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Foreword

The International Conference on Rehabilitation and Maintenance in Civil
Engineering (ICRMCE) is a triennial conference that aims to provide a forum for
researchers, academicians (professors, lecturers, and students), government agen-
cies, consultants, and contractors to exchange experiences, technological
advancement, and innovations in the world of civil engineering, specifically in the
fields of rehabilitation and maintenance. The previous four ICRMCE conferences
took place successfully in 2009, 2012, 2015, and 2018. Hundreds of researchers
worldwide attended these events to present their scientific papers in various areas of
civil engineering such as material engineering, structural engineering, geotechnical
engineering, transportation engineering, and construction management.

This year’s conference was organized by Sebelas Maret University in collabo-
ration with Mataram University. The conference was initially scheduled offline in
Mataram, Indonesia. However, due to the escalating coronavirus (COVID-19)
outbreak and the need for social distancing, we decided to hold the conference
online. Some reputable universities and institutions are participating in the current
ICRMCE as partners. Among them are Nihon University, University of Stuttgart,
National Taiwan University, TU Delft, Hiroshima University, Diponegoro
University, Muhammadiyah University of Yogyakarta, Jenderal Soedirman
University, University of Jember, UPN Veteran East Java, the National Center for
Research on Earthquake Engineering (NCREE) Taiwan, Himpunan Ahli
Konstruksi Indonesia (HAKI), and Himpunan Ahli Teknik Tanah Indonesia
(HATTI).

The ICRMCE 2021 was successfully held on July 8–9. Presenters who joined
this conference came from Japan, Singapore, Malaysia, China, Vietnam, Taiwan,
England, the Netherlands, Kuwait, and Indonesia. Furthermore, several outstanding
keynote speakers gave a presentation of the state-of-the-art findings in the field of
civil engineering. Our esteemed speakers are Prof. Shyh-Jiann Hwang (National
Taiwan University), Prof. Buntara Sthenly Gan (Nihon University), Dr. Edgar
Bohner (VTT Technical Research Centre of Finland), and Prof. Mohamed Shahin
(Curtin University).
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In the process of organizing this conference, we received invaluable motivation,
advice, and support from several individuals and institutions. I intend to express my
gratitude and appreciation to all of them. First, my most profound appreciation goes
to all organizing committee members who worked day and night preparing this
conference. Special thanks to the conference and media partners for their generous
support. We also express our gratitude to Prof. S.A. Kristiawan (Sebelas Maret
University), Dr. Ing. Akanshu Sharma (University of Stuttgart), Prof. Mohamed
Shahin (Curtin University), and Prof. Buntara Sthenly Gan (Nihon University) for
their willingness to serve as the editors of the 5th ICRMCE proceedings.

Halwan Alfisa Saifullah
The 5th ICRMCE Chairman
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Preface

Civil engineering infrastructures are the backbone for the continuous development
of civilization. Managing these infrastructures is essential in keeping the quality of
services they provide to the community. A decline in the performance of key
infrastructure will have an impact on the quality of these services, which in turn can
cause social and economic problems. A variety of factors affects the performance of
infrastructure. In each case, the declining performance of infrastructure requires an
appropriate and adaptive response to offer effective solutions. Protection, mainte-
nance, repair, and retrofitting are part of the various solutions that can be imple-
mented. All of these solutions are assisted by technological developments related to
repair materials, methodologies, systems, management, and operational efficiency,
as well as economic and social considerations.

Infrastructure performance is also inevitably affected by exposure to hazards
originating from natural and environmental conditions such as earthquakes, land-
slides, and floods, among others. Therefore, hazard mitigation is also an interesting
topic of discussion. In addition, risk reduction and safety are among the most
important issues of infrastructure management. Finally, various perspectives on
sustainability in civil engineering are also covered in this conference.

This book is a collection of papers presented at the 5th International Conference
on Rehabilitation and Maintenance in Civil Engineering (ICRMCE) 2021 that deals
with the issues stated above. The papers are grouped into sequential themes rep-
resenting the structure of this book:

• Part I: Factors affecting performance of buildings and infrastructures
• Part II: Assessment, protection, maintenance, repair, and retrofitting of buildings

and infrastructures
• Part III: Maintenance management of buildings and infrastructures
• Part IV: Hazard mitigation
• Part V: Risk reduction and safety management
• Part VI: Sustainability aspects in transportation engineering
• Part VII: Sustainability aspects in construction projects

vii



• Part VIII: Sustainability aspects in water resources management
• Part IX: Construction materials for sustainable infrastructures

Postgraduate students, researchers, and practitioners who would like to update
their knowledge on the topics above will find this book very useful.

Surakarta, Indonesia Stefanus Adi Kristiawan
Chief Editor
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Incorporating Cultural Attributes
into Disaster Risk Reduction-Based
Development Plans in Indonesia

Yusron Saadi

Abstract Frequent occurrences of natural disaster in Indonesia cause major prob-
lems in the form of financial losses and social disturbances. Disasters with tremen-
dous impacts disrupt the administration of state and hinder the development
processes, mainly because the events require expensive and long recovery process.
The issuance of Law No. 24 of 2007 on Disaster Management has triggered a
paradigm change in disaster management in Indonesia. The management of disaster
which previously tended to be responsive and spontaneous has shifted toward preven-
tive andmore focused on disaster preparedness and risk reduction. This law explicitly
states the responsibility of the government in the implementation ofDisasterManage-
ment in the formof disaster risk reduction and it integration to development programs.
In addition, in the implementation of Disaster Management the government has the
authority in determining disaster management policies in line with national devel-
opment policies. But it is undeniable that there were many cases where different
approaches between government and community emerged and become sensitive
issues in dealing with disasters management particularly in disaster risk reduction.
In this paper a series of intensive community involvement in the form of focus
group discussions has been proposed and should be carried out by government in the
preparation of development plans. This includes early round of activities followed
by formal round of consultation before a draft document of development plans is
prepared. Accommodating local wisdom through this robust community engage-
ment is essential in the governmental strategy preparation process. It is a valuable
addition and an effective integration in the action strategies of integrated disaster
risk reduction so that an appropriate planning decision including the resulting miti-
gation plan and disaster-resistant infrastructure accepted by the community can be
implemented in the disaster prone areas.

Keywords Disaster management · Disaster risk reduction · Data and geospatial
information · Cultural attributes · Disaster-resistant infrastructure
Y. Saadi (B)
Center for Disaster Risk Management, Department of Civil Engineering, University of Mataram,
Mataram, Indonesia
e-mail: y.saadi@unram.ac.id
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632 Y. Saadi

1 Introduction

Disaster events in Indonesia have a high intensity since this archipelago country
is located in disaster-prone areas known as the Ring of Fire. Indonesian National
Disaster Management Agency, known as BNPB, revealed that there were 2952
disaster events in Indonesia during 2020 [1]. The number is based on data recorded
by BNPB between 1 January 2020 and 31 December 2020 at 3 pm of West Indone-
sian Time. The vulnerability to the disaster caused Indonesia to be referred to as the
Disaster Laboratory. Multiple natural hazards in various regions have contributed to
growing awareness that disasters can occur anytime. It is therefore necessary to make
adequate efforts to anticipate and to avoid the devastating impacts of the disaster.

A disaster is an event or series of events that threaten and disrupt people’s lives
and livelihoods, caused either by natural factors and or non-natural factors or human
factors resulting in the emergence of fatalities, environmental damage, property
losses, and psychological impacts [2]. Disaster management is part of national devel-
opment, i.e. a series of disaster management activities before, during and after a
disaster. In Law No. 24 of 2007 on Disaster Management [2] it is stated that “the
implementation of disaster management is a series of efforts which include the deter-
mination of development policies that risk the onset of disasters, disaster prevention
activities, emergency response and rehabilitation”. One of the responsibilities of
the government in implementing disaster management is in the form of disaster
risk reduction and integration of disaster risk reduction with development programs
while the authority of the government in the implementation of disaster management
includes the establishment of disaster management policies in line with national
development policies [2]. At present there are many government policies or legal
products that regulate the implementation of disaster management as stipulated in
the Government Working Plan in 2007 which was promulced through Presidential
Decree No. 19 of 2006 where disaster mitigation and management has become one
of the 9 national development priorities.

It is recognized that the perspective of government is often considered as contra-
dictive to the perspective of people who are affected by disaster and disrupting the
recovery process and futuremitigation plan. This iswhere the role of disastermanage-
ment actors must have competence and a fundamental understanding of the concept
of disaster to bridge these differences including readiness in the management of data
and geospatial information which is indispensable to minimize losses and accelerate
the rehabilitation and reconstruction process in the affected areas.

The impact of disaster on the community is strongly influenced by the level
of vulnerability to the threat of such disasters. In order to understand the aspects
that make people vulnerable to disasters, factors such as economic, socio-cultural,
institutional, political and psychological factors that make up people’s lives should
be considered. Thus, the vulnerability of disasters is basically socially constructed
[3].

According to Setianto [4], when dealing with disasters people used to embrace
and adopt the belief of “fatalism” that nothing can be done against disasters, people
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must live with disasters and accept disasters as they are. Nowadays, people try to
reduce loss of life and property with measurable pre-disaster preparation in line with
disaster management. The problem is that academic studies of disasters in Indonesia
are still very limited [5] and from the social aspect of disaster, the high frequency
of disasters does not necessarily raise interest to conduct studies [6]. Furthermore,
Abdullah [5] mentioned that a disaster is always considered as a new experience
and something unprecedented. It is considered as something that has not become a
collective knowledge and experience so that it has not been integrated in life and
social policy.

2 Disaster and Disaster Management

Disaster Management is a science that studies disasters including all related aspects,
especially disaster risk and prevention of the disaster. The cooperation of all parties
involved in disaster management is important, therefore there must be equalizing
perceptions about disaster and disaster management. This is conducted through an
agreed system or rules of play, namely Disaster Management System. The parties
involved must carry out comprehensive and continuous work programs or activ-
ities in each field. Periodic and momentary responses will lead to failure in the
implementation of work programs since disasters will occur repeatedly [7].

Figure 1 shows the disaster management cycle based on the basic format put
forward by Carter [8] and has been developed by Setianto [4] according to disaster
management needs. This picture describes that if steps or activities have been taken
during the Prevention and Mitigation and Preparedness phase and disaster occurs
then the Emergency Response phase has started and continued with Post-Emergency
phase before returning to the Prevention and Mitigation phase. The Prevention and
Mitigation phase is necessary to deal with the possibility of future disasters and
should be interpreted as the Prevention and Mitigation phase in the next Disaster
Management Cycle.

Natural disaster events are irregular events disrupting normal pattern of life. The
irregularity in frequency, location and intensity cause natural disasters are compli-
cated to predict. Prevention, reduction, avoidance and self-recovery activities from
disaster impacts require a series of activities, both before, during and after a disaster,
referred as natural disaster management or disaster management.

Reflecting on various disasters in the past, disaster management actors must
include elements of the government, non-governmental institutions and the commu-
nity. Apparently, there is increasing recognition of the value of community-led initia-
tives that facilitate emergencymanagement, risk reduction and community resilience
[9]. In order for disaster management to run effectively and efficiently in accordance
with the objectives of Law No. 24 of 2007 [2], disaster management actors must be
competent and certified [10]. Therefore, the role of Disaster Management Profes-
sional Certification Body becomes very important and needs to be empowered. In
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Fig. 1 Disaster management cycle (adopted and translated with permission from Setianto [4])

addition, the readiness of data management and geospatial information is very neces-
sary to minimize losses and accelerate the rehabilitation and reconstruction process
in the affected areas.

In recent years various parties have prepared disaster risk maps but the lack of
standardization in the preparation resulted in the production of various types of
disaster risk maps developed by each institution. Setianto [4] stated that fundamental
understanding of the concept of disaster becomes a strong basis in mapping disaster
risk that can be applied to a Geographic Information Systems (GIS) and presented
spatially in the formofThreatMaps,VulnerabilityMaps,CapacityMaps andDisaster
Risk Maps respectively. Figure 2 describes methods containing stages required to
produce a comprehensiveDisasterRiskMap in accordancewith disastermanagement
objectives.

Figure 2 indicates the importance of data collection. The availability of data is
essential and makes considerable contribution to analyzing and diagnosing broad
scale and discrete problem. Understanding the larger scale problems mean that inap-
propriate areas for development can be avoided completely. Detailed data allow the
authority to identify the potential hazards that are likely to be encountered.

In developed countrieswith a broad experience ondisastermanagement, the devel-
opment plans includes requirements relating to consultation with the community.
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Fig. 2 Risk mapping methods (adopted and translated from StIRRRD [11])

Development plans, often referred to as strategic plans, are prepared by local coun-
cils with input from the community [12]. As such, any type of strategic plan produced
by local council must consider the avoidance or mitigation of natural disasters.

3 Cultural Attributes in Disaster-Oriented Development
Plans

The existence of Law No. 24 of 2007 on Disaster Management [2] shows that devel-
opment policy in Indonesia thatwas previously less disaster-minded slowly but surely
began to change. Previously disaster management tended to be responsive and spon-
taneous. Now disaster management has started to move towards preventive and more
focused on disaster preparedness and risk reduction. Disaster risk reduction is one
of a series of disaster management activities that take place in conditions before
disasters occur (pre-disaster).

At a timewhen the role of the government is demandedmore in disaster risk reduc-
tion, there are often differences in definitions and attitude towards disasters between
the government and the community alike. The government’s perspective in disaster
management is often perceived the opposite way by the community in the location
of disasters. Research conducted on one of the villages on the southwest slope of
Mount Merapi in Central Java Province shows that there is a difference in perception
between the government and the community on the threat of volcanic eruptions [6].
The government has been in a long persuasion to transmigrate villagers to one of
the islands in Indonesia but the element of rejection appear within the community
who decided to stay put on the slope of the volcano and adjusting themselves to
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the dangers based on local knowledge systems in the form of direct monitoring and
story-telling of hereditary myths about volcanic activities. From economic aspect,
when government set the exclusion zone as preparedness measures for volcanic
hazard, the community often sees it as controversial. Recent study in other continent
severely affected by a prolonged volcanic eruption suggests that the governmental
decision to extent the exclusion zone because of volcano increasing activity met with
large disagreement, particularly from people who lost income during the period of
extension [13].

In the case of an earthquake in West Sumatra Province, research by Effendi [14]
showed that local people believe natural disasters are not a symptom of nature. The
indigenous Minangkabau view and impose natural hazards as well as all natural
symptoms as natural or normal as possible within the framework of their diverse
cultural cosmology. Some people view earthquakes as entirely natural events that
are scientifically understandable but others view the hazard as divine interference
with human life so that they can only be understood in religious discourse as a test
or punishment [6].

The results of the above research show that socio-cultural diversity in Indonesia
affects the perceptions toward natural disasters, the impacts or victims caused, and
post-disaster management. Understanding the cultural system will help the govern-
ment in trying to find answers of why a community acts on a particular pattern of
natural disasters as well as their impacts. By exploring this potential, it is expected
that the communitywill be capable to independentlymanage pre-disaster, emergency
response, rehabilitation and reconstruction process.

The government should not feel right on its own and ignore the values and norms
within the community in the form of indigenous knowledge that speaks of natural
events and the potential consequences. Various efforts in the form of technocracy
and partnerships with stakeholders provide opportunities for people to live better
and not become victims in the event of a disaster. Technocratic actions supported
by local wisdom will confirm that community development in the framework of
mitigation and social development is based on high cohesion [6]. In the framework of
adoption of localwisdom,mitigation thatmaintains harmony and local cultural-based
will be adaptive and can be transformed into a modern mitigation system through
partnerships with governments and non-governmental organizations to produce a
more effective and successful mitigation systems. This will strengthen the mitigation
strategies already attached to the community.

In planning infrastructure development, the government should accommodate
local wisdom in the community. In addition, knowledge of the history of disasters
obtained from local community will greatly help the development actors in planning
the right infrastructure. The results based on theoretical calculation may not be suit-
able for different region and produce an over-estimated or under-estimated result.
Marking flood water level, for instance, has been recognized for a long period of
time. The evidence of flood levels with the year of occurrences can be seen in a wall
or any surviving infrastructure.

The practice of engraving the flood level on tablets of stone, set in gardens or house
walls seem to have started more than three centuries ago [15]. In more simple fashion
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Fig. 3 Flood level-marking based on personal information (Courtesy ofWest Lombok publicworks
and housing office, 2017)

the determination of flood elevation plans in the planning of river embankments pay
attention to traces of flooding based on hereditary experience of the surrounding
community (see Fig. 3).

In certain infrastructures such as reservoirs, operation and maintenance are based
on standard operating procedure (SOP) that has been prepared. Other anticipation
measures that Operational and Maintenance Officers must be equipped with knowl-
edge of the Emergency Preparedness Plan (EPP) including warning systems and
activities to increase public awareness of possible hazards [16]. It is important that
the SOP andEPP accommodate the environmental consideration and the involvement
of the community in deciding if the risk is acceptable for their particular area.

Countrieswith advanced knowledge in disastermanagement, prepare the develop-
ment planning based on the need for reducing risk and emergencymanagement plans.
Experiences show that Indonesian are familiar with discrete hazardous events such
as annual flooding and forest fires as well as ongoing adversity resulting from disas-
ters. Adaptive strategies have been developed to ensure community wellbeing. These
strategiesmayworkswell for small-scale disasters but the community requires amore
effective strategy to anticipate larger-scale disasters. Effective strategies are perceived
by community as a key component in ensuring well organized emergency manage-
ment response. Government officials as disaster management actors are required
to be in the forefront in implementing effective strategies and the community are
eagerly expecting their part.

A schematic concept has been proposed to be applied in Indonesia within the
context of disaster risk reduction. Figure 4 shows that consultation with the commu-
nity is an important aspect in the process of preparing development plan. It should
begin with engaging communities to allow them to forward opinion based on expe-
rience and local knowledge. During the early round of the processes, the community
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Fig. 4 Conceptualization of incorporating cultural attributes into development plans

has the opportunity to incorporate traditional knowledge, values and practices into
disaster related development plans. The community can persuade government that the
community perspective in disaster management and recovery initiatives are relevant
to the government plan.

Under early round of the process, a large amount of information collection occurs.
The relevant existing knowledge may have to be reviewed and the gaps with the
existing information gathered by government may need to be identified. Once the
required information has been obtained, the process continues to formal round of
consultation with the involvement of the experts. The consequences of development
planning associatedwith natural hazards require specialist reports. During this formal
round of consultation, constraints and limitation have been taken into account in the
preparation of development plans. The end result is the development plans which
incorporate the risks of development associatedwith natural disasters in amanner that
is aligned with the expectation of the community. In the event that developments are
considered in areas subject to natural disasters, the primary focus is on the likelihood
of the event with consideration of the potential consequences.

Disaster risk-based approach allow for a holistic consideration of both the conse-
quences and the likelihood of a disaster, thereby allowing the government to make
robust planning decision regarding natural disasters and future development. Devel-
opment planning accompanied by a pre-event recovery planning [17], for example in
the form of licensing and approval related to potential disasters, and also considers a
“development moratorium” in which development decisions are halted for a certain
time limit as well as zoning for evacuation infrastructure. For disaster risk reduction,
land administration planning must be made in such a way, disaster risk-based and
accommodate cultural attributes. It is an inevitable that the regional development
planning should incorporate traditional knowledge, values and practices to address
disaster-related risk.
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4 Conclusions

Traditionally the planning approach for addressing natural disaster has been based on
the likelihood of the occurrence of an event and disaster risk reduction have always
been focused on the government. Recent developments require the need to increase
community involvement in activities related to disaster risk reduction.

Based on the above description, some conclusions can be drawn as follows:

1. High frequency of disasters in Indonesia has led to the establishment of Law
Number 24/2007 on Disaster Management as well as triggering a paradigm
change in disaster management from responsive and spontaneous approaches
to a preventive and more focused on preparedness and disaster risk reduction.

2. The existence of socio-cultural diversity in Indonesiawhich causesmulti percep-
tions on natural disasters, the level of impacts or the number of casualties,
and post-disaster management requires government to understand such cultural
system in order to obtain information about community responses toward certain
pattern of natural disasters along with their impacts.

3. Disaster management actors must be competent and certified, have a funda-
mental understanding of the concept of disaster risk reduction including readi-
ness in the management of data and geospatial information that is indispensable
to minimize losses and accelerate the rehabilitation and reconstruction process
in the affected areas.

4. In the implementation of disaster risk reduction and infrastructure development
planning, the government should accommodate local wisdom in the form of
traditional attributes and values within the community including the absorption
of information about the history of disasters from indigenous people.

5. It is important that there is a robust community engagement and communication
process to enable community and the government to reach an agreement on risk
acceptability as well as mitigation option. Consultation with the community is
a key aspect in the process of preparing strategies for disaster risk reduction. A
concept of development planning related to disaster risk reduction should take
into account the risks of development associated with natural hazards.
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