta Special Province9.  

After the 2006 earthquake in Yogyakarta, many houses in those villages were 
ruined, and the most affected community was in Sengir (45%). In the same 
year, based on geological land surveys, the old hamlet in Sengir was declared 
to be uninhabitable after the quake. This meant that the families had to be 
relocated to the new community location (Ikaputra, 2009). The relocation was 
necessary for the community because the reconstruction could not be started 
in a location that had insecure and unstable soil conditions. The New Ngelepen 
village was chosen for its flat ground and position adjacent to the former 
resident house in Sengir hamlet. Another reason for this site selection was that 
most of the inhabitants worked as farmers, and they owned fields in their old 
villages. 

The new housing complex in New Ngelepen consists of 71 houses and six units 
of communal hygiene facilities (e.g. laundry, toilet and shower rooms). In 
addition to hygiene facilities, the housing community is equipped with an 
mosque, a primary school, medical clinic and a play area for children in the 
school playground. Twelve houses are clustered into one group, and each 
group is served by one shared facility and a communal garden. Six wells have 
been drilled to meet the water needs of each cluster. Clean water flows from 
the central water tap to every kitchen in the village.  Moreover, six sewerage 
systems have been installed. Each home is equipped with electricity, power 
outlets, and light fixtures. The construction process took place between 

9 Source http://www.dftw.org. Accessed on 19.02.2012 
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October 2006 and April 2007, and more than 370 local workers were 
employed.  

The construction process of the 71 units was completed in approximately six 
months in accordance with phase I. Domes for the World stated that being 
built as a one-piece, monolithic building, the dome could last for centuries 
against the wind and earthquakes. The round shape was what gave the domes 
their strength. The form allowed the occupants not to worry about the rain, 
the wind, earthquakes or other natural disasters. The roof is permanent and 
does not need to be replaced, and the building can withstand winds as fast as 
300 kilometres per hour. DFTW also stated that the form was unusual, it was 
different in appearance to other local structures, and was not part of 
Indonesian culture10.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
 
 
 
 
 

              
 

In the survey period in 2012 and 2013, the facilities are still running and good 
maintained. A respondent informed that the kindergarten building is used 

10 Source http://www.dftw.org/stories/yogyakarta-indonesia. Accessed on 19.02.2012 

Figure 4-5. Kindergarten Figure 4-4. Islamic public mosque 

Figure 4-6. Children playground  Figure 4-7. Health clinic 
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now only for Islamic Quran courses for children (TPA is Taman Pendidikan Al-
Quran–Ind.), because there has been an existing kindergarten in the 
neighbourhood village. The playground is fully function for the kids. The 
health clinic gives health service especially for mothers and pregnant women.  

The Dome complex consists of 6 blocks and each block includes 11-12 houses 
with sharing toilets. Block A has 12 houses completed with ten toilets. Block B 
includes 11 houses and eight shared toilets. Blocks C, D, E and F consist of 12 
housing units and eight shared toilets. Each small group has agreements and 
arrangements to manage the hygiene facilities. One bathroom is used by one 
or two households, and they regulate their schedule of usage and cleaning. 
They provide one unlocked bathroom and toilet for public usage accessible for 
guests and in emergency situation. Paths connect the hygiene centre to the 
backs of the houses. For laundry, there is an open space surrounding the 
hygiene building. The residents treat the hygiene facility well as evidenced by 
the cleanliness and relative completeness of building elements, e.g. doors, 
windows, plumbing, etc. Around the facility there is a fishpond, which was 
installed as part of unit extensions. Animal housing and storage are often 
found in the form of an extended space off the main dome unit. Families try to 
adjust their spatial needs with limited construction knowledge and so find 
creative solutions.   

Figure 4-8. The Dome in New Ngelepen:  Post disaster reconstruction 
housing complex and the housing blocks 
 

Key: 
Block A  consists of 12 houses and ten toilets 
Block B  consists of 11 houses and eight toilets 
Block C-F  consists of 12 houses and eight toilets 
A  Graveyard 
B  Islamic Mosque  
C  Preschool and Children playground 
D   Health Clinic 
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Construction of the dome house names Ecoshell, means economical, eco-
friendly and thin-shell. It is a concrete and rebar construction (reinforcing 
steel). For the form, it is used inflated Airform, rebar and then concrete are 
applied over its exterior. To the Ecoshell construction, it is not to recommend 
building the dome with a diameter more than 13 metres. Since working atop 
an Airform is risky for sudden collapse. The dome house in Ngelepen has a 
diameter 7 metres. The height is around 4.50 metres, from the ground floor to 
the top, whereas the dome house consists of two floors. 

For the local people, there are difficulties applying advance and new 
technology. The form itself is not consistent with the local architecture. People 
cannot follow how the contractors built the houses and they do not know how 
to repair their homes for any difficulties and flaws. At first, the people were 
interested in the new dome form, which was unique in Indonesia. However, in 
time, people discovered several flaws in the houses.  

The houses do not have a terrace in front of the front door. This aspect was 
one common response from the homeowner during observation in the field 
research. In the rainy season, it is impossible to keep water out from house 
because water drops enter through doors, windows and ventilation gaps. 
There are only four windows and two small ventilation gaps built into each 
house, and it is hard for the owner to make modifications. During the midday 
(9 a.m. to 3 p.m.), the indoor temperature increases in combination with high 
humidity and limited cross-ventilation inside the house. Homeowners, 
therefore, prefer staying outdoors when relaxing and doing household jobs.  
After 3 p.m., the air temperature decreases, and the indoor temperature of the 
house is more comfortable and conducive to working.  

In the observation research, it was observed that the indoor temperature 
heats up especially after 9 a.m. and then become cooler after 3 p.m. The effect 
was particularly apparent on the upper or mezzanine floor, even though these 
floors are supplied with a fan system. The heat gain comes from heat 
conduction from the surface materials (concrete) and the limited ventilation, 
which cannot disperse the heated air flowing through the building. The 
climatic problem cannot be resolved appropriately by the residents. They 
manage with simple constructions regarding their local knowledge to protect 
the house cooler and the rain water does not enter the interior.  

Results from observation state that residents appreciate their unique house 
with the dome shape. However the cost of improvement and modification are 
high because they have to hire construction workers and even then the results 
are not always satisfactory. 
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Figure 4-9. Typical interior layout  
(Diagrammatic is not to scale) 

 
 

 

 

 

 
 
Figure 4-10. Section of dome house  
Diagrammatic is not to scale 

The interior design of the dome house was proposed by local consultant 
(Ikaputra, 2008). In terms of interior arrangements, some problems were 
faced because of the unique circular floor layout. The typical interior (Fig.4-9), 
shows the layout designed by the DFTW and the local consultant. Field 
research findings proved that some households failed to furnish their houses. 
They did not have a budget for built-in furniture, and the common form 
furniture did not fit the unique housing shape. Built-in furniture and armature 
are not easy to install because the residents have limit budget, they prefer to 
use their old furniture.  

The DFTW proposed the new idea, which was completely unfamiliar to many 
Javanese and Indonesians (Ikaputra, 2008). Moreover, the local government 
policy, “an Aceh-like reconstruction”,  which was based on a new housing 
complex provision for the affected people, was set aside. However, this policy 
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focused more on the reconstruction of family-owned land and addressed a 
different situation, as the affected people of Sengir had to be relocated from 
their village to the new government land in New Ngelepen. However, the 
imported dome shape attracted people because of its uniqueness. In the 
initiation of the program, there has a doubt tolerated the dome as locally 
owned culture (Ikaputra, 2008).  

According to Saraswati (2007), the dome building reconstruction in a rural 
area was a controversy in the local context. She researched the homeowner 
perceptions using the environmental behavior theory from Zeisel (1985: 181-
185), which considers the user’s perspective of their built environment. The 
theory supported some criteria. As signs  of positive response if the 
inhabitants give response to its environment. They also feel to the 
surrounding, making rearrangement or adjustment within and to their 
environment of the user as a sign of active expectations and the 
environmental awareness.   

Though the imported dome form is relatively strange in a regional context, 
people in the location accepted the donor housing. The main problems are if 
the dome form can be adapted to the tropical climate and if it can fit the socio-
cultural context in the rural location in Ngelepen. 

 

 
 

 
 
 
 
 
 
 

 

 

 
 
           
 

Figure 4-12. Outdoor storage or  
outdoor kitchen 

Figure 4-11. Kitchen arrangement in 
a surveyed house 
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4.3.5. Observation findings 

The findings of the field research are presented in relation to three aspects: 
user expectations, climate adaptation to a tropical climate, and further 
development after five years of occupancy. Since 2007, the domes have been 
occupied and have attracted many people because of their unique shape. 
However, the field study aims to understand how the families live in the new 
relocation houses, how they adapt the houses to their own family needs and 
how the dome shape affects further development.  

There were two main questions asked in the field observation: what is the 
overall perspective of the inhabitants after five years of living in the dome and 
what kind of adjustments have residents made in order to improve their 
homes. In general the findings will be presented as follow: 

1. User expectations in general 

Feeling comfortable was the most common answer given by the respondents 
to the question how they feel living in the new relocation site. Most of the 
respondents said they were satisfied with the environment (70%), cleanliness 
and general maintenance. 30% respondents gave no clear answer about their 
opinion on the house and the environment, but they mentioned some negative 
aspects (See Appendix F). Respondents commented that they should not have 
to share communal sanitation facilities but they can understand it and respect 
the cleaning and maintenance schedule. They also expressed concern over the 
limitation to extending their spaces/rooms because they officially cannot 
build on the site or extend to the surrounding area. Respondents answered 
about land status that they worried about the land tenure status and could not 
extend their occupancy. The residents of this housing complex are living on 
government land and officially have only a rent permit for living.  

At the time of observation, there was an uncertain condition with the rent 
payment. Rent was only expected if the inhabitants could afford it. Otherwise, 
rent obligations could have been be a burden for the inhabitants, which could 
have led to adverse situations such as a decrease of housing stock and 
environmental quality, and frequent changes in occupancy. In addition to the 
limitations of expansion, they could not make a simple adjustment to the 
overhang extension from the dome house. The shape of the house, regulations 
for renter family, and building technology reduced their actions. But in 
practice, the inhabitants made such adjustments as were necessary to prevent 
rainwater infiltration and direct sunlight, and to provide for outdoor kitchen 
needs, and livestock quartering.  

 2. Adaptations to a tropical climate 

To the questions concerning the tropical climate, the respondents gave a 
different answer. They have experienced difficulties in repairing the cracks on 
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the wall surface, protecting the house from rainwater splashing through the 
upper ventilation and creating a terrace. According to Pandelaki and Shiozaki 
(2008)  a housing environment should provide the necessary basic needs for 
the inhabitants to support their existence. The provision of a clean water 
supply, electricity, sanitation, garbage disposal, adequate spaces, ventilation 
and lighting for passive use, ensure security and safety of the inhabitants.  

Essentially, the basic facilities in the Dome house were inadequate from the 
time of construction. It was decided by the different participants in the 
cooperation between the DFTW, local government and consultant from the 
university to establish adequate, habitable and suitable housing with several 
adaptations to local culture. 

However, several defects occurring during occupancy of the dome housing 
had to be resolved, e.g. the problems related to the tropical climate and high 
precipitation during the rainy season, heat gain during day hours, and moist 
walls. All these problems forced residents to make adjustments. 
Unfortunately, the concrete dome shape does not let them easily attach a roof 
overhang to protect the entrance door and windows from water splashes and 
bright sunshine. Furthermore, to ensure the cross ventilation on the second 
level, there is a chimney for the air movements, but it does not seem very 
useful. Their actions fulfilled the criteria stated by Zeisel (1985) in how users 
respond to their environment and make certain rearrangements or 
adjustments within and to their living environment.  

 

In relation to precipitation problems during the rainy season, respondents 
gave various answers to the question: “What problems do you meet regarding 
tropical climate during years?” 82% of respondents said in general, they feel 
the indoor temperature warm and hot during the day more than at night, 
while 18% said no problem with the climate. Respondents also reported the 
problem with moist walls they met during rainy days (mostly from October to 
April every year). Moreover, after heavy rain the air is moist and warm inside 
the house (Appendix F). In field observation, indoor air conditions in the 
bedrooms were very humid. Permeable or wet walls and moisture on the wall 
surface have a close connection with the local climatic conditions, and in this 
case, the indoor air circulation was not able to respond well to them. 
According to Lippsmeier (1980), tropical buildings must be designed 
following specific requirements, such as the use of light walls, protection 
against direct sunlight and providing adequate air exchange.  

In general, the interior of the houses consists of two storeys. The main 
activities take place on the first floor and the second floor is used for a family 
or television room and for storing household appliances that are not for daily 
use. The material used for the mezzanine floor is wood. With a direct view of 
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the first floor, the room between feels bigger and the design is an attempt to 
draw cooler air from the front door up to the top of the arch.     

 

 

Figure 4-13. Ground floor or first floor: a view from second floor  
 

The main room or the living room function is not more than 4m2. Some 
families decide to manage it as the extension of gathering function. It is 
common to have guest outside, but they can also receive the guest in this room 
by sitting on floor. The room functions also as indoor children area, if the 
mother cooks in the kitchen, she can have directly visual connection to the 
room from kitchen.  

Because of the limited space, people in the housing complex manage their 
house flexible. In addition, they cannot have fix space for dining, but it is 
normal to have eat in the multiuse room or in the kitchen. Sometimes, the two 
bedrooms are not equipped with the doors, but people apply fabric curtain to 
separate the function more privately.   

The second floor is connected by wooden stairs which is located near the back 
door and in the kitchen area. The staircase construction is simple equipped 
with banister from wooden material also. The second floor material is wooden 
boards and unfinished. Some families cover the floor by using vinyl sheet 
flooring. The height of the floor to the main dome is around 1.65 m (Fig.4-14). 
In a surveyed house, the second floor does not use optimal, but other manages 
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the second floor as television area and family room for gathering. In the 
middle of the day, the condition under the dome is humid and hot. There is not 
enough air circulation and natural light. The only opening is located in the top 
of the dome (See yellow arrow sign). 

 
Figure 4-14. Mezzanine floor and a small opening in the upper surface for air 
ventilation  
 
3. Further development after more than five years occupation 
Even restricted changing regulations in the dome complex, several 
adaptations had been made by the inhabitants.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 4-15. Five typical extended modifications  

(3) Attached adjustment (2) Simple form 

 

(1) Basic layout 

(4a) and (4b) Attached and separated modifications (5) Separated adjustment 
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Diagrammatic is not to scale 
 

There are three different modifications made by the inhabitants. From the 
basic unit, they made modifications (Fig.4-15) as follows: 

1. direct attachment space/extension to the main building,  
2. direct and or separated adjustments  
3. total separation space extension from the main building (the dome) 

It is described as the extended spaces, but in the practice, it can be in many 
forms of extensions/modifications. There are direct-extended roof attached to 
main house, semi-permanent space separated from main house,  extension of 
uses for greenery or drying area for laundry. Figure 4-15  explanations the 
modifications in diagrammatic. 

Based on the construction-difficulty (Fig.4-15), there are three grades of the 
construction made, (i) simple construction, (ii) moderate and (iii) advance. 
 

− A simple construction means relatively modest construction; the 
house owner can make the self-adjustment, and it is a low-cost budget, 
for example, creating an extended roof to protect the front door and 
the windows. Though this adjustment is simple, but, regarding the 
dome form, the inhabitants face difficulties for making smoothly 
adjustment.  

− A moderate construction is categorized as a minor approach if the 
construction needs more efforts and costs. Semi-permanent 
construction is found to extend the used space for storage and animal 
cattle. It is common using a combination structure of fired brick wall, 
bambu webbing or wooden material.  

− An advance construction or modification is done, if the house owner 
needs assistance from the outer part, commonly is a skillful 
construction worker for doing the construction work or a professional 
foreman.  

A simple canopy above a window (Fig.4-16) is designed for protecting the 
window from the rain splashing. A house owner builds a simple extended 
space as a small shop front of the house (Fig.4-17) or an extended space for 
household storage function by applying semi-permanent construction 
separated from the main house (Fig.4-18). Such as practices (especially in 
Figure 4-17 and Figure 4-18) were not allowed in the beginning of project 
handover. However, the residents must make modifications regarding their 
behaviour and background cultures that were not accommodated in the new 
housing design. For example, the farmers who have livestock must need place 
for their animal cattle. Such typical culture cannot be adapted in the beginning 
of the design. 
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Figure 4-16. Direct canopy application 
 

 

Figure 4-17. Mini shop built 
separated from the dome house  

Figure 4-18. Direct and separate   
adjustments practices 

Figure 4-20. New building 
extension separated from dome 
house 

Figure 4-19. New construction 
attached to dome house 
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Though, the strict regulations, the inhabitants still create extension space to 
accommodate their space needs.  Fig.4-19 and Fig.4-20 show us even simple 
materials, such as bambus, fired roof tiles, and tarpaulin, the inhabitants 
construct extended spaces in the back of the house. They dealt with the curve 
form in creating a new space for laundry, greenery area and outdoor kitchen. 

 

 
 
 
 
 

 

 
Figure 4-21. Fish pond                   Figure 4-22. Laundry and greenery     
                                                                      area  
 
 
Different situation was found that some house owners not only build extended 
rooms, but they also build extended space for nurturing fish and drying the 
laundry to meet the needs of space. These phenomena are common in the 
rural areas. In the rural area, it is a normal situation because, in general, the 
village members are a big family, and they live traditionally so that they can 
understand. However, in the dome complex, they build further for the fish 
pond and animal cattle because they get money from the activities.  

Managing the situation, the community discusses in the community meeting 
and manages the regulations for the harmony between neighbors. Though, 
from WANGO, the inhabitants of the dome can have animal or livestock, for 
example, chicken, but they have to put a coop for the chickens. Since 2009, the 
land of the dome house is in the process of ownership. At the beginning of the 
program it was noted, that the land of the dome housing complex is “Tanah 
Kas Desa”(Indonesian) or government land, so that it will be difficult in the 
future to own the land for the inhabitants. In recent, the inhabitant must pay a 
rent for the dome house yearly. It costs IDR 450 or IDR 100-120 thousand (US 
dollar 7-10/annual). They expect for the future, that they can own the house 
and the land, and they will have fully right to make modification or adjustment 
with the house.  

Since the dome house has the unique form, it attracts people to come and see 
the housing complex. The visitors come not only from the local neighbouring 
villages or Yogyakarta, but also visitors from outside Yogyakarta. They want to 
see personally, how the people live in the dome house. In the interview, the 
respondent said that annually the received approximately 1000 visitors. To 
respond the trend and to increase the income of the inhabitants, the 
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administrators of the tourism program initiate some houses to be rented for 
home stay. In 2013, from 71 dome houses, there are 19 houses are rented for 
home stay. The visitors can stay for the weekend in the dome house. This 
program gives significant income for the tourism village program. The income 
is used for the development and maintenance of the village and the 
honorarium for the administrators.   

4.3.6. Summary of New Ngelepen case study 

New Ngelepen Post-disaster housing is one case study which was provided for 
the earthquake disaster victims after 2006 earthquake in Yogyakarta. The 
Dome house was a join-cooperation housing donor from WANGO under 
approval from local authority in Sleman Regency. The local government 
provided the land ground which was safe from land slide and stable, because 
the location of the old shelter in Sengir hamlet has been declared unsafe. The 
Dome for the world project has been success for providing dome housing for 
disaster affected family. The dome was proposed because it has stable form, 
strong against earthquake forces and wind. In the beginning of its 
implementation, local people had been enthusiastic to the dome shape.  

People wonder to have different housing form with the local vernacular 
housing. In the development progress, the inhabitants confronted with some 
technical problems which were related to tropical climate. They cannot easily 
make roof extension for terrace which will protect the entrance door, the 
windows and terrace from direct sunlight and from rain water splash. Other 
problems they face regarding to light and medium construction defects, for 
example the surface of the dome has cracks, and the homeowner cannot easily 
repair it. The reinforced concrete and rebar construction can be difficult to be 
repaired, so that the existing problems have not resolved fully. Especially 
during the rainy season, the inhabitants face the same problem with  water 
permeability and rain water splash.  

Technical problems proved that the dome construction was not user-friendly 
in the occupancy phase. Inhabitants have no knowledge to treat the 
constructional problems. They must order professional worker for repairing 
medium to advance difficulties.  Based on interviews, they mentioned 4 
significant actors are involved in reconstruction or improvement the houses: 
self-managed, community working groups, construction worker and 
governmental fund. 

In social aspect, community in Dome house have active response to their 
environment. The evidences proved that they stay keeping cleanliness to their 
communal facility, for example the sharing toilet and baths. The cleaning 
schedule has been regularly done for every family to keep the hygiene and 
cleanliness. Every family household maintained the house clean and they also 
provided public garbage in their environment. Since people from local region 
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have interest to visit the Dome village, community prepare to be tourism 
village. Some houses can be rented for the guest, who wants to experience 
living in the unique house. Shifting function from residential housing to be 
tourism function can be debatable for reading the future development in this 
housing project.  In the future it is possible if the community transforms into 
tourism area, and the inhabitant will leave the housing complex, if the land 
status has not been clear stated form the government to the inhabitants. 
Economical motive can influence and change the development of this 
community. Local government must be prepared with strategic regulation to 
protect the sustainable living of the inhabitant in this housing community. 

4.4. Field Research in Ngibikan, Yogyakarta 

4.4.1. Project outline 

Table 4-4. Project outline of Ngibikan Village 
Name of the hamlet Ngibikan  

Name of the project Ngibikan “Kompas-House” Post Earthquake 
Reconstruction Project 

Provider Community in Ngibikan, architect, and donor 
financial support from Kompas newspaper 
readers 

Type of project reconstruction post disaster housing  

Number of houses constructed 66 units in the first phase project;  

84 houses are surveyed in observation 

Size per core-unit in the first 
commencement 

±33.8 m2  

Typical of construction wood frame construction and fiber cement 
roof tiles (in situ construction) 

Built by Skilful construction leader, local architect as 
consultant and training local people 

Cost per house IDR 8-10 million 

Commencement of the project June 2006 

Occupation by the villagers August 2006 

 
Ngibikan hamlet includes in Jetis District of Bantul Regency. Bantul Regency 
locates in the southern part of Yogyakarta Special Province. The Regency has 
17 districts that also known as Kecamatan. There was a hierarchy in the 
traditional community among Yogyakarta and Javanese culture that had been 
adapted to the structure organization of government mostly in Java regions, 
and it is admitted until now. An administrative village Kelurahan/Desa is the 
lowest level of government administration in Indonesia. It could be a village or 
a kelurahan. A village is headed by a village chief (Kepala Desa), which is 
elected by an election process in that region. A Lurah leads a Keluarahan. A 
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Lurah is a civil servant appointed by local government (city or regency). A 
village is divided non-administratively into local communities that manage a 
certain number of households. A desa can be divided further into several 
Dusun or Dukuh (hamlets).  

Dusun can be equal to a sub-village area; which is a small unit of community 
according to the traditional patterns in Java. These units are as same as Rukun 
Warga (RW). Dusun and Rukun Warga are divided further as the smallest unit 
called Rukun Tetangga (RT). Further, Dusun is headed by Kepala Dusun, and 
Kepala Dusun is a chief of some RT leaders. A group of some households will 
form RT. Based on the size and the density of its area, one RT consists of 30 
households or maximum 50 households11.  

Table 4-5. Number of affected victims and housing damages in Bantul 
Regency 

DISTRICTS Victims Housing damages 
Death Serious 

injury 
Minor 
injury 

Heavy 
damage 

Moderate 
damage 
 

Light 
damage 

Bambanglipuro 607 n.a. 100 6587 2732 816 
Banguntapan 236 949 60 5557 8232 7452 
Bantul 247 167 72 4708 7338 3295 
Dlingo 18 581 n.a 1377 3380 4720 
Imogiri 321 247 501 5664 5353 4471 
Jetis 830 223 n.a.* 11195 2532 655 
Kasihan 57 193 842 1790 4657 12103 
Kretek 25 130 100 1081 4665 2486 
Pajangan 36 86 45 1228 2216 2610 
Pandak 111 216 717 2886 5185 4065 
Piyungan 243 605 100 5514 4801 3135 
Pleret 497 4,777 78 8139 2322 1438 
Sanden 2 25 7 97 2052 4650 
Sedayu 2 15 34 243 1800 4591 
Sewon 462 250 100 8281 8496 6004 
Srandakan 5 9 39 342 3054 3506 
Pundong 422 200 558 6793 1903 500 
       
Total 4,121 8,673 3,353 71,482 70,718 66,497 

Source: http://gempadiy_mediacenter.webs.com/bantul.htm (accessed in 2014) 
 
Key: 
Heavy damage house is not habitable house. 
Moderate damage house is broken house, but partially is still inhabitable. 
Light damage house is a house with some light damages, but it is habitable to live. 
[n.a.] is no available data 
 
After 2006 earthquake in Yogyakarta, a reconstruction project in Ngibikan 
was started by owned interest of RT 5 leader. The program initiation began 
with the solidarity from RT 5 leader, who had seen the collapsed houses 
surrounding the territory. It forced him for helping affected family members 

11 Ministry of Home Affairs Regulation (Permendagri No.7/1983) about RT and RW formation  
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particularly in RT 5. From outer contact, he got an offer to arrange funds for 
helping the affected family to rebuild the ruined houses. While the victims, 
waited for the government helps in the form of financial assistance for daily 
living cost and financial funds for reconstructing the broken houses, the 
Kompas house project was started. Almost 80% of the houses in this sub-
village were collapse; less than ten houses still erected in Ngibikan.  

Table.4-5 shows, Jetis district included in the severe affected area in Bantul 
Regency, which the most number of deaths. About 20% of casualties or 830 
persons was found in Jetis, beside in Pleret was only 12% death tolls. 
However, in the total injured victims and the death cases Pleret placed at top 
of the list. With 55% seriously injured and total affected people (deaths and 
injured) are 33.1% (5,352 of 16,147 victims). Ngibikan village is 
administratively included in Jetis district. In the right column of Tab.4-5, 
describes the number of housing damages. There are three categorizations of 
housing damages in housing assessment after the quake. These classifications 
were stated by Bakornas (known as BNPB), in June 2006. There are (a) is 
heavy damage building (or not habitable), (b) is moderate damage building 
(inhabitable) and (c) is light damage building.  

4.4.2. Reconstruction process  

The traditional Limasan house is decided as the main idea to be developed. 
The Limasan is a common housing typology found in a location so that people 
and community are used to stay and see the familiar form. The Limasan house 
is simple to be identified from the roof forms. Kompas house applies a 
simplification of Limasan roof/pitched roof or community names as atap 
kampung (Ind.).  

Figure 4-23. Kompas House 
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The design and planning were a result of community agreement. Eko Prawoto 
is one local architect who worked together with the community during the 
reconstruction project. He proposed the idea of the Limasan house for the 
basic unit with possibility modifications in the future. The Ngibikan project 
was one of candidate for Aga Khan Award in 1999.  Design interpretation was 
also a result of discussion with the RT 5 leader and construction leader; Mr. 
Maryoto. Prawoto and Maryoto usually have worked together in many 
construction projects before. This case study has special social character 
comparing to another reconstruction project. More than 80% of the village 
members have occupation as builder/workman and have at least experience 
in building and construction works. As a social capital, their competencies give 
an important contribution to the reconstruction process in their village. 

Some villagers have already known several building methods, and it is very 
useful to the collective working. Based on narrative interviews during field 
research in different times (2011, 2012 and 2013), some ideas are introduced 
and discussed in the community meetings, and the agreements can be 
described as following: 

− The most vulnerable RT 5 members have priority for receiving the 
funds through rebuilding their housing, such as widows, orphans, 
women and expectant mothers. Then, all the families in RT 5, whose 
houses are affected by the quake, will receive the grants. 

− A big family with more than one household (families) will receive 
houses base on the household numbers, but the houses will be built on 
the same land as before the earthquake with a modified arrangement. 
Two households will receive two module houses in a row.  

− A family household, whose house destroyed, will get one module 
house.  

− A house with a minimum standard of living; the house is built with the 
purpose for one person. Because in the time of the beneficiary 
identification, there was found an old woman, who stayed alone 
without a family member and her house was damage. 

 
The leader introduced the building processes, starting with some following 
steps:  

− Building of working groups/team works and selecting the capable 
person as a coordinator for each group,  

− Arranging the procurement of building materials, the transportation, 
and the storage,  

− Designing and making agreement among the workman about the 
working orders and schedule,  

− Clearing the site and investigating the feasible contribution from the 
homeowner for the collective work, 
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− Selecting usable materials from ruins for the purpose of re-use  
− The homeowner has the possibility to decide the house orientation 

before the work begins. Building dividers for interior rooms are partly 
being homeowner responsibility.   

4.4.3. Building structure and configuration 

The traditional building structures employ wooden beams as the construction 
materials. The jointing system uses bolts, which are easy to work with and 
resist both in tension and compression. In the traditional forms, the 
foundation employs raw stone to support the column. For the house, the 
foundation material is replaced using concrete bases splitting the wooden 
frames from the ground. The basic model comparing with the traditional 
Limasan house can be seen as below: 

 

 
 
 
 
 
 
 
 
 

Figure 4-24. Limasan house                     Figure 4-25.  Kompas house       
                                                                        design ©Eko Prawoto 
 
Key: 
(a) Roof  
(b) Timber columns 
(c) Foundation 
(d) Tripartite concept of space  
 
The Limasan form and floor layout were transformed into the new design’s 
concept with properly interpretations. Some elements of the Kompas house 
such as roof forms (a), timber columns (b), foundations (c) and tripartite 
concept of indoor space or floor-layout (d) are greatly influenced by Limasan 
house. A comparison of Fig.4-24 and Fig.4-25 shows the transformation. 
Construction materials are selected considering on the financial issues, the 
competencies of the workman and the speed of the construction. With the 
main spatial concept of three connected imaginer areas in Limasan house, the 
new house is proposed. The important aspect is the roof. The roof form is 
relatively user friendly and it is such a good idea to integrate the new 
reconstruction housing in the whole hamlet region.  
 

(b) 

(a) 

(c) 

(d) 
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Figure 4-26. Main construction of the house ©Eko Prawoto 
 
 

 

 

 

 

 
 

Figure 4-27. Construction workers  
doing roof assembling ©Eko Prawoto 
 
 

A group of workmen are doing the assembling of coconut wood roof frame 
(Fig.4-27) and after finishing the job, they transport the roof frame to the 
house site for the next process (Fig.4-28).  The working group consists of 8-10 
people or it depends on diffulties of the job. 

After community meeting, inhabitants had been agree for the design proposal, 
the basic layouts are planned as follows: 

  

Figure 4-28. Construction workers 
transporting roof frame to the site 
©Eko Prawoto 
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Figure 4-29. Typical modules of floor plan  
 
Key: 
(i). Basic idea of the floor layout, concept of three connected areas 
(ii). Proposed floor plan layout for single person (elderly woman) 
(iii.A.). Proposed floor plan layout for one family household 
(iii.B.). Extended floor plan layout is proposed for more one family households. 
 
 
The basic floor layout (i) is adopted from the basic rule of Limasan floor layout 
that applying three connected spaces as a consequence of the wooden column 
ordering (Fig 4-29). Traditionally, each part can be developed as closing 
spaces (senthong; Javanese) using wooden partition or bambu 
plaiting/webbing. Once, the height of the partition wall is only above the man 
height. The main function is separating the privacy and blocking for the visual 
view. Regarding the local interpretation, is the basic layout designed. 
However, in practice, the homeowner can decide the direction of his new 
house likewise the entrance door position (see Fig 4-30).  

Figure 4-30 is typical entrance door position found. Based on field 
observation, the results are, 34 houses selected to have entrance type A, 26 
homeowners had houses design with B the type entrance door, 5 houses 
selected for the type C and 8 for the type D (See Appendix D). Further  results, 
there are 11 houses from 84 selected houses had two main entrances. The 
interesting aspect, even they decide the type A or B they created with different 
size, single door or swing, the position at the right or the left side facades 
(types C and D) at alongside of facade and protecting the position under the 
overhanging area. 

(iii.B.) 

(ii) 

(iii.A.) 

(i) 
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Key: 
A. Entrance in the middle of the long-side façade  
B. In the width side facade 
C and D.  Left-or right entrance in the long-side façade  
 
Figure 4-30. Typical entrance door positions 
 
 
Though the homeowner decided the door positions, but the knowledge in 
decision making does not relate to the village paths layout. For example, the 
family of Unit N13 (master siteplan in Fig.4-32) had decided the house 
orientation considering to their believe or opinion. After earthquake, the man 
of the house decided the main door should face the secondary path (hamlet 
path 2.5 m wide) even his house was at the corner of village street and hamlet 
path (Fig.4-31).  
 
In observation found, that the homeowner feel comfortable if the main door 
face the village street. He asserts that his consideration is based on the social 
and cultural opinion that the house should face in South–North direction. But 
he will change the housing direction to South or North orientation if there is 
enough fund for doing reconstruction to the existing house. Otherwise he 
wants to have bigger living room and terrace to receive guest for villager 
meeting activity. He gives examples that regularly every month his family 
receives min.30 guests for the village meeting activity.  
 

(A).  (B).  

(D).  
(C).  
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Figure 4-31. House N13 
 
Key: 
A. Front terrace 
B. Terrace next to the house 
C. Core house N13 
D. Extended house built in for modification 
Village street wide is 4 m 
Hamlet path wide is 2.5m 
 
The house N13 has outdoor terrace beside the house. The family receive 
neighbour or guest for informal conversation outside. They use the front 
house for drying laundry, because this area receives direct sunlight.    

4.4.4. Typical extension, adjustment or modification 

Through detailed observation in the field study, it was found that four 
categorizations of Kompas houses that initially built to reconstruct the ruined 
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houses. The community decided some agreements amongst the village 
members who deserve to receive housing assistance and should be prioritized. 
The agreements approved that a family with children, a family with the elderly 
and a family pregnant mother should come in priorities. The initial housing 
project started with the RT 5, which at the beginning of the project had been 
for 66 houses planned. There were 37 collapsed houses built only in RT 5 
Ngibikan. Besides, 13 collapsed houses built in RT 3 Ngibikan, in RT 4 
Ngibikan 10 collapsed houses and in RT 6 Ngibikan 2 collapsed houses 
reconstructed. Later total 68 houses were built in first phase project. After 
first phase, the leader was asked to help other neighbourhood family whose 
house collapsed to build the same design. Furthermore, the program 
continued for the affected families outside Ngibikan, i.e. Patran and Njagan. 
There were 2 houses in Patran and 20 reconstructed houses in Njagan Village.  

After occupancy the house there is interesting finding that people in this area 
rearrange, make modification and adjustment to their houses. Here 
traditionally, their definition of room function is different compared to 
modern house used. They define space for living also the same space for 
sleeping at the night. This flexibility should be known before designing house. 
Some families surely need assistance from qualified construction worker. But, 
most of them are unable to pay a qualified architect and a building 
constructor. In the case of Ngibikan village, most of the community members 
have the skill for working in the construction project. But, for the elderly, who 
did not work in construction anymore, they still have the knowledge to create 
new additional space and manage a small building project. Therefore, they 
have the confidence doing the construction work by themselves. In further 
development, there is a minimum control and assistance for building the new 
house especially in rural areas. With the limited funds and knowledge in 
construction, it is afraid that the society has lack of awareness to the potential 
disaster, and the common reason we heard they do not have enough money to 
build a house regarding earthquake safe construction. Typical modifications 
have been found in the fieldwork of the 84 houses in the observation, a 
summary and categorisation presents in Table 4-6. 
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Table 4-6. Typical adjustments indoor room and outdoor 

Degree of adjustments L o c a t i o n 

Simple  Indoor Outdoor 

•  Housing construction 
has been finished 
during the occupancy 
time after handover. 

• The homeowner 
manages the finishing 
work, for example fix 
and add individual 
details (generally not 
part of housing 
construction). 

 

• Flooring the house with 
ceramic tiles floor in 
indoor and terrace  

• Cement plaster floor in 
interior rooms or 
kitchen 

• Hard floor brick or 
recycled materials 
without plaster for 
kitchen floor 

• Painting the house or 
protecting the wooden 
column surface 
 

Attaching ventilation 
blinds to filter 
undesirable heat gain, 
solar glare, air 
movements and as 
protection from insects 
 

Moderate  Indoor  Outdoor 

Homeowner wants to 
extend rooms or spaces, 
to rearrange room layout 
/function by changing the 
wooden board wall 
partitions.  

Rearrangement of room 
layout, for example a 
bedroom for storage, 
living room shared with 
motorbike park during 
night 
 

Adding  roof extension 
for protecting the 
terrace from the sun 
glare and as a transition 
space from outside 
enter the main house 

For comfortable aim, the 
homeowner changes 
some room functions. 

The original living room 
has multipurpose use, 
both public as well as 
private characters. At 
night the room can be 
used as sleeping area.  
 

Terrace transforms to 
be a living area 
function.  
 

Advanced  Indoor  Outdoor 

Building new rooms and 
new houses. This type of 
construction is an 
advance work. Some 
families were doing  self 
manage method 
supported by neighbour 
(working group or 
gotong-royong-Ind)  or 
they hired local workmen 
for doing the construction 
part and doing self 
manage for the rest.  

• Building a new house 
with some additional 
rooms (indoor and 
outdoor completely 
changed) 
 

• Building coupled house 
with new construction 

 
• Construction to extend 

room with a 
consequence for 
completely changing the 
house layout 

• The new house 
attaches to the back 
of the main house 

• The homeowner 
manages the 
expansion through 
coupling the Kompas 
house with the new 
house.  They usually 
use different 
materials 
construction for the 
new house. 

• New house façade is 
modified with the aim 
to change only the 
facade of the house. 
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4.4.5. Homeowner modifications in details 

Interventions by the residents are commonly done at the backside of the 
house and the front side by expanding the roof overhang for overshadowing 
the facade of the low sun angle and protecting from the rain exposure. In the 
Ngibikan village, it is especially visible that every house has terrace or 
veranda, regarding the climate and the social habits. Tab.4-7 shows eight 
respondent profiles which were surveyed during field research. It is important 
to understand that modifications are done by self-managed. Besides, the 
building regulations for the village area is not strict as in the city. The 
inhabitants have the possibility doing interventions, but it is quite dangerous 
regarding the earthquake resistant construction if they do not have knowledge 
and guidance. 

Following the Ngibikan observations, significant findings can be found related 
to the reconstruction project. In general, after seven years disaster in 2006 the 
inhabitants/beneficiaries feel satisfied and comfortable with their new 
reconstructed houses. In Ngibikan village, some homeowners had made 
several progressions and interventions with their houses. In order to 
understand the recent spatial development in the field, the houses are 
surveyed and analyzed.  

Table 4-7 present the respondent profiles. To eight houses, depth interviews 
are made to have a look in the qualitative values from beneficiaries. 
Respondent gender is male or female and it is described further in column R. 
The age of respondent is written in Age.  

The number of households or HH is the number of registered households in 
every dwelling. It is common, one big family live in the same house, but it 
consists of two or three families. Two family households indicate that in the 
same house it is occupied of two families, for example, one family of parent 
and one family of the married son/daughter. Before and after the quake they 
lived in one big house. PD or person of dwelling is the total persons living in 
the house. Regarding to selected housing samples (see Tab.4-7: Respondent 
Profile), the homeowners made modifications of the basic module (33.8 m2 or 
67.6 m2). For one household, they got one module with a size of 33.8 m2. The 
two household family received two modules with a size of  67.6 m2 (NU: 
number of received unit).  

After seven years, the development can be identified with the changes of the 
floor areas at the beginning of occupancy (FA1) and after seven years 
occupancy (FA2) during 2006 to 2013. Floor ratio (FR1 and FR2) are the total 
living floor area in the Kompas house and the development house divided by 
the number of persons. FR2 presents that the floor ratio for one person 
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increase. In general, all families have made modifications to the houses, so that 
the living size per person increases.  

Table 4-7. Respondents profile 
 

Unit R Age HH NU PD FA1 FA2 FR1 
FA1:PD 

FR2 
FA2:PD 

N1 m 57 2 2 8 67.6 101.8 8.4 12.7 

N2 f 58 1 1 3 33.8 39.5 11.2 13.1 

N3 m 70 1 1 4 33.8 39.5 8.4 9.8 

N12 f 57 1 1 1 33.8 51.4 33.8 51.4 

N14 m 40 2 1 5 33.8 50.6 6.7 10.1 

G43 m 53 2 2 8 67.6 96.3 8.4 12.0 

G56 f 58 1 1 3 33.8 45.6 33.8 15.2 

G59 f 33 1 1 3 33.8 85.3 33.8 28.4 
 
 
 
Key: 
Unit House samples (Fig.4-32)  
R Respondent is a member of the household 
m Male 
f Female 
Age Age of respondent  
HH Number of households per dwelling 
NU Number of received unit 
PD Number of persons per dwelling 
FA1 Floor Size Area is total of floor area in metre square (m2) 
FA2  Floor Size Area after modifications in metre square (m2) 
FR1 Floor Ratio core module (FA1) divided by personal number per dwelling (PD) 
FR2 Floor Ratio of present (FA2) divided by personal number per dwelling (PD) 
 

 

In this research, some houses are selected to be observed in detail. The 
selection is a random sampling, but the eight selected houses are 
representation of the catagories of (1) one household family, (2) a special 
design for single person, and (3) house for more one family. Eight houses are 
chosen to be discussed in details. Sample house S-01 is housing number N1 in 
Figure 4-32. Sample house S-02 is housing number N2. Sample house S-03 is 
housing number N3. Sample house S-04 is housing number N12 and sample 
house S-05 is housing number N14. Housing with N-code includes in Njagan 
hamlet. Njagan hamlet is a neigboring hamlet of Ngibikan. House S-06 is 
housing number G43. Sample house S-07 is housing number G59 and house S-
08 is housing number G56. The three houses include in Ngibikan hamlet.  

Based on cummunity agreement, the fund was used for helping the families 
whose houses was totally collapsed. So that, the priority was to build the 
collapsed houses, even though their location are outside Ngibikan hamlet. It is 
understandable in rural situation and in situation after disaster. Because of 
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close community ties, people have priority for helping the most suffered 
families. It is common if the affected neighbors are included their relatives. 

Before disscussing the samples, it will be started to describe the core-house 
unit. The size of the core is approximately 33.8 square meters. But this 
number can be varied based on the size of the land and the provided used 
materials. Because this project has aims to reuse the old materials to reduce 
the construction cost. In some houses locates in Dusun Patran, the size of the 
floor area is smaller than 33.8m2. The beneficiaries accepted the 
considerations and they do not criticize that, because they are not counted to 
the most intended target group (not included in Ngibikan village).  

Figure 4-32 is block plan community with the number observed houses. Eight 
houses has been selected for discussion. The houses are represented the four 
typical models for one single person with different size, one family household, 
two modules houses for two family households. 

The selected houses are (key for Figure 4-32): 

N1 is sample study S-01. 

N2 is object study S-02 

N3 is object study S-03 

N12 is object study S-04. 

N14 is object study S-05. 

G43 is object study S-06. 

G59 is object study S-07. 

G56 is object study S-08. 
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1. A Core Unit (Type 33.8 m2) 

The core module unit in general consists of simple functions; a living space for 
doing general activities in the family or living room and bedrooms for private 
use. The degree of privacy is distinguished from the rooms. It is particularly 
considering for the family with children, whose parent should have privacy for 
closeness and at the same time; the children have rooms with level of comfort 
and safe.  

Though, based on interview, the issue of privacy is never seriously discussed 
as a requirement. The modern way of thinking has a different interpretation to 
the local inhabitants. Regarding them, the living space can also function for 
resting and it is common that mother usually sleeps with her children. So, 
there is no strict categorization of parent’s room and children’s room. In the 
first section, it was explained that the core housing layout consisted of three 
modular (tripartite). Using the modular, the modifications can be developed 
for the next adjustments. By expanding the roof overhang, the house owner 
can create an extended space for the living room, a bedroom, or a terrace. 
With the opposite method, they also can reduce the extended roof overhang to 
limit the room size. 

 

 

 

 

 

 

 

 

 
 
 
 
 
Figure 4-33. Simple basic module (before modifications) 
Diagrammatic is not to scale 

The module size may vary. In the field can be found the main tripartite module of (3m x 9m); 
(3m x 6m) or (2.4m x 7.2m) before adding extension. 
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3 
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Key: 
1   terrace 
2   living room 
3   bedroom 
 wooden board wall 

coconut wood column 
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Figure 4-34. Room transformation process 
 
 

After the candidate of beneficiaries had agree to the reconstruction team, the 
team discussed the construction steps. In general, the receiver has the chance 
to give opinions, such entrance door position, room dimensions, for example, 
the living space size can be reduced, but the total size layout is unaffected. For 
more detail observations, some units are selected and discussed here to get 
more information according to the reconstruction process of each household.  

 

2. Sample Housing-01: Modification of Unit N1  

Floor size area before modification (FA1) is 67.6m2 and after modification 
(FA2) is 101.8 m2.  

Figure 4-36 shows the entrance door of the new renovated house after the old 
house or the Kompas house phase. Figure 4-37 shows the old Kompas house 
that has been extended in the further development process. The new house is 
built applying brick masonry wall and concrete column. The new construction 
is connected to the Kompas house.  

  

Key:  
A Main core design.  

The module size may vary. It can be 
(3.00m x 9.00m); (3.00m x 6.00m) 
or  
(2.40m x 7.20m) before adding 
extension. 
 

A’ Spaces adjustment and 
modification.  
The size extended spaces may vary, 
based on the family plan.  
 

→ Direction of extension 

A 

A’ 

A’ 

TRANSFORMATION PROCESS 

A 
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Key: 
1 Kitchen 
2 Bathroom 
3 Storage 
4 Bedroom 
5 Washing area 
6 Living room 1  
7 Living room 2  
Ο  Water well 
→ Entrance 
 
 

Figure 4-35. Floor plan layout S-01 (N1) 
Diagrammatic is not to scale 
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In the reconstruction programme after disaster, the family receives two 
modules of Kompas houses for their two family households. They have two 
living rooms, because of two households (LV1) and (LV2). The parents house 
has LV2 and the married son and family live in the extended house with the 
LV2. However, in general they combine and modify the room functions in the 
following changes: 

1. Kitchen, storage and washing area are sharing facilities. The families made 
separation in the certain functions, but they can access the two houses 
from inside the house. There make connecting doors in between.  

2. Water well is in the washing area (WA). 

3. They have two main entrances that a sign of autonomy of each family even 
the houses are coupled. 

4. At the beginning of occupancy, the size of the house consists of two 
modules, 2x(33.8m2) or by the area of 67.6m2. After several years, the size 
has grown into 101.8m2. 

5. The original layout forms cannot be recognised anymore, because part of 
the old house was converted into the new house. 

Figure 4-36. Entrance facade of the 
new house   

Figure 4-37.Kompas house (the old 
house) 
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3. Sample Housing-02: Modification of Unit N2  

Floor size area before modification (FA1) is 33.8m2  and after modification 
(FA2) is 39.5 m2 

A couple occupies the house N2. Even though the families of N1, N2, and N3 
are included in Patran sub village and outer of the RT5 Ngibikan sub-village; 
they were built houses for the families because their houses were destroyed. 
After the damaged houses in RT5 built, they had had amount money for 
construction. After community agreement, the community decided conducting 
the money to build homes for the other vulnerable victims in the neighboring 
sub-villages. 

After seven years earthquake, the family has made modifications, but it is not 
essential compared since their first occupation in 2006. The homeowner 
acknowledges that they do not need even bigger space for them. The 
homeowner made involvements through following steps: 

 

 

 

 

 

 

         
  

Figure 4-40. Interior (living room) 

Figure 4-41. Interior room view to 
the entrance door  

Figure 4-39. East facade/terrace Figure 4-38. North facade (main 
entrance) 
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1. The family got the module house unit without rooms’ partitions. Then they 
built the wall divider by themselves using plywood panels. 

2. From the beginning of construction, the family had planned to build an 
outdoor kitchen. 

3. The outdoor toilet and washing areas are located in the back of the house. 
In the same lot, another relative is living. So, the two households place the 
hygiene facilities for sharing uses.  

4. The homeowner implies that the most undesirable aspect of the house is 
the roofing material that produces heat gain on indoor air temperature 
after 9 am. The hot air cannot circulate naturally. 

 

 
 
 
 
 
 
Figure 4-42. Floor plan layout S-02 (N2) 
Diagrammatic is not to scale 

 
  

Key: 
1 Washing area 
2 Kitchen 
3 Bedroom 
4 Living room 
O Water well 
→ Entrance 
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4. Sample housing-03: Modification of Unit N3  

Floor size area before modification (FA1) is 33.8m2  and after modification 
(FA2) is 39.5 m2 

 

The homeowner of Unit N3 is an old woman with three family members. As 
same as the Unit N2, the woman is actually not included in the targeted 
beneficiary group of Kompas house. However, the community RT5 had 
struggled to build a house for her because she includes as a vulnerable victim 
(elderly people and collapsed house) after her house completely felt down.   

 

Because of limited financial situation, she cannot afford several interventions 
in the house. The process of agreements is: 

1. There are no changes of house orientation, before the quake and in the 
reconstruction of the house in the South orientation. 

2. She has an open outdoor kitchen before the quake in the back of the house, 
but she prefers an indoor kitchen for the reconstructed housing. 

3. An extended space is built on the terrace and part of the indoor kitchen 
(±5.7 m2). 

 

 

 
Figure 4-43. Entrance door                 Figure 4-44. Interior room 
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Figure 4-45. Floor plan layout S-03 (N3)  
Diagrammatic is not to scale 
 

 

5. Sample Housing-04: Modification of Unit N12  

Floor size area before modification (FA1) is 33.8m2  and after modification 
(FA2) is 51.4 m2 

The homeowner is a woman and has no family member. Her first house has a 
bigger kitchen than the reconstruction house. But, she is grateful for receiving 
the house as long as secure against the quakes. There is no special 
modification in the house, because of the limited budget and she lives without 
family so she meant the house satisfying.  

Key: 
1 Living room 
2 Bedroom  
3 Kitchen 
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Figure 4-46. Floor plan layout S-04 (N12)  
Diagrammatic is not to scale 
 

Regarding the recent situation of observation, it can be described the 
following intervention which had been done to the house: 

1. The floor plan layout of N12 is more open and has no room divider.  
2. There is “no bedroom”, but the house owner put a curtain as a separator 

for defining the area for sleeping and the living room, because the owner 
lives alone.  

3. The house orientation is changed from South view to West direction.  
4. In the back of the house, there is a place for wood storage. Wood is the 

burnt material for cooking besides grilled charcoal, because she uses the 
traditional wood stove. The outdoor kitchen usually placed outside; 
because its smoke and pollutant are bother the comfort. 

Key: 
1 Living room  
2 Bedroom 
3 Kitchen 
→ Entrance 
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Figure 4-47. Interior of the house   Figure 4-48. Facade/terrace of the    
                                                                    house 
 
 
6. Sample Housing-05: Modification of Unit N14  

Floor size area before modification (FA1) is 33.8m2  and after modification 
(FA2) is 50.6 m2 

The unit is occupied by two households with five family members, and the 
family received only one module unit in the reconstruction project. The family 
successfully made extended spaces using limited resources to support their 
need.  
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→ Entrance 
Diagrammatic is not to scale 
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Figure 4-49. Floor plan layout S-05 (N14)  
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Figure 4-50. Front of the house          
  

 
 
Based on observation, the findings are: 
1. The house sample S-05 (N14) faces West direction. After reconstruction 

this house has the  same facade in the West.  
2. The house does not direct stand facing the village street or hamlet path, 

but it is located in the middle of cluster houses. However, this house has 
connection through spaces between buildings. 

3. Back house Back of the house has function as extended kitchen or outdoor 
kitchen. The structure is very simple, using timber beam and column, with 
very simple detail.  Figure 4-51 shows the joint connection between non-
structural concrete column attached to the brick masonry wall and the 
timber beam without anchor/bevel. The detail has risk to horizontal 
forces. 

4. This family has big animal stall/cattle for the goats located in the back of 
the house. The construction for the stall is part of roof extension 
connected to the main house. Semi-permanent stall/cattle is constructed 
using bamboo and wood. 

5. The specific character of this house is a big storage room which also 
functions as rest area and multifunction uses (e.g. bike storage and unused 
items).   

6. The modification structure of the extension room/area is very modest. It 
requires more supervisory assistance regarding construction safe. The 

Figure 4-52. Animal cattle area is 
important for this household 

 

Figure 4-51Back of the house/kitchen 
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owner made the construction by himself. The homeowner does not have 
good knowledge to the basic principles of joints to prevent the undesirable 
movement (vertical or horizontal forces) in case of earthquake. 

 
7. Sample Housing-06: Modification of Unit G43  

Floor size area before modification (FA1) is 67.6m2  and after modification 
(FA2) is 96.3 m2 

Unit G43 received two module row houses which are arranged in a coupled 
row. The homeowners had made the modifications are: 

1. The house unit 1 and unit 2 have partitions to describe the two 
households. It can be identified by the number of two living rooms and 
two terraces. To make strong identity, they also made different house 
orientations and facades colouring (white and green).  

2. House 1 has a special character as the homeowner manages the front of 
the house for shop. Otherwise, the homeowner designs the different 
entrance door to the shop and the main house. The house has the 
advantage of being located at the street corner. 

3. House 1 has made modifications to the spatial functions by adding a small 
fish pond in front of the house. 

4. The second house has an orientation in the South. 
5. Both of the houses are connected to the sharing kitchen.  
6. Toilet is used for sharing facility, but it is located in the left corner of the 

house 1.  

Figure 4-53. Front of the house                Figure 4-54. West facade 

 
Key: 
(A). A view to the housing unit S-06 (G43). The front house and the second house (green 
painted) identify differently to describe their autonomy 
(B). The house has two functions, as residential and partially as small shop (kiosk). 
(C). Locating at the corner of an entry path, the house has benefit to face paths and has two 
facades. 
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Key: 
1 Bedroom 
2 Living room first house  
3 Living room the second house 
4 Kitchen & dining area 
5 Fishpond 
6 Toilet/Bathrooms 
Diagrammatic is not to scale 
 

Figure 4-55. Floor plan layout S-06 (G43) 

 

8. Sample Housing-07: Modification of Unit G59 

Floor size area before modification (FA1) is 33.8m2  and after modification 
(FA2) is 85.3m2 

House G59 received one module house. The house is located in the middle of 
cluster (free-standing house) and have no direct access to the village street, 
but spaces between houses. The family has already made several 
interventions to the basic module. The homeowner does not make any 
changes in the house orientation before and after reconstruction, in the North 
direction. Important decisions are made such as: 

1. The spatial development (floor plan areas) has reached two times 
from the size of the module. 
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2. The interventions are made for the front house including living room, 
two bedrooms, and flooring by applying ceramic tiles. They express 
using their own financial for making adjustment and improvement. 

3. With a family consists of three members, the  floor ratio area for a 
person after interventions is quite good that is (85.3 m2 : 3 persons) or 
28.3 m2/person. 

4. The new extended house material uses concrete and roof tile. They 
prefer different performance for the façade of the house comparing 
with the Kompas house.  

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key: 
1 Living room 
2 Bedroom 
3 Kitchen and multiuse area   
Diagrammatic is not to scale 
 
 
Figure 4-56. Floor Plan Layout S-07(G59) 
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Figure 4-57. Entrance facade       Figure 4-58. Interior of the house 

 

9. Sample Housing-08: Modification of Unit G56 

Floor size area before modification (FA1) is 33.8m2  and after modification 
(FA2) is 45.6m2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key: 
1 Kitchen and multiuse area 
2 Washing area 
Diagrammatic is not to scale 
 
Figure 4-59. Floor Plan Layout S-08 (G56) 
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The Unit G56 locates in the South direction of G43 and G59. The family 
received one module house. The homeowner consists only 3 family members. 
In the time of observation, the family was doing construction to enlarge the 
existing house which located beside the Kompas house. At that time the 
Kompas house functions as supporting building for the new home. The 
Kompas house consists of the terrace, washing area, toilet, and kitchen 
coupled multipurpose area. Moreover, the recent house has orientation on the 
South side. Further the existing Kompas house faces the West orientation. The 
homeowner made modifications using local materials as bamboos webbing 
and wood for wall partition. An interesting finding in the development is part 
of the roof in kitchen area can be opened. Because this family uses wooden fire 
stove, they have to make adjustment of the smoke pollutant from the fire.  

4.4.6. Summary of Ngibikan study field 

In observation research, it is common found houses with multipurpose area 
(rooms). Rooms for multipurpose functions are important for the villagers.  
The functions may vary. One was found for resting area with a single bed and 
partition material with curtain. A place for food-preparation and kitchen 
locate in the same area. It is also found as an extended space from living room 
or garthering room, where family member sit together to watch television. 

Other typical space found is a terrace. A terrace has functions for socializing 
and receiving the neighbour in informal way. A terrace with long roof 
extension has important purpose for shading the facade. In the development 
progress, the additional building structure does not follow the core model of 
the house due to economic constraint. Otherwise, the house owner does not 
feel familiar with the structure and the building forms. This term can be 
influenced by the socio-cultural background of construction references that is 
differently comparing to the module unit. Some of the expanded buildings 
applied recycled materials from their previous shelters or ruined houses. The 
residents do not have enough preference to build following the model. The 
homeowner requires time, examples, practices and assistances to learn a new 
skill, technology, and modified building forms that introduced in the course of 
the project. Some improvements are introduced. Though it must be culturally 
considered. Basic requirements for healthy housing are significant, e.g. 
providing toilets and bathrooms have not been used before the quake, cannot 
sustain. There must be given assistance and education for the inhabitants 
before they use the facilities. Every household has a different process to 
develop their house, and the growing speed of every family is also diverse.  

The interviewees in Ngibikan feel more comfort and secure live in the Kompas 
house. 97.2% respondents said that they felt secure with their house, only 
1.3% stated secure but always feel cautious. The rest of respondents 1.5% 
asserted they do not know (see Appendix E). They experience more confident 
with the house type and doing some adaptations for achieving comfort in the 
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new home. In the perceptions, there are some aspects will be discussed to 
recognize beneficiary satisfactions. In Ngibikan village reconstruction 
program has triggered the village to redesign the route of mitigation. In 
addition to building the ruined houses, the community also got some training 
and information regarding earthquake and safety housing.  

Finding on housing orientation is also interesting to be discussed. In general 
the homeowner do not want to change the house orientation after and before 
disaster. But finding was found that 19% houses have been changed the 
orientation before quake and after quake, e.i. before earthquake house N.11 
has in north orientation and after quake the house faces south orientation. 
There are no significantly changing, except the south orientation. Before the 
quake 37% housing has south orientation and the number decreases after 
earthquake to 31%. The north and west have increased in percentages 
(Appendix E).  

There is no answer from respondents about the willing to be displaced if there 
is another disaster in the future. As well they do not have any preparations to 
be displaced. The term of participation can be described as part of beneficiary 
commitment to being involved in the program. The commitments are possibly 
performed at the beginning of the program, in the implementation and after 
occupation. In this project, homeowner/beneficiary has been involved at the 
first the program was initiated. Bottom-up initiative discusses the ideas. And 
after that they made several meetings promote and inform in details to the 
community.  

Table 4-8. Sense of belonging to the reconstructed house and their 
community 

Unit House 
owner  

Any relatives Duration of stay 
before quake (year) 

Land 
Right 
 

House 
Ownership 

N1 √ √ 50 Owner Owner 
N2 √ √ n.a Owner Owner 
N3 √ √ 63 Owner Owner 
N12 √ √ 50 Owner Owner 
N14 √ √ 33 Family Family  
G43 √ √ 46 Owner Owner 
G56 √ √ 34 Owner Owner 
G59 √ √ Since 2003 Owner Owner 

 
Key: 
n.a   no available data 
 

Dealing with the disaster situation had pushed the victims to control their 
expectations about housing demand (request). The situation in Ngibikan is 
rather than different comparing to Nias  case. In this village, community has 
been ready in the initial project to participate by delivering their remained 
properties for doing recovery as soon as possible. So that, the decision about 
minimum size, function, and uses have been leave to the team of 
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reconstruction. The idea, to provide adequate housing for affected victims, is 
more important than any other aspect. Because the community want to stay 
safe before the first rain comes during the raining season (around September).  

The comparative findings from Ngibikan field study, includes observations, 
measurements, documentation and redrawing the object summarised results. 
The interviews with the homeowners and the discussions with the actors of 
the reconstruction deliver better understanding in the further development 
process. They provide some interesting findings. 

1. New definition of room functions and uses 
2. Post-disaster reconstruction housing offers no alternatives for the habitual 

housing process in the normal situation. This inconvenient situation 
pushes them to have new expectations. Through several limitations, the 
inhabitants are driven to define their minimal expectations of the need for 
space.   

3. The ability to make decisions and modifications with some degree of 
difficulty 

4. People have unclear definition of indoor and outdoor rooms 
5. Modification is an indication of identity awareness. There is no uniformity 

of the house facade.  
6. Having priority to indoor comfort  
7. Unclear distinction between the module house and the modifications  

 
4.5. Field Research in Tureloto, Nias 

4.5.1. Project outline  

Table 4-9. Project outline of Tureloto Village 
Name of the hamlet  Tureloto, Nias 

Name of the project  Reconstruction Housing 

Provider NGO (Acted) and community driven action 

Type of project New reconstruction housing  

Size per house 30-36 m2  

Typical of construction Wooden house and steel frames 
construction (in situ construction) 

Built by NGO trainer and local worker 

Cost per house n.a. 

Occupation  2006 

 

In 2004 and 2005, Nias people terribly experienced with the earth shakes. 
After that event, there were many projects relating to reconstruction housing 
and the rebuilding of new settlements. Nias experience is studied to take a 
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4 

1 

Key: 
1 Tureloto village/hamlet 
2 Moawo project 
3 Gunungsitoli-Nias city 
4 Bawomataluwo village in 
South Nias 
 
 

 

look at the present situation of post-earthquake reconstruction housing 
seven years after 2005. Research consists of field activity and data 
processing. The field activities are doing observation in location, 
interviewing the inhabitants and contact persons, measuring and 
documenting the houses and its neighbouring community situation. 
Intensively contact was made before with o n e  o f  the national 
humanitarian organization named Yakkum Emergency Unit (YEU) where the 
head office is located in Yogyakarta. After earthquake and tsunami in Aceh 
2004 and Nias 2005, YEU was actively involved and focused on the emergency 
and post-disaster rehabilitation process. Moreover, YEU had programs to 
implement mentoring to the local villages during the process. They were also 
doing other activities related to social and economic recovery program after 
disaster, including the healing process for the disaster victims. In general, the 
most affected areas are concentrated in the rural areas including the northern, 
central and southern parts of Nias. Though Nias central with the capital city of 
Gunungsitoli is the most developed area comparing with the other part of 
regions. The significant infrastructures of this island like airport, central 
hospital and well-maintained roads are built in Gunungsitoli. The quake have 
broken the major facilities in Nias and cut off the island from outer 
connections. 

4.5.2. Location: Nias Island 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-60. Nias Island, Indonesia  
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After duration of time, Nias people are used to facing earthquake phenomena. 
Once the earthquake came, the ancient Nias folklore gave response according 
their mythological believe. Folklore said that an angry field snake came, but 
others meant, “The snake incarnation of Bauwadano Hia had anger”, using the 
native language. Since the earthquake case often occurs in this region, the 
event receives the attention and has a place in the folklore culture in Nias 
society. As the area has a history of seismicity, it has also observed tsunamis 
in the past.  

Over the last 200 years, there have been several earthquakes followed by 
tsunamis that have affected the region. One of the most notable tsunamis in 
the region was triggered by the collapse of the Krakatoa volcano in 1883. 
Regarding Alovisi, J. et al. (2005), tsunamis have been triggered by 
earthquakes in the region. It includes some events in 1797 (affecting 
Padang), 1833 (affecting most of southern Sumatra), 1843 (affecting Nias 
Island) and 1861 (affecting southern Sumatra). The magnitudes were 
between 7.2 to 8.7 Richter scale. One century after the 1907 earthquake, a 
huge quake hit again. In 2004, a big quake was occurred following by tsunami 
overwhelming the region of North and West Sumatera Provinces. It extended 
to the small islands around and surrounding Aceh; Banda Aceh, Sibolga, Nias 
Island, Simeulue island. The government announced it  as a regional 
disaster, but the international solidarities and national communities came 
and gave a hand to the suffering community that affected its impact in the 
relief and the development process after the disaster. Nias Island locates on 
the western coast of Sumatera, Indonesia. Nias Islands or Kepulauan Nias 
(Indonesian) is also the name of the archipelago, containing the Hinako 
archipelago.  

Nias location is on the surrounding of the plate boundary between the 
Eurasian and Indian plates known as the Sunda Trench (Hall, 2009). The 
oceanic Indian also known as Australian plate is slowly descending beneath 
(subducting under) the continental Eurasian plate at a rate of about 4.5 
cm/year12. The earth motion is distributed between the Sunda Trench and the 
Sumatran Fault that tracks along the Sumatran mountain range. The tectonic 
overlap zone has given rise to the mountain range along the spine of Sumatera 
and the numerous volcanoes, earthquakes and tsunamis that have 
characterised the geological history of the region. Until 2003, the whole Nias 
Island was an administrative Regency, part of the North-Sumatera province. 
During 2003, the regency was divided into two regencies, namely Nias regency 
and Southern Nias regency (Central Statistics Bureau of Nias, 2011-2012). 
Afterwards, the island developed further, in 2008 as urban sprawl of Nias 

12 Source http://www.tectonics.caltech.edu 
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Regency formed into West Nias and North Nias. The regency of Nias has the 
capital city in Gunungsitoli. The capital city of South Nias locates in Teluk 
Dalam, the North Nias is in Lotu, and the West Nias locates in Lahomi.  

 

Table 4-10. Facts about Nias 
Total Surface 5,121.3 km2 
The highest elevation +800 m 
Inhabitants 756,762 inhabitants (Nias statistics in 2010-

Nias Dalam Angka) 
Ethnic groups Nias, Malay, Batak, Chinese 
Population density 147.8/km2 
Languages native language is Nias, Bahasa Indonesia is the 

official language 
Religions Protestant, Catholic, Moslem  

Source : Nias Dalam Angka 2011-2012 (Central Statistics Bureau Nias) 
 
 

Nias Island covers an area of 5,121.3 km2 and including minor offshore islands, 
which are mostly lowlands on average 800 m above the sea level. Nias is 
inhabited by 756,762 residents according to 2010 national census statistics. 
Nias regency consists of 131 islands, and Nias Island itself is the largest of the 
islands offshore Sumatera that are part of North Sumatera province. 
Gunungsitoli  remains  the  capital  city  of  Nias  Central Regency and  it  is  the  
centre  of administration and business affairs of the Nias regency. Teluk Dalam 
is the capital of Nias Selatan Regency. All parties in the North Sumatera 
legislative council have agreed to the formation of a Nias Island province, 
comprising Nias, South Nias, North Nias and West Nias regencies, and 
Gunungsitoli municipality. It has been approved at a regional plenary session 
on 2 May 2011, but still need approval from Central Government, which has 
not been established the grand design of extended provinces.  

The new province with thus cover the area of the original Nias Regency prior 
to the latter's division in 2003. Apart from the southern region of Nias Island, 
the province also includes the Batu Islands until the southern areas, lying 
between Nias and Siberut.  Most inhabitants work in the agricultural and 
fishery sectors. During 2011, almost 49,143 (85%) of the total number 
inhabitants in Nias regency work in the agriculture sector. In the oral history 
of Nias, it can be found a few sources mentioned that earlier people worked as 
a fisherman, but if the weather supported to go to fishing, they preferred to 
stay on land. Therefore, it can be assumed that the people who work in the 
agricultural sector in parallel doing fishing activities. However, the agriculture 
sector has not good grown (Central Statistics Bureau Nias, 2011-2012).  
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4.5.3. The Project 

People in rural area in the North Nias regency has typical form of occupation 
as farmer and fishermen, similar to partly of region in Java Island along the 
Jawa Sea or Indian ocean. The figures are the recent situation as in the field 
observed in 2012. The village locates about 1 kilometer from the Tureloto 
coast.  

During the field study, some new reconstruction houses along the road from 
Lahewa centre to Tureloto coast area was visited. The houses were 
constructed through a community-driven program supported by the 
humanitarian organizations who helped the affected victims in Nias during 
2004-2006. Several new improvement can be seen after rehabilitation 
programs.The main road has been made hard using asphalt/bitumen. This 
new infrastructure is a helpful to connect the main district with the remote 
areas. It has been developed through The Rehabilitation and Reconstruction 
Agency Program (BRR) for Aceh and Nias (Fig.4-61). The programs aim to 
restore livelihoods and strengthen communities in Aceh and Nias by designing 
and overseeing a coordinated, community-driven reconstruction and 
development program. 

The house made timber construction and it was a row houses along the street. 
The street was made to connect the Lahewa centre to the Tureloto coast. The 
street width is 3 metres (Fig.4-62).  

 
 

 

 

 

 

 

 

  

Figure 4-61. New reconstruction 
houses in Tureloto village 

Figure 4-62. Tureloto village  
along the street 
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Figure 4-63. Site plan of the village 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keys:  
(B) Back of the house 
(F) Front of the house 
(S) Street 
 
Figure 4-64. Section A-A 
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Figure (4-63) presents the site plan of the village located not far away from 
the coast. The figure shows the general situation of the settlement after 
reconstruction program in Nias. The reconstructed houses were ready for 
occupancy almost two years after two earthquake events in 2004 and 2005; 
otherwise people stayed in shelters. Initiatives to rebuilding after 2004 rise 
but people had traumatic experiences facing the same shakes and prefer 
staying outside their old house. Partly of the victims want to stay in tents for 
some period of month, because they cannot start repairing the collapsed 
house. After December 2004, the next quake came in March 2005 so that 
people have not started the rebuilding program followed by the next big 
quake. 

In the reconstruction planning, government in BRR proposes the community 
participation method.  Beneficiaries involve active from the beginning of the 
project introduction and mapping the most important aspect need. The 
reconstruction houses are designed organically along the kampung13 paths, 
which connects the settlement to the main road to Lahewa district. The houses 
have the same orientation facing the street. It is frequently found that houses 
in rural areas have no restricted land boundaries, such as fences so that the 
spaces between the housing units have been left as the ground. The houses 
had been designed with certain setback from the street, about 2-3 meters, but 
the gap seems insufficient for the long-term development of the house in 
onward direction. 

In the section figure A-A, it can be seen that the typical house consists of two 
main elements the front of the house (F) and back of the house (B). Since it 
was described before that the main street (S) functions as a connection from 
the village to the outside region. The street itself has 3-4 meters wide. Front of 
the house (F) usually also involves with a terrace as the transition space 
(semi-public area) from outside of the house leading up the main house 
(inner/private area). Another function of the terrace is protecting the facades 
from the direct sunlight, which can heat the inner room temperature. 
Otherwise, in a tropical climate, a terrace also a good extended roof that can 
protect the house from exposure to the rainfall. Frequently, there is also a 
changing function of the terrace, which has been already described, not only 
for living, but also for commercial purpose.  

In general, the house is a single-storey building with normal height from 4-7 
meter from the ground to the roof peak (Section in Figure 4-64). The main 
structure of the house employs steel-framed structures (I-beam/wide flange 

13 Kampung or kampong is a traditional settlement form which can be found frequently in Java 
Island and this term is usually used in general to mention the organically settlement forming in 
Indonesia.  
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beams) combined with timber-framed for the roof, for the wall framing and 
wall covering. It is recognized that steel frame has the durability of usage but 
very responsive due to the high humidity, and easily corrosive without 
adequate maintenance. Responding the turf soil, the foundations use the 
concrete-molded foundations, which functions as pedestal for the columns. In 
general, the house consists of two main parts: front house and back house are 
not included a terrace. Terrace is commonly seen in the tropical housing. It 
has functioned as an extension space and spatial transition; from the outside 
area before entering inside of the house. In further development, the 
extension space employs as other functions, such commercial uses/small store 
and storage for vehicle and yields. 

 

 

 

 

 
 
Figure 4-65. Typical kampung housing configuration 
 

 

 

 

 

 

 

 

 

 

 

 
Keys: 
B Main house 
B1 Linear configuration 
B2 Loop/cluster configuration 
 
Figure 4-66. Housing development and modifications 

(B2). 

(A). -------Path--------------- 

(B1). 

further in  
Fig. 4-66  
 

(B). 
Modifications-process  

         Main house 

 

 

 

House Adjustment Type B2 

       Expanded housing 

→   Building orientation 

        Patio/courtyard 

 

 

 

House Adjustment Type B1 

       Expanded housing 

→   Building orientation 

        Patio/courtyard 
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Typical building configuration has been found in the observation indicating 
the connection of a building mass to other masses and its configuration 
represents several meanings and interpretations relating to the socio-cultural 
language of local habits (see Fig.4-65 and Fig.4-66).  

Building masses have same orientation to the main street. The street connects 
the village to other regions. That configuration allows members of community 
have visual control their environment/neighbourhood. Moreover, that 
configuration gives attention to social life. An extension space in front of the 
house (a terrace) frequently uses as a meeting point. While the owner of the 
house spends the time to relax at the same time they can communicate with 
the neighbors, who pass their home. 

A unit mass orientates to the street, and the neighbor will not place its facade 
on the side facing to the opposite the neighbor. The situation will be different 
if the owner of the neighbor has a family relationship (parent, brother, sister, 
etc.). In this situation, the ordering of building masses can express the non-
discursive regularities in a culture and understanding the existing 
configuration result of social logic of the local society. It is also a translation 
the privacy meaning a society context. 

If we look inside to the small unit of the house, there is also found at least two 
typical patterns of building order. Configuration type one is often found in the 
longitudinal building order, and type two is a loop or a cluster pattern shaped 
by the masses arrangement that is directing the same open ground. In the 
development phases, based on demand, the owner builds more rooms and 
spaces to meet their need. The expanded building masses (back of the house) 
connect to the main unit (front of the house) using connected roofing or only 
linking with open ground between units. Finally, the units will face the same 
direction and forming an imaginary courtyard. The courtyard commonly 
functions as playground for the children activity or place for drying the crops 
and the washing. 

Building masses arrangement forms an imaginary loop as open ground and 
usually locating in the centre of the courtyard. The configuration still 
represents the hierarchy between the front and the back houses, but this 
arrangement further reveals the relation between each building masses. It 
expressed closeness and openness. In some case, the configuration explains as 
the development of the core house following the family growth. Children with 
their family, who choose to live together in a family circle near the parents. 
Another pattern formed incidentally was not found in this community.  
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In the expansion process of the main house, it is commonly revealed that 
building masses indicate to form the same direction and to create an open 
space in the centre or an imaginary longitudinal order. The longitudinal order 
builds imaginary space that connects each mass in the configurations to the 
inner house environment; a courtyard (see Fig.4-65 and Fig.4-66). These 
developments are in the social meaning significance to the community bonds 
and the sense of belonging. These typical development forms are frequently 
found in the reconstruction housing, which the land rights have been 
established, and the rest of land parcels are enough to be developing in some 
directions. Though as a separate parcel, the house does not apply strictly 
boundaries (fences, enclosures) to neighbours. It can be a sign of strongly 
community ties and trust/community bonds. The local habit and socially non-
verbal communication can only be expressed by reading the spatial form 
evidence.  

1. Linear buildings configuration explains some situations (Fig.4-66. B1): 

− House orientation faces the street 

− The building masses, functions as dwelling 

− Major unit functions as a living space and bed rooms. A multifunction 
space uses as a living room combined with terrace. The living room 
functions also as a sleeping area in the night time 

− The extension building units uses for example for toilet, barns/shed 
storage, outdoor kitchen or animal cattle 

− The building masses is facing the imaginary open ground and building 
more private atmosphere to the house. 

 

2. Loop or cluster orientation presents related some facts (Fig.4-66. B2): 

− The main house has orientation to the street. 

− Extended building units face to the centre of the complex building or 
courtyard. 

− The main house functions as a major-unit and the back house functions as 
minor uses or supporting. 

− There are no definitely territories among the neighbouring site. 

− The linear and loop forms indirectly represent the development phases, 
socio-cultural bonds, and land use management. The development phases 
can be identified from the buildings configuration, and it also describes the 
hierarchy of the building. Otherwise, the socio-cultural bonds can tell 
more about the secure feeling amongst one big family and or between 
neighbouring communities. 
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4.5.4. Summary Tureloto Village 

Tureloto Village is one of typical fisherman settlement. The location is near of 
the seashore, before the latest disaster that ruined the kampung into 
devastation. The reconstruction housing has been given the villager new 
environment, though in development process they still bring their cultural 
building. The configuration and building connections are similar in the 
traditional patterns. The main road is a new infrastructure building in the 
reconstruction project of the BRR Nias. Though there is a sign that they still 
consider the main road as an extension of the front house. People usually sit in 
front of the house and make conversation with the neighbour from the 
opposite house from the terrace. 

The other findings, there are two main configurations in the development of 
the houses, (1) the linear form and (2) loop/cluster. These forms are typical 
patterns which can be found in the organic settlement patterns. The forms are 
common following the physical elements, such as road, river, trees, landscape, 
etc. In Tureloto there is a trend in the development of the houses to follow the 
open yard as a centre of the building masses, so that the building masses form 
the linear and the cluster patterns.   

4.6. Field Research in Moawo, Nias 

4.6.1. Project outline  

Table 4-11. Project outline of Moawo – Nias 
Name of the hamlet Moawo Village 

Community  Farmer, land worker, fisher 

District     Lahewa 

Provider YEU (Yakkum Emergency Units) 

Country Indonesia 

Type of project  New Reconstruction Housing 

Number of houses constructed  62 units 

Size per Unit 37.5 m2  

Typical construction Stilts houses, wooden materials  

(in situ reconstruction) 

Built by Local people and NGO volunteers 

Cost   n.a. 

Occupation by the villagers 2007 

  
 
The next study field was in Moawo village. The village located in a remote area 
in the Northern part of Central Nias, situated in the offshore area. Before the 
2004 earthquake occurred, the offshore area was not as large as today. 
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Aftermath, the coastal area increases and expands. Moawo village is about 20 
minute-drive with motorbike or 2 km to Lahewa; the main district. From 
Gunungsitoli City, Moawo hamlet is approximately a 4-hour drive using public 
transportation or rented a car. The transportation options are still limited, 
though, after the earthquake in 2004 and 2005, the number of roads is 
significantly improved. After the reconstruction, the supporting 
infrastructures, like roads, public and hygienic facilities, were built up better. 
The road highway connecting Gunungsitoli city to remote areas were 
developed, especially in the northern and southern part of the island 
increased better after the quake, and so as education and socio-economical 
activities can be quickly restored. Accordingly, the infrastructure development 
was faster in the reconstruction process after 2004 and 2005 earthquakes in 
Nias. The BRR program has an important role in this success development. 

Table 4-12. Project information 
Name of the project YEU Post Disaster Reconstruction Housing project in Moawo  

Building age approx. 6-8 years 

Dimensions 6m x 6m x 2.5m  

Space adjustment approx. 1.5m2 in veranda/terrace  

front of the house 

Built surface ±36m2  and ±3m2  for terrace 

No. of Stories 1 

Typology Post earthquake reconstruction permanent house type 

Climate Tropical humid climate 

Topography Ramps up to about 25-50m from the beach 

Building materials Wood, stone, clay soil, cement, corrugated iron metal roof 

 
The Yakkum Emergency Unit under coordinated of BRR had reconstruction 
housing communities in Lahewa, Nias and other regions, such as housing 
communities in Meulaboh, Kuala Bubon, in Aceh. In addition to reconstructing 
houses and facilities, YEU also involved in the community assistance activities. 
The activities aim to develop the provision of adequate life, the socio-
economic rehabilitation and the improvement of community capacity power 
and the disaster preparedness.  The housing community in Lahewa initially 
was realized in 2007. At the time of observation, the housing project is in a 
well-managed condition. Almost of the houses are habited, but some houses 
are empty because the owners are no longer stay in the village and Nias 
Island. In common, the house and its environment are maintained; the 
homeowner has greening their yard and painting the front wooden wall. 
However, any complicated adjustments were not made to expand the main 
house. 
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Figure 4-67 shows the situation of settlement. The row houses face the main 
village street and the street ends to the coast. The street width is about 3 
meters. The distance between settlement to coast is about 500-700 meter. The 
coast is not facing directly to the ocean, but it is located towards the small 
peninsula. Figure 4-68 is a typical house unit of the community. The house has 
less modifications. The homeowner made improvement only to the broken 
parts. In general the tilted timber column in terrace became easily obsolete. 
The weathered wood must be renewed for supporting the overhanging roof in 
terrace. In general the houses have large garden and homeowner can manage 
it for greenery. The new settlement is located near the coast, but the risk to 
tsunami is less, because the distance and the topography. The neighbouring 
villages are Siheneasi and Afia which are located in the north-west direction 
(Fig4-69). The community facilities are supported with facilities, for example 
kindergarten school, mosque, church, public toilet and bathing. 

 

For the mitigation system, it was built an early warning system building. 
However, the building does not exist anymore, after 2 years handing-over. 
Other scenario for extreme tsunami case, the project is supported with design 
route to the highest hill around the community, it is called Hilligaka Hill (Fig.4-
69 number 7 and 8). Boat docks is provided for the fisherman to pull off their 
boats. 

 

 
 
 
 
 
 

Figure 4-67. Row houses orientate to 
the village street
 

Figure 4-68. Typical house unit 
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Key: 
⌂⌂⌂ Housing 
1  Church 
2  Mosque 
3 Public bathing and toilets 
4  Early warning system building 
5  Boating Dock 
6  Kindergarten School 
7  Evacuation meeting point 1 (in tsunami case) 
8  Evacuation meeting point 2 (in tsunami case) 
 
Figure 4-69. YEU Post Disaster Reconstruction Housing and Facilities 14 
 

 

 

 

 
 
 
 
 
 
 
 
 
Figure 4-70. Interior of the observed house 

14 © YEU and Darmodjo (2007) and redrawing for this work 
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4.6.2. The reconstruction house 

The house notably has a multipurpose room functioning as the living room, 
the resting space, the children playground and the study space for the kids. 
The condition is very modest. The studied house has no special furnishings, 
only one bookshelf. They receive the guest and sitting in the floor. It is a 
common situation in the rural area people sitting on the floor.    

 

 
 
Key: 
BR Bedroom 
MR Multifunction room 
T  Terrace 
Figure 4-71. Basic form of the house module 
©Darmodjo and YEU document work. redrawing for this work. 

 

 

The houses face the main road in the settlement. Figure 4-71 shows the room 
layout of one unit. Every unit consists only two rooms (Fig.4-71). There are 
one bedroom and one living room which has function for multipurpose use. 
The rooms are connected to each other. The bedroom as a private area faced 
the big room with a door or a curtain as separator. In front of the front door 
and the back door, there is an extended roof built. This extended roof 
functions as terrace that connects to the outer of the house. The terrace 
functions to protect the façade and the front doors against the rain splash and 
sunlight exposure. The house provides the minimum living space for a family 
with small family members (2 adults and 1-3 little children). The unit size 
cannot provide the family expectation, who has more than six person family 
members. But, the unit design and the sufficient land around the house give 
them the possibility to extend the main house.  
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Key: 
A, B, C, D  Houses before modification  
TO1 and TO2 Sharing toilet and washing area  
TO1   Sharing facility for House A and House B  
TO2   Sharing facility for House C and House D 
MH  Main House 
Mod  Modifications: space and room adjustments, for example  kitchen or storage  
 
Figure 4-72. Configuration and transformation 
 

Indeed, the number of the rooms is established and decided before. The house 
is not designed completely fit to the family members of each household. 
Furthermore, the basic design does not include a kitchen. Therefore, the 
homeowner must do some adjustments to accommodate their need. In this 
community, an extended space for kitchen area attached directly to the main 
house is frequently found (Fig.4-72). The basic form is rectangular (6m x 6m) 
and is covered with a saddle roof. A veranda is attached in front of the house 
and the back door. The main house is not directly connected to the toilet and 
hygiene facility, where locates about 5-7 meters behind the main house (TO). 
Afterward, the homeowner arranges a stone-path by using massive stones on 
the ground heading for the back door to the toilet facility in the back of the 
house.  

Mod 

MH 

TO1 

A B C D 

Mod 

MH 

TO2 

(a) The row houses before modifications (b) Modifications 

TO1 

Village street (3m) 
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The main structure of the house employs the wooden pillars. The foundations 
are the support system, which are positioned in the stony soil and these are 
connected using horizontal beams. The beams bear the purlin roof 
construction weight. There are two typical foundations using for the house: 
(1) a single support is applied to support the terrace pillars and (2) 
continuous foundation is applied to support system for the wooden walls of 
the house. The walls itself are non-load bearing structure. The main structure 
of the house is employed wooden skeleton that functions as load bearing 
columns before the wooden boards attached to the skin. The soil types are 
clay and reef stony land, so that the two foundation systems have been chosen.  

 

Figure 4-73. Terrace of the house 
 
 
Significantly we can see the wooden pillars in the terrace have functions as 
structure and aesthetics elements. Timber columns have functions as 
supporting elements for the front veranda and also as the main structure of 
this house. The selected material for the foundation is reef stone, which is 
common and ease to get from the surrounding area. Because of the 
weathering process and the quality of timber, the timber column is easily 
broken and the house owner replaces the pillars using the new wood and 
redesigns it new as vertical pillar, not sloped.   
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Figure 4-74. Wooden braces for supporting some connection detailing in the 
roof structure and the columns  
 
Timber truss system is applied for the main roof construction. The 
connections are locked using metal nails. The diagonal braces secure the 
connection between the column and the roof truss; and also between column 
and the horizontal beam along the wooden walls (Fig.4-74).  

4.6.3. Planning process in Moawo reconstruction housing  

The design and planning process involved as much as possible the community 
participation since the program initiated. The working-tasks of reconstruction 
activities are as follow15: 

− Preliminary survey:  
− Location and site survey,  
− Geographical condition,  
− Demographical data,  
− Targeted beneficiaries and community needs mappings. 

 
a. In the preliminary stage, introducing the program is important entry point 

to the community members. Doing meetings and introduction are done, 
especially to women and mother groups, children, young people and men 
groups. Each groups has special expectations, so that the information 
cannot gather in the big groups. In social connection, the men or 
household leader has important role as a decision-maker, so that they 
have important position in the discussion process, though the women 
voices in some parts can give influences to the whole of agreement. 

15 The list of working stages is a summary, based on interviews with some contact persons of YEU 
project in Moawo namely; Darmodjo, Aan and Helen during the field research in September - 
October 2012 and compiled with information from YEU unpublished working document 
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b. Collecting data is not only the demographic data, but also included 
understanding the cultural character of the local people, avoided 
customary/local prohibition relating to the design and construction of a 
house. For example, it is known locally timber sorts such as Semalabulo, 
Gayo, Durian woods, etc. Within the communities, there is an issue to 
prohibit for using the Durian wood because of its scarcity in the island. 
The community has afraid of losing the Durian tree species during the 
reconstructions. This kind of issue and concerns must be considered in the 
project planning. 

c. Project implementation is starting with a preparation of material selection 
to constructing the houses. Community and homeowners are involved in 
the activities. Otherwise they develop the physical buildings, the NGO and 
people in community are initiating some community development 
programs, such as follows: socio-economic rehabilitation, cultural and 
hygiene improvements, women empowerments for supporting the family, 
skill learning and training programs to raise the community preparedness 
and awareness, building early warning system for tsunami and mitigation 
disaster system.  

The building construction process can be traced based on observations on 
location, interview with the house users, interview with the project experts 
and studying the working document of the project. In details, the stages can be 
presented: 

− Site preparation is done in the preliminary step.  
− The basic housing layout is a rectangular, and a saddle roof covers it. 

There are two typical foundations selected for the soil types; continuous 
and single support foundations.  

− At the beginning of the project is the preparation works, including site 
preparation and clearing. 

− After measurements, the foundation ground is prepared. In the designated 
points, foundation holes are prepared to put the wooden pillars in with a 
certain dimension for the single support foundations. After that, the 
horizontal beams are put on below. Horizontal beams are placed along the 
continuous foundations. After this step the posts are placed crossing the 
horizontal beams for the installation of the flooring boards. 

− Above the timber pillars then placed the rafters.  
− In the next step the roof structure is covered and a load-bearing timber 

skeleton is created, to which the wooden boards are assembled to cover 
the skeleton from outside of the house. The vertical frames for the walls 
can be constructed. The wall frames are place for attached wooden boards. 

− Eventually, the veranda is built later, and the wooden steps are added to 
balance the height from the ground entering to the house.  
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− Filling the floor ground with crushed rocks and soil before the area is 
casted with cement plaster for the final hardening floor. 

  
 

 
 
 
 
 
 

 
Figure 4 – 75 Corner joints  
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 4-76. Single/point foundation and sketch illustration 
 
 
Normally, in the traditional house construction, the whole family and 
community in the village will take part in the house construction with a 
certain celebration as part of the house building ceremony. It will be done at 
the beginning of the house construction and also after the house ready for 
occupation. The handover of house unit is ready for occupation. Some of the 
respondents added they should repair the harden floor after several months 
after handover, because the floor level fallen down as the soil is not stable. 
Veranda is a roof extension of the house. It is attached for façade protection: 
the main door and the front facade against the sun lighting and rainfalls. 
Otherwise, it has function as a transition space from the outside area entering 
to indoor room. Because of the typical soil in this area, the foundation-
positions are in the depth ground. Its broadness is less important than its 
depth. The foundation prevents the wooden pillars from weathering caused by 
capillary water movement from the land above so the foundation should be 
waterproofed. 

Detail of corner joint; the 
connection of wooden joints and 
nails are used as connector 

Foundation: 
crashed rock, 
stones, and cement 

Horizontal beam 

Vertical veranda column Wooden boards 
for flooring 
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Like common tropical housing, this unit applies a roof tilt angle of 30° 
considering the heavy rainfall and attaching a roof extension in order for 
reducing the sun glare and protecting the façade. The roof is a purlin roof or 
gable roof. On the roof ridge purlin and the lower beams, there are rafters 
with horizontal struts where the roof cover placed on. The roof consists of a 
wooden stiffed truss with corrugated iron metal as enclosure. Veranda is 
designed smoothly inclined as an extension of the main roof. It is supported by 
a long side beam and on the other side of the beam on independent pillars, 
parallel to the house wall. The wall consists of wooden framing/skeleton. One 
of the simplest ways to construct wooden walls and people on site are used to 
doing this method. The wooden boards are attached directly to the skeleton. 
The boards cannot be done before the frame has been finished. After the 
finishing of the structural work, flooring often plans in the last touch as 
completely the work. Though it comes in the final order, such requirement is 
significantly to be fulfilled. As the material for flooring is applied cement 
mixture directly above the rock. Some families employ ceramic tiles or 
vinyl/plastic mat as final covering. Further, following modifications were 
made after several years in the housing units by the owners: 

a. They build a room behind the main house functioning for kitchen or 
bedrooms. 

b. Because of the limited budget, they cannot afford wooden panel for 
assembling partitions; then they replace the panel’s function by using 
curtains for defining the room functions. 

c. Because of the weathering process and the quality of timber, the wooden 
floor in veranda is rapidly broken. The homeowner replaces the flooring 
materials using cement mortar and crushing stones or sustaining the 
sagged wooden horizontal beam with stones.  

d. For additional functions (small store, extension of the veranda, protecting 
the front windows), they build roof extension in front of the house. 

e. The weathering process has also damaged the timber wall, especially at 
the elevation of one meter from the floor. It can be caused by limited roof 
extension and rainfall splashing. Thus, they replace the wall material using 
masonry wall especially at the damaged height (combined masonry and 
timber walls). 

f. Clay and reef stony soil have special characters, they are flexible and 
unstable, so the ground can be move down and effecting on the floor 
elevation. Facing this problem, the homeowners should regularly treat the 
floor.  

Most of inhabitants in the field observations in Nias hold the land rights. Only 
some parcels/sites are owned by local authority or customary rights. After the 
disaster, beneficiaries cannot automatically occupy the new post-disaster 
reconstruction houses. The problem is indeed relating to the beneficiary land 
and housing ownership, who comes originally from outside area of the island, 
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but staying for a duration time in Nias. Commonly, they stay as renters and 
have no legal rights to land and housing ownerships. In the observation study, 
it is found a family household, who originally comes from Padang. The man of 
the family works as a fisherman and stays with his family in the YEU 
reconstruction housing community since 2008, one year after the official 
occupation of this community. The man of the family is the origin from Nias. 
He told us that the local authority in Lahewa inform them if they want to come 
to Nias, the family will access to one unit house in the community as a renter. 
The unfair and manipulated information often happen in the field, even done 
by the local authority in the name of disaster victims. The beneficiary survey 
have been determined the criteria of the targeted group. Though the criteria 
have been established, the corruptions or dishonest repeatedly happen. On the 
other hand, there is still opportunity in the developing policy of providing 
housing for adequate housing.  

4.6.4. The Provision of facilities in YEU housing project 

For supporting the community, YEU designed public and sharing facilities, e.g. 
a kindergarten, a community hall, public toilets, public bathing, sports field, a 
mosque and a church in the near of the Hilligaka hill. Hilligaka Hill is a place on 
the high hill; which is purposed for evacuation responding the tsunami threat. 
The hygienic facilities, like toilets and washing area, are outside the house. 
One public toilet can serve every two family households (Fig.4-77).  

 
  
 
 
 
 
 
 
 
 
 

Figure 4-77. Public toilet and washing area outside of the house  
 
 
The water source is drained from the water-well outside of the settlement. 
Surrounding area is greenery space. Since each house is an independent unit, 
so every household can manage the ground space for gardening and farming 
in obtaining the daily need of vegetables and fruits. There is no agriculture 
industry in this surrounding. The agricultural cultivation locates outside the 
community settlement. 
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In the observation, the quality of its facilities is relatively poor, especially 
relating to communal facilities, which locates outside the housing community 
in Moawo (Fig.4-78 and Fig.4-79). People use the facilities daily, but with very 
limited maintenance. The maintenance issue is significant, especially relating 
to the sustainability of the communal facility. People in the community must 
learn to maintain, to keep clean and healthy. It is not easy to educate people to 
have bonding to their belonging, only if they have the same interest and good 
knowledge about the health care environment. In addition, it is also difficult if 
the daily need for survival is still the main problem for them. 

 

 

Figure 4-78. Sharing facility for washing  

 
 

 
 
 
 
 

 

 

 
 
Figure 4-79. Communal bath and toilet  

 
The community in Lahewa has a natural water source known as Umbul 
Lahewa. YEU built some communal toilets and washing places. However, the 
location of Umbul Lahewa is far from settlement. During observation found 
that the condition of communal toilets is very poor, there are no doors of the 
toilets left. Garbage and plastic containers from the laundry detergent can be 
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found everywhere. The situation is bad and garbage and plastic containers can 
pollute the water resource. The existing of communal facilities are getting 
poor after 8 year handover. Respondents said that people and community 
have lack of awareness to protect and maintain the facilities. As well the local 
government does not have a policy to protect it. Furthermore during the 
rebuilding houses after disaster, YEU project had rebuilt mangrove forest 
plantation, which were damaged after the tsunami. The mangrove forest has 
important function to reduce the water speed before reaching the community 
settlements. The mangrove forest can protect the settlement near the coast 
from potential risk to tsunami. YEU under coordination of BRR Aceh-Nias built 
and designed the tsunami early warning system in the village to the district 
level.  

A tsunami early warning system (TEWS) building centre is built near the 
seashore. But in the time of field observation, the building did not exist 
anymore. Some irresponsible people had damaged and stolen material 
construction of the TEWS building.  

  

Figure 4-80. Site of tsunami early warning system (TEWS) building   

 
In the Tsunami case scenario, evacuation route plan had been designed by the 
consultant (see Fig.4-81). Villagers from several locations are directed to 
follow the main road (red arrow).   
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Key: 
(P1) and (P2) evacuation places, in case of tsunami to the highest place surrounding village 
  following the route to the highest place in the village 
  following the arrows to the main road 
  the arrow to the next village/safe places 
 
Figure 4-81. Evacuation route  

It is important to avoid the seashore area in case of an earthquake occurrence. 
TEWS function to observe if an earthquake causes or followed by tsunami. 
People can escape to the higher areas (Hilligaka Hill = P1 and P2). People 
surrounding Afia Village can go away to the direction Afia Village (keep off the 
seashore). For the fishermen, who are in duty, they must be rushed to go to 
the boat dock back and bind their boat. However, it is a disappointment that 
the TEWS building centre is no more exist.  

4.6.5. Summary of Moawo Post Earthquake Reconstruction Housing  

Geographical location is still a great challenge for development. Nias and other 
small islands surrounding Nias are relatively difficult to be accessed from the 
Sumatra Island as a big island and the location of the main city of North 
Sumatra Province. As a consequence, in several sectors the development is not 
as fast as in comparing with other regions, especially in the centre of the 
national government in Java Island. Nine years after the earthquake and 
tsunami disaster (in 2004) through field observation in the selected field 
studies, there were not significant development in the settlement 
modifications and livelihood. Some houses have been painted, doing 
maintenance on the terrace and paving, and they are also doing gardening. 
They made no material replacement to the house. The use building material is 

TEWS building 

Hilligaka 
Hill 

Afia Village 
Siheneasi 
Village 

P1 

P2 
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the same as the original house. However, the dwellers feel save now living in 
the new housing. Although, some respondents said they wanted to rearrange 
the house, but they did not have financial support. Furthermore, they 
criticized and blamed themselves for the poor conditions of communal 
facilities. Some respondents said that they are as a community, and their 
government cannot protect and maintain the communal facilities as well as 
condition comparing with after project handover. The poor situation is a 
disadvantageous decision of the initial project. For example, in the initial 
project, it was expected a kindergarten building to be built in Moawo. But the 
fact, the number of children under seven years (pre-school ages) was not 
enough, so that after post-occupancy evaluation, the building is empty and 
unused.  

Other reasons, the parents have limited awareness for sending the children to 
go to the pre-school. Otherwise, there is no teacher available for this area so 
that the children should go to school in the near district in Lahewa. The 
existence of some heritage housing in Nias can be considered as a reference 
for the following development of housing and architecture. However, in 
accordance with recent context, the existence of these traditional 
architectures has a risk and cannot be sustained without any prevention and 
conservation. In other side, many reconstruction projects can deliver new 
house typology namely post-earthquake disaster reconstruction housing, 
which is to be built to provide dwellings for disaster affected victims. The 
characters of this typology involve the housing demand in a disaster situation.  

Because of several limitations, the post-earthquake reconstruction housing 
can be failed to meet the constellation of society groups. But in contrast, to 
preserve the traditional building culture, this typology has built their owned 
characters through creating the new culture in the built environment and 
spatial planning for the future spatial planning. However, the provision of 
post-disaster reconstruction housing should consider such factors for 
supporting the long-term expectations. The existence should avoid as a black-
hole especially in land use, housing, and community planning. Based on the 
considerations, some aspects will be viewed as part of findings in this 
observation. 

Common criteria are established to evaluate the housing typology. Location, 
respond to a tropical climate, social connection, material used, spatial and 
infrastructure development, identity, and earthquake resistant construction 
are used to evaluate the case studies in Tureloto and Moawo. Using qualitative 
findings e.g. visual and empirical, the hamlets are assessed. 
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The assessment values based on observation result. Tureloto hamlet and 
Moawo hamlet present almost same findings. The hamlets are designed with 
module unit in the first phase. The module has been partially developed by 
users with minimum development. Awareness to climate have been owned by 
owner. Protection to solar heat and protection to high precipitation have been 
done. Every houses have veranda or terrace in front the house to protect the 
entrance. Some houses must be repaired because of weathering process to its 
material. In term of ventilation and building height, the new post earthquake 
housing has fulfilled the minimum standard to residential housing, with 
building height minimum of 2.5m. Though it cannot be compared to 
traditional housing in Nias has  minimum height of 5m with the result on 
interior comfort.   

The social connection shows in the housing process. From the beginning of the 
project, building a house includes a cultural activity with some cultural 
meaning to family and community. Negative finding are found that some 
houses have not been settled and building materials have been sold to other 
regions. Tsunami early warning system building was not exist and during 
observation the site is empty. There were no access to have information about 
the building. Some respondents said that the building materials (timber and 
roofs) were used for building different functions.   

Regarding the tropical climate and seismic consciousness location context, the 
traditional Nias housing are designed with adaptation to climate, location, and 
socio-cultural requirements, which have been already well-known. The 
tropical climate and seismic prone contexts are the natural aspects which have 
already existed. Following tropical climate, some aspects are counted 
including protection of heat gain and high precipitation, creating ventilation 
and indoor comfort temperature due to high humidity, providing adequate 
indoor lighting, and building configuration. Earthquake consciousness location 
effects on the selection of building structures, which should be earthquake 
safe construction and supporting certain building materials.  

Socio-cultural contexts are some requirements that cannot be seen, but they 
exist in the society. Some aspects play important roles and it spontaneously 
attached to the individual, family, and social group in each society. Social 
connection, spatial planning, ethnic group and personal identity are the 
evidences of the socio-cultural extensions. In Bawomataluwo Village, 
evidences can find regarding the socio-cultural aspects of a Village Chief. A 
Chief has certain rights and privileges. A custom chief is respected amongst 
the ordinary villager and to be placed in a special constellation in the spatial 
ordering in the village layout. The position is supported by the highest 
hierarchy; they had the privilege building the tallest house to prove the power 
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of the village and to outer society. In the Bawomataluwo heritage village, there 
are no possibilities to extend the house in every side/facade of the house. The 
housing layout arrangement is the row pattern, and there is no space on the 
sides for expanding the size. This observation cannot find evidences 
supporting it, so it is perhaps no principles to regulate the building 
adjustments comparing with the modern building standards.  

The construction and material aspects are assessed that the traditional houses 
have been earthquake proof comparing with post-disaster reconstruction 
housing type since they have been experienced several disaster events before. 
However, post-disaster reconstruction housing is designed to a problem 
solving from the recent event and must be examined passing through the time. 
Even, they have been designed following the modern knowledge and 
construction, and the earthquake resistant building, but the resiliency can be 
answered if there will be the upcoming events to be faced.  
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS  

 

 

5.1. Development Planning for Post Disaster Reconstruction Housing  
The long process of permanent housing provision is as difficult as emergency 
and transitional phases. After disaster occurs, early response and recovery 
(reconstruction housing after disaster) can be applied simultaneously. Though 
in early response, medical and food helps are more needed, while in recovery 
phase or rebuilding programs, physical programs are initiated.  

Further studies in the housing provision after disaster have recognized 
difficulties both found in early response and recovery phases, to be exact the 
instalment process. There are several problems found during the instalment. 
In emergency phase, time of delivery and speed to reach the affected areas are 
the most difficulties faced. Following with identification of essential items for 
emergency aids, selection of transportation methods to disconnected regions 
and identifying the real number of victims are the next critical problems. In 
the term of sheltering and housing after disaster, the instalment of shelter 
become necessities after survivors have supported with adequate food, water 
as well as medical aids. Housing provision methods are vary, with 
participation or no participation from the beneficiaries. Further it has been 
discussed there are 3 typical participation from beneficiaries/community in 
the provision of housing, i.e. participation, limited participation and contractor 
model (no direct participation). Each type has different criteria and 
requirements that cannot be applied for all post-disaster reconstruction 
project.   

In this research field observation was useful to collect evidences in the post 
disaster reconstruction housing practices. Indonesia as case study has 
practices different approaches and type of  housing provision after disaster 
model. Natural disasters related seismic activities like earthquake, tsunami or 
eruption are most risks that should be noticed.  

Significant findings related to post-disaster reconstruction housing and 
occupancy process are recorded from observation study. The beneficiaries in 
interview give opinions related to some aspects, i.e. time of housing provision, 
their personal interest to the post disaster reconstructed housing and 
environment, as well future planning with the house and preparing for future 
disaster. Moreover, in general opinions are influenced by indigenous factors 
that attached to local situation, gender, age, social, economic, and cultural 
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belief. Community bonding includes social, economic and culture aspects. 
Further, there are found different cultural habits and activities, diversity on 
perception to the recovery project type and participation, occupancy and 
economic level, house occupation types, housing and land ownerships and the 
environment growth.  

The most challenging work in this research is to transform the information of 
non-physical aspects to be design requirements. From secondary literature, 
field research and interview methods, particular in peer to peer interview can 
get personal information from beneficiary satisfaction. To develop the post-
disaster reconstruction housing in the long-term planning will be performed. 
The model will be developed based on situation after disaster and 
identification of vulnerability aspects within a normal situation. Valuable data 
are needed to study the inhabitants profile and recent housing condition in an 
area. The model aims to prepare different location to have preparedness to 
disaster.  

Information gathered consist of user profiles, houses design condition, used 
material, selected construction, expected cost, and required house typology. 
Good knowledge to vulnerability must be promoted to community and this is 
key to design long-term planning for community.  

Based on context, strategic planning on post disaster reconstruction housing 
provision includes two main stages. Strategic planning identification is a step 
to identify the strength, weakness and strategy based on existing resources, 
risks, and vulnerabilities analysis as important guideline.  

− First strategic planning is applied before the disaster happens (Pre-
disaster planning).  

− Post-disaster planning stage is planning after disaster. Post-disaster 
planning recall and evaluate recorded information from pre-disaster 
planning. In the implementation the information can be completed based 
on situation after disaster.   

This strategic planning is proposed to respond the development of an existing 
village or settlement after post-disaster reconstruction housing. However this 
planning method can be applied to prepare community readiness. Using 
strategic planning aims to identify the spatial development and changes in 
post disaster reconstruction housing. The result is useful to create reliable 
housing development after occupancy and  suitable to its local community 
lifestyle. It is expected people in a community can be more involved in giving 
ideas.  

Figure 5-1 shows that there are two schemes to work with the model. First 
scheme (1) is pre-disaster planning. Pre-disaster planning aims to plan a 
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program in the normal condition. Normal condition is a situation with no 
disaster or the end of the recovery phase and people returned to normal life. 
This action can be applied simultaneously in the regular development plan. It 
can be adjusted to increase community resilience.  Awareness and respect to 
disaster preparedness is inserted in the development planning.  

The second scheme (2) in Figure 5-1, a planning before disaster has never 
been identified. Planning will be developed after a disaster happen and it start 
in scheme (3). The useful information for recovery is first collected in the 
after-disaster evaluation. After disaster evaluation identifies disaster impacts. 
Disaster impacts include social, economic and physical impacts. Post-disaster 
planning formulate the strategy to handle the emergency and recovery phases. 
In recovery phase includes the provision of housing and shelter after disaster. 
Post Earthquake Reconstruction Housing is included in this part. The result of 
the after-disaster evaluation is important for planning the post-disaster 
reconstruction program. In addition to Post Earthquake Reconstruction 
Housing in the diagram includes the terminology of permanent housing after 
disaster. A permanent housing is not only described from the building 
material used term but it should be most appreciated as the term of people 
towards their normal life. After housing provision and handing over,  the 
process during project implementation can be assessed in evaluation after 
handing over (occupancy).  

   

 

 

 

 

 

 

 

 

 
 
 
 
Figure 5-1. A proposed strategic planning for development of housing 
provision after disaster  
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5.1.1. Problem and requirement identification in housing provision  

Housing is a long-term process for many cultural backgrounds and the process 
often cannot be simplified and shortened. But, disaster context supposes to be 
a different situation, so that the whole building process must fulfil some 
limitations. Being prone to seismic activity included earthquake becomes 
important to recognize potential problems for post-disaster housing design. 
Based on vulnerability, hazards and risk analysis can be valuable before 
making a decision on shelter and housing provision. It includes different 
hazard and risk types for example particular location is more vulnerable to 
earthquake and tsunami than eruption or flood. Therefore, people and 
environment have to deal with different approach.  

The field studies with location in rural areas Yogyakarta and Nias reveal 
different findings. Background situation of victims, housing provision 
methods, construction and building selection, and document ownership have 
produced diverse actions. Most said that satisfaction of beneficiaries related 
more to the speed of the post-disaster reconstruction program, but another 
side they do not want to restrict their requirements only to fulfil for the short 
term interests but also for the future planning. Learning from case studies that 
specific observation on user profiles can minimize failures in the process and 
have focus on the expected results. A preliminary identification before 
disaster can be done to avoid failure. Identification is possible done started 
from family and community level i.e. small group community/RT to collect 
information related to expected housing and environment requirements.  

The first stage assessment is to identify the user profile. It involves the 
personal information data of family member, family extension, etc., any 
specific requirements of the user including disabilities, believes, socio-cultural 
aspects, etc. The local climate and physical factors include soil and 
topography, the existing housing typology, pattern and resources. The second 
stage is to collect significant information to rereading the spatial function and 
the estimated housing performance from the user point of view. The pre-
disaster identifications stage is valuable to determine if there are some risks 
in the vulnerable areas and sites, whether the houses in an expected region 
are vulnerable and risky to the probable disaster. This step must be done, if 
there is a disaster hit and the houses need to be demolished and rebuilt, a set 
of archives on existing is informative preference particularly on design 
requirements for the probable reconstruction process beforehand, and the 
houses design can be more suitable to the inhabitants and their locally socio-
cultural in a relatively shorter time. In details, the two-stage investigations in 
the pre-disaster assessment and identification are: 
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1. Investigation or identification in the areas covering of following 
information: 

− Existing housing typology or pattern (it is useful to add information 
from other disciplines e.g. geographic information system, digital 
mapping, geology, etc.) 

− Demographical data and socio-cultural background of individual 
(family) and community (identifying target groups: household, 
children, elderly, women and men) 

− Local climate and physical factors (soil character, land use, spatial and 
regional planning, energy resource, water reservoir and resource, etc.) 

2. Investigations in the performances  

Function and perception are included some criteria for the housing unit and 
its environment/community planning, classified into two types for housing 
units and community planning:  

3. Housing unit construction requirements 

− Housing construction materials, included for timber construction, 
masonry, concrete, bamboo, stone, and hybrid structure (mix 
elements) for example concrete and wood; concrete and steel, etc. 

− Number of storey housing related to the structure detailing 
− Construction methods: in situ planning construction, prefabricated 

constructions, combination methods and construction labour 
− Applying hazard-resistant design which demands technical 

construction related expertise and labor skills  
− Room size, definition, and function identifications by redefining the 

degree of room openness or enclosure based on indigenous 
background 

− Entrance and façade of the house preference of the user/homeowner 
based on local knowledge and culturally meaning 

− Hygiene facility location based on local knowledge (toilet, bath and 
washing areas). Some communities prefer the location of hygiene 
facility is in the front house area, but different regions consider it as 
not functioning properly. 

− Kitchen (indoor or outdoor/open fire kitchen) and its location; in front 
of the house or back of the house according to local preference 

− Terrace and roof extension function for the climate protection and 
local cultural meaning, for example in the field study locations, found 
that a terrace has function as a social space extension for extended 
communication between neighbours. 

184 

 



Chapter 5: Conclusions and Recommendations 

 

− Special criteria based on local habit, for example, animal 
barn/livestock, crops and grains drying space and storage. Livestock 
for farmer is a valuable property. They plough up the field with the 
help of animal, i.e. cows and carabao. Otherwise, in the bad situation 
the animals are a high property to be sold or mortgaged. 

− Social place for regular community meeting. The meeting can be held 
at household or even also in the community hall. This activity is 
commonly regular held once a month with different groups, for 
example, a group of women, men's group/household leader, 
Dasawisma16 group (every ten households group), etc. Based on 
demand, a community hall will be necessarily needed.   

− Housing extension for extended family who living in the same housing 
lot (identifying pattern configurations and connections among the unit 
houses) 

− An expression of social status/personal identity (cultural, believe, 
hierarchy). It is recognized not easy to get information on this point. 
Though some items can be perceived visually, but the researcher 
realizes that even not easily to understand. However, the respondents 
have awareness to express the identity through the house visual 
performance to express their social status (for example applying 
distinctive colour from the neighbours, contrasting building height and 
size, number of the rooms, number of housing storeys, total housing 
units in the same lot, etc). 

− Water well/drill, rainwater treatment and garbage disposal must be 
good paid attention and otherwise in energy reserve, it is necessary 
finding alternative energy resource in case in hazards situation. 
Concept of energy reserves can be handled on the small scale of 
households likewise in the community scale (village/hamlet). 

4. Community planning 

Preparing the community to handle with disaster is started from the housing 
unit, but a community planning in a whole system must be supported. Case 
study in North Nias, the post earthquake disaster reconstruction settlement in 
Moawo (under 4.6. Field Research in Moawo, Nias) had been built from the 
site planning design and preparing the scenario to tsunami escape route. 
Before designing the route, people should be understand their potential risk 
during earthquake following tsunami. Afterward the village was designed to 
fulfil the safety aspect. Otherwise, it is possible to increase the preparedness of 

16 Dasawisma group is a group of every ten households. Not all of dusun / hamlet have this group 
activity, and its characteristic is more women group activity beside their main role as a housewife, 
farmer and mother (traditionally form in most village area). 
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the village and family to handle with scarcity in food, water and shelter during 
a disaster situation. After field research in some case studies, future research 
is  proposed to have attention in these aspects, but more focus in housing and 
sheltering preparation before a disaster occurs.   

5. Housing for rented households 

Some projects have more focus for the land own beneficiaries. But in the 
practice, it is always found homeless and landless families, which have got less 
attention in the policy approach to housing provision strategy after disaster. 
The rented housing can be managed by the local authority.  

6. Connecting mitigation planning to the wider systems outer the village 

Designing infrastructure support system with connected to the outer village is 
important to have greater support and for efficient cost. Though, it is 
suggested that every sub-village is being independent sub-support system for 
providing electricity, gas, water harvesting and distribution, building 
mitigation scenario, designing meeting point locations in case villager must be 
displaced or relocated, etc.  

7.Preparing for the future disaster 

Building infrastructure system included disaster preparedness, water 
protection and food reserves, at least at the village level, protection of cultural 
heritage (buildings, sites, and others) increases the resiliency in the adverse 
situation. Digitalizing and maintaining basic demographic data for an 
emergency situation 

8. Collecting funds for emergency situation 

As the residents have had their regular meeting for discussing the current 
situation in their village, however this initiative can be widened to the disaster 
preparedness issue as a regular interest. Considering (Fig.5.1.) collected 
information from the situation before disaster will end up in the period of 
disaster and being evaluated if disaster occurs. In the implementation process, 
some important actors can be participated effectively and integrated as part of 
local authorities for doing the investigations. Regarding Winarno et.al (2010) 
Indonesian Government had suggested that appropriate participants should 
consider the interests of the following nine groups of stakeholders in the 
reconstruction (Chapter 4). In the development of strategic planning, 
researchers/scientists will be included in the role of university partnership. 
National Agency for Disaster (BNPB) is an organ of Indonesia government 
with hand of the ministry of public housing who has role to coordinate 
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planning and action planning in disaster and emergency response in an 
integrated manner, starting from before, during and after a disaster17 
(Government Regulation, 2008). The main task of the agency is to formulate 
and to establish the disaster management policy; handling of refugees to act 
quickly, accurately, effectively and efficient. Further the agency coordinates 
the implementation of disaster management activities in a planned and an 
integrated system as a whole. In regional scope, the coordinator position of 
disaster management; either at the provincial and district / city; is conducted 
by the Regional Disaster Management Agency (BPBD) defined by the regional 
regulation, and its formation is carried out through coordination with BNPB. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5-2. Proposed actors in the provision post-disaster reconstruction 
housing under local authority coordination  

 

In the case of disaster emergency situation, a regional head (governor of a 
provincial region and a head of the district) assigns one Head of Division as a 
coordinator in the implementation.  Head of Division manages a number of 
divisions, namely human resource, equipment and supplies, logistics and 
rescue. In chapter IV, under Coordination function of BPBD in the Government 
Regulation article no.8, 2008, mentioned that:  

17 Indonesian Government Regulation, article no. 8, 2008 [Peraturan Presiden RI No.8/2008] 
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“Coordination function of disaster management can be involved in 
cooperation with institutions / organizations and other parties associated in 
accordance with the provisions of the agencies”.  

In order to develop the mitigation planning and preparing for resilience 
communities, some participants are proposed (Fig.5-2). Considering to the 
case studies, it is realized that some successful stories in the reconstruction 
after disaster were found. It is useful to invite communities and university 
institutions for sharing ideas in the development progress / action planning. 
Community, which had experienced with disaster and rebuilding after 
disaster, can be active participating as a sister community for other. This role 
model is significance for introducing the disaster preparedness issue among 
villagers. University as a research institution can be involved too as a partner.  

In common, the university institution in Indonesia has role to be active 
introducing research results and technology into community development. 
Regarding that authority can offer a cooperation work with the University for 
doing research and education in the development planning of reconstruction 
housing. In practice, there are many activities done that involved university 
roles in research, education, invention, cooperation which benefits society, for 
example through student community work  program.  

The institution can take responsibility as an active agent of change towards 
the future. University institutions as one of partner participant have 
possibility to confront with research based in community participation and 
bridging the initial program of partnership communities. In this process, local 
authorities have tasks to coordinate and to give assistance to whole process. 
Local government with the joined partners can promote the grand design of 
investigations and communicate the action plan to the other parties.  

Following the proposed participants and the planned activities in the 
investigation phase (see Tab.5-1), the duration time has not been mentioned. 
It is a result of introducing the whole activities and programs presented to the 
communities. It may vary based on the number of population and density, 
household, size and area, topography, economic factors and community 
readiness for actively involved in the program. There are externally involved 
participants in the pre-disaster investigations and post-disaster evaluations.  

There are the private sectors who interested doing the action planned 
activities, such as financial institutions, construction groups (supplier, 
contractor, skill worker, consultant, etc), and NGOs which can have more roles 
in the post-disaster reconstruction process. However, their contributions 
should be under the coordination of local government and regional disaster 
management agency. Other proposed participants are communities as the 
partnership community for sharing and building competencies between two 
or more participants so that they can exchange experience through 
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community training programs, project organization, project implementation 
process, etc.  

 

Table 5-1. Proposed actors and activities in identification  

No. Activities 
Actors 

Local 
government 

*Private 
sectors 

University 
research 

Communities 

** Beneficiaries  

1. Promoting guidelines  A A, B A, B A, B B 
2. Promoting housing policies A A, B A, B A, B  

3. 

Promoting important terms 
related risks, hazards and 
vulnerability identification 
according disaster A A, B A, B A, B B 

4. 
Identification of vulnerable 
groups  A A, B A, B A, B B 

5. 
Development strategy on 
provision housing  A B B B B 

6. 

Provision housing, financial 
scheme and construction 
methods decisions A A, B   B 

7. Data collection on user profile  A  A, B B A, B 

8. 

Data collection on housing 
performance and homeowner 
expectation identifications 
(size, model, number of 
rooms, etc) A  A, B B A, B 

9. 
Proposed design (following 
information from 7 and 8) A B A, B B A, B 

10. 

Project implementation 
based on provision methods, 
following number, i.e.  
community participation, 
contractor, top-down, etc.) A A   A, B 

11. Data evaluation A  A, B A A, B 

 

 
Key: 
A = main actor/program coordinator;  
B = co-partner  
*Private sectors (constructions, financial institutions, NGOs, etc.) 
**Including communities are as actors in this program to be  good model which can share experience, skill 
and competency in the community participation planning for pre-disaster planning 
 
 
 
Preliminary identification begins with selecting the vulnerable communities 
under beneficiaries. It can be a hamlet within vulnerable area / position which 
has potential to a certain hazard. In wider process, preliminary identification 
can be integrated with the development program to know and to support 
awareness on own vulnerability aspect. But in the preliminary step, the most 
vulnerable community can be prioritized for the pre-disaster investigation 
program. In a broader scale, beneficiaries can be classified more details, as 
children and youth group, women group, men group, different abilities or 
other specific classification used which is more suitable for the intended 
community. Establishing a preparedness program for a different type groups 
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involves effort. For example, a program for children and youth can be 
specialized into more than two smaller groups. Using the classification by age 
can be selected.  

The idea of proposed activities program and actors in the pre-disaster 
strategic planning can be seen in the table (see Tab.5-1.). This table has focus 
on the role of the university research in the development reconstruction 
housing process. Based on author experience activities in the community 
assistance, there is a great possibility to integrate researcher in this program. 
University institution has experience in collaboration with people in suburban 
and urban area, local authority, and private sectors (NGO, industry or media 
for the publication). Rising up the role of the university research, a university 
institution must be better in touch with the real problem facing the people, as 
well as in building technology, construction, advanced and efficient material 
which benefit people. Building industry can take positive impact of the 
cooperation, to develop their product.  

Table 5-2 is prepared for collecting information in a case location. This table 
can be used for pre-disaster identification. Each homeowner can supply some 
personl data:   

− Points i and ii, every household can mention, but statistic data can be 
used as raw material.  

− iii and iv For homeowner who has already possessed land certificate 
from state can check this information using that data. 

− v and vi are included in land certificate. The problem is if the house 
owner has not possessed this certificate or the house belongs to 
forefather. It is common in rural area. 

− vii, homeowner can fill this question with the recent condition. 
− viii, the question aims to collect information if the household consists 

only the main family member or with extended family (parents and 
relatives).  

− ix, these questions relate more specific information to the recent house 
condition. In this section, some assistance are needed to help the 
homeowner to answer.  Point 6 the options can be in situ, pre-
fabricated, or mix. Point 7 options can be wood, concrete, bamboo, 
stone, fired brick walls, or hybrid (concrete and wood or concrete and 
fired brick wall, etc) 

− x and xi must be done by local authority and it can collaborate with 
university research or trained workers. 
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Table 5-2. A model of identification in pre-disaster 
 CRITERIA Information 

(sample) 
Demographic 
data for 
village 

Province Yogyakarta Special 
Province 

District Kulonprogo 
Sub-district Samigaluh 
Name of village Banjarsari 
Total area coverage (m2)  
Topography characteristics Flat and hilly and 

prone to landslides 
Total population  
Women population  
Men Population  

 Number of households in one house  
 Number of person in one house  
 Size of the house (m2)  
 Size of the land (m2)  
 Land status  
 House ownership  
 Occupation/income source  
 Family housing 

types  
Basic  
Extended  

 Housing and 
building typology 
 
 

1.Row houses  
2. Row houses with 
open spaces 

 

3. Single mass  
4. Loop-forms   
5. Number of storey 
building 

 

6. Construction 
method  

 

7. Selected main 
structure  

 

8. Used material for 
construction  

 

9. Number of rooms  
 Sketch of 

measurement 
  

 Documentation 
photos 

  

 
 
To start the planning activity, it is significance to identify user profiles, 
existing demographic data and potential hazard particularly faced (Tab.5-2). 
The identification activity involves multidisciplinary studies. For the architect 
and urban design researchers, this stage is a typical preliminary process 
before planning and designing housing or settlement. However, the expected 
result is to identify the common facts about inhabitant's housing preference, 
affordable construction materials, accepted minimal space and size needs in 
case a reconstruction housing or relocation population must be decided. In the 
provision of housing, there are several distinctive perspectives how the unit 
should be provided. User participation is a significant supplement to support 
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the idea that housing provision process cannot be shortened, and that is a long 
process within the user growing. Community and user participation is suitable 
for some projects regarding socio-cultural background, project scale, local 
policy, limitation of resources, project time frame, number of beneficiaries and 
financial support.  

Regarding Davidson (2010), disaster is a special case that the situation of 
housing need is going to grow unexpectedly and outer control. Throughout all 
possibility, several limitations will reduce the demand. Davidson gives 
explanation through different situation of post-disaster housing provision in 
the normal cycle and in the situation after disaster that the number of 
homeless families unexpectedly increases after crisis.  

The situation of post-disaster creates the need for space based on homeless 
families’ number. The demographic and other social changes will be irrelevant 
to create the necessity space while the context of disaster will push the 
decision-maker with their strategic planning to establish the real demand. 
Post-disaster housing provision is rarely particular contribution from the 
building industry to afford the demand trends. With a response to realities, 
resources limitation and mobilizing individuals’ resources available space will 
be created. The modest and simply provided space will be occupied. After 
whole afford space was occupied, the demand will gradually reduce. However, 
the damaged space, which has not been occupied, will influence the need for 
new space in the next cycles. In the normal cycle, an identical situation of 
homeless families will be differently responded.  

Providing new building will be offered through repairing the damages to 
supply an available space. The occupied space will decrease the demand for 
the next cycles, and the improvement program will reduce the need for space 
in the future. Significantly, this space is improved as quickly as possible can 
decrease the need for space at least in principle. And after one cycle finished, 
the next step will offer the chance to other disaster affected families for 
retrieving available space through repairing and improvement.  

Kompas housing project in Ngibikan revealed positive result regarding a 
similar situation. Since the Kompas project for RT 5 was completed for 
providing the core unit house in only short time; afterwards, a great interest of 
the community RT 5 and the donor raised to rebuild housing for other 
suffered families which had not received any supports from donors and 
governments18. The suffered families in the neighbourhood had great interest 

18 Governments had been promised to provide financial supports for affected families to rebuild the 
damaged houses, but that process was late. Kompas house was the first post earthquake 
reconstruction housing around the area which could be finished in less than four months.  

192 

 

 
                                                             



Chapter 5: Conclusions and Recommendations 

 

to contribute own resource for having back their house though in limited 
form.  

Sliwinski (2010) focused the study in the possible level of participation that 
was supported several authors in the same issue Arnstein (1969); Choguil 
(1996) in Sliwinski, 2010. Confronted by many forms participation may 
involve in reconstruction housing, they agreed that community participation 
can range from of top-down controlling practice to be more empower through 
the varying levels of authority and assistances. Lefebvre in book of Spatial 
Agency (Niswat et al., 2013:29) stated that space has several dimensions to 
describe: 

“Space is a production of shared enterprises that has meaning of a 
mixing between communication results and community strategies. Community 
also appreciates every valuable contribution in the production process.” 

“Space has a social dimension. It is an open-ended process. The process 
of production will never reach an absolute satisfaction for the users, but giving 
valuable contribution to resolving significant problem in the certain time, but 
the process is growing steadily.”  

According to post-disaster reconstruction housing, modification and 
improvement are valuable documentation to be accommodated since in the 
initial process (pre-disaster planning). Cooperation from different participants 
is a valuable contribution to the development concept of resilience 
community. However, Lefebvre highlighted that even the user identification 
had been done in the early step, housing process cannot completely satisfy the 
house owner. It indicates that the human demands will develop and some 
valuable solutions can answer the challenges in partial. Based on this 
knowledge, the strategic planning for housing provision is meaningful to be 
continually developed.   

5.1.2. Stage 2: Post-disaster planning after disaster occurrence 

After collecting information in the pre-disaster condition, the next step for 
post-disaster strategic planning continues with an evaluation of the after-
disaster situation. The idea of space and function can be reviewed starting 
from the level of needs of individuals; families; housing groups (Dasawisma), 
and then to the wider group of people. After identification of need, the next 
step is combining with macro level of planning such as village and city 
regulation. At district level, significant information related to the occupancy 
should provide guidelines on land use, building regulations, maximum 
building high, site coverage ratio, including minimum size standards of house 
regulations. The minimum standard must be following the building permit, 
and integrating natural hazards protection for settlement included 
earthquake. 
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Phase 1: Identification disaster types and damages 
The stage is an identification activity of disaster type, and its damages have 
occurred, it is closely related to common failures, housing and construction. It 
is also useful to understand which aspects had been recorded in the pre-
disaster identification. The aim of the phase 1 is to evaluate if the stage pre-
disaster identification are fit on the target. Besides of that, it is also necessary 
if the new weakness and challenges will be found after disaster.  

Phase 2: Building and construction failure assessment 
Physical damages are documented in stage 1. After that, several technical 
assessments will be done to measure the degree of failure and to assign a set 
of next steps and actions to be taken. The action lines for handling failure 
assessment are included reinforcement adverse locations. To evaluate several 
essential infrastructures supporting the emergency response and rescue route 
is needed in order to protect people from a crisis.  

Phase 3: Strengthening the weakness aspects 
Action plans of this phase include revitalizing vulnerable physical aspect, 
preserving human life and natural biodiversity, reducing disaster risk, 
capacity enhancement to adapt the adverse condition and resources during / 
after event and protecting the most vulnerable people groups from its gradual 
impacts.  

Phase 4: Post-disaster housing planning  
To identify the strengths and the weaknesses in the delivering of post-disaster 
housing will be completed regarding suggestions.  

Phase 5: Building design 
There are some necessary steps in the process of initiating, designing and 
providing housing. Identifying user profile is the first stage to understanding 
the user perspective. It includes social and cultural characteristics, 
particularly regarding privacy expectations. Realizing typical activity of the 
users will be taken place and the certain time the activities will be done (daily, 
regularly, often or rarely). All information can be made as activity matrix, and 
this stage is often known as the functional programming. Identifying specific 
conditions for doing these activities adequately are important if the activities 
will be taken place under specific consideration. Culturally background, 
religion obedience, and local believe are still unique from place-to-place. 
Taking account of conditions created by the activities such as noise, waste, 
odours, visual aesthetics, etc, and this takes the form of a more or less 
formalized performance specification or a specification of requirements. 
Group or single user, sequence or continuous activity, will influence the 
expectation. Design proposal must be checked against the requirements. 
Before all specified requirements meet, the design planning can be formulated 
correctly. Afterwards, the design is ready to be communicated to the user and 
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those who will be entrusted with carrying out the construction work. The 
feedback from the user can be valuable to several issues. In the self-managed 
reconstruction housing, the whole stages can be followed with outer 
assistance. In the next section, some recommendations regarding site and 
housing environment can be identified. 

Based on study field it is recommended that the post-disaster reconstruction 
housing should be built as follows: 

− Based on plate tectonic theory (Williams, 2004), the idea, to build 
housing on the land of free-seismic activities, might be unreasonable 
for some countries such as Indonesia. Hence, it is better to investigate 
if any locations based on the geological survey are not recommended 
for building housing due to geological character. 

− Land title and tenure issues are still significant criteria for the 
proposed reconstruction housing guidelines, though some families 
who do not own legal documents also must be protected as vulnerable 
people group. To relocate them in any remote and unknown areas will 
only shift the problems to other potential problems in the next future. 
It is important to understand the land title and tenure issues regarding 
local preference. 

− If the community must be relocated to the most suitable area, the new 
designated housing community should close to their working fields 
(e.g. paddy fields, animal farming and agriculture). In the rural areas, 
agriculture and animal farming are significant asset and property for 
farmer and land worker. 

− By demolition of the ruins, must be considered for the disposal area 
and the probable reusable materials for the post-disaster 
reconstruction housing. Situation after earthquake disaster has proved 
that the community public health and safety should not be ignored and 
is not being worse.  

5.2. Conclusions and recommendations for further research 
Field observation proved that there are no exactly similar house designs and 
methods in the post-disaster reconstruction. These findings are interesting 
though the main study areas are affected by the same disaster type, i.e. 
earthquake but the response of each is differently. Patterns found from three 
different locations give valuable information about building configurations, 
initial building design and designing supporting hygiene facilities. Learning 
from the experience and defining self-characterizations of each location will 
enrich the data for adjustment in the building design.  
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Table 5-3. A compilation table on project implementations found in the 
fieldworks 
 

Object studies 
(Village/Hamlet 
names) 
 

Building 
configuration 

Building design Supporting hygiene 
infrastructures 

Moawo  Row houses 
 
 

It is a repetition of a 
unit model. At the time 
of the survey, the 
houses were simple 
modified. 

Sharing facilities locate in 
two locations outer of 
housing complex. A sharing 
toilet is provided for every 
two housing units 

Tureloto  
 

Row houses It is a repetition of a 
unit model. In general 
the owners have made 
modifications. 

Every housing lot is served 
by self-manage facility.  

Ngibikan  Reconstructed the 
old house straight 
on the old ground 
land; row houses, 
particular 
clustering 
formation 

Module house can be 
modified with special 
user-classifications: a 
single module, more 
than one module (two 
or three modules) and 
special user with 
different housing size. 

One hygiene facility is 
provided for each housing 
lot and self-managed by 
homeowner. 

Ngelepen   
Cluster houses 
 

A repetition of one 
unit model with 
limitation on room 
expansion (changes) 

One group sharing facility 
serves 12 housing units 
 

 

Table 5-3 presents a summary results in the field of post-disaster housing 
provision. Though, the same disaster type will be reacted differently. It means 
disaster type is only first classification to understand better the cause, but to 
define the strategy in emergency response and recovery will be a need several 
tools and information. The previous discussion of this work on housing 
provision leads to some important summary, which have been observed and 
studied particularly in the two typical housings, i.e. traditional and post-
disaster housing. Traditional housing provide valuable information to be 
studied on the resistance aspect and to build preparedness for people. 
However, it is possible to make several adaptation from the indigenous 
traditional house  for the post earthquake reconstruction housing. The 
demography, land status and provided materials have been limited to post 
disaster housing process. Time and appropriate strategy will be critical for 
beneficiaries.  

Conclusions and newly insight regarding the work will be presented as 
follows: 

− Earthquake disaster is not a single evidence for building damages. 

− Studying the earthquake causes are valuable for the next level 
understanding in the earthquake and building damages. Situation after 
disaster in common causes more anxiety and fear for victims. The 
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affected people need essential helps for survival in the situation of 
homeless and resources limits. Otherwise, medical helps and foods are 
needed in the emergency phase. However a safety and adequate place 
must be provided as well. In the case of the earthquake disaster, the 
provision of safety place in the crisis is urgently required. But, in the 
long-term plan, it is important to support people to afford better 
quality of housing and infrastructure system. Because, the quake only 
does not disrupt the society life, but increasing the resiliency of people 
and society will reduce the recovery cost, time and impact of the 
society failures after earthquake disaster.   

− Developing of the building concepts, from the local architecture for 
building new tradition. Exactly, not all remain building practices are 
appropriate for the recent uses. It must be modified, learnt, and newly 
interpreted regarding the current society structure. For example, the 
space and hierarchy in the traditional housing in Nias, the hierarchy of 
building mass in several cultures are still connected, but it is needed to 
be understood in the community context. In Ngibikan post-disaster 
housing project, the self-identity expression has still been required to 
present the individual character, economic status, and its owned 
interests. Ngelepen housing reconstruction offered the new sight to 
resettle people in the very different situation.  

− Post-earthquake disaster housing has resolved several answers for 
living after disaster event, but in the future, the society in its 
community grows further. The spatial need may develop along with 
the family growth. The government has a role to control and to give 
assistant in this development issue. To promote the earthquake 
resistant design must regularly be planned. The idea to increase 
resiliency of the people can be started by investigating the recent 
housing situation and mapping the physical condition of the housing 
unit.  
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APPENDIX C. MSK Seismic Intensity Scale (MSK64) for buildings  

(source IAEE, 2004) 

 
a. Type of Structures (buildings) 

− Structure A 
Buildings in field-stone, rural structures, unburned brick houses, clay houses 

− Structure B 
Ordinary brick buildings, buildings of the large block and prefabricated type, 
half timbered structures, buildings in natural hewn stone 

− Structure C 
Reinforced buildings, well-built wooden structures 

 
(b) Definition of quantity 

Single, few: about 5% 
Many: about 50% 
Most: bout 75% 

 
(c) Classification of damage to buildings 

− Grade 1 Slight Damage: 
Fine cracks in plaster; fall of small pieces of plaster 

− Grade 2 Moderate Damage:  
Small cracks in walls; fall of fairly large pieces of plaster; pan tiles slip off; 
cracks in chimneys; parts of chimney fall down. 

− Grade 3 Heavy Damage: 
Large and deep cracks in walls; fall of chimneys 

− Grade 4 Destruction:  
Gaps in walls; parts of buildings may collapse; separate parts of the 
building lose their cohesion; inner walls and filled-in-walls of the frame 
collapse 

− Grade 5 Total Damage:  
Total collapse of buildings 

 
(d) Intensity scale 
I. Not noticeable 
II. Scarcely noticeable (very slight)  
III. Weak, partially observed only 
IV. Largely observed 
V. Awakening 
VI. Frightening 

Damage of Grade 1 is sustained in single buildings of Type B and in many of 
Type A. Damage in few buildings of Type A is of Grade 2. 

VII. Damage to buildings 
In many buildings of Type C damage of Grade l is caused; in many buildings of 
Type B damage is of Grade 2. Many buildings of type A suffer damage of grade 
3, few of Grade 4. In single instances landslips of roadway on steep slopes; 
cracks in roads; seams of pipelines damaged; cracks in stone walls.  

VIII. Destruction of buildings 
Most buildings of Type C suffer damage of Grade 2, and few of Grade 3. Most 
buildings of Type B suffer damage of Grade 3, and most buildings of Type A 
suffer damage of Grade 4. Many buildings of Type C suffer damage of Grade 4. 
Occasional breaking of pipe seams. Memorials and monuments move and 
twist. Tombstones overturn. Stone walls collapse. 

IX. General damage to buildings 

208 

 



Appendix 

 

Many buildings of Type C suffer damage of Grade 3, and a few of Grade 4. 
Many buildings of Type B show damage of Grade 4, and a few of Grade 5. 
Many buildings of Type A suffer damage of Grade 5. Monuments and columns 
fall. Considerable damage to reservoirs, underground pipes partly broken. In 
individual cases railway lines are bent and roadway damaged. 

X. General destruction of buildings 
Many buildings of Type C suffer damage of Grade 4, and a few of Grade 5. 
Many buildings of Type B show damage of Grade 5; most of type A have 
destruction of Grade 5; critical damage to dams and dykes and severe damage 
to bridges. Railway lines are bent slightly. Underground pipes are broken or 
bent. Road paving and asphalt show waves. 

XI. Destruction 
Severe damage even to well built buildings, bridges, water dams and railway 
lines; highways become useless; underground pipes destroyed. 

XII. Landscape changes 
Practically all structures above and below ground are greatly damaged or 
destroyed. 
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APPENDIX  D. 
Typical  main 
entrance position 
in Ngibikan 
 

Houses G1-G62, N1-
N20, P1-P2 (total= 
84 houses) 

House 
units  

Sketch Door 
positions 

G1.   B 

G2.   D 

G3.   D 

G4.   D 

G5.   B 

G6.   B 

G7.   B 

G8.   B 

G9.   A 

G10.   C+D 

G11.   A 

G12.   B 

G13.   A 

G14.   A 

G15.   B 

G16.   A 

G17.   A 

G18.   C 

G19.   D 

G20.   B+D 

G21.   D 

G22.   D 

G23.   B 

G24.   B 

G25.   A 

G26.   B 

G27.   B 

G28.   B 

G29.   B+D 

G30.   A 

G31.   B 

G32.   B 

G33.   B 

G34.   A+D 

G35.   A 

G36.   A 

G37.   A 

G38.   A 

G39.   A 

G40.   D 

G41.   A+D 

G42.   A 

G43.   A+B 

G44.   C 

G45.   A 

G46.   A 

G47.   A 

G48.   A 

G49.   A 

G50.   D 

G51.   A 

G52.   A 

G53.   B 

G54.   A 

G55.   B 

G56.   B 

G57.   A 

G58.   A 

G59.   B 

G60.   C 

G61.   C+D 

G62.   B 

N1.  B 

N2.  A+B 
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N3.  A+B 

N4.  A+B 

N5.  A 

N6.  B 

N7.  C 

N8.  B 

N9.  C 

N10.  A 

N11.  A+B 

N12.  A 

N13.  A 

N14.  A 

N15.  A 

N16.  A 

N17.  B 

N18.  A 

N19.  A 

N20.  B 

P1.  A 

P2.  A 
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Result summary: 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key:  
A Entrance in the middle of the long-side façade  
B In the width side facade 
C Left side entrance in the long-side façade  
D Right side entrance in the long-side façade  
 
 

APPENDIX E. Changing on housing direction 

Table of Housing orientation before and after earthquake   

 
 

21% 20% 

37% 

21% 22.86% 
20% 

31% 

26% 

North East South West 

Changing on housing direction  

Before Earthquake After Earthquake 

Type of door positions Total houses 

A B C D A+B A+D B+D C+D  

34 26 5 8 5 2 2 2 84 

(C).  (D). 

(B).  (A).  
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APPENDIX F. Findings result in observation New Ngelepen 

The interview in New Ngelepen were done with open questions to 48 respondents. 
The respondents were the residents of the houses. The interviews are done using 
Indonesian to get information on user satisfaction, construction problems and 
weathering problems. 

1. User satisfaction to the dome houses 

70% said they give positive response (satisfy), but 30% said they are not satisfied 
living in the dome house. 

Reason: 

Satisfactory: the house gives them safety feeling from the extreme weather (wind and 
heavy rain) and they feel safe from disaster (earthquake). The housing environment 
grows many trees and the environment also provides them secure feeling and hygiene 
facilities. The can still raise livestock (cows and goats) for economic and agricultural 
needs. People consider if the building is sturdy with good material and construction. 
They added the cleanliness of sharing facility made them satisfy. 

Not satisfactory: Most respondents reveal that the buildings are moist, provide less air 
exchange, lack of natural light (interior ambient is dark), and during heavy rain the 
rain water get inside the rooms.  The house is smaller than the old house in Sengir 
village, but it is more strong. Some upper windows gaps are leak and high humidity 
causes mildew on the walls. During days the heat gain is problematic inside the 
building, so they feel more comfortable staying outdoor. They need the sanitary 
facilities closes to their houses, though it is located in the centre of housing units. It is 
understandable for elderly people, mother with children or disabilities for accessing 
the toilet/bathroom, especially during rainy season and nights.  

2. Problem with climates/weathering 

Respondents give feedbacks to the question: after more than 7 years stay in the dome 
house, do you have problems related tropical climates to your house? 

They answer can be classified to 3 types due to: indoor comfort, lighting and 
ventilation/air change. Respondent said the houses were warm during day (82%) and 
very humid. Only 18% said they do not have problem with the heat gain. Though for 
the next criteria of lighting the answers were similar, that they said the houses 
provided enough natural lighting (55%), in contrast the no answerer (45%) feel 
openings (windows) needed to be added. The similar results were recorded to the 
question about ventilation and air change 51% said they feel the air change inside the 
house was enough and humidity not the problem, than the 49% said it could be 
increased and they feel the interior was really warm and humid. Based on 
observation, typical of openings are windows, upper windows, small roof opening and 
doors. In addition, the upper windows are identified as the main problem for rain 
water infiltration to the interior from its building surface. It is difficult to construct 
roof overhang in the curved surface.  
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3. Construction problems 

Respondents give comments to the question: have you ever had building problem 
during your stay? For minor problems/damages, respondents said yes. They 
mentioned  to have problems in window, wall and floor elements. They added that 
they had repaired the broken elements such as windows and doors. The timber 
elements were replaced and the walls were renew waterproofing coated. Further 
question to the actors in reconstruction of the houses, they said construction worker 
(19%) are helping them, because they cannot repair it without any help. However 
65% respondents said they manage by themselves for simple broken problems. The 
social connection is still a capital for the community. 14 % respondents said they were 
grateful for the working group to help them repairing damages. Only a respondent 
(2%) said they ever received fund from outer help (government) for housing 
reconstruction for repairing the house.  

Summary table: 

Q1 Q2 Q3 
Satisfaction 70% 
• Safety feeling 
• Safe from earthquake  
• Safe and secure 

environment 
• Clean and good 

maintained facility 

Indoor comfort 
82%, yes, indoor 
temperature warm and 
humid 
18%, no problem 

Construction actors 
Self managed 65% 
Construction workers 19% 
Government fund 2% 
Community working 14% 

Lighting 
55%, good and enough 
lighting 
45%, not good and must be 
more added 

No satisfaction 30% 
• Building very moist 
• Dark  
• Smaller than the old 

house 

Air change and humidity 
51%, yes, satisfy to indoor 
ventilation and no problem 
with humidity. 
49%, not satisfaction, 
ventilation bad, because it 
does not allow air exchange 
for the warm and humid in 
interior. 
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Name of project study: Ngibikan Post Earthquake Reconstruction
HOUSING NUMBER G.1-G.10 

Housing in Yogyakarta Special Province –Indonesia 

Built year: June-August 2006 

First occupation since August-September 2006 
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Indonesia Archipelago – Java island 
Research location: Yogyakarta Special province 

Kalimantan  

JAVA SEA 

INDIAN OCEAN 

Sumatera  

Java  

Yogyakarta Special Province map 
Research location: Ngibikan hamlet – Bantul Regency 

INDIAN OCEAN 

Yogyakarta Special Province 

Ngibikan  

Location of Field Study 

Name of the hamlet Ngibikan  
Name of the project Ngibikan “Kompas-House” Post Earthquake Reconstruction Project 
Provider Community in Ngibikan, architect, and donor financial support from 

Kompas newspaper readers 
Type of project reconstruction post disaster housing  
Number of houses 66 units in the first phase project and 84 houses are surveyed in 

observation 
Size per module ±33.8 m2  
Typical of construction wooden frame construction and fibre cement roof tiles (in situ 

construction) 
Built by Skilful construction leader, local architect as consultant and training 

local people 
Cost per house IDR 8-10 million 
Commencement of the project June 2006 
Occupation by the villagers August 2006 

This study observed 84 houses in this village/hamlet, but this 
catalogue contains 30 houses from RT 05 Ngibikan hamlet. RT is the 
smallest community group in the common local settlement, both 
rural and urban areas in Indonesia. It may consist of 30 family 
households or 30 houses in a small community.  

The post earthquake project was initiated by RT 05 community in a 
cooperation with an architect and supported by trained 
construction workers from local people. The project was started in 
June 2006 and the first occupancy was in August 2005.  

 



Block plan of housing in Ngibikan 
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Block plan of housing in Ngibikan hamlet, RT 05 
House units G1-G30 

Small river
Houses G1-G30

 

Block plan of Ngibikan Post-Earthquake Reconstruction 
Housing

Housing number G.1-G.10
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