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Indonesia has a large stock of non—engineered masonry, which are often without
appropriate reinforcement, and consequently become highly vulnerable to
earthquakes. The high demand for new masonry houses, together with a limitation
on the resources available, including finance, skills, and building materials,
resulting in poor workmanship and poor quality of construction. The general
tendency has been that the overall standards are decreasing over years. The
objective of the study is to find some means and methods to improve the present
construction and the quality of related materials with local labor under minimal
supervision and most suitable to the local culture, particularly in Indonesia.
The main aim is to save human life; and therefore, it is assumed that part of
the structures might be damaged when shaken by earthquakes, but the structure
do not collapse and kill people.

This dissertation is divided into six chapters. Chapter 1 gives an overview
of the dissertation. In this chapter, the background, objective, methodology,
and literature study are presented briefly.

In Chapter 2, the earthquake problems in Indonesia are elaborated. It is
observed that considerable research and available guidelines regarding non—
engineered construction are available since almost 35 years. However, until
today, Indonesia is still experiencing damages of non—engineered construction
that caused large number casualties and economic losses during destructive
earthquakes. The problems are reviewed so that the necessary actions can be
taken to prevent and/or reduce damage and casualties caused by the next
earthquakes.

Chapter 3 describes the definition, the history and types of non—engineered
construction in Indonesia. From this chapter, the dissertation focuses on masonry
construction; the type of non—engineered constructions which suffered most
damages and collapses due to earthquakes. Earthquake resistant design feature
is described, namely half-brick thick masonry buildings with reinforced concrete
framing, consisting of the so called “practical columns and beams” . The
characteristics of masonry as a composite structure made of masonry units and
mortars and some issues that should be considered to build earthquake resistant
masonry buildings are also elaborated briefly. Some experiments of non—
engineered masonry construction are presented to prove the appropriateness of
construction methods. Chapter 3 also describes the general causes of damage and
collapse of the masonry buildings during earthquakes; mostly due to poor quality
of materials and poor workmanship. At the end, issues related to non—engineered
construction in Indonesia are presented.

In Chapter 4, design basis of non—engineered constructions is described.
Observations from survey of past earthquake damages of non—engineered
constructions serve as a basis on how to design non—engineered constructions.




The investigations of past earthquakes and their effects on various types of
structures have contributed to significant information and knowledge on this
regard. The causes and typical damages are explained and analyses of the
mechanism of damage are performed. The principle loading that causes damages are
identified and also elaborated in Chapter 4. Failure mechanism of non—engineered
masonry buildings due to seismic shaking is explained. With the vast development
of computing technology and the availability of software, mechanism of damage
can be confirmed using computer models. Examples of non—engineered construction
analysis and the correlation between the observed damages and the results of the
analysis are presented at the end of Chapter 4.

Chapter 5 proposes a simple, affordable, and replicable retrofitting method
for non—engineered constructions in Indonesia to reduce future casualties. The
step—by—step procedures of retrofitting using ferrocement are elaborated.
Applications of sandwich theory for the proposed retrofitting method are
described briefly. The brick—-wall acts as the core and ferrocement on both sides
of the wall act as skin facings. Examples of analysis and design utilizing
existing commercial software also are shown in Chapter b5, followed by experiments
that were conducted in Japan related to the proposed method.

Finally, Chapter 6 serves as the concluding chapter, which describes what
still have to be done to make the proposed retrofitting method easier, less
costly, and can be applied in other developing countries. Disaster risk reduction
training programs should be effective using a multi-sectoral approach. The
trainings for disaster risk reduction for each target groups (policy makers,
national planners, project staff, community groups, NGOs, and trainers
themselves) are explained. Finally, this chapter outlines some recommendations
as the way forward to improve disaster risk reduction in Indonesia.
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